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United States Commission, Fish and Fisheries,

Washington, I). C, January 9, 1879.

Gentlemen: I liave the honor to transmit hereAYith mj report for

the year 1878, as United States Commissioner of Fish aud Fisheries,

embracing, first, the result of inquiries into the condition of the fisheries

of the sea-coast and lakes of the United States ,• and, second, the history

of the measures taken for the introduction of useful food-tishes into its

waters.

Very respectfully, your obedient servant,

SPEifCEK F. BAIRD,
Commissioner.

Hon. Wm. a. Wheeler,

Frcsident United States Senate, and

Hon. S. J. Randall,

Spealcer qf the House of Bcpresentutives.
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REPORT OF THE COMMISSIONER.

A.—GENERAL CONSIDERATIONS.

1.—INTRODUCTORY REMARKS.

Tbo present report is intended to include an account of the operations

of the United States Fish Commission for the calendar year 1878,

although the history of a portion of its work, especially that connected

with the propagation of salmon, is continued to the date of the actual

planting and disposition of the young fish in 1879. It constitutes the

sixth volume of the series, although relating to the eighth year of the

existence of the Commission.

As in i^revious years, the history of the work of 1875 shows a con-

tinued increase in the scale ofoperations, commensurate with the increased

appropriations made by Congress. This, however, has involved no

material addition to the exjiense of the management, the clerical force

remaining the same, notwithstanding an enormous increase of corre-

spondence, especially with the fish commissioners of States, fish culturists,

and generally i)ersons inteiested in having private or i^ublio waters sui)-

plied with the fish covered by the work of the Commission.

In the accomi)anying reports, the operations of the Commission will

be treated, as heretofore, under two heads—Inquiry and Propagation.

Under the former is included the history, condition, and statistics of

the great fisheries and the i^roper methods of prosecuting them; and
with thi^ are closely connected questions as to the natural or adventitious

causes influencing the abundance of fish and the methods by which such

abundance may be increased.

Under the second head is given the history of measures taken to ac-

tually increase the supply of desirable fishes in particular waters, either

by artificial j)ropagation, or by transfer from other localities, or both

combined.

The first-mentioned division of the work, including research into the

character of the fishes belonging to the North Americ.in fauna, has been

in charge of Mr. Gr. Brown Goode, assisted by Dr. T. H. Bean. The
collection and investigation of marine invertebrates has been conducted

by Prof. A. E. Verrill, assisted by Mr. Richard Rathbun, Mr. Sanderson

Smith, and Mr. Warren Upham. The work of propagation of food-fishes

was under the superintendence of ]\Ir. James W. Milner, assistant com-

missioner, aided by Mr. Frank N. Clark, and with the very valuable co-

XV
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operation of Mr. T. B. Ferguson, Fish commissioner of Maryland. To
all these gentlemen I am under great obligations for efficient assistance

in carrying out the objects of the Commission. To Dr. Farlow I am
indebted for an important research upon the i^eculiar reddening of salted

codfish, to which further reference will be made.

2.—OBJECTS OF THE UNITED STATES FISH C03EVIISSI0N.

It had been my intention in this report to go into very minute details

in explanation of the j)lan of research adopted by the Commission for

carrying out its objects and the actual results that have been accom-

plished. This, however, will be more convenientlj" deferred until the

next report, which will chronicle some important changes ; aud I will

here present only a brief synopsis of the subject, in illustration of the

extent of the general programme and the amount of labor involved in

carrying it out ; as also shadowing forth the benefit to American fisheries

to be hoped for as the result of such action. Xot the least important

feature in the research is the securing of statistics for the proper treat-

ment of international questions connected with the common use, by the

United States and the British Provinces, of the waters of the North At-

lantic.

The results hoped for by the inquiries initiated or contemplated may
be summarized as follows :

1. The preparation of a series of reports upon the various groui^s of

aquatic animals and i>lants of North America, especially those that

have a direct relation to the wants or luxuries of mankind; these to be

published as mouograi)hs in successive volumes of the Commission, to be

illustrated by wood-cuts and otherwise, as may be necessary for the

proi^er comiirehension of the subject. The aim, of course, will be to pre-

sent the descriptions of the various species in intelligible phraseology,

and to add accounts of the habits and peculiarities of the species, with

their relation to each other and the physical conditions of their surround-

ings. This will include, among others, an illustrated history of the

various food-fishes of the United States, and towards which great

progress has bf.en made, especially in the preparation of a large luimber

of admirable illustrations, executed by Mr. H. L. Todd.

2. The utilization ofthe very extensive facilities at the command of the

commission in the interest of educational and scientific establishments in

the United States, by securing large numbers of specimens of aquatic

animals and plants which, after reserving the first series for the Na-

tional ^luseum, will be distributed, properly labelled, to colleges and

academies and scientific societies. A vast amount of material of this

kind has already been gathered, and is now in the hands of specialists,

who are engaged in preparing it for the treatment referred to. It is

hoped the coming year to distribute many hundreds of thousands of

specimens.

3. A com]3lete account of the i)hysical character and conditions of
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. the waters of the United States, as to chemical composition, temperature,

&c., with special reference to their availability in nurturing the proper

species of food-fishes.

4. A history and description of the various methods employed in

North America, in the pursuit, capture, and utilization of fishes and

other aquatic animals, with suggestions as to imperfections of existing

methods and the presentation of devices and processes not hitherto

adopted in the United States. A careful study of all the circumstances

connected with this division of the proposed work of the Fish Commis-

sion has shown that an exchange of experiences may be of very great

imix)rtance in improving the old fisheries and developing new ones. Sev-

eral methods of fishing employed in Europe and unknown in the United

States can be introduced to very great advantage ; but so far no special

effort has been made to bring this about. Among the noteworthy of

these is the system of beam trawling, so universal and so productive in

Europe, and by means of which the flat fishes, especially the turbot and

sole, are obtained in immense quantities, in otherwise unproductive local-

ities and at moderate cost. It may almost be said that there is a larger

investment in this fishery than in any other in Great Britain ; and yet it

is practically entirely unknown in the United States, its use having

been confined to the operations of the United States Fish Commission,

of Professor AgaSvSiz, and perhaps the Chicago Academy of Sciences.

There is no doubt that beam trawling will add enormously to the facili-

ties for procuring wholesome food at a very cheap rate. The sandy

coast of the United States, especially south of Cape Cod, is pre-emi-

nently adai)ted to the use of this apparatus, and there are thousands of

square miles over which it can be carried with no i)ossibility of exhaust-

ing the supply.

Another method of fishing, in great part unknown, or at least unprac-

ticed in the United States, is that of taking codfish by means of gill-nets.

Could this be introduced on our shores, especially in connection with the

vast schools of cod that come in winter on our coast ^ spawn, it would

relieve fishermen of their great embarrassment, namely, that of j^rocur-

ingbait. During the winter season it is frequently almost impossible to

obtain bait of the proper kind, and without which fish cannot be taken.

In the Loffodeu Islands there is a fishery very similar to that referred

to, in which, during the winter, large numbers of fish are taken, one-half

of which, and these the finest and fattest, are caught in gill-nets without

any bait whatever. The American methods of the treatment of fish in

preparation for market can also be greatly improved by adopting foreign

experience.

5. Statistics of the various branches of the American fisheries from

the earliest procurable dates to the i)resent time, so as to show the de-

velopment of this important industry and its actual condition. There is

no nation so badly provided with such statistics as the United States

;

and in the absence of ai)pointed methods of gathering them the task

n F



XVIII EEPORT OF COMMISSIONER OF FISH AND FISHERIES.

will be a very onerous one, but the later it is deferred tlie more and
more difficult will it be, with but little on record. Old men, still living,

alone possess the traditions in regard to the existence and progress of

many of our most important elements of the fisheries, and it has been a

special object of the Commission, at its several stations, to find such de-

positories and to collect, by the help of a phonographer, all the facts

they can furnish, as also to overhaul old account-books and other memo-
randa more or less fugitive in their character. A great amount of such

history has already been secured, especially in regard to the mackerel-,

cod-, and halibut-fisheries.

6. The establishment either by the general government or in connexj-

tion with the States of a thoroughly reliable and exhaustive system of

recording fishery statistics for the future, to be combined annually and
published by some of the ijublic departments of the government. Some-

thing of this kind is done by the Treasury Department for a few branches

of the fisheries, but the result is necessarily inadequate and incomplete.

7. The bringing together in the National Museum not only of a com-

plete collection of the aquatic animals and plants referred to, but of illus-

trations of all appa ratus or devices used in the prosecution of fisheries

at home and abroad, together with specimens of the residts.

In- the winter of 1874-' 75 CongreSvS made an appropriation to enable

the Departments of the Government to in^esent at the International Ex-
hibition at Philadelphia a complete display of the resources of the United

States. A i^ortion of this fund having been assigned to the Fish Com-
mission, the occasion was embraced to commence such a collection as

that referred to. This was exhibited at Philadelphia and was highly

appreciated. Since that time every opportunity has been made use of to

secure additional objects of the same kind, showing the earlier and per-

haps obsolete methods and applications, as well as those that are now in

current use. To these have been added illustrations of the methods and
apparatus of artificial propagation of fishes, or of technical fish culture.

8. An investigation of the movements and habits of the various kinds

of fish, to serve as a basis of legislation, either by the general govern-

ment or by the States.

It is very difficult to establish data of this kind upon facts furnished

by any one State ; it is only by considering the subject in its relations

to the whole country that an equitable system of legislation can be
suggested. Dates and conditions that answer admirably for one part

of the country will be entirely unsuited to another, especiall.y so far as

relates to the periods during which fish should not be taken. The ques-

tion, too, of keeping open the natural channels of the water, so that

fish may ascend to their source, is one that will generally require the

action of the general government.

Other inquiries involved are the introduction into the water of sub-

stances injurious to fish, either of a mechanical or chemical nature, &c.

A corollary to the above is the determination of the best form of
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fishways for the different conditions of American rivers,^ of methods ot

chemical or mechanical purification of the waters, «&c.

9. By means of the information to be thus obtained, it will be possible

to determine what regulations shall be made by the general government

or by the States in respect to close seasons or intermissions of capture,

the size of the fish to be caught, the enfofced use of fishways, regulations

as to introduction of refuse, &c. All this will require careful considera-

tion, so as to avoid infringing upon natural or vested rights, while doing

everything to the best interest of the community.

10. The stocking the various waters of the United States with the

fish most suited to them, either by artificial propagation or transfer,

and the best methods and apparatus for accomplishing this object.

3. ASSISTANCE RENDERED THE COMMISSION.

The act of Congress authorizing the prosecution of the labors of the

United States Fish Commission instructs the Heads of the various de-

partments of the Government to render to it all necessary and possible

aid ; and, as in previous years, the most generous and liberal interpre-

tation of the law has been given by them.

To the Secretary of the ^avy, Hon. K. W. Thompson, obligations are

especially due for aid, without which the success of the Commission would

have been much diminished, both in the branch of Inquiry and Propa-

gation.

The most notable favor rendered by the Secretary has been the fitting

out of the iron steamer Speedwell, and placing it at the disposal of the

Commission for the summer-work, this being the third year of its detail

for such service. Only second in importance to this was the furnishing

of two steam launches, with two firemen each, to be used in connection

with the propogation of shad in Albermarle Sound and in the Susque-

hanna River.

In accordance with the instructions of the Secretly of the Navy to

the commandant, the facilities of the navy-yard at Washington have

been freely extended in the fitting out or repairs of the scows and o^her

vessels belonging to the Fish Commission.

The Treasury Department, through the Bureau of Eevenue Marine,

has also rendered a hearty co-operation by transporting the hatching

barges of the Commission to and from their various stations. The reve-

nue-cutter Ewing, under Captain Fengar, towed these boats from Wash-
ington to Norfolk en route for the scene of operations on Albemarle

Sound, and, at its conclusion, from Norfolk to Ha^Te de Grace, for service

there, and finally back to Washington when the hatching season was
completed for the year.

The revenue-cutter E. A. Stevens, under command of Capt. J. G.

Baker, and stationed at Newbern, was also instructed to render similar

aid, whenever necessary, in the Albemarle Sound waters.
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To the Light-House Board of the Treasury Department is due the

means of initiating and prosecuting important observations upon water
temperatures in the vicinity of various light-houses and light-ships along

the coast the necessary blanks being furnished by the Commission.

These, when filled, were delivered to the light-house inspectors and by
them forwarded through the Light-House Board to the Commission.

The War Department has furnished eight Springfield rifles and eight

hundred cartridges for the purpose of the protection of the United States

salmon-hatching station on the McCloud Eiver against lawless depre-

dators, white and Indian. General McDowell also supi^lied a detail of

men for special service during the critical period of operations.

The Signal Office of the War Department, under General Myer, has

also extended important co-oj^eration, by continuing the series of obser-

vations of water temperatures initiated several years ago at the request

of the Commission. It has been possible by this means to get a general

idea of the variations of temperature in the principal streams of the

country, and thus to supply, incidentally, information necessary to

judicious action in connection with the iiitroduction of the different

kinds of food fish.

The observations taken at the sea-coast stations of the Signal-Office

are also of great importance in determining the conditions of the move-

ments of the pelagic fish, such as the mackerel, menhaden, blue-fish, &c.;

and the extension of this system promised by the Chief Signal-Officer,

by which all the coast telegraph and life-saving stations and light-houses

and light-shii^s are to be included in the series of observations and
furnished with the best kind of instruments, is also of very great

importance.

Partly for the service of the Commission, and also to assist in the com-

merce and fisheries of the coast, the Chief Signal-Officer made Glouces-

ter a storm-warning station during the summer of 1878, thus adding

greatly to the facilities of the work. The forecasts of weather were also

sent daily, arriving some time before the receipt of the Boston papers.

To the Patent Office of the Interior Department is due, through Dr.

Dyrenforth, chief examiner, a list of all the patents relating to fish and
fish culture issued in Great Britain and some other countries, as well as

in the United States.

For the purpose of better facilitating the operations at the McCloud
Eiver salmon station the Post-Office Department authorized the estab-

lishment of the post-office of Baird, in Shasta County, by means of which

the station and its vicinity generally are provided with the necessary

postal facilities. Previously, the nearest convenient post-office had been

at Bedding, a number of mUes distant, and for the receipt of the mail

therefrom the station was dependent upon the courtesy of the stage-

drivers.

To Colonel Casey, Superintendent of Public Buildings and Grounds
in Washington, the Commission is indebted for the construction and
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improvement of the carp ponds on Mouumeut Lot, tlie work being exe-

cuted with great economy and with satisfactory results.

The public and othcial acknowledgments of the Commission for im-

portant ser\ices rendered are also equally due to many private establish-

ments and individuals. The most important of these is the Maryland Fish

Commission, under the direction of Mr. T. B. Ferguson. By combining

oi)erations at various times with this organization, the United States

Commission has been enabled not only to secure the valuable superin-

tendence and aid of Mr. Ferguson in its work, but the free use of im-

portant apparatus, and a consequent reduction of the absolute expense.

The Druid Hill Park Commission, of the city of Baltimore, is also

entitled to mention in this connection for authorizing the use of the park
for the cultivation by the Commission of the German carp, golden ide,

and other fishes. For this purpose it constructed several ponds at

a large expense to itself, for the continued culture of these fish, thus

serving as an auxiliary station to the establishment at Washington.

This is a matter of very great importance, as the ponds in Washington
are very low, and the locality has been overflowed by the Potomac
Eiver several times within the last thirty years ; and as this may at

any time occur again, involving the loss of all the fish, the Baltimore

station will furnish the means of renewing the supply at Washington.

A large number of railroads throughout the country, a list of which

will be furnished hereafter (see j). xxxvii-xxx-sdii), have also co-operated

with the Commission. The special favor conferred is that of receiving

quartermaster's orders for the transportation of messengers, and in per-

mitting the cans containing the young fish to be carried in the baggage

cars of express trains without extra charge, and allowing at the san^e

time the attendance of one or more messengers.

The extent of this favor can be better appreciated by the fact that

not unfrequently there are two messengers, with twelve to eighteen 50-

quart milk cans filled with water, to be transported on a i)assenger train.

Acknowledgments due to other co-operating bodies and to individ-

uals, will be made in their proper place.

B.—INQUIEY IKTO' THE HISTOEY AKD STATISTICS OF
FOOD-FISHES.

4.—FIELD OPEEATIONS DUEING THE SUMMER OF 1878.

The ability to carry on the researches along the coast of the United

States, for the purpose of solving the problems referred to in a preceding

page, has been dependent in a great measure upon the facilities fur-

nished by the Navy Department for the piu-j^ose ; and I have already

mentioned that the liberal interpretation of the law of Congress made
by the predecessor of the present Secretary of the Navj^ and carried out

by the latter in the earlier years of his administration, has been continued

diu:ing the year 1878.
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The United States steamer Speedwell, assigned to the United States

Eish Commission in 1877, was also placed at its disposal in 1878. Com-
mander L. A. Beardslee, who had been in charge of the steamer Blue-

Light during the field-work of 1873, 1874, and 1875, was placed in com-

mand of the Speedwell ; Commander Kellogg, who was in charge of the

vessel in 1877, having been assigned to other duty.

All the necessary repairs to the Speedwell were made at the Ports-

mouth navy-yard, at which place she had been laid up during the preced-

ing winter.

After a careful inquiry into of different points on the sea-coast from

which a critical scientific research might profitably be made in the in-

terest of the fisheries, Gloucester, Mass., was selected, and on the 9th of

July I established my headquarters there for the season, accompanied

by the entire clerical force of the Commission.

After due inquiry, a suitable wharf and buildings were rented on Fort

Hill, at the mouth of Gloucester Harbor. Eooms for laboratories, offices,

storage, &c., as also a large apartment, used afterwards for the hatching

of codfish, were included in the accommodations supplied. The wharf,

directly on which the buildings were situated, fronted about 150 feet on

two sides.

The Speedwell arrived on the 18th of July, and from that time until

her departure, on the 30th of September, the work was carried on without

serious interruption other than that caused by the weather, excepting

for one period, from the 4th of August until the 14th, when she was at

Portsmouth undergoing certain necessary repairs.

The personnel of the Speedwell consisted, in addition to her com-

mander, Captain Beardslee, of Dr. J. F. Bransford, surgeon; H. E.

Drury, i)aymaster ; R. W. Gait, engineer ; James H. Smith, executive

officer; James. H. Kuhl, mate. The wharf, buildings, and apparatus

were in charge of Capt. H. C. Chester, under whose superintendence

also the work of^^dredging and trawling was usually conducted. The

total force of the steamer, including petty officers and men, amounted

to about 40.

The laboratory work was, as usual, under the special charge of Mr.

G. Brown Goode and Prof. A. E. Verrill ; Mr. Go'ode, aided by Dr. Bean,

taking charge more particularly of the fishes, while Professor Verrill,

assisted by Mr. Richard Rathbun, and for a ijortion of the time by Mr.

Warren Ui^ham, superintended the dredging and trawling work and

the collection of marine invertebrates.

For a portion of the season Dr. W. G. Farlow was engaged in carry-

ing on some researches into the peculiar condition to which salted cod-

fish is liable during the moist summer weather. Small red specks show

themselves upon the fish and rapidly spread, in time covering it com-

pletely. This is accompanied by a tendency to decomposition, which

spoils the fish for market. As a very important subject, I invited Dr.

Farlow's attention to it, and his report will be found in the appendix
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herewith. He considers the aflfectiou to be due to the presence of a

minute red alga, possibly derived from the salt used in curing- the

fish. The Cadiz salt, examined by him, was found to contain the spores

of this alga in large quantity, being tinted of a pink color thereby.

These were doubtless derived from the vats or evaporating places of the

salt. The Trapani salt, also used by the fishermen of Gloucester, was
found to be free from this admixture, and its use is therefore recom-

mended. The attempt to eradicate the affection will require that the

holds of the vessels and the salt-houses be kept perfectly free from the

introduction of this plant.

During a visit by Prof. W. O. Atwater to Gloucester, during the sum-

mer, an arrangement was made with him to prosecute a series of investi-

gations upon the food-qualities of various species of fishes and their

availability for the manufacture of fertilizers, involving many chemical

analyses. «

The various researches prosecuted during the summer's campaign will

be presented hereafter in the form of special reports.

The usual collections were made, especially by means of the dredge

and trawl, and tlie specimens secured are held for the !N"ational Museum
and for distribution to educational establishments throughout the United

States.

An extremely valuable mass of information was obtained during the

summer, by Mr. Goode, in connection with the early history of the Glou-

cester fisheries, and by means of questioning some old fishermen and
sailors he secured full details as to the inception and early history of

the mackerel, halibut, cod, and other fisheries. This will be embodied
with the series of investigations undertaken for the purpose of securing

statistical information on the American fisheries, the importance of

which was referred to in the previous report. Many specimens of fishery

apparatus were also secured, some of them obsolete or displaced by
modern apparatus, others illustrating the present condition of opera-

tions; all, however, of interest.

In addition to the collections made, many soundings and temjieratures

of the water were taken, the condition of the bottom ascertained, &c. ; and
an important generalization was made by Professor Verrill, based upon
certain collections of fossil remains brought in by fishermen from various

parts of the fishing banks. These were evidently of Tertiary age, but of a

formation and distribution ditt'ering remarkably from anything known
on the mainland, and suggesting to Professor Verrill the existence of a

Tertiary deposit off the coast, hitherto unknown. While some of the

species are the same as those found on the mainland, others are entirely

different and appear to be new to science.

The work of the Commission was greatly facilitated during the period

of its stay by the establishment, by order of General Myer, of a storm-

warning station at Gloucester. This was erected on the top of the cus-

tom-house, one of the highest edifices in the city and visible for a great
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distance. Apart from its aid to the work of the Commission it enabled

the large iieet of Gloucester fishermen to regulate their departure to sea

with great advantage.

As usual, the Commission had many visitors during the summer ; some
for the purpose of taking a special part in its work, and others to famil-

iarize themselves with its general operations.

Among the visitors were a number of gentlemen belonging to the

Boston Fish Bureau, and familiar with the coast fisheries, to whom I

had the pleasure of exhibiting the Pole flounder, seen by them for the

first time. A similar experience was had with fish merchants and skip-

pers of Gloucester. Reporters from the princiiml Boston papers, and

some from New York, were also included in the number of those receiv-

ing the attention of the Commission.

A special incident of the season was a call from the Secretary of the

Navy, Hon. E. W. Thompson, on the Taltepoosa, on the 25th of July.

The Secretary was accompanied by several of the ofiicers of the depart-

ment, as the chief naval constructor,the chief engineer, the Paymaster-

General, the attending surgeon, &c. The vessel remained in jjort for

two days, and the occasion was taken to show the Secretary and party

the operations of the Commission on the Speedwell, in the way of trawl-

ing and dredging.

For the i^urpose of determining more particularly the character of the

animal life on the Grand Banks, especially of the ocean birds, which are

used in great numbers by the fishermen for bait; I made arrangements

with Captain Collins to carry Mr. R. L. Newcomb on a halibut trip to

the banks. He was absent from the 28th of August to the 18th of Sep-

tember, and brought back many interesting specimens of birds as well

as of marine invertebrates. It was found that the birds serving as bait

were for the most part a species of petrel, of which many hundreds are

often taken on a single trip by means of the hook and line.

The most active field-work of the Commission closed for the season

on the departure of Professor Verrill on the 12th of September ; but

other branches were continued until the deiiarture of the Speedwell for

Washington on the 30th of that month. She reached her station in good

season and was laid up in the Washington navy-yard for the winter.

I remained in Gloucester until the 15th of October for the purpose of

finishing up certain statistical inquiries and of making the necessary

arrangements for the propagation of codfish, to which reference will be

made in a succeeding section of the report. Leaving on the 15th, I

reached Washington with my party on the 24th. Mr. Milner, with Mr.

R. E. Earll, Frank N. Clark, and Capt. H. C. Chester remained behind

in connection with the last-mentioned interest.
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C—THE rEOPAGATIO:N^ OF FOOD FISHES.

5.—WORK ACCOMPLISHED IN 1878.

The Quinnat or California Salmon (Salmo quinnat).

The McCloud liiver /Station.—The heavy rains of the winter of 1877-

1878, and during the spring of the latter year, caused great damage in

the valley of the McCloud Eiver, and especially to the works on the

United States Salmon Eeservation. Many of the buildings were swept

away, and the dam and works for raising water to the hatching-house

were entirely ruined. A special allowance of $2,500 was made to Mr.

Stone for restoring the station to the proper condition ; and, reaching the

ground on the 9th of May, he immediately went to work to reduce the

disorder and render the works satisfactory for future operations.

The establishment by the Postmaster-General of the post-office of

Baird, on the reservation, on the 3d of jVfay, 1878, was of very great

service to the Commission in keeping up its communication with the

outside world. Previously the nearest convenient post-office was that

of Eedding, 22 miles distant, and the party at the works was dependent

upon the courtesy of the stage-drivers for bringing along the mail.

This act proved of service, not only to the reservation itself, but to the

settlers scattered around, who api)reciated the advantage to them in

diminishing their travel.

As in previous years, there were various alarms in regard to lawless

whites and Indians who threatened to raid the establishment and burn
the buildings, as also to take possession of the penued-up fish, and thus

nullify the work of the Commission. An application made to the War
Department for arms was met by the issue of eight Springfield rifles

and eight hundred cartridges. This equipment, supplemented by the

detail by General McDowell of some soldiers, placed the establishment

in a satisfactory condition of defense, and no violence was attemj^ted.

The season of 1878 proved to be the most productive in the history of

the establishment, and the number of eggs obtained, fourteen millions,

was truly enormous, far exceeding those taken in any one season by all

the salmon establishments in the world put together. According to Mr.

Stone's estimate 18,000,000 could easily have been secured if desired,

but the take was limited to the number applied for by the State com-

missioners and those needed to maintain the supply in the Sacramento
Eiver.

The first eggs of the season were taken on the 20th of August, and
from that time until the 5th of October, when the last car was loaded

wdth salmon eggs, the time of Mr. Stone and his assistants was employed
without intermission. The fish were unusually abundant, thousands
being often taken at a haul.

A notable feature in the season was the small size of the parent fish,

these averaging less than nine pounds, some of the mother fish, full of
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ripe eggs, weighing only from six to eight pounds. This, Mr. Stone
thinks, is due to the stoppage of the large salmon by the fishing at the
canneries on the Lower Sacramento, allowing only the smaller fishes to

pass.

It will doubtless somewhat astonish many persons at the East who
are not familiar with the scale of operations on which the business is

conducted at the West, to be told that from seven to nine thousand
salmon were several times taken at the station in a single day.

The number of eggs actually secured and embryonized was so large

that two cars were required to transport them to the East. Of these,

the first left Redding with 4,000,000 on the 29th of September, arriving

at Chicago on the 3d of October. The second, with 3,250,000, arrived

at Chicago on the 7th of October. They were met by Mr. Fred. Mather,

and the distribution was immediately made from that city by express.

The details of distribution will be found in the schedule attached to Mr.
Stone's report.

As usual, a large number were hatched out and planted in the Mc-
Cloud, for the purpose of keeping up the supply in the Sacramento,

2,500,000 being thus treated ; 500,000 eggs were presented to Canada,

100,000 to England, 100,000 to France, 100,000 to Holland, 250,000 to

Germany, and 200,000 were sent to New Zealand.

In the report for 1877 mention is made of the shipment to various

foreign countries of California salmon. The half million of eggs sent to

New Zealand arrived in perfect condition, and were distributed by the

government, to the several provinces. The latest advices speak of the

young fish being seen in every direction, and promising to be the ances-

tors of a numerous progeny. Owing to various causes, however, the

consignments to Germany, France, England, and the Netherlands in

1877, were failures, only about 25,000 eggs of the German lot surviving.

These had been packed in a special manner by Mr. Mather, and escapied

the fate of the rest.

Owing to the very high opinion entertained by European fish culturists

of the California salmon as a food fish, both on account of the ease of

its cultivation and the fact that it resists higher temi^eratures of water
than the Atlaatic salmon, it was determined to renew the exi^eriment,

by a transmission in 1878 ; and Mr. Mather was authorized to repack

the eggs in his own way and accompany them to their destination. In

accordance with instructions he, therefore, met the car containing the

eggs from California at Chicago and received 250,000 for Germany,
100,000 for France, 100,000 for Great Britain, and 100,000 for the Neth-

erlands. These he carried to his residence at Newark, and after repack-

ing them by his own method, he took passage by the Bremen steamer

Oder, and arrived at Bremerhaven on the 23d of October. The con-

signment for France was shipj)ed from Southampton, on the way, and
that for England was sent, for the most part, to the Southport Aqua-
rium. The eggs for the Netherlands were met by an. agent of the gov-
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ernment at Bremen and transported to Amsterdam, where they were

hatched out by the Zoological Garden.

The new venture i)roved to be a perfect success, a very small percent-

age of the eggs failing to be hatched out. Of the eggs of the German
consignment 45,000 were sent directly to Mr. Haack at Hiiningen, for

introduction into the Ehine. One hundred and fifteen thousand were

sent to Mr. Schuster, at Freiburg, for the Danube and the Ehine
; and

30,000 to Hameln, for the river Weser. Various smaller lots were dis-

tributed to other places 5 and all were successfully hatched out and

placed in their destined waters.

The 100,000 sent to France were also hatched out with comparatively

small loss and introduced into various rivers of the republic. Those for

the Netherlands were equally successful. The number actually received

in Amsterdam was estimated at 85,000, and of these over 00,000 pro-

duced healthy fish, and were planted in various streams.

In the general table of distribution of California salmon will be found

the indications of the various streams in which the fish were placed

respectively.

Later in the season a consignment of the land-locked salmon was sent

to the Societe d'Acclimatation in Paris. These, however, owing to some

unexplained casualty, arrived in poor condition, and comj^aratively few

were saved.

Full details in regard to the work at the McCloud Eiver station will

be found in Mr. Stone's article, given in the Appendix.

Claclxamas Station.—In the report of 1877 reference is made to the

fears of the salmon-canners on the Columbia Eiver as to a threatened

diminution of the fish, and to the arrangement made through Mr. Stone

for the establishment of a station for artificial propagation. This, after

considerable delay, was established in the Clackamas Eiver, but owing

to the lateness of the season when the work was completed only a small

number of eggs were obtained. These were supplemented by a trans-

mission from the McCloud Eiver, and a successful result accomplished.

The work was continued in 1878 ; but the funds available for the pur-

pose being very limited, I agreed to assign a portion, not to exceed

$5,000 of the appropriation, to the work, believing that in so doing I

was properly carrying out the intention of Congress.

The first eggs were taken on the 5th of September ; and up to the 30th

2,081,000 had been taken from 478 females. Some casualties were expe-

rienced in the course of the season by the heavy rains, which caused the

dam to break ; but a reasonable percentage of eggs was satisfactorily

hatched out and introduced into the river. The principal part of the

hatching and depositing in the river was done between the 24th of De-

cember, 1878, and the 2d of January, 1879, the number of young turned

in being estimated at 1,203,000. The percentage of loss would have

been much less but for the necessity at one time of moving the eggs

from the hatching house to the river and back on account of a flood.
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The details of the work will be found in the appended report of Mr.
William F. Hubbard, the assistant superintendent.

At the close of the season it was found that the bills, in regard to

which proper vouchers could be rendered, and applicable to the actual

work, and not simply to the construction of j)ermanent improvements,

amounted to about $3,G00, which was duly paid to Mr. J. G. Megier, the

secretary ofthe Oregon and Washington Fish Propagation Company, to

which the works belonged.

Proposed salmon-hatching station for the Southern States.—It is well

known to all fish culturists that the expense of moving imi)reguated

eggs of fish is very much less than that of transporting the same number
of the young fish, as the former, with i)roper precautions, can be for-

warded by exi)ress to any part of the United States, while the latter

require the constant care and attendance of a messenger, and a much
larger space, in proportion, for their accommodation.

The demand for the California salmon on the part of the southern

and middle tier of Mississippi Valley States has suggested the pro-

priety of a station where the eggs can be received and hatched, and
from which the fry can be distributed at much less expense than from

Baltimore, Maryland; ]Srorth\alle, Michigan, and other stations, where
the hatching in question has been carried on.

An extensive correspondence was entered into with parties in Ten-

nessee, ISTorthern Alabama, Mississippi, &g., and several points were vis-

ited by Mr. Clark to ascertain their adaptation for the purpose. The
especial requisites are, an ample supply of pure spring water of a tem-

perature as much under 60'^ as possible 5 a proper fall of water; and con-

venient relation to a railroad center from which the fish can be distrib-

uted to assigned dei)ositaries. Of course the place must be healthy,

and one where the desired facilities will be freely granted by the owners
of the ground.

Several localities were found possessing more or less of the necessary

requisites. Among these were Huntsville, Ala. ; Vicksburg, Miss. ; Bon
Aqua Springs, Tenn.; Birmingham, Ala., &c. The highest tempera-

ture found, of 63p, was at Vicksburg; the lowest, about 59°. The
outbreak of the yellow fever in Tennessee during the summer of 1878

prevented any action on the subject. This, however, is only deferred for

the present, and it is hoped that another season, when a selection will be
arrived at, it will be possible to arrange a temporary establishment

where the eggs of California salmon and possibly of California trout

may be successfully hatched. It will not be necessary to keep the works
in operation for more than a month for either of these occasions ; so that

the expense will be comj)aratively trifling.

Atlantic salmon (Salmo solar.)

In view of the uncertainty as to the results of earlier efforts connected

with securing the eggs of the Atlantic salmon, operations were sus-



REPOET OP COMMISSIONER OF FISH AND FISHERIES. XXIX

pendetl in 1877, and tliis intermission continued in 1878, it being thought

desirable to wait for evidence that the work had been successful.

I am happy to say that during the present year the indications of suc-

cess have been so unquestionable as to warrant the re-establishment of

the Bucksport station, and it is hoped that the result for 1879 will show

a good progress in this connection. It may be stated in general terms

that nearly every stream on the Atlantic coast as far south as the

Susquehanna in which young salmon were introduced as far back as

1874 and 1875 has proved to contain adult spawning fish in 1878.

An exact statement of the catch of salmon in the rivers along the

coast is impossible, but the daily newspapers have been filled with the

records of capture from Denny's Eiver, in Eastern Maine, to the Susque-

hanna, in Maryland. In addition to this the correspondence of the Com-

mission contains numerous references to captures of salmon, some of

which I will proceed to present.

The increase in the rivers of Maine, although decided, has not been

much, a matter of specific statement, as the salmon have never been en-

tirely absent from its waters, and consequently their occurrence in the

rivers excited less remark.* The case was quite difterent, however, in

the Merrimack, where salmon of late years have only been seen at very

rare intervals. As the result of the action of the commissioners of

Maine and Xew Hampshire, large numbers of salmon were observed

while ascending the fishway in the dam at Lowell for the purpose of

performing the function of spawning in the headwaters of the rivers,

especially in the Pemigewasset, where many young were afterward seen.

For the details of these runs of salmon I refer to the extracts from the

reports of the commissioners of Massachusetts and New Hampshire

given in the Appendix.

In October, 1878, a salmon weighing 11 pounds was caught in Narra-

gansett Bay, between Narragansett and Wickford. Other instances of

captures in the same waters are recorded.

The weirs in Martha's Vineyard Sound, especially at Menemsha, se-

cured a considerable number of salmon, most of which were sent to the

* lu connection "witli tiie subject of salmon in Maine, it should be borne in mind that

the fish from which the eggs are taken at the Penobscot or Bucksport station are not

destroyed by the operation, but are returned to the water uninjured. Mr. Atkins has

been in the habit of affixing a xjlatinum tag to each fish before returning it to the

water, bearing a number corresponding to a record of the date of capture, the weight

before spawning, the weight of the eggs taken, and the weight of the fish when restored

to the Avater. Mr. Atkins found several instances of a second capture of the same

fish. Thus he records No. 768 as having been strii)ped on the 1st of November, 1875.

It then Aveighed 21 pounds 7 ounces, and yielded 5 pounds 7 ounces of eggs. When
turned back into the river it weighed 15 pounds. The same fish was recaptured at

Liucolnville, Me., on the 14th of June, 1877, weighing 26 pounds.

Another fish. No. 1010, which on the 9th of November, 1875, weighed 18 i^ounds 2

ounces, had 4 pounds 10 ou^nces of eggs, and when dismissed weighed 13^ f)ounds, was
retaken, also near Liucolnville, on the 13th of June, 1877, weighing 30^ poiinds, thus

showing an increase of 12^ pounds in two years.
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New York market with the other captures. The greatest success was,

however, experienced in the Connecticut, where the catch from the be-

ginuin<? to the end of the season is considered as amounting to not less

than 600 individuals, varying in size from 9 to 20 jDounds, most of them
finding a market in New York. A great deal of enthusiasm was excited

in the early part of the season by these captures, and the fish first taken

were sold readily for a dollar per pound, and even more.

One of the earliest catches in the Connecticut was on the 4th of May,
when a fish weighing 11 i^ounds was sent to Benjamin West, of New
York, from Saybrook. On the 10th of May Mr. S. B. Miller reported a

salmon taken in a seine near the west end of Long Island. Two were
taken eight miles from the mouth of the Connecticut on the i)revious

day, and on the same day 12 other salmon were received in New York
from the Connecticut, one weighing 19 pounds, and all selling for from

85 cents to $1 per pound. Mr. James A. Bill, fish commissioner of Con-

necticut, on the 14th day of May informed me that within his knowledge
80 fish had been taken up to that time in the Connecticut Eiver between
its mouth and Windsor, these varying from 8^ to 18 pounds in weight.

From 6 to 12 were captured daily.

It is known that in addition to what were caught by the fishermen in

the Connecticut many others entered it, as shown by the holes made in

the gill-nets. These holes were at first supposed to be caused by stur-

geons, but it was subsequently ascertained that they were due to large

salmon that could not be held by the thin twine.

There were no authentic cases of the occurrence of salmon in the Hud-
son during the year. This is easily explicable from the fact that no young
were introduced by the commissioners of the State, they being unwilling

to take any steps in this direction until the proper means for their pro-

tection, as well as that of the shad, against the gill and stake nets should

be passed by the legislature. A very few planted by private enterprise

yielded no positive result, although several rumors of caiJtures were
given in the newspai>ers.

The case was very different in regard to the Delaware Eiver, in which
quite a number of deposits were made, partly by the fish commissions
of the State and of the United States, and partly by individuals. The
earliest introduction of salmon in this river was made in 1871 by Mr.
Thaddeus Norris at the expense of some public-spirited citizens of Phila-

delphia, the eggs having been hatched out on the Hudson Eiver, and
the young transported to the Delaware. Only about 2,000 survived the

journey. In 1872 12,000 eggs were purchased of Mr. Wilmot, at New-
castle, Ontario, and hatched out near Easton, Pa., with a loss of only

ten per cent. The young were placed in the Bushkill, a tributary of the

Delaware, near Easton.

The next lot of salmon planted in the Delaware consisted of 5,000 fry,

the sole product of 750,000 eggs received from Germany by the United
States Fish Commission, in the winter of 1872-'73.
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Tlrese were hatched out by Dr. Slack, at Bloomsbiirg, and planted in

the Miiscanetnong in the spring* of 1873. Subsequently the commis-

sioners of XevY Jersey and Pennsylvania introduced other lots, and it is

difficult to say how many of these deposits contributed to the results of

1878.

The first show of salmon in the Delaware was in the autumn of 1877,

when a large fish was seen directly engaged in the act ot spawning at

the mouth of the Bushkill River, this quite probably being one of Mr.

I^orris's fish. It was killed by a rifle-ball in ignorance of its true char-

acter, and sent to me for identification. It is now j^reserved in the col-

lections of the IsTational Museum.
On the 19th of January Dr. Abbott, of Trenton, reported the cap-

ture of a salmon 16 inches in length at Trenton, this being x)robably a

grilse.

On the Gth of April Mr. E. J. Anderson, fish commissioner of New
Jersey, announced the taking of two salmon, one weighing 18 and the

other 23J pounds, in the Delaware. One of these was also sent to the

United States commission at Washington, where it is preserved, to-

gether with an excellent cast.

Later in the year the catches in the Delaware were quite numerous,

thA total number, according to the fish commissioner of the State,

amounting to some hundreds.

The southernmost locality in which salmon have been taken is the

Susquehanna, a fine one of 19 pounds having been caught in a gill-net in

the vicinity of Spesutie Island, just below Havre de Grace, and obtained

by Mr. James W. Milner, in charge of the United States shad-hatching

operations there, and sent to Washington. This was a fresh-run fish, in

perfect condition, and formed the subject of an admirable drawing and
plaster cast. It probably was derived from a lot of salmon i)lanted by
Mr. FergusoD, fish commissioner of Maryland, in one of the tributaries

of the Susquehanna.

For fuller details of the occurrence of salmon in the Eastern and Mid-
dle States and in Maryland I refer to the appendix, where a condensed

statement, as prepared by Mr. C. W. Smiley from reports of State com-

missioners, will be found.

While these facts show conclusively that the experiment of introduc-

ing the Salmo salar into the more northern rivers of tbe Atlantic States

by the United States has been a success, it will be readily understood

that the great object will be to establish a continued run to be kept up
by naturally spawned fish, a result which should be continually aimed
at. It is not to be expected that the general government or the States

will continue indefinitely their effort to obtain eggs and i)lant the young
fish, especially as the time may come when this resource will not be at

their command.
Where rivers are entirely destitute of salmon, either from an ex-

haustion of the supply or from never having existed there, artificial
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l^ropagation must begin the work. But unless this is supplemented by
the enactment and enforcement of laws forbidding absolutely the cap-

ture of the fish for a period of four to six years, and then establishing

a close time of several days in each week up to a certain period, after

which no fish at all shall be taken, the efforts now being made might as

well be intermitted first as last. There is no object in going to the ex-

pense for the purj)ose of furnishiug a few fishermen with a supply

of fish to be sold for their benefit, and not administered for the good

of the community. The magnitude of the results will be in direct pro-

portion to the enactment and enforcement of the proper legislation.

Schoodic salmon {Salmo salar, subsp. Sebago.')

Grand Lake Stream Station.—Of the various species of Salmonidce,

treated by the United States Fish Commission, the fish variously known
as landlocked salmon, Schoodic salmon, Sebago salmon, Glover's salmon,

Win-ni-nish, &c., is one that is mosteagerly sought afterby State fish com-

missioners, fishing clubs, and fish culturists generally. An exact miniatnre

of the sea salmon or Salmo salar in appearance, flavor, game qualities, &c.,

the difference in size was for a longtime considered sulficient to establish

it as a distinct species. Late researches, however, prosecuted by Profes-

sor Gill and Professor Jordan, among the large collections at Washing-

ton, have satisfied these gentlemen that it must be regarded as a

dwarfed form, hardly even a variety, of the Salmo salar, owing its reduced

l^roportions to its abode in lakes or i^onds, and consequently more lim-

ited range than it would have in the ocean, although its continual sojourn

in fresh water may have had something to do with it. The westernmost

locality where it is found on the New England coast appears to be Se-

bago Pond, a large body of water which discharges into Casco Bay,

north of Portland. Here it is called Sebago salmon or Sebago trout,

and attains a considerably larger size than in most other waters, as

in the Sebec Lakes, northwest of Bangor, in certain i)onds in the Mount
Desert region, and the Schoodic Lakes of Maine and l^ew Brunswick,

which are perhaps its best-known localities. It is also seen in the Saint

John's River and certain ponds of ^STew Brunswick and j^Tova Scotia, as

well as in the tributaries of the Saint Lawrence. To what extent it is

taken on the south shore of the Gulf of Saint Lawrence or on the coast

of Labrador, I am unable to say.

In various parts of the British provinces it is known as the Win-ni-

nish, which would perhaps be a much more appropriate appellation than

the term landlocked salmon, since other species of the Salmonidse pre-

sent themselves under similar circumstances. A similar ^^ariety occurs

in Sweden, and i)ossibly elsewhere in Europe, and relating to the same

species, Salmo salar.

In the opinion of many persons, and especially of Mr. Samuel Wilmot,

the salmon of Lake Ontario belongs to the same division, although in

size it more nearly corresponds with the sea-going salmon. Formerly
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immense numbers of these fish existed in Lake Erie and ascended its

tributaries on both the Canadian and American sides to spawn.

They have, however, for the most part, been exterminated on the

American side, and but for the efforts of Mr. Wilmot wouhl probably

have experienced the same fate on the northshore. Anumber ofyearsago,

however, that gentleman, finding a few pairs in a small tributary of Lake

Ontario, near Newcastle, undertook their artificial propagation, and

so successful were his efibrts that he increased the number enormously,

although no great increase in the number of captures has resulted. This

is probably due to the fact that they cannot be taken at the time when

they are fresh run and in good condition for food. Their present spawn-

ing-grounds are very near the lake, and, as in the short rivers of Cali-

fornia, they come into the streams only when they are nearly ripe, and

remain a very short time, returning at once to the lake. It would seem

that, to have a satisfactory river salmon fishery, the stream must be

long enough for the fish to remain a considerable time in it, so that they

may enter it before they are ripe and give an opportunity for their cap-

ture by suitable devices.

The advantages of this landlocked form, which, so fa^ as the United

States Fish Commission is concerned, it is proposed hereafter to term

the Schoodic salmon, unless the name Win-ni-nish be considered prefer-

able, are the readiness with which the eggs can be obtained, the hardi-

ness of the fish, and their perfect adaptability to a great variety of

circumstances and temperature. They are said to resist warmth of

water better than even the brook trout and to be an available fish not

only for lakes and ponds, but also for long reaches of deep water in

rivers through which there is comparatively little current, such as are

found in the Saint John's Elver in New Brunswick and elsewhere.

The Schoodic salmon has, for several years, occupied the attention of

the United States Fish Commission, and the successive reports will show

what has been done in this connection. A trial made several years ago

in Sebec Lake and this year at Sebago Pond, have led to the conclusion

that the Schoodic lakes of Maine, and perhaps New Brunswick, will fur-

nish the best stations for the collection and distribution of eggs. The

locality controlled by the United States Fish Commission is situated not

far from the tannery of the Messrs. Shaw Brothers, on Grand Lake

Stream, the outlet of Grand Lake, one of the Schoodic chain of eastern

Maine, and at no great distance to the west of Calais. This, for many
years, had been the resort of fishermen in the proper season, the fish

occurring in immense numbers and furnishing admirable sport. By ar-

rangement with the Messrs. Shaw, certain privileges of water and fish-

ing were obtained by payment of an annual rental, on the usual condition

as established by the laws of Maine, that one-fourth of the eggs obtained

should be hatched out and the young returned to the waters. In addi-

tion to this, a considerable per-cent. of the remainder goes into the

waters of the State in other localities. Here, the United S tates, in conjunc-

III F
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tion with the States of Maine, Massachusetts, New Hampshire, and Con-

necticut (two or more of them), has carried on operations under the

superintendence of Mr. Charles G. Atkins and with varying success, for

which reference may be made to the detailed report of Mr. Atkins.

There have been some difficulties from time to time in getting a proper

head of water for developing the eggs to a suitable stage for shipping,

and numerous obstacles have been found in the securing of the fish.

These, however, have now all been palliated or overcome.

The taking of eggs in 1878 was begun on the 7th of November, and

closed on the 4th of December, at which time the return of the parent

fish to the lake ended. The total number of eggs for the season amounted

to 1,723,000. One great advantage connected with the taking of eggs

from salmon as well as trout is that the parents are not injured, but by

careful handling may be returned to the water in good condition, so that

another year they may yield an additional supply. Great care is exer-

cised in this respect, so that neither at Bucksport or Grand Lake Stream

are many fish absolutely lost.

While, by actual experiment, about 90.1 per-cent. of all the eggs taken

were impregnated and embryonized by the artificial process, scarcely

more than 10 per cent, would have been by natural propagation. If

we consider the immense number of even impregnated eggs consumed

by the white perch and other vermin of the lake, and compare the re-

mainder with the absolute in-opagation artificially,'the vast dispropor-

tion of results can be readily appreciated.

Mr. Atkins, in referring to the impregnation of the Schoodic salmon

states that at Bucksport the successful impregnation of 96 to 98 per

cent, of the sea salmon was accomi^Ushed. This difference from the ex-

perience with the former he considers to be due to possible circumstances

affecting the fish in their somewhat artificial detention in fresh water,

from which the sea-run individuals escape.

Owing to various circumstances beyond the control of Mr. Atkins,

such as an abrupt change to colder weather, a certain portion of the eggs

collected were destroyed. But, of the 1,723,000, there were 1,470,000

embryonized, or carried to that point where the eyes of the young fish

could be seen through the envelope. Ofthese, 370,000 were retained for

Grand Lake Stream, and of the remainder 1,110,000 were shipped by the

United States Fish Commission, and distributed among anumber of States.

The rest went to Massachusetts, Connecticut, and New Hampshire. Of

the 370,000 retained for Grand Lake Stream, 350,000 healthy young fish

were hatched out and turned into the water.

The details of the distribution of these fish will be found in the tables

of Mr. Atkins's report, to which I refer for much interesting information.

Sehago Station.—An earnest appeal by Mr. E. M. Stilwell, fish com-

missioner of Maine, determined the United States Fish Commission to

make an experiment in regard to securing a supply of eggs of the Sebago

Pond variety of landlocked salmon, in view of its much greater size than
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that found at Grand Lake Stream, and of the greater accessibility of the

locality.

It will be remembered that the Sebago is a large stream, situated in

Southwestern Maine, which discharges through the Presumpscat River

into Casco Bay to the north of Portland. The landlocked salmon found

in it have always been celebrated for their beauty and weight, a size of

six or eight and ten pounds, and even more being not unfrequent.

Unsuccessful efforts were made some years ago to obtain spaAvning fish

from Sebago Pond, for the purpose of securing their eggs. It was imagined

that, owing to the protection afforded by recent legislation and the removal

of certain obstructions in the water, a new effort might be more satisfac-

tory. Acting ujion this imj)ression, Mr. Atkins was directed to estab-

lish a station, for the purpose of an experiment, which he accordingly

did, leaving Mr. Buck, one of his assistants of long experience, in charge.

After giving the matter a fair trial, the enterprise was abandoned, as, with

all the devices in the way of nets, &c., only ten males and six females

were captured, and the entire number of fish entering the river for the

purpose of spawning was estimated at scarcely more than fifty. The

largest fish taken was a female, weighing 8 pounds 10 ounces after

spawning, and the average was about three pounds.

Whitefish.—(Coregonus chipeiformis,

)

The great amount of attention paid to the artificial propagation of the

whitefish by the commissioners of the lake States, especially of New
York, Ohio, Michigan, and Wisconsin, has rendered it unnecessary for

the United States Commission to take up the subject to any great ex-

tent, although Mr. Frank N. Clark usually collects several hundreds

of thousands of eggs, and develops them at his fish-culture estab-

lishment at Northville, Mich., for any desired assignment. These, for

the most part, have been sent to the commissioners of California, and

also to various parties in Pennsylvania, New Jersey, Wisconsin, &c.

The actual distribution made will be found in the appropriate page

of the tables.

Shad.—(Alosa sapidissima.)

As in previous years, the jiropagation and distribution of shad was
conducted under the able and.efQcient superintendence of Mr. James W.
Milner, co-operating for a i^ortion of the time with Mr. T. B. Ferguson,

the fish commissioner of Maryland, whose help, as in previous years, is

gratefully acknowledged.

To Mr. Milner's report, in the appendix to the present volume, I refer

for details of the work accomi>lished, confining myself here to a mere
abstract.

Albemarle Sound Station.—In i^revious reports reference has been

made to the advantages of substituting Mr. Ferguson's cone and bucket

apparatus for the floating hatching-boxes, so unsatisfactory in tidal

waters. Desirous of testing the exi>eriment with this apparatus on a
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large scale, operations were commenced mucli earlier in the season than

usual, and at a southern station, in Albemarle Sound. The barges used

by the Maryland commission in its work in 1877 were x>urchased and
thoroughly equipped by the United States Commission, and towed by
the revenue-cutter Ewing, in command of Captain Fengar, to Norfolk,

whence a private tug carried them to Avoca, a plantation and fishing

landing of Dr. W. R. Capehart, situated near the mouth of the Chowan
Eiver. The Maryland steamer Lookout was also employed in the serv-

ice by an arrangement with Mr. Ferguson.

In addition to the Lookout, a steam-launch, furnished by the Navy De-

partment, rendered essential aid in visiting distant landings for the col-

lection of spawn and in transporting young fish from the station to the

steamer for shipment via Franklin to various portions of the Southern

States.

The work commenced about the 1st of April, with the benefit of

every possible aid from Dr. Capehart, and up to the 1st of May about

10,000,000 eggs had been secured ; the largest number taken in any one

night being 1,605,000, on the 15th of April. The shipments of fish to

remote points began on the 11th of April, amounting in all to about

5,000,000. These were distributed in part by the United States Commis-

sion, and in part by the fish commissioners of Maryland, North Caro-

lina, and Virginia,, who were fnrnished with what they could well trans-

port to waters within these States.

A remarkable feature of the fishery season on the North Carolina

coast consisted in the unprecedented number of alewives, or fresh-water

herring, captured at various landings, as many as 400,000 having been

taken at one haul. The glut of these fish was so great, that at one time

they were sold at 50 cents per thousand ; indeed, it became necessary

to stop using the seines ten days earlier than usual on account of the

difficulty of handling so many fish.

Mr. Ferguson, having been appointed one of the Commissioners to the

Paris Exhibition, was obliged to leave Avoca before the close of the sea-

son, and the work was then continued by Mr. Milner and his assistants.

On the 2d of May the station was closed, and the barges and launches

were towed to Norfolk by the revenue-cutter E. A. Stevens. At Nor-

folk the Ewing again took charge of the tow and reached Havre de

Grace with her charge on the 11th of May, where the hatching work
was resumed under direction of Mr. Frank N. Clark—Mr. Milner, how-

ever, having general supervision.

The station selected this year at Havre de Grace was the same as that

used in 1877, namely, a sheltered harbor between Spesutia Island and

the western shore. The work was prosecuted on four barges and aided

by two navy launches, a second one having been furnished for the pur-

pose by the Navy Department. The steamer Lookout was dispatched

to the Potomac for the purpose of collecting eggs of shad and hatching

them on that river.
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The entire take of eggs at Havre de Grace amounted to 12,730,000

;

the largest number secured at one time being 1,940,000 from 97 spawners,

on the 29fch of May. The total shipments and distribution of lish from

this point amounted to over 9,000,000.

In the absence of Mr. Ferguson, the interests of Maryland were cared

for by Mr. Thomas Hughlett, another member of the State fish commis-

sion.

The total production of the season at the three stations of Avoca, the

Potomac, and at Havre de Grace amounted to 15,500,000 fish. The

shipments extended to all parts of the United States, as far even as

California, a fourth transmission having been made to the Sacramento

River—a stream in which the success of the work in the past has been

notably manifest.

Special acknowledgments are due on the part of the United States

Fish Commission to Col. Marshall Parks, the president of the Albe-

marle and Chesapeake Canal, who not only tendered the use of the

canal, passing all of our vessels to and fro free of toll charges, but

having learned that toll had been collected from the steamer Lookout

on her first voyage of reconnaissance, made in December, 1876, gen-

erously refunded the amount collected.

Col. Parks has, throughout all of our operations on Albemarle Sound,

given us every aid, and by his cordial co-operation has evidenced his

interest in the development of the resources and the future jirosperity

of that region.

A i^leasant feature of the shad hatching operations at Havre de Grace

consisted in the visits made by various persons to the station. Thus,

on the 5th of June, I accompanied the President and the Secretary of

the Navy, with a party of other invited guests, in a special car, return-

ing the same night, and at a later date, a number of members of Con-

gress. Many rei^orters from New York, Philadelphia, and Baltimore

also embraced the opportunity to become familiar with the aims and

results of the Commission, and to publish an account of the same.

To complete the history of the operations of the year 1878, connected

•with the j)ropagation of shad on the Atlantic coast, I may remark

that Colonel McDonald, fish commissioner of Virginia, made a station

at Tobago Bay, near the mouth of the Eoanoke Eiver, and hatched out

about 1,960,000 fish between the 3d of May and the 1st of June. All

of these were placed directly m the Eoanoke, and cannot fail to make
then* presence known within the next three or four years.

I am gratified in being able to state that the labors of the United

States Commission in introducing shad into new or depleted waters

have commenced to show results during the year 1878. Some of the

earliest efforts in regard to stocking the rivers with shad were prosecuted

in connection with the Sacramento Eiver, a shipment of 12,000 fish

having been made June 19, 1871, by Seth Green at the expense of the
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Califoruia commission, followed in subsequent years by transmissions by

the U. S. Fish Commission. The Sacramento Eiver may now be consid-

ered as fairly supplied with fish, numerous adults having been taken

during the year, although they have been sold surreptitiously, in con-

sequence of a prohibitory law. It is to be hoped that with a few addi-

tional shipments the stock will soon be self-sustaining, and possibly that

the adjacent rivers north and south will receive an ample supply.

For the Mississippi Valley, we have a very satisfactory result of the

operations of the Fish Commission in the Ohio Eiver at Louisville,

where several hundreds of fish were captured in 1878 and exposed for

sale in the Louisville market. The citizens are naturally jubilant at this

great addition to their food resources, and stoutly maintain that, com-

pared with the shad of the Connecticut, the Delaware, and the Susque-

hanna, those of the Ohio are by far the finest. Should this run con-

tinue, I hope to give further information in regard to it in a future

report.

As nearly as we can ascertain, these fish have all been derived from

a deposit of 30,000 made in the Allegheny River by Seth Green, and

200,000 by Mr. Wm. Clift in the year 1872, at Salamanca, in Western

New York, in both cases in behalf and at the expense of the U. S.

Commission.

For the purpose of ascertaining the facts in regard to the occurrence

of shad at points in the Mississippi Valley other than Louisville, the

commissioners of fisheries of Kentucky caused a circular of inquiry to

be published in the principal newspapers, asking to be informed on this

subject. Several responses were received, and among them one from

Mr. John F. Oliver, of Steubenville, Ohio, who on the 25th of Septem-

ber wrote to say that a number of shad were caught in the Ohio at that

place early in the season, on their way up, very many having been

brought into market. He urges the importance of legislative measures

for the protection of these fish, at least for a time, stating that two fish-

ermen at Wing and Wing Rock, three miles above Steubenville, on the

West Virginia side of the river, caught with hoop or set nets six or seven

bushels of shad.

Dr. Paul Sears, of Mount Carmel, 111., also writes to say that parties

fishing with set nets in March, April, May, and June, caught what they

supposed to be a new species of hickory shad {Pomolobus mediocris), but

which he found on examination a different variety, in not having the

lower jaw protruding as in the hickory shad, and in being thicker below

the dorsal fin. These are points in which the true shad differs from

its ally, and render the fact of its occurrence at Mount Carmel unques-

tionable.

In addition to these statements, Mr. George Spangler announced on

the 3d of May the capture of about a dozen shad near Madison, Ind.

The first sold for a trifle, but the price rose considerably when the fish

were identified.
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Mr. George F. Akers, of Nashville, Tenn., wrote on the 21st of May
that many shad were takeu during the year near Nashville.

On the wOth of March a four-pound shad was caught at Wetumpka,
Ala., in the Coosa River, and on the 18th of April several shad were

taken at Eome, in George Creek, according to the report of Dr. George

A. Hampton.
Specimens of the Ohio Eiver and Alabama shad were sent to the

National Museum for identification.

A very decided increase in the catch of shad in the Roanoke River in

1878 is ascribed to the fact of the introduction of so many young fish in

previous years, as the result of the operations of the United States Fish

Commission on that river.

It may here be remarked that the fishermen, at least on the Potomac

and in Albemarle Sound, distinguish what they call a May shad, a fish

coming in later than the ordinary shad, in Albemarle Sound appear-

ing from the middle to the end of May. These are said to be very

fat, with short, thick tails, and with the back more golden than blue.

Whether we are to estabhsh two species of shad, as has been done with

the herring, one comi)Osing an earlier run and another a later, has not

been shown for want of sufficient material.

Herring.—{Clupea harengus.)

Experiments i)rosecuted at Gloucester before the eggs of the cod were

ripe showed satisfactorily that the sea herring could be multiplied arti-

ficially on a sufficiently large scale for economical purposes'. A large

run of the spawning fish came on the coast in October, and, for a few

days at least, ripe eggs could be had in any desired abundance.

Mr. Clarke fitted up an extempore api)aratus by placing slides of glass

vertically in a long box, somewhat in the style of the Williamson api^a-

ratus, so that the same water was made to flow through a series of com-

partments. The glass plate was laid flat in shallow pans, and the eggs

dropped upon them, adhering tenaciously wherever they touched. A
portion of the milt being added, a small quantity of water was intro-

duced so as to dilute it, and by coming in contact with the eggs, pro-

duce the desired impregnation in the current of water. The eggs hatched

out rapidly, and a very considerable number of young were produced

and placed in Gloucester Harbor.

Partial experiments, indicating the same general result, were made in

1877 at Noman's Land, by Mr. Vinal Edwards, of the United States

Fish Commission, and mentioned in detail in the report for the year 1877.

About the same time Dr. Meyer, of Kiel, made a very elaborate in-

vestigation upon the development of the herring and the means of

retarding it. He suggests that the result as published may be applied

to lengthening the hatching period of the egg of the American shad and
alewife, in connection with the effort to transmit these fish to Germany.

It is proposed to test this question more fully during the coming year;
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but the conditions are quite different in the case of these species. The
shad and alowife have non-adhesive eggs (those of the hitter slightly so

at first), and are hatched out in warm water, or with a rising tempera-

ture. The egg of the herring, on the other hand, is adhesive, and is

hatched at a low and descending temperature, the difference in physical

conditions demanding different treatment, the nature of which the pro-

posed experiments will no doubt settle satisfactorily. In Dr. Meyer's

apparatus glass plates are arranged horizontally with the eggs on the

nnder side, a condition impossible in the case of the alewife.

The Carp.—(Ci/prinus carpio.)

The Druid Rill Park Station.—I have already referred in previous re-

ports to the various experiments of the Commission looking to the intro-

duction into the United States of the best varieties of the German carp,

a species considered to be of very great utility, especially to the South,

for food purposes, and bidding fair to stand in the same relation to the

farmer among fishes that domestic fowl do among birds. The fish brought

in by Mr. Hessel in 1877 were cared for at the Druid Hill Park, under

the direction of Mr. T. B. Ferguson, commissioner of fisheries of the

State of Maryland, and by permission of the i^ark authorities. It was
considered advisablej however, to have a portion of the supply in Wash-
ington, where the fish could be more immediately under supervision.

Inquiry was therefore made as to a suitable location for the fish, either

in ponds already built, or to be constructed. It was, of course, thought

best that they should be placed on government ground, where there

would be no question as to rental. Several small lakes on the Soldiers'

Home property were at first thought of, but the governors were unwill-

ing to allow the changes necessary to fit them for the purpose, and it

was with difficulty that suitable ground could be found for the construc-

tion of new receptacles. The work was under the direction of Mr. Hes-

sel, who had a survey made, and laid out the contour. Soon after the

work was begun, it was ascertained that the supply of water that had
been relied upon for this purpose was inadequate, and the enterprise

was abandoned. In this emergency Mr. Hessel had his attention called

to the so-called "Babcock Lakes," two in number, which have a surface

of about G acres each, situated on the Monument Lot, and separated by
a driveway. These were found suitable in every way as to size, supply

of water, &c. Application was made to Congress, at its special session,

for the privilege of using these ponds, and for an appropriation to adapt

them to the required service. The application was granted, and $5,000

allowed to put them in order. The work was conducted by Colonel

Casey, with all due economy, the plans being furnished by Mr. Hessel.

The ponds were drawn off and graded, so that a series of ditches, radiating

from one point, would concentrate therein the contents of the pond. A
basin or collector was built at this outlet, walled with brick and armed
with heavy plank, and a suitable gateway and overflow was established.
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This portion of the work was completed in the spring, and after the water

was let in, two-thirds of the fish in Druid Hill Park were brought over and

placed in their new abode. For the i)urpose of having a suitable series

of hatching ponds, the surface of an island in the west pond was
elevated, and the area subdivided so as to form two basins of suitable

dimensions. These were fitted uj) properly with reservoirs and ditches,

so that they could be drawn off on the same general principle as that

adopted for the larger pond. Into these were placed several of the

breeding carp, and quite a number of the young fish resulting there-

from. In the mean time work was also prosecuted on the westernmost

of the two ponds ; but owing to the adverse weather and incessant rains

of the spring it could not be completed, as the warm weather suggested

the necessity of restoring the water to its place to x)reveut malarious

exhalations. This was accordingly done, and further action deferred

for the time. A second appropriation for $2,400 was used in comjdet-

iug the work, and especially in jjaving the bank to prevent the washing

of the wind and waves. As an additional means of i)utting the ponds

in proper order for the discharge of the necessary functions, a series of

brick tanks were planned (six in number), in which the fish could be

classified when the ponds were drawn off, and those taken out that served

for shipment, and the ' others returned. These were to be 20 feet long,

and respectively 2, 5, and 9 feet in width, with a uniform depth of 5J
feet. The work on the ponds was postponed, owing to the fear of en-

dangering the health of the city by making the necessary excavations

on the island for the walls of the bank, and the completion was delayed

by various vexatious causes, so that it was not till the early i)art of the

winter that they were completed, and to disturb the fish in then- winter

quarters was not considered desirable. The construction, however, is

available for service, and it is hoped that in 1879 an extensive distribu-

tion of fish may be made.

Of the fish brought from Germany by Mr. Hessel in 1877, the follow-

ing were found alive and in good condition in the Druid Hill Park
Pond when drained in the spring of 1878 : 10 mirror carp, 90 leather

carp, 80 scale carp, 40 gold orfe, 50 King or Hungarian tench, 20
common tench, 2 golden tench. As already explained, the three va-

rieties of carp all belong to the species Cyprinus carpio. The gold orfe

is a variety of the Idus melanotus, a large, fine Cyprinoid fish of Europe,
somewhat resembling in size and shape the fall fish {Semotilus shotheus)

of American waters, and of a brilliant red something like that of the com-
mon gold fish. The tench

(
Tinea vulgaris) like the carp, occurs in several

varieties, the best being the king tench. The gold tench is a red form
of the species just mentioned.

Of the fish above enumerated, there were retained in the Baltimore
ponds the ten mirror carp, one-fourth the stock of the leather and
scale carp, the hungarian tench, and gold orfes, respectively; all the

common tench and the two golden tench. There were brought to Wash-
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ington 65 leather carp, 48 scale carp, 10 golden ides, and 14 tencli, which

were distributed as follows

:
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the various species of the cod family, especially of the true codfish.

While engaged in the prosecution of researches into the condition of

the fisheries at Gloucester, my attention was called to the fact, in the

early autumn, of the approaching ripeness of the cod, haddock, »&c., and
it was determined, after conference with Mr. Milner, to institute experi-

ments looking towards the artificial i)ropagation of the cod, it being

known from the researches of Sars that the eggs of that fish are non-

adhesive and that they are discharged in the open sea, and iioat freely

at the surface. With this information as a basis, preparations were

made to utilize a portion of the wharves and buildings leased by the

Commission at Gloucester for the erection of the necessary cod-hatching

apparatus. A steam-engine, pumps, and other appliances were ordered

on from the shad-hatching barges at Baltimore, and the work of fitting up
was vigorously prosecuted under the direction of Capt. H. 0. Chester

and Mr. Sauerhoft", the whole work being under the charge of Mr.

Milner.

The cones, so serviceable in the hatching of shad, were first tried

;

but did not work satisfactorily, in consequence of the changed conditions,

the eggs being lighter and floating at the surface instead of sinking

to the bottom as with the shad. After numerous trials to overcome

this principal difficulty, a device was hit upon by Captain Chester, which,

in a great measure, answered the desired object; and as it became
possible to secure an ample supply of eggs, the experiment was prose-

cuted vigorously and ultimately crowned with success. Several millions

of cod were hatched out and turned into the harbor of Gloucester,

where, in the ensuing summer, they could be readily observed around the

wharves, and even taken with a hook, the unwonted sight attracting the

greatest interest of the fishermen and residents.

Mr. Frank N. Clark, who had had charge of the shad-hatching work
at Havre de Grace, also supervised the hatching of cod at Gloucester,

and introduced some important improvements in the apparatus.

Mr. Milner was obliged to return to Washington by illness, and Cap-

tain Chester having also been incapacitated from a similar cause, the

establishment was broken up in the early j^art of January, 1879, and the

apparatus dismantled and boxed, ready to be returned to the southern

stations.

Other species of Gadidcc, as the haddock, etc., were experimented with

upon a small scale, and the feasibility of artificial propagation of the

species of the cod family fully established.

The only very serious difficulty experienced during these experiments

was that from the turbidity of the water, this being necessarily taken

from the harbor, and more or less polluted, especially in stormy weather,

by the dock mud.
It is confidently believed that if a vessel can be constructed and an-

chored in the proper quality of water an enormous propagation of fish

can be accomj)lished. There is apparently no limit to the number of



XLIV EEPORT OF COMMISSIONER OF FISH AND FISHERIES.

eggs tliat can be secured, in view of the fact that a mature cod will fur-

nish from two to nine millions, and the number of spawners taken in the

vicinity of Cape Ann almost every day being very great. Of course it

requires special conveniences to do this work, particularly during the

inclement season of winter. The season during which the eggs can be

obtained, however, is a very long one, extending from November to

March and April.

For a detailed account of the whole experiment and of the observations

made during its progress, I refer to the article by Mr. E. E. Earll, in the

appendix. This may justly be claimed as perhaps the most important

contribution ever made to our stock of information respecting the

natural history of our principal food-fish.

In connection with the work upon the codfish, satisfactory experi-

ments were also made in regard to hatching the sea herring, as detailed

elsewhere.

The Sole (Solca vidgaris).

Eeference has been made heretofore to a wish to meet the oft-expressed

desire of citiz<^ns of the United States that the European sole might be

introduced into American waters; and not daunted by the essential non-

success of the work of last year (by which only two were successfully

transi)orted to our shores), arrangements were made with Mr. C. L. Jack-

son and Mr. Long, of the aquarium at Southport, in England, to secure

a supply of young fish and hold them in readiness for further action.

In accordance with this, over eleven hundred were brought in during

the season. Many deaths occurred in this number in a few days after

being captured, but 165 surviving were kept alive in the tanks for a

considerable period of time.

Mr. Mather, of whose visit to Europe in connection with the transpor-

tation of the eggs of the California salmon mention has been made on

another page, went to Southport, on his return to the United States,

and took charge of the fish. Unfortunately, however, the necessarily

crowded quarters, and, possibly, the fact that they were brought in tin

cans, which rusted very rapidly, proved adverse to a successful experi.

ment, and the entire lot died, one after another, before the return voyage

was completed.

A portion of this ill success was thought by Mr. Mather to be due to

a pump in use for aerating the water, the packing of which had been

saturated with some chemical substance which exerted a deleterious

influence. In this, as well as in the previous experiment, the United

States Fish Commission is indebted to the courtesy of the Canard Steam-

ship Company for imjiortant facilities.

The Sponge of commerce.

Among the more recent enterprises in the way of artificial propagation

of aquatic animals is that relating to the artificial propagation of the

sponge of commerce. Prof. Oscar Schmidt, of the University of Gratz,
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has been so successful? in his preliminary efforts in this direction, that

the Austrian Government has authorized him to attempt the developnient

of this industry on the coast of Dalmatia. The process is very simple,

consisting in selecting the proper season in the spring, and dividing a

living, marketable sponge into numerous pieces, and fastening them to

stakes, which are driven mto the sea bottom so as to submerge them.

These fragments at once begin to grow out, and at the end of a certain

time each one becomes an entire sponge.

According to Dr. Schmidt, three years is a sufficient length of time to

obtain from very small fragments sponges worth several cents apiece.

In one experiment the cost of raising 4,000 sponges amounted to about

$45, including the interest for three years on the capital employed. The

sales amounted to $80, leaving a profit of $35.

It was my intention to give a detailed account of the practical results

of the work prosecuted by the Commission from the beginning, showing

the aggregate of work done and the promise of future success, by the

reappearance as adults of the young fish which had been planted in

their localities. Owing, however, to necessary delay in the preparation

and the publication of this report, it has been thought expedient to keep

this history for the report of 1879, when it is hoped that sufficient evi-

dence will be given to show that all reasonable anticipations of a suc-

cessfal outcome have been realized, and that the future holds in store

great possibilities of ever-increasing food resources, which, so far as the

United States is concerned, is to have a very important economical

bearing.

It must be borne in mind, too, that the United States Fish Com-

mission is only one of many in operation in the same direction in

the country, very many states now having commissioners devoted to

their work, and all more or less successful either in the artificial propa-

gation of fishes in extending the distribution of species already oc-

curring in the waters, or in the introduction and enforcement of i^rotec-

tion of fishes during the critical periods, without which the most ex-

tensive efforts in fish culture will fail of their object.

D.—HUMAN AGENCIES AS AFFECTING THE FISH SUPPLY,
AND THE EELATION OF FISH CULTURE TO THE AMER-
ICAN FISHERIES.*

6.—INFLUENCE OF CIVILIZED MAN ON THE ABUNDANCE OF ANIMAL
LIFE.

It may safely be said that wherever the white man plants his foot and
the so-called civilization of a country is begun the inhabitants of the

air, the land, and the water, begin to disappear. The bird seeks a new

* This article, exactly in its present form, was written for presentation elsewhere,

but not published. It was intended to constitute a poimlar exposition of the sub-

ject to the end of 1878, and consequently includes to a considerable extent data con-

tained in the previous pages.
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abiding place under the changed conditions of ttie old, but the return

of the season brings him again within the dangerous influence, until

taught by several j^ears of experience that his only safety is in a new
home. The quadruped is less fortunate in this respect, environed as

he is by more or less impassable restrictions, such as lofty mountains,

deep rivers and lakes, and abrupt precipices, and sooner or later reaches

the point of comparative extinction, or reduction to such limited num-

bers as not to invoke any continuance of special attack.

The fish, overwhelmingly numerous at first, began to feel the fatal in-

fluence in even less time than the classes already mentioned, especially

such species as belong to the fresh waters and have a comparatively

limited range.

The cause of this rapid deterioration is not to be found in a natural

and reasonable destruction for purposes of food, of material for cloth-

ing, or other needs. The savage tribes, although more dependent for

support upon the animals of the field and forest than the white man,

will continue for centuries in their neighborhood without seriously dimin-

ishing their numbers. It is only as the result of wanton destruction for

jiurposes of sport or for the acquisition of some limited portion only of the

animal that a notable reduction is produced and the ultimate tendency

to extinction initiated.

Of the abundance of animal life in Korth America, in the primitive

days of its occupation by the European immigrant, we have an ample

history in the accounts of the earlier travelers. Buifaloes in enormous

hordes reached .almost to the Atlantic coast, wherever extensive plains

existed. The antelopes rivaled in numbers those of Central and South

Africa. The deer of various species were distributed over the entire con-

tinent from the Arctic regions southward, and from the Atlantic to the

Pacific. The moose existed far south of its present limit. The elk was

a familiar inhabitant of Pennsylvania and Virginia. Wild fowl, such as

ducks, geese, swans, &c., of many species, were found during the winter

in countless myriads in the Chesapeake and other Southern bays and

sounds.

Now what remains of this multitude 1 The buffalo has long since

disappeared from the vicinity of the Mississippi River, the deer is nearly

exterminated iu many localities, though still holding its own under

favorable circumstances, and the antelope is restricted to limited areas.

The wild fowl, congregated at one time in bodies miles in extent, are now
scarcely to be seen, although still i^roportionably more abundant in the

winter season on the coast of California and towards the mouth of the

Eio Grande in Texas than anywhere else.

Perhaps a still more striking illustration is seen in the fishes. It is

stiU within the recollection of many old people (showing how plentiful

the fish must have been) that the apprentice and pauper, iu the vicinity

of the Connecticut Eiver, protested against eating salmon more than

twice a week. This noble fish abounded in all the waters of New England
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as far west as the Connecticut and even to the Housatonic, though we

have no evidence that they ever occurred in the Hudson Eiver or far-

ther to the south. The shad was found in every stream of the coast

from Georgia to the Gulf of Saint Lawrence, and, although still ascend-

ing most of these waters during the spring, has been sadly reduced

in abundance. Within even fifty years no waters of the same extent

in the world could show such numbers of shad and herring as the Poto-

mac Eiver below the Great Falls. Martin's Gazeteer of Virginia, pub.

lished in 1834, at Alexandria, states that the preceding year twenty-five

and a half millions of shad were taken by the various Potomac fisheries,

as well as seven hundred and fifty millions of fresh-water herring. This,

by a moderate estimate, would amount to six hundred millions pounds of

fish secured in six weeks in this single system of waters. This Gazeteer

also states that during the same year nearly one million barrels of fish

were packed on the Potomac, requiring as many bushels of salt. These

were consumed in the United States or shipped to the West Indies and

elsewhere. What is the condition of things at the present time 1 In 1866

the catch of shad on the Potomac had dwindled to 1,326,000, in 1878

to 224,000, the latter not 1 per cent, of the yield of 1833. The catch of

herring in 1833, estimated, as stated, at 750,000,000, had been reduced in

1866 to 21,000,000, in 1876 to 12,000,000, and in 1878 to 5,000,000 ;
again

less than 1 per cent, of the yield of the first-mentioned period.

A similar reduction has taken place in the abundance of the striped

bass or rock-fish, a species inferior to none in its excellence and econom-

ical value for food. John Josselyn, gent., in 1660, says that three

thousand bass were taken at one haul of the net in New England.

Thomas Morton, in 1632, says, of the Merrimac, that he has seen stopped

in the river at one time as many fish as would load a sbij) of a hundred

tons, and that at the going out of the tide the river was sometimes so

full of them that it seemed if one might go over on their backs dry-

shod.

Mr. Higginson, in 1630, says that the nets usually took more bass

than they were able to land. Even so recently as 1846, one hundred

and forty-eight tons are said to have been taken on Martha's Vineyard

at two hauls of the seine. Per contra, the catch in the Potomac in 1866

amounted to 316,000 pounds ; in 1876, to 100,000 ; in 1878, to 50,000.

Many more instances of the enormous abundance of the anadromous

fishes (marine species running up from the ocean into fresh waters for

the purpose of spawning) in different parts of the country in former

times could easily be adduced. Similar illustrations of the former

abundance of fishes exclusively inhabitants of the salt water can be

brought forward to any extent. In the early days of the Eepublic the

entire Atlantic shore of the United States abounded in fish of all kinds.

Where cod, mackerel, and other species are now found in moderate

quantities, they occurred in incredible masses.

The halibut, one of the best of our fishes, was so common along the New
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England coast as not to be considered worthy of capture, and was con-

sidered a positive nuisance when taken. It is only within a few years

that our people have come to learn their excellence and value, but they

have already disappeared almost entirely from the inshores of l^ew

England, and have even gradually become exterminated in nearly all

waters of less than five hundred feet in depth.

The inquiry now arises as to the causes of the terrible depletion of the

inhabitants of the water, and one so detrimental to human interests.

The question relates in part to an actual extermination, and in part to

a disappearance from accessible fishing-grounds. The i^ractical result

to the fishing interest is about the same in either case.

It is quite safe to assume that most species of the ocean fishes, in their

abundance and ability to escape the pursuit of man, are less amenable

to destructive influences than those of the interior waters, the halibut

being perhaps one of the few exceptions of a species that may be con-

sidered actually exterminated over a certain area. That the supply of

nearly all other hinds in the inshore fisheries of America everywhere

has diminished in enormous ratio is unquestioned. What were and are

the causes, and what the remedy*?

One most plausible solution of the problem is to be found in the very

close relationships between the so-called anadromous fishes and those

permanently resident in the ocean. The anadromous species are repre-

sented by the salmon, the shad, the fresh-water herring or alewife, and

some other kinds, which, although spending the greater part of their

life in the ocean, periodically enter the fresh waters, in greater or less

numbers, and ascend as high as they can for the purpose of finding

suitable places wherein to deposit their spawn. This done, the parent

fish soon returns, leaving the young to follow. The young shad or

herring remain in the rivers three or four months and then go down to

the ocean. The salmon is more persistent, the young remaining from

one to two years, after which they too descend to the sea, and, like the

shad and herring, for the most part there attain their entire growth. It

is not thought that either the parent fish or the young go to any great

distance from the mouths of the rivers, and it is believed that the fish

born in one stream never think of entering any other than that in which

they first made their appearance.

Bearing in mind the countless myriads of these fishes formerly entering

our rivers—the shad and herring along the entire coast of the United

States to the Bay of Fundy, the salmon from the Connecticut east-

ward—and noting the extent to which they are preyed upon by the

more rapacious inhabitants of the sea, we may understand why such

multitudes of the larger fish formerly approached the shores in pursuit

until deterred by the increasing shoalness or freshness of the water.

Even then, however, they would remain near the shore, lying in wait

for the parents and their young returning in such vast quantities dur-

ing the later months of the year. In all probability these constituted
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a chief inducement to the movement of the predacious fish to the coast

in such numbers during the spring and summer. In autumn and win-

ter the sea-herring and the fish of the cod family visit the shores for

quite another puii^ose, namely, to deposit their eggs. But from what-
ever motive, the foct remains that years ago throughout the twelve
months an ample supply of the finest fishes was within the reach of

everyone, so that a fisherman with a small hand-line and an open boat
was able to sujiport his family without any difficulty.

Now, with the continued reduction in abundance of the salmon, shad,

and fresh-water herring, the summer fisheries have dwindled and nearly

disappeared, leaving only those of winter with its inclement weather to

furnish occupation to the fishermen, and compelling him in the most
dangerous season of the year to betake himself to the Georges, La Have,
Quereau, and other banks, especially to the Grand Banks of Newfound-
land, to i)rosecute his work in exj)ensive vessels, and exijosed to perils

and privations of a terrible character.

Assuming, then, that the chief agency in the decrease of the ocean-

shore fisheries has been the reduction in the number of the anadromous
fish, i. e., those passing up from the ocean into the fresh waters to

spawn, let us inquire into the causes of the diminution of the latter.

They certainly were very plentiful in the early days of European coloni-

zation in America, but at that period all the rivers were open to the sea,

without dams or other artificial obstructions. Few or no saw-mills cast

into them sawdust and other refuse ; no gas-works polluted them with
coal-tar, creosote, &c., and paper-mills, factories, &c., running off poison-

ous compounds, were unknown. The fishing apparatus was confined to

lines and nets of no great extent, not sufficient to barricade the streams
and impede the upward movement of the fish.

After the settlement of the country began, these possible dangers
came to have an actual existence. It is probably to the erection of dams,
however, that the first great diminution was due. The salmon, the shad,

and the herring proceeding from the ocean to the headwaters of their

native stream, were met by an imi^assable barrier, which they were
unable to surmount, cutting them off from their favorite spawning-
ground, and, indeed, in many cases, from the only localities where- the

operations of reproduction could be properly performed. They wore
themselves out in fruitless attempts to overcome these obstructions, and
were compelled finally to return to the ocean without depositing, or at

least utilizing, their spawn. A second year, a third, and even a fourth

would i^robably make but little difference in the number making the

attempt to ascend, this being due to the fact that four years is the

average period from birth at which most fish are mature and able to exer-

cise the reproductive act. By the end of the fourth year, the last crop of

young fish hatched in the upper waters of the river will have made its

appearance as mature males and females. After this the diminution

takes place with increasing rapidity until, five or six years afterwards,

IV F
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the fish are found to have disappeared entirely from the stream. So
much for the dams. As for the other causes, sawdust and other refuse

matter get into the gills of fish and produces irritation and subsequent

death. Coal-tar refuse is known to be a very great detriment to the

healthful condition of water so far as fish are concerned, and it is proba-

ble that a part, at least, of the decrease of shad and herring in the

Potomac is due to the discharge from the gas-works of Washington and

Alexandria.

The rapid increase in the size and number of the nets, whether pounds,

seines, drift or gill nets, that has manifested itself within the last twenty

years has doubtless had a similar effect with the dams in producing a

decrease. The fish are harassed and worried by them, and hindered in

an equal degree from reaching their spawning-ground, and thus another

drain on the supply is added to the many already in operation.

What, now, are the remedies to be applied to recover from this lament-

able condition of the American fisheries (a condition which, we may re-

mark, has existed in aU countries of Europe, but which in some of them

has ah-eady been greatly lessened by the i)roper measures) ? These are

twofold. One consists in the enactment and enforcement of legislation

protecting what we have, and allowing natural agencies to play their

part in the recovery ; the other consists in the application of the art of

artificial propagation of the fish. Either, alone, in some circumstances,

will answer a very good purj)ose. The two combined conatitute an alli-

ance which places at our command the means of recovering our lost

ground to a degree which, but for the experience of the last ten years,

would hardly be credible.

7.—POLITICAL AND SOCIAL IMPORTANCE OF INCREASE OF FISH SUPPLY.

!N"ow let us glance at the imi^ortance in the political economy of the

United States of an increase in the supply of fish for food. We are at

X>resent a people of 49,000,000 souls, which, by the end of the present

century, will probably amount to double the number. The production of

animal food on land depends in large part upon the amount of soil avail-

able for grazing ; but, with the increase of i^opulation, the necessity of

a more lucrative yield makes it imperative to prosecute the cultivation of

t3ie cereals or other articles of direct food to man, thus restricting the

area of pasture-lands. Many countries of Europe have already reached

that i)eriod when they look to foreign nations for then- supply of animal

food. America furnishes a great part ; the less populated regions of

Europe the remainder. The increase in the price of what is called

" butcher's meat," though gradual, is inevitable, and every year a larger

and larger percentage of the population will be unable to secure it. In

this emergency we must look to the water for the means of supply. In

former days the inhabitants of the sea-coast and rivers obtained a very

large portion of their animal food from the water ; and in proportion as

this state of affairs is restored will the condition of the future population
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be improved. The legislation required consists in the enactment of laws

for the iutroduction of fish-ladders, by means of which the spawning-fish

can reach the headwaters of the rivers ; in a prohibition against dis-

charging sawdust, gas-refuse, chemicals, &c., into the water ; in a limi-

tation as to the pounds, number, and size of mesh of nets, and especially

in the establishment of close seasons during the week, during which

the capture of fish by nets shall be forbidden, and an absolute prohibi-

tion of their capture aft^r a certain date in the year. These dates will

necessarily vary with the kinds of fish to be protected.

8.—MODE OF JNOREASING THE SUPPLY OF FISH.

Even, however, with all these regulations, supposing them to be thor-

oughly enforced, there remains much to be done. Our rivers, capable

of accommodating very many tons offish, must be restocked, or there

will be no result from our labors. This is not to be accomplished by

the transfer of the i^arent fish from one i)oint to another, especially as

the shad and alewife will not survive a few moments removal from the

water. It is through artificial propagation that the restoration of cer-

tain species of fish to their former x)lace of abode, and the introduction

of fish to waters where they were before unknown, is to be accomplished.

Fish-culture and fish-rearing, in a certain sense, are nothing new. The

Chinese and other Oriental nations have practiced a form of the art for

ages. In Europe it has been j^rosecuted for centuries. The transfer of

fish from one sea to another was accomplished by the Eomans of old. The

bringing of fish into restricted waters, where they are supplied with,

food and allowed to grow and multiply, or even the gathering of eggs

after they have been laid and impregnated by the fish, represents the

so-called fish-culture of China. The young fish hatched under favorable

circumstances are sui)i)lied with food and reared carefully, sometimes

even in tubs or jars, and in the course of a few years furnish a remu-

nerative return to their owners. Such nurture or maintenance of fish,

under circumstances when they can multiply and attain their growth,

is, however, not fish-culture x^roper in its modern sense. This is based,

upon the artificial impregnation of the fish and is practiced by stripping

the eggs from mature females ; by fertilizing these eggs by the milt of

the male ; by placing the eggs thus fertilized in a condition favorable

for their development, and by the protection of the resultant fish until

they are able to take care of themselves 5 they may be then kept indefi-

nitely in ponds or turned out at once into suitable waters. It is this

operation which has constituted the basis of recent effort, and which

has been crowned with such triumphant success.

At first sight it would seem impossible for man with his limited op-

portunities and means to compete with or even to supplement nature in

the process of maintaining or increasing the supi)ly of a certain species

by artificial imiDregnation, but a consideration of the subject will show

what really can be claimed. The process of natural impregnation of
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fishes is, for tlie most part, external ; that is to say, the eggs of the fe-

male and the milt of the male are discharged at or about the same time

into the water, the two being close together, so that, as far as they

come in contact with tlie milt, the eggs become fertilized. Observation,

however, has shown that a very small i)roportion of the eggs are actu-

ally fertilized, possibly 10 per cent, being a liberal estimate. Again,

these eggs, some of which remain three months before they are devel-

oped, some but a few days, or even hours, are exposed continually to the

attacks of vast hordes of animals of all sizes, especially minnows, crabs,

frogs, bu'ds, «&c., by which still another large percentage is consumed.

Still further : The young fish when hatched out is almost as helpless

as the egg, being unable to defend itself from danger, and is devoured

with great eagerness by the same class of enemies, as being an especial

delicacy. As a general rule it is believed that a yield of five young

fish, with the yolk-bag absorbed, and the fins fidly formed, and able to

take care of themselves, is a liberal allowance for each thousand eggs.

By the artificial method of propagation, 90 per cent, of the eggs should

be thoroughly fertilized, and when the fish is hatched out it is kept

from its adversaries until able to look out for itself. It may safely be

assumed that eight hundred and fifty fish out of a thousand eggs are

produced artificially as compared with the five in a thousand produced

naturally. The ratio of production may, in round numbers, be claimed

to be nearly two hundred to one in favor of artificial production, possibly

much more.

A few words in regard to the history of this wonderful art may not be

amiss. Among the first to j)ractice artificial hatching was a German
named Jacobi, who, about the middle of the last century, announced the

success of exi^eriments with the German trout. There are vague rumors

of something earher, but they are not matters of history. In 1844, Eemy
and Gehin, two illiterate Frenchmen, rediscovered the art and brought

it to the notice of the French Government, by which they were hberally

rewarded, and steps were taken to exercise it, although with but little

result, notwithstanding the efibrts were directed by eminent naturalists,

such as Quatrefages and Coste. At a later day, however, the practice

of artificial impregnation of fish-eggs in Europe became more and more

common, untd at the i)resent time there are several national and a large

number of state and private establishments occupied, for the most part,

in hatching and rearing the various species belonging to the trout and

salmon family.

In America, the first practical action in the way of artificial production

of fish was begun in 1853 with the trout. The experimenters were Drs.

Garlick and Ackley, of Cleveland, Ohio ; and to them we owe the in-

itiation of actual fish-culture in this country. With the proof of success

attending their efforts, as shown by these gentlemen in their fish-ponds

near Cleveland, it was not long before many persons entered the same

field, the trout, as before, being at first the exclusive object of attention.
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In 1867, the attention of the New England commissioners of fisheries

was directed to the possibility of increasing by artificial means the

abundance of the shad, the enormous diminution of which was felt to be

a serious evil. It is to Seth Green, of New York, that we owe the idea

of the possibility of reproducing shad and the initiation of the steps

necessary to carry it into effect. While the methods of stripping the

parents and of impregnating the eggs were essentially the same, the

devices emx)loyed for hatching out the eggs of the trout were all found

to be unavailable, not only mifit in themselves, but powerless to accom-

plish the work on a sufficiently large scale to make it of any economical

value. A floating box with a wire-cloth bottom first suggested itself to

Mr. Green. This was filled with impregnated eggs, and anchored in the

river, where it occui)ied a horizontal position, and a partially successful

result obtained. It was found, however, that in a horizontal box the

eggs were not sufficiently exposed to the action of the water and that

they collected in the ends and corners, where the larger number i)erished.

The idea then occurred to Mr. Green that by nailing two parallel strips

of wood obliquely across the opposite sides of the box, the bottom would

be maintained obliquely to the water. The experiment worked like a

charm, and from that time until very recently the Green floating box

has been the apparatus almost universally employed for this purpose.

It is impossible here to go into any further account of the numerous
modifications of fish-hatching api3aratus for special cases and particular

kinds of fish, although I shall refer hereafter to certain improved devices

now employed by the United States Fish Commission as superior to all

others known to it.

As already stated, the successes of Drs. Garlick and Ackley induced

great numbers of people to take part in the work, but it was not until

about the time that Seth Green obtained a patent for his invention that

any State action was brought into play on a large scale in hatching shad,

although something had previously been done with salmon. It was about

this time that the New England States appointed commissioners of in-

land fisheries to see that certain legislation was enforced, and to take

measures for the improvement of the general supply. Other States fol-

lowed, and now there are nearly thirty having fish commissioners ap-

pointed to attend to the subject.

9.—OPEBATIONS OF THE UNITED STATES FISH C0M3IISSI0N.

A new era in the history of fish culture was entered upon in the es-

tablishment of the United States Fish Commission in 1871. Its origi-

nal object, as authorized by law of Congress, was an investigation into

the causes of the alleged decrease of the fishes of the sea-coast and
lakes, and the recommendation of measures for their restoration. The
Commission was organized by the appointment of Spencer F. Baird,

then assistant secretary of the Smithsonian Institution, as Commis-

sioner, and his first work was jirosecuted during the summer of 1871,



LIV REPORT OF COMMISSIONER OF FISH AND FISHERIES.

along tlie New England coast. Many investigations were made and a
rational theory in regard to the condition and improvement of certain

coast fisheries was prepared and published by him in the following year.

In 1872, a committee of the American Fish Ciilturists Association

urged upon Congress the importance of an appropriation to supply use-

ful food-fishes to such rivers and lakes of the country as were the com-

mon property of the nation, but which, not being under the jurisdiction

of one State, had been left unattended to. An appropriation was ulti-

mately made and put at the command of the United States Commis-
sioner. These appropriations have been made year by year, and year

by year new varieties of fish have been taken into consideration,

and the field of operations extended, although still confined almost ex-

clusively to species of national importance, and their introduction into

rivers and lakes which State or private enterprise cannot cover.

Among the more important species now cared for by the United States

Fish Commission, may be mentioned the shad, the fresh-water herring,

or alewives, the striped bass, the salmon of Maine, the laud-locked sal-

mon of Maine, the salmon of California, and the German carp.

The importance of increasing the supply of shad already existing in

a given river is easily appreciable, and the desirability of introducing

them into rivers where they had been previously unknown is equally evi-

dent. As the result, partially or entirely, of the efforts of the United

States Commission, the Sacramento River, and many streams of the

Mississippi Valley and of the Gulf of Mexico, where this fish was pre-

viously unknown, have been largely stocked with it, and it is hoped
that in a few years it will constitute a very important element of the

food supply of the country. A statement of what has been done in this

connection will be found in the reports of the Commission. Thus, in the

year 1873, about 200,000 dimuuitive fish, averaging a quarter of an inch in

length, were placed in the headwaters of the Alleghany Kiver, in Weseru
New York. These fish, or such of them as escaped the perils of infancy,

passed down to the Gulf of Mexico and there obtained their growth.

In 1877, or at the end of the four years required for their full develop-

ment, they re-entered the Mississippi on their returu to the place whence

they had started in 1873. On their passage upward they passed Louis-

ville at a time when the river seines were in full operation, and the fish-

ermen were surprised to find among their hauls large numbers of fine-

looking fish of a kind entirely unknown to them. It was soon shown,

however, by those familiar with this famous fish, that they were the gen-

uine white shad, of which it is estimated that no less than 600, from

three to five pounds in weight, were taken during the run past Louis-

ville. Additional captures were recorded at other points of the Ohio

and its tributary rivers. Specimens of these shad are now carefully ])ve-

served in the National Museum.
The eastern salmon has for many years been unknown in the waters

of the United States, except to a limited degree in the Kennebec, Pe-
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nobscot, and other streams of Maine. The work of restocking the origi-

nal haunts with this fish was commenced in 18G0, by the State of New
Hampshire, and followed subsequently by several of the Kew England

States, and in 1872 with the very important co-operation of the United

States Fish Commission, which of late years has borne the chief expenses

of the outlay.

What, now, has been the result, and especially in the Connecticut River,

which formerly abounded in large numbers of the salmon, and which

has been the prmcipal scene of operations "? Young salmon in greater

or less numbers have been introduced by the States of Massachusetts,

Connecticut, Vermont, and New Hampshire, beginning in 1867, but not

in any considerable quantity, until supplemented and strengthened by

the United States Commission in 1873, which from that time took the

lead in the x)roduction.

Great incredulity had been manifested by most persons as to any prac-

tical result from artificial i)ropagation, and, as year after year passed

without bringiug the expected run of salmon into the Connecticut, sneers

and jokes at the expense of the United States and State commissions

multiplied. The occurrence, however, of one or two large salmon in the

Connecticut in 187G, and of a dozen in 1877, interfered with this skep-

ticism, which was changed into enthusiastic appreciation by the appear-

ance in 1878 of large numbers of fine, fat salmon, such as have not been

seen in the river for many years. No less than 500 fish, each of from

ten to twenty pounds in weight, were captured at the mouth of the

river, and sold in the New York market for the most part, at prices

ranging from 75 cents to a dollar per pound. This, in all probability,

did not represent anything like the number of fish that entered the river,

but merely those that were taken in the shad-nets, apparently very im-

perfectly and ill-adapted to the capture of so heavy a fish. Increasingly

larger and larger yields may be expected in the future, at least up to

1880 ; their continuance beyond that time may depend upon the legis-

lation of the States through a part of which the Connecticut river

flows.*

The California salmon has great advantage over the ordinary species

in much greater hardiness and capacity for existence in waters warmer

by many degrees than those to which the eastern salmon is habituated.

It has been introduced by millions in the tributaries of the Mississippi,

the Gulf of Mexico, and the Atlantic Ocean. It has been transported

to Australia, New Zealand, and the Sandwich Islands, to Germany,

France, and the Netherlands, where the eggs have been thankfidly re-

ceived, hatched out with perfect success, and successfully i^lanted.

Wherever taken it has been looked upon as one of the most important

subjects of fish-culture. Without any exception, the distribution of the

* The experience in the Merrimac and the Delaware Rivers, and to a like degree on

the Susquehanna is miich the same as that mentioned for the Connecticut. Specimens

of Bahnon from all these rivers are preserved in the National Museum.
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California salmon has been made under tlie auspicies of the United
States Fish Commission.

The German carp, one of the latest species that has occupied the at-

tention of the United States Commission, is one of the most important.

There are many varieties, three in particular being best known. Of
these, one is covered with large scales, something as in the goldfish

;

another has lost all the scales, except along the lateral line, while the

third is entirely destitute of scales. These are known respectively as

the scale, mirror, and leather carp.

The carp has been domesticated in Europe from time immemorial, and
represents among the finny tribe the place occnpied by poultry among
birds. It is a fish adapted to the farmers' ponds and to mill-dams, less

so to clear gravelly rivers with a strong ciu'rent. Where there is quiet

water with a muddy bottom and abundant vegetation, there is the home
for the carp ; there it will grow with great rapidity, sometimes attaining

a weight of three to four pounds in as many years. It is a vegetable-

feeder and not dependent upon man for its sustenance. As an article of

food the better varieties rank in Europe with the trout, and bring the

same price per pound.

I have already referred to the use of the Seth Green floating box for

the hatching out of shad. I now call attention to the very important

improvement, in greater part the invention of Mr. Ferguson, fish com-

missioner of Maryland, by which the floating box has been superseded

by a new apparatus worked by steam, in which a thousand shad can be

produced with the same facility as a single one by the old method.

As the result of the first year's experiments with the new apparatus,

in 1878, of the United States Fish Commission, 16,000,000 shad were

hatched out, and in large part deposited in streams all over the country

by the Commission's messengers.

During the past winter of 1878-'79, the United States Fish Commission

has, however, made a step far in advance of its previous efforts, and of

the most novel and striking character. While the establishment and in-

crease of the fresh-water fisheries has been of the utmost imi^ortance,

especially those of the anadromous species, the Commission has of late

been considering the i^ossibility of artificially multipl;ying the marine

species, confident that by this measure a vastly greater sphere of use-

fulness will be entered upon. The first experiments have been made
with the cod, a fish which is the staple of American marine industry,

and which involves the investment of a large Sum of money and the

labor of many thousands of men. This visits the coast of i^ew England

in the winter for the purpose of spawning ; Cape Ann, Mass., being an

especially favorite ground for the purpose.

A temporary establishment was fitted up in the autumn of 1878, in

Gloucester Harbor, Massachusetts, for the purpose of a series of prelimin-

ary experiments looking towards the artificial iDropagation of the cod,

commencing in November. During these trials many difficulties were
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encountered and overcome. It was found tliat tlie principle on which

the work was to be done was diametrically opposite to that used in con-

nection with the fresh-water varieties, as the egg of the cod floats on

the top of the water instead of sinking to the bottom. This obstacle

was finally surmounted, andmany millions of the young cod were hatched

out and planted in the ocean adjacent to Gloucester Harbor. A number

of these fish were sent to Washington.

It is now believed to be x)ossible not only to greatly increase the sup-

ply of the cod where it is at present found, but, by carrying the young to

new localities, to establish cod fisheries as far south as the coast of

North Carolina, where the fishermen may find regular occupation during

the winter—now his poorest season—in capturing these fish in large

quantities and supi)lying the adjacent markets or even exj^orting them.

The same apparatus and mode of treatment can be used for hatching

mackerel, halibut, sea-lierriug, and other species, so that we have at our

command the means of so improving and increasing the American fish-

eries as to obviate the necessity in the future of asking a participation in

the inshore fisheries of the British provinces and thus enable us to dis-

pense with fishery treaties or fishery relations of any kind with the Brit-

ish or other governments.
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I -LIST OF PATENTS ISSUED IN THE UNITED STATES, GREAT
BRITAIN, AND CANADA, UP TO THE END OF 1878, RELATING TO
FISH AND THE METHODS, PRODUCTS, AND APPLICATIONS OF
THE FISHERIES.

By Robert G. Dyrenfokth,

Prindpal Examiner, United States Putcni Office,

AMERICAN PATENTS.

FISHING.

Including FisH-nooKS, Fish-traps, Fishways, Floats, Harpoons and Spears,

Nets and Seines, Oyster Culture, Pisciculture, Reels, Rods, Sinkers.

DECOYS.

17,192. Bogie, E May
74,458. Wales, N . . . Feb.

93,293. Foster, J Aug.

102,799. Fisher, E May
156,239. Strater and KSoliier Oct.

FISH-HOOKS.

Engelbreclit and Skiff July

Pendleton, S Aug.
Jolinson, J Aug.
Ellis and Gritty Aug.
Jenks, W Sept.

6,207. Johnson, J March
8,853. Buel, J. T April

10,761. Sigler, H April

10,771. Buel, J. T April

13,068. De Saxe, C June
13,081. Cook, E. F June
13,649. Johnson, J Oct.

14,706. Buel, J. T April

17,803. McLean, D July

25,507. Haskell, E Sept.

31,396. Morris, W. L Feb.
43,694. Lenhart, A. I Aug.
44,368. Gardiner, jr., K A Sept.

50,799. Crandell, G Nov.

5
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51,051. Davis and Jolmsou Dec, 19

51,951. Livermore, H. B Jan. 9

54,251. Johnson and Howartli April 21

51,084:. Chapman, W. D May 15

58,404. Goodwin, W. Oct. 2

59,844. King, Jacob Nov. 20

59,893. Crosby, CO Nov. 20

00,786. Ehodes, E. E. and J. W Jan. 1

02,042. Lee, jr., Benjamin Feb. 12

08,027. Angilard, F Ang. 27

09,221. Kidder, D Sept. 24

70,808. Lenhart, A. I Nov. 12

70,913. Sterling, E Nov. 12

77,305. Fish, E. A April 28

79,440. Christian, J. B June 30

80,151. Dennetts, A. A July 21

80,154. Hiltz, M Jan. 20

94.893. Kemlo, Francis Sept. 14

94.894. Kemlo, Francis Sept. 14

94.895. Kemlo, Francis Sept. 14

95,755. Augers, F. T Oct. 12

104,930. Chapman, Wdliam D July 5

111,898. Arnold, L Feb. 21

115,434. Chapman, AVilliam D May 30

117,719. Arnold, L Aug. 8

121,182. Mann, J. H Nov. 21

123,844. Sinclair, G Feb. 20

129,053. Pitcher, E July 10

139,180. Mullaly, J May 20

141,910. Allen, B. F Aug. 19

143,140. Harper and Smith Sept. 23

140,443. Fitzgerald, T. F Jan. 13

146,704. JameSjW.H Jan. 27

148,920. Cahoon, M. Y. B March 24

149,123. Hazzard, A. W March 31

151,394. Huard and Dunbar May 20

153,854. Skinner, G. M Aug. 4

157,480. Perry, E. J , Dec. 8

163,980. Dunlap, E. L June 1

107,784. Pierce, G. E Sept. 14

171,697. Place, J. H , Jan. 4

171.708. Buel, J. T Jan. 4

171.709. Buel, J. T Jan. 4

177,039. Hill, L. S May 23

181,308. Brush, H. Aug. 22

184,027. Jones, F Nov. 21
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185,914. Gregg, W. n Jan. 2

186,134. Jaline and Moors Jan. 9

189,805. Smith, B. F , April 17

190,222. King, J. O May 1

191,105. Miller, G. C May 22

196,048. Edgar, B Oct. 30

197,935. Holt, n. H Dee. 11

199,926. MitclieD, J. A Feb. 5

208,581. ralvey,J Oct. 1

FISH-TRAPS.

10,217. Van Hoesen, L Dec. 9

22,044. Gray, R Jan. 18

23,154. Bowman, D March 8

75,075. Talbot, D. March 3

70,489. McCaughans, T. B April 7

77,893. Koehler, J May 12

85,199. Beach, E. B Dec. 22

113,292. Hammond, J. E April 4

123,104. Fnller, O. M Jan. 30

131,439. Harconrt and Cottingham Sept. 17

132,476. Livaudais, C Oct. 22

135,113. Goodman, S. A Jan. 21

141,588. Pavonarius and Michtle Aug. 5

150,048. Peck, L. A Is^ov. 10

163,498. Kepner, R. B May 18

178,375. McEoberts, J June
181,844. Hitchcock, J. Sept. ^
188.503. Davis, S. M March 20

194,253. Lasater, J. M Aug. 14

198,894. McBryde, D. S Jan. 1

201.504. Davis, G March 19

202,818. Hesse, O April 23

202,962. Robertson, S. N. and E. A April 30

204,108. Roney, R. J May 28

1877.

1877.

1877.

1877.

1877.

1877.

1877.

1878.

1878.

185G.

1850.

1859.

1808.

1808.

1808.

1808.

1871.

1872.

1872.

1872.

1873.

1873.

1874.

1875.

1870.

1876.

1877.

1877.

1878.

1878.

1878.

1878.

1878.

204,538. Clark and Roberts June 4, 1878.

FISHWAYS.
57,159. Livermore, A Aug. 14, 1866.

120,257. Brewer, J. D * April 30, 1872.

132,349. Brackett, E. A Oct. 22, 1872.

154,210. Brewer, J. D Aug. 18, 1874.

200,715. Fisher, D Aug. 0, 1878.

208,408. McDonald, M ' Sept. 24, 1873.

FLOATS.
10,795. De Saxe, Charles April 18. 1854.

12,000. Hoards, J.W Dec. 12, 1854.
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8G,609. TerreU, J. A -...Feb. 2, 1869.

99,572. Ingram, J Feb. 8,1870.

127,218. Brown and Jarvis, jr May 28, 1872.

128,885. JeweU,E July 9, 1872.

165,807. Quinn, W. T July 20, 1875.

179,490. Sanders, L July 4,1876.

186,232. Davis, D. W. and S. H Jan. 16, 1877.

188,755. Eedlield, P. S March 27, 1877.

HAEPOONS AND SPEAES.

7,709. Warner and Gaylord Oct. 8, 1850.

16,014. Hortou, E Nov. 4, 1856.

20,343. Garl, J May 25, 1858.

35,476. Eoys, ThomasW June 3, 1862.

144,110. Kuapp, J. AV Oct. 28, 1873.

168,335. Jincks, M Oct. 5, 1875.

172,312. Hedges, S. P Jan. 18, 1876.

206,694. Taylor, W Aug. 6, 1878.

NETS ANT) SEINES.

Evarts, Euss March 21

Hale, B. W June 4

Tracy, Cyrus Sept. 19

Cook, H March 17

Downs, John April 25

Carr, Shannon, and Carr Sept. 14

10,794. De Saxe, Charles April 18

20,12o. HaU, Thomas April 27

20,725. Merritt, jr., B June 29

34,887. Goodwin, F Aprd 8

39,676. Eandolph, W Aug. 25

55,635. Field, E. A June 19

56,917. Ferl and Larkins Aug. 7

59,429. Maxwell, WiUiam Nov. 6

62,481. Grossman, C. C Feb. 26

76,284. Wills, Daniel March 31

76,387. Bell, Thomas April 7

80,274. Collines, John , July 28

82,490. Cartwright, T *.
Sept. 29

82,013. Allen, George D Oct. 13

83,429. WHcox, W. S Oct. 27

83,403. Harper, S...^ Oct. 27

87^740. Werdmiiller, F. A March 9

99,713. Sabins, P.G Feb. 8
113.572. Eyder, jr., B April 11

113,817. Tiernan, P. E April 18

1838.

1838.

1838.

1843.

1843.

1844.

1854.

1858-

1858.

1862.

1863.

1866.

1860.

1866.

1867.

1868.

1868.

1868.

1868.

1868.

1868.

1868.

1869.

1870.

1871.

1871.
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117,057. Alexauder, L. H Aug. 15, 1871.

120,974. Jeffery, R Nov. 14, 1871.

124,635. Smith, Henrj^ March 12, 1872.

137,930. Ketcham, 0. E - April 15, 1873.

144,888. Campbell, J.O.. Nov. 25, 1873.

155,140. Brewster, Sept. 22, 1874.

107,189. Nason, 0. F Aug. 31,1875.

194,434. Howes, S. B Aug. 21,1877.

197,313. Bates, L Nov. 20, 1877.

OYSTER CULTURE.

1 27,903. Lylbrd, B. F J one 11 , 1872.

130,031. Frazier, E. H Aug. 20, 1872.

149,921. Cook, O April 21, 1874.

PISCICULTURE.

08,871. Green, S - - . Sept. 1 7, 1807.

72,177. Drexler, C Dec. 17, 1867.

78,952. Furman, W. H June 10, 1868.

80,775. Smith, A.J Aug. 4, 1868.

105,170. Collins, A. S July 12, 1870.

110,112. Stone, L June 20, 1871.

116,995. Sabin, E. E .July 11, 1871.

130,834. Holton, M. G March 18, 1873.

148,035. Clark, N. W March 3, 1874.

149,198. Clark, N. W March 31, 1874.

151,080. Bryan, O. N May 19, 1874.

100,002. Bond, A Feb. 23, 1875.

106,413. Both, J Aug. 3, 1875.

173,262. Brackett, E. A Feb. 8, 1870.

180,085. Wihiiot, S July 18, 1876.

199,527. Ferguson, T. B Jan. 22, 1878.

207,333. Wright, I. H Aug. i:0, 1878.

REELS.

Tiftany, A May 20, 1838.

15,466. Bailey, J. A Aug. 5, 1856.

10,020. Deacon, Edward Feb. 10, 1857.

24,987. Billinghurst, William Aug. 9, 1859.

27,305. Palmer, M. S Feb. 28, 1860.

41,494. Dougherty, A Feb. 9, 1864.

43,400. Van Giesou, W. H July 5, 1804.

43,485. EUis, D July 12, 1804.

43,546. Cummings, Thomas W July 12, 1864.

49,603. Stuart, W. M : Aug. 29, 1805.

55,053. Hatch, A June 19, ISGO.

50,937. Hartm, A. B Aug. 7, 1800.
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71,344. Yon Hofe, Julius Nov. 26, 1807.

78,540. Stacy, B. F June 2, 18G8.

82,377. Bradley, W. H Sept. 22, 18G8.

83,740. Stetson, John. . . .
.' i^ov. 3, 1868.

87,188. Xavier, Francis Feb. 23, 1809.

88,020. Foster, C. S. H - Marcli 23, 1809.

95,839. Eoss, J. J Oct. 12, 1809.

96,652. Altmaeir, P. A , Kov. 9, 1809.

103,008. Sheldon, G. G May 31, 1870.

112,326. Decker, E. L March 7, 1871.

121,020. Terry, S. B Nov. 14, 1871.

128,137. Fowler, A. H June 18, 1872.

134,917. Mooney, G , Jan. 14, 1873.

135,283. Noe, 0. L Jan. 28, 1873.

147,414. McCord, 0. W Feb. 10, 1874.

150,883. Orvis, C. F May 12, 1874.

161,314. Winans and "Whistler March 23, 1875.

162,845. McDonald, A. L May 4, 1875.

100,241. Winslow, H Aug. 3, 1875.

175,227. Winans and Whistler March 21, 1870.

177,544. Noe, 0. L May 10, 1876.

191,813. Philbrook, F. J June 12, 1877.

195,578. Copeland, G. T Sept. 25, 1877.

EODS.

10,795. De Saxe, Charles April IS, 1854.

20,309. Underwood and Bargis May 18, 1858.

25,093. Pritchard, Henry Oct. 4, 1859.

35,339. Yon Hofe, Julius May 20, 1862.

58,833. Isaacs, E. N Oct. 16, 1860.

72,007. Montrose, J. H Dec. 24, 1807.

100,895. Hubbard, W. J March 15, 1870.

119,251. Tout, Thomas Sept. 20, 1871.

137,015. McHarg, J. B March 18, 1873.

140,050. Smith, W. M July 8, 1873.

142,120. Senienr, F Aug. 20, 1873.

154,141. Hill, B Aug. 18, 1874.

104,828. Graves, J. L June 22, 1875.

109,181. Leonard, H. L Oct. 26, 1875.

170,188. Perry, Nov. 23, 1875.

173,534. Endicott, F Feb. 15, 1870.

198,879. Fisher, C. E Jan. 1, 1878.

200,204. J. A. Eobertson July 23, 1878.

207,005. Leonard, H. L Sept. 3, 1878.

208,500. Yan Altena, H Oct. 1, 1878.
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SINEERS.

14,587. Smith, William April 1, 185G.

39,103. Woodbury, William July

4G,453. Decker, E. F Feb.

56,857. Martin, J. R July

58,211. BuruLara, L, A - Sept.

C1,G25. Martin, J. E Jan.

71,879. Hiltz, Martin , Dec.

77,G28. Lothrop, L. D May
77,774. Smith, William H May
83,G81. Albee, S Nov.

84,885. Leacli and Hutcliins Dec.

8G,.78G. Tellgmann, F Feb.

93,220. Osgood, P.. T Aug.

118,772. Camp, H Sept.

155,2GG. Sprague, H. L Sept.

1G7,G87. Pitcher, E Sept.

175,949. Dixon, G. W April 11, 187G.

182,428. Forbes, jr., J . . . Sept. 19, 1876.

FISn, PEESEEYATIOX OF.—ICHTHYOCOLLA.

7,
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90,944. Hiivard, C, aucl Harmony, N. X June 8, 18G9.

93,183. Dotcli, J. E Aug. 3, 1869.

95,179. Adams, E. A , Sept. 28, 1809.

96,288. Thorp, G. T Oct. 20, 1809,

97,145. Adams, E. A Kov. 23, 1809.

108,983. Dotch, J. E Kov. 8, 1870.

109,820. Howell, D. Y Dec. 0, 1870.

112,129. Davis and Davis Eeb. 28, 1871.

113,395. Brown, M. W.... April 4, 1871.

125,102. Vazquez and Eosenberg March 20, 1872.

127,115. Stanley, I. L May 21, 1872.

128,320. Mosquera, B June 25, 1872.

131,820. Henley,T.F Oct. 1, 1872.

132,310. Pharo, E. A :.. Oct. 15, 1872.

135,113. Goodman, jr., S. A Jan. 21, 1873.

143,380. Sharp, William Sept. 30, 1873.

148,317. MiiUer, G. A March 10, 1874.

149,250. Shriver, A. K March 31, 1874.

150,183. Osborn, G. K April 28, 1874.

152,181. Shriver, A. K June 10, 1874.

101,596. Davis and Davis April 0, 1875.

162,119. Tait, A. H.-.., April 13, 1875.

171,062. Goodale, S. L Jan. 4, 1876.

178,916. Dunbar, G. W., G. H., and E. B June 20, 1876.

181,549. Andrews, O xVug. 29,1876.

186,204. Goodale, S. L Jan. 10, 1877.

187,122. Gauthier, C. W Eeb. 0, 1877.

201,834. Eich, S March 20, 1878.

204,047. Woodruff, Lyman June 4, 1878.

204,906. Griffin, S.W June 18, 1878.

205,830. Bliss, Samuel July 9, 1878.

ICHTHYOCOLLA, ETC.

"Waldron March 4, 1812.

Hall March 23, 1822.

Hastings , Aug. 14, 1822.

Norwood et al Jan. 21, 1834.

5,978. Eowo Dec. 19, 1848.

53,030. Lewis and Stanwood April 3, 1866.

78,010. Eobiuson May 19, 1868.

106,212. Eowe Aug. 9, 1870.

134,090. Manning Jan. 7, 1873.

148,317. MiiUer March 10, 1874.

149,105. Stanwood March 31, 1874.

177,704. Stanwood May 23, 1876.



ENGLISH PATENTS RELATING TO FISH AND FISHERIES. 11

ENGLISH PATENTS.

FISHING.

Including Decoying, Floats, Fishways, Fish-traps, Harpoons and Spears, Hooks,
Nets, Oyster Culture, Pisciculture, Paraly-^zing by Electricity, ReeliS;^

Rods, Tackling, Sinkers.

DECOYING.

Grent No. 59 of 1031'.

Williams and Marwood No. 295 of 1692.

l)e Cliabamies No. 4582 of 1821.

Coffin .- No. 4815 of 1823.

Fanshawe No. 2580 of 18G2.

lodocius No. 1751 of 18G3.

FLOATS.

Fcarn No. 2003 of 1859.

FISH-TRAPS.

Allen No. 150 of I8G0.

Stevens No. 1120 of 18G0.

Damm No. 3548 of 1867.

Leheup No. 1425 of 1868.

Engholm No. 1276 of 1869.

Leach No. 358 of 1873.

Leach No. 1281 of 1873.

Lake, W. 11 No. 4043 of 1876.

FISHWAYS.

Phymoui No. 974 of 1858.

HARPOONS AND SPEARS.

Bayles No. 13G7 of 1783.

Congreve and Colquhoiin No. 4563 of 1821.

Lance , No. 8541 of 1840.

Ackerman No. 10914 of 1845.

Ptechtcn No. 125 of 1856.

Tindall No. 1110 of 1857.

Roys No. 2301 of 1857.

Eoys No. 2340 of 1857.

Walker No. 450 of 1861.

Eoys and Lilliendahl No. 550 of 1865.

Welch No. 3312 of 1867.

FISH-HOOKS.

Andrews, John No. 1719 of 1789.

BeU, WiUiam No. 2063 of 1795.
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Poole, Moses ^^o. 11520 of 1847.

Bainbridge, A. F lS"o. 533 of 1852.

Huddart, G. A - ISTo. 889 of 1852.

King, Pv. J.N ^o. 2902 of 1853.

Box, William H ^o. 923 of 1857.

Newton, William E No. 1135 of 1859.

Hackett, William A No. 428 of 18G5.

Baylis, Charles No. 3177 of 18G5.

Warner, Jos No. 413 of 18G6.

Gedge No. 150 of 1807.

Wclcli No. 17G5 of 18G7.

Morrall, A No. 2714 of 18G7.

NETS.

Stuart and Stuart No. 1872 of 1859.

Homy No. 3099 of 18G0.

James No. 492 of 18G1.

Hector No. 1871 of 1863.

Hurn and Hum No. 3.334 of 18G5.

Bryson No. 193 of 186G.

Mack No. 2008 of 18GG.

Wilkinson No. 114G of 1SG7.

Hallett No. 1331 of 18G7.

Hallett No. 1332 of 18G7.

Hallett * No. 1333 of 18G7.

Jobnson No. 2140 of 18G7.

IJnvbazou No. 323 of 18G9.

OYSTER CULTURE.

Avckbourn No. 2930 of 18G3.

Crofts No. 1040 of 1864.

Bert > -No. 1316 of 1870.

Michel No. 4103 of 1874.

De Lagillardaie No. 3506 of 1875.

Jennings and Anderson No. 2470 of 1876.

Mewburn, J. C No. 1447 of 1877.

PARALYZING BY ELECTRICITY.

Baggs No. 2644 of 1863.

Bennett and Ward No. 3228 of 1868.

PISCICULTURE.

Johnston, N No. 2594 of 1854.

REELS.

Curr, John No. 3157 of 1808.

Kenton No. 1956 of 1856.
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Moore No. 933 of 1802.

Mure No. 1806 of 1868.

Heatou No. 388 of 1873.

Corbet No. 3283 of 1876.

Corbet .No. 655 of 1877.

EODS.

Dawsou and Eestell No. 2017 of 1853.

Bennett, John No. 4()1 of 1857.

Porecky, A No. 1553 of 1858.

Britten, B No. 3528 of 1868.

Moultray, Jaines D No. 1048 of 1874.

Jack, Alexander .No. 1840 of 1874.

Holroyd, E. A No. 1806 of 1876.

Aston, J No. 1553 of 1877.

TACKLING.

Cobb No. 881 of 1767.

Hector No. 361 of 1858.

Frere No. 1755 of 1866.

SINKERS.

Corrin, E , No. 792 of 1877.

PEESEEVATION OF FISH.

FOOD.—PEESERVATION OF FISH.

Porter, T., and White, J No. 278 of 1691.

Cockbnrn, A No. 793 of 1763.

Batley, B No. 2441 of 1800.

Batley, B No. 2465 of 1801.

Granholm, L No. 4150 of 1817.

Siegnette, L. E No. 7036 of 1836.

Benjamin, H., and Grafton, H No. 9240 of 1842.

Fitch, M. No. 10322 of 1844.

Fatio, A. M., and Verdeil, F No. 231 of 1854.

Herve, J. L No. 70 of 1855.

Acres, E No. 965 of 1855.

Cooke, M. J No. 1320 of 1855.

Bethell, J No. 1559 of 1855.

Demait, F. M No. 2223 of 1855.

Warriner, G No. 1982 of 1856.

Vasserot, C. F No. 2976 of 1856.

Gorges, E. V. J. L No. 14 of 1857.

Davies, G No. 223 of 1858.

Osier, S No. 1198 of 1858.

Hughes, E.J No. 536 of 1859.

Brooman, E. A No. 1202 of 1859.
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Clark, W ISTo. 1404 of ISGO.

Clark, W No. 309 of 18G1.

Brade, A. G I^o. 576 of 1861.

Bouvet, J :^o. 2569 of 1862.

Morgan, John No. 713 of 1864.

McCaU and Sloper No. 2794 of 1864.

Nicoll, D No. 1349 of 1866.

Medlock, H., and Bailey, W No. 1707 of 1866.

Clark,W No. 379 of 1867.

Brooman,C.E No. 1200 of 1867.

Somervell, J No. 105 of 1868.

Lake, AV. E .No. 3194 of 1868.

Eiclimond, E. H No. 1381 of 1869.

Beanes,E No. 2345 of 1869.

Gamgee, J No. 60 of 1870.

Gard, W. G No. 2090 of 1870.

Hlgliton, H No. 2568 of 1870.

Gard, W. G No. 3105 of 1870.

Mariotti, L No. 3321 of 1870.

Durand, F No. 460 of 1871.

Henley, T. F No. 1233 of 1871.

Gedge, W. E No. 2698 of 1871.

Vazquez and Eosenberg , No. 3387 of 1871.

De Malortie and Woods No. 3803 of 1872.

Clark, C. S No. 1837 of 1874.

Herzen, A No. 2032 of 1874.

Honck, J No. 3645 of 1874.

Fryer, C. E No. 3652 of 1874.

Fryer, C. E No. 3653 of 1874.

Weatherby, C. P. N No. 351 of 1875.

Melburn and Jackson No. 933 of 1875.

Hyatt, T No. 2307 of 1875.

Ermatinger, J. H No. 3073 of 1875.

Brewer, E. G No. 3120 of 1875.

Jensen, P No. 3729 of 1875.

Brewer No. 160 of 1876.

Jenson No. 1492 of 1876.

Knott „ No. 1920 of 1876.

Knott No. 2064 of 1876.

Pols No. 2432 of 1876.

Newton No. 2479 of 1S76.

Grier No. 3107 of 1876.

Knott
, No. 4446 of 1876.

McKay
, No. 4005 of 1876.

Tongue No. 4612 of 1876.

Harvey No. 4624 of 1876.

Eadcliife No. 4920 of 1876.
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AMERICAN PATENTS.

MANURES, FISH.

12,480. Deuiolon aiul Tliuriioyssen March G, 1855.

26,548. Hall, W. D Dec. 20, 1859.

33,700. Hyde, J. B Nov. 12, 18G1.

43,039. Glover, W. H. 11 July 20, 1804.

40,847. Hall, W. D Marcli 14, 1805.

88,223. Smitli, A March 23, 1809.

97,939. Lugo, O Dec. 14, 18(>9.

99,251. Smith, A Jan. 25, 1870.

99,452. Lugo, O Feb. 1, 1870.

99,673. Hooper, Hooper and Lugo Feb. 8, 1870.

99,890. Hooper, W. J. and T Feb. 15, 1870.

3,840. Lugo, O Feb. 15, 1870.

99,924. Lugo, O Feb. 15, 1870.

102,089. Lugo, O May 3, 1870.

104,327. Lugo, O June 14, 1870.

112,053. Taylor, T March 14,1871.

125,939. Deeriug, J. ^ April 23, 1872.

152,921. Shepard, S. D July 14, 1874.

208,224. Crowell, A. F Sept. 24, 1878.

ENGLISH PATENTS.

MANURES, FISH.

Evans, J No. 10800 of 1845.

Barker, E No. 11924 of 1847.

Mitchell, B , No. 12023 of 1848.

Bethell, J No. 12250 of 1848.

Brooman, R. A . No. 14255 of 1851.

Elliot, G No. 540 of 1853.

Chisholm, J No. 1375 of 1853.

Oxland, R No. 2027 of 1853.

White, Wilham No. 2181 of 1854.

Bachelard and Harvey . . , No. 048 of 1855.

Gill and Sheridan No. 744 of 1855.

Theroulde, F. A No. 1079 of 1855.

Manning, J. A No. 1579 of 1856,

Osier, S No. 1198 of 1858.

Jervell, J No. 684 of 1861.

Dewar, J, No. 1351 of 1868.
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MHlward, J No. 3775 of 1868.

Hamilton, E. C No. 2114 of 1873.

Eawsoii, Sillar, Slater & Wilson No. 2002 of 1873.

Crookes, ^Y No. 2790 of 1873.

Metcalte and Massingliam No. 3329 of 1873.

Wise No. 4170 of 1874.

Firman No. 2380 of 1876.

CANADIAN PATENTS.

FISHING.

Including Fish-Traps, Fishways, Fish-Hooks, Harpoons, Nets, Pisciculture.

FISH-TRAPS.

Cottingliam No. 2021 of 1873.

FISHWAYS.

Brewer No. 2380 of 1873.

Brewer No. 4720 of 1875.

FISH-HOOKS.

Harper and Smith No. 2110 of 1873.

Skinner ^ . . .No. 3007 of 1874.

Smith (t id .No. mm of 1876.

HARPOONS.

PeUfctier No. 2383 of 1873.

NETS.

Morin, M No. 53 of 1840.

Morin, M No. 84 of 1845.

Lemoine, L No. 113 of 1847.

PISCICULTURE.

Hoitou and Green No. 2220 of 1873.

Clark No. 4927 of 1875.

Wilmot No. 6054 of 1876.



II.-ABSTRACT OF PATENTS ISSUED IN GREAT BRITAIN UP TO
THE YEAR 1878, HAVING REFERENCE TO THE PURSUIT, CAP-
TURE, AND UTILIZATION OF THE PRODUCTS OF THE FISHER-
IES.

By R. G. Dvrenforth, M. D.,

Examiner, United Stales Patent Office,

DECOYINa FISH.

No. 59 of 1632.

—

Geets'T.—Provides the net, spear, or book with a

looking-glass to lure the fish. Provisional. No drawing.

No. 295 of 1692.

—

Williams and Maewood.—Fish lured by means
of lights burning upon or und^r the water. Pro\isional. No drawing.

No. 4582 of 1821.

—

De Chabannes.—Attracting and catching fish.—
Lamj) under water having one or more communications with the atmos-

phere to feed the flame and allow the smoke to escape ; mirrors connected

with traps or nets to lure the fish ; living fish surrounded by glass or

other i)rotection in or about the nets, further to lure. Drawing, Plate I.

No. 4815 of 1823.

—

Coffin.—Catching fish.—Bait tossed overboard to

bring schools of mackerel about the vessel; hooks are thenused weighted

by brightened lead. Drawing, Plate VIII.

No. 2580 of 1862.—Fanshatve.—For decoying or for seeing when a

suf&cient number of fish have been collected in a net, employs a station-

ary or movable submerged electric or other light
;
phosphorized oil, or

other luminous fluid ; or submerged reflectors reflecting light from above.

A globe of plain or colored glass, covered by strong wire net, contains

the light and is supplied with air by flexible tubing ; or a lantern is em-
ployed, constructed with a double roof that, the air therein becoming
rarified by the heat, a current may be produced and the lantern rendered

self-supplying with air.

The illuminating apparatus is lowered through a well near the center

of the boat ; or lights are sustained by buoys around the vessel.

When lines are used for cod, salmon, and other fishing, places a small

wire-protected glass globe filled with a luminous fluid near the bait, on
a horizontal line, and supplies air for combustion through a flexible tube.

Drawing, Plate II.

No. 1751 of 1863.—JoDOCius.—Ordinary electric light to lure the fish

into a cage or net. Drawing, Plate III.

2 F 17
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FLOATS.

No. 2003 of 1859.

—

Fearn.—A double-cone buoy fonned of staves is

made air and water tiglit by means of tougu.es and grooves. The heads

are provided with stays to prevent bulging or collapse, and have a

bracket for attaching the rope. Drawing, Plate I.

FISH TRAPS.

l^To. 150 of 1860.

—

Allen.—Bait-can.—For a bait-can which shall

occupy less space when out of use, provides a flexible bag opeu at the

top, where the edges are connected to a metal ring serving as a flange to

a metal covering-plate. In the center of this plate is an opening provid-

ed with a perforated lid, and the plate has a handle capable of being

turned down. The metal top is connected by jointed uprights to a shal-

low metal pan, which forms a bottom for the can. The sides being flexi-

ble, the uprights being jointed in the center and the pan at the bottom

being larger than the top-plate and ring, the can may be folded when
not in use. Small sleeves slip over the joints and keep uprights straight

when the can is in use. Provisional. No Drawing. •

No. 1120 of 1860.

—

Stevens.—Keeping fish alive.—Supplies oxygen to

the water either by injecting air into it or by throwing the water upwards

into the air. Uses a box having a false bottom, in which a number of

small holes are pierced. Air is supplied by means of a bellows. The
water may be raised into the air by endless chains and buckets or by

paddle-wheels. No drawing.

No. 3548 of 1867.

—

Daivim.—Fish-tanl-.—Supplies air to the water in

the vessel containing the fish. A is the tank, having a pipe leading

from the pimip C, fitted wdth a piston-rod, handle, E, and a toothed

sector, G, whereby reciprocating motion may be imparted to the pump
and the water forced through pipes H and I. The pipe I and head i are

fitted with short pipes, a, open to the atmosphere to force the water to

the external au\ As the stream enters the tank it impinges against a

disc to prevent undue disturbance of the water therein. Drawing,

Plate IV.

No. 1425 of 1868.

—

Leheup.—Fish-hoxes.—Employs wooden screws

to secure the parts together, or a pin having at one end an eye or hole

to receive a pin or bolt ; or employs a pin with a T-shaped head, the

shank being clinched or riveted; or employs an L-shaped pin or bolt.

No drawing.

No. 1276 of 1869.—Engholm.—Retaining caughtfish in life.—The water

drawn from the cistern or tank is forced through pipes provided with air-

induction nozzles down into the cistern again. An air-pump may be

used. Provisional. No drawing.
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No. 358 of 1873.

—

LeACH.—Apparatus for hauling in nets.—To facilitate

the labor of hauling in great lengths of rope, netting &c., the boats are

provided with auxiliary removable screw-propellers, driven by a steam-

engine, which may also pump air or water into the fish-well. The water

in the well communicates with the water outside of the boat, so that

when the latter is in motion a current is established. The lines are

coiled around a barrel, which is rotated by the engine. The capstan is

mounted on the same shaft with the barrel, and both are connected to

the shaft at will by a double-acting clutch. On the lower end of the

spindle which carries and actuates the barrel and capstan is mounted a

large bevel-wheel, driven by bevel pinion mounted on a horizontal

shaft connected with the engine crank-shaft. The bevel pinion is capa-

ble of motion endwise on the shaft, so that it may be thrown out of gear

with the large bevel-wheel. The other end is provided with a clutch-

coupling, so that the propeller shaft may be driven when required. The

barrel is provided with a traveling guide to lay the rope evenly when

wound thereon. The guide is provided with grooved pulleys mounted

on a vertical double-screw shaft, which is driven at a varying speed,

regulated by the coiling-barrel, by means of chain and pulley on the

lower end of the haulingbarrel. No drawing.

No. 1281 of 1873.—Leach.—^«s/ii??^.—Upper part of the boiler pro-

jects through the deck and is provided around its upper edge with a

circular rail or guide which supports the barrel of the capstan, which

latter forms a cap for the boiler, and is provided with anti-friction wheels

which run on the circular rail or guide on the top of the boiler. To the

lower edge of the capstan barrel is adapted a horizontal guide-wheel, with

a V-shaped edge, which runs against V-shaped guide-wheels mounted in

bearings secured to the deck. The capstan barrel also carries a large

toothed wheel which is driven by a pinion on the upper end of the ver-

tical shaft mounted in bearings attached to the side of the boiler. The

large toothed wheel and large horizontal guide-wheel are attached to a

band-break-connection to the capstan. No drawing.

No. 4043 of 1876.

—

Lake.—Apparatus for catcMng fish.—A sliding

shank or bar terminates in a disc, in the center of which is pivoted a

latch. Hooks are secured to the lower ring of a crown and pass through

openings in the said disc. The crown is composed of a ring, disc, and

connecting ribs, this disc having an oblong slot for the passage of

the shank. A spiral spring surrounds the shank, and has a tendency

to push the first-named disc in the direction of the points of the hooks

and cause the latter to close. A bar or dog is fastened to the crown

disc, and is provided with a lip which engages with the short end of the

latch when the device is "set."

The bait-holder terminates in a hooked end, being pivoted at its oppo-

site extremity to the first-named disc. This holder is bent to form an

angle so as to engage with the latch.
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To set the trap, compress tlie spring by brmging tlie disc and ring

towards eacli other until the lip passes over the lower end of the latch.

The other extremity of the latch rests in the angle of the bait-holder.

As soon as a fish displaces the holder by taking the bait, the latch is

liberated from engagement with the lip of the dog, and the sirring

causes the disc and ring to move apart, bringing the points of the hooks

together firmly securing the fish, "which, in most instances, will be

instantly killed. A ring is provided to which the line may be fastened.

No drawing.
FISHTVAYS.

No. 974 of 1858.

—

Phymoni.—Apparatusfor CatcMng Fish.—A trench

cased with brick, wood, or stone, provided with a cover.

Operation : Eaises the cover by means of cross-bars a few inches to

allow the water and fish to pass in, when the fish will secrete themselves

within the trench. When necessary, places bait in the trench to allure

or decoy the fish. Also, places along the sides of the trench, against the

apertures, a lattice of wire so hung as to rise or fall and close the aper-

ture against egress of the fish. No drawing.

HARPOONS.

No. 1367 of 1783.

—

Bayles.—"A triangular instrument which, when
struck, i)ushed, or thrown, and falling on its point on large fish, will

penetrate, crijiple, kill, and hold such fish; or, if falling on its side, its

withers will grax)ple and take the fish." No di'awing.

No. 4563 of 1821.

—

Congrea^^ and Colquhoun.—Force the barbed

instrument into the fish by means of a rocket. Eccket may be used

alone, or before or behind the harpoon, or to carry a line, or a shell

which, bursting within the body of the whale, will kill it, and may besides

fill it with gas and prevent its sinking. No drawing.

No. 8541 of 1840.

—

Lance.—The rod is provided with a screw-thread

running its entire length and working into a ferule in the head of the

harpoon ; to the reverse end is attached a fly, which forces the harjDOon

into the fish as he moves forward. Attached to the harpoon is a buoy,

to assist in impeding the fish's progress.

Figure 4 is a varied form of the instrument, made with triangular-

cutting edges toward the point, and furnished at its base with barbs

which turn on pivots. Drawing, Plate V.

No. 125 of 1856.

—

Eechten.—The baib of the harpoon is made in

one piece, turns on a center at the end of the shaft, and is retained by
a peg, so that when the barb enters the fish the peg will be broken and

the barb wUl place itself at right angles to the shaft. The shaft consists

of two bars welded together} the head is made tubular a short distance,

and a hole extends transversely through it. The harpoon is shot from

a gun. Drawing, Plate II.
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No. 1110 of 1857.—TiNDALL.—To obtain precision in firing, non-liability

to derangement, to hold the fish in whatever position the harpoon is

lodged, and to increase the efiiciency

:

The muzzle of the gun is of smaller diameter than the rest of the barrel,

for fitting on a collar contained in the center of the harpoon-head when
the harpoon is to be discharged. Collar has on each side a short barbed

harpoon-piece, with the barbed ends turned backwards. Line attached

to harpoon-pieces by means of a thimble connecting it with a shackle,

jointed to the harpoon-pieces. Gnn loaded with a long cylindso-conoidal

missile, a short piece of the after end of which is made to fit the bore of

the gun, whilst the rest is of a reduced diameter, terminating in a cone

or point. Mouth of harpoon collar fits exactly to smaller forward por-

tion of the cylindrical ball, and is turned out internally to fit to the angle

forming the connection between the larger and smaller diameters of

the ball. Ball in barrel close up to powder of charge, and collar with,

its duplex harpoon being placed upon the muzzle, it follows that when
the weapon is discharged the ball enters the collar, but being caught

therein at the part behijid exactly fitting the bore, it carries away the

duplex harpoon and the line with it. Ball and harpoon thus enter the

fish together.

"With duplex harpoon just described may use an expanding harpoon

Qr harpoon- shot, the two harpoon pieces or arras which it carries being

folded down and retained by the barrel of the gun. A spring throws

them out when the harpoon is discharged, and ijuU of the fish expands

them fully. Arms of this harpoon are at right angles to those of the

main harpoon. The expanding harpoon has studs to guide it and secure

the correct relative position of the two sets of harpoon arms.

In another form, shown in figure 6, the head is of the common form,

but fitted with a solid cylindrical shank passed through a cross-piece

which fits upon the muzzle of the gun at a distance to allow the escape

of the compressed air when the gun is fired. To this cross-piece is at-

tached the "shackle for connection with the line and rings. The after

end of the harpoon shank has a stud or collar piece, and when the gun

is fired this stud or collar piece strikes against the arm through which

the shank is passed, thus carrying the line along with it. Drawing,

Plate VI.

Xo. 2301 of 1857.—EoYS.—Eocket with an explosive charge in its

head is attached to a feathered shaft provided with barbs. The rope or

chain is attached near the rocket-head and is also provided with barbs.

Drawing, Plate VII.

No. 2340 of 1857.—EoYS.—A small tube has barbs projecting from

the sides, and to these a bridle is attached, which is connected to a cord

or chain, and upon this a cross-bar is fixed to prevent the shell passing

through or entering too far into the fish. No drawing.
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No. 450 of 1861.

—

Walker.—The harpoon has jointed barbs at its

point and a case containing the explosive charge. The opposite end is

formed in the shape of a hook and is i^rovided with a sjiring catch to

secure the link and line. Drawing, Plate III.

Ko. 550 of 1865.

—

Eoy and Lilliendahl.—The spear is provided with

jointed barbed arms which open outwardly. Drawing, Plate II.

Ko. 3312 of 1868.—Welch.—To the head of the shaft are secured a

shell, B, and barbs, C, the latter hinged upon a pin and kept closed by
an elastic band. The shaft is bored out and the igniting fuse is placed

therein. E is a wire ring to which the line is attached. In figure 4 b

is a metallic tube around the fuse. Drawing, Plate III.

HOOKS.

Ko. 1719 of 1789.

—

John Andrews.—The fish-hooks are first formed

of steel wire in the usual way and then hardened, tempered, polished,

and completed.

The hooks, cold, are placed upon thin cap paper and covered with

yeast to prevent the fire from penetrating too quickly into the steel, in-

juring the beard and fine point ; they are then placed upon an iron plate

and put into an iron case and placed in a slow fire until red-hot, after

which they are removed and placed in a tub of milk-warm water for the

space of one minute, and finally in fine emery, where they are heated

until dry. The hooks are then brightened by agitating them in a barrel

containing a mixture of water, castile-soap, and emery, after which they

are again dried by being brought in contact with dry ash sawdust, and

put into leather bags and agitated by hand.

In order to temper the hooks, hour-glass sand made hot and the fish-

hooks placed loosely therein are kept constantly agitated, by which

means, also, the hooks will become dark blue. The hooks are then re-

moved, placed in a leather bag, and agitated, and afterwards they are

put up in steel paper. Ko drawing.

Ko. 2063 of 1795.

—

William Bell.—Casts hooks from steel or com-

mon fusible iron. Ko drawing.

Ko. 11520 of 1847.

—

Moses Poole.—The hook is so constructed that

by the aid of instruments combined therewith the holding of the fish wOl
be more certain.

a, the hook ; &, the retaining instrument which is attached to the stem
of the hook at c, there being a stop at d to prevent the hook and retain-

ing instrument from coming too close to each other, eis a spring which

has a tendency to keep the hook and instrument closer together. The
spring e is affixed to the stem of the hook and connected to the retaining

instrument by means of the short link/. In the retaining instrument a



ABSTRACT OF ENGLISH FISHERIES PATENTS. 23

notcli is made, into which the end of the sliding bolt h enters, snch

sliding bolt being slotted and attached by studs to the stem of the hook
a. Drawing, Plate IV.

No. 533 of 1852,—A. F. BAiNBRmaE.

—

Flies.—Attaches the wings,

fins, &c., to the hook by means of elastic, flexible, and controllable threadj

such as vulcanized rubber. Drawing, Plate YI.

No. 889 of 1852.—G. A. Huddart.—Artificial-fly wings resembling

be natural wings of flies, made from rubber, gutta-percha, or analogous,

compounds, by molding, the molds having lines or markings correspond-

ing to or in imitation of the markings of the wiugs of the natural insect.

No drawing.

No. 2902 of 1853.—E. J. N. Ki^G.—Artificial &ai^.—Artificial bait for

fish, in the form of a minnow, made of brass or other metal, formed square

inside. Side hooks are fastened to the minnow. A brass block is fitted

inside the minnow, to which steel springs are riveted, and hooks which
extend from the tail of the muinow are soldered to these springs. No
drawing.

No. 923 of 1857.

—

William H. Box.—First, electroplates fish-hooks

;

second, attaches the hook directly to the swivel-box by means of a knob
or pin-like head, and not to an eye, as usually practiced. Drawing,
Plate V.

No. 1135 of 1859—Wm. E. Newton.—" Sockdologer" fish-hook, ren-

dered perfect and sure in its operation and less dangerous to be handled
while baiting, by arranging between the main hooks, and connected to

the same by two arms, D, D', a bait-hook, F, in such manner that by
forcing the two arms to a horizontal position the main hooks are spread

open or set. The top portion of the main hooks is made elastic, so that

by the action of this portion, together with the power obtained by two
additional springs, the main hooks spring together as soon as the slight-

est strain on the bait-hook disturbs the horizontal position of the two
arms. Drawing, Plate V.

No. 428 of 1865.—Wm. A. Hackett.—The fins, wings, or vanes, made
of metal, horn, bone, or other material, are secured to the fishiug-hook

in such manner that when the said hook is drawn through the water or

held in a rumiing stream it will be made to spin or twirl. The hook is

swiveled to the line. No drawiug.

No. 3177 of 1865.—Charles Bayless.—Makes at the junction of the

stems of the two hooks a spring by coiling or bending the wire of which
the double hook is made. Around the stems of the double hook a band
or ring is placed capable of sliding upou said stems. No drawing.

No. 413 of 1866.

—

Joseph Warner.—Makes at or near the end of

the shank of the hook an eye, h, and side-grooves or depressions c, into
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which the said eye opens and by means of which eye or eye and grooves

or depressions the hne or gut is readily and securely attached. Draw-

ing, Plate V.

No. 150 of 1867.

—

Gedge.—A double fish-hook, composed of two parts

or branches.

The first branch, a, is bent at right angles at its upper part, where it

is pierced with a hole, e, the edges of which are rounded for the better

passage of the line Z. At its lower part it has a hook on which the bait

is placed.

The second branch, /, is attached to the first at h, and is held in a fixed

position by a piece, c, the sides or cheeks of which form springs nipping

and retaining this branch, which is further pro^'ided with a ring, G, and
a hook.

To use this fish-hook, open the branch/ and fix it to the collar or nip-

ping piece c, pass the line through the hole e, of the first branch, then

attach it securely to the ring G, of the second branch, and then bait the

hook on the first branch a. Drawing, Plate VIII.

No. 1765 of 1867.

—

Welch.—Swivel for fisliing tackJe.—The box or

case of the swivel is made of metal tubing open at both ends. To one

end attaches, by soldering, a loop. The shank or stem of the swivel,

which works in the box, is made of wire, and is i)rovided with a knot

at one end, the knot being situated within the bow or loop of the case

when the stem is placed within said case. The opposite end is fash-

ioned into a loop. By this construction the shank or stem is irremov-

able from the case, and at the same time free to rotate within it, while

the case is ficee to rotate upon the shank.

In applying the swivel to spinning bait, solders the tube constituting

the case to the back of this spinning bait ; but instead of soldering the

loop or bow to the box or case itself, it may be soldered to a tube or

portion of a tube soldered to the spinning bait, within which last-men-

tioned tube or portion of a tube the box or case of a swivel is fixed.

The hooks are attached to the loop or end of the shank or stem, and the

end of the fishing-line or swivel connected with the fishing-line is at-

tached to the loop or bow of the spinning bait. Drawing Plate, VIII.

No. 2714 of 1867.—A. MoRRALL.—A piece of wire is bent into or

caused to assume such a shape that when in its normal condition it

nearly represents the letter V. The ends of the wire are formed into

barbed hooks. When baited the hooks are pressed together. Drawing,

Plate VIII.
NETS.

No. 1872 of 1859.

—

Stuart,—Manufactures nets of single yarn. No
drawing.

No. 3099 of 1860.

—

Henry.—The net submerged has a rubber tube

carried around and attached to it, which communicates with an air-pump
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for inflating it witli air, causing tlie net to float. Empty casks are also

attached as floats. A weight is fastened to the bottom of the net by-

hooks, which may be opened at pleasure by a cord operated from the

boat to allow the net to be disengaged from the weight and float to the

surface of the water. Drawing, Plate IX.

No. 492 of 18G1.

—

James.—The nets are buoyed by balloons inflated

with air, and having proper ballast (water). The nets are drawn in by

a windlass or by other suitable means. Drawing, Plate X.

No. 1871 of 1803.

—

Hector.—The net is formed with compartments

and closing apertures to retain the fish iu the net. Drawing, PlateX
No. 3334 of 18G5.—HuRN.—Forms the nets of continuous pieces of

tanned leather. No drawing.

No. 193 of 186G.

—

Bryson.—Maintaining artificial light under water

for the purpose of attracting or decoying fish.

First. Has a copper vessel with two compartments, into one of which

oxygen is forced or condensed, while the other contains hydrogen, also

forced or condensed. Each compartment is provided inside with a valve

to regulate the escape of the oxygen and hydrogen to the point of com-

bustion, so that these gases are not allowed to mix except at that point,

whereby explosion is prevented. Light having been applied to the

gases, the apparatus is lowered into the water and the gases continue

to burn until entirely consumed, the presence of atmospheric air to keep

up combustion not being necessary. The light is covered with a water-

tight glass globe, provided with a receptacle to contain the water gen-

erated during the combustion. The light, when introduced under the

water, attracts the fish thereto. Lime or other substance may be em-

ployed in contact with the gases.

Second. Has nets for catching the fish attracted by artifical lights.

Two nets, the upper being larger than the lower ; attaches weights to

the circumference of the upper net, and floats at and near its center, the

lower net being placed under the light. The upper net is let down over

it, which, owing to the weights and floats, descends somewhat in the

form of an umbrella, and incloses aU the fish within its reach, which

are thereby caught between the two nets. Drawing, Plate IX.

No. 2008 of 1866.

—

Mack.—To the buoys and net anchors are attached.

The rope from the anchors serves as guide lines to the net. Lights are

also used to attract or liu^e the fish.

a, anphors ; &, bottom of sea; c, main line to the buoys ; <7, stretching-

tackle for bottom of net •, e, stretching-tackle for upper part of net
; / and

g^ stream stopper-tackle ; /<, stretching-tackle to the surface of the waterj

ik, net ; ?, m, x, bait ; w, electric light ; o, j?, bags filled with herring ; Vy

buoy. Drawing, Plate XL



"26 REPORT OF COMMISSIONER OF FISH AND FISHERIES.

No. 1331 of 1867.

—

Hallett.—Tlie nets liave a platform of triangular

or semicircular shape. To the mouth of the platform attaches weighted

chains, also a lightly loaded line through the center of the platform

;

intersects the platform at intervals with cod-lines or light roping by-

lacing. To the sides of the platform by lacing a weighted line or chain,

attaches a "walling" or "leader" of net work, which runs around all

sides of the platform except the mouth. ISTo drawing.

No. 1332 of 1867.

—

Hallett.—The net is made cone-shaped and the

upper part of the mouth is well supported by buoys. The under part

of the mouth is made with a deeply curved margin, bordered by a ground-

rope or chain, which is heavily weighted, or the chain is tarred or cov-

ered with oakum or hemp, or it is galvanized. The net is fitted with

two pockets, one on each side, made by lacing the upper and under parts,

beginning at the outer edge and gradually working toward the middle

and small end of the net ; attaches to the sides of the mouth leaders of

net-work with sole and back ropes, the sole-ropes being loaded and the

back-ropes being corked. To the bottom of the net attaches chains

loaded. At the rear end of the net attaches a heavy weight ; at the

front end a buoy. No drawing.

No. 1333 of 1867.—Hallett.—The same as No. 1331 of 1867, and

having pockets similar to those used in beam trawls, except that they

are not covered with net-work at the surface of the water, and have in

place thereof two small buoy ropes. No drawing.

No. 2140 of 1867.

—

Johnson.—Twists the twine while in the process

of netting and makes the net with a looped knot. Forms the net of

twines, alternate ones being larger than the others. Drawing, Plate VIII.

No. 792 of 1877.

—

Coeein.—Fittings for sinking fishing nets. Weights

of oval form have a hole through the center through which is run a line

about two feet in length ; to this line at each end of the weight another

line is spliced, and both are fastened to the bottom of the net, so that

the line through the central hole is on a level with the bottom line or

rope of the net, and only half or a portion of the weight then projects

below the net. No drawing.

oyster CULTURE.

No. 2930 of 1863.—AYCKBOURN.—Tiles, &c., preferably concave, ar-

ranged in groups upon each other and at right angles, catch the spawn

as it floats. The tiles are coated with common clay of the consistency of

thick cream, and on this is laid Portland cement, to which the young

oysters attach and grow. When it is desired to remove them, thefoysters

and clay are broken off together. No drawing.

No. 1040 of 1864.

—

Croft.—Tanks are so constructed that water will

pass freely among the oysters placed in rows, inclined with their mouths
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upwards, and supported by long narrow tiles indented, to be easily-

broken, and provided with projections for holding them up. Over the

tiles is placed material to induce the spat or brood of the oyster to ad-

here. Provides water-tanks, the temperature and water-supply of which

may be regulated and varied (fresh or salt), but the water should be ac-

climatized gradually. Has star collectors, formed of wheels on spindles,

connected by rollers armed with bunches of bristly substances or hooks.

Has also spat collectors, tile perforated and filled with cork. Drawing,

Plate Xri.

Ko. 1316 of 1870.—Bert.—The walls of the inclosure are built of

masonry, their foundation below the lowest tides and their heights above

that of the highest tides, to prevent loss of eggs. The inner surface is

irregular at a height of three feet. The bottom of the basin has a de-

clivity toward the center when the trench is formed, in order to drain

the water from the basin and su})press the deposits of mud. A torus two

inches high is built, perforated at different places to allow the diluted

mud-deposits to pass, but prevent the oysters from following.

A, walls; B, rough inner surfaces; 0, inner walls; E, trenches; G,

toruses; F, oysters; I, platforms; J, stone supports for platforms; L,

pillars which support cross-pieces and there movable ceiling. PI. XVI.

Is^o. 4103 of 1874.—Michel.— fi^<>"es for Breeding Oysters.^'FJiBt.

Moulds from cement rectangular vessels open at top and having their

bottoms provided with numerous holes.

Second. Forms an open rectangular trough without perforations

through its bottom. The ends of this trough project downward, form-

ing a stand.

A pair of these vessels, the lower one perforated, and the upper one

placed on it as a cover, form a hive; numbers of which are placed side

by side on the beach or on timber sleepers, to form a breeding and rear-

ing bed.

The lower perforated vessels receive the spat, and are kept clean by

the wash-water running through them. The upper vessels, besides serv-

ing as covers, form nurseries, and protect the oysters against enemies

and changes of weather. Drawing, Plate XII.

No. 3506 of 1875.

—

De Lagillaraee.—Breeding or Cultivating OyS'

ters.—Secures the oysters to a wire and suspends them in the water in a

manner that renders them easily accessible for inspection or removal.

The oysters thus wired are secured to ti-ellises. The oysters may be

placed in cages provided with hooks, said cages being made buoyant

and mqored to a submerged chain, held by floats. Drawing, PI. ^\l.

No. 2470 of 1876.—Jennings and A.kd^^^oi^.—Propagation of Oys-

ters.—Place the oysters and spat in water-tight receptacles made of

earthenware or other material and covered over at top. The site upon



28 REPORT OF COMMISSIONER OF FISH AND FISHERIES.

whicli the receptacles are placed may be enclosed by protecting wallSj,

which, whilst afTording protection, will allow of the passage of water as-

the tide rises or falls ; or the receptacles may be placed in water-tight

wooden troughs. Drawing, Plate XII.

2^0. 1447 of 1877.

—

Mewbuen.—Apparatus used in Breeding Oysters.—
A box made of any suitable material communicates with the exterior

by water and air supply cocks, or has the upper part open without an
air-cock, when the apparatus is situated away from the sea and fed arti-

ficially, or is closed hermetically when the apparatus is placed so that

it emerges at each tide. In this apparatus the collecting hives and the

breeding oysters are placed at spawning time, or spawn or spat obtained

elsewhere may be put therein. A piece of silk, the meshes of Avhich

are too fine to allow the spawn to pass through, is then placed over each

water inlet and outlet, so that no si)awn or spat can escape when the

water is renewed.

Whether the apparatus emerge or not, the collectors should offer the

greatest possible surface for the deposit of the spat, and be fed by water,

sufficiently clarified by filtering, to insure and maintain the cleanness

of the collectors. The watermust be renewed without sensible agitation^^

its introduction be regulated by means of cocks, and a slow current

obtained, continuous or intermittent, according to the position of the

apparatus. The water is renewed sufficiently often to put the spat in

the best conditions of vitality, filtered water being always employed.

The apparatus consists of a box provided at its lower ])nvt with a cock

which communicates with a filter situated a little below. The cover of

the box, which closes it hermetically with the aid of strong bolts or

screws, is provided with two India-rubber tubes having valves, one of

which opens outward to allow the escape of air at the rise of the tide,

while the other opens inward to allow air to enter at the fall of the

tide or when the apparatus empties. The box is firmly secured in the

water by stakes, to which, it is only pinned, to aUow of its being re-

moved when required, and the India-rubber tubes are placed on rigid

pipes long enough to give the apparatus time to fill before the water

reaches their top or the waves pass over.
' Inside the apparatus is placed a hive composed of a series of frames

containing wire or other gauze, and placed one above the other. The
frames are filled with a layer of shells, broken and sifted, and a certain

number of parent oysters placed at intervals. There is fixed at the side*

of and below the box a filter of any suitable kind, through which the

water wiU pass before its introduction into the box. The water arriving

at the rising tide will pass into the filter and be deprived of all foreign

matter, and finally enter the apparatus above, driving out the aii' through

one of the valves, and carry sustenance to the breeding oysters placed

among the frames. The water in retiring allows the second valve to

open and admit air to the aj^paratiis.
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Tlie spawn or spat, iu rising in the apparatus will traverse layers of

collectors, and tlie water in retiring will filter through the layers of

broken shells and deposit thereon the spat which it holds in suspen-

sion. The apparatus can be inspected daily and the hive withdrawn

when sufficiently filled and replaced by a fresh hive. A series of aj)-

paratus may be supplied through one filter. ISTo drawing.

OYSTER DREDGES.

No. 2906 of 1860.

—

Ennis.—An open-mouth cage so formed and fitted

that when lowered into the water and drawn over the beds it will first

disturb and then gather up the oysters.

Fitted to and extending across the mouth of the case, are two scrap-

ers, set parallel to each other and on opposite sides of the cage. In

front is a rake held iu i)osition by binding-screws forming a double rake.

The drag-iron having an eye is secured to the sides of the cage, and to

the eye the rope is attached for hauling the dredge. Drawing, Plate

No. 323 of 1869.

—

Brabason.—The links of the dredge are runners

like those of a snow-sleigh, turned up at the ends and connected by an
iron ring or link which rests on them and presents a smooth under sur-

face which carries it along the bottom of the sea, passing over the spat

or brood of oysters without injury to them. Pro\isional specification.

No drawing.
OYSTER RAKES AND TONGS.

No. 2171 of 1866.

—

Johnson.—Two converging rakes are provided
with handles united by a rivet, one handle being provided with a spring

which pulls upon the upper end of the other. The rakes are held open
by a lever having its fulcrum on the projecting end of one of the

handles, one end of the lever taking into a catch upon the other handle

and a lowering rope or chain being attached to the opposite end of the

lever. The weight of the apparatus will cause the catch to hold as the

apparatus is lowered while open. When the apparatus rests upon the

bottom, the weight being relieved, the lever unlatches and the rakes

are drawn together by the spring. Pulling upon the rope then also

draws the rakes together. The teeth are removable. Guards at both
the ends and back of the rakes prevent anything falling out. Drawing,
Plate XIII.

No. 1438 of 1867.

—

Johnson.—Two rakes with scoop-shaped or open
heads, each attached to a handle and the handles connected by a joint,

near the middle, the rake teeth coming toward each other. Drawing,
Plate XIY.

ELECTRICITY, PARALYZING FISH, &C.

No. 2644 of 1863.—Baggs.—Wires or hooks and lines, nets, &g., con-

nected to a galvanic battery. The fish receiving an immediate shock is

paralyzed or killed. Drawing, Plate XV.
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No. 3228 of 1868.

—

Bennett and Ward.—Electricity, galvanism or

magnetic electricity.—Places in tlie boat a galvanic battery vnth its coils

and necessary accompaniments, insulated wires, in connection with and

passing from the opposite poles of the battery and inside or along the

line, to which the harpoon or other instrument is attached. No drawing.

PISCICULTURE.

No. 2966 of 1853.—Boccius.—A vessel having apertures in its top

and bottom of such a size as to prevent the eggs or spawn passing

through, yet sufficiently large to allow water to percolate into the appa-

ratus when immersed. It is made of two or more sections or parts, one

part fitting into or on the other. In the interior are jjlaced trays, one

over the other, if required, upon which the eggs are placed. Drawing,

Plate XVI.
REELS.

No. 3157 of 1808.

—

John Curr.—Method of applying ropes for catching

and detaining ichaJes.—The boat is provided with a reel, brake, brake-

lever, guide for the line, and rollers to keep the line near the center of

the boat. When the whale has nearly run out the line of one boat, it

may be joined to the line of another boat. Drawing, Plate XV.

No. 1956 of 1856.

—

Ejenton.—Makes the reels of papier mache and

passes a metal axis through the reel and connects the winch by which

the said reel is turned to the axis. The case in which the reel works is

made of a tubular j^iece of papier mache closed by discs, througli the

center of which the axis of the reel passes. Drawing, Plate XV.

No. 1806 of 1868.—Mure.—The carrier, to facilitate the winding of

several lines and hooks simidtaneously on the winder and to permit one

line or hook to be withdrawn at a time without entangling the rest or

breaking them, consists of a tablet having at each end a cap or ferrule,

the center of which is hoUow to receive a piece of cork in which to insert

the barbs of the hooks. On each side are a number of openings reached

by a sloping duct, through which the lines are successively and alter-

nately passed in a hank till completely wound up, the hooks being fixed

in a similar manner, openings being made for their reception on both sides

of the apparatus. The hooks are protected by a metal band attached to

the cap of the ferrule, one end working on a hinge and the other fixing

with a clasp. May have a simple line-winder, which is of the same con-

struction, less the cap for bearing the hooks. This apparatus is furnished

with a cover, having an opening at one end through which to draw the

lines. Another form consists of an endless band of pasteboard in the

shape of a flat cylinder, and the lines are drawn around this, being passed

through openings at the sides as before. Hook-carriers consist of a

wooden plate with ends terminating in a metal cap having notches for

the hooks, which are protected by hinged metal bands, the opposite ends



ABSTRACT OF ENGLISH FISHERIES PATENTS. 31

being furnished with hasps. Another form is a bobbin or reel with a
cover or case at the bottom, and in the interior is a circular shaft, the

upper end of which terminates in a button or cork for the hooks, and the

line is passed around small projecting knobs on each side of the shaft

at the top and bottom. No drawing.

Ko. 388 of 1873.

—

Heaton.—Eecesses one of the side disks and places

on its axis a pinion facing outward towards the recess and connects the

pinion to a hollow axis working through the corresponding i)late for

winding the line on, and over the recess. On the outside of the disk

applies a plate with a rim around its interior, ha\'ing teeth cut on the

inner edge, which gear with an intermediate wheel acting on the j)inion.

This outer plate works on an independent axis passing through the axis

on which the line is wound and is secured in position by the spreading

head of a screw on the other side. A handle is applied to give motion

to the plate, and from the teeth on the plate acting on the mtermediate

wheel, motion is given to the pinion and winding axis, the multiple of

motion being governed by the size of the pinion and intermediate wheel.

No drawing.

No. 3283 of 1876.

—

Corbet.—AtfacMng reels to rods.—Instead of at-

taching the reel to the outer surface of the rod in the ordinary manner^
provides a frame consisting of two side plates and two tubular or hollow

ends. Into one of these tubular ends inserts the top part of the rod^

and into the other the lower portion or handle of the rod. No drawing.

RODS.

No. 2017 of 1853.—Dawson and Eestell.—The joints are constructed

in the shape of a segment of a circle ; that is to say, the cross-section of

the joint will represent the segment of a circle, or that of a tube bent

into the shape of a trough or gutter. The joints are permanently con-

nected, and each joint lies in the joint next preceding it when the rod is

inserted in the butt, which is made cylindrical and to resemble a walking-

stick. No drawing.

No. 4G1 of 1857.—John Bennett.—Upon the ends of the rods to be
joined rigidly together, attaches a metallic tube or ferrule, the tube on
one end being larger than that on the other, so that one of the tubes

may enter and slide in the other tube. The larger tube has in its axis

a smaller one, so that the tube which enters the larger tube or ferrule

slides between two concentric tubes. The two rods are joined together

by means of a cylinder of India rubber (which acts as a joint), and the

smaller tube or ferrule is provided with a bayonet joint, in which a pin

in the larger tube engages. No drawing.

No. 1553 of 1858.—A. Poreckt.—Strips of whalebone, horn, tortoise-

shell, or other corneous matter, or the artificial imitations, are formed by
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any suitable process into plain, fluted, orDamental, flexible, or rigid tubes.

Tliey may be either wholly or partially filled with a suitable composition

or material, or may be left unfilled, thereby allowing of their sliding, one

over the other, like a telescope. No drawing.

No. 3528 of 1868.

—

Britten.—Instead of wood, for those parts which

are required to be pliant, makes use of steel or other suitable metal that

will secure the requisite strength with lightness and elasticity. These

parts are formed into tubes, which are tempered in the usual way. The
ring-fittings for guiding the line are on little bands of spring metal,

which go round the rod and clip it, and are movable along the rod. The
whole rod complete can be inclosed in the lower joint by a cap and fer-

rule. The several lengths of rod are connected by short pieces of thin

tubular metal soldered to the ends inside the larger and outside the

smaller following lengths, and are made slightly conical in opposite di-

rections to fit tightly when drawn out. No drawing.

No. 1648 of 1874.

—

Moultray.—In the socket, covered vnth. brass,

there is made an incision sufiiciently large to receive a spring. By means

of two metal pins driven into the wood and covered by brass, the metal

spring is fastened. The upper end of the spring is bent upward and placed

in the incision at its upper end, so that by coming in contact with the brass

covering of the socket it may be prevented from coming out of the in-

cision. In the ferrule which receives the socket and at a place thereon

corresponding to the place which the spring will occupy in it when the

socket is inserted in the ferrule, an opening is cut to allow the spring to

work freely. When the socket is placed in the ferrule the spring holds

them fast. No drawing.

No. 1840 of 1874.

—

Jack.—Fixes the stem part of each joint to its

corresponding socket-piece by forming a very small, short projection, or

pin, on the large part of the stem-piece, which, when inserted into its

socket-piece, enters a small recess cut in from its outer end and is then

to be turned round into a groove cut or embossed into the inner circum-

ference of the socket. No drawing.

No. 1806 of 1876.

—

Holroyd.—Forms the joint-fitting in the usual

way, with the addition to the lower end ferrule of a projecting collar

and screwed spigot, both situated at the upper part of such lower end

ferrule. Also forms the upper ferrule with an enlarged screwed socket

to receive and hold the lower ferrule and its screwed spigot, forming an

air and water tight joint when the two are fixed together. Drawing,

Plate X.

No. 1553 of 1877.

—

Aston.—Takes wood or cane sections, having at

each end the usual metallic ferrule, but having a slot, into which is placed

a plate of metal pierced at each end, there being a corresponding pier-

cing in the ferrules. Into this secures a pin, thereby forming a joint
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aud allowing the rod to be folded up for portability wlien not required

for use ; but Avhen required, the rod is unfolded and a tapered metallic

tube which is over each joint is moved downwards, making it permanent

or secure. The plate of metal may be constructed with a slot at one

end in an oblique direction; in this case it would be hooked on to tho

pin, so that in case of one section of the rod being broken, another can

with facihty be substitute<l. Drawing, Plate XIV.

TACKLE.

Xo. 881 of 17G7.

—

Cobb.—Long lines ; small lines for snoods with hooks

fixed thereon and small weights to sink the same. Small buoys prevent

the hooks aud bait touching the bottom of the sea, that the fish may
readily discover the bait. Xo drawing.

Xo. 36L of 1858.

—

Hector.—Galvanized wire rope or lines and gal-

vanized wire instead of the ordinary hemp ropes and materials; Xo
drawing.

Xo. 1755 of 1866.

—

Frere.—Barbed hooks connected to line attached

to a spring whereby the line will be capable of yielding when pulled by
the fish, and when his power is expended the fish will be drawn up. Xo
drawing.

3 F





Ill -A PETITION TO THE FISH COMMISSION OF THE UNITED
STATES, SIGNED BY THE FISHERMEN OF BLOCK ISLAND, JUNE
12, 1877.

A PETITION.

State of Rhode Island, NEwroRT County,
New IShorcham, Block Island., June 12, 1877.

To the honorable Fish Commission of the United States :

We, your petitioners, citizens of the United States and of Block Island,

natives and fishermen, believe that the catching of cod by means of trawl

lines is diminishing the cod on our grounds, from which we believe that

fish will eventually be driven if that mode of taking them is continued,

because

—

First. At any time the cod will bite the bait upon a small hook more

readily than upon a large hook, because the smaUhook is hidden. The
hand-fisherman uses a large hook, for he must, in pulling, keep his line

taut, and the sharp struggles of the fish would break a smaller. Small

hooks are used on trawl-lines, which are never very taut, and hence are

quite elastic. During December, January, February, and in early March,

when these fish deposit their spawn, they are very shy, and only a few

will bite the large hook on the hand-line. lu the past they have been

secure in depositing their spawn, thus securing their propagation. ISTow

that the trawl-lines have come into use, the fish, biting at the baited

hooks, are taken in large quantities at a time when their destruction in-

volves the destruction at the same time of myriads of eggs, thus directly

tending to prevent the perpetuation of their species.

Second. It very frequently happens that a trawl-line with from 600 to

1,000 hooks attached becomes so chafed by the rocks on the bottom that,

when loaded with fish, it breaks, and only a portion is secured. The

remainder, with hundreds of struggling fish, is carried hither and thither

until the fish die. Their struggles frighten the other fish very much
more than when caught on a^ hand-line, for then the captured fish is im-

mediately taken from the water, and l)ut little of his distress is seen by
other fish. Moreover, when the fish die, their bodies, becoming putrid,

etfectually rid the ground of cod until the bodies rot from their lasten-

ing and drift away, leaving the water jiure again, or soon to become so.

Third. Oftentimes, the fish caught on the trawl-hooks are left to

struggle for hours before the trawlers get time to take them on board

;

and, indeed, this is usually the case, for they use so manj^ lines that

they can haul them only a few times in a day. Meanwhile, many of the

as
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fisk get clear. Suffering from tlie lacerations of the Look, and fearful

of becoming again entrapped, tliey communicate their fears to their

sympathizing companions. It is very noticeable that since the trawls

have been used on om- grounds, the fish have been much more shy than
formerly, and that they struggle much harder when caught. Fre-

quently they are caught with the small hooks of trawl-lines still in their

mouths ; or, without hooks, bat with mouths still bleeding where torn

in escaping. The foregoing sentence is true offully one-sixth of the fish ice

have ccnight since traicls were used on our grounds.

Fourth. The hand-fisherman returns home each night and dresses

his fish on the land, the offal being used for manure. The trawler re-

mains at sea for days, and sometimes for weeks, even—remains until

his vessel is loaded. In cleaning the fish he throws overboard the offal,

which sinks to the bottom and there decays. This putrid matter drivos

the fish away so long as it remains. The trawler works frequently on
the tideward side of the grounds, so as to catch the fish as they come
in. Thus the offal is thrown over at places whence, as it is moved at

all by the tide, which is usually not very strong, it is swept slowly over

the whole fishing grounds, poisoning them for the time throughout their

entire extent.

We further believe that trawl-fishing tends directly to injure the

hand-fisherman ,• to injure the markets for fish ; to injure the standard

of fish as an article of food ; and, eventually, to the great injury of all

concerned iu the business of catching cod, trawlers included, and for the

following reasons

:

First. These trawl-lines, stretched for miles on the fishing grounds,

and running in parallel lines as close together as is profitable, make a

barrier which, while in theory it only takes equal chances with hand-

fishermen, in fact monopolizes the ground to the irreimrable injury of

the man with a single hook ; for the trawl-hooks are placed so close to-

gether that comparatively few fish cross the line, being either caught or

deterred by the struggles of others captured ; and the trawlers can so

place theu" lines in succession or in parallels as to occupy all the most

desirable parts of the ground, one trawler requiring the space of one

hundred men with hand-lines.

Second. Trawling, to be successful, requires larger boats and more ex-

pensive gear than are within the means of hand-fishermen. The boats

must be larger in order to carry the fish caught, and also in order to

better withstand the effects of storms ; for the trawler generally remains

all night at sea, while hand-fishermen return home every night.

Third. Trawlers sometimes catch 8,000 or 10,000 pounds in one or two

days. They are unable to dress so many fish, as they sometimes catch,

which, not seldom, are^ greatly damaged before they can be taken to

market. So large a quantity will glut any available market, and the

fish often spoil before they can be sold. Cod become very cheap, and

the dealer is led to hold the fish on ice or in x)ickle in the hope of better
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prices ; for prices of course fall with the greatly increased abundauce of

tlie fish, and the chances are great that he who buys must lose if he
sells at once. Meanwhile the fish are injured more or less, even on ice

or in brine.

Fourth. As a few days of good trawling uiay give tliose fishermen an
enormous quantity of cod, es])ecially where from thirty to sixty vessels

are trawling ; and as no one can tell when such good fishing may come,

the dealer buys with great caution, lest he shall have on his hands a

large amount while the market is becoming more and more crowded
every day. Serious losses of this kind have made dealers very cautious

in buying.

But the trawling is good and the trawler is impatient to go to the ground
again, and anxious to get rid of fish which he fears will spoil on his hands

j

so he sells at any price. Thus the difficulty is aggravated, and the amount
of damaged fish thrown on the market is greatly increased. When cod
were caught only by hand-lines the supply was much more uniform and
more susceptible of correct anticipation, while at the same time the fivsh

were sold to the consumer at prices very reasonable, compared with other

food staples. At the same time each man could care for what he caught,

and thus a much better article of food was produced.

Fifth. When, a few years since, trawling was begun at Gloucester,

Mass., cod were caught in large quantities near the port. So close were
they taken that tbey were sent ashore as soon as a large dory was loaded,

and in such quantities that the dories Avere generally loaded and sent

ashore three times in a day. Soon the fish could not be caught there,

having been either taken or scared into deeper water. The trawlers

kept on until now the fish are not caught in quantities, on some of the
grounds east of Massachusetts, nor except in one hundred and twenty fath-

oms of water. As the grounds failed, the trawlers extended their opera-

tions along the coast, spoiling the grounds wherever they went. AVhere
they have fished long the hand-fisherman can no longer get his living by
-catching cod. Now they have come to our grounds. They are nearly

all strangers, men of Portuguese birth, and we can already see the bane-

ful influence they are exerting. Nor are the causes of the direct injury

to us difficult to find nor hard to understand. The fish are driven into

deeper water and so tiir from shore that we, returning home every night,

can com])ete only at great disadvantage, for we can be on the ground
only a few hours at best; and the farther we must go, the fewer hours
we can remain. It is remembered well here that four of our best fisher-

men went seventeen times in one season to Coggeshall's Ledge, nearly
twenty miles from Block Island, and caught an amount of cod reckoned
at fo^u' quintals per trip to each man. Since trawlers have been there
we cannot catch enough to pay for the trip.

We would further respectfully call your attention to the following
facts

:

First. In former years our government, in the fostering care which
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it exercised for the fisliing interests of the country, offered bounties

to encourage men to engage in fishing for cod. A certain sum was
allowed for each bushel of foreign salt used by vessels of more than

fifty-five tons registered tonnage. Block Island was at that time entirely

destitute of a harbor in which vessels could ride in a storm. We were

compelled in stormy weather to haul our boats above high-water mark
to save them from the fury of the waves. From this cause we could

not use vessels large enough to claim the bounty offered ; hence we were

compelled to compete at great disadvantage with the fishermen of more

favored localities.

Second. When, in 1870, the breakwater at Block Island was begun,

one of the principal reasons given by the government for so large an

expenditure of money was that the work would greatly foster the fishing

interests of the island. If our fishing grounds are permitted to be

spoiled bj' the use of trawl-lines, then has the breakwater become of no
avail to benefit the fisheries of Block Island.

We, your petitioners, almost without exception, are owners of small

tracts of land, from whicli we derive a small income, insuificient, it is

true, for our support, but which, when added to the amount realized

from cod-fishing, has hitherto given us a comfortable living. On these

tracts of land we have built us houses. Here are our homes. Xow that

our fishing threatens to fail us, we are very apprehensive that we may
be compelled to leave our homes; for if this business shall be ruined,

our island cannot support more than one-half of its present population.

We are, almost to a man, too poor to own boats large enough to trawl

successfully; but in our own boats we have been successful. We would

Ijoint with pride to the fact that while from most of the ports of tlie

coast numy vessels and men are lost every year in the fishing business,

not one Block Island boat has been lost within the memory of man.

Therefore we do beseech your honorable commission to urge the pas-

sage of a law prohibiting the catching of cod l)y tra wl-lines in the waters

of the Atlantic Ocean between Montauk Point on the west and Xo Man's

Land on* the east, and thus insure the return and continuance of the

good fishing we formerly enjoyed, lest by the ruin of this fishery we
shall be compelled to seek our subsistence in other pursuits and in other

localities, away from the island endeared to us as the place of our birth

and the home of our childhood.

That you will thus secure to us, on our native island, the opportunity

to obtain our subsistence by that honorable toil to whicli we have been

accustomed from our youth, we will e^'er pray.

William Dodge. Darius B. Dodge. Seabury A. ^Mitchell.

Welcome Dodge. Uriah B. Dodge. C. C. Holmes.

Aaron W^. Dodge. John Thomas. R. W. Thomas.
Edward P. Littlefield. James E. Eose. Joshua T. Dodge.
Charles A. Paine. Herman A. Mitchell. WiUiam J. Steadman.

George C. Sprague. Lorenzo B. Mott. Joseph H. Willis.



PETITION TO THE FISH COMMISSION. 39

Caleb Wescott.

Enoch Steadmaii.

William T. Dodge.

Benjamin Eose.

L. Steadman.

WhitmanW. Littlefield.

Enfus A. Willis.

Giles P. Dunn.

Samuel A. Dunn.

Joshua D. Dunn.

John Eay Littlelield.

Daniel Mott.

John E. Dunn.

Samuel E. Littlefield.

E. C. Smith.

Barzillia B. Dunn.

Amos Mitchell.

Samuel G-. Mitchell.

Charles Sprague.

Leonard Mitchell.

Charles Littlefield.

Oliver D. SiDrague.

Willard Sprague.

J. E. Sprague.

Stanton S. Allen.

Lemuel B. Eose.

James H. Mitchell.

Asa E. BaU.

Henry Ball.

John Eose.

John E. Ball.

George W. Braymon.

Elisha Dickens.

Xoyse Ball.

Charles BaU.

Edward C. Allen.

John A. Mitchell.

H. B. Steadman.

N. L. W^mis.

Edgar C. Sprague.

Nathaniel Sprague.

Silas N. Littlefield.

John E. Willis.

Charles Hall.

William P. Dodge.

Halsey Littlefield.

Lewis N. Hall.

James M. Dodge.

Charles W. Willis.

Eansford A. Dodge.

William M. Eose.

Walter E. Littlefield.

Lemuel A. Dodge.

William E. Mitchell.

Edwin A. Dodge.

William Card.

Lorenzo Dodge.

Nathaniel Latlian.

James IST. Latham.

George W. Conley.

Ezekiel Mitcliell.

Benjamin T. Coe.

Lloyd E. Ball.

O. E. Willis.

Andrew J, Dodge.

Leander A. Ball.

vVaron W. Mitchell.

George E. Thomas.

Elihu W. Eose.

Seneca Sprague.

William Sprague.

Lewis E. Thomas.

Joshua Dodge.

Horace J. Negus.

C. Negus.

M. Negus.

George W. Willis.

George A. Hull.

AVilliam J. Greene.

Samuel P. Dodge.

Horatio N. Milikin.

Elias Littlefield.

Nathan C. Dodge.

John P. Steadman.

Eay W. Dodge.

Marcus M. Day.

Erastus Eose.

WiUial Eose.

Alfonso Perry.

Solomon Dodge.

Joshua Eose.

Clarence Eose.

Halsy C. Littlefield.

Gideon P. Eose.

William C. Littlefield.

Eichard A. Dodge.

John C. Dodge.

Samuel Ball.

A. N. Sprague.

N. B. Wescott.

Edwin Dodge.

Thomas H. Mott.

Hermanza Eose.

Martin V. Ball.

James A. Dodge.

Freeman Mott.

Howard C. Mott.

Lartis Steadman.

William L. Milikin.

Welcome Dodge, 2d.

Simon Dodge.

John W. IMilikin.

S. D. Willis,

Andrew Y. Willis.

Samuel L. Hayes.

C. W. Dodge.

Eobert Eose.

Hezekiah Mitchell.

Charles P. Sprague.

Edgar Dickens.

Eleander Dodge.

Benjamin Sprague.
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FISHERY EXPOSITIONS.
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IV.-ABSTRACT OF AN ARTICLE FROM THE "NORDISK TIDS-

SKRIFT FOR FISKERI," 1878, ENTFrLED "OBSERVATIONS ON
FISHERY EXPOSITIONS," &C.*

By a. Feddersen.

Ill a former article, Mr. Feddersen liad declared himself in fiivor of

fishery expositions, independent of agricultural or other expositions

;

not including, however, great international exhibitions, where every

branch of human activity is represented. Wherever the fishery exhibit

is only an a|)pendix to some other exhibition, it will be neglected and not

awaken sufficient interest. In spite of this, there was a good fishery

exhibit at the agricultural and industrial exposition in Yibarg (Denmark)
in 1875, and at Norrkoping (Sweden) in 187G. This result was owing
entirely to the arduous labors of a few zealous and enthusiastic men.
These successes were, unfortunately, not followed up—at least as far as

Denmark was concerned—at the Svendborg (Denmark) exhibition, and
at the great international exhibition held at Paris in 1878.

There are many who doubt the usefulness of such exhibitions, saying

that the practical result is by no means commensurate to the efforts

made. It cannot be denied that there is a field for "huuibug" in all

exhibitions, and that there is a tendency to make a special show for the

occasion. But as exhibitions are the order of the day, and probably will

be for some time to come, people should not stay away because they are-

not in every resi^ect as perfect as they might be. The object should bo
to get the greatest possible good of them and endeavor to keep away
from them everythiug which savors of "humbug," and surely some good
will come of it ; new inventions will become wider known and goods of

sterling quality will find a larger market. Exhibitions, if properly man-
aged, can certainly be highly instructive. As an instance of this, the

Bergen exhibition of 18G5 may be mentioned, the beneficial effect of which

is felt to this day.

It is probable that the direct benefit derived from fishery exhibitions

will be greater than that of other exhibitions, as there will be less

chance for mere show. Although great progress has been made with
regard to fishing ai)paratus, there will always be a chance to make them
still more effective, so that they can be handled with greater ease, or be
manufactiu-ed of better and more durable material. In this connection

* Nogle BemserkniDger om Fiskerindstillinger og audre Fiskeriforliold. Abstract-

made by Herman Jacobson.
43
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we will onl}' point to the increased use of cotton for fishing ai)paratus

since 1865. And as regards the proper treatment, preservation, utiliza-

tion, and shipjiing of the i)rodncts of the sea, there is still a vast field

for improvement. Fishery exhibitions will finally prove very beneficial

to fishing legislation, as they will afford an opportunity to competent

and i^ractical men to meet and fully discuss this important subject.

There is still so much ignorance Avith regard to this last-mentioned mat-

ter, and there are so many different and widely divergent views, that it

is extremely desirable, both for the government and those specially in-

terested in the fisheries, to arrive at some well-established principles

which may form the basis of suitable legislation. There is, therefore,

ample reason to encourage and ujihold fishery exhibitions.

As far as Denmark is concerned (and perhaps other countries), it must

be said that fishery exhibitions will prove failures unless a strong and

direct appeal is made to fishermen and to fish-dealers, as well as to man-

ufacturers of fishing apparatus, to take an active part in such exhibitions.

Astonishment has sometimes been exi)ressed that our fishermen do not

take a gTeater interest in these exhibitions; but it should be borne in

mind that, with few exceptions, fishermen are very conservative, both

as regards apparatus and methods, and that it requires a special effort

to stir them wp. If this matter were seriously taken in hand by some

zealous and energetic men, we would see a great improvement in our

fisheries brought about by exhibitions. The better preservation of fish,

and the increased knowledge of the best markets for their goods, would

certainly be a practical benefit to the fishermen
;
gradually improved

apparatus, boats, &c., will be introduced, and make the fishermen more

and more independent. Until this result is brought about, the fishermen

should be assisted by the government, which unfortunately has hitherto

done too little in tliis respect. A knowledge of im^)roved methods and

apparatus should be spread, practical and theoretical instruction should

be given, and money should be liberally appropriated for furthering the

fishing interests. Since the fishery- exhibition at Svendborg in 1877,

and our fishery exhibit at Paris in 1878, were failures, owing chiefly to

lack of interest and the entirely inadequate sums api^ropriated for the

purj)ose by our government, a strong effort should be made to be well

represented at the international fishery exhibition to be held at Berlin

in May, 1880. As Germany will always be the chief market for our fish-

ing x)roducts, this should certainly not be neglected.

In conclusion, the following suggestions are submitted, in the hope

that at some fishery congress they may assume the form of definite res-

olutions :

1. The fishery exhibit at agricultural or industrial exhibitions is abol-

ished.

2. In its stead meetings of fishermen and all persons interested in the

fisheries are held annually in different parts of the country, where fish-

ing products, apparatus, &c., are exhibited.
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3. From time to time—say every three or live years—larger lishcry

expositions ;u'e bekl, at wliieli all those iiatioTis are represented wliicli

fish in the same waters as v>e.

The government shoukl of course give liberal aid to the fishing- inter-

ests, and a society should be formed for promoting the fisheries in all

their different branches.





V.-REPORT ON THE DEPARTMENT OF FISHERIES IN THE
WORLD'S EXPOSITION IN PHILADELPHIA, 187G.

By Joakim Andeussex, Juryman.*

THE FISHERY EXHIBITIOl!^ IN THILADELPHIA IN 187G.

COaiPRISED ACCORDING TO THE " GROUPING FOR THE JUDGES' WORK."

(Geofp Y.)

Fish and productions of fisheries, fishing implements, &c.

:

1. Aquatic mammals : seals, whales, &c. ; living specimens in aquaria ; speci-

mens stuflfed, salted, or preserved in other ways.

2. Fish, alive and preserved.

3. Fish in brine, and parts of fish used for food.

4. Crustacea, echinoderms, beche de mer.

5. Mollusks, oysters, clams, «S:c., used for food.

6. Shells, corals, and pearls.

7. Whalebone, shagreen, fish-glue, isinglass.

8. Fishing implements : nets, baskets, hooks, and other apparatus used for fishing.

9. Pisciculture : aquaria, hatching-pools, vessels for transporting roe and young

fish, and other apparatus used for hatching, raising, or preserving fish.

The judges, wliose number for the whole exposition was 250 (lialf of

that number being Americans) in the department of fisheries, were, in

the beginning

—

1. Professor Spencer F. Baird, director of one department of the gov-

ernment exhibit and Assistant Secretary of the Smithsonian Institu-

tition in Washington, chairman.

2. Mr. Seth Green, Superintendent of Fisheries of tlie State of New
York, from Rochester, N. Y.; and

3. The editor of this report.

Later, when Mr. Seth Green, partly on account of his health and
partly on account of his many other engagements, could not attend^ and
was therefore discharged at his own request, his place was filled by a

man of similar experience, Mr. T. B. Ferguson, Commissioner of Fisheries

for the State of Maryland. Both Professor Baird and Mr. Ferguson
were so overwhelmed with work and were so mucli occupied in various

ways that they had scarcely any time to attend to their jury work. In

consequence, Mr. B. BliUlips, secretary of the government exhibit, a

* Beretning om Fiskeriafdelingen ved Verdensudstillingen i Philadelphia i 1876, af

Joakim Anderssen, Jurymand. Aalesund, 1877. Translated by H. Jacobson.
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Mghly intelligent gentleman and well-known correspondent of one of

the great Xew York papers, was chosen to act for Professor Baird and
Mr. Fergnson, in conjunction with the editor, as permanent member of

the committee. It ought to be mentioned that, as in the beginning so

few objects were exhibited in the department of fisheries, three judges

Avere deemed sufiicieut for this group ; but as objects continued to come
in all the time, these judges had enough to do, so that this group could

not finish its work until the very last moment, Jidy 30. It must like-

wise be mentioned that at the Philadelphia Exj^osition the verdict of

the judges was not final, but that it had to be submitted to the criticism

of the Centennial Commission and had to be approved by them ; the

verdict thereby became more impartial and dignified.

EXHIBITORS AXD OBJECTS EXHIBITED.

A.—XORWAY.
Xorway, which, both with regard to its products and imidements, was

best represented (excepting of course the United States, whose exhibit

was very full), numbered thirty-two exhibitors, who are mentioned be-

low, together with the objects exhibited by them.

1. Commercial Union of Aaleswul.—An almost complete collection of

all the fishing implements used in Xorway, as well as models of fishing-

boats.

2. Carl E. Bonneberg & Sons, of AaJesund.—Dried codfish, dried and

pressed codfish in tin cans.

3. Laurids Madson, of Aalesnnd.—Sides of codfish, prepared in the

Scotch manner.

4. H. A. Selgesen, of Aalesnnd.—Preserved fish-cakes, fresh salmon in

tin cans (lobsters were promised but were not sent).

5. Patent Twine Mamtfactory [Kraasbye Brothers, of Aalesimd).—Fish-

ing-lines of silk, flax, and hemp.

G. The Bergen Museum.—Large and instructive collection of fish in

spirits of wine, stufted fish, models of vessels and boats, lodging and ice

houses.

7. The Bergen Commercial Union.—A complete collection of fish dried

and salted, salt herring and roe, and several kinds of fish-oil.

8. The Bergen Smohing EstaUishment.—Smoked herrings, four different

sizes (great herrings, merchants' herrings, middle herrings, Christiania

herrings).

9. Fagerheini's net factory {Gottlich Thomson, Bergen).—Salmon and

herring nets, mackerel and codfish nets, made of hemp and cotton.

10. Peter Mohn, Bergen.—Salt fat herrings in tin cans.

11. Peter Egidens, Bergen.—Fine herrings and anchovies.

12. Thomas Eriehsen, Bergen.—Different kinds of fishing-hooks.

13. S. Bons, Christiania {Christiania Preserving Comimny.)—Small

smoked herrings in oil, and fish-cakes in hermetically sealed tin cans.
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14. Christiama sail factory.—Nets and lines made of hemp.

15. Hadeland glass manufactory.—Glass floats and glass balls for nets

and lines.

16. Falclc-Ytter, Christiania.—Fishing-sleighs.

17. W. Nordrock.) Christiania.—Anchovies.

18. Mrs. Gina Smith, Christiania.—Anchovies.

19. Mrs. Eina Tellefsen, Christiania.—Anchovies.

20. Zeorg Lund, Christiania.—Anchovies.

21. C. C. Just, Christiania.—Anchovies.

22. Christian Johnsen, Christianssund.—Dried codfish.

23. Jens 0. Dahl, Savo.—Codfish and herring nets, codfish-lines.

24. Borderich & Co., Lyngvcer.—Fish-floiir (codfish chopped fine), white

caviar (made of codfish roe), isinglass.

25. Iforicegian Preserving Company, Manddl.—Fresh preserved floun-

ders, mackerel, and anchovies.

26. C. A. Thome, Moss.—Anchovies in oil, fresh lobster and salmon

in hermetically sealed cans.

27. Stavanger Preserving Company.—Preserved fish-cakes m wine and
other sauces, fresh lobster in hermetically sealed cans.

28. C. Stormer, Svolvcer.—White caviar.

29. Svend Fohn, Tonsherg.—Four different kinds of spermaceti.

30. Anton Rosing^s Widow.—Cakes of fish -flour.

31. L. B. Soyland, FMJceJiord.—Preserved skate.

32. F, Ejorth, Frederilcsiad.—Anchovies.

(The articles which were to be sent from the Bergen Glass Manufactory

did not arrive.)

Of these exhibitors the first thirty, whose articles were found to be in

excellent condition, were recommended for awards, and the Centennial

Commission also adopted this recommendation. The two last mentioned

exhibitors, however, received no award, because the articles exhibited by
them were spoiled, probably because the cans had not been properly

sealed.

B.

—

Sweden

had the following exhibitors

:

1. The Royal Swedish Commission, H. Widegren, superintendent of fish-

eries, StocJiholm.—A complete collection of fresh-water fishing imple-

ments, also nets, lines, &c., used by Swedish fishermen on the banks in the

North Sea and the Kattegat, models of bank-fishing vessels and boats,

especially of a boat for transporting live fish, salt GottJand and Blekinge

herrings, eel, and codfish, dried codfish, and anchovies (pickled spratt),

and finally a collection of fish from the Swedish lakes and coasts in glass

jars filled with spirits of wine.

2. Gustav Andersson, TjellbacTia.—Skinned and boned herrings, ancho-

vies and sardines in hermetically sealed tm cans.

3. H. C. Bergstrdm, LyseJcil.—Anchovies and herrings in hermeticaDy

sealed tin cans.

4 P
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4. N. 0. Urielson, Lyseldl.—Aucliovies and herrings in hermetically

sealed tin cans.

5. J. J. Rallgren, GuUliolmen.—Anchovies and fine skinned and boned

herrings.

6. August Lysell, Lysekih—Anchovies and fine skinned and boned

herrings.

7. Edioard i^lJson, Grehhestad.—Smoked mackerel in oil in hermetically

sealed tin cans.

8. ]\\ Wikstrom, Stocl'holm.—Preserved salmon.

All the first mentioned seven exhibitors weie recommended for awards

;

the salmon exhibited by IST. Wikstrom, although good, was found wanting

in freshness of flavor.

(C. M. Amundson, Udevalla, and Leidesdorfs manufactory of fishing

implements, Stockholm, had announced several objects for exhibition,

which, however, were not sent.)

C.

—

France

had of course the largest, finest, and best arranged exhibit of all kinds

of sardines, sardels, and anchovies hermetically put up in oil. The ex-

hibitors were principally from Nantes, L'Orient, Paris, Bordeaux, and
Belle Isle, and most of them were recommended for awards.

I) AND E.—SrAIN AND PORTUGrAL

exhibited common sardels and other food-fish boiled in oil, and besides

a large number of preserved cuttlefish and moUusks boiled in oil with

tomatoes, truffles, &c., and finally dry-salted and hard-pressed sardines

in small wooden boxes, for poor people and therefore comparatively

cheap. The Spanish exhibits came from Corunna, Bermeo, Pontovidero

(Galicia), Loredo, Yelva-Grove, Kevera, and Barcelona; and the Portu-

guese exhibits from Lisbon, St. Ybes, Oporto, Faro Alga, and Cambra
Balbura.

F.—Italy

had likewise exhibited several kinds of sardines in oil, anchovies, and
pickled eel from Leghorn, Genoa, and Bologna.

G.—EussiA.

Preserved whitefish and carp from St. Petersburg and Astrachan
sturgeon-caviar, isinglass, and seal-oil.

H.

—

Turkey's

only exhibit consisted of a kind of caviar of whole fish-roe, in the form

of sausages, called " botargo," having a most delicious flavor.

I.

—

Austria.

Preserved skinned, strongly salted, and pressed small herrings (a kin(i

of sardels) in oil.
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J.

—

The Netherlands

had a fiue exhibit of excelleut herring-nets, floating nets, codfish-hues,

trawl-nets, a model of a large herring-seine, models of fishing-vessels,

and boats, both ancient and modern, from A. G. Maas in Scheveningen

;

pickled heiTing from M. I. Snries & Co. in Rotterdam ; smoked salmon
from T. E. Novenhaj's in Amsterdam, and models of cotton nets from
Amtzenius, Jamuek & Co. in Goor.

K.

—

Great Britain.

Pilchards in oil, fresh preserved salmon, from C. Freyer and Crosse &
Blackwell, London ; fresh-water fishing implements from W. & J. Ryder,
Birmingham ; and fish-hooks from Joseph Buchanan, Glasgow.

L.

—

Germany.

Samples of nets made of cotton, flax, and hemp from ^' Mechanische
Netzfabrik nnd Weberei-Actien Gesellschaft," Itzehoe, Holstein, and
Igler, Bohemia.

M.—Chili

had a comparatively large exhibit of different kinds of preserved fish

and mollusks (12 kinds), prepared algae and sea-grass, in oil, in the

Spanish-Portuguese way.
N^.—Japan.

Models of fishing implements, fine nets of silk and flax, fish-poles with
the line running inside the pole, lobster and eel traps, different kinds of

fish baskets and boxes for keeping live fish, strongly salted and smoked
salmon with head and tail, sewed in coarse cloth, dried sea-weed (sea-

weed-tengusa), of Tvhich an insipid but cooling dish is prepared by mix-

ing a large quantity of sugar with it, isinglass, and prepared fish-skin

(shagreen).

O.

—

China.

Models of fishing implements, isinglass, dried crustaceans and fins.

P.—Brazil.

Isinglass, preserved fish, turtle-oil, and butter.

Q.

—

Argentine Republic.

Fish-baskets of straw and fishing-lines.

R.

—

Liberia.

Nets made of the fiber of trees (ramee).

• S.—Cape of Good Hope.

Fresh crayfish preserved in tin cans. - •
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T.

—

Victoria.

Shell-fisli, crabs, and stuffed fisb.

U.

—

Tasmania.

Stuffed fish (salmon and trout), and different kinds of shell-fisli.

V.

—

Bermuda.

Corals, sliell-fish, beautiful live salt-water fish in aquaria.

X.

—

Canada

had exhibited a large quantity of preserved fish and other marine ani-

mals, chiefly lobster, mackerel, and salmon (Canadian Meat and Produce

Company, Eichibucto), besides salt salmon, trout, and herring (also

smoked), dried codfish, x)ollock (Halifax, Xova Scotia), fishing imple-

ments, especially for fresh-water fishing, and winches for hauling in long

lines.

Y.

—

The United States

had, as was to be expected, the largest and most complete collection of

all kinds of fish and fishing implements, boats, models of boats and
vessels, &c., and everything loertaining to the fisheries and fish trade,

all under one and the same roof, in the United States Government's

building, in which there were catalogued sj)ecimens of all the products

of the United States—grain, fruit, minerals, coal, land and marine ani-

mals, industrial products, both ancient and modern, war materials, &c.

It would lead us too far to enumerate everything pertaining to fish and

fisheries, and in fact does not come within the scope of this pamphlet,

while we shall make brief mention of those exhibits which the indi-

vidual States had made in their respective " State buildings" or in the

main buildings.
1.

—

Massachusetts.

The Commission of Fisheries of this State had exhibited a complete

and beautiful collection of boats and vessels, especially mackerel-

schooners, fishing-boats, &c. The city of Gloucester, at present the

largest and most imi)ortant fishing station in America, had exhibited a

comjilete and very instructive collection of everything belonging to

bank-fishing, as well as models of ancient and modern boats and vessels

floating on a pond specially arranged for this purpose, on which seine-

fishing was illustrated by models, and on whose banks there were models

of different establishments for receiving and preparing fish. Among the

apparatus peculiar to America we must mention the so-called " bait-

mills," by which suitable pieces of bait are cut very rapidly from the

raw material, salt herring, swordfish, cuttlefish, &c., and likewise the

" ice-crashers" and other imj)lements for breaking the ice, used for keep-

ing fresh fish, in small pieces. W. K. Lewes «& Brothers and W. Under-

i



A?^ERSSEN, FISHERY EXHIBITION, PHILADELPHIA, 1876. 53

wood & Co., Boston, had a separate exhibit of salmon, lobster, codfish,

mackerel, and shell-fish, preserved fresh ; and the Gloucester Ising'lass

Company and Norwood & Son, Ii^swich, had an exliibit of isinglass.

2.—A[aine.

Extract of fish (juices) resembling Liebig's extract of meat, suitable

for noui'ishing soui)s, put up hermetically in tin cans, a new invention by
J. G. Goodale, Saco ; mackerel and lobster put up fresh by J. Winslow
Jones, Portland; oysters put up fresh by the Annapolis Packing Com-

l>any ;
preserved lobsters and large mackerel by the Portland Packing

Company; preserved oysters and clams by Buuham & MorreU, Portland;

fishingi^oles by Charles E. Wheeler, Farmington.

3 .

—

PennsyIvania.

A large selection of fishing-poles of split bamboo, and other fresh-water

fishing implements, from Fox, Shipley, and John Krider, Philadelphia.

4.

—

Xew Yorl\

Preserved salmon, mackerel, oysters, clams, and isinglass, from Kemp,
Day & Co., New York ; whalebone, salt eel and salmon, anchovies, sar-

dines, and caviar, from Max Ams, New York; live salt-water and fresh-

water fish and green turtles, in aquaria, from Eugene Blackford, New
York.

5.

—

Maryland.

Models of oyster vessels and boats ; oyster scrapers and tongs, with

the winches belonging to them, used in the Chesapeake Bay; samples

of oysters from different depths; model of the hatching-house and ap-

paratus in Druid Hill Park, Baltimore; model of a floating fishing-bat-

tery near Baltimore ; fish in spirits of wine ; large quantities of preserved

oysters (Murray & Co., Baltimore.)

C).—OMo.

Stuff'ed fresh-water fish (Cuvier Club, Lake Erie).

7.

—

Chicago.

Isinglass made of sturgeon.

8.

—

California.

Fresh salmon, put up in cans, from Columbia Eiver.

9.

—

Oregon.

Fresh salmon put up in tin cans, and salt salmon in o«ie-half and one-

quarter barrels, from the Oregon Packing Company.
Being on the jury, I had, of course, an opportunity to see and examiae.
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all the above-mentioned exhibits, and all my observations led me to tlie

decided conclusion tliat America stands very bigb as regards its salt-

water and fresh-water fisheries ; as high as in many other branches of

industry. This will become clearer from the following description of

—

11.

THE FISHEEIES OF Is^ORTH AMEEICA.

Besides the observations made by me at the exhibition, I had another

opportunity of gaining further knowledge of this subject by a journey

to New York, Long Island, Boston, and Gloucester, which I made in

company with Mr. F. Wallem.

I shall first speak of the fish marlcets. Of these, the Fulton Market,

in New York, is the largest and best arranged. It consists of a series of

large connected buildings, situated partly along the East Elver and
partly along some of the streets of New York, and contains convenient

places for wholesale and retail fish-dealers, for offices, and packing ; also

a library and reading-room, as well as kitchen and restaurants. At the

exhibition, and later in his establishment in Fulton Market, I made the

acquaintance of one of the great fish-princes, Mr. Eugene Blackford,

whose magnificent and well-arranged establishment contains numberless

live fish, and fresh fish on ice of every kind, and, as a specialty, soft

crabs, which in New York are considered a delicacy diuiug the period

when they change their shell, and are therefore eaten in enormous

quantities, shell and all, both boiled and broiled, lobsters and green

turtles, which are brought weekly from the West Indies, and are from

New York sent to other cities, and frogs. I suppose that Mr. Black-

ford is the only one of these fish-dealers who himself supplies his market

with live and fresh fish. For this purpose he keeps a little steamer, fur-

nished with a purse-seine, which twice a week makes trips between the

mainland and Long Island, and generally returns with a considerable

quantity of fish. Nearly all the fish-dealers have their own fishing-

schooners, or have at least an interest in one. Whenever there is no

sale for fresh fish, or the prices are very low, the fish are placed in large

and well-arranged ice-cellars, where they freeze, and are kept till they

can be sold to greater advantage. Although the sales were quite good

at the time I visited New York, I nevertheless found in Mr. Blackford's

ice-cellar a large quantity of frozen fish, especiallj" large salmon, which

had fallen a few cents in price. Whilst in the street the temperature

was lOS*^ Fahrenheit, it was 40° in the cellar, which made it necessary

to put on warm woolen clothing before descending into it.

This large fish-market supplies Philadelphia and many other cities

with fresh fish or fish on ice nearly all the year round. The kinds of

fish which are most common are: Codfish, flounders, mackerel, salmon,

brook-trout {SalmofontinaUs), bass {Perca atraria, Lahrax Uneatus), blue-

fish [Scomber saltator), shad {Alosa or Clnpca sapidissima), turbot,pompano
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{Trachynotus). The prices of fresh fish in a market as large as this one,

of course, vary considerably. The following are the average prices:

Codfish, 5 to G cents; flounders, 8 cents; common mackerel {Scomber

scomhrus), 8 to 10 cents ; Spanish maekerel
(
Cyhium maculatum and regale,

Scomber macnlatus and rcfjalis), which is esteemed as highly as salmon,

25 to 30 cents per j)onnd. The value of all the fish annually sold in Ful-

ton Market is about $2,000,000. Of these, Mr. Blackford sells about one-

tenth, or $200,000 worth.

In Boston the fish-trade is carried on in a little different manner from

New York. Besides a large common market, where all kinds of fresh,

salt, and smoked fish are sold, there are special markets for fresh fish,

where the fish are received from the fishing-schooners and placed on ice,

and where the vessels that are going out are furnished with bait and
ice. It must be mentioned here that all the fishing-schooners which
are sent out from Boston and supply the Boston markets with fish are

always furnished with a considerable quantity of ice for keeping the fish

fresh. These vessels usually make one trij^ every two weeks, and gen-

erally return to Boston with a full cargo of fish. Their fishing imple-

ments consist of lines, with which they chiefly catch codfish and floun-

ders, but also small swordfish, which are quite common on the coast be-

tween Cape Cod and Cape Ann, where the Boston fishermen have their

station. The jirices of fish in Boston are generally a little lower tlian in

New York.

In Gloucester, the most important fishing-station in America, which
possesses more than 500 well-furnished and beautiful fishing-schooners,

there is no fish market like in New York and Boston, but a large number
of very considerable fish-establishments, which supply a great portion

of the United States and Canada with fresh fish, and more especially

with salt herring, mackerel, dried codfish, and smoked hahbut. As the

fish-trade of Gloucester is very extensive, a more detailed description

will not be out of place.

Gloucester, situated on Cape Ann, in the State of Massachusetts, a

few miles from Boston, was founded by Eiiglishmen about two hundred
years ago, and, after many ups and downs, it has, from an inconsider-

able fishing-village, by energy and pluck, risen to be an important city,

with a population of about 17,000, who live almost exclusively by the

fisheries, which, as I mentioned before, emijloy about 500 schooners with

an aggregate tonnage of 30,000, besides a large number of boats engaged
in coast-fishing. The result of these fisheries for a single year (1875) are,

according to a voliune published in 187G entitled "The Fislieries of

Gloucester," as foUows

:

Value.

Bank (Newfoundland).cod 177, 473 quintals $998, 628

George's cod 185, 758 quintals 1, 021, 669

George's hahbut 2, 402, 304 pounds 172, 365

Bank halibut ... 7, 248, 423 pounds 507, 389
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"Hake"(lyr)* 4, 257 quintals . 12,774

Cusk {Brosmius vulgaris) 2, 349 quintals 7, 047

Pollock 9, 417 quintals 32, 964

Herrings 38, 292 barrels 153,168

Coast fisheries by 'Hhe dory fishermen":

Fresh fish 89,738

Prepared fish 185, 697

Fish-oil . 8, 945

Mackerel 18, 172 barrels J^o. 1 327, 112

Mackerel. 7, 065 barrels Ko. 2 . . .

.

184,780

Mackerel 21, 763 barrels No. 3 ...

.

174, 104

Mackerel 4. 039 barrels ^^o. 4 . . .

.

24, 205

Total $3, 900, 586

Furthermore

:

Pickled fish :

31,750 herrings, valued at $13, 494

163 barrels cod, 40;^ barrels swordfish 1, 097

410f barrels trout, and 76| barrels fins ...... 4, 042

21^ barrels salmon, 250 barrels tongues, &c.

.

2, 282

Clams, &c 10, 000

All other fish 8, 000

Qil, not mentioned above 100, 000
138, 915

Grand total $4, 039, 500

These figures will show the prices of the commonest American fish-

ing products. It will be noticed that roe is not mentioned, as but few

roe-fish are caught, and as nearly all the roe is used for bait.

Next in importance to the Gloucester fisheries are those of New York
and Boston, then those of Portland, Me., Baltimore, California, and Ore-

gon. The coast fisheries carried on along the whole coast of the United

States, especially of menhaden, shad, porgy, bluefish, lobsters, oysters,

and clams, yield considerable sums of money every year. The value of

the salt-water fisheries of the United States has never been accurately

calculated, but I think that it amounts to about $20,000,000. With re-

gard to the value of the fresh-water fisheries of the United States, the

uncertainty is still greater j but it is certain that even now it is very

considerable, and hopes are entertained that in future it will be still

greater, owing to the energetic measures which are being taken to fur-

ther and to encourage these fi.sheries. These hopes are well founded, to

judge at least from the happy results which so far have been obtained

by pisciculture. Whilst lobsters of unusual size are caught in great num-
bers on the coasts of Maine, Massachusetts, and New York, the largest

* "Lyr" is the Danish for pollack (Gadus pollachius) ; but the "hake" of our East

coast are species of Phycis.—T. H. B.
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muiiber of oysters is caught in IMarylaud (Chesapeake Bay) and Dehi-

ware (Cape May and tlie Dekiware Bay). Tlio salt-water fisheries are

most highly developed in Massachusetts, whilst tlie most important fresh-

water fisheries are in New York and Maryland, where the most excel-

lent measures have been adopted for increasing and d<'veloping the fish-

eries. In the following I shall give a brief description of these fisher

ies, chiefly from the official reports of the State superintendent of fisheries

for the State of New York, Mr. Seth Green, and tlie commissioner of

fislieries for the State of Maryland, Mr. Ferguson, but partly also from

my own personal observations.

Every State which takes an interest in the fresh-water fisheries has

its own fish-commission and a superintendent of fisheries responsible to

this commission. The State makes an apiiroiiriation so as to enable

him to carry on his work, which consists in increasing the number of

fish by every possible artificial and natural means, and in encouraging

and furthering pisciculture. At the head of the fisheries stands a United
States Commissioner of Fisheries, at present Prof. Spencer F. Baird,

of the Smithsonian Institution at Washington, a naturalist of great

fame.

The magnificent and costly hatching-houses and fish-ways which have
been established in the States of Maryland and New York show the in-

genuity, the i)ractical manner, and the extent to which pisciculture is

carried on in these States. The results obtained by these establish-

ments are truly astonishing, as millions of fish of every kind are called

into existence, filling the large rivers and lakes. It is especially those

kinds of fish which are considered the best food-fish, e.
f/.,

salmon, trout,

and shad, that form the princii)al objects of pisciculture, but other fish,

if they are of any value at all, are not neglected. The populous cities

of America are therefore as a general rule well supplied with fresh fish,

which form an important article of food. American pisciculture, which
includes a system of protection with carefully framed regulations for

protecting the young fish, has attracted great attention especially in

G-ermany, where of late years hatching-houses on the American plan

have been established under the superintendence of a gentleman from
New York. The result of these experiments is not known to me. I can-

not say with absolute certainty how many millions of fish are annually

hatched and placed in the many lakes and rivers of America, but their

number must be very considerable.

Of the hatching-houses those invented by Mr. Seth Green, of lioches-

t-er, N. Y., and by Mr. T. B. Ferguson, of Maryland, deserve the great-

est attention, constituting the New York State hatching-house in Cale-

donia, N. Y., the Druid Hill hatching-house in Maryland, and the fish-

ways near the Great Falls of the Potomac. Eecently so-called " ponds"
for keeping live fish and for protecting young fish have been established

in the Detroit River. These "^ ponds" are sheets ofwater hedged in with

poles joined by boards in such a manner that the water can circulate
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freely, and that the young fish can easily slip through the openings.

At one end of these jjonds there is a movable gate fastened at the

bottom to a mud-sill and protruding obliquely about one foot over the

surface of the water. Whenever a haul is made near the " pond," the

net with the fish is pulled through the gate by i)ushing the gate down
with a pole ; and the fish are emi^tied into the pond without being

touched by human hands, and without leaving the water, so that the

fish with the young reach the pond in an entirely fresh condition. An-
other arrangement, partly for making net-fishing easier and partly for

keeping the young fish, is found near Havre de Grace (not far from Bal-

timore), and consists of floats or " batteries'' with movable aprons ®n

three sides, on which the net is hauled in such a manner that the fish

and their young go direct from the net into a fish-pond in the float, from

which the young fish can through small openings pass easily into the

open water. These "fish-batteries'' are only used in shallow water

and in places where net-fishing could not well be carried on without

some similar arrangements, and are moved from one place to the other

wherever it is thought that there will be good fishing. The idea of the

three movable aj^rons, which touch the bottom when the float lies still

and can be raised np by means of chains whenever the float is to be

moved, is this, that the influence of the current may be avoided by haul-

ing the net in on that side where the current will not interfere with it.

On the float are long poles, which are stuck into the bottom when the

float is to lie still, and are raised when it is to move again. The aprons

are then raised so high above the water that their corners can rest on

frames and thus be held np until the next anchoring jjlace is reached.

There are also on these floats winches worked by horses for hauling in

the nets, and dwelling-houses and sheds for keeping and preparing the

fish. These floats are generally manned by GO to 70 fishermen. The
fourth side, which has no apron, is used for taking the fish on shore.

Such an arrangement modified accortling to local demands would prove

very useful in our countr}" wherever nets cannot be hauled on shore in

the usual manner.

It is impossible for me to give in this place a detailed description of

the hatching-houses and fish-ways ; all the more so as it would require

drawings to make it perfectly cleai'. I therefore refer the reader to the

above-mentioned Reports for 1875 and 1876, published by Mr. Seth Green

and Mr. Ferguson, which contain plates. These Eeports may be obtained

hj addressing Prof. Silencer F. Baird, Smithsonian Institution, Wash-
ington.

Great exertions have been made of late years to stock the American
rivers and lakes with foreign and domestic fish by transporting live fish

and impregnated fish-eggs by railroad from California, and from Europe

by steamers, in boxes specially constructed for the purpose. These en-

cleavors have partly succeeded beyond all expectation, so that at pres-

ent eastern waters contain not only the highly-prized California salmon
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{Sahno quinnat), but also trout and carp from Germany, and these fish

seem to be in as flourishing a condition as in their proper home. A
number of practical laws, partly local and partly applying to the whole

country, have been made for the better protection and encouragement of

the fisheries.

i^To less than to the development of the river and other fresh-water

fisheries, have the Americans given their attention to the improvement

of vessels, boats, and implements used in coast and ocean fishing, and a

closer examination of this subject shows the high rank to which the

American salt-water fisheries have attained.

The well-known American fishing-schooners, especially the Gloucester

mackerel-schooners, are as beautifully constructed and as comfortably

arranged and fitted up as a pleasure-yacht, and cost from $6,000 to

$10,000 and $12,000, fully equipped, including fishing implements and

boats. These schooners, which sail very well, have a tonnage of 60 to

130, and a crew of 9 to 11, according to the size of the vessel and the

character of the fishing in which it is to be used. The schooners used

for bank-fishing either near Newfoundland (Grand Bank) or George's

Bank, are only furnished with long lines like the Swedish and Norwegian

bank-fishing vessels, but instead of the large and heavy boats used by

the latter, they have small flat-bottomed boats, so-called " dories", which

are considered unusually good and safe, and are handled a great deal

easier. Every bank-schooner has about 6 to 8 of these, arranged accord-

ing to their size, three to four on each side of the deck. Whilst fishing is

going on there are generallj- only two men in every dory, and single lines

with a few^ hundred hooks are used, not as in Sweden and Norway a long

row of lines tied together, with as many as 2,000 hooks, which latter

arrangement, of course, involves a much greater risk in stormy weather.

Nor do the Americans use the glass floats so common with the Swedish

and Norwegian fishermen, probably because the lines can be handled a

great deal easier without such floats, and are also more independent of

the various currents. The nature of the bottom near the American

coast is probably also more favorable for keeping the bait in place. The

Norwegian half-moon-shaped weight for sinking the lines is not known
in America, where a weight shaped like a plummet or a cylinder with a

thick brass wire stuck through it is used. The large hooks or prongs

used in Norway, by which the fish is frequently torn to pieces without

being caught, are known from olden times, but have long since been

abolished as unpractical and barbarous. The mackerel and herring

schooners which are engaged in fishing either along the coast or in the

Bay of Fundy during summer, or on the coasts of Newfoundland and
Labrador chiefly during autumn, and in the Gulf of St. Lawrence dur-

ing winter, are now all furnished, not with lines, but with the so-called

^' purse-seine", a new invention which of late years has become the favor-

ite American fishing implement in all waters excej^t on the banks, where

wind and current forbid its use.
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The idea of catcliiug lisli with seines in the opeu sea has been enter-

tained long since, bnt as far as I know it has only been carried out in

America by the introduction of the purse-seine, with which large num-

bers of mackerel, herring, shad, menhaden, and other coast fish are

caught. Whenever a school of fish makes its appearance it is quickly

suiTounded by the seine, by one boat rowing in a circle whilst a dory

lies still with the one purse-string and the one pulling-string (!), until

the whole net is out in the water, whereupon all four strings are brought

together on the boat, on whose railing there is a stationary arrangement

for drawing the net together, which, when closed, forms a complete sack

or purse, from which it derives its name, and which holds the fish, often

amounting to several hundred barrels for a single haul. By means of

large hooks the fish are then hauled up into the vessel, which lies ready

to receive them. The length of these seines is from 150 to 220 fathoms,

their depth in the middle from 15 to 30 fathoms, but at the ends only

from 6 to 10 fathoms. The size of the meshes varies. The central por-

tion forming the purse contains the smallest meshes (about 2^ inches

between the knots), made of the strongest cord; then follows on each

side of the centre a portion with larger meshes and thinner cord, and

still larger meshes and thinner cord at both ends, all calculated to make

the handling of the seine as easy as possible. Such a seine (about 200

fathoms long and 25 to 30 fathoms deep), fully equipped with good cork

floats (about 700) and nut-shaped weights weighing about seven-eighths

of a pound each fastened at short intervals along the bottom rope, with

the exception of the centre piece, which generally is without weights,

so it can quickly be pulled together, and with either galvanized lead or

brass rings (weighing 2 to 3 pounds) through which the two pulUng-

ropes pass from end to end, costs from $800 to |900. Only the best cot-

ton thread or the finest hemp cord is used for these seines. The boats,

which are well built and constructed in the most practical manner, cost

about $300 apiece. Instead of bark or catechu, tar is used for fixing

up seines which have been in use for some time. After having been

put in boiling tar, they pass between rollers to make them pliable and

to squeeze out the superfluous tar.

Many difidculties had to be overcome l^efore the idea of the purse-seine

was carried out practically; but all these difficulties were conquered by

American energy and perseverance. These difiiculties consisted chiefly

in making the seine as light as possible and having the purse of a suit-

able size and shape in proportion to the seine itself, and in the method

of drawing the net together. At first the following method was followed

:

Before the seine was set a large and heavy leaden weight, with two

blocks of iron, was, by means of ropes, lowered to the bottom in the

place where the seine was to be set; then the seine was gradually rowed

out into the water, pulled together at the bottom, and finally hauled up

into the boat. All this process consumed considerable time and labor,

and during the pulling together at the bottom many fish were lost, whilst
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now the process is quick and safe. The greatest drawback was this,

that the seine must reach the bottom, and wherever the water was too

deep for doing this it could not be used. The sack-nets, used with us

for catching pollock, or the net invented by Mr. Kildal, in Nordland, for

catching codfish, are only incomjflete realizations of the above-mentioned

idea, and cannot compete in practical usefulness with the purse-seine,

whose use is not confined to certain localities, as the sack-net, nor to

certain portions of the bottom, like Kildal's net, but which can be used

everywhere unless hindered by strong waves or currents. Purse-seines

would prove extremely useful in our country, where schools of herring

often keep in the middle of the fiords, where they cannot be reached by
common nets, or in any other way except occasionally by a floating net.

Convinced of the incalculable profit which would accrue to our country

from a more general use of the purse-seine, I have everywhere recom-

mended its introduction ; and my efforts in this direction seem to be re-

warded, as Fagerheim's mechanical net factory near Bergen has given

serious attention to the matter, and has already received several orders

for purse-seines. But besides carefully manufactured seines on the

American plan, and light boats, some practice will be necessary before

the introduction of the purse-seines will yield full results. After having

in Boston procured models of purse-seines and boats, which are to serve

as guides to our manufacturers, I still desire that some American purse-

seine fishermen could be engaged to instruct our fishermen in the use of

these seines, so that our experiments might not prove failures, but lead

to a speedy adoption of these seines. I may say here that negotiations

have been opened with an American fisherman, which, so far, however,

have not led to any definite results.

I have been somewhat lengthy in my description of the purse-seine,

bat the great importance of having it introduced with us will serve as

an excuse. It seems strange that this seine, which has been in use in

America for almost twenty years, and which in fact has become the prin-

cipal American fishing implement, has not yet been introduced in the

Scandinavian countries, from which so many good sailors have emigrated

to America, and have there become experienced fishermen ; but, as far as

I can ascertain, it is a fact that this seine has not been introduced in a

single European country, and is only known by name.

In bays and along the coasts the Americans very frequently use an-

other somewhat expensive fishing implement, which is unknown with us,

the so-called "pound-net," a sort of self-acting trap, something like our

self-acting salmon-traps, only considerably larger, with which all kinds

of fish are caught. As this net seems peculiarly adapted to the Ameri-

can coasts, with their great wealth of fish, and on account of its high

price (about $400) does not seem suited to our circumstances, I will not

give any farther description of this very ingenious contrivance.

The well-known trawl-net and floating net of the Dutch, French, and

English is, as far as I could ascertain, not used in America, where the
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purse-seine fully supplies its place. For the smaller fisheries in bays
and mouths of rivers our common nets are likewise used, only with this

difference, that the floats are not fastened to the net itself, but swim en
the surface of the water, fastened at short intervals to the strings con-

nected with the net. Common casting-nets are also used, and purse-

seines are sometimes used in this way simply by taking the puUing-

ropes off.

An implement peculiar to the American bank-fisheries are the so-called

''nippers," rings made of cotton yarn, used instead of gloves when
handling the ropes. A furrow or groove runs all along the outside of

these rings, and the ropes, whilst being hauled in, rest in this groove.

A bank-schooner generally makes three to four trips every summer,
and, if the market is good, often realizes from $10,000 to $12,000 a

season. The codfish and halibut, which are prepared and salted on
board, are divided in about the same manner as in the Swedish and
Norwegian bank-fisheries: the owner of the schooner, who furnishes

the lines and other implements, receiving one-half and the crew the

other half of the net yield. The result of the mackerel and herring-

fisheries varies more than that of the bank-fisheries. The average sum
realized by mackerel-schooners is $8,000, and by herring-schooners

85,000 to $6,000, which is divided in the same manner as the result of the

bank-fisheries. The small schooners which carry on hue-fishing along

the coast, and sell their fish fresh on ice, realize, on an average, $4,000

to $5,000 annually, which sum is distributed in different ways, but gen-

crallj^, as with our small cod-fisheries, in such a manner that the owner
receives one-fourth and the crew the remaining three-fourths of the net

income (the owner's risk being, of course, considerably smaller).

As the continent of North America, comprising the United States (now
including California and Oregon), extending from the Atlantic to the

Pacific, and the Dominion of Canada, consumes nearly all the fish which
are caught by American fishermen, the fish are only prepared with a

view to rapid consumption. They are therefore nearly all shij^ped fresh

on ice, or sprinkled with salt and then dried or smoked a little. Codfish

does not, therefore, undergo the long drying process as with us, and in

Iceland, Kova Scotia, and Newfoundland, which supply distant markets,

f. g., Spain, Portugal, Italy, the West Indies, and Brazil, where only

well-dried fish can be sent. When the fish have been taken out of the

brine, either just as they are taken from the schooners or from large bar-

rels where they have been kept in brine, they are dried on poles stretched

a few feet from the ground, for three days, without being turned and
pressed, are packed in large boxes and shipped inland by railroad, sell-

ing at from 5 to 6 cents per pound. Fish i^repared in this manner wiU of

course not shrink much, and weigh heavy. Some kinds of fish, as for in-

stance the cod and pollock, after having been dried in the above-men-

tioned manner, are skinned, boned, and cut in narrow strips, put up in

small boxes weighing from 35 to 50 pounds each, and sent farther iu-
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laud by railroad, selliug at from G to 8 cents per pound. Mackcrol and
also to some extent herrings are not treated in quite so summary a man-

ner. They arc prepared very much in the same way as with us, by being-

split and salted down in barrels which arc made by machinery and do

not look very solid. In order to keep better, the largest and fattest,

mackerel and herring which from August to November are caught ou

the coast of Labrador are cut open and their entrails are taken out.

The common herrings, resembling our spring herrings, which during the

spring and summer months are caught on the coasts of America and
Newfoundland, undergo a peculiar process by being salted in the holds

of the schooners, from which at the end of the trip they are taken to the

warehouses, where they are transferred to barrels and shipped inland at

a price of $3 per barrel. Such herrings are of course of an inferior

quality, and they cannot be used as with us, but must be soaked in fresh

water (or milk) and then either boiled or smoked. During the year

1876 several cargoes of salt herring of different size and quality

were shipped from America to Sweden. The herring-fi.sheries on the

coasts of Labrador and Newfoundland might be developed much more
than they are at present. But so far the herring has not been much
esteemed in America, and the herring-fisheries have consequently 1)eeu

somewhat neglected.

That the shipping of herring from Norway to Montreal and Chicago

has paid, must be in part ascribed to the desire of the Scandinavian

emigrants to have this genuine Norwegian article of food, and in part

to the difference of quality between the Norwegian and American her-

ring, the former having a more delicate flavor than the larger Labrador
herring.

The Americans also make use of their fisheries in numy ways un-

known to us. The finer portions of the halibut, of which large numbers
are caught on the banks and near the coast of Greenland, are prepared

and smoked like salmon and sold at a comparatively cheap price (8 to

12 cents per pound), whilst a number of other fish, e. g.^ the menhaden
{Brevoortia), and a sardel-like fish are used for making oil and guano.

(The Pacific Guano Company uses enormous quantities of fish for these

purposes.) Oil for medicinal purposes is, as far as I could ascertain,

not made in America.

As I have mentioned before, great quantities of lobsters, oysters, and
clams are caught on the eastern coast of North America, are sold at a

cheap price, and therefore form a very common article of food, ])artly

raw (oysters and clams) and i^artly cooked, oyster and clam soup being

a very common, cheap, and delicious dish. Of late years many oysters

are put up in hermetically-sealed cans, and find a ready market, partly

for ships going out on long voyages and partly in Euroi>e. The Amer-
ican oyster has a somewhat different shape from ours, as well as from
the French and English oyster, being somewhat longer and more fleshy

than ours. In America oysters are not raised artificially, as in France
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and England, as their natural rate of increase seems sufficient to supply

the demand ; but wherever the oyster trade forms a large source of in-

come, as in Maryland, certain regulations are enforced for protecting

the oysters. At Cape May and in the Delaware Bay oysters are caught

and eaten all the year round. The same also applies to clams and lob-

sters. Fish-meal and fish-balls put up in hermetically-sealed cans are

not known in America, and the well-flavored articles of this kind in the

Norwegian exhibit, therefore, attracted much favorable attention.

The common mackerel are, in America, sorted according to four sizes

and qualities—Nos. 1, 2, 3, 4—all differing in price. The so-called Span-

ish mackerel is a fish resembling the trout in its beautiful appearance,

with red spots, and almost as large as a small salmon, and sometimes

fetches as high a price as salmon. Whilst ling is very scarce near the

American coasts, nearly all our common fish are found in large numbers;

€. g., codfish, hake, pollock, haddock, cusk, flounders, halibut. The had-

dock reaches a much larger size than with us. It is highly esteemed,

and is sold at a tolerably high price, either fresh or slightly smoked. It

is well suited for being shii^ped on ice on account of its thick skin and

its firm flesh. A fish not known with us, but very common in America,

is the so-called "sheepshead" {Sparus or Sargus ovis), which gets its

name froQi the peculiar resemblance of its head to that of a sheep.

To enumerate the many different kinds of fish found near the coasts

of North America would be of but little interest to the general public.

To those who take a special interest in the matter I would recommend

the following works: "Eeport of the Commissioners of Fisheries of

Maryland, 187G," and "Classification of the Collection to illustrate the

Animal Eesources of the United States," also published in 1876 by Prof.

(1. Brown Goode, M. A., in which all the North American food-fishes are

enumerated and classified.

The American method of freezing whole cargoes of herring and mack-

erel, so that they keep fresh in the hold for two or three months, has

yet to be spoken of. Unfortunately, I had no opportunity during nay

stay in America to witness the working of this method, but I was told

that it was very practical. An American gentleman had promised me
some written information on the subject, but so far I have waited for it

in vain.

III.

BRIEF ACCOUNT OF THE FISHEPJES OF NOYA SCOTIA
AND NEWFOUNDLAND.

In Nova Scotia, whose capital (Halifax) I \-isited on my return from

America, and in Newfoundland, whose capital (St. John's) I likewise vis-

ited in order to make myself acquainted with the fisheries, I found that

they resemble ours rather than the American fisheries. There is more

of a regular custom trade, or, in other words, the fishermen are more

dependent on the merchants than in the United States, where they are
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generally their own masters witli regard to the way in which they wish

to dispose of their fish. The fishermen ofNova Scotia are, to some extent,

and those of Newfoundland nearly altogether, equipped by the mer-

chants, to whom they thus become debtors, gradually paying off their

debt by fish. It therefore often happens, as with us, that in poor fishing

seasons the merchants run a risk of not having the money laid out by
them refunded, or that they sometimes are cheated out of the whole or

a portion of the fish on which they had calcidated, by fishermen (in order

to raise cash) selling their fish at a higher price than they would receive

from their merchants to foreign merchants or to the French fishermen's

colony at St. Pierre, southwest of Newfoundland.

The Nova Scotia cod-fisheries hold about the same relation to those of

Newfoundland as the Sondmore and Nordmore cod-fisheries to those of

Loffoden and Finmarken. These fisheries are carried on very much in

the same way as with us. The coast-fishery is chiefly carried on by
large, well-manned boats, with nets and lines, and the bank-fishery

by swift schooners fitted up like the Gloucester ones and furnished with

dories and boats, only not quite so handsome in their appearance. The
French fishing-vessels belonging to the above-mentioned French colony

of St. Pierre have a different shape and different rigging (generally

cutters or large sloops like the English lobster-vessels) ; they are also

manned and equipped differentlj^ from the Newfoundland bank-fishing

vessels. The French fisheries near Newfoundland differ altogether from

those of other nations, especially with regard to the preparing of the

fish and roe, and the distribution of the fish. The state stands at the

head of the fisheries, and has a governor at St. Pierre who superin-

tends the whole. The present governor, M. Boubert, with whom I had
the pleasure to travel from Halifax to Liverpool, told me that the French

Government had sent him a number of Norwegian fishing implements,

especially codfish nets and lines with floats ; but as he had not yet had
any opportunity to try them, he could not say anything regarding their

practical use in these waters.

A Norwegian who has lived for a number of years in New Tork as

partner in a large business establishment which failed during the civil

war, and who now lives in Halifax, as Belgian consul, Mr. 0. E. Eonne
/son of the late Danish Doctor Eonne of Christianssand), who was edu-

cated at the Norwegian Naval Academy, but had to leave the naval ser-

vice on account of his weak eyes, a man of position in Halifax, with an
unusual knowledge of languages and great experience, was likewise the

companion of my voyage from Halifax to Liverpool. From this inter-

esting gentleman I obtained a great deal of information regarding New
England and Newfoundland in general, and their fisheries in particular,

for which I heres^ith express my heartfelt gratitude. I made copious
notes regarding the leading features of the Nova Scotia and Newfound-
land fisheries, but to complete these there are still wanting, the manner
in which the fish are prepared, statistical data, «&c., and I shall give

5 F
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tliese more from oral tliau from written accounts, or from my own j)er-

sonal observation, as my stay in both places was only very short.

In I^ova Scotia as well as in Newfoundland the fish are prepared in a

more conservative manner than in the United States, viz, with the view

of obtaining an article that will keep well and may be sent to tropical

climates, especially the West Indies, Brazil, Spain, Portugal, and Italy.

The codfish, which forms almost exclusively an article of exj^ort to for-

eign ports, is first treated in the usual manner, viz, as soon as possible

after having been caught it is opened and all the entrails are taken out;

it is then salted in the hold of the vessel, generally with white Cadiz or

Liverpool salt. When the vessel returns from her trip the fish are taken

to the "drying-places ", where they are washed and cleaned of all super-

fluous salt and all impurities. They are then laid in small heaps, and
afterwards, when the weather is favorable, side by side on scaffoldings,

which, in Newfoundland, are very high, so as to let the air pass through

freely and let them dry thoroughly, in just the same manner as we dry

our codfish. The washing process, however, is somewhat different, for

the fish are not left so long in the water as to get soft and lose some of

their flavor. The thin black skin is also left on the Newfoundland cod-

fish, as people do not think it worth while to take it off'. As the climate

of Newfoundland often prevents the rapid drying of the fish, there are

on every drying-place, close to the scaffolding, small huts where the fish

are placed in rainy or damp weather. A number of fish are neverthe-

less damaged during the drying process, and turn sour and dark ; such

fish are then sprinkled with thin lime, which makes them look white

enough. The fish which are bought fresh from the boats are of course

prepared and salted in sheds, and then after some time treated in the

above-mentioned manner. The fresh liver is melted by steam to oil for

medicinal purposes exactly as we do it in Norway ; and the old livers

which cannot be used in this way are made into brown train-oil. The
roe of the codfish is treated in the same manner as with us, and is either

shipped to France or sqld to the French colony at St. Pierre. But the

Newfoundland cod-liver oil and roe are by no means esteemed as highly

as our Norwegian oil aiid roe, which is probably caused by the different

mode of preparing it, and by the different food on which the codfish

live in these parts.

Besides cod-fisheries, which are the most important. Nova Scotia and
Newfoundland carry on extensive herring and seal fisheries in the sea

extending between Nova Scotia, Newfoundland, and Labrador. Whilst

the herrings from Nova Scotia are chiefly shipped to Canada and the

United States, the Newfoundland herrings nearly all go to England,

chiefly to Liverpool. These herrings are prepared in the usual manner.

The quality of the Newfoundland herrings, however, is by no means very

good.

The average quantity of dried fish shipped from Nova Scotia is

30,000,000 pounds, and from Newfoundland 108,000,000 pounds. I am
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not able to state the quantity of oil, roe, herriugs, and seal-skins which

are shipped from these two countries.

The prices do not yatj much from those of other countries, and are

subject to the same fluctuations which are caused by the varying results

of the fisheries and by the state of the markets. The dried codfish are

shipped from Nova Scotia and Xewfoundlaud to the West Indies and

Brazil, partly in boxes and partly in baskets or a sort of tubs holding

about 108 pounds each, and to Europe bj^ merely placing them loose in

the hold of the vessel. The shipping of new diied codfish generally

commences towards the end of August or in September.

It may be known what an influence the cuttle-fish (calamare) has on

the Newfoundland fisheries, as it is a most excellent bait, which can

scarcely be replaced by any other. Just like the capeliu in Fiumarken,

the cuttle-fish at certain times visits the coast of Newfoundland in

large schools, and large numbers are then caught to be used as bait in

the cod-fisheries, which commence in May and last till the end of Sep-

tember or October. The cuttle-fish are either kept fresh or salted, and

their price varies considerably. With regard to the bait-herring, every-

thing is exactly as with us.

ly.

POSTSCRIPT.

After having made myself acquainted with the character of the Ameri-

can fisheries, it was my object to apply to oiu" fisheries all the practical

American imi)rovements as far as this might be possible. I therefore

undertook my journey to New York, Long Island, Boston, and Glouces-

ter, accompanied by Mr. F. M. Wallem, a newspaper correspondent of

great and varied knowledge; the special object of this jomney being to

become still better acquainted, from personal observation, with the Ameri-

can fisheries, and particularly with the working of that most excellent fish-

ing implement, the purse-seine, whose introduction into Norway we both

considered of great importance, especially for our mackerel and herring

fisheries. We were everywhere received with the greatest politeness and
readiness to be shown all that was to be seen. I must here make special

mention of Mr. A. A. French, in New York, head of a branch office of

the American Net and Twine Company, of Boston, who showed us about

on Long Island, where we saw the most important fishing implements

and the way in which they are used, and of Mr. Eugene Blackford, of

New York, who took us to Fulton Market and showed us everything of

interest in that vast establishment. In Boston we were very kindly

received by the representatives of the firm of A. A. French & Co. (the

American Net and Twine Company), and in Gloucester we were fortu-

nate enough to meet with the same kind reception from the head of the

firm of Procter, Trask & Co., which last year shipped herrings from
Gloucester to Sweden, and also from one of the partners of the firm of
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Cuniiiugham & Thompson, Mr. Thompson by birth a Swede, who for

a number of years carried on bank-fishing and halibut-fishing with a

vessel of his own, and is now solidly established in his present business;

and finally from another Swede, Mr. Joseph Simpson, who, after having

been at sea for many years as a bank and mackerel fisherman, has, with an

American, Mr. Maker, established a repair shop at Gloucester under the

firm of Maker & Simpson, employing 10 to 12 men exclusively in the

repairing of purse-seines. This gentleman explained to us the arrange-

ment and use of the purse-net, and undertook to get us models of the same.

Other valuable and interesting information we received from Oai^t. H.

Allan, of the fishing-schooner Bonanza, a new and elegant vessel of 137

tons, equipped for catching herring with a purse-seine near the coast of

Labrador, which had just returned from there with a full cargo (about

1,800 barrels), and from his son, Mr. John Allan, who was commissioner

ofthe Gloucester fishery exhibit in Philadelphia. To all these gentlemen

we herewith express our gratitude.

We also visited the well-known boat-builders, Messrs. Higgins & Gif-

ord, in Gloucester, whose workshops annually produce several hundred

dories and a large number of purse-seine boaLs, and ordered a model of

the last mentioned boat.

In making a few concluding observations in connection with the im-

provements in our fisheries, which in my opinion might advantageously

be introduced in our country from America, I do this not only with the

wish and hope of benefiting our fisheries, but also with a consciousness

of the vast importance of the subject and of my inability to do full

justice to it. However, I will boldly write the following, hoping that it

will at an5^ rate induce people to give the matter some thought and

awaken some discussion which may further the interests of the great

and imijortant subject of the fisheries.

In the first place, especially with the view of developing our great

herring-fisheries, the inirse-seine should be introduced, and for our coast

and bank fisheries light and quick-sailing fishing-vessels in connection

with the above-mentioned dories. The usefulness of such vessels cannot

be doubted, as a great deal in the fisheries depends on being swift in

reaching the fishing-place, in catching the fish, and in bringing them

home in a fresh condition.

Purse-seines, of diiferent sizes and prices, are now made to order by

Fagerheim's mechanical net factory near Bergen (A. G. Thomsen). On
account of their being easily handled I would recommend jturse-seiues

of first-class cotton tlu^ead, not longer than 150 fathoms, and 25 fiithoms

deep. The price of sucii a purse-seine will probably range from 2,100 to

2,800 crowns ($043 to $750).

I would not advise changing common herring-nets of thick hemp
thread to purse-seines, as they would be too heavy and the change

would involve a great deal of labor. Models of purse-seine boats, dories,

and swift-sailing fishing-vessels may be obtained from Messrs. Higgins

& Gifford, in Gloucester, Mass., U. S. A.
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After what lias been said above it might seem practical to use steam-

ers instead of sailing-vessels for the fisheries, but in the present condi-

tion of the fisheries there would be much in the way of carrying out

this idea. I have some experience in this matter, for a few years ago I,

in company with Mr. Frederik Hanssen and Mr. Jens Sahl, built and
equipped a fishing-steamer of about 20 horse-power and a tonnage of

about 500. This steamer Erkno, which otherwise was a perfect success

in every respect, and which was intended for the spring-herring fisheries

and the bank-fisheries, was, after a few foilures, chiefly occasioned by the

stoppage of the spring-herring fisheries, sold to the Sondmore-Eomsdal

Steamship Company. The exjjenses of a tolerably strong and not too

small steamer like the Erkno are too great in proportion to the advan-

tage accruing from its use. If enterprises of this kind are to pay, they

ought to be carried on on a large and well-devised plan, requii'iug con-

siderable capital.

The attempts which have been made to use fishing-steamers both in

the Loffoden and in Finmarken have proved the correctness of this

view. Even in America the use of steamers in the fisheries (excepting

of course the seal and whale fisheries) is very limited.

The use offloating nets deserves attention next to the use of the purse-

seine, as has been fully proved by the experiences of the Stavanger fish-

ermen during the last year. Practical and well-equipped fishing-boats,

as well as good and strong fishing implements will always pay in the

long run, although the first outlay may be considerable.

The necessity of ha\'ing suitable laws for protecting the fish and their

young, and of having systematic arrangements for restocking our rivers

and lakes with fish, partly by artificial hatching and partly by trans-

ferring fish and their young from one water to the other, deserves our

fullest attention, and we may learn a great deal from America in this

respect.

The method of preparing fish for the trade is likewise a question of

great importance to our country. Every one acquainted with these

matters knows what a loss is involved by drying salt codfish too little, to

soak it, as is the custom with us, and to dry it lying in an oblique posi-

tion. By this wrong way of treating the fish, not to mention the great

carelessness in killing and cleaning it, and in letting too much time

elapse before salting it, it of course loses much of its nourishing quality

and its juiciness, becomes softer, lighter in weiglit, and will not keep as

well. The di^ying process with us is generally carried on too slowly and
in too careless a manner, as the fish remain unnecessarily long piled up
in heaps without being turned ; they consequently begin to ferment and
turn dark and sour. The consequence of drying codfish on rocks which
are heated by the sun, is that the fish are often burned and get shrivelled.

The drying of codfish on scaftbldings or on small stones has this ad-

vantage, that it does not burn so easily and that it dries better, the
warmth and the air acting evenly on both sides of the fish. To salt the



70 EEPORT OF COMMISSIONER OF FISH AND FISHERIES.

dry codfisli in close boxes or barrels, lets the salt penetrate it much

better and makes it heavier and juicier than when it is merely salted on

the scaffolding. I think it would therefore be an advantage if those

vessels which sail to the Lofibden and Fiumarken to buy raw fish, had

close boxes or bins in which the fish could be salted, with an arrange-

ment to let the brine flow out from time to time. The so-called Scotch

method which recently has been adopted by several large fishing-houses

is therefore to be highly recommended. I convinced myself of this at

the Philadelphia Exposition by examining the codfish exhibited by the

firm Lauretz Madson, in Aalesund (prepared in the Scotch manner),

which not only looked very tine, but had kept well and were very heavy.

The old law prohibiting the salting of codfish in boxes or barrels was

doubtless well meant, but it has now become clear how senseless this

law was.

I can also recommend the new American method of treating gently

dried codfish, viz, by taking off the skin, cutting out the backbone and

breastbones, then cutting it lengthwise in narrow strips and packing it

hermetically in small wooden boxes ; this method will j^rove of special

advantage where the saving of freight is an object, when fish have to

be sent to distant countries, and in keeping the fish in a good state of

preservation. The advantage will be evident if a good price can be ob-

tained, as the freight on that part of the fish which is valueless as food,

is saved, as the fish itself will keep better even during the longest

journey, and as the skin and bones may be used as fertilizers and will

readily sell to guano manufacturers.

I think it would be worth while for our fish-merchants, besides ship-

ping whole codfish in boxes to the M^est Indies and Brazil, to ship such

skinned and boned codfish not only to these countries but also to Buenos

Ayres, Montevideo, Peru, Australia, and possibly to Jaj)an, China, and

the interior of Germany, especially at times when whole codfish do not

find a ready market.

The making of isinglass from fish-maws forms a considerable branch

of American industry, as a good deal of isinglass is used for making beer

and wine clear. I must strongly recommend the putting up in hermet-

ically-sealed tin cans of stuffed crabs {Cancer pagurus) , which has so suc-

cessfully been begun by Mr. 0. Wiese, of Osmundsvaag, as well as of

fish-balls in brown sauce, convinced that these articles will always find

a ready market, especially on board the large transatlantic steamers.

I think that halibut smoked in the same manner as salmon would also

sell very well with us, but would not be so well suited for the foreign

trade, as fish which is not thoroughly smoked does not keep as well as

strongly-smoked fish. Gently-smoked anchovies or small herrings, her-

metically sealed and put up in oil, like those which Mr, Henry Dons, of

the Christiania Preserving Company,.had exhibited in Philadelphia, are

sure to sell well.

If we consider what large quantities of shellfish, especially clams and
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muscles {Mytilus eduUs), are eaten, both raw, with vinegar and pepper,

and boiled in milk, in America, France, and also in Spain and Portugal,

and what a cheap and healthy food they are, it seems that we, who have
so many muscles, ought certainly to follow the example of these countries.

I sincerely hope that the freezing of herrings and mackerel in the holds

of vessels will also soon be introduced in our country as the most suit-

able way of preserving large quantities of fish for a long time, and, like-

wise, that the shipi^ing of fresh fish on ice will become more common
with us than it is now. I think that so far the lack of proper means of

communication has prevented our adopting these imi)roved methods of

shipping fish. It must not be forgotten, however, that in order to ship

fresh fish on ice with any reasonable hope of success, the fish must really

be fresh when it is put on ice; as fish which is several days or even hours

old does not answer the purpose. If, therefore, those fish which are

caught in the open sea are to be shipped on ice, it is absolutely necessary

that the fishing-vessels either have ice-boxes or regular fish-boxes, where
the fish can be kept alive. It is very important that both live and killed

fish should be brought to market as soon after they are caught as pos-

sible, as it is well known that a fish loses much of its wholesome, nour-

ishing quality when it dies a natural death and the blood cannot flow off.

Small fish-ponds for keeping those fish alive which have been caught in

nets will, therefore, in connection with fish-boxes on board the vessels,

prove extremely useful, and deserve to be mtroduced wherever it is

possible.

I must, in conclusion, mention quite a new rowing-api^ratus, invented

by Mr. William Lyman, of Middlefield, Conn., which was patented during

the Philadelphia Exhibition. This so-called ^^ bow-facing rowing gear''

consists in having the oar divided in two parts, which are connected by
double galvanized-iron hinges, which move in the form of a parallelogram,

and are fastened to the boat by small balls in bronze caps, which fit

exactly in two pieces of board screwed firmly to the boat, from which,

therefore, the motion proceeds towards both sidles. The rower sits with

his face towards the prow of the boat and uses the handle of the oar in

the usual manner, whilst the oars themselves move in the same direction

and drive the boat forward when the rower draws the oars towards him-

self, and backward when he pushes theiu away; therefore exactly the

reverse of the usual mode of rowing. 1 o a person unaccustomed to it,

this way of rowing looks very strange, as the boat seems to move the

wrong way. The advantage is this, ihat the rower can always sit and
look in the direction in which he is going ; but I think that this inven-

tion wdl never be of much practical use, except in harbors, or for hunt-
ing and fishing. As far as I know, two samples of this rowing gear
were bought during the exhibition, besides the one which I bought, and
brought to Norway by Mr. A. Brun and a ship-builder, Mr. Bronlund,
who therefore are able to give further information regarding this curi-

osity.
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VI.-REPORT ON THE AMERICAN FISHERIES*

By Fredrik M. Wallem

Note by Traxslator.—The prices offii<h given in section VI are in large jjart incorrect.

INTRODUCTORY REMARKS.

In the United States of !N^orth America the traffic in fresh fish is of the

greatest importance, whereas in salted and dried fish it is of compara-

tively secondary importance ; and the development in all fish-trafiic in

the Union augurs that this condition will strengthen and advance till

fresh fish to a greater extent than now will become the chief product of

the fisheries and will employ the greatest capital. The American fish-

dealers enlarge their field of operations with remarkable energy and
ability. They extend their fishing-grounds along the east coast both

south and north, so that in a twinkling they pass from the Gulf of Mexico
to a considerable distance up on the Greenland coast, traversing a

coast-stretch of COO to 700 geographical miles. At the same time they

extend their field eastward by going farther to sea and employing

steamers for fishing-vessels ; while the catch inland in the great lakes

and streams takes a decided advance, which result is based upon sys-

tematic protection and artificial propagation. Halibut, for instance,

they fish for off the Greenland coast (since the year 1870), and sell in

the fresh state some hundreds of miles inland after having been sent in

ice by rail from the landing-place ; nay more, the American fishermen

have attempted to bring halibut from tlie Iceland coast.t It will soon

be attempted to send salmon caught in California to markets in Europe
in a fresh state, just as American oysters in the shell have been, for

some time already, to a few in England. The Americans will soon catch

fish a thousand miles from home, if they continue to be eaten fresh as

latterly ; they will buy fish on one side ofthe globe and sell them on the

*0m de Amerikanske Fiskerier. Indberetning til Departementet for det Indre fra

cand. jnr. Fredrik M. Wallem om en af ham med offentligt stipendium foretagen

Reiee til Philadelphia-tidstillingen i 1876. Udgivet efter Foranstaltning af Departe-
mentet for det Indre. Christiania. 1878. Eeport on the American Fisheries, by
Fredrik M. Wallem, of a journey undertaken by him at the x»Tiblic expense to the
Philadelphia Exhibition in 1876. Published by direction of the Depari:ment of the
Interior. Christiania. Bergh & EUefsen's printing office. 1878. Translated from
the Norwegian by Tarleton H. Bean.
tXhe first attemjjt at haUbut-fishing off Iceland -was made in 1873, but failed, it is

Baid, on the ground of a bad choice of season ; it was the experimenter's purpose to
repeat the attempt.
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other after skillfully cooling and preserving them with ice. The art of

preserving fish fresh for a long time and transporting them over great

distances is an object of much study, and has called forth many ex-

periments, while salting is little heeded.* And so this national pursuit

may advance to this result, that the traffic in fresh fish will become

more and more important. The numerous fishery-inspectors in the

United States have, besides other duties, to give the coast-extent, lakes

and other waters, detailed and continuous ad\dce about food-fishes, to

protectthem andpromote their increase where they already are found, and

at the same time to pro\'ide barren or depleted waters with a new stock

of the kinds of fish which are best adapted to fiu-nish suitable and

healthy food for the people. To assist the fishermen and i)romote ex-

tension, the natural as well as the artificial, has become a business which

employs many scientifically-cultivated men and many industrious and

skillful public functionaries besides. And the fruit of this whole united

effort is available with that practical and quick grasp which is peculiar

to the people. With regard to good implements, boats and ships, the

American fishermen appear to be equally apt to profit by what they

have and to invent improvements and new things to the utmost limit.

The fishermen consist as a rule of clever people, of whom not a few are

from nations of Europe most actively engaged in fishing, so that it is

l^robable that the most of the improvements from Europe are known to

them.

The fisheries take a place nearest in the class with the Norwegian so-

called " great fisheries "—cod and herring—which is an acknowledgment

of the second rank for the United States. In the cod-fisheries on the

banks—George's and Newfoundland—the Americans certainly partici-

pate with a great number of vessels, but other nations fish here perhaps

with a greater number, and compete with them in the world's market.

Herring-fishing about Labrador, New Brunswick, and Newfoundland

and thereabouts, is not an important business, though partly a com-

paratively new industry; some of the American vessels fish for her-

ring when they cannot on account of the season prosecute any other fish-

ing, but some buy fi-esh or frozen herring from the shore fishermen,

either to use them, or to sell them fresh in the large coast towns. Of

the good (fat) herring the major i^art are consumed in the United States

themselves ; the inferior, thin ones they export, in the latter part of the

year, to Eui'ope. The oyster and lobster fisheries on the United States

coast are, compared with the Eiu-opean, of gi-eat importance, and supply

not only suitable and very agreeable food for all classes in the Union,

but also a tolerably important article of export for the world's market,

especially canned.

With this short survey finished, I shall now give an account of the re-

sults of my journey.

*Iu the years 1861-73 were issued twenty-five patents for preparing and preserving

fisli and bait ; only one for salted fisli.
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I.

THE FEESH-FISH TRADE.

The exhibits of the different countries represented had greater or

smaller divisions for their fishery-industry. In the matter of implements

there was something, but in the line of products there was much to see.

The American division was richest in the first-named respect, while their

products were not present in great variety in the exhibition itself, but

in the fish-markets. As the products in many respects give the Amer-

ican fisheries a peculiar character and well merit the serious attention

of other nations, I set myself as a special task to examine this matter.

I adopt therefore as a suitable introduction for my report the fresh-fish

traffic.

By the distinguished favor of the Norwegian juror. Consul Joakim
Anderssen, I was introduced to some of the more prominent business

men in this branch, and in company with him I went through Fulton Mar-

ket, New York, where an important trade in fresh fish is carried on, and
in whose market-building they have their local association, assembly-

room, library, &c. Later we continued our examination in Gloucester

and Boston until the consul's return home in August, after which I

alone went to sea in a fishing-vessel and followed mackerel-catching for

two weeks, to become acquainted with its practical working.

I shall not now undertake to mention the fish-merchants' association,

its organization, with prices-current, &c., but immediately proceed to

the business itself in Fulton Market, in New York City.

Fresh fish are sold here from stands, not boats or ships, and are said

to be used at all seasons of the year with ice, to keep them fresh as long

as possible. I visited the place the first time in August, in very warm
weather; the last time I was there was in February. Then the streets

were covered with some feet of snow and ice. Both times the fish were
partly hard frozen, partly packed in ice. • No fish were sold living; the

only approach to living " fish " were the large turtles, which are brought
in by steamers from^the West Indian and Florida coasts. The retailers

were not " fish-wives," but young meuj merchants' clerks.

The number of kinds of fish offered for sale was great, and the prices

at different times of the year varied greatly, without, however, fluctu-

ating much from one day to another.

Here merchants of moderately large capital carry on the traffic, part
of whom have their own fishing-vessels, giving the business a character
something like the Norwegian trade in salted and dried fish and herring;
I mean that it is free from the mean and dirty market traffic which one
as a rule associates with the sale of fresh fish. The retailers in Fulton
Market have, in part, marble counters, neatly-arranged stands, a private
office where the owner of the stand may note his sales. The large mer-
chants exercise supertision, and the young attendants, dressed in long
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aprons, Laiiclie the fish and deliver them at fixed prices. The fish-mer-

chant to whom we were introduced, Mr. Eugene G. Blackford, was not

only a capable business man but also a highly accomplished gentleman.

He was able to give us not only information on all things concerning

the fish-traffic, but also scientifically-founded communications on the

natural history of fishes. As president of that great society, the Amer-
ican Fish Culturists' Association, he was identified with all the i^romi-

nent scientific men in that branch, and with the large staff of fishery

commissioners in all parts of the United States. We could not have

been introduced to any one who was better fitted to be our cicerone and
our living lexicon. A great portion of the information which I acquired

on the fresh-fish trade I owe to his favor and intelligence.

II.

KINDS AND PEICES* OF FISH.

As I remarked before, the kinds of fishes in the market are numerous,

and the prices, naturally, difierent in different seasons. I shaU name
such fishes as are generally used for domestic purposes, and the prices

of some.

Haddock (similar to our hyse) is one of the commonest and best fish.

It is taken on the coast as well as on the Great Banks. They are sold

fresh in small quantities from 6 to 8 ore* per pound j they are employed

also as stock-fish.

Fogies or menhaden {Alosa menliaden of the herring family) are like-

wise a good small fish; they are taken in great masses with steamers

and purse-seines along the coast and some distance out to sea. A great

portion is made into oil and guano, the manufacturing of which is done

in large factories on the coast. By the barrel, which average 300 to 500

each, they are sold from 44 cents to 88 cents. In the fish-market they

are sold fresh, and retail for 6 to 8 and 10 ore per pound.

Thin herring are found in the fish-markets, especially in winter, and
then frozen and fresh. These come from the Newfoundland and New
Brunswick coasts, where they are either caught or purchased for $1.09

per barrel. They seU them fresh at retail for 6 to 8 and 10 ore per

pound. They are also salted, and then principally whole. Another
fat kind of herring, most like the Norwegian great herring, which is

found in the fall on the coasts named, and off Labrador, they generally

work up into a very choice salted article for the Westj lastly they salt

the thin herrings for export to Europe.

Some more esteemed and higher-priced kinds of fish are : butterfish

{Poronotus triacanthus), catfish (species of Amiuru-'i), flounders, sheeps-

head {Archosargus probaioceplialus, a sea-carp), sturgeon, swordfish, rock-

fish {Roccus Uneatus, a sort of sea-perch). Cod I did not see; they are

* Foot-note.—The ore equals -^ or about J of a, cent.

—

Tuanslator.
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found now and then at fair prices. The common mackerel are sold in

season for 40 to 50 ore apiece. Here mackerel is the object of an im-

portant fishery which lasts from spring till fall on the coast and at sea,

the prices varying greatly. A large portion are salted and sold in barrels

at prices from $4.91 to $15.29, or even $20.47, for the largest and finest.

Hahbut vary greatly in price according to the scarcity or abundance

of fish 5 they send them also by rail many hundred miles inland, whole,

partly filled and partly surrounded with ice, in boxes of from 350 to 400

pounds. The prices in the fish-markets fluctuate greatly according to

the magnitude of the catch, and when they prosecute the fishery far out

at sea on the banks and even along the coast of Greenland no one can

constantly have a correct opinion as to where the fishing will be the

August, 1876, in New York was 40 ore per pound wholesale, 60 to 75

ore per pound retail, and were noted later in a fishing-port near Bos-

ton 50 per cent, cheaper; moreover, the price may vary from 9 ore to

60 ore per pound in large lots.

Halibut are to some extent salted (especially the heads) ; some parts

also are smoked (especially the backs and the bellies). The cheeks are

considered a delicacy. From the heads, also, oil is expressed. Salted

halibut heads are sold for $4.91 to $6.28 per barrel. With regard to the

assorting of halibut I shall only remark, that white-naped halibut bring

as high as 100 per cent, more than the black-naped.

Salmon fluctuate also greatly in the city markets—from 45 ore to 50

ore—but decline in the height of the season to 23 ore per pound

—

in July for instance; they may as early as August advance to 90 ore,

and in November, in the hard-frozen state, they may bring 33 cents per

pound. Speculation in frozen salmon is considerable, for the accumu-

lation in the winter months is often great, and as a consequence of over-

speculation the holders may be obliged in January and February to sell

their stock at a rather low price, to prepare for the arrival of the fresh

fish in the market. Smoked salmon is not uncommon ; the price varies

from 50 to 90 ore per pound.

The dearest and most esteemed fish are a fresh-water species and the

pompano {Tracliynotus caroUnus, a member of the mackerel-family); this

delicacy is taken in the South, the champion of the sub-tropical waters,

and commands as high as $1 per jiound. Another much hunted fish is

the Spanish mackerel
(
Cyhium maculatum) ; we tested it in a restaurant in

Fulton Market and found it fat, delicate, and savory.

The commonest fish in general use is the shad [Alosa sapidissima, of

the herring-family), which often tastes a little mawkish, but in other

respects is a fine, though bony fish. Whether the Americans, among
other things, have a decided taste for fish will be seen from what follows.



80 REPORT OF COMMISSIONER OF FISH AND FISHERIES.

III.

A CULINAEY FISH-DIXN^EE WITH INTERNATIONAL DISHES,

Some time after the jury of tlie exhibition had given its award upon

the fish-products from every quarter of the globe, the weU-known society,

the American Fish Culturists' Association, gave a fish-dinner, at which

the choicest international delicacies and rarities of fish-preparations were

served at a meeting of connoisseurs. This was in reality a higher jury,

which was here to pronounce judgment upon the fish-food of all nations.

The whole selection was made by the associations' most capable fish-

experts, and as special caterer was engaged "that culinary artist," Mr.

M. Sudreau, which was the highest of6.cial guaranteee upon the bill of

fare.

It is naturally not my purpose to give anything in reference to the

feast ; I shaU concern myself only with the ofiicial portion of the affair

—

the biU of fare. This gives through its contents a clear statement of

what this " higher jury " considered specially worthy to be served. And
in this statement lies an award which shows more clearly than the jury

itself what belongs to the choicer fish-preparations, as the fish-products

of every country securing premiums were brought into a single collec-

tion. To the whole was given a humorous coloring, as an example of

which, to a portion of the current American fish-preparations was given

a special name after this or that scientific man or matador or functionary

in fishery branches ; not, however, preventing the attentive specialist

from studying the serious side of the affair. No Norwegian fish-dealer

can read that bill of fare without observing what a part the Norwegian

fish-products were assigned at this fish-dinner. And if he intend to

speculate in the American market with fine products, the bill of fare will

doubtless give him many useful hints. I shaU therefore give an epitome

of it.

The repast was begun with gen^^ine turjtle-soup or green turtle a la

Blackford. This is not a costly article in America (a plate costs, as a

rule, in the restaurants, 80 ore; while in England one must pay 82

cents to $1.09). After soup, was served lobster salad, " Seth Green's

style." Among the extra selected warm entries were crayfish salad,

roast oysters, and roast crawfish {Cambaru&). After these, in small part

savory preliminaries, came the pith of the affair—the international dishes

in selection.

Of American fish-products were served : Striped bass {Roccus lineatus,

a perch); pompano [Tracliynotus carolinus, belonging to the mackerel-

family—a costly delicacy, which brings as high as a doUar a pound in

the fish-market); bowls ofterrapin {MaJacoclemmyspcclustris); deviled crabs

(whole small crabs, which are eaten sheU and all ; in shedding, the fact

is that the shell is quite soft) ; turbot, filet of sole, and frog or toad salad.

Baked American fish-dishes were represented by sheepshead {Archo-
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sargus prohatocephalus^ belonging to the sea-carps), and bluefish {Poma-

tomus saltatrix). And these were served cold: Eels in jelly, crayfish,

salmon, lobster salad, caviar from California, and oolachans from Alaska.

Norway was represented by: Mackerel in oil, halibut, stewed fish,

baked mackerel, and preserved mackerel, together with salmon.

Sweden's representation was : Anchovies and mackerel.

From Portugal were served : Sea-eel, sardines in oil, ling in oil, cuttle-

fish in oil, soles in oil, mackerel in oil, and swordflsh.

From Spain : Sea-eel with tomato sauce, mixillon, sardines in oil, sar-

dines in vinegar, and baked bass (a perch).

From Italy: Sardines.

From Holland : Salmon.

From France : Sardines, tunny, and anchovies.

From Russia : Caviar and poisson au blanc.

From Turkey : Botargo (roe of Mugil sp.) in the form of caviar.

From China : Fins of a kind of shark, white-shark fins, dried Octopus

egg, and dried fish-stomachs.

From Japan : Shark and dried salmon.

From Africa : Crayfish from the Cape of Good Hope.

For dessert were served, among other things, pudding a la Neptune
and Neapolitan ice-cream. And for "decoration pieces" were given,

besides other things. Bateau de Pecheur a la Eoosevelt, and Kan-Ten, a

Japanese seaweed, a la Sekezawa Akekio.

There was also a rich selection, especially of mackerel, eels, and sar-

dines, both from different countries and in different modes of prepara-

tion. These food-fishes were served fried, in oil or in vinegar. Salmon
also was well represented, and, so far as concerned a single dish, cer-

tainly in a rather new form, namely, as dry-fish from Japan. Shark-fins

and cuttlefish in oil seemed more curiosities than the actual fish-dishes

of foreign countries. The edible seaweed from Japan excited much atten-

tion on account of its quality as a refreshing food ; not the least because

it also represented an important industry in Japan—a kind of tillage of

the ocean bottom. Of the modes of preparation, that " in oil" was espe-

ciaE}" conspicuous, and it has thereby gained a special recommendation.

To the Norwegian manufacturers of fish-products it will at once appear

strange that in this selection of "the whole world's" fish-products the

common wares from the great Norwegian fisheries were not represented,

though both Italian preparations of Norwegian dried fish and Spanish

preparations of Norwegian split cod appear to have been obliged to pass

in among the dishes prepared with oil! The culinary artist, Mr. Sudreau,

had the opportunity to offer the guests Norwegian as well as Canadian
split cod, Norwegian and American salted herring, &c., but he has prob-

ably found that such things are not according to the American taste.

The single exception made in the manner was in serving " stewed fish

from Norway." This was prepared from chipped dried cod (exhibited by
Bordewich & Co., in Lyngvser) together with "Japanese dried fish," com-

G F
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posed of dried salmon. Neither dainty herring nor fat herring from l!^or-

way were served, nor Norwegian anchovies, although both Swedish and
French anchovies were. Perhaps the Norwegian specimens were spoiled

in the strong summer heat ; of this, however, I have no certain informa-

tion. If, notwithstanding this, a small market be found in America for

the Norwegian flsh-products here named, it will happen in this way, that

the strongly mixed population, especially in the Western States, con-

tains many families from countries in Europe where the Norwegian fish-

wares are current articles. These families become customers for the

Norwegian as well as for the corresponding American wares ; also as

supplies for different European ships' crews small lots of Norwegian
fish-products may find some sale. But, taken in tlie mass, the population

of North America will not become customers for Norwegian dried cod,

split cod, and pickled herring.

This committee, conversant with the subject of fish-dishes, confirmed

me also in another assumption with regard to the Norwegian manufac-

turing. As before remarked, there were served both large and small

fish in oil—not fewer than seven dishes were in oil—among them Norwe-

gian and Portuguese mackerel, sardines (both Spanish and Portuguese),

eels, &c. In restaurants in the great cities in North America one will

scarcely find highly spiced herring or anchovies in the way that the

North-European taste demands them, but almost exclusively oil-pre-

pared articles. This, I assume, is due to a culinary principle, that it is

not desirable to serve up strong articles, with which jjarticularly should

be classed brandy and beer or ale, in a dry and warm climate. The
Americans have, in this point, appropriated the South-European taste

for oil-prepared articles without liquors. Naturally, here, also, excep-

tions are found, as before mentioned, concerning dried cod and split cod,

especially in the Western States ; in the communities strongly inter-

spersed with German, Scandinavian, and Irish in the West even highly-

spiced herring, sausage, and pickled meats are staple articles ; they

are served up as "free lunch" in eatiug-houses, because the strong

seasoning makes it necessary for the customer to drink beer to quench

the burning thirst which these articles produce and gradually augment.

I have tried these things. They are, according to my taste, a very

disagreeable food, and the traflBic itself with this sort of "fi'ee lunch" is

ill-esteemed as an ugly, rumseller's specidation.

The bill of fare, moreover, regarded from a culinary standpoint, has

interest in this, that prepared fish-roe, other than Russian caviar itself,

must be able to find a market, forasmuch as it was adopted to be served

up with this dinner. It is true, only the Turks and Chinese supplied

these delicacies, but for a manufacturer in Norway this might well be

almost a matter of indifference and no serious hinderance from imitation.

As for the rest, the Norwegian exhibitors, Bordewich & Co. and Stormer

(in Svolvser), had caviar, the first of cod-roe. These articles, however,

were not served ui^ with the dinner. For Norwegian manufactured fish-
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roe to succeed iu a European or American market, the manufactured

article must still doubtless be given a stronger agreement with tlie uni-

versal taste, just as it manifests itself in the Russian caviar. xVt the

same time it should be admitted that Eussian caviar does not suit all

tastes and that a change in mauufacturing it might insure success. A
comi>aratively new mode of preparing or pickling was sardines in vin-

egar (from Spain). I am of the opinion that Norwegian heiriiig in

vinegar, or pickled like English pickles, or merely in vinegar and unions

with seasoning of pepper, just as they often arc served latterly in the

west-conntry families (in Norway), might become a salable article.

("Herring in jelly" resembles somewhat an article which was cxperi-

meutally introduced into the market from Norway.)

Taken as a whole, I think that the Norwegian mainifacturers of fish-

products, especially of dishes for the table, will be able to extract useful

hints from the bill of fare mentioned, which certainly was made up under

the direction of persons conversant with the subject, and w:\th every

regard to refined culinary skill. Another "complimentary dinner"

which was given by the same association on the 14th of February, 1877,

in New York, I had the opportunity of studying, but I found nothing

which I have not already mentioned above.

lY.

NORTH AMERICA AS A MARKET FOR IMPORTED FISH-
PRODUCTS.

(A FEW STATISTICS.)

From the foregohig remarks on the common kinds of fishes in Amer-
ica, the prices and taste, it is evident, so far as I see, that North Aiiierica

cannot become a great market for Norwegian fisli-products, and that for

many reasons, any one of which is sufficient to decide the matter.

That the most important Norwegian fish-pioducts, as a rule, do not
suit the taste of Americans, since neither herring nor dried cod nor split

cod are used in households or are served up at any meal, is the prin-

cipal condition which prevents the sale of these products in America,
taken as a whole. In the next place, the kinds of fishes which Ameri-
cans are most fond of are either not found at all on the coasts of Nor-
way, or sparingly, and therefore, as a rule, Avill be too dear alter trans-

portation across the Atlantic, which is one of the main causes which
prevent Norway from supplying the articles most common in America.
But whether the Norwegian fisheries themselves can procure the proper
kinds of fishes for America, or whether the Norwegian fish-products will

be manufactured according to American taste, as they now are occasion-
ally, the main condition of the trade will be to furnish fish-products either
fresh in ice or fresh hermetically sealed (canned).

I believe that no one in Norway is at present able to fulfill these con-
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ditioDK; and, in the next place, at the same time that one woukl find

himself" able to overcome the difficulties which interpose, he would
have, in the Canadian fisheries and kinds of fishes, which are closely re-

lated to the Norwegian, too powerful comi>etition.

In the mean time one cannot hope at present or even in the near future

to find Americans as customers for Norwegian fish-products; so the busi-

ness is not ended, on the contrary it is scarcely begun, and it is a mat-

ter of considerable importance for Norway, because the relation hinges

quite naturally on this : cannot the Norwegians compete with the Ameri-
cans in the American markets as well, perhaps, as the Americans with

the Norwegians in the Norwegian markets ? They do so already, and
will certainly, year by year, become more dangerous in comi>etition.

American salted herring has already been introduced into Sweden, Ger-

many, and Eussia, Norway's best customers for the articles mentioned.

No doubt many believe that the American article is not dangerous to

the Norwegian traffic, because it is carelessly prepared and of inferior

quality ; but the Americans will hardly fail to make themselves familiar

with the mode of preparation which the new customers' taste demands,
whether it refers to their great herring or their fat herring. They have
almost as much material as the Norwegian, they do not lack the occa-

sion, and certainly there is no want either of inclination or ability to

enter into comj^etition. Split cod from the American waters compete
with the Norwegian both in Europe and South America; why not also

.herring from the same places ?

It seems to me that it would be very appropriate if the consuls con-

cerned had their attention directed to this matter, and should-, through

their reports, give the mercantile class of Norway the necessary infor-

mation on the American competition with Norwegian fish-products in

tlie different markets, together with the result from season to season. I

have not been able to get any collected official report concerning the

fisheries in America or the exports of fish-products. The United States

of North America have no fishery statistics, and the data I have ob-

tained and found respecting them are partly the estimate of private

individuals conversant with the subject, partly a digest of many differ-

ent statistical tables which I have been obliged, under various difficulties,

to revise. At the same time, I think that our knowledge of the Ameri-

can export and import of fish-products is so small that any contribution

thereto will be received with thankfulness, and not the least from those

who are as greatly interested therein as the Norwegian fish-merchants.

I sliall therefore, here communicate an epitome ofthe results which were

ol)tained in the way indicated above.

If I estimate the yearly profit of the United States fisheries at fully

$27,300,000, I think that would come as near as possible to the truth.

This estimate is founded partly- on the estimate of private individuals

on the consunjption of fresh fish of all kinds in the great cities, partly

on the ofticial reports from fishery inspectors on the catch in some States,



WALLEM ON AMERICAN FISHERIES. 85

and partly' on the official statistics of commerce and navigation. In the

$27,300,000 is natnrally not included what foreign nations capture on the

banks in America, nor what the fisheries of Canada yield. If one

should take both these factors into the calculation the amount mentioned

may perhaps be increased by one-half, because the French fisheries alone

on the Newfoundland banks have a yearly profit of $1,365,000 to

$1,038,000, and the Canadian fisheries yield $10,920,000 to $12,285,000

yearly.

I shall not undertake to state more definitely how the sum of $27,300,000

arises, because it would simply be to render one series of estimates and
another series of data, which would not help to make the matter clearer.

So much of the statistics shall I, however, particularize as to mention

two chief divisions, namely, the profit of the salt-water fisheries at about

$20,475,000 and the profit of the fresh-water fisheries at about $6,825,000.*

With regard to America's exports and imports of fisherj'-products, that

is a matter more easily substantiated. The following summary of the

official statistics for 1875 gives an instructive survey

:

IMPORTED INTO THE UNITED STATES.

a. Fish-products free of duty

:

AU kinds of fresh fish amounting to . . $351, 8S9

Salted herring " »
. . 288, 590

Salted mackerel " "
. . 584, 283

All other kinds of fish-products " " .. 928,344

Total duty free $2, 153, 106

h. Fish-products paying duty

:

Pickled herring amounting to .

.

226, 494

Pickled mackerel '' <' .

.

553

Sardines and anchovies in oil

and otherwise " " .

.

526, 179

Other fish-products " " .. 102,283

Total paying duty 855, 509

3, 008, 615

The preceding year the importation of the items here named was
$3,208,527; the articles free ofdutyamounted, however, to only $1,800,000,
but the duty-paying imports were greater, namely, $1,400,000. The im-

portation of sardines and anchovies especially was of greater importance,
amounting to about $1,000,000.

* For comparison it perhaps may be instructive to state that the Norwegian marine
fisheries may bo estimated at $12,285,000 to $13,650,000 yearly and the French at

$15,015,000 to $16,380,000.
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According to the same official statistics for 1875 the exports of fish-

products from the United States of North America were

:

Dried and smoked fish $710,121

Fresh fish 09, 448 ;

Pickled fish 359, 009

Fish otherwise prepared 1, 855, 550

Whale and fish oil 455^ 230

Oysters . 170, 277

$3, 020, 301
Besides those used in transit

:

Fresh fish 3, 895

Herring 11, 722

Mackerel 10, 254

Sardines and anchovies 23, 290

Oil of all kinds. 11, 230

All other fish products 157, 053
217, 450

3,837,757

While importation in the last year has been diminished, exportation

seems to have increased, by which one may well conclude that the fish-

eries are in constant advancement. The American fish-dealers' exchange

with foreign countries amounts also to about $7,000,000; but an account

more in detail as to the countries with which this exchange occurs may
perhaps be of great interest to the Norwegian fish-merchants, wherefore

I shall compile an abstract of tables relating to the subject.

The fresh fish, amounting to $352,000, which were imported duty free,

were almost exclusively from Canada 5 the same was the case with the

$584,000 worth of mackerel and about half the quantity of herring,

quoted at $289,000. On the other liand, the importation of the remain-

der of the herring, $220,000, together with sardines, anchovies, and all

other fish, was from the following countries

:

Valued at

—

From

—

Pickled herring, 14,243 barrels. . $154, 302 Holland.

5,075 " .. 01, 459 Germany.

1,278 " .. 0, 854 Newfoundland and Labrador.

218 " . . 2, 897 England.

120 " .

.

480 Quebec and Ontario.

24 '' .

.

298 Scotland.

As the prices quoted are invoice-prices, it is seen that the herring sent

from Europe were invoiced at over $10 to $12 per barrel, while herring

from the Qanadian coasts were only $4 to $5 j)er barrel. Direct from

Norway and Sweden they are imported for $2 ; but I am informed that

some of the herring imported from Hamburg are Norwegian.

Sardines and ancho\'ies in oil reached a value of $1,000,000 in 1874,

but in 1875 they were imported only to a little over half the amount, or

$520,179, distributed among the following countries

:
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From France to the amount of $445, 022

56, 518

11, 072

8, 028

2,448

1,894

789

152

Eiiiiland "

Germany - "

Holland "

Italy
'.

"

Qncbcc and Ontario , . ..
"

" Spain ''

" Sweden and Norway "

In the importation of anchovies it also holds good that some Nor-

wegian (and Swedish) w'ares go by way of Hamburg to America.

The great item of imports—"all other fish-products"—represents over

$1,000,000, and is due mainly to the following countries :

$900, 000

48, 295

243

22, 822

12, 337

5, 750

2,635

955

806

795

518

From Canada, &c about

China ... '. "

Hong-Kong . . . .

"

Germany ,
"

France "

Holland "

Cuba "

Sweden and Norway "

Mexico "

Italy •- "

England , "

The cities and ports to which the greatest portion of the importation

came are the following

:

Boston and Charlestown, Mass., to the value of $1, 298, 921

754, 884

369, 816

158, 586

101, 152

94, 104

New York,
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A smaller portion of items go to China, Japan, France, the Azores,

and Madeira, the Spanish colonies in Africa and elsewhere. Nothing is

exported to Spain, Portugal, and Italy, where, on the contrarj^^ ]S"ew-

foundland split cod has so great a market.

Of fresh fish, as above noted, are exported $69,000 worth, of which

about $68,000 worth are shipped from Key West, Fla., to Cuba.

Pickled herring are exported to about the same markets as the dried

and smoked fish, and, besides, to the French colonies, the English colo-

nies of Australia, Liberia, the Sandwich Islands, Porto Eico, and Vene-

zuela.

The $2,000,000 worth of '' aU other iish-products " went for the greatest

part to England, the EngUsh colonies, and Hong-Kong, because the

most important items are the following

:

Value,

To England $974, 673
" English colonies in Australia 298, 280
" Hong-Kong , 216, 522
" Germany 74, 998
" Cuba 46, 924

" France and her colonies 37, 733
" CTnited States of Colombia 33, 461
" Hayti 30, 032
" Peru 28,183
" Chili 7,441
" China and Japan 8, 826

The exportation of oil, as previously stated, amounted to $455,000

;

the quantity was 896,000 American gallons, or about 30,000 barrels,

which were shipped in the following principal items

:

To England 304,605 gallons, valued at $125, 583
" France 241,161 " " 123, 937
" Scotland 197,891 " '' 80,670

"Canada 119,007 " " 05,999

The remainder went to the English possessions in Australasia, Cuba,

Hong-Kong, Mexico, and elsewhere.

The great exportation of oysters, which is said to be still in its infancy,

amounts to $170,000; the following were the most important markets:

Canada $70, 114

England 38, 661

English possessions ui Australasia 11, 639

Germany 10, 798

Argentine Eepublic 6, 609

Uruguay 6, 458

Cuba 4, 388

Next come Brazil and Chili, Mexico and the Sandwich Islands, Ven-
ezuela and various states in South America, Japan, China, &c.
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The ports from wliicli are exported the American fisli-products are

only partly the same which receive the greatest import of such wares
j

exportation, for example, goes on especially by way of San Francisco,

which exports to the value of $1,500,000; New York to the amount of

about $1,000,000; Boston about $700,000, and Key West a little over

$100,000.

It appears from this abstract that Americans get their greatest supply

of fish in oil from France and England, pickled herring from Canada,

Holland, and Germany, while all other fish-products come mainly from

Canada, China, and elsewhere. And exportation occurs chiefly to Eng-

land, the West Indies, Australasia, Eastern Asia, and South America.

As it is probable that Norway cannot compete with America in these

foreign markets—the West Indies and the east coast of South America

excepted—so also it is likely that she will not readily be able to satisfy

America's demand for fresh fish, fish in oil, and the rest of the chief

articles. But it is more nearly certain that^America can act in opposi-

tion to Norway as well in Europe as in other countries. It is of much
interest to know this.

V.

PEESERVING FISH WITH ICE, AND THE SIGNIFICANCE TO
NOEWAY OF THIS MODE OF TREATMENT.

The fact that the Americans are able to furnish salted fish-products

so cheaply that it may become a serious apprehension that they will

compete with the Norwegians even in the markets of Europe, arises

partly from this, that the American fishermen sell their fresh fish so

readily and profitably, partly because the fishermen are better equipped

and more skillful in their calling than the Norwegians, taken as a whole^

and finally for the reason that the kinds of fishes concerned abound in

the American waters, and besides they are comparatively little in demand
for the consumption of the country's own population. I shall next treat

of the factors here indicated.

The first—the trafiic in fresh fish—I have previously treated in its own
chapter, in which I remarked that the preserving of fish with the help

of ice and frost ])lays a principal part in the business. But I shall now
enter more fully into this matter, because I will communicate all the in-

formation in regard to preserving fish with the aid of ice which I believe

at present may have practical interest.

I have read with much attention the articles which have been published

on this subject in the Norwegian newspapers, and I have specially noted
the interesting information which the consul-general, Mr. W. Christopher-

sen collected. I hardly mistake when I think that the summa summanon
of the public discussion of the subject has been this, that for the present

it is neither practical nor advisable to encourage Norwegian fish-dealers

to attemj)t the exportation of fresh fish in ice from our great fisheries.
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Against this result I shall venture to make some objections, because I

will point out the weakness of the conclusions which have been advanced.

They have, in the first place, so far as I can judge, confined themselves

to England as a market and to cod as an article of exx^ort. Just as I, on

the one hand, regard this limitation of the matter as inadequate, so, on

the other hand, I consider the views which have put themselves forward

in this region; and I may say, further, that the question being limited

thus, the answer must be what it is, namely, that for the present the

attempt to send cod in ice to Englaiid should be discouraged. That this

should be the answer arises simply from the fact that the English imj)ort-

ers of fish desire living cod. With it the afi'air is decided. Closer inves-

tigation as to what kinds of cod are most esteemed in the Englisli market

might, therefore, at present seem superfluous. And to institute calcu-

lations as to how great expenses will attend the carrying of fresh dead

cod in ice from Lofoten or Kristianssund to Hull or London may be un-

necessary. However, the subject may acquire interest later on, and
therefore I shall not retain certain information comnmnicated to me on

the prices of cod in England :

Living North Sea and Iceland cod are sold for $19.11 to $27.30 ])er score.

Ekero cod, wet-salted, " '' " .98 " 1.17 " "

Lofoten cod, " " " " " .79 " .98 " "

The j^orway-coast cod, as well as the Lofoten, are thus seen to rate at

very low j^rices
;
yes, lower than one as a rule can secure in the fishing-

places in Norway itself. Cod in ice command only one-fourth to one-

sixth as much as cod in the living state, and are said, under the present

management, to have great difficulties to overcome. These difficulties

consist chiefly iia this, that the wholesale fish-dealers in England (the

whole of England's and Scotland's trade in fresh fish is in the hands of

ten to twelve wholesale dealers) antagonize the importation of all other

fresh fish than those which they themselves get. They have their own
vessels with wells for keeping living fish, and every attempt to compete

with them in this or in the traffic generally they contend against so reck-

lessly that a fresh attempt hardly occurs.* One may even in Norway
have a little experience of this. But should the opposition from the

wholesale dealers themselves be relinquished, yet will the fact that the

cod is a kind of fish which easily loses its fresh taste in fi'eezing, always

render competition with the Englishmen's own living cod the more diffi-

cult. After all, one will naturally prefer the living cod.

Of halibut, salmon, and mackerel—three kinds of fishes which are well

adapted for sending in iho, frozen or iced condition—there have gone, on

the contrary, for many years, a not inconsiderable quantity from Norway

* When the Americans began to export to England fresh meat in ice the English

butchers raised a strong opposition, and only after sundry conflicts, which cost much
money, the Americans, with the aid of the press and the ])eople, won admission. How-
ever, a time was selected when a single English butcher, in order to spite the Amer-

icans and their meat, called all his worst meat "American," and solii it cheap.
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to England, wbicli demoustrates practically, indeed, that the fish business

treated of can be prosecuted with England and certainly succeed besides,

because it is carried on by nearly the same Norwegian firms summer
after summer, year after year.

Bnt the chief question was, not whether fish from the so-called great

fisheries—herring fishery and cod—could be exported in ice instead of

in i)ickle, or salted and dried. In England, the main question was,
" Will I buy dead cod instead of the bving ? " And the answer was "No !

"

But in South and East Europe the inquiry Avas different, namely, "Will

I buj^ fresh fish instead of salted and dried?" And it is this question

which I believe cannot be regarded as capable of being answered in the

negativein reference to theinvestigation of the English business-relations.

My personal opinion of the matter is this, that herring as well as cod can

be transported without too great expense to Norway's ])resent great cus-

tomers in East and South Europe. The difficulty consists not in this but

in the fact that one of those markets must be prepared to preserve these

frozen or iced wares in this condition, even in the manner of loading.

But this difficulty itself can gradually be overcome, provided the traffic

only can endure the expenses attendant upon it, which I can have no

opinion of, since I do not know the proportions of the ice business in the

countries concerned. That the whole may be amended without exorbi-

tant expenses, so that fresh cod and herring maybe delivered in South

and East Europe, I am confident, from the fact that similar kinds of

fishes are delivered in America to markets as far distant from the fish-

eries. At the same time it is indeed clear that all depends upon whether

those customers really desire fresh fish from Norway. If they do not,

then the matter is thereby decided. But until one has experience of this

by some experiments, the question cannot be regarded as satisfactorily

answered, and it was only this I wished to take exception to in the re-

sults which the public discussion appears to have desired to establish,

and that immediately.

For a clearer understanding of the matter, I had some time before

examined the relations of this business in America, the fish concerned

as well as other articles of food, and I shall now communicate what I

learned.

With regard to the treatment of fishes with ice, a distinction must be

made between merely packing fish in ice and freezing them for storing.

The first—^packing in ice—is employed in ordinary transportation, as

from the sea or fishing-banks to ports, and from the ports (generally

after replenishing with fresh ice) to the selling-places or markets in cities.

The other ice-treatment, by which the fish are frozen, is employed mainly
in storing fish, as, for example, to enable the fish-dealer in question to

preserve fish from summer until winter or from one season to the next.

Preserving in ice appears to require no skill, yet it demands some
judgment to answer the purpose entirely, as to the quantity of ice in

proportion to the quantity of fish, the convenient size of the pieces of
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ice, tlie material and shape of the box—all are things of importance, and
not the least elements of a practical economy.

Greater judgment, however, is demanded in freezing for a subsequent

storing of wares. This is truly a new art, on which a patent was taken

ten or twelve years since in America, and it will become very imijortant.

I shall, therefore, venture to describe a so-called freezing-apparatus or

frost-vault.

VI.

THE ameeioa:^^ EEFRIGEEATOE.

A refrigerator must not only keep the article cold, but it must keep

its temperature near zero or below the freezing-point; and to do this is

required not only a constant supply of ice, but also such an effect of ice

as wiU produce and maintain intense cold.

Most persons have seen a common ice-chest for household use ; its

purpose is only to keep articles of food cool or cold. But no matter

how much or how often one may fill it with ice, the provisions will not

generally freeze
;
partly because the ice-compartment is too small, partly

because the mass of ice cannot of itself send out sufficient cold over the

provisions to freeze them hard ; besides the distance from the ice is so

great that the intervening air makes freezing (in mild weather) nearly

impossible.

The largest and best furnished freezing-vault which I saw was one

belonging to the above-named Mr. Eugene G. Blackford. It was, prac-

tically speaking, a cellerage 80 feet long, 11 feet wide, and 10 feet deep,

fitted up as a small store-room. The outer frame of the vault was much
like a ship's deck, tight, and composed of planks. A trap-door led down
to a room where it was dark and the temperature some degrees below

the freezing-point; on the day on which I inspected it there was a strong

summer heat of 35° C. (= 95 Fahr.). The ceiling itself was double,

and the lining was partly sawdust (to prevent the influence of warm air),

partly ice mixed with a certain proportion of salt (to send the cold in

the ice out over the room, "liberate " it, as it is called in physics). Along
the sides and at the ends and across the vault itself were constructed

large conduits or rather long reservoirs for ice mi^ed with salt, to act

on the air in all parts. The situation and shape of this reservoir form

a very important part of the apparatus. The art is to get the cold in

the ice, which is "liberated" with salt, to operate so that it will be of

the greatest benefit and also most valuable with least expense. As cold

or cold air "falls," these ice-reservoirs are placed highest up in the top;

the cold air must also fall right through the whole vault and cool the

entire room in its wandering. Were thej^, on the contrary, placed on the

sides or bottom, the cold liberated from the ice would simply fall along

or down the reservoir itself. Side-reservoirs would also merely form

a cold wall or ice-belt around the vault. Such a cold wall they have

also, but the ice of the reservoir is best utilized, as indicated, by allow-
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iug- the cold to tall out in the room; therefore the wall-reservoirs, which

appear as closed couduits, are given an oblique position, so that the cold

from the uppermost ice may fall out freelj and operate as a correspond-

ing ice-blast from the ceilnig. The floor is least liable to an invasion of

warmth; the ice-receiver here is, therefore, most poorly supplied with ice.

To protect the provisions against ice-water drip from the ice-box, there

are placed conduits and conductors. As for the rest the oblique position

of the reservoir will contribute toward carrying the ice-water away with-

out dripping. When once the warm air is expelled and the ice has su-

premacy, it requires less to maintain freezing for a year or as long as

one wishes.

This vault of 10 by 80 by 11 feet, or 8,800 cubic feet, could easily hold

100,000 pounds of fish. It was divided by walls and ice-pipes into four

parts, each i^art furnished with an endless number of shelves of mould-

ing. To keep the temiierature in the whole api)aratus some degrees

below the freezing-point, 1,400 pounds of ice is required daily in the heat

of summer. The price of the ice was about $4 i^er ton of 2,000 pounds.

The expenses in this respect were therefore only about $2.80 per day in

the heat of summer and proportionally less during the remainder of the

year. In winter are required for the apparatus only about 1,000 pounds

of ice per week, about 29 cents per day. In the cooler country of Nor-

way an apparatus of this size would require a smaller quantity of ice,

and the ice would be had at a much cheaper rate, in Bergen City for

instance, for $1.64 to $2.18 per ton, which would amount to only 82 cents

to $1.09 x)er week to preserve 100,000 pounds of fresh fish in winter;

truly, a cheaj) iireserviug ! Even a smaller quantity of fish could profit-

ably be stored here when the prices in midsummer are very low, and it

could be calculated ui)on with safety that they would advance later in

the autumn, as happens with the price of salmon, which rises from 10 and

12 cents to 25 and 30 cents
;
yes, as high as 50 cents a pound toward

Christmas. But it will readily be iierceived that a quantity offish, say

only 1,000 pounds, would not support the increased expenses of an ap-

paratus so large for a longer time.

Not every kind of fish can endure such cold, but Like many kinds of

provisions some lose much in flavor. And even the articles of food which

endure it must be treated in a peculiar manner. Among other things it

must be observed carefully that fish intended for storing in cold must

be frozen stiff immediately, or as fresh as possible. Delaying the stifl-

freezing some time, or, under certain cii'cumstances, any time, is a source

of great loss. Also, in thawing, measures must be taken that nothing

shall be spoiled. Thawing must, by preference, take place in cold air so

as to "repel (sAv/f/e) the ice," as it is called in the Norwegian household

language, before further dressing or cooking can occur.

The kinds of fishes which best endure storing in cold are salmon and

halibut; next very fat herring and mackerel ; but cod and flounders and

other common fishes will lose their flavor; also oysters. The fatter fish
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are, the less will their agreeable taste sufier ; the poorer, the greater such

danger.

Experiments hav'e been made \vith all kinds of provisions, drinks, and

fruit. The result so far reached is this, that every kind endures a cer-

tain low temperature, below which one cannot venture without injuring

the flavor. Especially fruit and most kinds of flowers are very sensi-

tive in this respect. To treat them directly with ice-cold air will, I

think, not succeed ; but perhaps the indirect method, or the now com-

mon cold-air method for cooling off the ijreserving-room will do better.

Pork is also somewhat difficult to handle, but for a different reason : it

requires such intense cold to be entirely protected. Again, it has been

found that the more uniform the cold is kei)t the better.

My informant states that the use of ice as a means of preserving

these articles dates back only twelve years. A patent for freezing sal-

mon had yielded the patentee $30,000 to $40,000 ; but while the patent

was respected concerning salmou, competitors soon learned that the

patent-right was not infringed upon by employing freezing for other

provisions, and after a lawsuit respecting it the patentee lost, as the

tribunal tleclared that freezing other articles of food than salmon was

free or not patented. At the same time the use of ice is considered yet

to be ni its iufancj, or taken as a whole only to have accpiired iuipor-

tance in the treatment of salmon and some other tish-wares, together

with fresh meat. With regard to fruit no one has gone beyond experi-

ment ; but as soon as the proper ice treatment is discovered one uuist

admit that America will export to Europe large quantities of fresh fruit,*

just as is already the case with fresh meat, and experimentally wit!i

fresh salmon.

VII.

TWO KINDS OF EEFRIGEKATORS OX BOARD PACKET
STEAMERS FOR CARRYING FRESH MEAT.

As the transportation of fresh meat from America to Europe in steam-

ers has attracted marked attention, and as a similar transfer of fresh

fish will ])erhaps in time become an example for the Norwegian tish and

game dealers, I undertook a journey across in a steamer which was fur-

nished with cooMng-otf apparatus (refrigerators), and then remained uuiny

days in Liverpool to investigate the condition of the meat after the \'oy-

age, and to make myself better acquainted with all the details of the

arrangement.

So far as my experience goes, the method employed in the transporta-

tion of fresh meats across the Atlantic is copied from a rather common

method of refrigeration used by the pork-butchers in the West. This last-

* Fruit-growing- is a great industry iii the United States. Miicli is exviortetl in the

form of conserved and preserved frnit. 01" all kinds of apples alone were exported in

1875, as officially advised, more than .$1,000,000 v.-orrh.
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named method I shall, therefore, treat of first, also for the reason that

it luay possibly be interesting to the public.

The great pork-slaughtering houses operate chiefly in winter; the

summer killing is regarded as of an inferior quality (judging from the

recommendatory advertisement, "winter-cured" American pork). The
reason is, that heat will i>revent, in a greater or less degree, the successful

salting of pork ; in the cold of winter one may be more certain that the

pork will be put in salt sufficiently early, or that the air will not iirlluence

the flesh before the salt has begun to operate. During a visit which I

paid to a pork-butchery I convinced myself of the significance of refrig-

eration for the trade. The body of the hog, as soon as the animal is

killed, is thrown into a large scalding-trough filled with hot water, where

it remains some minutes, to be scalded, or sufiiciently long for the whole

carcass to become so thoroughly hot that it takes a long time before it

is cold enough for salting and packing. It is important, now, to shorten

this interval, and also to prevent any hurtful influence from the action

of the air. In winter this is not so dangerous. In summer or in warm
weather it is hurtful. A sudden cooliug-ofi' by putting the pork in ice,

it is thought, will injure its flavor; and even a natural cooling-off in

wintry air is not to be recommended. It is important, thei'efore, to

devise a method by which refrigeration could proceed to a proper length

of time and uniformly, independent of the weather, and in such a way
that the right point of time for salting could be determined with safety.

They have here, among other things, constructed for a refrigerator a
large box with a blowing contrivance or pump. Inside of this box, large

enough to hold a small drove of hogs, the carcass is hung up ; thereupon

the air-pump is set in motion, first to pump out the warm air given oif

by the carcass, and then to blow more and more cool air in until the air

corresponds with cold water, and cold air from an ice-chamber follows.

The current of air travels constantly the same way, flowing along the

ceiling or the upper side of the box towards one end, from which it goes

backward along the bottom to the other end, when it carries the heat

from the carcass up and out. When the cooling is somewhat advanced,

they do not allow the current of air to escape into the outside air, but
into an ice-chamber, and thereby it becomes colder and colder until it is

everywhere uniform and the cooling of the carcass is finished. To give

the current of air greater cold, ice is mixed in the ice-room with salt in

such proportion as will give out the degree of cold desired.

This last part of the refrigeration forms the basis of the method of

treating fresh meat in its transportation over the Atlantic in steamers.

The meat is brought on board soon after killing, and is quickly cooled
off and sewed in muslin; thereupon it is hung up in the inclosure
arranged in the room for transportation. It is important now to main-
tain a low temperature until the vessel reaches the European port. How
this is accomplished I shall seek to explain as I describe the refrigera-

tors which I saw in the American steamer which carried me across.
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The steamer had three rooms furnished with cooling-apparatus (refrig-

erators) ; of these, two were on the second deck, a little forward of mid-

ships; the third was astern in the peak, and extended from the keelson

up through the two decks. The first were kept cold by water, the last

by air. Each of the rooms was 9 to 10 feet high, 12 to 14 feet wide, and

40 to 45 feet long. They were perfectly empty inclosures. The cold-

water rooms, which I shall mention first, were provided with doors for

loading and unloading the meat. The doors opened out into a stair-

way by which one reaches the deck. Immediately outside the door was

the steam-engine which forced the cold water; close by was the ice-box,

through which the water is led; also, finally, two separate zinc-covered

and well-lined ice-storerooms—one for each room—5 to 6 feet wide, 10

to 12 feet long, and 9 to 10 feet high. A sufficient quantity of ice was

kept for the voyage. The inside of the refrigerating-rooms was provided

with close series of hooks, on which the carcasses were Jiung, sewed in

muslin. They.must, as far as possible, hang clear of one another, partly

to prevent chafing during the rolling of the ship, partly to give the cold

air free access to all parts of each carcass. When the rooms are filled

there is not room for a boy, hardly enough for a cat, to creep along the

floor. The fuller thej^ are the easier it is to maintain the cold. All sides

of the rooms were encircled by lead pipes 2^ inches in diameter, 10 coils

on each side. The piiDes were fastened directly to the wall. This was

the furnishing of the room.

The work of refrigeration I shall next briefly mention. The problem

is to keep the temperature uniform and low—usually 37<^ Fahr., or, more

accurately, never above 40° Fahr., nor below 35° Fahr. To this end the

rooms were first comi^letely inclosed, made tight, then hermetically

sealed. In the pipes, which with an aggregate length of 1,700 to 1,800

feet encircled aU the walls, was jjumped cold fresh water by a little

steam-engine, which worked a pumj) for each room. The water circu-

lates through the whole length of the pij^es in a room, returns to the

starting-point, holds, then, a temi)erature near 29.3° F., is conducted over

ice and salt, forced again into the pipes, and produces and maintains

a temperature of about o5.6o to 37.4° F. This current of water is con-

tinuous, since the circulation is uninterrupted ; the quantity of water is

increased by the melting of the ice ; the surplus finds an outlet. Fresh

ice is supplied constantly in the ice-boxes, and each ton of ice is mixed

with nearly a quarter as much salt. The temperature of the room is

controlled through a very smaU window, inside of which a thermometer

is hung, and by that the temperature of the body of water is regulated.

To protect the meat, the pumping is continued untU the last carcass is

unloaded.

The work or oversight of the work of the pumps is taken in charge

by two men who watch alternately. This superintendence, as well as

the engines, pumps, pipes, &c., is at the expense of the shipper of the

meat; the steam, on the contrary, is furnished free by the ship. The
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freight amounts to so much per ton of the whole room occupied ; this

trip, about 30s. per ton. The apparatus employed returns free in the

steamer, and the vacant room is used by the vessel for other freights.

The third refrigerating-room had cold air instead of cold water, wooden
air-tubes 14 to 15 inches wide instead of the leaden water-pipes of 2J
inches diameter. The current of air which is to cool off the room and

keep the temperature low is set in motion by a blowing-arrangement

which is driven by a little steam-engine of J horse-power. The blower

which stands upon the first deck makes 180 to 210 strokes per minute.

This drives the air through a box of ice and salt down into the room,

which is everywhere penetrated by it ; it is led back in a similar way
through a box filled with ice and salt, and comes from this up again

under the fan, which forces it downwards in an endless round as long as

there is meat to be preserved in the room. The temperature, which is

here controlled,within the blower, is in the room about as in the cold-

water rooms, but often 3° Fahr. lower. The principle is the same,

and no one is able to point out any difference of advantage of one

over the other system. Both are considered excellent. This cold-air

room w^as 30 feet long, two decks high, and for the rest extended along-

side over the whole peak. This accommodated 250 whole beef carcasses,

which hung in two layers, one for each deck's height. The box in which

the fan worked was only 5 feet high, 2^ feet long (alongships), and 1^

feet broad (athwartship). The exi>enses were met as in the other room,

and the freight was paid, as there, only for the room occupied.

This, then, was the information I had to convey, and which I believed

would be a matter of interest. One may see herein why the ice treat-

ment of provisions is employed in America in the different industries

and for different purposes. That something similar might be iiracticed

in Norway api^ears to be a conclusion not without foundation ; it is im-

portant only to overcome the difficulties and regulate the mode of treat-

ment which the Norwegian traffic must involve. But to point out more
in detail the practical mode of laying hold of the matter may be found

to lie somewhat outside of my present task ; it will be enough to indi-

cate incidentally that the wealth of our country in game, fish, and other

provisions which are mainly used fresh, might be made serviceable to a

great extent if the tradesmen interested should follow the example of

the Americans. The many fast steamers along the whole coast and go-

ing to foreign countries ajipear to me, for instance, well enough fitted as

a field of experiment for such a refrigerating-room
;
yes, merely having

ice-boxes on board a large steamer for chartering for the use in question

might perhaps be found both a good speculation for the owners and a

convenient and noteworthy arrangement for the consignors and con-

signees in our large cities and in foreign countries.

It remains to prove by an adequate trial of such enterprise what I,

for my part, consider for the present as certain, namely, that the using

of ice is a practical method of preserving and transporting jirovisions

7 F
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iu the fresh state for a loug time; also, for ourselves, I think it wiil uot

require a long time before great advantage will be found in using ice for

our great fisheries, even to a greater degree than is now common iu

America. I think, also, that our fat-herring fisheries will find a valuable

adjunct in ice-using, when, for instance, the fishing occurs far from a

salting-station, and it is important to preserve herring in summer until

salt, barrels, and suflflcient help can be secured. In America they freeze

whole cargoes of herring. Bait, too, for the cod and coal-fish fishery

might be preserved by the proper amount of ice where now it is wasted

or cannot be had.

The matter is first brought into practical operation for the salt-water

fisheries, so we should next investigate how far our numerous rivers,

lakes, and fiords, well adapted for fishing, ought to derive advantage

from the use of ice, and be made to furnish a great quantity of goods

for sending abroad. As matters now stand, our inland and fresh-water

fisheries rank rather low, and the yield can scarcely be conveyed to

market, except in a half-spoiled condition, iu suumier. The experiments,

the experience in the practical business itself, which one acquires with

reference to this fishery in America, have brought me to believe that

much might be accomplished by us.

The fresh-water fisheries of the Americans, inland and on the great

lakes, are prosecuted so largely by using ice and storing frozen fish, that

the traffic in these fish-j^roducts is a comparatively great business. On
this I shall venture to communicate more detailed information.

YIII.

FEESH-WATEE FISHEEIES IX AMEEICA.

That the fresh-water fisheries have an entirely different signification

for America from that in other countries was shown in the Exhibition

in many ways. While the fishery-division of most countries consisted

mainly of fishery-products from the sea-fishery, and onlj^ occasionally

had some fine implements for lake-fishery, or a portion of the products

of the fresh-water fishery, the main strength of the American division

lay in this dii-ection. One noticed instantly that this branch was the

object of special iiartiality on' the part of the American functionaries

concerned.

In Agricultural Hall there was a series of aquaria in which various

fishes disported themselves, surrounded by all the comforts which belong

to a happy domestic life in fresh-water depths ; the handsome, sprightly

aquarium-tenants were not only well fed, but were also shown all other

attentions which fish delight in; their home was furnished with beauti-

ful sea-weeds, shells, corals, and muscles ; in shady grottoes of curious

stones reposed friendly-disposed sea-creatures and crabs of exquisite

beauty; fresh water l)ub1>led forth continuouslj' and diffused an agree-

able coolness which the outside spectators certainly envied them in the
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oppressive summer lieat; and, finallj^, tliey were constantly surrounded

by a dense circle of spectators, especially children and ladies, who felt

themselves very fortunate to see them, admired them, and in their delight

gave them rare dainties. Nearly as much attention was bestowed on

the fishes cast in plaster and painted with great skill. This collection

(the cost of which is stated to be $27,300), was larger than that, and had

a place in the Government Building, where also a collection of photo-

graphs (with the scale of measurement attached) and color sketches of

all sorts of fishes were exhibited. Here was found a great variety of

implements, hatching-apparatus, and the requisites for the transporta-

tion and planting of young fishes.

The products of the fresh-water fisheries were also exhibited in great

abundance, chiefly all forms of preserved salmon. In a couple of refrig-

erators were shown fresh fish, which, in spite of the oppressive heat,

kept their fresh, delicate appearance many months. This was both an

exhibition of fish and of a mode of preservation, and the two parts com-

bined were an illustration of the advanced development of the fish-

traf&c. Beside California salmon lay pompano from the Gulf of Mex-

ico, always equally fresh and sweet. The great prominence which they

had thus given the fresh-water fisheries must naturally excite one's in-

terest in them ; but since, as before remarked, no detailed statistics of

the fisheries are to be found, one is cut off from access to an easy mode
of furnishing himself clearer information on their extent and imi)ortance

as a public industry. At the same time there are found so many local

statements respecting them, and also copious individual estimates con-

cerning this and the proportions of the fisheries in other directions, that

oneVith their help can form a tolerably good conception of the part

they play.

In a more detailed account of the relations of the great lakes it is

seen that the whole fishery-traffic here is entirely similar to tlie great

coast and sea fisheries. The author, one of the esteemed functionaries

of the Government of the United States, had visited most of the great

lakes and procured statements regarding the scientific as well as the

practical interest in this connection. The annual supply of fresh-water

fishes which fifteen cities alone take near the borders of the lakes, is

found to amount to not less than 32,250,000 pounds, of an aggregate

value of $2,184,000, the local expenses not included. iSTearly two-thirds

were furnished in the fresh state, and consisted of 1-4,000,000 pounds of

salmon, trout, pike, whitefish, and fresh-water catfish ; over 4,000,000

pounds (or 20,000 to 25,000 barrels) of fresh-water herring were supplied,

but of these 10,000,000 pounds more were delivered salted,

Tlic prices were not stated for the individual kinds, but the total of

$2,184,000 for 32,250,000 pounds gives an average price of 27 cents per

English pound, or about $2.73 for 36 Danish pounds, and this must be

called a good price. But if one take properly into consideration that

here are mentioned fish so fine and well flavored as sahnon and trout
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it must be granted tliat tlie prices were very low. And without low

prices on these inland fish-products it would not be practicable for the

Americans to furnish so considerable a quantity for export to Europe

and to almost the whole world. In reality the state . of things is this,

that Americans furnish, in the European markets, fresh salmon, for ex-

ample, cheaper than many countries in Europe themselves can get them
from their own fishermen, and that, notwithstanding the fact that the

Americans have considerable expenses on their goods besides a long

transportation. *

The explanation of this peculiar circumstance must be exclusively

sought neither in the abuse or overdoing by the countries concerned of

the fisheries in their waters by which the abundance of the fishes dimin-

ished and the prices enormously advanced, nor should the explana-

tion be sought in the natural wealth of fishes in American rivers. None
of these explanations will strike the right point in the matter. The only

satisfactory reason, in my opinion, is this : the Americans latterly pros-

ecute their inland fisheries with a deliberation on the basis of practical

scientific measures, which in the course of time must bring and already

has brought it to pass, that these fisheries will increase and year by year

make their competition with all other countries quite overpowering.

Americans can overdo the fishing in a water-course just as well as others,

and in reality the complaints about such abuse are not few. But at the

same time that they seek to prevent this abuse they do not restrict them-

selves to protective laws and prohibitory enactments against fishing at

certain times or with certain destructive implements. They do not con-

fine themselves to passive measures ; they do not depend exclusively on

nature's own assistance to counterbalance the fishermen's want of judg-

ment and selfish efforts. The American fishery commissioners have a hold

on much more effective measures, active measures : they transfer young

fishes to the best water-courses ; they see that the barren rivers and
waters again get a supply of edible fishes ; they erect great hatcheries

for the "cultivation" of new material for the fisheries, hatching out both

the fish themselves and the subordinate fish on which they feed. And
all these active endeavors take place on a grand scale and with a gen-

erosity on the part of the people, which at first thought might seem
exaggerated, but which upon closer consideration will be found to con-

tain a wise economy combined with practical truth and correct appre-

hension of what is for the best. As I next have to treat of the fishery

itself I shall defer until the next chapter mentioning the hatching opera-

tions and give here only some few presumably very instructive partic-

ulars on the " cultivation of fish-material " for the fisheries.

In the year 1872 the United States Congress voted $15,000 to defray

the expenses of transporting shad (stamsild) to the Pacific States and

the States bordering on the Gidf of Mexico and the Mississippi Elver,

and to transport salmon, whitefish, and other edible fish to the waters

in the Union which were best adapted for them. The same year was
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voted aucTV 110,000, and tbc next jear $17,500. But this was not the

beginning of these operations, nor was it a solitary series of concessions

;

but it was, so is it stated in the reports, the natural outgrowth of

what so many individual States already had voted, and so many pri-

vate individuals had already performed. From another statement it

is learned that in thirteen States was voted on an average $2,730

yearly for many years for the development of the inland fisheries,

and individual States had iu the last eight or ten years also applied

$27)300 to $10,950 for restocking tlieir water-courses with fish. On the

Pacific coast there is a river, the Columbia Eiver in Oregon, in which

nearly 7,000,000 salmon-fry were let loose, to make the fishery flourish.

In the same river they are also caught quite extensively ; because one

has estimated that of the catch there in the last year will be produced

$3,013,000 to $3,270,000 worth of canned salmon in tin boxes to export

to the States and England. Salmon of the year are planted as well

as the fry. They spare no pains to aid the producing-power of nature

itself; the stream, productive and rich in fishes, is by combined scientific

and technical aid made still richer, still more productive. They will

take care that the great fishery shall become still greater, and under no

circumstances less. As there are naturally many fish here, it must be a

suitable place for them ; so they plant millions of fish because there is

plenty of room.

The inland fishery is carried on with no small emplojanent of capital

in implements, boats, ice-houses, steamers, &c. Large stationary nets

and traps are used, which have an average value of $o4:G to $819. Of
boats valued at $546 there are hundreds on the great lakes, but $109 is

a common value. A peculiar kind of boat called "Norwegian," and so

described that I must believe it to be related to the " lisferhaaden,^^ is,

however, considered clumsy for rowing by Americans, wherefore only

fishermen from ISTorway, Sweden, and Denmark use this form. On Lake
Michigan the fishery is prosecuted also with small steamers ; they cost,

as a rule, $1,092. Not fewer than 100 ice-houses for keeping fish fresh

are found throughout the extent of the lakes named. In several places

a considerable quantity of salmon and trout are stored until a later time,

when the fishing is ended, and they sell at a higher price. Also in the

fishing-vessels themselves they have apparatus for hard-freezing fish,

and they sail from one lake to another with a cargo frozen iu this man-
ner; on board the vessels in Lake Superior alone are frozen 270,000

pounds. The greatest inland market for the fishery-products of the

great lakes is Chicago, to which city, in 1872, were convej^ed about 4|
million pounds of salmon, trout, pike, «S:c., and a total of 7i millions of

fresh-water fish, at a value of $4,041,000.

It wiU be a long time before the fishery of any Norwegian water-course

will t-each results whicli can in any manner stand by the side of those

here mentioned. But there is certainly no insurmountable obstacle in

the way of increasing the profits of all the inland fisheries of Norway
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to such considerable amounts as will endure the comparison. Norway
has so many famous fish-streams and rivers, that one should have in

them an invitation to the attempt, especially since one has so practical

and satisfactory an example to follow as the Americans present. But
as matters now are the good waters yield only indifferently well to a

rational fishery ; one sees the profits diminish and the cost of carrying-

on an antiquated fishery increase, the less the occasion for old methods

becomes. *

IX.

HATCHING YOUNG FISHES FOR THE SAKE OF THE FISH-
ERIES.

As in most other countries where the fishery is a greater industry,

some persons also in the United States have sometimes complained that

the fishing is falling off ; and as elsewhere so here one has for some time

heard complaints of uncertainty as to where the cause was to be sought

for. Some were of the opinion that it was over-fishing or with too many
implements ; others were just as sure that the destructive quality of

certain appliances was the cause. That the fish were scared away by
the noise of steamers, cannonading, or by the bad smeU of decayed

offal from manufactories, I have, however, not seen advanced.

The question of the decrease of the number of fishes on the coast

arising in earnest in the years 18G0 to 1870, was, in the spring of 1871,

intrusted to Prof. Spencer F. Baird to investigate the matter. He re-

ceived a commission to learn how far the fishing on the coast, as well

as in the fresh waters, was diminished ; what cause had occasioned the

decrease, and what expedients in the form of law and otherwise ought

to be employed to furnish the fishing-grounds with a new supply of fish,

and in other ways make fish diet cheaper for the people. The professor

immediately set his hand to the work. With the assistance of a number

of practical men and men of scientific acquirements he begun investi-

gations of the temperature of the water at different depths, its vary-

ing transparency, its chemical composition, the infiuence of currents in

the depths and at the surface, food-supply for the edible fishes—in short,

examinations of everything on which the success of tlie fisheries must

depend. This was the first year; the next year saw a rapid advance, and

Professor Baird associated then with himself a corps of thiity-seven s[)e-

ciahsts, more than half of whom were professors, teachers, and stiuleuts

in zoology and natural history, the rest being fishery inspectors and

similar functionariesfrom eight different States and from British America
j

so great was the interest with which they participated in the investiga-

tions. A fund was established for the propagation of one or another sj^e-

cial kind of fish, as, for exami)le, the salmon from the Atlantic coast; and

for the people at large, who ought to become interested in the mysteries
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of development, a large aquarium,* the importance of whicli for scientific

study was especially set forth . It was not long before they found out what

should especially be done ; they resolved to devote great energy to the

propagation of young fishes, or, to speak perhaps more correctly, to the

protection of young fishes. Instead of leaving the young to their own
fate, they secure the spawn and the milt in time, allow the whole pro-

cess of development to proceed in the publicly established apparatus, to

set free therefrom the young as soon as they can take care of themselves.

For many years have a portion of the fishermen followed the business

of hatching spawn, raising the young in order to sell the grown fish

later ; and so skillful had individuals become in this achievement that

the scientific men learned from them and took some of them into the

service of the state as superini^endents of the hatching operations

throughout the Union. This thing, that individuals had acquired a con-

siderable fortune by hatching and rearing fish, contributed naturally to-

wards giving the whole matter the powerful impulse in a i)urely practical

direction, which it gained very early.

In a book on trout-culture, written by a practical breeder, it is said,

quite significantly for the stand-point which has already been reached,

that it "pays better to rear trout than hogs ''
; and every one knows what

the pork business is for America. All that I have learned indicates that

this assertion has gained general acceptance both among the common
people and the learned

; and it is said to be assured that in the art of

rearing fish the Americans surpass all others.

Partly to control the fisheries themselves, and partly in great measure

to carry on the hatching operations, there were by degrees appointed in

eighteen different States, taken together, fifty-two commissioners or fish-

ery inspectors, besides a regular staff of subordinate officials. There

was established by the United States Government, besides, a fish com-

mission, Avhose chief is the well-known Prof. Spencer F. Baird. With
this complement of special i^ractical cultivated oflicials and talented sci-

entific men the effort was untiring to produce and distribute young fishes

from the mountain to the sea in small rivers and lakes, in the great

streams, and in the great bays, both of fresh-water and salt-water fish.

Of large hatching-establishments there are many, public as well as

private. A more detailed description of them would certainly be inter-

esting, but without illustrative drawings such a thing would be hard to

understand. Besides, the public is much too little informed about the

matter to regard anything other tiian the practical results as particularly

interesting. I shall, therefore, here devote my attention to throwing

light upon what I will call the great enterprise of the hatching opera-

tions in America.

*Tliis aquarium was set up after the example of the previously uamecl society, the

"American Fish Culturists' Association." It was established in New York on a rather

large scale, and had at one time even a living whale to exhibit, which, however, un-

fortunately died, after the expiration of some time, from consumption, according to the

statement of the doctors.
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One of the most popular kiiuLs of fishes in America is the shad, or

^^stamsild," which forty or fifty years ago was caught by the million in

many bays and mouths of rivers. As soon as there was talk of restoring

the depleted fisheries to their former magnitude, it was resolved, among
other things, that they should also try the shad, both because it is a

favorite article and because it multiplies rapidly. An experienced cult-

urist, Mr. Seth Green, was taken into the service of the government and

began the experiments. At the first hatching the eggs yielded only 2

per cent, of young ; later it advanced to 70 per cent., and increased to

99. This was regarded as a triumi^h, because this high percentage of

young hatched out was greater than ever was seen or hoped for, and it

was also among the first great attempts with the herring kind. During

a period of twenty days 40,000,000 or young shad were liberated at the

mouth of the Connecticut River. Xo one knows in what time this fry

will become mature or return to its nurser3\ Some think it will be about

five years ; others, a much shorter time. The next summer they began
to hatch a new brood, and after an attempt of twenty days the summer
heat became too strong for the eggs (they had already gained experience

as to what temperature the young should have), and they concluded

their work after having lil)erated 60,000,000 of living shad-fry. The
following year they wished to await the result of the 100,000,000 l)efore

intrusting much money to the sea. The fourth year the people were

highly surprised. It was three years since the first young shad were set

free, and as early as the close of May it was reported that for twenty

years such shoals of shad had not been seen approaching the land, and

vessels which had come through the neighboring sound reported also

great schools which stood towards the mouth of the river. The next day
there was reported from five different fishing-places an unusually large

catch of shad and from the rest that the fishing was remarkable. It

continued to be great the whole fishing-season through, and the fish

were large and good. By a comparison of this year's catch with that of

previous years, it is found that this year's greatest haul yielded about

CO per cent, larger profits than ever before reported. The State's (Con-

necticut's) fish commissioner did not stop with this ; the result had indeed

been good, and they continued to set free the young and then capture

the adult. In the two following years 156,000,000 eggs were taken and
impregnated. Many States followed the example, and there will be

planted yearly millions of shad-fry, carefully hatched, for the enriching

of the fishery of the coast and in the rivers.

An interesting experiment was und.ertaken with shad in 1871. This

fish was never seen in California or on the Pacific coast. In the year

mentioned upward of 20,000 young shad were sent there and set free at

Sacramento. They wished to introduce shad into a sea entirely new to

them, and submit them to the experiment as to whether they would live

there, and whether they would return to the place where they were lib-

erated. The 20,000 shad disappeared in the deep in 1871 ; two years
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later a few shad were seen here and there in the neighborhood, and in

1874 a number were caught. They had reached a good size, weighing

as high as 3i pounds. This with many other experiments testified that

shad require three years to become adults, that the shad will return to

its feeding-place or where it was set free, and that the shad can thrive

in entirely diiferent seas from that in which it is thought to be a native.*

With a similar herring-species, the alewife, many experiments have

been made also, which have testified how easy the alewife is to hatch

out, how quickly it grows to an edible size (three years), and how rapidly

it multiplies. It is estimated that every shad with spawn has 50,000 to

80,000 eggs; and that the "fresh-water herring" or alewife has, in pro-

portion to its size, four times as many eggs. This naturally great capac-

ity for reproducing itself is what one takes advantage of when one at-

tempts with hatching-apparatus to protect the young from falling a prey

to its natural enemies. Even a small number of herring will, provided

their reproduction is protected, be able to increase to a great shoal in

the space of a few years, and with this consideration in view it becomes

an entirely practical economy to liberate millions of young every year and

allow the fishermen to catch the adults for the fish-market. From one

fishing-place it is stated that they yearly set free 4,000,000 to 5,000,000

young shad, and that the fishing steadily hnproves, so that now they

catch between 300,000 and 400,000 pounds of mature shad.

It was after a little practice in the art that they succeeded in hatching

out this herring-species, which now appeared so greatly increased. Be-

fore they had confined themselves maiidy to salmon and trout, whose

hatching was an ancient and well-known matter in Europe. And after

the successful experiments with the shad itself they did not neglect

these species of fish, because salmon and trout are far more valuable

articles, and the California salmon especially is celebrated for its agree-

able flavor. They applied themselves very diligently to their multipli-

cation and distribution to new waters. For the illustration of this work

I shall merel}' call to mind the operations on the Columbia Eiver, in

Oregon, and only add here that in 1875 11,000,000 of salmon-eggs were

collected at the establishment of the United States Government, which

were sent eastward to the waters of diflerent States ; this shipment

amounted to not less than 20,000 pounds, including the i-)acking. From
another river were sent 5,000,000 eggs, packed in boxes of 50,000 each.

On tills scale they prosecute the work now with unabated vigor and

with the mutual co-operation of the different States.

The economical question will indeed be of great interest for Norway.

'In a report printed in January, 1878, and whicli I have just received, it is stated

that it is considered certain that the "adult shad will return to the place where it

was set free when young." And by the fish-commissioner of California it is reported

:

" Shad were in 1876 and in 1377 right abundant in the Sacramento River." ....
" There can be no doubt that the first shad which were brought from the Hudson
Eiver in 1871 have been out in the depths of the sea and have now returned and

spawned."
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In the numerous reports wLich I liave read I have, however, found
very little concerning it, so I cannot state in dollars what it will cost to

hatch out some millions of salmon or shad. At the same time I have
seen that the gathering of salmon-eggs, according to a statement, is

becoming less expensive each year, and that the profit steadily increases.

The same was still more the case with the shad, which jields so remark-
ably many more eggs. In the large establishments it is managed so that

they succeed in one of them in hatching out a miJliou shad for $1.09,

including all expenses. This million of shad one cannot naturally keep
under his care until they become salable fish. They set free the whole
mass, and it disappears in the deep to return in about three years to the

shore where it was liberated. It is believed that one-fourth part return

from their wandering about in the sea, where they are persecuted by so

many fish. But even with so small a portion in safety, it must indeed
turn to good account. Because, if one estimate, for instance, that an
establishment hatches one billion in three years at $1.09 per million,

then would this outlay of $1,092 in the space of the next three years

yield a shoal of two hundred and fifty million shad. If only 2 per cent, of

these are caught, one will then get five million shad, which would amount
to fi'om ten million to fifteen million pounds of fish, worth at least 11

cents per pound, which is $273,000 to $409,500 gross receipts. This cal-

culation will seem, however, so exaggerated that, perhaps, no one will

accept the result. One can, therefore, take off, deduct freely, and reckon

on getting merely 10 per cent, profit, and then it reaches $27,300 to $40,950

gross profits from the young shad hatched out for $1,092.

I have been informed that this shad (and the alewife also) might be

particularly adapted to our Norwegian fiords. Lately I have come to

the behef that an experiment in this direction will be worth the trouble.

If one could, along the iSTorwegian coast, for an outlay of several thou-

sand crowns, cause some shoals of shad to visit the coast annually, there

would be a possibility that an attempt would be made with our own
herring; perhaps it would multiply just as rapidly. With the American
experiments in sight, I cannot, for my part, consider it a bold idea to

contemplate the possibility that one, by skillful hatching, might be in

condition to make up for the vanished spriug-herring. But what will it

cost ? With the above calculation as a clew, the price would not appear

to be great. But the point for the Norwegian herring concerned is this

:

that no one yet understands hatching it, scarcely how to use an appa-

ratus; yes, indeed, no one knows how long it takes before it will mature
or become salable. The prospects so far are indeed uncertain, and it

is perhaps far too early to suggest the idea. It is also with a certain

risk that I at present entrust it to paper and—publicity. However it is

allowed to stand as my calculation.

With regard to the expense of hatching salmon and trout, they have

in Europe varied experience in these branches. But the Americans

maintain, as previously remarked, that they have carried the business
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much farther, and hatched them both more safely and cheaper—uniformly

cheaper. It will, therefore, be interesting to see the prices of saluion-

egg's. I shall tirst, however, premise the remark that, according to the

statement, salmon of both sexes must be bought from the fishermen

and then brought to the establishment to spawn. The expenses of this

plan naturally become considerably greater than with the little shad,

because salmon ready to spawn are costly. The table refers to an estab-

lishment in Penobscot, Me.

:

Tear.



108 REPORT OF COMMISSIONER OF FISH AND FISHERIES.

themselves to cultivatiag and raising oysters, lobsters, frogs, eels, &c.

The so-called oyster-culture, with which is next intended systematic

preserving and capture, is a great business, without a parallel in any

country.*

From what I have here communicated in extracts and brief summa-
ries it will presumably be evident that the American example contains

a stirring invitation also to Norway to develop her fresh-water fisheries,

which are now greatly neglected.

LIFE O^ BOAED A FISHING-SCHOONEE AT SEA.—MACK-
EREL-CATCHING WITH THE PURSE-SEINE.

After having waited some time for an opportunity to go to sea, to wit-

ness the business out there, I succeeded in getting a promise of a place

on board the schooner William Baker, Captain Pearce. It was an old

vessel, but a good sailer, and the captain was recommended to me as an
experienced, enlightened, and generous man, who would take much
interest in communicating to me all the information he could give. He
had carried on the herring-fishing at Labrador, halibut-fishing off the

west coast of Greenland, and was now determined to prosecute mackerel-

fishing in the sea north of Boston.

Late on a jaiuy evening I was informed that the vessel was now ready

to sail, in Gloucester Harbor, and that I could come on board. Neither

the weather nor the vessel particularly invited one out in the dark, foggy

night. But after being shown a tolerably good bunk astern, where

besides myself four of the crew had quarters, I soon found myself adjusted

and anxious to get under sail. Early in the morning we cast loose and
the vessel hauled out into the channel. But the wind was still ; we
could make no headway. While we waited for the wind a portion of

the crew i:)assed away the time by taking a bath and swimming out in

the deep. Their invitation to me to swim a race with them I was in the

notion of accepting, when the signal was given to make sail and get

under way. All came on board, took off their swimming-clothes, put on

dry clothes, and caught hold at the anchor-breaking and later at thehaul-

ing-outsothat it was a pleasure to see them. The brutal execution ofdis-

cipline, so often censured on American merchant-shii)s, did not exist on

board here. The whole crew were native Americans, active and experi-

enced fishermen. They associated with one another with good-will, eat-

ing at a table common to us all, and carried on their work with mutual

satisfaction. Neither beer nor whisky is found on board; but warm

* In one of the last official reports to the United States G-ovemmeut is fonud printed

a fnll description of the oyster-industry in the United States. Here, according to the

older statements, the whole oyster-trade is estimated to amount to the sale of

4,000,000,000 oysters, worth about $69,250,000. To this may be added the profit of

other shellfisheries, and of the oyster-shell, which is burned into lime.
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coffee and tea can be had from five in the morning to six o'clock in the

evening. In other respects the victuals were good and nourishing, con-

sisting mostly of beef, pork, all kinds of fresh fish, different kinds of pie

and pudding, sometimes vegetables, with eggs occasionally ; in short,

about as in a frugal municipal family in Norway. The men were not

iiired, but had half the weight or a half share of the profits, which were

calculated after the expenses of salting, packing, barrels, &c., were de-

ducted. The cook, who besides the usual work in catching had to

prepare the meals, got besides for his part $27.30 per month. The trip

just ended had been made in three weeks and had yielded a profit of a

little over $81.90 net per man, which is considered a very good trip. The

crew in herring-fishing, on the contrary, is generally hired. They ship

at $10.92 to $13.65 per month for young boys ; $32.76 to $40.95 for able-

bodied fishermen.

After being under sail a couple of days we saw a whole fleet of mack-

erel-schooners. There were between 80 and 90 sail, some of which had

made a light catch. We passed some steamers which carried on men-

haden-fishing, and which went into port every evening to unload. These

vessels were quite recognizable by this, that they had two men on the

lookout in the cross-trees, on the foremast, and the rest in boats prepared

for fishing. Among other sail we passed also an old-fashioned French-

rigged vessel, which carried on mackerel-fishing with trolling-lines ; the

vessel was belayed and went before the wind. A crew of ten men stood

to leeward, and each man with at least two hand-lines, which he inces-

santly cast out and hauled in, while two men ground bait (in a hand-

mill) and threw out "chum." The catch was poor, and the mode of

catching, itself, most fishermen had given up for capture with purse-

seines, which have superseded all other implements.

While crossing back and forth we often saw mackerel-schools playing

in the water, but they vanished suddenly. The folks told me that one

could smeU mackerel as well as menhaden when the large schools of fish

were in the water. I entertained doubt of the truth of this information,

bat in the following week I became perfectly convinced of its authen-

ticity. Early one morning one of the crew said that he smelt menhaden,

and went immediately aloft on the foremast to discover the school. A
half hour later we saw a school jDlaying on the surface of the water ; it

was large mackerel. In haste everything was made ready ; the purse-

seine, which lay on the after hatch coiled up in a bundle and wet with

brine (to prevent rotting), was quickly flung down in the seine-boat,

which was kept constantly in towj next two small boats set out, so-

called "dories", flat-bottomed, light-rowing boats, half ''• sjcegte^'' and half

lighter. These are said to be the best fishing-boats known. When all

was ready I leaped down into the boat, and away it went. After a half-

hour's rowing the seine-boss found that the time had come to row in on

a large school, which played quite delightfully. In three minutes the

seine, of about 250 fathoms, was rowed out and cast in a circle around the
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school. After ten minutes more the seine ^vas pursed, and in it they es-

timated that they had caught 300 barrels of mackerel. A dory was sent

with a message on board the schooner, which was managed by the cap-

tain and a small boy -, after a little manoeuvering the schooner sailed

close to the seine, got a portion of the cork-line on board, so that the

catch was brought between the vessel's side and the seine-boat. A large

dip-net, with tackle and a long handle, was made ready, and in a few

minutes the living mackerel were thrown upon the deck by the half-

barrel. The captured fish in the seine became, in the mean time, very

uneasy, and rushed from one side of the seine to the other ; suddenly the

.seine burst in many places ; they sought to haul in the seine, both in

the boats and on board, and after much trouble they succeeded in retain-

ing and heaving on board a total of about 50 barrels. The rest of the

mackerel escaped through the large holes in the seine.

As soon as the catch was secured on board they took in all sail and
• began on the preservation of the mackerel. With small dip-nets the fish

were thrown in a square trough, and from this, as they were cut and

washed, they were assorted according to size. The fish was split or cut

in the belly (?) about as cod which are manufactured into split fish.

WTiile sprinkling them with salt they give them some slight cuts in the

back to make the flesh swell and give the fish a fatter and fuller appear-

ance. This is a trick which both the sellers and buyers understand.

Twelve men are engaged at a time with the salting, while the remaining

two men examine and repair the seine. In the space of two and a half

hours 47 barrels stood ready salted. For every four barrels of fish was

required one barrel of LiA-erpool salt, the packing being done later on

shore.

The next morning at 6 o'clock we were again in the boats, made a

new cast, but caught nothing. At 8 o'clock we were again out, went

halfway round with the seine, when the whole school sank to the bottom.

We caught nothing. The mackerel were wild and shy, played a little

at the surface of the water, but vanished quickly, to emerge again farther

away. The mackerel-schools were very large this day; for as far as we
could see on all sides they were playing on the surface of the water.

We made no catch notwithstanding. The captain's attempt to entice

the Schools with "chum" also failed. At 11 o'clock we again made a

cast, but took only eight mackerel. At 2 o'clock p. m. we made the

fourth cast and got a couple of barrels ; at 4 o'clock, another cast, and

took 10 barrels, but small mackerel; and at 6 o'clock we made another,

but got almost nothing save small fish. This was a laborious day; but,

notwithstanding, we were tlie next day, at 5.30 in the morning, again in

the boat, made a cast, but instantaneously the school turned around and

made their escape. We saw many schools also this day, and at 6.30 we
were again on the way after one. This time we were successful. They

estimated the catch in the seine at 400 to 500 barrels. They were very

large and fat mackerel. After some trouble, the vessel sailed to us, got



WALLEM 0\ AMERICAN FISHERIES. HI

a portion of tlic seiue on board, and the takin^^- in the lish was about to

begin. But the fish were very uneasy in the seine ; sunk to the bottom

with such force that the boat was on the point of capsizing, although we
l)laced eight men on the other gunwall; to counterbalance the mackerel.

At one time all went smoothly enough to haul in on the seine and make
the purse smaller and smaller to prevent the frantic rushing of the mack-

erel. But suddenly they sank again to the bottom, careened the boat

over so that we took in a quantity of water. We were scarcely ready to

place ourselves on the other gunwale when we felt that the boat sud-

denly righted itself and lay still. The most knew what had happened;

it Avas that the mackerel succeeded in breaking the old seine. Through
a large hole, which became larger and larger, about the whole school

escaped ; and although we in all haste hauled in on the fragments and
tried to form a new purse, w^e succeeded in saving not more than five in

the whole oOO barrels.

At 9.15 we set sail for the nearest i)ort ; it was considered useless to

attempt to mend the more than half worn-out seine. After a day's quick

sailing, we reached Boothbay late in the evening. In the harbor lay

a schooner just arrived, which was filled to the rail with fresh-caught

mackerel. The crew worked the whole night in preserving them. With
resignation our crew saw this work. Had we had a better seine, we
would also have had remunerative night-work in salting some hundred
barrels of mackerel. The next morning I left the vessel, to return to

Gloucester by steamer and railroad.

In this way GOO to 700 schooner-rigged vessels carry on mackerel-

catching out in the sea, and almost exclusively with purse-seines. They
are of from 120 to 150 tons burden, and 10 to 11 men for crew. I have

seen the statement that one, as a rule, can calculate that each schooner

during the summer catches 1,000 barrels, at $10.92, which would give

$0,552,000 or $7,644,000 as the aggregate profit. The catch, however,

is quite variable ; some successful vessels have caught many thousand

barrels in a season. The fishing begins in April or May, far south on

the coast. Then the mackerel are fat. The fishing-fleet follows them
northward week after week, and in July or August they have advanced

as far north as Nova Scotia. Thereupon they bear southward again.

The mackerel have now become very fat and large; the catch is th(5n at

its best. In September the schools are in full retreat to the warmer
waters again; and in October and November the fishing closes.

Salted mackerel are submitted to public inspection. They are assorted

into three numbers, the prices of which in August, 1S7G, are subjoined

here

:

Length of fish.
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For Xo. Va with the lieads cut off is obtained $5.56 more than for com-

mon I's. For packing, barrels, and inspection, is estimated on the aver-

age $1.91 per barrel.

The same schooners which jjiosecute mackerel-catching go partly also

into the herring-fishing ; the best fat-herring fishing begins in the mid-

dle of August and continues at oNewfoundland and Labrador until about

mid- winter. In the winter months are caught also large fat herring.

Alternating with this fishing the same vessels carry on in part cod-fish-

ing on the Great Btuiks, and halibut-fishmg there and off Greenland.

These fisheries I had not the opportunity to make myself more familiar

with, as it would have taken a long time to follow the vessels out on The

banks and see them. But with regard to the profit in general I can

state that it is about as in mackerel-fishing, with the difference, how-

ever, that the herring-fishing yields something less than $5,560 to $8,190

to a schooner for the season, while bank-fishing for cod and halibut

yields something more, namely, as much as $10,920 to $13,650. How-

ever, the halibut-fishing fluctuates greatly, it is said ; since it may some-

times yield a far greater profit, of which one has an illustration in this,

that a vessel has brought its owners about $27,300 profit in a year, and

that skippers have earned from $1,638 to $5,560 for their share.

A description of the universal implement for the capture of mackerel,

menhaden, and herring, namely, the purse-seine, I have already sent to

the honorable department in a printed letter. Besides I have treated

of the purse-seine iji a couple of articles in the " Bergen Post" last sum-

mer, in which I gave an account of a trial trip with a Norwegian purse-

seine of hemp thread. This trial trip, at which I was present by re-

quest, after four days' sojourn at home on my return from Philadelphia,

was made from Stavanger and required 14 days' time in the beginning of

Jiune. The result arrived at was briefly this, that even a large, heavy

purse-seine of hemp thread may at a pinch be used for the capture of

herring, but hardly of mackerel. However, we saw only herring, but

not a single mackerel, which could hardly be expected either, since the

weather was cool and partly stormy near the coast as well as twenty

miles out in the North Sea. That a large purse-seine of about 200 fathoms

is not suitable arises from this, that it is cumbersome to handle
;
the

thread alone in a hemp seine is about 50 per cent, heavier than in a cot-

ton seine, and the heavier the seine is, the more cork and lead must it

have ; from this it follows again, that heavier twine must be irsed ; one

gets also a far heavier implement, and for its management is required a

larger crew, which again involves a larger boat—in short, step by step

one departs from the chief qualifications for the purse-seine's cardinal

virtue, facility of management united with strength, by which its whole

cost as well as the expenses of working it are not so inconsiderably

greater at the same time that the profit in general must be diminished.

The fact that the purse-seine in question later in the summer caught

mackerel partly shows that it should not be entirely rejected.
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Auother iS'oi'wegian ijuise-seiue of hemp thread, procured in Bergeu,

was used north of Doore in the summer-herring fishing ; it was, tliough

more nearly i)erfect, yet hirger and more massive; but it caugiit a few

herring. Some errors and inaccuracies I had occasion to point out and
partly remedy in both of these. In the southern spring-herring district

in the winter a partial attempt was made with more or less unpractical

imitations of purse-seines, as the common herring-seines were fastened

together ; concerning these attempts I think it should be said that they

surely injure rather than benefit the matter ; because they must as a

rule bring disappointments and indirectly weaken the desire to make the

attempt with a proper and easily managed implement. In Sweden and

Germany also they wish now to experiment with American purse-seines

of cotton 5 thither were sent, after the receipt of orders, many small

models with descriptions fi'om Norway.

The purse-seine is, however, fully discussed in Consul Joakim Ander-

sen's interesting communication on his operations as a juryman at the

Exhibition. I shall therefore not occupy myself further with it, l)ut take

leave of it by closing with a little note, which has its special interest

:

The American purse-seine is arranged on exactly the same principle as

that which forms the basis of an implement of capture for herring in-

vented by Berent Chr. Vedeler, of Bergeu, now^ deceased, on which he,

by a supreme resolution of the 12th of March, 1859, received a patent

for five years. A drawing and model of Vedeler's purse-seine are found

in the Polytechnic Journal for 1801 (the time registered by engineer JsT.

H. Brun, m.Jl.), pages 123 and 124. From this it is seen that it differs

very shghtly from the American ; the difterence is essentially this, that

Vedeler allowed the pursing-rope to run in rings along three sides of

the seine, while the Americans more practically let the pursing-rope run
only along the bottom line. Moreover Vedeler decided that his seine

ought to be only 40 fathoms long and 10 fathoms deep, also only a sixth

part of the usual size among the Americans for large seines. Since Ved-
eler said nothing about the thread, I assume that he has used hemp
thread, which, as before mentioned, is not used in America, where cottoa

thread is considered far more suitable and the only proper thing for i)urse-

seines. It is not so unlikely that Vedeler's patent is the first entirely

original invention, and that his invention, like so many remarkable ones,

has found its way to America, and there received the merited a])precia-

tion and such a practical adaptation that it has become the most impor-

tant implement for a very considerable business. In any case it seems
to me that Mr. Vedeler's invention deserves mention and his talent to be
commemorated at this time, since his original idea returns to its native
land in improved form now to find in all probability full appreciation.*

* The purse-seine was in use in America in its present form at least as early as 1855.

—

Translator.

8 F
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XI.

CONCLUDING EEMAEKS.

As one will have seen, I have treated only of wliat is especially pecu-

liar in the American fishery business. I have only occasionally and quite

hastily touched upon what there is in common to the Norwegian and

American relations. The task which I set myself was to find out in

what direction the development of America's fisheries went, as I believed

that therein would be found the cause of the growing superiority of the

Americans as fishermen and fish-dealers. If I have succeeded in show-

ing this, and that the track in which dcTelopment proceeds there must

lead to great profits above the present average, then I may flatter my-

self that I have given those most interested in Norway's fisheries some

useful hints. That I have not been able to exhaust everything, is e\d-

dent ; I have not dared to extend my treatise over the entire field, but

was obliged to confine myself to several points so as to be able to give

something collected and complete. Since one for so many years fre-

quently has heard complaints, for instance, about the management of the

herring, the herring-barrel's capacity, the handling and drying of split

cod, &c., I consider it useless to repeat or sui^i^ort these current com-

plaints in the survey of the state of things in America ; besides, there is

doubt whether the Norwegians, just in this respect, had so much to learn

from the Americans.

What Norway needs first and foremost is an enlarged market for its

products. So far as the herring are concerned, this may in part be at-

tained by using better barrels, which will endure longer transportation

without allowing the herring to become dry of jiickle. Beyond this

there is indeed nothing new for the management of herring. But for

the fishery-products in general more is required ; they must have more
varied preparation and not be exclusively salted, pickled, or dried.

These modes of preparation will no doubt be demanded bj' the most

important markets for Norwegian wares ; but it is certain that both

fresh and oil-prepared articles may also find profitable markets. And
indeed the more variety one employs in the treatment of the raw mate-

rial the less will one be liable to suffer from overfishing and overproduc-

tion. Wlien we employ new modes of preservation we will find new
markets, and when we secure more markets we will make more profit-

able sales.

In discussing the American traffic with fresh fish in ice, their storing

of fish in a freezing-apparatus, their imi)ort and export, preserving ar-

ticles and treating them with oil, I have sought to point out how the

fish-traffic is developing in America, and thereby also indicate in what
direction, in my opinion , we also ought to go to work in Norway. In
treating of the American hatching-operations and what is therewith as-

sociated, I have wished to point out what means they have at hand for
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iucreasiug the country's profits from the lesser fisheries, yes, perhaps,

partly even for creating new and quite important fisheries. In finally

discussing the arraugemeut and use of the purse-seine, I have sought

to direct attention to an implement of capture which we stood greatly

in need of, namelj^, an instrument with which one can fish in the ojDen

sea, and among other fishes catch also the herring, which will not resort

to the shore. It seems to me that much might be accomplished with all

the implements here named. The fisheries in our country, it is true, are

associated with so many ancient traditions and continue in many parts

in so little developed proportions, that it could not be exi)ected that new
ideas should be accepted at once, to say nothing of a complaisant recep-

tion ', but perhaps on that very account one should labor the more dili-

gently to extend in this field an acquaintance with improvements and
new methods of work.





VII.-SHORT INTRODUCTION TO THE PROPER CARE AND MAN-
AGEMENT OF THE BALTIC FISHERY.

By H. Widegren, iStocJcholm, 1874.

THE FAUIS^A OF THE BALTIC.

The fish living in the Baltic are either such as live and propagate ex-

clusively in salt water, e. g., the herring, the small herring, the codfish,

the flounder, and others, or such as must j^roperly be considered as fresh-

water fish, but which can live and jiropagate in the but slightly briny

water of the large and small bays and inlets of the Baltic. The fresh-

water fish which are also found on the coast of the Baltic and form the

principal objects of the fisheries, are the perch, the pike, the roach, the

bream and other carp-like fish, as well as the burbot. Besides these,

there are found in the Baltic several kinds of fish, which, like the salmon,

the grayling, the gwiniad, and the eel, must chiefly be considered as

migratory fish, staying sometimes in salt water, and at other times,

principally during the spawning season, in fresh water.

In consequence of the character of the fish-fauna of the Baltic, the

fisheries carried on in its waters are not only sea-fisheries in the proper

sense of the word, but also such fisheries as are carried on in our Swedish
lakes, with which many of the inlets of the Baltic—especially those

which only through narrow and shallow sounds are connected with the

outer coast—show the greatest similarity in regard to those conditions

which have an influence on the fisheries.

As we are going to give a short introduction to the care and manage-
ment of the Baltic fishery, we will first consider the fishery carried on
in the inner bays and inlets of the Baltic, and which, to distinguish it

from the herring and other sea fisheries, is by the fishermen called

"rock-fishery" or "coast-fishery.'' In this treatise we shall chiefly make
use of the latter name as more expressive of the idea, as this name
mentions the locality where this fishery is chiefly carried on, viz, the
coasts of bays and sounds.

* Kort Viigleduiug for Ostersjo-Fiskets rlitta vard och bedrifvande af H. Widegren.
Stockholm, 1874. Translated by Herman Jacobson.
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THE COAST-FISHEEY OX THE COAST AND IX THE BAYS
OF THE BALTIC.

In order to carry on the coast-fisliery in the proper manner, the first

thing required is an exact knowledge of the mode of life of those fish

which are to be caught ; and, secondly, an intimate acquaintance with

all the fishing-implements employed at different seasons of the year.

To do full justice to the subject would require more space than can be

allowed in a short introduction ; we shall, therefore, only give the most

important points which should be known and observed by a successful

fisherman.

Kinds of Jisli caught hy the coast-fishermen.—The principal fish found

on the Swedish coast of the Baltic and in its bays and sounds are, the

perch, carp, crucian, tench, roach, chub, Cyprinus vimha, bream, pike,

salmon, trout, gwiniad, Salmo albula, burbot, and eel. As useful either

for bait or as food for larger fish we must mention the ruff, the stickle-

back, the minnow, the bleak, and the smelt.

Mode of life of the above-mentioned fish.—All the above-mentioned fish

have this in common, that at certain seasons of the year they visit cer-

tain places on the coast and the coast-waters, and that every year during

the spawning season they go to such places as seem specially suited for

propagating. Although all of them may in a certain respect be more or

less called migratory fish, it has been observed that each one of them in

those waters in which it lives confines its migrations to certain limits, that,

for instance, the perch and the bream, «S:c., each onlj^ visit their certain

bay (and this a bay near to the deep water), and that they scarcely ever

extend their migrations beyond this, the limits of their wandering and

spawning, unless the spawning-places are disturbed or other natural

causes lead to a change. This characteristic trait of the fish, to confine

its migration to certain limits, and each kind and school to select that

spawning-place where it was born, is especially striking with the migra-

tory fish properly so called, the salmon, carp, gwiniad, and others, which

generally go u^) certain rivers and streams for the purj^ose of spawning.

By marking young salmon which were on the point of leaving the river

where they were born, it has been proved that these fish, which of all our

fish wander away farthest from their regular place of sojourn, nevertheless

return to it regularly. It has moreover been proved that if a whole

school of fish, for example, gwiniad, «S:c., having its spawning-place in a

small stream, is caught, no fish of this kind will ever return to this stream,

although the nature of the water has remained the same, and although

they will continue to go in streams close by, where the fishing has not

been of so destructive a character. On the other hand it has been found

that fish have left such streams which, by draining, cultivation, or other

agencies, had their natural character changed so as no longer to offer a-
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suitable place of sojourn. B v^ery experienced fisherman knows, moreover,

to what a degree the placing of fagots and the preparing of artificial

spawning-places attracts fish and induces them to spawn in a certain

place.

Rules for carrying on ihe fisheries, made in accordance with the character

of tlie different Mnds offish above mentioned.—The experience Avhich has

been gained regarding the migrations of fish, their extent, and the con-

ditions under which they are undertaken, is of the greatest importance

to the practical fisherman.

In the first place it must not be expected that the fisheries will be

equally iDroductive every year, unless, especially during the spawning

season, fishing is carried on in such a manner as always to leave a certain

quantity of fish in the water, so that the propagating i)rocess may go on

undisturbedly. It is wrong, therefore, as is sometimes done with us, to

use large seines and catch the entire school of fish coming to a certain

bay, in the hope that other schools from other jiarts of the Baltic will

soon replace it. Such a change from their regular route is entirely at

variance with the nature and habits of fish. From w^hat has been said

above, it will be seen that in order to count on continued good fisheries,

the nature of the water should be kept unchanged as much as possible,

and in fact it should in every way be made still more suitable for the

various kinds of fish. Care should therefore be taken not to disturb

vegetation in those places where fish spawn in spring, and as regards

the fish of the salmon family, which spawn in streams during autumn, it

wiU be necessary to keep the gravelly bottom, which these fish like, free

from mud, shavings, &c. As for keeping the natural conditions undis-

turbed, it must be mentioned that by excessive fishing—which unfor-

tunately is too often practiced with us—certain smaller kinds of fish, e. g.,

the bleak and the smelt, are not entirely destroyed, but that larger and
finer kinds of fish are thereby deprived of their natural food, and are

thus forced to eat their own fry, which of course seriously endangers the

future of the fisheries. If a man wishes to improve his fishery, and does

not to a certain degree spare the small fish which are of no use for the

table, he would make the same mistake as he who stocks water with fine

fish without supplying them with the necessary food. It is moreover
well known that in sirring the fish generally go on grassy bottoms and
in small brooks and streams for the purpose of spawning ; that after this

they go in deeper water, and later in summer stay at a certain depth
;

that in autumn they again seek sandy or grassy bays, and finally in

winter either gather in certain deep basins of the sea or near currents.

From this knowledge it follows, that in order to make the fisheries suc-

cessful, one should attentively follow the migrations of the different

kinds of fish all the year round, observe the exact time of their wander-

ing from one i^lace to the other, and finally examine the nature of the

bottom and the depth of the sea in different parts of the fishing-waters,

because a person not acquainted with all these conditions cannot know
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^vitll absolute certainty iu wliich places the fish may be found at differ-

ent seasons of tbe year.

A farmer or mecbanic wbo only occasionally engages in fisbing, tbere-

fore, runs tbe same risk as a bird wbicb, born in a cage, suddenly gains

its liberty. It starves to death on account of its lack of the faculty of

observing and its ignorance of those places where food may be found.

To this must be added the circumstance that a good farmer, accustomed

to handle the plow and spade, does but rarely possess the necessary skill

in using lines and hooks or nets, and will, consequently, not be a very

successful fisherman. Fishing should, therefore, only be carried on by

persons who have been able to gain some practice in it, and who can de-

vote their whole attention to it; and those who have such small fishing-

waters that it would not pay to keep a special person to take care of them

would, therefore, do best to club together with some of their neighbors

and let out their fishing-waters to skilled fishermen.

After having thus given the most imj)ortant rules which should be ob-

served with regard to the mode of life of fish, and after having likewise

j)ointed out the way in which our fisheries could best be furthered and

protected, we will briefly mention the way in which a fisherman should

go to work, the methods of fishing, and the fishing-implements which can

and should be used at different seasons of the year.

Various ways in loh'wh the fislieries may he improved.—Earely, or per-

haps never, do we find a sheet of water wdiich is so favorable to the

IDropagation of the different kinds of fish living in it that its condition

could not in any way be improved, that is, made more convenient and

suitable for the spawning of the fish. Just as the farmer must be very

careful to water, to plow, dig, and fertilize "ins ground, because, being

left to itself, it will be overrun with weeds and will not yield the produce

which, with some care, might be expected from it, thus the proprietor of

fishing-waters must take care of these waters and aid nature by artificial

propagation, and make the water a suitable dwelling-place for the young-

fish, and protect these as much as possible against their enemies. The
propagation of fish fortunately goes on under such conditions as to en-

able man to extend considerable aid to nature; and to give this aid

should be the first duty of every proprietor of fishing-waters who has his

true interest at heart.

Of ourcommon fish, the perch, the pike, bream, roach, and other carp-like

fish spawn iu spring or early summer, whilst the salmon, gwiniad, char,

and burbot spawn in autumn and winter. Most of the fish which spawn
in spring lay their roe on i^ieces of wood, aquatic plants, alg\T, grass,

reeds, &c., to which the roe remains sticking until the young have

slipped out. This is the case with the iierch, for example, which lays its

eggs in bag-like heaps on pieces ofwood or on reeds, as also with the roach,

whose roe is in separate grains, fastened to pieces of wood, stones, or

aquatic plants found near the vshores of lakes. The pike, the bream, and

the tench and other carp-like fish lay theu" eggs on grassy* bottoms or
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among aquatic plants. These fish love to lay their eggs in places where

there is a current, as in small streams, the mouths of brooks, &g. The fish

of the salmon kind, on the other hand, lay their eggs free, not fastening

them to any object, and select for this purpose gravelly and stony places

in brooks and rivers, on whose free bottom they lay their eggs. In

order to protect the eggs which have been thus laid the fish of the sal-

mon kind beat the bottom with their tails, in order thus to cover the roe

with gravel and sand.

Every one who intends to further the propagation of fish and thus to

improve the fisheries must, in the first place, ascertain how those fish of

which an increase is desired spawn in nature, and then to arrange his

course of action in accordance with the knowledge gained. As regards

the fish of the salmon kind, whose roe generally takes a longer time for

developing, experience has showni that their immber can best be in-

creased by protecting the fish during the period it stays in the streams

and is occupied in spawning, and also bj'^ introducing artificial proj^aga-

tion, that is, impregnating the roe in an artificial manner and keepin;.v it in

special establishments until the young fish are large enough to take care

of themselves. As there can be no question of establishing hatcliing-

places for fish of the salmon kind on the Baltic, as these would have to

be made in brooks and streams, this is not the place for describing the

arrangement of such establishments; but we shall here mention the

various means by which fish-waters may be improved.

If it is the intention to increase the number of those fish which spawn
in spring and whose roe is fastened to branches and other objects in the

water, the owner of the water must, first and foremost, see to it that

such objects are found in the water. This is all the more important as

througii the destruction of the forests, the draining of the marshes, and
the gradual rising of the Scandinavian peninsula, the natui'al spawning-

places, at least in certain localities, are diminished or deteriorated. By
placing in the spawning-places, a short time before the spawning-season

commences, fir branches two to three yards long, or fagots, or by laying

pieces of sod on the bottom of smaller sheets of water, or by planting

aquatic plants which it is known that the bream and other kinds of

fish prefer to lay their roe upon, natural spawning-places may be

much improved. If such care is to be further extended to the young
fish special ponds may be dug and their sides clothed with fagots or

suitable aquatic plants. A number of fish which are about to spawn
are then placed in these ponds, where they lay their eggs on the fagots

or plants. The branches, full of roe, are taken out every day and placed

in a smaller jjond 2 feet deep under the water, which by a hedge of

fagots is separated from the outer sea, so that large fish and crabs may
be prevented from entering the pond and destroying the roe.

The bream, pike, and ide, which last-mentioned kind loves to lay its

eggs in flowing water on a grassy bottom, may be inclosed in separate

smaller basins at the mouth of brooks and streams where the above-
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mentioned uatnral conditions are found or can be artificially procured.

After tlie fish have laid their eggs they are caught and taken out, whilst

the roe is, of course, left on the grassy bottom until it is hatched. The

young fish are then allowed to go free if such is their desire. By these

and other similar means the number of fish in a bay may be considerably

increased. It is evident, however, that these means will help but little

unless measures are taken to prevent the young fish from being caught

in nets with small meshes or with other fishing-implements. Care must

also be taken that the schools of fish in one and the same sheet of water

are not, by excessive fishing, diminished to such a degree as no longer

to be able to propagate their species at the rate necessary for keeping

up their numbers. He who cuts down the tender blade will never reap

any grain, and he who only sows one-tenth of the seed which his field

ought annually to yield, will never have a full harvest. It is evident,

therefore, that the owner of fishing-waters must not only employ the

above-mentioned means for increasing his number of fish, but must also

see to it that the spawning process is not disturbed and that the tender

young fish are properly protected. With the view of obtaining this end

and in view of the fact that fish will wander from one sheet of water to

the other—thus making it possible that one owner of fishing-waters may
disturb the fisheries of another—the common interests of the proprietors

of fishing-waters imperatively demand that all carry on their fisheries in

a manner suited to the nature of the fish and the peculiar condition of

the water. He who desires to reap a full harvest from his fishing-waters

must, therefore, not only himself carefully observe all the rules necessary

for preserving and protecting his fisheries, but he must hkewise see to

it that his neighbors do the same. Wherever such rules have not yet

been adopted it will be in the interest of the owners of fishing-waters to

introduce them as soon as possible, as only after this has been done wiU

there be any reasonable hope that the measures for improving the fish-

eries will be successful.

With regard to the nature of the fiiuua of our Swedish coast, there

are chiefly two rules which ought to be observed in fishing, and these

are, not to fish with nets during the spawning-season, and not to use

nets whose meshes are shorter than one decimal inch, except in cases

Avhere bait is to be caught. Just as important as it is in spring to pre-

pare suitable spawning-places for the fish, it will be to see to it that the

above-mentioned rules are not transgressed during the year. A^Tiere all

the possible means have been employed for aiding the pro]iagation of

fish, and where only suitable fishing-implements are used, the owner of

fishing-waters, like the farmer, must not miss the harvest-time. Human
ingenuity has, fortunately, in course of time invented so many methods

of catching fish, that he who is well versed in these methods may derive

a benefit from his fishing-waters nearly all the year round without using

methods of fishing by which the young fish are destroyed, or by Avhicli

the future of the fisheries is undermined.
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Seasons and implements for the Baltic coast fisheries.—As the pike be-

gins to spawn earliest in spring, and as it is a voracious fisli-of-prey which

should not be spared too much, it should form the first object of fishing.

For this purpose it is necessary, before the ice is completely gone, to

close the entrances to the larger inlets hy brushwood. As the pike in

most parts of the country begins to spawn much earlier than other fish

spawning in spring, nets may be used, at any rate in the beginning of

this fishery. Towards the end of April or the beginnRig of May, when
the perch, the roach, the flounder, the bream, and other fish commence to

spawn, net-fishing must, of course, be stopped, and stationary nets should

be used, placed at right angles with the shore, and so as not to close the

entrance to the smaller inlets where these fish usually spawn. AYhilst

the ice lasts, traps should be set for catching bream. Bundles of brush-

wood are also laid in May with traps for catching roach. Those roach

which are caught during the spawning-season should be kept in marshy

waters in a conyenient place, so that during summer they may be used

for bait. In the same manner smelt and bleak are also caught with large

nets, and are used for food or for bait. It must be mentioned that fish

caught during the spawning-season will live much longer in marshy

waters than those caught when the spawning-season is over. A wise

fisherman, therefore, will supply himself with as much bait as i:)ossible

diu'ing the spawning-season. Besides nets and traps, wicker-baskets

are used during the spring spawning-season for catching i)erch bream,

pike, &c., and are placed as deep as possible, as also the so-called Hertz-

man's nets, which are used at some fishing-stations, and with which gen-

erally a good many fish are caught.

After the spawning-season has closed, fish may be caught during June

and July, either with fishing-lines in deep wai er or with nets in the fish-

ing-waters and other places suitable for this implement. Difl'erent kinds

of fish, of course, require different kinds of bait, live fish, fry, or worms,

according to the kind of fish you wish to catch, whether pike, perch,

bream, or other fish. At midsummer-time, fishing with hooks and lines

proi)erly commences. In July, immediately after the bream has done

spawning, this fish is caught with smaller nets, which have a purse with

large meshes. These nets, which are chiefly used in the province of

Skane (Southern Sweden), are let down from two boats in deep water,

and in favorable weather a good many fish are caught in them. These

nets only cost from $4 to $5.50 (American money) apiece. In July and

August fishing is carried on with seines, common nets, and hooked

poles. Casting-nets are also during summer thrown out among the

reeds, and are used for catching all kinds of fish, with or without poles.

During the autumn months seines and nets should chiefly be used, espe-

cially in those places where the bleak and smelt spawn. But even dur-

ing this season a good many fish may be caught in deep water with

deep-water nets. During winter, traps are set in streams and the mouths

of brooks and in the spawning-places of the burbot, for catching this kind
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of fish. Ill deep bays nets are set during winter, towards wbicli tlie fish

are driven by poles. Under the ice roach are caught in traps and are

then used as bait for pike, which kind of fish is even cauglit under the

ice with hooked poles or hooks and lines. By using the methods of fish-

ing mentioned above, at the different seasons, a thrifty and energetic

fisherman may derive a good income from his fishing-water all the year

round.

II.

THE FISHERIES IN THE OPEX BALTIC.

O. THE HEREING-FISHERT.

The different linds of herring vhich are found in the trade and on the

coast of Sweden.—It is well known that in the sea which surrounds the

Scandinavian i)enlnsula there are found different kinds of herring, vary-

ing in size and fatness, whicli on certain portions of the coast are

caught, and prepared in different ways reach the great markets under

different names. Nearly all over Sweden the following kiuds are found

in the trade i Norwegian herring, graben herring, Jodd herring, fat her-

ring, Gottenburg or Bohusliin herring, Kulla herring, Bleking herring,

small herring, anchovies, skarp herring, spiced herring, &cif All these

different kinds are i)repared from only two kinds of herrings, viz, the

herring proper {Chrpea harenr/ns, L.)—in the Baltic called "stromming"

—

and the sprat {Clupea sjrrattvs, L.), of which the former both in nature

and in trade occurs in far greater numbers than the latter, which is only

caught and prepared to a comparatively small extent, mostly as ancho-

vies. As tbe " stroraming" is nothing else but a variety of the herring

proper, as I intend to show later, the term "herring" used in this treatise

is understood to mean both the herring of our western coast and the

'^stiomming." The sprat can easily be distiuguished from the herring

proper by its smaller head and by the circumstance that its ventral fins

are nearer the head than with the herring proper. The sprat, moreover,

on its lower side ends in a sharp edge somewhat resembling a saw, which

is not the case with the herring.

The herring, which on certain coasts forms a rich source of income,

has its proper home in the North Sea and the Atlantic Ocean, but is also

found in the seas connected with the above, the Kattegat and the Baltic.

Like other fish the herring has also in course of time undergone certain

changes regarding size, fatness, &c., according to the different seas or

fiords where nature has placed it. These changes have chiefly been

caused by a difference of food not only in the Atlantic Ocean, the Kat-

tegat, and the Baltic, but even in different portions of the Western Sea

and the Baltic. We therefore find that every portion of the sea and

even certain bays have, so to say, their own race of herrings, which cer-

tainly are not a different species from those found on other neighboring

coasts, but which, nevertheless, can easily be distinguished as a different
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variety owing to the siuTOunding nature. Thus, for example, a larger

kind of herrings is at certain seasons of the year found in some bays of

the Baltic and can easily be distinguished from those herrings which live

and spawn on the outer coast ; and the herring found on the coast of Bo-

husliin and in the Christiania fiord differ in size, &c., from the herring found

on the western coast of Norway. These differences have not only given

rise to different ways of preparing the herring and to different names
under which the herring comes in the market, but from them certain

conclusions may be draw^n regarding the mode of life of the herring,

from which, again, important lessons may be derived regarding the pro-

tection and the improvement of the herring-fisheries. Even at this day

there are many fishermen who entertain the opinion, which before science

had spread more light was quite common, that the herring only acci-

dentally came from remote portions of the ocean to those coasts where

it is caught, and therefore these fishermen thought to do right by using'

these accidents and catching as many herrings as possible; in other

words, to fish with the most destructive implements, even those by which

a whole race of fish would be destroj^ed. But since experience has

shown that Norwegian herring are never caught on the coast of Bohus-

liin, nor Kulla herring on the coast of Bleking, nor Gottland herring on

the eastern coast, &c., and since the time and place have been discovered

where the herring spaAATis ; as well as the mode of life of the tender fry,

its place of sojourn, &c., it has been ascertained that the herring—like

the salmon and other fish—has certain limits to its migrations, certain

places where it spawns, «&c. If good herring-fi.sheries are to continue

on certain coasts they must be carried on in such a manner as not to

catch all the fish which come to a certain place either to spawn or to

live. Care should also be taken to spare the young fry, because if this

is not done the race of fish on the coast in question may be destroyed,

since no new race can be expected to come here, and thus a large source

of income will be lost, whilst if the young fish are spared good fishing

may be exj)ected every year.

In several places on the Baltic and the Western Sea carelessness with

regard to the preservation of the race of herrings and the protection of

the young fish has been severely punished. The investigations which
have been made for several years, have shown conclusively that careless

and destructive fishing has contributed not a little to the cessation of

the great Bohuslan herring-fisheries, wiiich unfortunately have not yet
recovered, chiefly because as soon as a school of young herrings shows
itself on that coast it is immediately caught with nets that have small
meshes. Near Bresund, in Norway, the herrings used to come to the
coast for many years, but ceased to come when people began to use nets
with small meshes. To give instances from nearer home we will men-
tion that not so long ago herrings came to the coast near Brfiviken and
to the mouth of the Motala Eiver, as well as near Losingsskar and
Botilshiist, where large quantities were often caught. But people com-
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menced to use nets during the spawning-season, by wliicli this entire race

of herrings was caught; and since that time fishing has entirely ceased

in those places. Similar instances might be gi^'en from many other

places on the Baltic. With these experiences fresh in our remembrance
it will be evident to every one how important it is to carry on the fisheries

in accordance with certain well-defined rules based on a thorough knowl-

edge of the nature and mode of hfe of the fish, if the future of the fish-

eries is not to be seriously endangered.

To enable the fisherman to judge for himself what is best for the im-

provement of the herring-fisheries in every case, besides those rules

which may jiossibly have been laid down by a law of the state, it will be

necessary to give some further information regarding the nature and
mode of Hfe of the herring.

Natural history of the herrinf/.—The herring is a gregarious fish and
is generally found in large schools, especially at the time when it

approaches the coast, which it does regularly at certain seasons of the

year, partly to spawn and partly to seek food in calmer waters both

before and after the spawning-season.

During winter the herring lives in the deep water outside those coasts

on which it has its spawning-places ; but even during this time it visits

the deep fiords, and therefore moves about in the same way as during

summer, which is shown by the fact that in the Baltic herrings may be

caught diu-ing the winter with nets placed under the ice at difierent

depths (from 5 to 24 fathoms), and even with drag-nets in bays and inlets.

During its migrations to and from the coast as well as durmg its stay in

the deep waters of the open sea, the herring is sometimes near the sur-

face and at other times near the bottom ; and these changes of place are

thought to depend partly on the temperature of the water and partly

on the currents and other natural causes, concerning which, however,

experience has not yet taught us such certain lessons as to draw from

them reliable conclusions regarding the depth at which the herring is

found at dift'erent seasons of the year. Fishermen had, therefore, best

make exijeriments by setting nets at different depths.

The spawning-season varies among the herrings found in one and the

same sea, and even the different schools or tribes have different spawn-

ing-seasons, and even in one and the same school all fish do not spawn

at the same time, probably owing to diflerence of age or to slower or

more rapid growth, &c.

In the Baltic the herring spawns either in spring or in summer, and is

accordingly called either spring herring or summer herring. In the

Southern Baltic the herrings continue to spawn till the middle of Octo-

ber, whilst in the northern portions of this sea the spawning-season

closes in August. The fish spawn either outside the coast on raised bot-

toms at a depth of 13 to 15 fathoms, or in the bays running inland, mostly

in places where the bottom is overgrown with algse. The spawning is

done very quickly, as soon as the school has gathered in its spawning-
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place, the whole process probably occupying uot more than five or six

hours. The roe is laid on aquatic plants, stones, pebbles, &c. The de-

velopment of the roe occupies a shorter or a longer time, according to

the different temperature of the water.

In May, when the water is colder, it takes ll to IS days to hatch the roe,

but in August and July, when the water in the spawning-places generally

has a temj)erature of 14 to 15 degrees (0.) (57.2°-59° F.), it only requires six

to eight days. The newly-hatched young fish , which are smaller and more
transparent than most other young lish, and are, therefore, hard to dis-

tinguish, are a little over J inch long, and have, for eight days after the

hatching, a bag attached to then" body, which hinders the young herring

from being very brisk in its movements during the earliest part of its

life. Only after the young fish has lost this so-caUed umbilical bag it

begins to swim about, gather in schools, and seek food. It is difficult to

ascertain with absolute certainty the growth and size of the young her-

ring at certain periods of its life, especially as not all the young fish

have the same ability to gather food, on which circumstance their growth

of course depends.

Attempts have been made to raise young fish by x^laciug them in

small basins and feeding them regularly, but so far these attemj^ts have

proved unsuccessful, as the young fish did not live longer than five

weeks, at which time they have reached a length of about ^ inch.

During the w^hole first year of their life the young fish may be found in

the spawning-places, both on the outer coast and in the inner bays.

Young fish, measuring 1 inch in length, may be supposed to be about

two months old; at the age of three months thej^ measure about 1^ inch

in length, all the fins are completely developed, and the color of the

body resembles that of the grown herring, so that they may be easily

recognized as the young of this fish, which formerly could not have been
done. After examining young fish found in the spawning-places one
has felt justified in concluding that the young herrings measuring about

3 inches in length, which in spring are found in the spawning-places, are

those fish which have been hatched earliest during the preceding year,

and are, therefore, about a year old. The young fish measuring 5 to 6

inches in length, which are often caught in nets, are therefore supposed
to be only two years old. When a fish has reached this size the roe and
milt begin to develop rapidly, and when it has reached a length of 8

inches it is capable of propagating, and may then be supposed to be
about three years old.

The food of the young herring, as well as of the full-grown herring,

consists chiefly of small crustaceans scarcely discernible with the naked
eye, which are found in large quantities in the water both in shallow and
deep places. By towing in the sea-water with a net made of fine gauze
large numbers of these little animals may be caught. They are more or
less plentiful at difterent times and under different conditions of weather,
and at different depths. This may possibly explain to some extent the
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fact that the herrings are not always foiiud at one and the same depth.

In snmmcr these' small crustaceans are found nearer the surface, and the

herrings at this time likewise go nearer the surface. Like other fish, the

herring abstains from food for some time before and after spawning, and

its stomach is then generally empty, but after spawning it begins to take

food again, and gradually recovers the strength and fatness which it had

lost during the spawning process. This explains why the herring is fat

at one time of the year and lean at another.

About two months before spawning commences the herring may, as

a general rule, be said to be fattest and best. This fatness it retains

almost to the end of the spawning-season, w^hen it begins to get lean, and

when it is not fit to be caught. The herring, after having done spawn-

ing, usually goes into deeper water in order to seek food, and does not

return until it has entirely recovered its strength. That the herring, like

other fish, returns to the place where it was born as soon as it has become
capable of projiagating is proved by the ftict mentioned above that certain

schools or tribes of herring spawn at the same place every year. That

the number of fish is one year larger in one place than in another is

doubtless caused by changes in the weather, ciuTcuts, &c. Similar

causes may even produce an almost total failure of the herring-fisheries

in some locality. Cold and unfavorable weather during the spawning-

season doubtless often kills large numbers of the young fish of some

school, which of course will afi'ect the herring-fisheries for several years

to come. These and other-circumstances on which the herring-fisheries

depend have so far been so little explained that not much can be said

regarding them ; but it is fully known and understood that man may
destroy the herring-fisheries in some portion of the sea not only by using

nets which will catch both old and young fish, but also by disturbing the

spawning-places.

It has been mentioned before that certain tribes of herring, especially

the larger ones, spawn near the coast on bottoms overgrown with algte.

If this bottom is made unfit for spawning by pulling out or otherwise

destroying the algte by dragging nets along the bottom or in anj^ other

way, the herrings are forced to seek other and more suitable places for

spawning, and they consequently leave these waters which they used to

visit regularly. Experience gathered in Bohusliin and other i^laces has

shown that the herring is very sensitive in this respect, and leaves its

old spawning-place entirely if its nature is changed or disturbed. Every
one, therefore, who wishes to protect his fisheries should be very careful

not to change the nature of the spawning-places, either by disturbing

the growth of the algae or other aquatic plants or by throwing refuse or

impure matters in the water.

Different methods of catcJiing herrings.—From what has been said re-

garding the nature and mode of life of the herring, it will be seen that

in order not to destroy the whole tribe by catching the young fish or by
disturbing the spawning-jjlaces, it will be best not to use nets during the
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spawniDg-season of the herring, but onJy nse them in autumn and

winter, when the herring -visits the deep waters of the inner bays. Fish-

ing with nets having large meshes may, however, be carried on at every

season of the year.

On the coasts of SkSne, Bleking, and Gottland the herrings are not

caught with stationary nets, but with so-called floating nets, which

method of fishing is in many respects very advantageous, for which rea-

son I shall briefly describe it.

After the usual number of nets, 27 to 30, have been well arranged and

placed in a boat furnished with all the necessary api)aratus and provis-

ions, three men enter the boat and go out to sea. The time for leaving

the shore depends on the wind and on the distance from land at which

the herring is just then supposed to be, because the nets should be cast

during dusk. When the casting is to begin the sail is lowered, one mau
places himself at the prow, another in the middle, and the third at the

stern of the boat. The one at the prow takes hold of the oars and rows

with the -vvind, the one in the middle loosens the floats and the weights,

and the one at the stern casts the net. In this manner the whole net gets

in the water with the ^exception of one end, which is hanging over the

edge of the boat. To the last loop of the net a weight is attached by a

rope of a certain measured length, with its float, which is thrown out,

and then the whole net is carefully laid while the boat is rowed forward.

When the first net has been set, the second one is taken, the loops are

joined by a strong knot, to which again a weight and float are fastened,

and this is continued until all the nets have been set, in such a manner
that the largest floats are in the center of the whole stretch of nets, be-

cause otherwise the net would sink in the middle if a very large number
of fish should hapi)en to be caught. Finally, when all the nets have

been set, there is attached to the last hoop, besides the weight and the

float, the so-called floating line, a rope 30 fathoms long, to which at

about a fathom's distance from tlie net a stone of the size of a fist is

attached, so the nearest net might not be raised too high, especially if

the weight has gone down deep. If the depth is only one or two fathoms

no stone is used. The floating line is then cast out and finally fastened

to the fore part of the boat. Boat and nets are then allowed to drive

with the wind and current, and once every hour the nearest net is

examined, to see whether the herring " takes," as the Gottland fisher-

men say. If you happen to fall in with a large school and the current

is not too strong the net must generally be hauled in after two to three

hours, so as not to catch more fish than the boat can carry. The Gott-

land boats carry about 300 '' hvlar," besides the net and other appa-

ratus. But in order to derive the full benefit from the herring-fisheries,

it is not only necessary to take the proper care of them, so there is

always a sufficient quantity of fish, but a thorough knowledge of the

different ways of x>reparing fish for the trade is likewise required.

As fishermen very often are not able to sell the fish they catch for a

9 F
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reasonable price whilst in a fresli condition, it is very imi^ortant for them
to know the best methods of preparing them, especially in these times,

when the improved means of communication enable i)eoj)le to get even

necessary articles of food from a distance. Every one should therefore

endeavor to obtain and retain a good market for his fish by preparing

them well and by constantly imi^roving his goods.

The improved means of communication and intercourse between dif-

ferent parts of the world make it possible that the Baltic herrings may
now be advantageously sold both at home and abroad, whilst formerly

scarcely any were exported. The methods of preparing the herring have

to be varied according to the different markets for which it is destined,

as different countries have different tastes.

The preparation of the herring for the trade,—^The methods of i)reparing

the herring for the trade, at i)reseut in vogue, are the following

:

1. Salting the herring (common Baltic salt herring) for home consump-

tion or the German ports on the Baltic.

2. Preparing the herring after the I^orwegian or Dutch method (so-

called " delikatess-sill,''^ i. e., delicious or delicacy herring) for home con-

sumption. »

3. Spicing the herring (spiced-herring) for home consumption and for

the foreign market.

The choice between these three methods will chiefly be determined by
the fatness and general condition of the fish ; but also by the greater or

less ease with which markets for the differently-prepared fish are reached,

and other similar cii'cumstances, which may best be considered by the

fisherman himself. The fat herrings which are sometimes caught during

autumn and midsummer on certain portions of the coast, are of course

best suited for a finer article of goods—" delicacy-herring," or spiced-

herring—whilst the common herring is best salted, taking care, how-

ever, that by salting a superior article of goods is obtained.

General rules for preparing jish.—The first and foremost ride is to bring

the fish as soon as possible after it is caught in contact with the pre-

serving element, viz, salt. Great care should be taken that the fish

before being salted is not exposed too much to the sun, because it will

in that case easily spoil or rot. During summer every boat should there-

fore be provided with a sufficient quantity of tarpaulin, so the fish may
be kept well covered during the homeward voyage. It will also be found

very useful to have on the boat a box with broken ice, in which the fish

are laid as soon as caught, and are thus kept fresh until salt can be ap-

plied. Fish which have been brought to market fresh, and have for a

time been exposed to the warmth, should never be salted, because such

fish are frequently a little spoiled. Another very important rule which

should invariably be observed is, that everything should be done in as

neat and cleanly a manner as possible. Fish-refuse, or any other refuse,

should therefore never be tolerated in the salting-houses, or in the vessels

used for salting. Nor should old brine ever be used, as it contains slime,
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blood, &c., and does not salt the fish thoroughly, but is apt to give it an

impure and disagreeable flavor. The quality of the salt is also of great

importauce. It is uot ouly necessary to use loose, strong, and hard salt,

which is the best for salting fish, but also to oljtain the best quality of

the kind of salt needed. Salt which has been damaged by sea-water, or

which contains impurities, should of course never be used.

If one has fresh aud good herrings just taken from the water, good

salt, and clean and ample vessels, all the necessary conditions are ful-

filled for preparing a first-class article, following one of the methods

given below.

1. Method of preparing common Baltic herrings for home conmmption and

for the German ports on the Baltic.

Two mistakes are often made in salting herring as this process is at

the present time carried on by the fishermen ou most of our coasts, %iz,

salting it too much and pressing it too hard. It is highly important to

prepare the fish in such a manner that it may for a long time be pre-

served in good condition. It is of course also important, both for the

buyer and seller, that the barrels should be well packed. Both these

objects may be obtained without having the fish salted too strongly, and

without pressing it almost flat, so it loses all its natural fatness and tastes

of nothing but salt. In many places the fish are pressed so hard that

they form a lump, from which the brine flows oft' without penetrating,

which makes the fish dry and rancid and by no means agreeable as an

article of food. Even if such fish were to find a market in some places,

this method of preparing it must be condemned. Although it is of course

impossible to lay down rules for preparing fish which would hold good

in every case, or satisfy every taste—especially as one buyer cares little

for the flavor or fatness of the herring, but only for its weight, whilst

another cares nothing at all for the latter—most buyers nowadays en-

deavor to obtain an article having a good pure flavor, and being at the

same time carefully packed. To prepare such an article the following

directions are given, which may of course be modified to suit the difl'erent

tastes, &c. These directions have for several years been followed in the

best salting-houses in Gottland and on the southern Baltic coast, and

fish prepared in this way will never lack buyers.

In preparing the common herring St. Ybes, Lisbon, or other strong

kinds of salt should be used; but Cagliari salt, as well as some

looser kinds of English and French salt, may likewise be used, especially

if the fish are intended for speedy consumption. The salt should be

crushed so that the larger crystals also melt in the Inine, and the salt

comes in the greatest possible contact with the flesh of the fish.
.

As salt herring are generally shipped to distant places, and are thus

during the voyage exposed to the pressure of other goods, or whilst be-

ing transported by railroad or wagons run the risk of being handled

carelessly, they should always be packed in carefully made tight barrels,
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with good strong hoops, so they can stand a long journey without the

brine running out. It should be remembered that herrings from a leaky

barrel are not worth one-fourth as much as those in a good barrel. As
soon as the herring has been taken from the net they should immediately

be thrown in small vessels filled with pure and clear brine. There

should never be so many herrings laid in a vessel that the lower ones

are pressed too hard by the upper ones, but if the number of fish is very

large a greater number of vessels should be used. After the herring

have thus been immediately brought in contact with salt, they are taken

out by degrees to be cleaned and gutted, care being taken that all the

entrails are taken out, but not the roe and milt. The practical way of

doing this is well known to every fisherman. As soon as the herring

have, been cleaned they are laid in another vessel also filled with pure

brine. When the whole lot has been cleaned, or even while the cleaning

is going on, the cleaned herrings are taken out of the brine and rinsed

in fresh and clean sea-water, whereupon they are for awhile placed in

small baskets or kegs with a perforated bottom, so the water may flow

oflt'. When this has been done the fish are placed in tight barrels, which

are kept in readiness for the purpose, and sprinkled with dry salt. The

sprinkling is done in the following manner: The fish are laid loose in a

barrel with crushed salt, 3 kappar to the barrel ; whenever a layer has

been finished the fish and salt are stirred so they may mingle thoroughly.

After 24 hours the fish are taken out and again placed in baskets or

kegs with perforated bottoms, so the brine may flow off. After this has

been done, which generally takes an hour, the fish are regularly packed

and salted m tubs. Tlie fish are placed in laj^ers with their baclcs down-

ward. Between every layer of fish there is a layer of crushed salt, at the

rate of 5 kappar to every barrel. After the tub has been thus filled, a

light weight is placed on the top, merely to keep the fish under the brine,

and not press it too hard, whicli makes the fat and the juice of the fish

run out into the brine, thus destroying the delicate flavor of the fish.

After the tubs have been thus filled they are allowed to stand open for

, several days, and as the mass of fish gradually settles down, new layers

are added to every tub. Wlien after some days the fish do not settle

any more, the tubs are closed. They ought then to be rolled gently and

turned upside down every two weeks, so the brine may thoroughly

penetrate all the fish. Whenever the herrings are to be shipped, the

tubs are looked after once more; if they have settled any, thej' are filled

up for the last time, and are then considered ready for the market. The

brine which flows over from the tubs and that which is obtained after

every salting, may be put in those vessels in which the fish are kept im-

mediately after being caught and whilst they are being cleaned. It is

important, however, to see to it that this brine is changed as soon as it

has been used more than once or twice and becomes mixed with im-

purities. To use 9 kappar salt to the barrel, as is done on the coast of

Oestergotland, is not advisable, because the fish is pressed too hard and
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gets too salty. After the fish has been dry salted, no more than 5 kappar

salt to the barrel is needed, whereupon the fish should immediately be

placed in tubs and not be pressed more than is necessary for filling the

tubs properly. In jSTorrland they let the hening lie uncleaned in brine

for 24 hours, and moreover in brine which has been used many a time

before for the same purpose. It will easily be seen from what has been

mentioned above that this custom should be abolished and that the her-

ring should be cleaned as quick as possible.

On the coast of Karlskrona they dry-salt the fish with only 1 kappar

salt to the barrel, and then salt it with 7 kappar to the barrel. This

method cannot be recommended whenever the fresh fish should have a

chance to soak in a sufliciently strong brine, whilst, if this is done, it does

by no means require as large a quantity of salt.

Baltic herring i^repared in the above-mentioned way finds a ready

market not only at home but also in foreign ports on the Baltic. The
price of herring varies very much in different years, and is dependent

partly on the result of the fisheries in each year, but also on the price

of Norwegian and other foreign herring. In some years when the her-

ring-fisheries have been successful, both in Norway and Sweden, the

Swedish fishermen can scarcely obtain a price which fuUy pays them for

their trouble. It may, therefore, be advantageous to seek foreign mar-

kets, and prepare the fish for these. Salt herrings may, at certain times,

find a ready market in the ports of Northern Germany, Stettin, Stral-

sund, and other i^laces. The best time for this trade is from mid-summer
till the beginning of September. Herrings which are intended for the

German market ought to be j^repared in the above-mentioned manner,

but should be very carefully packed in strong tubs, not holding as much
as the Swedish barrel (about 220 pints), but m tubs of the same size as

those used in Bornholm and on the German coast, which only hold about

193 pints each. Such tubs, if they are well packed and the fish are in

good condition, fetch from $3.50 to $5.50 each in the Stettin market, a

price which many a year may prove very acceptable to the fishermen of

Southern Sweden, especially if one takes into consideration the fact that

these tubs are much smaller than the Swedish and therefore contain

fewer fish.

2. Method of prej)aring the so-calJed^^ delicacy-herring^^ for home consump-

tion.

It is well known that every year considerable quantities of Dutch
herrings and Norwegian fat herrings are imported into Sweden, partly

in large tubs, but mostly in small barrels or kegs, and that these fish

are mostly consumed by the better classes. Experiments have shown
that the large and fat Baltic herring, which is caught in several places,

can easily be prepared in the same manner, and make a better and par-

ticularly fine domestic article, which comes very near to the foreign "del-

icacy-herring," and therefore finds a very ready market at good prices
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all over Sweden ; all the more as the Swedish " delicacy-herring" can be

furnished for a much lower price than the foreign.

The very name "delicacy-herring" shows that it is not intended for

every-day use. It is therefore generally kept in smaller Legs than tlie

common herring. It is evident that the •'delicacy-herring" should not

be salted as much as the common herring, as it thereby loses its delicious

flavor. As it therefore must be salted with finer and looser salt, it fol-

lows that it cannot be kept as long as the common salt herriug. In

preparing "delicacy-herring," finer and looser kinds of salt should be

employed, e. </., Liverpool salt, Liineburg salt, Oagliari salt; &c. The

Llineberg salt is said to be the best for this purpose.

Norwegian method of preparing delieaey-herring.—As soon as the her-

rings are caught they are put in pure brine, whilst the cleaning process

is goiug on. Some only take out the stomach, but it will be best, as is

done in preparing the common herring, to take out both the stomach

and the entrails. As soon as the herrings have been cleaned they are

immediately laid in small tubs or kegs, in regular layers with the back
downward ; salt is placed between every layer at the rate of G kappar

to the barrel, and salt is also placed on the top. As the herrings during

the first days settle in the tub, new layers are added. After about six

days an opening is made with a stick between the herrings and the side

of the tub, which is filled up with salt, whereupon the tub is closed.

Before being shipped every tub is examined and if necessary filled up,

as was done with the common herriiig. If sufficient brine should not

form in the tub, a little hole is made in its side with a gimlet, and pure

brine is poured in, whereujion the hole is closed. It is very advisable

to turn and roll the full kegs as often as possible. Herring prepared in

this manner has kept entirely good and fresh for six months.

Dutch method ofpreparing Baltic herring.—Fresh and fat Baltic herrings

are, as soon as they come out of the water, placed in small kegs, and are

for at least an hour stirred with fine Liineburg salt. Then the fish may
be cleaned in the usual manner, or also, without being cleaned, be placed

in kegs with fine Liineburg salt between every layer. After the kegs

have been filled they are closed and examined and filled again in the

manner described above. The herring which has not been cleaned does

not keep quite as long as that which has been cleaned. Fish prepared

in this manner at Herba, in Gottland, has kept fresh and good for more
than a year.

Swedish herrings, prepared in the I^orwegian or Dutch manner, have
fetched a good price both in Stockholm and other cities of Sweden.

3. Method of preparing spiced herring.

So-called spiced herring is an article of trade which, like anchovies^

is kept in glass jars or very small kegs. It may be prepared from any

kind of herring, and is esteemed as highly with us as in some cities of

Northern Germany. But its preparation can so far not be said to form
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a special trade, but must rather be considered as experiments made by
housewives in order to give some little variety to their meals, but espe-

cially to the lunch-table. But as these herrings might be in demand in

some places, and might possibly fetch a good ]}vk-e in the foreign market,

1 shall here give the receipt for preparing them.

Freshly caught herrings are immediately laid in vinegar, adding one-

fourth part water and some salt. After twenty-four hours the herrings

are taken out and the vinegar is allowed to flow off. The fish are then

placed in a tub or keg, with the following spices in the following quan-

tities to every hval of herrings : 1 pound dry fine salt, 1 pound powdered
sugar, 1 ounce pepper, 1 ounce laurel leaves, 1 ounce saltpetre, i ounce
sandal, ^ ounce ginger, ^ ounce Spanish hops, ^ ounce cloves. Others

use the following spices : 1 pound salt, ^ pound sugar, 2 ounces pepper^

2 ounces allspice, 1 ounce cloves, 1 ounce Spanish hops. The herring

should remain in this mixture for two months before being used. Some
lay the herrings immediately in vinegar which has not been weakened
with water or salt, and after twelve hours they are taken out and treated

in the above-mentioned manner. If the spiced herring should after a

while be without brine, good brine of Liinebiirg salt should be poured
in, and then they will keep for years.

h. THE COD-FISHERY.

Of the many fish belonging to the cod family, c. g.^ the codfish proper

{Gadtfs morrhua), the pollock {Gadus virens), the haddock {Gadus aegle-

finus), the ling {2Iolva vulgaris), the hvitling (Gadus merlangus), &c,,

which live in salt water, and which, in the Kattegat and the North Sea,

form the object of those extensive fisheries by which many inhabitants

of the Xorwegian and Bohusliin coasts make their living, there is found in

the Baltic only the common codfish {Gadus morrhua, L.), at least in such

quantities as to repay the trouble of catching it. In the Sound and the

portions of the Baltic adjoining it haddock (Gadus aegJefimis), glyskoljan

[Gadus minutus), hvitling (Gadus merlangus), jiollock (Gadus virens), and
blanksej (Gadus pollachiiis), are frequently caught, but nowhere in the

Baltic proper are they found in such numbers as to form the object of

special fisheries. From these its relatives, the codfish proper is distin-

guished by its upper jaw projecting over the lower jaw, by having a
beard on the lower jaw, by having its side bent near the center of the

middle dorsal fin, and by having such small eyes that their diameter is

much less than the distance from the corner of the eye to the tip end of

the nose. The haddock, the glyskoljan, and the hvitling have, it is true,

a projecting upper jaw also, but can easily be recognized: the haddock
by having almost straight sides and a black spot on each side about
under the middle of the first dorsal fin, the glyskoljan (Gadus minutus}
by the circumstance that the diameter of its eyes is larger than the dis-

tance from the corner of the eye to the tip end of the nose, and the

hvitling (Gadus merlangus) by its not having the beard which is found
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on tlio lower jaw of the codfish, the haddock, and the glyskoljan.

The pollock and the bhmksej {Gadus pollacMus) both have the lower jaw
projecting farther than the upper jaw, and are thereby distinguished

from the above-mentioned fish found in the Sound and the Baltic, which

likewise belong to the cod family. The i^oUock is again distinguished

from the blanksej {Gadus pollaclilm): the former has a cloven caudal

fin, its sides are almost straight, and its color gradually changes from a

dark sea-green on the back to silver-gray on the belly and sides ; the

latter has a caudal fin, which is but little indented, its sides are sharply

bent, and the brownish-black color of the back is clearly defined from

the sOver-gray of the sides.

The codfish proper never reaches the same size in the Baltic as on our

western coast or the coast of Norway. Whilst in the Xorth Sea and

the Western Ocean it grows very large, and often reaches a weight of 40

pounds, the Baltic cod seldom weighs more than 15 pounds. Like the

herring, it gets smaller and smaller the farther north in the Baltic it is

found. The average weight of the codfish found in the Southern Baltic

and the Sound varies from 3 to 6 pounds, whilst near Gottland it is only

2 to 3 pounds, and on the coast near Stockholm only 1 to 2 i)ounds.

The color of the codfish varies considerably, owing chiefly to the dif-

ference of food and the different bottoms on which it lives. Generally

the upper parts of its body have an ashy-gray or olive color, thickly dot-

ted with round spots of a yellow or brownish hue, decreasing in number
towards the sides ; the lower part of the body is whitish, without any
spots. The varieties which are found most frequently are the so-called

" Berg "-cod, in Bohulsiin, which has a reddish color, thickly covered

with spots, and having reddish or grayish-brown fins and back; the

"Pall "-cod, near Gottland and the "Berg "-cod of the Southern Baltic,

whose whole body is of a dark color with but few spots. The full-grown

codfish prefers deep water, either on the outer coast or in large bays
and inlets, and only during the spawning-season it temporarily goes into

shallow water. It spawns at different times on the different coasts : in

the Sound in March, on the coasts of Skdne and Bleking from the mid-

dle of March till the end of April, near Gottland and on the coast of

Stockholm during April and May. When the spawning-season ap-

proaches, the codfish ascends from the deep to shallow waters, either on
the outer coast or in bays and inlets. There is this i)eculiarity about the

roe of the codfish, that it does not adhere to aquatic plants and stones

like that of other Baltic fish, but, according to observations made by
the Norwegian naturalist G. O. Sars, floats about freely near the sur-

face of the water. Even with a low temperature of the water the eggs
are hatched after 18 days, and with a higher temperature, even in a

shorter time. After being hatched, the young fish continue to float

about near the surface of the water at least as long as they still have
the umbilical bag which most young fish carry for some time after being

hatched. This bag serves as the food of the young fish ; and as soon



WIDEGREN MANAGEMENT OF THE BALTIC FISHERY. 137

as it is consumed the fish requires other food, and seeks places where

suitable food cau be obtained, aud where it can find protection against

the attacks of the numerous flsh-of-prey which eagerly devour the'

young fish. Such places are the algae-covered bottoms near the shore,

where small crustaceans, scarcely discernible to the naked eye, are

found in profusion and form the first food of the young fish. As the

young codfish grows, becomes stronger and larger, and is able to defend

itself against its enemies, viz, tish-of-prey of every kind, not the least

dangerous among them being the old codfish themselves, it goes into

deeper waters, where it finds larger crustaceans, worms, and snails, which

at a more mature age form its favorite food. When fully grown the

codfish is a voracious fish -of-prey, devouring almost everything coming

in its way, young fish and fish of every kind. It therefore prefers the

deep waters, wliere it feeds on the large schools of herrings, and often

visits the banks where the herring spawns, and devours its spawn and

young. Since the roe of the codfish does not adhere to i)lants or stones,

but floats about freely near the surface of the water, it depends on cur-

rent, weather, and wind to what coast it will float, and a large portion

of it is consequently very often cast ashore and lost. And as it is well

known that the codfish, like other fish, when fully grown, revisits the

coast where it was born, it is imj^ossible to calculate on seeing again, as

full-grown fish, the young codfish which were born on a certain coast.

For the roe laid near some coast may, by current and wind, be carried

to distant i^arts, and the home of the young fish will be the coast to

which the roe has been carried accidentally ; and this coast will be revis-

ited by them when they are fully grown, when, after having closed their

annual regular visits to the deeper waters, the time comes for them to

seek shallow waters.

Nature has thus arranged it so that even with the greatest care and

protection it is imj)ossible to calculate with absolute certainty on a suc-

cessful cod fishery on any given coast. Experience has shown that on

certain coasts no codfish have come to spawn for several years, although

fishing had by no means been carried on in a destructive manner, and

although the natural conditions continued as favorable as during the

time when the codfish annually visited those coasts in large numbers.

It is supposed, and probably correctly, that the cause why enormous

cod-fisheries have for many years been carried on uninterruptedly in

some localities, e. g.. the Loftbden, the Norwegian coast, the Shetland

Islands, Iceland, &c., must be found in the fact that these coasts or

groups of islands are so favorably situated near or in deep waters, that

even when current and wind are comparatively speaking less favorable,

a sufficient quantity of roe and young fish is carried into the bays

and sounds to insure good fisheries. It must also be remembered that

the cod-fisheries carried on in the Loffoden and other large fishing

places on the Atlantic Ocean, although carried on near the coast, have
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altogether the character of ocean fisheries, fishing going on mostly in

the open sea and at a considerable depth, 50 to 100 feet and more.

It is evident from all that has been said that the cod is a kind of fish

which prefers the deep waters or banks in the open sea, and that one

cannot calculate on its coming to a certain coast every year, and on

catching it with the apparatus usually employed in coast-fishing. It has

been shown by actual observations that the Baltic also contains a con-

siderable number of codfish on those bottoms and banks which extend

almost along our entire coast. Fishermen who expect annual produc-

tive codfisheries must therefore possess the necessary apparatus for deep-

water fishing. We shall now give a few brief directions how to carry

on these fisheries.

As the banks on which the codfish stay the greater part of the year

are situated at a considerable distance from the shore, it is evident that

the fisherman should have a good vessel, strong and large enough to

reach the shore when a storm should spring up. For this purpose the

boats used for salmon-fishing on the coast of Bleking, known by the

name of " Blekings-ekor," are well suited. These boats are large enough

to offer ample protection for the fish which have been caught, so the

fisherman runs no risk of having his fish spoiled before he comes home.

Cod-fishing on banks may be carried on with so-called "hand-lines" or

" codfish-lines," with *' angling-lines," and with nets. As the "hand-

line" is so well known, it will not be necessary to describe it.

The " angling-line " (long line or trawl-line),with which fishing in theopen

sea can and should be carried on, resembles a common long fishing-line,

only with this difference, that it is furnished with floats which keep the bait

from the bottom, as otherwise it would be eaten by different marine ani-

mals. The line should be made of such strong material that it will not

tear when being hauled in : when laid, it should of course be steadied by

weights sufliciently heavy to prevent its being driven away in stormy

weather. To mark the place where the line is laid, a buoy is used, with

a flagstaff and flag large enough to be easily seen when the fisherman

comes to haul in his line. As bait may be used, pieces of herring or

other fresh fish, worms, snails, and muscles. The line may be laid either

in the morning or in the evening, and in favorable weather the fisher-

man should so arrange it that he can stay at the fishing-place until it

is time to haul in the line. During this time of waiting, the crew may
employ themselves by fishing with " hand-lines."

l^et-fishing in deep water or in the open sea should be carried on with

common codfish-nets, which, however, should be a little deeper than

those used in coast-fishiDg. Each set generally has 24 nets. When the

nets are to be set, they are fastened to two ropes of about the same

length as the depth of water where the nets are to be set. To the ends

of these ropes an anchor is attached ; to this is fastened another rope

reaching to the surface, and having at its end a buoy to indicate the

place where the fisherman has to look for his nets. These, which have
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been laid in the boats in good order, are tlien set in the manner shown
in Figure 1, Plate I. When several fishermen set nets close to each

other, it becomes necessary to attach an anchor also to the end of the

TOW of nets, \nth a rope reaching up to the surface and having a buoy-

attached to it, to show in what direction the nets have been set, so that

other fishermen may not set their nets across the former, and thus pro-

duce confusion and make the hauling-in difficult. If the net has been
set so far fi^om the coast that the fisherman can no longer see it, he must
either cast anchor and remain in the fishing-place till the net is taken

up, or he must when leaving the coast mark some object on it, and then

by the aid of his compass row or sail for some time in a certain direction,

so that he can easily find the place where his nets are set, even if stormy

weather should oblige him to seek the coast before his nets are taken

up. In cod-fishing one should have two sets of nets, so the one may
dry whilst the other is in the water.

Methods of preparing the codjish.—To prepare a good article of codfish,

it should never lie in the boat without being cleaned for any length of

time, as it may easily spoil. A careful fisherman carrying on cod-fishing

on a large scale should therefore always have in his boat small boxes or

kegs in which the fish may be laid in salt. The crew should also be
large enough, that two or more persons may immediately commence to

kill the fish, so the blood may flow ofi", and, if possible, clean and salt

them. It is likewise important that the fish should not be bruised or

trodden on, as thereby their flesh becomes loose, full of holes, and its

appearance is not very inviting. The Baltic codfish may be prepared

either as so-called "brine-cod" {Eabeljo) or so-called "dry-cod" [Elipp-

JisJc). The Baltic codfish may of course also be prepared as "common
dried cod" or so-called lutfish, although by its small size it is not very

well suited for this method of preparing it. Whether the fish is to be
prepared as "brine-cod" or "dry-cod," it must first be cleaned thor-

oughly, so that no blood is found near the backbone ; the entire skin is

carefully removed from the whole lower part of the fish. In large cod-

fish the backbone is taken out, whilst in smaller ones it is allowed to

rema^ ; the head is cut off, and the fish is then ripj^ed open, so that it

presents the appearance shown in Figures 1 and 2, Plate II. After the

fish has been ripped open, cleaned and washed, the water is allowed to

flow off, whereupon it is laid in layers in barrels and salted, the outer

side downward, and with sufficient salt between each layer to keep the
fish from spoiling. After the fish has remained in brine for about eight

days, and its flesh has become firm, it should be taken out. If it is to
be used for "brine-cod," it is again placed in barrels with enough fine

white salt between the layers to keep the fish from spoiling ; whilst if it

is to be used for "dry-cod" {KUjyjjJisl), it is treated in the following

manner: The fish are taken from the brine, and laid in rows on slanting
boards, so the brine may flow o^f. Whilst being taken up they are

washed in the brine and brushed carefully, so as to remove all impuri-
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ties. After the fish have laid on these boards for a night, they are spread

out to dry either on flat rocks or on a sort of lattice-work placed in a

drying booth. It is best to lay the fish on a lattice-work to dry, as the

rocks often get very hot and therefore cause the fish to shrivel. When
the fish are laid out to dry, the air should not be damp, nor should the

fish be exposed too long to a hot sun. In the evening, as soon as the

air gets damp, the fish should be piled up in heaps and be again spread

out in the morning. This is continued till the fish gets half dry, when
the pressing commences, which is done in the following manner : The
fish are piled in large heaps, covered with boards, and on these stones

of a suitable weight are placed (Figure 4, Plate III). Whilst being

pressed the fish should again be spread out for drying, if the weather is

favorable, but should likemse, when night comes or when damp weather

sets in, be piled up and pressed, and the sides of the pile covered with

matting or tarpaulin so as to keep the moisture out. This is continued

till the fish gets so dry that when pressed with the thumb no impression

is made, showing that the flesh has become quite hard. The fish are

then packed in wooden boxes and are ready for the market. Fish pre-

pared in this manner find a ready sale not only at home but also abroad,

in England and Germany, where "dry-cod" fetches a higher price than
" brine-cod."

C. SALMON-FISHING WITH LINES.

The salmon is a kind of fish which lives half the time in fresh water

and half the time in salt water. Its nature compels it during summer
to seek swiftly-flowing streams, where during autumn it deposits its roe

among pebbles and rocks. Observations have shown that its roe loses

its vital power as soon as it comes into contact with salt water. The
young salmon hatched in the streams stay there about two or three years,

and generally during the rising of the streams in spring return to the

sea or to large lakes, where the easier access to food makes them grow
rapidly. The young salmon, when they have reached the sea, as well as

the full grown salmon, live on small fish, e. g., herring, launce, smelt,

&c. When the salmon has become capable of propagating, after a stay

of one or two years in the sea or some lake, it returns to the streanwvhere

it was born, deposits its roe, and goes back to the sea ; and thus its life

continues to be a regular change of its place of sojourn until it is either

caught or meets with its death in some other way. Fishermen living

near the coast can, therefore, not expect good salmon-fisheries unless

the salmon are protected in the streams during the spawning-season

;

nor can the fishermen living along the streams hope to see the salmon

again unless the coast-fishermen carry on fishing in such a manner as

not to prevent the salmon from going up the streams. Both classes of

fishermen have, therefore, an equal interest in having the salmon-fish-

eries regulated in such a manner as to suit the nature and n^ode of life

of the salmon ; for if this is not done, both the coast waters and the

streams will soon lose their wealth of salmon. The laws for protecting

the salmon-fisheries therefore prescribe that no salmon are to be caught
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in tlie streams during their spawning-season in autumn, and tliat no nets

shall be set at or near the mouth of streams in such a manner as to hinder

the salmon from reaching their spawning-places in large numbers. Ex-

perience has shown that wherever these regulations have been carefully

observed, the salmon-fisheries have very soon improved considerably^

Every fisherman, therefore, who has the true interest of the salmon-fish-

eries at heart, should, above everything else, see to it that the fishery-

laws are carefully observed in his neighborhood.

Salmon-fishing in the Baltic is chiefly carried on with net«. As this^

method of catching salmon is well known, it needs no further description..

But salmon may also be caught with lines in the open sea near the outer

coast. This is done on the southern coast of Sweden, and Ave shall there-

fore briefly describe this method of fishing.

It is well known that the salmon stays in the sea dm^ing the latter part

of autumn, winter, and spring. Whilst the young salmon which spend

their first year in the sea prefer to stay near the mouths of rivers, or, at

any rate, not far from the coast, the older ones generally spend the cold

season of the year in deep water, following the schools of herrings which

are found there. The fishermen on the coasts of Skane and Bleking

make use of this circumstance, and during winter and spring, whenever
the sea is free fr-om ice, and stormy weather does not interfere with fish-

ing, catch many salmon, which at this time are sojourning in deep water.

As was mentioned above, hooks and lines are used in this fishery.

The hooks are laid in the open sea, and the lines are kept in position by
anchors or heavy weights in the same way as is done in the cod-fishery

in the open sea. The line is not, as is generally done in other fisheries,

sunk to the bottom, but is kept floating near the surface by means of

large cork-floats (Figure 5, Plate I). The line must of course be strong

and the weight heavy, so the fish, which are generally large and powerful,

may not carry everything away with them. As a very long line would
doubtless get entangled during the winter-storms, only short lines are

used, measuring about 20 fathoms in length, with no more than three to

four hooks on each line. To make up for this deficiency a large number
of lines is set, each with its separate weight. Cheap and very suitable

weights may easily be obtained by inclosing large pieces of rock in a tri-

angular lattice-work of wood, with sharp sticks of wood projecting on all

sides.

For bait, herrings are generally used, which are attached to the hooks
in the manner shown in Figm^e 5, Plate 1. The hook should be of strong

galvanized-steel wire, of the size and shape shown in Figure G, Plate III.

Fishermen who use hooks and lines for salmon-fishing should of course
be provided with a sufficient number of lines, so they may set new lines

when going out to sea for the purpose of examining those which have
been set for some time. As soon as the warm weather sets in, salmon-
fishing with hooks and lines ceases, partly because the salmon then go
up the rivers, and partly because the warm temperature of the water
makes the bait spoil too quickly, so that it becomes entirely useless.





VIII.-THE SALT-WATER FISHERIES OF BOHUSLAN AND THE
SCIENTIFIC INVESTIGATIONS OF THE SALT-WATER FISH-
ERIES.

By Axel Vilhelm Ljungman."

THE NECESSARY BASIS FOR CARRYING ON THE BOHUS-
LAN SALT-WATER FISHERIES AND THE SCIENTIFIC AND
PRACTICAL INVESTIGATIONS AND EXPERIMENTS RE-
QUIRED FOR OBTAINING THIS BASIS.

§ 1. Every state ought to consider it as its duty to make scientific

investigations, at any rate witbin its own limits.

In order that a comparatively poor, extensive, and thinly populated

country may do its duty in this respect, it is doubtless necessary that

the work be done systematically, according to a well-matured plan, if the

object in view is to be attained, i. e., a thoroughly scientific knowledge
of one's own country. Societies or individuals may, in this respect, do
as they deem best—their work and their sacrifices will in any case do
some good—but the state must act according to a distinct plan, so thatfrom
leant of means one portion of the investigation may not suffer, which, by

a wiser and more systematic use of all the means at the command of the

state, might have led to good results ivithout thereby injuring any other part

of the investigation.

It is always cheapest to do everything systematically, and is the surest

way to reach one's object, and it is almost indispensable at a time when
so considerable a portion of the public revenues must be devoted to the

defense of the state against foreign enemies.

Wealthy states (especially those which possess colonies) can and ought
to extend their scientific investigations also to uninhabited and uncivil-

ized portions of the world. In this way we shall, in course of time, attain

to such a complete scientific knowledge (physico-geographical, geologi-

cal, mineralogical, botanical, zoological, ethnographical, linguistical, and
archaeological) of our world as our rapidly progressing time demands.

§ 2. The great services which science has rendered to agriculture, min-
ing, and industry, as weU as to nearly all our trades, and the losses which
a lack of theoretical knowledge has frequently occasioned, show the ab-

solute necessity of following the only certain guidance of science. In
all branches of human activity a desire is manifested at the present

* Bohuslans Harfisken och de vetenskapUga Havfiske umleraokmngarna, Af Axel Vilhelm
Ljungman. Gottenberg, 1878. Translated by Herman Jaeobson.
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time to utilize all the results of science, to abandou old prejudices and
all endeavors which are only based on accidents.

The great importance of the fisheries has shown the urgent necessity

of scientific investigations, so that they may be carried on in the proper

manner and protected from injuries caused by ignorance and greed, a

necessity which the government has recognized by making appropria-

tions and by instituting a course of investigations.'

§ 3. A suitable fishery legislation and administration of the fislieries

can likewise only be based on a careful scientific and practical investi-

gation. It must be remembered that both with regard to the fisheries

and other industries it is of importance that the state does not meddle

more than is necessary, for by making too many rules more harm than

good is often done, as, contrary to all calculations, such rules may fre-

quently hinder the free development of any trade. To find the medium
in this respect presupposes a thorough knowledge, both theoretical and

practical, of the whole trade, and a well-matured plan based on this

knowledge, which, without too great difficulties, may be carried out in

such a manner that the results can be calculated beforehand with some

degree of certainty. Without sufficient knowledge of a trade or indus-

try it is not possible to gain any firm basis for legislation or calculate

any of the possible results.

§ 4. Scientific investigations are, as will be shown below, necessary,

not only for gaining a theoretical basis for legislation and for successful

administration, but also for the furthering of the fisheries themselves, as

even with regard to these they may bring to light facts which may i>rove

extremely usefuP. A common objection to this view is this : that a

trade does not need the aid of science, but that it is best to let it de-

velop freely. It is well known that science has proved useful to the fish-

eries as well as to agricultiu-e and other trades, chiefly by showing the

way in the making of experiments and thus facilitating any improve-

ments or new inventions, although the great mass of i)eople who grad-

ually reap the advantages of such inventions hardly ever think about

the scientific work which necessarily had to precede them.

Although it is best to keep the fisheries free from too much legislation

and meddlesome interference of the government, a complete knowledge

of the entire natural history of fish is both useful and necessary, as well

as of the proper method of preparing fish for the trade ; and in all these

respects science may extend considerable aid.

§ 5. This whole field should be investigated scientifically even if no

1 This paragraph, like some of the following, is taken from former articles of the

author, viz: "Report on an expedition for examining the salt-water fisheries in the

Skagerak and Kattegat, made during the summer of 1871, on board the royal gun-boat

Gnnhild," Upsala, 1H73, (partly giveuin "Xordisk TidsskriftforFiskeri," II. Copenhagen,

1874, p. 1-14), and "PreJimindr Berdttehe," &c.—Preliminary report on the herring and

herring-fisheries on the western and southei-n coast of Sweden. Upsala, 1875.

'J. MacCtdloch "On the htrrituj" (Quarterly Journal of Science, Literature, and

Arts. XVI. London, 1824), pp. 210-211,210,222.
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material advantage should result from such investigations in the imme-
diate future. The history of natural sciences and trades furnishes nu-

merous examples how a science may be studied and worked up for many
years, in some cases even for a century, without yielding any practical

result, until all of a sudden some grand invention surprised the public.

How long, for instance, was electricity considered by the great mass of the

people as a useless matter, good enough perhaps for tlie learned to know
something about, but of no practical value, until its practical application

produced a sudden and radical change in public opinion. Science ought

to be cultivated conscientiously and perseveringly for its own sake, and
sooner or later its results will prove useful in practical life.

§ 6. As the scientific and practical investigations which come into

question here are to give us that knowledge which is indispensable for

obtaining the necessary basis for carrying on and administering the fish-

eries in the best possible manner, as well as for useful legislation on the

subject, in fact for a final solution of the whole fishery-question, it will

be evident that these investigations must extend to everything concern-

ing the fisheries. These investigations must, therefore, not be confined

to technical, law, and administrative questions, but must ext-end to ques-

tions of economy and natural science. All the different points from

which the fisheries may be viewed must be considered if any good result

is to be obtained. For the omission of one of these may essentially

change the results. A most thorough and complete treatment of the

whole subject is absolutely necessary.

§ 7. It is well known that the so-called inductive method is the only

one both in natural history and in a trade which will lead to a reliable

general knowledge. From many agreeing facts a deduction is made
regarding a general law, which will gain in probability in proportion as

the induction is complete In all its parts. This shows the necessity of

making as many observations as possible at different times and places,

and of comparing these with older observations handed down to us by
reliable writers. The necessity of making numerous observations during

a long period of time increases, as there are very frequent exceptions

from general rules which cannot always be considered as abnormal, and
as a lack of agreeing facts with regard to even one or two ijoints may
make it very difficult to reach any certain conclusion. It is, of course,

not possible to obtain in this way that degree of completeness which
would lead to absolute certainty.

"With regard to our present subject—the fisheries—one must be careful

to avoid the very common mistake of making hasty observations or facts

which have not been fully established^ the basis of more or less preten-

^ Under this head comes the use of entirely accidental methods of explanation,

which is but too frequent. From an accident anything may easily be explained, but
then such an explanation may be utterly worthless. Anything that is accidental has

in itself something inexplicable, and stands without its proper causal connection, and
it is much more difficult to assign its cause than to understand that fact which it is

intended to explain.

10 F
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tious and imposing scientific systems. It must be remembered that in

science, as little as anywhere else, is there a royal road to reach one's

object, and it is often nothing but vanity which has led persons to build

such air-castles and call them scientific achievements.

§ 8. The difficulty of finding the causal connection is also much greater

in that portion of natural history which is most important for our pur-

pose, that is, the so-called physiology of relations, than in anatomy

or the history of natural development. The anatomist, after having

dissected a few specimens and found them to agree, may generally be

certain that he has ascertained their normal condition, and that any de-

viations from this which may possibly be discovered in the future must

be considered abnormal. The anatomist can and must often be satis-

fied with examining only a few specimens, and may from these draw

a tolerably certain conclusion ; but this would not answer in the physi-

ology of relations Avith its many changes and irregularities. Here it is

necessary to employ every means at our command for taking the greatest

possible number of observations, and then, after critically examining

their reliability, aud instituting the most careful comparisons between

them, and by using every method of induction, analogy, and hypothesis

for reaching a conclusion, to obtain the most probably or at least approx-

imately correct view. Thus the demonstrative certainty gradually de-

creases in the physico-mathematical scieuces in proportion as we depart

from the abstract, outward forms of objects, or from general laws or

component parts, and enter the domain of organic nature, which becomes

more difficult for the naturalist the more life itself comes into question.

§ 9. Eegarding the general view of nature and the diflerent methods

of explaining its phenomena, it must be said that a really scientific ex-

planation, going back to final causes, is scarcely possible, as soon as from

general views we enter upon details. An explanation from absolutely

certain causes, carried through consistently, must always move in a

circle, because the world is a whole, developing systematically, and as

the various phenomena of nature mutually depend upon each other, so

that one phenomenon may depend upon another which follows it, whilst

we from our youth up are accustomed to draw a conclusion by advancing

from a jmst hoc to an ergo proper hoc. The aim of natural science is,

therefore, to be as free as possible from teleological and mechanical prej-

udices and methods of explanation, and to endeavor to show the actual

connection between the different phenomena, and not to draw philo-

sophical a irriori conclusions as to their absolute necessity.

On the material which has been acquired in this manner every one

must, according to the best of his ability, base his more or less philo-

sophical theories, being careful, however, to keep these latter strictly

separate from the facts.

§ 10. The sources of knowledge to which we are directed as regards

fish, fishing-waters, and fisheries, are: literature, the experience of fish-

ermen and superintendents of fislieries, and direct observations and

experiments.



THE SALT-WATER FISHERIES OF BOHUSLAN. 147

As regards literature we must have reference not only to that more
scientific portion of it contained in book form, but also to that more
scattered information found in newspapers and periodicals'* or in the

various official documents in city or state archives. In order to make
full use of this source of information so very important for the herring-

fisheries, it is of course necessary to consult the more important foreign

works and documents (for example, the Danish, Dutch, and British).

The importance of studying the special literature of a subject will be self-

evident if we remember the well-known fact tiiat in those fields of human
knowledge which have been cultivated most, no one, whatever his natural

talents may be, can, through his own exclusive endeavors, obtain that

knowledge which is stored up in literature for the benefit of posterity,

much less carry his knowledge very far beyond this limit. A thorough

acquaintance with all the facts which others have brought to light on a

certain subject must form the starting-point for those endeavors from

which the greatest possible results may be expected.

But it is not only that knowledge which is stored up in literature

which must be taken into consideration, biTt everything which has been

collected, preserved by tradition by the fishermen and the superintend-

ents of the fisheries. The gathering and working up of this very hete-

rogeneous material is connected with considerable difficulty, and presup-

poses a good deal of experience obtained by direct personal observations,

as well as a varied knowledge of all the literature on the subject. The
great mass of the people are often more inclined to be influenced and even

prejudiced by anything coming from foreign parts ; the experience of

foreign countries is doubtless also in many respects richer and more
varied than our own and more fully corroborated by experiments and
scientific investigations. The chance of increasing our stock of knowl-

edge by studying the experience of foreign countries should, therefore,

not be neglected. In doing this, however, it should be remembered that

there are great differences of nature, law, and economy between our

own and other countries, which point is but too frequently lost sight of.

The material obtained from literature and the experience of fishermen

must be critically sifted, and for this purpose as well as for extending

our knowledge beyond this limit, direct personal observations and exper-

iments are necessr.ry. Experiments are moreover required to prove the

correctness of opinions that have been advanced, and of hypothetical

explanations,

A full description of the best means for utilizing these various sources

of knowledge will be given below when each jwrtion of the fishery

investigations will be treated separately.

§ 11. Fishing is a trade which absolutely requires special experience.
This experience embraces the proper use of the different fishing-appa-

See A. Boecl; in "Xordisk Tichskriftfor Fiskeri/' VII. Copenhagen, 1872, p. 7.

A. V. Ljioxjman, " rrciimiiuir i>'«-a;/eZse"—Preliminary report for 1873-1874, on the
investigations regarding the herrings and herring-fisheries on the western coast of
Sweden. Upsahi, 1874, p. 70.
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ratus, the preparation of flsli, aud the use of fish in the household. All

these points nuist be worked up carefully aud thoroughly so as to give

all the necessary hints. But as all this experience cannot be gained by

one man engaged in the fishing-trade

—

ars longa vita hrevis—as much as

X)0ssible of it must be gathered both from old documents and from the

fishermen themselves, and must then be proved by personal obvserva-

tions, which must also be made with the view of developing and increas-

ing the material. lu order to make this material as valuable as possible

it is of course highly necessary to become acquainted with the more

prominent foreign fisheries, especially those which excel ours.

The technical investigations must therefore relate to the existing con-

dition of the fisheries but also to their further development and to any

possible improvements. Among the subjects Vhich in this respect

deserve special attention, the large periodical Bohuslan herring-fisheries

doubtless occupy a prominent place. With regard to these fisheries we
need, above everything else, a brief but complete review of all the

experience gained in the course of centuries concerning the herring-

fisheries, the preparation of herring, and the herring-trade ; for as it is

well known that these, our largest fisheries, are periodical, and cease

entirely for many years at a time, we cannot exjiect that all the experi-

.ence we need is handed down to us by tradition.^

The technical investigations ought moreover be S])ecially directed to

^e scientific treatment of everything relating to the different methods

of preparing and preserving fish.

Finally, it would be necessary to carry out according to a well-matured

plan all the different experiments required to corroborate our knowledge,

to try new fishing-laws, new apparatus, methods, and other improve-

ments. In order to make such technical investigations and experiments

really valuable and useful, they ought to be committed to persons who

can devote their whole time to it; for of the young naturalists who are

generally detailed for such investigations, it cannot be expected that

they should have that undivided interest, that local knowledge, and that

^)raetieal experience which are absolutely required to make such mvesti-

gations truly successful.*'

§ 12. As it is the object of the fisheries, as well as of agricidture, to

utilize the productive powers of nature for human purposes, and this

not only with regard to the quantity and quality of nature's productions,

but also to their preservation and possible development, the chief con-

dition of success will be a complete and reliable knowledge of the nature

of these productions, of the causes which create aud sustain them, and of

the mechanical or chemical aids and apparatus by which they may be

investigated and utilized. By comparing this knowledge with that ex-

perienc'e which practical fishing constantly supplies, we obtain the so-

ap. BuU, ''Anteclmingar om siUfisket i Bohuslan" (KfjJ. Vetenskaps Akademiens Hand-

liHi^ar for ar 1817), p. 3-2, 33.
., rr^ m-.

6 A. V. Ljangman, ^' Om fiskenlafjsfiftniiujfn for hohus-Jan>ska skargarden,- II (bote-

borgs-Posten, 1375, mo. 78).
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called knowledge of the trade, or, in other words, the science of the

trade.

The science of the fisheries, i. e., the knowledge of how to carry on the

fisheries, fully develoi)ed and arranged as a whole, forms the science of

fishing, properly so called, and in proportion as it is really scientific, fish-

ing becomes a branch of natural science.

In order to make the necessary technical investigations, a good knowl-

edge of natural science is required as well as a special knowledge of those

branches of natural science which form the theoretical foundation for the

special science of the fisheries.

§ 13. As fishing requires a knowledge of the mode of life and other

characteristics of fish as well as of the fishing-waters, so fishing carried

on as a trade requires a knowledge of the laws of economy. We there-

fore need an economy of the fisheries just as much as their practical and
scientific knowledge, although the latter is certainly an essential condi-

tion of the former.

A wise administration must never favor one trade at the expense of

another which is just as important or perhaps even more so, thereby

bringing about a conflict of interests which cannot in any way be bene-

ficial to the state. The fisheries must therefore be considered in their

relation to other trades and occupations, especially agriculture and nav-

igation, the general welfare of the state, the means of communication,

&c. Special regard should also be had to the changed circumstances of

our times incase the great herring-fisheries should again be revived f

which event, strange to say, has for nearly half a century been rather

considered as a curse than as a blessing for Bohuslan.''' The social ques-

tion of our coast will, therefore, likewise have to be considered—a ques-

tion whose solution may puzzle our wisest men. All this becomes the

su.bject of a special branch of knowledge, which might be termed " the

economy of fisheries," whose aim would be to i)romote the fisheries by
working uj) the various scientific methods and corroborating their use-

fulness by practical experiments, always considering the economical value

of the fisheries for the public as the foundation on which all improve-

ments in the fishery-laws and the administration of the fisheries should

be based.

The fisheries should therefore form the subject of the most thorough
and exact treatment even from an economical point of view, and this all

the more as the want of such treatment has doubtless been the chief

cause of the insufficiency of our fishery-legislation.

§ 14. The investigations must, furthermore, extend to the whole subject

of law and administration 5 for since their purpose is to gain that knowl-
edge which is necessary for carrying on and superintending the fisheries

in the most efficient manner, attention must not be diverted from this

object or extended beyond its limits. As such a course would only delay

''A. V.Ljungman: " NdgraOrdomdestoraiohus-UnslcasiUfislcena." Gottenburg, 1877,

p. 28.
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the results or prevent us from reaching them,^ the investigations must

be carried on with a special regard to the needs of a good administration,

which ought, therefore, to be clearly specified.

A complete knowledge of everything pertaining to law and adminis-

tration is certainly just as necessary for the legislator as a technical,

economical, and scientific knowledge. This last-mentioned knowledge

is necessary for proving the practicability of the legislative and admin-

istrative measures; and in order that the full s^ignificanco of these meas-

ures may be understood, a sufficient knowledge of local and technical

conditions is required. A satisfactory solution of the whole fishery-

question, to serve as a basis for systematic investigations and for a reform

of fishery-legislation, can therefore only be reached by placing each sep-

arate part of the question in thoroughly competent hands. The lack

of such preliminary and preparatory measures is doubtless one of the

chief causes of deplorable defects in our fishery-legislation and of prac-

tical mistakes springing from them.

What we need, therefore, is a complete and systematically arranged

review of all the laws relating to the Bohuslan salt-water fisheries from

the oldest times down to the present. Such a review should, as far as

possible, give the causes of every amendment to these laws and tell us

how the amended laws worked ; the laws should be examined with the

view of testing their applicability to the changed circumstances of our

times, and they should finally be compared with the experience of other

countries. If all this were done in a most thorough manner, we might
look for truly beneficial results.

§ 15. In order to fully understand the Bohuslan salt-water fisheries,

some purely historical investigations are necessary, which may yield

some material of great value which could not have been obtained in any
other way. As an illustration of this assertion we may quote the exam-
ple of Axel Boecl', who, in his well-known work, " Om Silden og Silde-

fislcerienie" (On the herring and the herring-fisheries), has based his

whole treatment of the important questions, " why the great periodical

Scandinavian herring-fisheries have ceased "^, and '- what influence is by
outward physical conditions exercised on the migrations of the herrings"

on such investigations.^'^ Besides, how could we without such historical

investigations ever settle the question regarding the nature, spawning-

time, &c., of the old Bohuslan herrings ? " or corroborate or disprove the

* Thas it has often been the case that practical objects have been used as a bait for

carrying through purely theoretical measures, which in no way could prove a benefit

for the trade.

M. BoecTi, " Om Silden," &c., I, Christiania, 1871, p. 82-119.
'» " " " " I, p. 72-82.

" The supposition regarding the relation of the old Bohuslan herring to the present

heiTing forms, as is well known, the basis for all our fishery-legislation since 1852 ; and
the opponents of this legislation, therefore, chiefly direct their attacks against this

supposition. (See " Handlingar rorande siUfisket i bohusldnska Skdrgarden," Stockholm,

1843, p. 71-73, 156,172. " Gotebarg's HandeU-och Sjofarts-Tidning, 1853, No. 147, sup-

plement. " Xya Handlingar, tfc," I, Gottenburg, 1874, p. 22-24, 29-32, 63-66.)
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assertion that a severe winter with much ice has a beneficial influence

on the herring-fisheries, an assertion which has been so strongly made
by Professor Mlsson and others ? '^ or how could we, in any (^her way,

ascertain the practical working of the older fishery-laws and decide in

what respect and in how far the fishing-trade has improved, remained

stationary, or gone down f

It will scarcely be necessary to say any more regarding the great value

of historical investigations in themselves and their absolute necessity

for gaining as complete as possible a knowledge of our fisheries.

As regards our largest and most famous fisheries, the great periodical

herring-fisheries, we must in the first place not only examine the possible

causes (real or supposed) of the periodical cessation of these fisheries,

which has ijlayed such a prominent part in our fishery-legislation, but

also the causes of the somewhat regular changes in the course and loca-

tion of the fisheries, and in how far these changes depended on physical

conditions, &c. B3" making these investigations we obtain a great mass

of historical facts which will amongst the rest serve as a guide in framing

laws in case these great fisheries should revive." Much information

would also be gained in this way, throwing light on many a dark point

in the natural liistory of the herring and aiding in solving the difficult

question of the migrations of the great herring-schools. The literature

referring to these questions amply proves how important a comi:)lete his-

torical reyiew of the Bohuslan herring-fisheries is for reaching a satis-

factory solution of the whole herring-question.^*

It is evident that tlie history of other fisheries will also be very inter-

esting and may furnish valuable material. The historical part of these

investigations should, therefore, by no means be omitted or neglected.

§ IG. The investigations must finally embrace all the facts of natural

science, wliich will enable us to master the theoretical conditions " of a

successful carrying on and administration of the fisheries" in a much
higher degrec^than it is possible for the uneducated fisherman. A scien-

tific knowledge of nature forms the theoretical basis on which alone a

wise and beneficial management of the fisheries can be built up. We
'- " Handlinfiar rorande, tj'c," p. 64, 67, 74, 77, 156, 163.

A. TV. Malm, Naturliistoriska studier idetfria och: Bammaren. Gotteubiirg, 1860, p. 5.

'^ The regular changes in the course of the great herring- fishei'ies, and the consequent

changes in the qnulity of the herrings require a legislation to suit these changes. Leg-

islation should, therefore, he guided by the experience of former centuries. The first

part of an approaching fishing-period cannot he considered as the standard for the

whole time it lasts. In all probability it will in its course undergo c<msiderabl6

changes, and we must, consequently, look for this standard in the corresponding part

of former fishing-periods. That this way of judging is correct is proved from the last

fishing-period (1747-1808). For many of the regulations made during the latter por-

tion of this period, and based on the experience of the first jiortion, proved to be anti-

quated and of little use, and in some cases were even more hurtful than helpful. The
fishermen themselves, therefore, often demanded changes in the administration and in

the laws. It must be said, however, that many of these changes were demanded
from purely egotistical reasons.

^^Preliminar berattelse (Preliminary report) for 1873-74, p. 71-72.
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need therefore a Complete and thorough knowledge of the true object of

the fisheries, of the nature of fish, and of the nature of the water in

which th^ fish Uve, and finally of all those conditions on which the prop-

agation, development, and life of fish depend.

The scientific investigations which are of imi^ortance must in the first

placerefer to an increased knowledge of the anatomy, physiology, develop-

ment, characteristics, and A^arieties of fish, as well as to their distribu-

tion, and the probable causes of their appearing and remaining on dif-

ferent bottoms, and consequent uj)on this to their varying food, their

isolation, hydrological relations, «fec. They must also relate to the

spawning of fish (time, place, whether near the surface or on the bot-

tom), to their growth, difference of age, food, enemies, sickness, &c., de-

pendent on physical conditions, their daily life, their regular annual

migrations (caused chiefly by their desire either to seek food or to prop-

agate the species), to their sudden appearance or disappearance, and to

its causes, t&c, as also to the nature of the fishing-waters, to the plants

and animals contained in them as well as to their physico-geographical

character. In the following we shall endeavor to point out the methods

which should be followed in gathering all the material which is needed

for a thorough knowledge of our salt-water fisheries.

§ 17. For a thorough study of the physiology, development, anatomy-

&c., of fish it is doubtless necessary, if its results are to answer the in-

creased demands of our times, that a person should ha\e leisure, so that

he can devote his whole time to it, and that he should be in possession

of all the material and scientific apparatus which are required for such

investigations. For some of these investigations, well-arranged aquaria

will be of special value. With regard to these studies the author

recommended, guided by the experience of foreign countries,^^ in his

preliminary report,^^ the establishment of a comj)lete station for scien-

tific investigations of the sea^"^ in a suitable place on the Bohuslan

'^ lu France chiefly gained by the work of Coste and later by that 5'f Lacaze-Duthier

and in England, France, and Germany by the great public aquaria, as well as in Italy

by the zoological station in Naples founded by A. Dohrn and subsidized by the govern-

ment. (See: BiiUet'm de la soci^te iviperial zoologique cVacclimatalion. 1862, p. 107-114;

1863, p. XLVII-LXIII; 1864, p. 261-269; 1865, p. 533-541; 1872, p. 164-167, 268.—

Archives de zoologie exp^rimentel et ijeneraJe. Ill, p. 1-38.

—

Preussische Jahrbiicher. XXX,
p. 127-161—Zeiischrift fur wissenschaftliche zoologie. XXV, p. 457-480.— ff. Beta, Die

Beivirthschaftung des Wassers und die Erndten daraus. Leipzig, 1868, p. 236-248.

—

J. G.

Bertram, The harvest of the sea. 3d edition. London, 1873, p. 293-296.—J'. Buckland,

Familiar history of British fishes. London, 1873, p. XL—On the organization and

progress of the Anderson school of natural history at Penikese Island. Cambridge,

Mass., 1874.)

16 Prelimindr Berdttelse for 1873-74, p. 71. United States Commission of Fish and

Fisheries. III. Washington, 1876, p. 166.

" In the above-mentioned report the author has expressed the opinion that the

necessary special hydrological investigations should be carried on by persons specially

detailed for the purpose, who should have their headquarters at the same station.;

This idea, although not without its advantages, might, however, meet with consider*

able difficulties when carried out practically.
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coast/^ which, ought to be uuder the supervision of competent

zoologists and botanists and fuiuished with all the necessary scientific

apparatus.

It will be self-evident that such an institution woiUd not only further

the study of this part of natural science in our country, but would be

almost indispensable for such a study ; nor can there be any doubt that

its activity can and ought to extend to a much larger field than the

mere investigations of the fisheries.

§ 18. In order to gain a sufQcient knowledge of the mode of life of fish,

of their migrations, &c., in a certain given region, it will be necessary to

make uninterrupted observations for a number of years with all the

means at one's command (especially by fishing at all seasons of the year)

;

and in order to make such observations truly valuable they should be

carried on simultaneously in different i)arts of the given region ; for local

differences in the physical conditions will also produce differences in the

appearance, mode of life, &c., of the herrings ; and by observing the

herrings only in one place we would just as little gain a general knowl-

edge of this fish and its mode of life as we would obtain a knowledge of

the meteorological conditions of a large country by observations gath-

ered at a single point. In order to gain the true value of phenomena

observed in a certain place, a more general knowledge is required, which

can only be obtained by comparative studies.

From the foregoing it will be seen how difiicult it is to arrive at abso-

lute certainty, and how necessary, therefore, to base our knowledge on

the greatest possible number of systematically gathered facts. It will

also be evident that both the time diu-ing which, and the number of

places where, these facts are gathered should be increased in proportion

as the kinds of fish which are the objects of investigation are in the

former case liable to appear at longer intervals, and in the latter case

are subject to more local changes.

§ 19. In order to faciUtate and to accelerate the acquiring of the tie-

sired knowledge, it will be necessary to have recourse not only to his-

torical researches, but also to the experience of fishermen. Eegarding

the value of this last-mentioned source of information, it must be borne

in mind that the information furnished by our fishermen on the mode of

life and the migrations of fish, &c., are very much on the style of the pre-

dictions of our old-fashioned weather prophets. These old signs are fre-

quently of just as little value for the fisheries as for agriculture. But
although meteorologists have long since shown the worthlessness and
faUibihty of such predictions, people continue to believe in them, for un-

educated persons are apt to remember the few times when such predic-

J' See also Prelimindr Berdttelse for 1874-1875, p. 18. The most suitable place for sucli

a station would doubtless be the mouth of the Gullmar fiord in the neighborhood of

Fiskebiickskil. Farther north the station could not well be, if it should answer its

purpose also with regard to the investigations of the expected large periodical herring-

fisheries.
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tions proved true, and to forget the many times when they were not ful-

filled. Such persons will never think of comparing the cases when such

signs were without any significance whatever with those cases when they

were followed by certain results, nor do they weigh the probability of the

one or the other. They are always inclined to follow a post hoc by an
ergo propicr hoc. The opinions of fishermen are also often at variance

with each other, even with regard to the influence of outward circum-

stances on the fisheries. It must finally not be forgotten that the nature

of the fisheries themselves requires great caution in applying results

gained by positive experience. Fishing is generally carried on with very

insufficient apparatus and only at that time and in those places where the

greatest gain may be expected. There is a great difference between the

occurrence of fish in a certain place and the occurrence of fisheries in

the same. The fish may, for instance, come in a certain way which

makes it impossible to catch them with the only apparatus on hand, and
the fisheries, therefore, come to an abrupt end, although there are plenty

of fish. The fishermen are, moreover, frequently governed by prejudices

and actually cease to fish before the most profitable period of the fish-

ing-season has arrived, simply because they think they have noticed

some adverse signs. All the information gathered from fishermen must,

therefore, be sifted in the most critical manner, and the most extensive

fishing must be carried on by the observer himself with every imaginable

kind of api^aratus. in order to corroborate or disprove the statements of

the fishermen.

§ 20. In order to gain more reliable and more complete knowledge than

can be obtained from fishermen or through historical researches, it is, as

I remarked above, absolutely necessary to make direct personal obser-

vations in a number of places. There should be a separate observer in

every place, who, following a well-devised plan, would make daily ob-

servations on the fisheries, &c., which would serve as a basis for a natu-

ral history of fishes, and for historical and statistical fishery-reports

{annals of fisheries). The superintendents of the fisheries would cer-

tainly be able to render much valuable assistance in making these obser-

vations.

§ 21. The necessity of comparing the course of the fish, their mode of

life, and their migrations, with the meteorological and hydrological con-

ditions, for the purpose of increasing our knowledge of their natural

history, has long since been recognized, and caused the Royal Scientific

Society at Gottenburg, as early as the beginning of this century, whilst

the last great herring-fisheries were stiU going on, to set a prize for the

best treatise on "The influence of the currents on the Bohusliin herring-

fisheries." When the fisheries ceased, Dr. P. Dubb, the most unprejudiced

and learned of our older authors who have given attention to the Bohus-

lan herring-fisheries, also expressed the opinion that meteorological and

hydrological causes occasioned the periodical coming and going of the
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herrings on the coast of Bohiislan, and i)roposed that the state should

make an appropriation for a scientiiic investigation of these causes.^*'

It is clear, however, that any scientific investigation whicli intends to

ascertain in how far there is any periodicity in the coining and going of

the herrings, and whether such periodicity applies to our herring-fish-

eries, and, in case this is so, what laws govern this periodicity, ought to

extend over at least a century. This length of time need not frighten

any one, for long before the century has come to a close such investiga-

tions will have yielded results which will ^ply repay for all the time

and trouble.

§ 22. In order to obtain reliable results from combined observations of

the fish and fisheries and of meteorological and hydrological facts, it

will be necessary, as I have already said in my above-mentioned prelim-

inary report,^" to have as complete as possible a series of simultaneous

observations. This requires a number of persons placed at suitable sta-

tions, whose observations are collected in one report, as is done, for

example, with regard to the investigations of the sea made on the coast

of Xorth Germany .21 Without such exact, reliable, and uninterrupted

observations of the fisheries and their physical conditions made during

a longer period and for the purpose of comparison, it will be utterly im-

possible to reach any higher degree of probability or certainty.

§ 23. All the necessary meteorological observations had best be made

by the stations of the Royal Meteorological Central Institute, which

have been established on the western coast of Sweden ; but for hydro-

logical observations, as well as for observations of the fish and fisheries,

we have as yet no stations for making continuous observations^^ As
the application of hydrological data to the natural history of fish and

the course of the fisheries absolutely requires that these observations

should be uninterrupted and go on all the year round, especially during

the cold season, when the principal fisheries are carried on, it will be

self-evident that all hydrological observations which have been made
hitherto chiefly during the summer months cannot be of any very great

value. This is not said to detract from the generally acknowledged

value of one or the other portion of purely theoretical hydrology, such as

we possess in the investigations of the Swedish waters made by Forch-

Jiammer, Edlmid, Meyer, Mohn, F. L. Eclcman, and others ; but what we

'^P. Duii, Antechningar om sillfisket i Boliusldn (Kf/l. Veienskaps Akademiens Handlingar.

1817), p. 46. Similar investigations have for nearly the same purpose heen made in

several foreign countries, and some of our own writers have acknowledged their im-

portance.

'^^ Preliminar herdtteUe, 187:?-1874, p. 70; 1874-1875, p. 17.

-'See: Ergebnisse der Beobachtungs stationen an den Deuischen Kiisten iiher die physiclc

Uschen Eigenschaften der Ostssec vnd Nordsee und die Fischerei. 1873-1876. Berlin, 1874-

1877.

''^ Since this was written the Nautical and Meteorological Bureau has been estab-

lished, which donbtless will supply this want, and farnish the necessary hydrologica)

observations in the shortest time and with the least outlay.
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have said merely refers to hydrology as au aid in the study of ichthy-

ology and the fisheries.

§ 24. But the separate hydrological conditions, such as the different

currents of the sea, its temperature, the proportion of salt and gas con-

tained in the water, &c., must be studied, not only in themselves and
in their relation to the fisheries, but also with regard to their iutiuence

on the vegetable and animal life of the sea. The scientific investiga-

tions of the sea must therefore endeavor to find the connection betM^een

the different organic forms, both in a general way and more especially

with regard to those that are of economical value for man. Thus, with

regard to the herring, science ought to find out the influence which

the diatoms and other animalculfe exercise on it, and the conditions on
which their occurrence and distribution depend.^^ The vegetable and
animal life of the sea must therefore be studied, not only from a mor-
phological, physiological, descriptive, and physico-geographical point of

view, but also with regard to the position which each individual form
occupies in the great household of nature.

§ 25. The bottom of the sea must not be forgotten, but must be made
the subject of a thorough scientific investigation, both as regards its oro-

graphical and geognostical character, not only in itself but chiefly with
regard to the influence which it exercises on the currents of the sea and
on its vegetable and animal life.

§ 26. The extent of the different scientific investigations is thus clearly

given by the very character of the study of natural history, which, the

more scientific it is, the more it shoidd be a comparative study, because

nature forms a continuous whole where one link of the chain is con-

nected with and depends on another, so that no satisfactory^ result can
ever be obtained if one branch is studied as a specialty to the exclusion

of those with which it is connected.

§ 27. As has been mentioned above, all such investigations of the sea

and the fisheries, if they are to lead to the desired result, must be car-

ried on simultaneously in as large a number of places as possible ; for

in no other way can a deep insight be gained into the hydrological con-

ditions of the nature of the fisheries themselves, and of their connection

with meteorological causes. These investigations must, therefore, as is

already done in meteorology, be made by the united efforts of several

nations. The investigation of the natiu-e of those small seas round which
so many of our modern civilized nations dwell—Englishmen, Dutch,

Germans, and Scandinavians—and which, more than any other seas, are

full of fishing and sailing vessels, should certainly be of such interest

for science, the fisheries and navigation, that there should be no delay

in making them. Germany has also in this respect made a beginning,

by sending out expeditions, and by having daily observations taken at

"t7. MacCuUoch ^^On the herring" (The Quarterly Journal of Science, Literature, and
Arts. XVI. London, 1824), p. 219.



THE SALT-WATER FISHERIES OF BOIIUSLAN. 157

a number of stations.^^ This example is now, to some extent, followed

by Norway, where the government has, since the year 1861, instituted,

at its expense, a series of investigations of the herring and cod fisheries,

and where, at the present time (1876), the chiefly zoological investiga-

tions have not only been made in that portion of the open sea where,

according to Prof. G. 0. Sars, the Norwegian herring has its proper

home, but also in more distant portions of the ocean. The meteorolog-

ical societies of Utrecht and Edinburgh have, the former from 1856 to

1864, the latter since 1873, directed their attention to this subject, although

they have, so far, at least, not published any of their results.

§ 28. In Sweden, this special branch of natural science has till quite

recently been somewhat neglected by the great mass of our people,

although it cannot be denied that several of our naturalists have, by
their self-sacrificiug labors, produced very important and valuable scien-

tific works in some very closely related subjects. Thus there are very

few parts of the world whose aquatic fauna and flora are so well known
(with regard to the different species) as Bohusliin. All these labors,

which certainly must aid the investigation of the fisheries, have been

made for an entirely different purpose, and, therefore, as a general rule,

pass by the most important points for o^ir subject.

The proposition which has been made several times to institute a more
or less exhaustive scientific investigation of the fisheries, has, therefore,

not yet led to any i^ositive result, the cause of which must chiefly be

found in the little importance of our fisheries to the state, an importance

which possibly has been somewhat undervalued. The most extensive,

and doubtless the most valuable of these older propositions, is the

one which Prof. C. J. Sundevall made with regard to the scientific and
technical sides of the salt-water fisheries, more than tAventy years ago.^^

§ 29. As 1 have endeavored to show in the foregoing, all these investi-

gations will be most successful and yield the fullest scientific results by,

first, establishing a complete station for scientific investigations of the

sea on the coast of Bohuslan ;
^^ and, second, by appointing a sufficient

number of observers to gather continuous data regarding the fisheries

at the more important fishing-stations ;
^^ and, third, by instituting a spe-

cial meteorological and hydrological investigation of the sea.^''

^* Jahresiei-icht der Comviission zur wissenschaftUchen UntersucJiung der deutschen Meere
in Kiel. I-III. Berlin. 1873,1875.

'^ StocMolm'fi Idns Efjl. Hushallnings-Sdlls'kaps handlingar (Transactionsof the Stock-

holm Economical Society), VI, p. 211-212.

2« PieUmlndr Bcrdltelse, 1873-1874, p. 71'; 1874-1875, p. 18. Sec above, $ 17. Since
this was Avritten, such a station for zoological investigations has been established

by the liberality of Dr. A. Ecgnell, at the instigation of Prof S. Lov^n, at Christine-
berg, in the district of Skaftoland; but we do not know in how far this station will

make those investigations, which are of most importance for the fisheries.
27 Preliminar Bcrdltelse, 1873-1874, p. 74 ; 1874-1875, p. 17-18.

^» Frclimindr Berdttelse, 1873-1874, p. 70; 1874-1875, p. 17-19. This last-mentioned
wish may be said to have been fulfilled by the establishment of the "Nautical and Me-
teorological Bureau," which has been placed under the direct supervision of the Royal
Navy Department.
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It ought to be an object of specitil interest for n8 to obtain an accurate

knowledge of our own waters, especially since such a knowledge would

be of as great practical and scientific importance to our fisheries and

navigation as the geological investigations have been to our agriculture

and mining. The proposed investigations of the sea are no less neces-

sary, and will certainly prove just as useful.

§ 30. With regard to the arrangement of these investigations, it may be

well in this place to add a few remarks concerning their scientific por-

tion. It has, at least of late years, become a custom with us to ])ut all

such investigations into the hands of a committee of older scientists.

Although cases could be mentioned where such an arrangement was not

only not hurtful but proved of absolute benefit, such cases must certainly

be considered as exceptions. The most extensive scientiti^c investigation

ever undertaken in Sweden, viz, the geological survey, has been arranged

on a totally different plan, which, most assuredly, is the only one Mhich

deserves to be followed. In foreign countries, such investigations have,

as far as known, hardly ever been placed in the hands of a commit-

tee. In i^orway, where the fisheries are of much greater importance,

and where, consequently, the investigations must be much more exten-

sive, not only the making of a plan for such investigations regarding

the herring and the herring-fisheries, but the whole management of the

Investigations has been placed in the hands of quite a young man, who
had not even finished his course at the university.-^ In Germany, these

investigations have certainly been entrusted to a commission, Imt its

members do all the principal work themselves.^" In tlie United States

of I:»forth America, the investigations of the fisheries, both as regards

their arrangement and their execution, have been placed in the hands

of one and the same man.^' If no person or persons can be found to

whom the investigations may be entrusted, it is not ^\'orth while to make

any; for a committee, even if its members are tully aware of the object

of the investigations, can scarcely reach any valualtle results through

others, unless these possess the faculty of acting for themsehes.

In case such a committee should, however, be considered indispensable,

it will be important to place at its head a man who will not be led astray

by any interest foreign to the proper object of these investigations.

If any investigations of this kind are to be truly useful, their result

must be laid before the public just as it is, without any additions or

emendations.

§ 31. It has akeady been mentioned in the foregoing, and is really self-

evident, that a well-devised and detailed plan is absolutely necessary,,

so the object may be reached with the greatest possible saving of labor,

time, and money, and to avoid the danger of entering otherfields which

"^Xordisl- TidsHkrtft for FisJceri. VII. Copenhagen, 1872, p. 8.

^0 Jahresherk-ht der Comimssion ^ur wi.'iscnsvhaftlU'hc'd UntersucJiutif/ dcr diviinclieii Afccrc

in Kiel. I-III. Berlin, lb73, 1875.

3' United States Commission of Fisli and Fisheries. I-III. Reports of the Commis-

sioner for 1871-1^7:^, 1872-1873, 1873-1874, and 1874-l'-'7r>. Washington, 187.^-1870.
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have no connection with the point in question. Many a practical and
scientific investigation has by its result proved the truth of this assertion.

It is, furthermore, necessary to have as complete as possible an outfit

of all the required apparatus of the best construction 5 for as the expenses

are small compared with the result, one should not, through negligence

or foolish saving, run the risk of obtaining incomplete or incorrect results.

Ko expense, labor, or care should therefore be spared to make the aj)-

paratus as complete and as ef&cient as possible ; for the result of the

investigations to a large extent depends on this.

We need not mention again, in conclusion, that such numerous and
exhaustive investigations must be continued without interruption for a

long period of time, and that no grand results must be looked for after

a few years, or expected from the work of one person 5 for the different

portions of the investigation ought to be distributed among a consider-

able number of persons.

§ 32. A rich field is thus opened for scientific investigations and for

practical experiments, which must be Avorked up in aU its parts before

that knowledge and experience can be gained which is the essential con-

dition of an entirely satisfactory arrangement and management of our

salt-water fisheries. Even if the time when this point shall have been

reached, as regards our knowledge of the nature of fish and of the sea,

is far distant, we should not hesitate to make use of the little knowledge
we possess for improving the condition of our salt-water fisheries and
further their success by legislative and administrative reforms, always

bearing in mind, however, the incomplete and insufficient character of

that knowledge on which our reforms are based. The consciousness of

the small extent and iusufificiency of our knowledge should not make us

indifferent or indolent, and we must not forget that a clear knowledge
of difficulties is a good step forward towards overcoming them.

If a basis has to be found for legislation on which the welfare of thou-

sands of human beings depends, no mistakes should be made ; least of

all such as could easily be avoided by uprightness and a little self-criti-

cism. Our actual knowledge of the subject is unfortunately still so lim-

ited that there can be no question of demanding one or the other axiom,

which has been by no means fully proved an infallible basis for legis-

lation
; but it is i-ather a duty to point out the defects in our knowledge

and endeavor to remedy them as soon as possible. In saying this we do
not mean that our knowledge, insignificant in itself, could not serve as a
basis for wme improvements in our legislation ; for it must not be for-

gotten that as long as perfection cannot be reached we must endeavor
to make the best use of what we possess. It is, under all circumstances,

the duty of the scientific investigator, in a field like the fisheries, to give

all the facts just as they are, and not, from a desire to appear as a great

discoverer, or from fear of censiu-e, to hide the naked truth.
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II.

BRIEF EEVIEW OF OUR PRESENT KI^OWLEDGE OF THE
MODE OF LIFE AND THE MIGRATIONS OF THE HERRING,

AND THEIR PHYSICAL AND BIOLOGICAL CAUSES.

1. The rich herring-fisheries which took place on the coast of Bohus-

lan at the end of last year (1877) and the beginning of the present year

(1878) have caused me to publish a brief statement of the present con-

dition of the scientific investigations regarding the mode of life of the

herring and its annual and other migrations, as well as of those nat-

ural conditions which may be their causes. I have done this with the

special object of making the scattered scientific material accessible for

the general public, as this certainly would be of practical use in case the

herrings should again regularly visit our western coast in any consider-

able numbers. The amount of knowledge we possess is small ; but if

brought within the reach of a larger pubhc it may nevertheless have a

beneficial influence on the fisheries. So far, we do not possess any sci-

entific collection of all the material j^repared with a view to the spe-

cial needs of our coast; just as little any general and comprehensive

epitome of it. In order, therefore, to make this treatise as timely as

possible I have collected aU the facts in my possession, and by compai>

ing them with the results of the most recent foreign investigations I have

endeavored to make them as complete and reliable as possible, which,

however, has not materially changed my previous views. These more or

less strictly scientific investigations have so far not produced any result

which could lead to a complete and much-needed reform in this branch

of human knowledge; but in most points our knowledge is just as incom-

plete and as little critically sifted as it was a hundred years ago.

2. The object of this entirely preliminary review of our present knowl-

edge of the mode of life and the migrations of the herring is, first j to give

in as brief and as clear and systematic a form as possible aU the mate-

rial which has gradually accumulated in the course of time, in order to

make it more accessible both to scientists and to fishermen ; second, to

give a review of the historical development of the more important points

in our knowledge, in order, if possible, to prevent mistakes in the future,

and to facilitate a more correct understanding of all the circumstances;

and, tUrd, to show the necessity and to point out the course and possible

results of continued scientific investigations. An entirely satisfactory

scientific review of aU our knowledge presupposes an ample amount of

material critically sifted, consisting in observations made uninterrupt-

edly during a long period of time at a large number of places; for, as in

meteorology, all truly scientific knowledge must be based on a collection

and comparison of as large a number of observations as possible, made

by reliable persons during a long period of time and in many different
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places. The most extensive and most complete number of observations

will bring our knowledge as near actual truth as possible. It wiU be

self-evident that whenever, as in the case of the fisheries, we have to do

with periodical changes embracing long periods of time, there will be

special need of many and long-continued observations.

3. But as such entirely sufficient material is for the present not

accessible, and could not possibly be procured during the comparatively

short time which I have been able to devote to the investigation of the

herrings and the herring-fisheries on the western coast of Sweden,^^ even

if I had had ever so many able assistants, I cannot do better than to use

the material on hand, which, certainly from a scientific point of view, is in-

sufficient, but wliich, nevertheless, j)ossesses some i)ractical value. Even
the most careful preparation of this heterogeneous mass of material

must, however, be defective, because no satisfactory result can be reached,

unless we possess a thorough knowledge of all the points based on the most

comprehensive scientific material, xilthough, in a work like the present,

it may be important to give in each case the exact source from which

the information has been drawn, I have thought fit to deviate from this

generally observed rule, chiefly because it is my intention to treat the

whole subject more fully in a larger work which I am preparing, the title

of which will be "On the Herring and the Herring-Fisheries," and also

to reduce the time^^ and cost of this brief review as much as possible.

I nevertheless hope that this little work may be of some use, and prove

a help to those of our writers on the fishery-question who by different

circumstances are confined to the observations of others.

4. Natiu-al science, considered as a systematic review of all nature, is

constantly growing more many-sided and more complicated, in propor-

tion as it develops and as it is simplified by having many different facts

condensed into general axioms (" Les scienceH progressent en se simplifianf,''^

Leibnitz). Nature forms a continuous whole, all parts of which are con-

nected by an indissoluble causal connection both among themselves and
with the constantly developing universe ; the scientific investigation of

a natural object or a natural phenomenon can reach completeness only

in proportion as it is many-sided. It is a very common mistake to view

the different phenomena isolated from others; and science suffers in

consequence, entire systems being built on such incomplete views, which

may for the time being satisfy at least the less scientific and critical

portion of the public, but which are very hard to root out, all the harder

*^ Since July, 1873, 1 have (commissioned by the government) been bnsy in collecting

such scientific data regarding the natural history of the herring and the herring-fish-

eries as I deemed necessary for improved legislation on our herring-fisheries.

*^The greatest difficulty has been experienced and almost insurmoiintable hinderances

placed in the way of gaining the necessary time for a "work like the present, by the

necessity of carrying on simultaneously the investigations regarding the other por-

tions of the biology of the herring, and the many other different points in this whole

herring question, the legislative, administrative, and economical parts of which have

taken up the greater portion of my time spent on the coast of Bohusliin.

11 P
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when tliey are propped up by the strong pillars of authority. The dif-

ferent changes in the development of science follow entirely different

methods, and the investigations of the period immediately preceding

ours, devoted more to special branches, have doubtless, through their

results, furnished a very necessary basis for the more many-sided tenden-

cies of our present science.

5. Only through long periods of time the human race can gradually

reach a higher and more complete knowledge. Tlie history of sciences

shows in every branch of knowledge an exceedingly slow development,

quicker at times, but at other times slow, stationary, and even retro-

grading. Even the gaps in the historical material, or the just as com-

mon and easily-explained custom of directing attention from the less

important to the most important representatives of scientific develop-

ment, lead a less experienced and thoughtful man to entirely different

points than those in question. It is therefore best, as a general rule,

not to look for too much '' that is new in science" in an author who has

in his special line of scientitic investigation been preceded by many and
prominent writers who have used all the old material, and who, having

solved those prol^lems which were of easy solution, have left the most

difl&cult questions unanswered.^^ But even of the most unassuming
author we may demand that he shall treat his subject from the present

scientific point of view.

6. A remarkable misconception of the aim of scientific work, which

even in our time is not altogether rare, is the idea that the object of the

naturalist consists chiefly in increasing the scientific material by makpg
rich collections of objects and observations, by describing everything

arS miuutelj^ as possible, and by combining all the facts to a whole, which

is then occasionally termed in a somewhat contemptuous manner '' a

compilation." A higher \iew of science must, however, disapprove of

such a lowering of that most important kind of scientific work, which is far

diiferent from mere compilation, which only aims at arranging the works

of several authors systematically in one work. In saying this I do not

mean to deny the value or necessity of scientific collections or compila-

tions, but merely to raise a faint protest against those who overestimate

these compilations and undervalue combined scientific activity. Science

doubtless needs as complete and as critically sifted material as possible,

but this material in itself is not yet science. The object of the natu-

ralist, therefore, does not only consist in the constant accumulating of

observations in order to reveal hitherto unknown facts or to corroborate

known facts, but in combining the material gathered by himself and

^* If we therefore go over the -works of older authors on this subject iu chronological

order, we soon find that their views only very gradually become clearer and more dis-

tinct, and that the more critically sifted and arranged axioms which we intend to

give we by no means owe altogether to our predecessors. Only by joining the various

facts and arranging them systematically they become important, and not least by
thereby showing their insufficient character if viewed from a truly scientific point of

view.
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others into a whole. The last-meDtioned work is no less important than

the former, and is actually the really scientific portion of the work.

7. Even in biology there are many questions which cannot be satis-

factorily answered by om person, but which demand the systematic work
of several naturalists, just as is the case in meteorology. That this is

specially necessary with regard to our subject will be evident when we
think of the complete series of observations which are needed—observa-

tions referring not only to biology, but also to meteorology, hydrology,

&c.; for only hy making full observations in all these directions can we
arrive at any satisfactory result. And in order to have these observa-

tions as full and systematic as possible there should be a number of sta-

tions working according to one and the same plan.^^

Although the time is certainly very far distant when sufficient obser-

vations will have been collected to furnish the necessary material for a

satisfactory scientiiic solution of our problem, we shall see from the fol-

lowing that, as far as Bohusltin is concerned, a complete meteorological

station would be extremely useful during a rich fishing-season. Those

who devote themselves to the herring-fisheries would gain an increased

knowledge of the herring, its mode of life, and its migrations, and their

dependence on the changes of the weather, and such a knowledge would
certainly be of great practical use to them.

S. In order to gain a correct view of the causes of the irregularities

in the mode of life and the migrations of the herring, it is specially neces-

sary to get as complete a knowledge as possible of the influence which
physical and biological causes exercise on the herring.

In treating this very difficult and but little known subject it must not

be forgotten that hitherto fishing, carried on as a trade, has been almost

the only means of observing the influence of such causes ; and as fish-

ing is only carried on at those seasons and places and with those imple-

ments which promise the greatest success, it will be clear how incom-

plete and unreliable our knowledge must be. Great caution is required

in gathering and receiving information, for mere fanciful and hypothet-

ical theories lead us only forther away from our true object. This part

01 my work had chiefly to be confined to the collecting and arranging of

all the data found in literature.

0. We must first consider the influence which the sun and the moon
exercise. The sun produces day and night and the four seasons. The
changes produced by the turning of the earth round its axis and round
the sun act not only through the greater or smaller quantity of light, but
in a still higher degree thi'ough the differences of temperature and the

general changes in the weather which they produce. Attempts have

=• Those who have to do this preparatory work should be fully impressed with the
fact that the result of their labor will chieHy beuefit the scientists of the future. They
must, therefore, sacrifice their own scientific vauity and the hope of reaping the fruits

of their labor, but be satisfied to know that it will form part of the foundation of the
science of the future. This self-sacrificing work may well be said to ennoble him who
engages in it, and who deserves the esteem and gratitude of humanity.
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even been made to prove that the sun produces considerable periodical

changes in the weather by the regularly changing number of the solar

spots. The moon, on the other hand, exercises an important influence

through the difference of light which her changes produce,^^ through

the tides i^egulated by her, and the different currents occasioned by the

tide, which are chiefly caused by the attraction of the earth. In this

last-mentioned respect the sun exercises a similar but weaker influence,

which more or less modifies that of the moon.

10. As regards the influence of sound on the herring, it is well known
how easily it is frightened by any unusual noise. There is no doubt that

the sense of hearing is not very strongly developed in the herring,

although the old opinion, which was held even by Linne, that fish are

entirely deaf, has long since been proved to be erroneous. The herring

generally returns immediately to the place from which a sudden noise had
scared it away. It has also been sufficiently proved that it is highly im-

probable that a long-continued noise may drive the herrings away from

places which they have been in the habit of visiting from time imme-

morial. But even quite recently it has again been maintained that such

has been the case, and steamboats, men-of-war, fortresses, fishermen,

coopers, &c., have been accused of having by noise brought the herring-

fisheries in some places to a premature end ; but no satisfactory proof

for any such assertions has ever been brought forward. The herrings

have disappeared from places where the thunder of cannon has never

been heard, and where no steamboats have ever come, whilst they have

continued to make their appearance in localities where steamboats and

the shooting of guns were frequent. As far as steamboats are concerned

we may specially mention the mouth of the Thames, the Firth of Forth,

the Sound, the Great Belt, &c. It is certain that thunder causes the

herrings to go to so great a depth that they cannot be reached with

the common fishing-implements, which will be further proved below by
facts; and a violent cannouade may, of course, have the same effect. It

is well known that a strong wind blowing towards the coast often hinders

or interrui:>ts the approach of the herrings, but it is scarcely probable

that the roaring of the waves when dashing against the rocks produces

the same effect.

11. Eegarding the influence of electricity, we still are without the neces-

sary observations on which any certain opinions might be based. It has

been known from olden times that during a thunder-storm the herrings

seek the deep water, but so far it is impossible to say whether this action

is caused by the thunder, the glare of the lightning, the electricity itself,

or aU these influences combined. Valenciennes says that the herrings

become violently excited by thunder, and that newly-hatched herrings

2S There is a deeply rooted conviction among the fishermen that the changes of the

moon exercise a most decided influence on the mode of life and the migrations of the

herring. In examining the different opinions entertained by fishermen, it was found,

however, that all this supposed influence may he reduced to the few above-mentioned

cases, and that it is by no means very important.
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may suddenly leave the coast from this cause. The Dutch Meteorological

Institute at Utrecht says, in its report of 1859, on observations made
during the so-called "great fisheries," "that during a thunder-storm ac-

companied by heavy rain the herrings do not come up to a height where
they can be caught till dawn"; and the Meteorological Society of Edin-

burgh mentions "that according to their observations there wiU be good
fishing the same day when a considerable thunder-storm extends over the

greater portion of Eastern Scotland, but that there will be scarcely any
fishing on the day following on that portion of the coast-waters which,

so to speak, forms the outer edge of the great deep." G. C. Gederstrom

believes that he has found " a surprising connection between the course of

the fish and electricity." It seems, however, that this " connection" may
be ascribed to other causes than the influence of "cosmic electricity."

12. Eegarding the influence of light we possess a considerable num-
ber of observations, and oijinions based on them. Light is therefore

justly considered as one of the more important causes which exercise an
influence on the more or less regular course of the herrings. We shall

below give a full account of these observations and of the various opin-

ions based on them. The herring, like many of our salt-water fish, can-

not bear a very strong light, or prefers at any rate a dim light. Ifeu-

crantz therefore supposes that the glare of the lightning drives the

herrings into deeper water."

It is well known that both the herring and the small herring stay in

deeper water during the day than during the night on account of the

light, although the depth, of course, varies according to the greater or

smaller intensity of the light. A bright moonlight *uight is therefore

considered less favorable for herring-fishing, because the herring stay

in deeper water. It is, however, just as probable that this opinion has

been created by the increased diificulty of catching the herrings in a

bright light, as by the supposition that in the darkness the herrings

find some protection from their pursuers, and therefore seek dark places

even during day-time.^^ This probably also causes the influence which
the varying degree of transparency of the water exercises on the fish,

cries, fishing always being best when the water is less transparent or

turbid, or when the rays of light are broken by small waves.

The changes of light and darkness caused by the setting and rising of

the sun seem to have a great influence on the herring, exciting them
considerably and causing them to come up from the deep ; fishing with
floating nets is consequently most profitable at those times. If during
very dark nights the herrings keep in such deep water that they can-

not be reached with the floating nets, it happens occasionally that the
light of the rising moon attracts them towards the surface so the nets

^^ To show how sensitive fish are to the influence of light, we may mention the fact,

that codfish kept in shallow vessels open to the siin have become blind fiom the strong
light.

•'« When seeking food the herrings are, even in day-time, not uufrequently found
near the surface of the water.
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can be quickly filled. The oblique direction in wliich the rays of the

sun and the moon strike the surface of the water doubtless has a great

influence. In many places the fishermen use torches during fishing-

firmly convinced that the herrings are at night-time attracted toTvards

the surface by light. Valenciennes mentions an observation made by
Prench fishermen, "that in -udnter the herrings do not begin to stir

until the sun rises, when they come nearer the surface, and that the

same also applies to the newly-hatched herrings."

13. Of all meteorological causes, the temperature ofthe air seems to exer-

cise the most decided influence on the herrings, chiefly through its influ-

ence on the weather in general, and more especially on the temperature of

the water and the quantity of herring-food. The herring (as we shall

show farther on) prefers a certain even temperature, and as this is

not found near the surface or near the coast, it goes into deeper water

or farther away from the coast. We thus possess numerous data show-

ing that both the herring and the small herring have .by cold weather

been hindered from approaching the coast, or that the fisheries which

had already commenced duiing mild weather have been interrupted

from the same cause. During the winter herring-fisheries mild weather

is therefore generally considered favorable, although this is certainly

not the case under all circumstances. For it is well known from the

last great Bohuslan herring-fisheries as well as from the western coast

of Scotland, that the remaining of the snow on the mountains and the

consequent considerable cold are thought to promise good winter fishing,

whilst thawing weather produced by a southeasterly wind is considered

unfavorable. Gre*at heat has just as much influence on the fisheries as

great cold, and the fisheries which are carried on during the warm sea-

son are just as much inconvenienced by the heat as the winter fisheries

by the cold. The herrings seem to keep at a certain depth which is

regulated by the temperature, so that in moderately mild weather they

are nearer the surface, and at a greater depth either in very cold or very

warm weather. Miinter relates, that in Pomerania the wicker baskets

for catching herrings must be placed deeper, as in spring the warmth of

the sun increases ; and it is well known from the large fisheries which

during summer and the beginning of autumn are carried on in the north-

western portion of the North Sea, that cooler weather brings good fish-

ing. After a very hot spring and summer the herrings are also said not

to come so near the eastern coast of Scotland as they do otherwise.

There it has, however, been noticed that a high temperature at the be-

ginning of the fisheries, if immediately followed by a comparatively lower

temperature, has been favorable to fishing. It is well known on the

Limfiord (Denmark) that a warm summer is generally followed by rich

autumn fisheries, so that the saying has become proverbial there, " Many
files, many herrings." Both the herring and the small herring are

northern fish which like cool but not entirely cold water, and some of

our most important fisheries are therefore carried on during the coldest
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season of the year. If tlie cold is too severe, liowever, tlie herrings are

Thonght to become torpid.

The temperature of the air thus seems to exercise its influence chiefly

through its extremes, M'hich the herrings cannot well stand, and through

its influence on the spavrning of the herrings. During the spawning-

process the herrings need a certain even temperature, and, therefore, in

case of great heat or cold, go to deeper spawning-places. The temper-

ature of the air, therefore, has a much greater influence on the fisheries

of spawning herrings than on the common herring-fisheries, whilst the

latter are more influenced by wind and current. The influence of the

temperature of the air will be more noticeable when fishing is carried

on with floating nets than when stationary nets are used.

As different winds produce a different temperature, and thus exercise

an essentially different influence on the herrings, we shall, farther on,

when speaking of the influence of the wind, give more data regarding

the influence which the temperature of the air has on the herring.

After a mild winter, and during a mild, early spring, the spawning of

those herrings which spawn in spring and the spring-herring fisheries

begin somewhat earlier than otherwise. When in spring the air gets

warmer the young herrings seek shallow waters, but when cooler weather

sets in they return to the deep water.

14. The pressure of the air, as far as known, only exercises an influence

on the herrings through the changes which it produces in the weather

and in the direction and force of the wind ; for ail we know regarding

the direct influence of the pressure of the air on the sea and thereby on

the herrings is the fact that it is not very considerable. Observations

which in this respect have been made with regard to other fish are not

sufficiently numerous and general to base any certain opinion on them.

The Meteorological Society of Edinburgh has published the results

of their comparison between the observations on the course of the fish-

eries made by the superintendents of fisheries during the years 1867-1872,

and the simultaneous meteorological observations, from which it appears

that the richest hauls were generally made when the barometer was

''high and steady," whilst the fishing was not so good when the barom-

eter was "low." Frank BucMand, however, has recently directed atten-

tion to an article, by J. Salmon, of Lowestoft, in "Land and Water,"

January 16, 1862, according to which an "unsteady" barometer had
during the autitmn herring-fisheries in the Southern Xorth Sea (the so-

called " Yarmouth fisheries ") been favorable to fishing. It is well known
that fishing is good when the herrings keep at a moderate depth, and
the strength of the wind and the motion of the water are favorable to

the use of fishing-apparatus.

In the Skagerack the lower or higher state of the barometer has a

considerable influence on the herring-fisheries, both through its influence

on the weather in general and more especially on the wind and the cur-

rents of the sea.
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15. Eegarding the influence wiiich fog and liaze have on the lierriugs,

we possess scarcely any information except the observation made by

the Dntch floating-net fishermen that foggy weather is not favorable to

fishing. Fog and haze probably have a similar influence as a cloudy

sky, but doubtless they often injure the fisheries by impeding the sailing

near the coast. Nothing definite is known concerning the influence

which the difl'erent degrees of moisture in the air or the evaporations

from the surface of the water may possibly have on the herrings.

16. The clouds also must be considered. A cloudy sky is generally

thought to be favorable to fishing; this idea probably originates in the

circumstance that clouds produce a subdued light, which brings the

herrings nearer to the surface and renders it more difficult for them to

see and escape the fishing-apparatus. During the night clouds will

diminish the warmth, the lower regions of the air and the surface of the

water will, therefore, become cooler, and by day-time clouds will prevent

the upper portions of the water from getting too warm. The greater or

less degree of cloudiness by day or night is therefore of considerable

importance for the fivsheries, especially during summer.

17. Eegarding the influence of rain, snow, or hail on the herrings, it

will easily be understood tliat this chiefly depends on its connection with

other meteorological conditions. When it rains or snows the sky is

generally covered with clouds, the pressure of the air is lower and the

weather milder (the latter caused, among other things, by latent warmth
being set free). Eaiu or snow is therefore generally considered favor-

able for fishing. Excessive rains, however, followed by floods, are con-

sidered unfavoral)le in Scotland. When rain is accompanied by a

thunder-storm or a hurricane, it is of course these last-mentioned phe-

nomena which exercise an influence on the herrings and the herring-

fisheries.

That snow should scare the herrings away, as Keucrantz says, cannot

be considered as the general rule, although this may occasionally be the

case in consequence of local peculiarities (for example, when fishing is

going on at a season of the year when a fall of snow would produce a con-

siderably lower temperature), but the form in which the '' falling weather''

shows itself (rain or snow) seems to be immaterial. The influence which

the fishermen ascribe to the snow remaining on the mountains has been

spoken of above.

18. Of all the outward physical causes, the tcinils doubtless have the

most important influence on the mode of life and the migrations of the

herrings. This influence of the wind may, however, be occasioned by
the diflerent temperature, cloudiness, rain, &c., which it produces, by the

influence which it exercises on the force, velocity, and direction of the

currents by the considerable changes which it brings about in the height

of the water, the motion it produces in the upper layers of the water,

and the consequent greater or smaller waves, turbid state of the water,

or diff'ereat breaking of the rays of light. This influence of the wind is
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Still more increased for iis by tlie fact that it either hinde'rs or favors

fishing iu a greatly varying degree, thus influencing the very sources of

our knowledge.

The influence of the wind on the herrings varies considerably as the

lierrings approach the coast either for the purpose of seeking food or

for the purpose of spawning, a circumstance which hitherto has been too

much overlooked, which makes the working-up of the material on hand

peculiarly difficult.

From the observations at our command it seems to be certain that

when herrings approach a coast for the purpose of spawning, they seek

quiet waters. Storms often prevent them from reaching their accustomed

spawning-places, or compel them, if they can wait no longer or have come

close to the coast, to come quite near the land or to go far away from

their usual spawning-places which are in deep water, whilst a gentle

wind, fi'om whichever quarter it may come, has very little influence on

the herrings. Land-wind may, however, as a general rule be considered

most favorable to the fisheries during the spawning-season.

Eegarding the influence of storms on the herrings during the spawn-

ing-season fisheries, we must here give the results of that valuable com-

parison of facts from the Norwegian sjiring-herring fisheries, which we
owe to the "historical investigations" of Axel Boeck. He found that

during a violent land-storm the herrings seek the coast, when the best

fishing is near the sheltered fishing-places, whilst during violent sea-

wiad the herrings but rarely go to those places where they are generally

caught and which are quite open towards the sea. During long-contin-

ued northwesterly and southwesterly storms herrings often visit places

where they never come otherwise, and go farther up the fiords. During

long-continued sea-wind the spring-herring fisheries cannot be carried

on in the otherwise quite regular course from south to north. Boeck

also relates, of the same fisheries, that during calm weather the herrings

often separated into smaller schools, and the chief fisheries did not com-

mence until a southwesterly or northwesterly wind had stirred up the

water and mixed the lower and warmer layers with the upper and cooler

ones.

On the east coast of Scotland, near the Moray Firth, land-wind is con-

sidered favorable to the spawn-herring fisheries ; but for those fisheries

which are carried on farther out in the open is'orth Sea, sea-wind is con-

sidered better, more especially on the banks far from the coast. It is,

furthermore, thought that for these fisheries southern winds are better

than western winds, and for the herring-fisheries near Yarmouth western
winds are most favorable. For those herring-fisheries which in the

northwestern portion of the North Sea, at a considerable distance from
the coast, are carried on by the Dutch and Germans, northerly winds
are considered more favorable than southerly, and westerly than easterly

winds. The fisheries in the open sea will, of course, show a considerable

difference from the coast-fisheries in regard to the influence of the winds.
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Gisler relates tliat in the Botliuian Gulf storms do not drive the her-

rings from their places of sojourn far out at sea, and that the herrings,

when storms jjrevent them from approaching the sea-coast, are supposed

to spawn out at sea where there are suitable banks.

As regards our present Bohusliin herring-fisheries, they are so insig

nificant, the spawning-places are all in such sheltered locations, and the

fisheries are carried on with so little energy, that it is very difficult to

obtain sufficient data on which to found any certain opinion. We have

been informed, however, that during the herring-fisheries near South

Hisingen, the herrings go farther- up towards the mouth of the river

during land-wind, when there is good fishing in the neighborhood of

Ny-Elfsborg; and when westerly and southerly winds prevail the best

fishing is farther out near the coast of Andal and Hiistvik.

During that part of the last great-herring fishing-period, when large

numbers of herrings spawned near our coast, land-wind was generally

considered most favorable to fishing.

As the most important, most profitable, and safest herring-fisheries

are those which are carried on during the spawning-season (as during

the other portions of the year the fish are not so fat and their course is

more uncertain), it will be clear that, although physical conditions exer-

cise a far greater influence on the last-mentioned fisheries, our knowledge

of them is much more limited.

When the herrings come to the coast for the purpose of seeking food,

wind and especially storm has an entirely diflerent influence on them,

and the occurrence of the herrings is chiefly determined by the quantity

of herring-food found in a certain place. Thus the herrings often ap-

proach a coast with that wind which drives in large quantities of herring-

food, and leave the coast with that wind which drives the herring-food

away. This explains why during the last great Bohuslan herring-fishing

period the herrings did not always appear in the same numbers during one

and the same direction of the wind ; for during that period when the her-

rings spawned near the coast land-wind was more favorable than sea-

wind, whilst during that period when the great mass of the herrings

only approached the coast for another purpose, a strong sea-wind often

caused the herrings to enter the fiords and thus brought about the be-

ginning of the fisheries.

In discussing the causes why the great-herring fisheries came to an

end, people made the mistake of supposing that all manner of refuse float-

ing in the sea and various noises kept the herrings on the outer coast

and hindered them from coming nearer until the storm drove them in-

Both from our last great-herring fishing period and from our later much

less important herrmg-fisheries it is well known, however, that a south-

easterly wind drives those herrings which have come for the purpose of

seeking food away from the coast, because it blows from the land in such

a direction that it both increases and accelerates the Skagerack current

on the outer coa.st and directs it farther away from the coast, carrying

with it the great mass of herring-food.
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II we examine the observations made in different places, we shall

soon find that one and the same wind will exercise a different influence,

just according as in one place it blows from and in another place towards

the coast. It is, for instance, reported from the Firth ofForth that during

the winter of 1863 unusually long-continued westerly {i. e., land-)winds
hindered the small herrings from going to their usual places in the inner

portion of the fiord, and caused some of them to seek shelter near the

Granton breakwater, in the middle portion of the fiord. Fishing was
consequently not very successful, whilst during the more severe winter

of 1866 violent land-winds drove the herrings and small herrings far up
into the fiord. As in that region land-wind is more common during a

severe winter, such a winter is generally considered more favorable to

the fisheries than a mild one, just the contrary from what it is in Bohus-
liin, where westerly wind and consequent milder temperature and higher

water are decidedly more favorable to the fisheries than land-wind with

cold temperature and low water. The same difference will become ap-

parent when we compare Bohusliin with Norrland.

By combining all the observations made in different places, we get

a small number of general axioms regarding the influence of the wind
on those herrings which come to the coast for the purpose of spawn-
ing, and these would be the following : Sea-wind is favorable to the fish-

eries, as it causes the herrings to seek the coast ; violent storms compel
the herrings to seek deep water or shelter in the calmer fiords, but a

brisk sea-wind is generally favorable. Small herrings often seem to

seek shelter near the land, and in Bohuslan it has been observed near

Hisingen that in summer during easterly wind the young herrings like ta

go towards the mouth of the river. As regards the Skagerack herring

fisheries, it must not be forgotten that in judging of the influence of the

wind one must take into consideration its direction and force, not only

near the coast of Bohuslan but also out in the North Sea. In order to

form a correct judgment it will therefore be necessary to have synoptic

observations of the wind to refer to, and not to forget that the effect

frequently will not be noticed till long after the cause.

We furthermore possess different observations and opinions about the

influence of the wind on the herrings, which are of a less certain and
scientific character, and of which we do not know whether they have
been gathered during those fisheries when spawners were caught, or

during those fisheries when only fish coming to the coast for food

were caught, or from both. We finally possess some data concerning
the direct influence of storms on the herrings, for example, that "im-
mediately after a storm they keep near the surface, and are actually giddy
and soweak that some are cast on shore or come near the land," and, " after

the lapse of a few days, if the storm continues, get quite soft, as if their

flesh was melting" {GisJer)-, that storm compels the herrings to keep
closer together, and that a violent storm tends to mix the herrings and
the small herrings, whilst otherwise they always k§ep in separate schools.
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Tliiis we know fi'om Scotlaud that the lierrings, immediately before a

storm, come near the surface ; and in several j^laces in Bohusliiu, espe-

cially on the coast of Fjellbacka, it has been observed that the herrings

go away from the coast'against storm and weather, although some time

after the storm there is generally again good fishing. It must be remem-
bered that a storm is often preceded by commotion in the water and
other causes which may influence the herrings.

19. Eegardiug the influence of the iceather in general, it should be no-

ticed that the herrings evidently prefer even and mild weather, free

from all extremes; and such weather is, in most cases at least, an essen-

tial condition of successful herring-fisheries. The herrings especially

dislike all sudden changes in the weather, and it is even asserted that

they are so sensitive in this respect that by their actions they show a

distinct foreknowledge of changes in the weather, to which circumstance

we shall have occasion to refer again.

It must be borne in mind that it is chiefly the general character of the

weather ^^ which here comes into question, and that in order to under-

stand its influence it is necessary to have reliable and as far as possible

complete synoptic weather observations covering a much larger area

than a few fishing-stations. It must likewise not be forgotten that the

spawning herring is much less influenced by the weather than the her-

ring which comes to the coast to seek food, so that the fishing for the

former is much more certain than that of the latter. Fishing with float-

ing nets near a coast is much more dependent on the weather than fish-

ing with stationary nets.

I have on the coast of Bohusliin often heard the failure of the potato

crop brought in connection with good herring-fisheries, and with a cer-

tain show of reason, as weather which is favorable for the autumn and
winter herring-fisheries, is generally unfavorable for the growth of pota-

toes. This agrees with Oisler''s observation from the ISJ'orrland herring-

fisheries, where the fishermen say that when the corn grows weU on the

land there is not much fishing in the sea, and when the sea is full of fish

there is little corn on the land. Similar observations from the last cen-

tury we find in the works of ScMn'mg, Strom, and Lyhecker, and there is

doubtless a good deal of truth in them, especially in former times when
agriculture was not so advanced as it is now, and to a great extent

depended on the state of the weather.

It should finally be mentioned here that there is supposed to be a cen-

tennial periodicity in the weather caused by the relative number of

solar spots, according to which larger and smaller solar-spot periods

have been spoken of, and by the changing position of the moon towards

39The general character of the weather is best seeu in the winds as the fullest ex-

pression of all its determining features, and as having the greatest influence on the

mode of life and the migrations of the herrings. The general character of the weather

must, however, be taken into consideration, not only during the fishing-season, or the

days and weeks immediately preceding it, but also during the different seasons of the

year, and for longer and shorter periods, each comprising several years.
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rhe earth, bj^ a change in the direction of the currents of the sea, and
especially of the Gulf stream, or by the influence of the polar ice and
its floating to"wards southern regions, &c. If future scientific investi-

gations should prove the existence of such a periodicity, it is quite

probable that light will be thrown on many a dark point in the biology

of the herring.

20. Among the hydrological phenomena which for the better under-

standing of the mode of life and the migrations of the herring require

our attention, the more or less agitated condition of the water caused by
the winds is the most prominent. The motion of the waves seems to

exercise an influence on the herrings partly by aerating the water,

partly by mixing water of different temperature, and finally by the

occasionally very violent agitation which is produced even in the lower

regions of the water near the bottom. The last-mentioned effect of the

motion of the waves, which shall form the subject of special investiga-

tions, has a considerable influence especially on the spawning herrings,

which need calm waters for spawning, heavy waves often compelling

them to seek spawning-x)laces which are sheltered or in the deep water

where the motion of the waves is not so perceptible. Gisler says that

violent storms tend to weaken the herrings when near the coast, and
numerous observations corroborate the fact that during such storms

the herrings leave the coast or seek sheltered places ; and even the

heaving of the sea preceding and indicating the approach of a storm

seems often to have the same effect. The direction in which this heav-

ing takes place forms, therefore, one of the more important signs, from

which the fishermen predict the future of the weather and of the fish-

eries. In the open sea, far from the coast, the motion of the waves
seems to have no or little influence on the herrings; the Dutch so-caUed
'

' large " herring-fisheries are therefore not at all influenced by it. Smaller

surface waves seem always to have a favorable influence on the fisher-

ies, probably because they break and therefore subdue the light.

21. We must also take into consideration the different height of the

water which is caused by wind and tide. On coasts where the tide is

very perceptible, it doubtless exercises a very considerable influence,

especially on the fisheries,—much more so than on the life of the herring.

Ferley says that in the Bay of Fundy, during the spring tide, in early

summer, herrings which have come to the coast to seek food are easily

caught even during day-time ; and at Yarmouth the richest hauls are

made when the tide comes in during the three hours before and the

three hours after midnight. According to Strom all kind of fishing is

more successful at Sondmcir when the tide is in than when it is out. I

have been informed that on the west coast of Scotland the herrings are

nearer the surface during slack tides than when the tide is high. On the

coast of Bohuslan the tide is not very perceptible during the season

when the principal herring-fisheries are going on; and this whole matter
has been studied so little that not much can be said regarding the influ-

ence which the tide has on the herrings.
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Ill speaking- of the influence of the wind, it has akeady been said, that

when it blows towards the coast and consequently produces high water

it is favorable to the fisheries, •whilst when it blows from the coast and

produces low water it is unfavorable. Very high water, however, is,

according to Gisler, not favorable to fishing on the coast of Korrland.

On the coast of Bohusliin it is considered a general rule that steady and

tiue weather and high water are best for the fisheries. Very high water

is, with us, only caused by violent winds blowing from the sea, which, of

course, often interrui)t the fisheries. G. C. Cederstrom says that the

herrings are more lively when the water is moderately high than when it

is very high.

22. Of all the hj^drological causes, the currents of the sea doubtless

exercise the most important influence on the mode of life and the migra-

tions of the herring. This influence seems chiefly to depend on the

herring-food which these currents carry, through the temperature and

the nature of their water, and through the aid which they render to the

migrations of the herrings.

That the currents influence the herrings in the choice of their spawn-

ing-places is chiefly caused by their influence on the temperature of the

water and their carrying the necessary food for the young herrings.

According to JEclcstrom, it is also quite probable that the herrings in

moving to a distant spawning-place take advantage of the ease with

which the currents carry them towards their destination. This opinion

seems to be corroborated by the place where and the direction in which

those herrings which spawn in autumn came to the coast of Bohusliin

during the last great herring-fisheries. On the coiu-se of the spawning

herring during the spawning-season the current seems, as Boecic already

has said, to have but little influence, as the hemngs go to their spawn-

ing-places both ^vith and against the current. This does not coincide,

however, with the views of other naturalists, according to whom the

herrings always go against the current. As land-wind was during our

last herring-fishing period considered favorable as long as those herrings

which spawn in autumn came to the coast to spawn, and as most of their

spawning-places were on the southern coast, it seems that the herrings

generally went against the current. The circumstance that fishing

for spawning herrings near South Hisingen, at the mouth of the Gota

Eiver, is best when laud-wind prevails is explained by the fishermen in

this way : that the land-wind accelerates the current of fresh water which

is going out and increases the intensity of the under-current of salt water

Avith which the herrings are supposed to come in.

With those herrings which come to the coast for the purpose of seek-

ing food, all this is diflerent; for they are chiefly influenced by the occur-

rence of this food, which is again dependent on the current.'^'' Thus

*' Oue must be careful not to draw too rasii a conclusion that spa-vniiug herrings will

soon come to a coast in great quantities because many herrings come to that coast to

seek food.
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duriiig- the latter part of our last great lierring-fislieries the herrings

came with those currents that were going toivards the coast, and cur-

rents going out to sea were consequently considered unfavorable to the

fisheries, especially when they took their direction from a southeasterly

wind. Eegarding the coming to our coast of those herrings which occur

in the greatest number, and especially of the so-called "old sea-herrings,"

there is a remarkable agreement between the place where and the order

in which they came, and the direction of those currents of the sea which

come from the Xorth Sea and the Kattegat along the coast of BohusUiu

and in the Skagerack. The current coming from the Korth Sea goes

north of Skagen towards the Pater-noster Eocks, near which it is met

by the current from the Kattegat going north; thereupon they both

follow the coast, and after having passed Lindesniis finally go into the

^orth Sea in a westerly direction. The fishing for the herrings coming

from the open sea has generally commenced near Tjorn and the Marstrand

Islands, from which point the herrings spread towards the north and

south, in the former case following the current ; and as the current north

of Soteniis turns away from the coast, the herring-fifjheries on the north-

ern coast have generally been less certain and less important than those

on the central coast.^^

The young herrings often go with the current, and therefore often

undertake comparatively long voyages, of which we have a proof, unfor

tunately hitherto overlooked, from the coast of Bohuslan, on whose south-

ern portion especially the young of those herrings which during autumn
spawn in the Kattegat are often seen.^^

The herring delights in going with its head against the stream, espe-

cially when in search of food, and near the coast it prefers those places

where there is a rapid current. The herring is a fish which likes flowing

water; but this does not mean that it is driven about by the waves like

a piece of wood. According to ancient and modern observations th'e

herring goes just as easy with as against the stream, and when pursued

flies as rapidly against it as with it.

During our last great herring-fisheries, and especially towards their

end, it was asserted by persons opposed to the boiling of fish-oil that

the refuse from the oil-refineries, which was thrown into the sea, pre-

vented the herrings from coming near the coast, whither they were only

driven by violent storms and currents. This view, however, was strongly

opposed by many fishermen; but G. C. Cedersirom seems still to lean

towards the view of the great i)ower of the current over the herrings,

*' This was probably duriug the last great herring-tislierics also caused by the cir-

cumstance that those herrings which spawn in autumn, as far as known, chiefly

spawned on the central and southern coast, whilst those herrings which spawn in

winter were far more frequent on the northern coast. With the small herring this is

entirely different ; for the most extensive small-herring fisheries have always been
carried on on the northern coast.

••^ The coast of Bohuslan offers much better protection to the young fish, and is prob-

ably in other respects, too, a much more suitable place of sojourn for them than the

open coasts of the Kattegat, which are nearly void of organic life.
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and maintains that they must give way to storms and strong currents,

adding, however, that in that case they either seek shelter or go into

deep water.

From observations made during the English and Scotch fisheries we
know that the tide, especially in narrow waters, by the regularly chang-

ing currents which it jjroduces, exercises a considerable influence on the

herring-fisheries. The richest hauls are made when the current is swift-

est, because the floating net is then carried over a greater area. The
rising of the tide is generally considered more favorable than its falling,

and the herrings have often been observed to swim towards the tide.

The greatest difliculty in utilizing our observations of the influence of

the currents on the herrings, both for science and for the fisheries, is

this, that these observations almost exclusively refer to the surface-cur-

rents, although there is reason to suppose that deeper currents have
often had an influence on the herrings.

23. Closely connected with and often directly dependent on the cur-

remfcs, at least in the North Sea, is the color of the water. A large number
of observations made during the so-called "great" herring-fisheries in

the open North Sea show that more fish are caught when the water is

green than when it is blue. The green color of the water also indicates

this in the northern waters, which are richer in "herring-food" and in

fish ; and the blue color in the southern waters, where there is less her-

ring-food and consequently also fewer herrings. Prof. G. 0. ^Sars^s obser-

vations, made during the summer of 1876, show, however, that the rela-

tion between the "herring-food " and the color ofthe water may be exactly

the reverse.

It has already been said above that thick or turbid water is better for

fishing than very clear and transparent water.

24. Eegarding the influence of the greater or less saltness of the water

On the herrings there are a number of opinions, some of them directly

opposed to the one held by me. Thus it has been supposed that the

herrings when spawning sought less salty waters. K. A. Meyer believes

that those herrings which are found in the western part of the Baltic

and which spawn in spring, prefer sea-water mixed with a good deal of

fresh water, and mentions various instances from the Schlei-fiord and
other places on the Baltic. But on closer examination this does not seem

necessarily to follow from these observations ; but they seem rather to

lead us to this conclusion, that the herrings when about to spawn only

look to the convenient location of the spawning-places, and that neither

a small degree of saltness, as in the Schlei-fiord, nor great saltness, as on

the east coastof Scotland, prevents them from selecting a place. Because

the sea-water in the fiords is in many places less salty than in the open

sea, it does not follow that the herrings during the spawning-season come

to the coast on account of the smaller degree of saltness of the water.*^

^^XeuGrantz's hypothesis (in which he foEows Pliny) seems more plausible : that the

herrings are by their instinct led i;o spawn near the mouths of rivers, as these locali-

ties possess great advantages for the young fish, principally plenty of food and shelter.
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In this as in many otlu'v rcsi)ccts the spawning herrings ai-eless sensitive,

Avhen impelled by a natural iniStinct—in this case tlic strong desire to

spawn.

The fishermen in the Scotch liords, however, say tliat great Hoods

caused by continuous rain often produce failures of the fislieries.

It is well known that herrings, especially young ones, when seeking

food come to the mouths of rivers, and this fact has been exidained in

ditierent ways. Parnell thinks that it is caused by the increased tem-

perature produced by the mingling of fresh and salt water, whilst Duha-

mel (In Monceau supposes that it can only be caused by Tiolent storms,

or that at any rate the herrings do not show the least preference for

fresh water. Boch [possibly intended for Boeck.— Translator''^ note]^ again,

believes that only violent persecutions by their enemies compel the her-

rings to seek the mouths of rivers. G. C. Cederstrom thinks that this is

caused by the circumstance "that the herrings' need of acid is easier

satisfied in fresh water than in salt water." Other authors thiidc the

herrings seek the mouths of divers because they find more food^^ or

better shelter from their enemies in the less salty, more tnrl)id, and
calmer water. 1 cannot deny that even si)awning herrings ai-e occa-

sionally found in the mouths of rivers, but as we know so little concern-

ing it it may well be sui)posed that it is caused by extreme conditions of

the weather. Valenciennes, however, remarks that the herrings do not

enter the mouths of rivers until they have spawned. As far as the

Bohuslan coast is concerned it must be said that the coast-herrings

peculiar to it are caught most frequently near the months of the Gola
and Glommen Eivers.^^ Near the mouth of the Gota River, especially,

it has been observed that the young herrings during summer when east

wind prevails like to come near the mouth of the river. It may be men-

tioned, as a peculiarity, that during the last great herring-fisheries the

herrings in the year 1752 accidentally went so far up the Gota River

that they were caught near Tingstad, six and a half (English) miles up
the river. In the year 1733 the herrings are said to have gone very far

u}) the ri^'er Oder, in Germany.

25. It is quite probable that the quantity of 'air coniained in tite .sea-

water has some influence on the herrings; and several authors have
referred to it. So far we have no direct observations of the influence

which the greater or less quantity of air contained in the sea-water has
on the herrings ; but it is natural to supjjose that coast-waters which
have been well aerated by a strong sea-breeze attract a larger number

"*< It is scarcely in accordance Tritli actual trutli, as Buclcland supposes, that the small

lierrings devour the refuse from the scAvers of great cities, which is so frequeutly found
near the mouths of English rivers. This refuse, doubtless, produces a large number
of lower microscopical organisms, Avhich either directly, or by serving as food for small
crustaceans, &c., benelit the herrings.

"It must not be foi-gotten that in these places the hen-ings can easily be sokl at a
comparatively high price and arc consequently more sought after.

12 F
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of lierrings, aud that, therefore, after the breeze lias gone down there

will be good fishing in those waters.

2G. Among the hydrological causes the temperature of the icafcr doubt-

less, next to the ciuTents of the sea, exercises the greatest influence on

the herrings. V There is good reason to suppose that the herrings prefer

a certain even temperature of the water, and thst they consequently

avoid too warm or too cold water. This degree of temperature, however,

differs greatly according to the different locations, fisheries, and races of

herrings. The fishing for spawning herrings is, for example, on the east

coast of Scotland going on at a season of the year when the temperatm-e

of the water is very high (from the middle of July till the middle of Sep-

tember), or very low (January to March). The observations of the Scotch

and Dutch Meteorological Societies made during the Scotch and Dutch
summer herring-fisheries have sliown that the temperature of the water

most favorable to these fisheries is about 13'^ C. (55.4<^ F.). During the

Scotch winter-fisheries, however, the temperature of the water ranges

from 4*^.5 to 5^.5 0. (40.1° to 41.9° F.), ancj during the Norwegian spring

herring-fisheries it only ranged from 3° to 4^ C. (37.4° to 30.2° F.). But
our observations are still so incomplete and relate so exclusively to tlie

spawning-herrings, that it is impossible to say anything with absolute

certainty excepting the fact that the herrings, when the temperature of

the surface waters is either too high or too low, go to deeper waters. I

But as the changes in the temperature of the water are chiefly caused

by the much better known and more fully-observed temperature of the

aiir and by the currents of the sea, we refer the reader to what has been

said above (13 and 22) regarding their influence on the herrings. It will

be clear that the former has a more decided influence during summer and

the latter during winter.

As has been mentioned above (18), the agitation produced in the

water by strong wind is favorable to fishing, by mixing the upper and

lower layers of the water and by thus equahzing its temperature.

The ]>reference shown by the herrings for an even temjierature of the

water, has led to attempts to explain thereby the apparent irregularity

in the occurrence of the herrings.

27. It is well known, from olden times, that the formation of ice on the

sea has an influence on the herrings and the herring-fisheries, although

we do not possess suflicient observations on this point to form any cer-

tain scientific opinion. From Professor EdltincVs observations regarding

the formation of ice in the sea, we know that the formation of bottom-

ice will drive the herrings away. It is more than a mere supposition

that the formation of bottom-ice not only drives the herrings away but

also destroys their eggs and young ones, and on those coasts—for in-

stance, of the Baltic—where ice is frequent in winter, the herrings do

not spawn during that season. It is likewise well known that on the

coast of Canada much floating ice keeps the herrings and other fish away
from the coast. On the coast of Bohusliin, however, it has been observed
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that the herrings occasionally go under the ice which has formed for some
time/^ and that there is good fishing when the ice has broken.

28. Regarding the intluence of the depth of the water and the pressure

of the icater on the herrings we do not possess snfficient observations

to form a definite scientific opinion. The scientific authors who have
recently treated the biology of the herring have arrived at essentially

different views regarding the question whether the herring must be con-

sidered as a fish specially fitted for a life near the bottom of the sea in

the deep basins outside the coast, or whether its nature fits it better for

a life near the banks in the open sea or comparatively nearer the surface.

It is clear that the migrations of the herrings nuist in the latter case go

on near tlie surface, whilst in the former case the herrings would, both

in coming and going, seek deep waters.

The Dutch fishermen who use floating nets have observed that the

herrings often change very suddenly from one depth to another, but it

is not known whether these changes only extend to a few fathoms or to

a greater depth ; nor do we know whether these changes are made on

account of the greater or less pressure of the water, though the last-

mentioned hypothesis is certainly highly improbable.

A French naturalist, Carbonnier, has expressed the oi^inion that the her-

rings, like other fish, are, immediately after having done spawning, com-

pelled to seek deeper waters to obtain the greater pressure "which has

become necessary on account of their empty belly " ; but although we cer-

tainly possess a number of observations all tending to show that the

"empty" herrings go into deeper waters than the "full" herrings, we do

not know enough on this point to justify us in embracing Carhonnier^s

opinion ; for herrings have been known to come to the surface immedi-

ately after spawning, and data are not even wanting which go to show
that "empty" herrings lived nearer the siu'face than "full" ones.

29. We must also take into consideration the influence exercised on

the herrings by the character of the bottom, both as regards its formation

and composition and its vegetation. Concerning its orography, we know,

from observations made during the Scandinavian herring-fisheries, that

the herrings, when approaching the coast, often follow the valleys of the

bottom, probably because there they find calmer and more sheltered

waters and a more even temperature, not excessively cold in winter nor

very warm in summer. Thus the herrings seem, during the last great

herring-fisheries, and even several times since, to have approached the

southern coast of Bohuslan by way of the so-called "great furrow" or

valley ; and the depression of the bottom, which, from its northern end,

extends towards the Marstrand fiord, has evidently something to do with

the circumstance that the great fisheries generally commenced near the

islands at the mouth of this fiord. Similar easily distinguished valleys

*6 This phenomenon naiglit possibly be explained by the supposition that a layer of

ice prevents the sea-water underneath from getting any colder, as the soil keeps

warmer under a cover of snow.
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nmning crosswise from the great valley direct towards the coast, which

doubtless have exercised an influence on the herring-fisheries, are found

on that part of the coast of Bohusliin lying south of Soten. On the

northern coast it has also been observed that both the herrings and the

small herrings follow the deep valley between the outer and inner coast,

Hans Strom and, recently, Q. 0. Bars in a more scientific form have

mentioned that the current is always stronger near the edge of a bank
rising from the depth of the sea, and that in such places there is always

a greater abundance of fish-food and of fish. It is quite probable, there-

fore, that such banks have an influence on the migrations of the herrings,

especially if we remember that all the great herring-.fisheries are carried

on near such banks, and that the ]S"orth Sea chiefly owes its wealth of

fish to such banks.

Inner coast-waters protected by islands, rocks, or rising ground from

the violence of the sea, where the herrings can remain undisturbed for a

great length of time (by which, however, they become almost worthless),

likewise require our attention. All fishing for those herrings which have

come for the purijose of seeking food is carried on in such waters, which,

moreover, afford excellent shelter for the young herrings.

Eegarding the geoguostical character of the bottom, it is well kuown
that the herrings when spawning like a hard and firm bottom, and avoid

a muddy or clayey bottom, or a sand-bottom whose upper layer is

easily stuTed up by the waves. It is also well known that the herrings

when spawning prefer a bottom covered with plants.

30. We must not overlook the importance of the geographieal location

of a coast in influencing the herrings, although this influence has cer-

tainly been overrated by older authors. In this connection we have to

consider the greater or less distance of a coast from the poles, its loca-

tion on the eastern or western side of a continent, and its greater or less

distance from the open sea. The herrings do not extend their migra-

tions, in any considerable number, at least, farther south than those

regions where the fauna has a decidedly boreal character, or farther

north than that point where the sea is filled with polar ice. The location

of a coast on the eastern or western side of the Atlantic Ocean is highly

important; and herrings are found in great numbers on the west coast of

Europe in degrees of latitude (for example, in Nordland and Finmarken)

in which on the east coast ofAmerica (as in Greenland) they are compara-

tively scarce. The nearness ofthe Polar Sea, with its enormous wealth of

"herring-food," does not only increase the number, size, and the quality

of the herrings, but also influences their selection of spawning-places.

Sometimes, however, as is the case in Northeastern America, the Polar

Sea may jn'ove hurtful in its influence by large masses of floating ice

preventing the herrings from coming near the coast. The greater or

less distance of coast-waters from the open sea is of great importance,

for experience has shown that waters, such as the Baltic, which are far
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from the ocean, are never visited by any of the great schools of herrings,

and, therefore, offer no opportunity for any really "great" herring-fish-

eries. To this circumstance Bohusltin doubtless owes, to some degree at

least, the comparatively short duration of its fishery periods, and the

long intervals between these periods. In addition to this, it must not
be forgotten that the coast of BohuslJin is not near as much laved by
northern waters containing mucli "herring-food" as the coasts of the

I^Torth Sea.

31. Itegarding the influence on the herring of Mologiml causes, it will

be clear that, in one respect at least, viz, the satisfying of the herrings'

demand for food, they exercise a very decided influence, and also that

they entirely depend on climatical, hydrological, orographical, and geog-

nostical conditions. From the foregoing it will be clear that the "her-

ring-food," both by its quantity and by the depth in which it is found,

will have an influence not only on the herrings but also on the herring-

fisheries. Although the herring's certainly do not take any food whilst

spawning, the occurrence of "herring-food" has, nevertheless, also an
influence on the spawning herrings' course near the coast ; since they

still need a little food, and all the more, the longer before the commence-
ment of the spawning-season, they come near the coast. It is self-evi-

dent that the quantity of "herring-food" in certain coast-waters will de-

termine the size of the herrings living in these waters ; and even the

greater schools of herrings living in the open sea seem to a great extent

to be dependent—at least as far as their young ones are concerned—on
the quantity of food found near the spawning-places. As the quantity

and occurrence of " herring-food " are dependent partly on the above-men-

tioned i)hysical conditions and partly on the quantity offood and oforganic

matter necessary for its formation,''^ it will easily be understood how im-

l>ortant it will be to obtain an accurate scientific knowledge on this sub-

ject, based on the horizontal and vertical distribution of the "hening-
food," with a special view to its dependence on physical conditions; and
as the acquiring of such a knowledge involves much trouble and time,

very little has so far been done in this direction, so that our knowledge

*^See: K. Moebius, Das Thiefleben am Boden der Deidschen Ost- tmd Nordsee, Berlin,

1871, p. 9, and: Die Auster und die Ausiei-n ivirihschaft, Berlin, 1877, p. 83, in which last-

mentioned jilace he says : "Every cenobitic region possesses in every period of gene-

ration the highest degree of life which it is capable of forming and sustaining. All

the organic matter contained in such a region is, therefore, completely absorbed by the
beings produced there. It is probable, therefore, that in no part of the earth capable
of producing life any organic matter is left for spontaneous generation." But is it not
possible that exceptional conditions in one place may destroy a species which, also,

without limiting the other species belonging to this cenobitic region, could exist there?
And might there not bo places where a species might flourish and live in large num-
bers, no matter whether it was formed there or brought there from other places, but
where, owing to the want of the conditions necessary for utilizing the organic matter
found there, such matter is stored up for the future ? And does not geology furnish
many similar instances ? And do not the Polar regions owe th?ir extraordinary wcaltli

of organic matter to some such process of storing up during milder climatic conditions?
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is consequently somevrliat incomplete.'^^ It will, therefore, scarcely be

necessary in this place to adduce further proof" of the necessity of soon

acquiring such knowledge, which, in the futm^e, will be of great practi-

cal use.

Tlie "herring-food," which is chiefly composed of small crustaceans,

depends, as to its occurrence and numbers, on lower and smaller organ-

isms, through which it indirectly absorbs all the organizable matter in

its neighborhood. Without an exact knowledge of these organisms and
the conditions under which they are found we shall never attain to a
correct view of the causes x^roducing the "herring-food" and the her-

rings. It has long since been known that among these microscopic

lower organisms, diatoms occupy a prominent place. On the coast of

Bohusliin, especially near Fjellbacka, the fishermen have observed that

the tender young herrings generally stay among the greenish "slime,"

which is chiefly found where fresh-water courses empty into the sea ; and
as they had not observed the spawning of the herrings they drew from
this the remarkable conclusion that the young herruigs originated from

this "slime," chiefly consisting of diatoms. The more frequent occur-

rence of diatoms in the mouths of rivers is probably also one of the

causes of attraction which draws especially the young herrings thither.

In the Christiania fiord Prof. G. 0. Sars has observed a similar organic
" slime," c^onsisting chiefly of diatoms, in great quantities, early in spring

or immediately after the breaking of the ice; and in the open Skag-
erack I, myself, whilst examining the so-called " Koster Grounds" during

the summer of 1871, found large numbers of diatoms in the current

going along the outer coast of Bohusliin.''^ In the Polar seas Scoreshy

has already observed large numbers of diatoms, and his observations

have been corroborated by the Swedish Arctic expeditions. The ceno-

bitical and practical importance of the diatoms, as well as their develop-

ment from a "formless organic slime" ("free indefinite protoplasm,"

"formless indefinite organic matter") has recently been discussed by
Prof. Youle Hind and Prof. G. 0. Sars. As this "sea-slime" chiefly oc-

curs in the Polar seas, especially where there is Polar ice, and is by the

currents driven farther south. Professor Sars very beautifully remarks
that "in the inhospitable Polar Sea, filled with ice, we find the last

causes of the inexhaustible wealth of the more temperate seas." The
influence of the Polar regions and the Polar ice on the herring-fisheries

•^Prof. K. Moehius, of Kiel, a member of the commissiou appointed to investigate flie

Gennan seas, sajs very truly : "We are still woefully ignorant regarding the physical

conditions of a cenobitic region and their relation to the plants and animals of such a
region, as also regarding the mutual influence of the plants anil animals existing

there at one and the same time. So far we kuow but very little regarding the ceno-

bitic life of the different and distant regions of land and water."

—

ZclUchrlft fiir tcis-

semclMj'tllche Zoologie, XXX. Supplement, p. 376.

''•'As even at that tinte I was convinced of the importance to the fisheries of these

microscopic organisms, I have repeatedly pointed to the necessity of making them an
object of special scientific investigations.
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has thus again been brought into prominence, but in a different form

and free from all those fanciful ideas which are characteristic of the last

century.

32. Among the biological conditions which exercise a great infincnce

on the herrings we must mention the persecutions of their enemies.

From the observations of the fishermen it is well known that fish-of-

prey, especially the codfish, can, by sudden and determined attacks,

scatter whole schools of herrings 5 and on the west coast of Norway the

small schools which either go by the side of the larger ones or follow

them are sujjposed to be chased by codfish.

Whales and seals seem not to have such an influence on the schools

of herrings, and the first mentioned owe it chiefly to their colossal size

that they are reported as capable of driving the herrings wherever they

please. Even in the old Xorwegian laAvs it was forbidden to kill whales

which drove herrings towards the coast during the herring fisheries, and
even at much later times various authors have spoken of the whales " as

commissioned by Providence to lead or rather drive the herrings to those

coasts for which our Lord had destined this blessing''; and have also

considered it as a special providence " that the whales and fish-of-prey

again cause the herrings to fly to their proper home,- the eternal ice of

the Polar seas, whither their enemies could not follow them and disturb

them in the peaceful enjoyment of their rest.'' Even in our days the

Norwegian fishermen not unfrequently ascribe the failure of the fisheries

to the circumstance that the herrings have not been proi)erly chased by
the whales and fish-of-prey. That the whales and fish-of-prey follow the

herrings instead of leading them, for the sole purpose of devouring them,

has long since been proved by Martin^ Jessen, Block, Xilsson, and others.

It is quite probable, however, that the whales and fish-of-prey cause the

herrings to keep closer together.

As regards the other larger enemies of the herrings, we know of none

which can exercise the slightest influence ou their migrations 5 but they

may, as is especially the case with birds, indicate the place v/here her-

rings are, and thus be of great importance to the fishermen.

Among the ertemies of the herring we must undoubtedly also count

ma7i. But man's influence on the mode of life and the migrations of the

herring is very insignificant in comparison with the above-mentioned

larger animals and fish-of-prey. The chief means by wliich man per-

secutes the herrings is the different fishing-apparatus, among which only

the net influences the course of the herrings to any degi"ee.

The herrings keep somewhat shy of the nets, and this is tiie reason

why darkness, turbid water, or a surface agitated by the wind is most
profitable for net-fishing. When the water is turbid, fishing with float-

ing nets may occasionally be successful even by day time. If the v.ater is

too much agitated, fishing with floating nets will generally be unsuccess-

ful. When the herring keep near the surface of the water, but seem
unwilling to enter the floating net, they may occasionally be driven into
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it by making- a noise. Fishing with stationary nets is of course some-

what different, because such nets are always set in such a manner that

the herrings must strike them in moving from one place to the other.

When a school of herrings during their migration strike a net they are

not thereby hindered in their progress, but they go either above or below
it, and after having passed it again pursue their course at their usual

depth. This makes it possible by placing several nets in a row to catch

the whole school. It is generally thought, however, that by placing the

nets too close together the herrings are hindered from entering the

fiords.

During the spawuing-scason the herrings arc not afraid of the net,

even in broad daylight, but rush blindly towards it, seemingly with the

intention of squeezing themselves into its meshes, and this in such a fu-

rious stylo that they frequently push down the net entirely. Fishing

by day-time with stationary nets or with drag-nets held by anchors may
generally be carried on only during the spaw^ning-season or when the

water is very turbid. This proves that the herrings are much less afraid

of their enemies when animated by the propagating desire than when
merely seeking their food. Kroyer says very truly with regard to those

annual visits which the herrhigs pay to the coast for the purpose of

spawning :
" If we consider how little the hen-ings are disturbed in their

course, and how calmly they allow^ themselves to be caught or devoured
by other fish, w^e must become convinced that fear does not put them to

flight and that noise does not scare them, but that their instinct guides

them on the way they must foUow."

Farther on I shall have occasion to speak of the influence which the

enemies of the herrings exercise on their periodical visits [^5^ 5G, 60.)

33. The diflerent outward conditions of nature must, however, as re-

gards their influence on the herrings, be considered not only separately,

but combined and connectedly. But as different effects spring from the

same cause, owing to difference of the seasons, different local circum-

stances or different objects of the herrings' visits to the coast, and as

fishing with different apparatus produces verj^ different results, it will be

necessary, in comjiaring observations from different places and times

and from different kinds of fisheries, first to combine those that are more
closely connected, so as to obtain an exact knowledge of every kind of

fishery during every season of the year, before one can draw general

conclusions. Both in collecting and arranging the observations too

little regard has in general been paid to the above-mentioned points,

or to the mutual relations of the various meteorological, hydrological,

orogra])hical, and geognostical data and their relation to biological

facts. This has also made it very difficult for me to giv^e a complete

review of the observations and opinions of myself and others.

Thus, for exami)le, the physical investigations of the herring-fisheries

made by the Dutch and Scotch Meteorological Societies have been made
with too exclusively a practical object, and thus only furnished informa-
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tion regarding the conditions of tlie wcatlicr nnder wliicli the herrings

make their appearance in a manner favorable to the floating-net fisheries,

whilst they leave us entirely in the dark with regard to many other in-

teresting points.

The great majority of all the observations we possess relate to fishing

during the spawning-season ; and it is well known that these fisheries

are both richer and more certain than those carried on at other seasons,

and have therefore generally been considered more important. The

catching of those herrings which have come to the coast to seek food has

only recently become more important ; and we therefore do not as yet

possess a sufficient number of observations on these fisheries, which is

to be deplored, as the herrings when seeking food are much more de-

pendent on outward natural conditions than when they are spavming.

The physical conditions prevailing in certain waters (among them

l)rincipally the differences of saltness and climate as being dependent on

the weather and the currents of the sea), the geographical location and
the orographical and j)etrographical character of the bottom, will of

course exercise a great influence on all the organic beings found in these

waters, or, in other words, on their whole cenobitic life ; it will be clear

therefore that only a complete knowledge of all these conditions, both in

the present and in former times, will satisfactorily explain all the phe-

nomena presented by the races of herrings belonging to these waters,

such as the different spawning-seasons, the varying degree of fatness,

flavor, &c., as well as the more or less regular periodical changes in the

migrations of the herrings. Unfortunately our knowledge of all these

matters is so far very limited ; we thus neither i^ossess very exact knowl-

edge regarding the influence of the weather on hydrological conditions,

nor regarding the influence of these last-mentioned conditions on the

difterent biological conditions. Such knowledge, in order to answer its

purpose, should not be confined to one locality, but should extend to a

large number of fishing-stations, which would enable us to gain more

general and satisfactory opinions regarding the combined influence of

physical and biological causes on the herrings and their migrations and

consequently on the herring-fisheries.

In order to obtain such knowledge it will be necessary to have access

not only to good orographical and petrographical maps, as well as to

synoptic weather statistics, but also to synoi)tic tables of hydrological

and biological observations.

34. After having considered as fully as my limited time would allow,

the influence of physical and biological causes on the herrings and the

herring-fisheries, I will go over to a more direct representation of the

migrations of the herrings, referring, of course, to all the foregoing ob-

servations and opinions.

In order to reach a sufficiently distinct terminology and a more com-
plete knowledge of the whole subject, it will be necessary by way of in-

troduction to give a brief systematized review of fish as to their place of
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sojourn.^" Tlie place wliere fisli are found may be considered by itself^

or as a basis for dividing the fish into different groups. With regard to

the former we can distinguish between the uninterrupted and a more or

less accidental or periodical, that is, occasionally interrui)ted occurrence

of fish. The periods may be daily, yearly, or extend to a longer space

of time. With regard to the second point, the fish may be divided in the

different groups mentioned below, using as a basis either the character of

the water where the fish are found, on the geographical location, or the

degree of regularity with which fish make their appearance, the extent

of time and space of their periodical appearance, and the greater or less

stability as to their i^lace of sojourn. It will be clear, however, that

these groups cannot always be distinctly defined, bat that the lines of

demarcation are often somewhat vague, especially between the sub-

divisions coming under one and the same head.

A.

—

With regard to tee character of the vi^ater, fish may
BE DIVIDED

1. as to the saltness of the water ^ into

a. fresh-water fish, and
1). salt-water fish (or sea-fish).

Between these two groups there is, however, a sort of neutral

territory, some kinds of fish living in either water. There are

also some "sea-fish" which ascend the rivers for the purpose
of spawning, their young ones returning to the sea (so-called
'-'' anadroms^'') in order to grow to maturity, or in order to satisfy

their craving for food, in which case the fish which have grown
to matmity in fresh water go into the sea for the purpose of
spawning (so-called '''katadroms'''').

2. as to its degree of agitation (flowing or stagnant water), into

a. river or brook fish, and
b. sea or lake fish.

Among the lake-fish there are likewise some which occasion-

ally go up into the rivers.

B.—With regard to the geographical location, pish may be
DIVIDED

1. with regard to their horizontal distribution, into

a. littoral or coast fish,^i that is, fish which always stay near the coast,

b. pelagian or sea fish, that is, fish which always, or at least the
greater portion of the year, live in the ojien sea.

"> An entirely diiferent subject, foreign to my present investigation, is the question
of the general geographical distribution of fish over the globe, and their geological

distribution throughout the ages.

*' J". S. Lorenz, Phisil-alische Vehaltnissc und TertheUung dtr Organismcn im Quarner-
iscTien GoJ/c. Vienna, 1863, p. 332.
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2. icWi regard to their vertical distrihution, into

a. hottom-Jish, that is, fish which always, or the greater part of the

year, hve near the bottom. With regard to the cliaracter of the

bottom, we can again distinguish among these Jish which live on

clayey bottoms, and Jish which live on roclcy or stony bottoms, on

lanlis or on the slopes extending from the coast to the great deep,-"^^

and
h. surface-fish, that is, fish which generally live near the surface of

the water.

C—With regard to the degree of regularity with which
FISH MAKE THEIR APPEARANCE, AND THE EXTENT OF TIME

AND SPACE OF THEIR PERIODICAL APPEARANCE, FISH MAY
BE DIVIDED, INTO

1. Stationary fish, which live always in the same locality.

2. migratory fish, fish which only periodically appear in a place with a

certain degree of regularity.^^

These migratory fish may be subdivided

a. with regard to the direction ofthe migration or its local object into

a. fish moving chiefly in a horizontal direction and seeking other

waters. These are therefore principally found among the coast-

fish,

/8. fish moving chiefly in a vertical direction and seeking deeper

or shallower waters,

y. fish moving both in a horizontal and vertical direction seeking

not only a ditferent depth but entirely different waters.

h. with regard to the local object of the migration within a certain

given region, into

a, fish which limit their migrations to this region, and

^. fish which occasionally extend their migrations farther.

c. with regard to the chief object of the periodical migration, into

a. fish seeking spawning-places, that is, fish which leave their ac-

customed dwelling-places principally for the purpose of spawn-

ing, and

/?. fish seeking food,^^ that is, fish which migrate chiefly to seek

food, and which, therefore, are less regular, both as to the length

and course of their migrations, bexiause the occurrence of food

depends on changeable physical conditions. For this reason

those fish which visit certain localities for the special purpose

of seeking food are occasionally classed in one group with the

other migratory fish under the general name of " roving fish"

**Thi8 would be the place to draw attention to the division proposed by Lorenz (in

the above-mentioned place) of the littoral fish into "stationary bottom-fish" and
" roving bottom-fish."

"It is evidently nothing but gross ignorance which has caused a few of our writers

on the fishery-question to nse the term "wandering fish" (from the German) instead

of the old Swedish term "fly tt Jish:'

•*The term is taken "a parte poiiwi," which is assuredly the desire for food, which

is doubtless stronger than a desire for rest and quiet Avell-being.
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{stryl-JisMi-^^'). They may, nuder the influence of less common
I^hysical couditions occasionally ai)j)ear in places where they

are not found otherwise, and where they must therefore be con-

sidered as accidental visitors.

d. with regard to the season when these migrations take place, into

" winter-fish" and " summer-fish," &c.

€. with regard to the number of periodical visits paid to a coast dur-

ing the year, into fish which come once a year and fish which

come several times a year.

/. with regard to the steadiness of the visits to a certain locality,

into

a, resident fish, and
(S. periodical fish.

3. Erratic Jisk, that is, lielagian fish which roam about irregularly and

only visit a coast accidentally.^

D.

—

With regard to the greater or less stability in their

PLACE OF SOJOURN, the fish may finally be divided into

1. fish 2vhichj on account of the torjyor of winter or summer, by sucJcing

themselves fast to objects resti^ig at the bottom or fioating about in the

water, orfrom, other causes, are generally in a state of rest.

2. fish which are more or less in motion, tvhich, icith many, assumes the

character of a regular daily motion. {Even those fish which gen-

erally are in a state of rest may occasionally be classed in this group.)

35. After giving the above outline of the way in which fish may be

divided into difierent groups, we must ascertain what position the her-

ring holds with regard to these difierent divisions and subdivisions.

The herring is most decidedly a salt-water fish, although it certainly

also occurs occasionally in water whose saltness is very limited, for in-

stance, in the northern portion of the Gulf of Bothnia; and for short

periods, whilst spawning or seeking food, it will also enter bays and

mouths of rivers whose waters contain very little salt.

36. The herring is both a littoral and i\, -pelagian fish. When young it

generally stays near the coast, but begins comparatively early to follow

the currents of the sea and go some distance from the coast. As a gen-

eral rule, however, the herring is more of a littoral fish when young, and

a pelagian fish when older. Very small shoals of herrings may some-

times be altogether littoral, the individuals composing them, as far as

known, scarcely ever going any distance from the coast. The larger

shoals, however, generally spend the greater part of the year out in the

open sea, and the great schools are altogether pelagian in their character,

visiting the coast only during comparatively short periods of the year."

°^ S. Nilsson, Fornyad underdanUj herdttcUe amfslceriarne i Bohmliii). Stockhobu, 1828,

p. 15. Handllnfjar rorande sillfisliet i bohuslunsla Skdrgdrden . Stockholm, 1843, p. 37.

•^*Si. Berthelot, Oiseaux voyageurs et2>oi8sons dc passage. II. Paris, 1878, pp. 99 aud 12.5.

" Instances are not wanting, liowever, when such pelagian herrings hare, under

peculiar circumstances, remained near the coast for a longer time.
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It lias even been supposed that some schools of herrings spawn on the

banks far out in the open sea, svithout ever approaching the coast for

that purpose.

Those herrings which remain stationary near a coast, or which only go

a very short distance from it, will best be called "coast-herrings," to dis-

tinguish them from the more pelagian or '
' sea herrings." This difference,

although only a relative one, is certainly one which has a considerable

influence on the fisheries.

With regard to the place of sojoiu'u and its influence on the character

of the herring, a number of different opinions have been advanced in

course of time. It is well known from the herring-fisheries in the west-

ern part of the North Sea, and especially from the Dutch fisheries, that

the herrings, both before and after spawning, are found in large numbers
at a considerable distance from the land ; and that the herring-fisheries

on the eastern and southern coasts of Great Britain proved successful

at certain regular intervals ; the supposition therefore seemed highly

probable that it was the same school of herrings touching the English

coasts on their southward journey, and people seemed naturally inclined

to ascribe to the herring a decidedly pelagian character, and from these

originally popular opinions Anderson, and, later, Giljyin, developed their

strange theories of the migrations of the herring. On the western coast

of Scandinavia people had certainly not been in a position, like those on
the eastern coast of Great Britain, to base their vi6ws on the course of

the floating-net fisheries ; but the opinion had gradually gained ground
(probably through observations made by seamen and fishermen) that the

herrings duriug the time they were not near the coast lived out in the

open sea in a northwesterly direction from the region which they used

to A'isit for the purpose of spawning. Gradually, however, Anderson^s

migration theory gained adherence here and there among the educated

classes. Thereupon this theory was gradually opposed by Block, Lace-

l)Me, MacCuUoch, and J^ilsson, the last-mentioned one specially endeav-

oring to prove the entirely littoral character of the herring, an opinion

which, though strongly opposed by fishermen, gradually'- gained numer-

ous adherents among the naturalists, but which nevertheless is only

correct in part, only being applicable to comparatively small schools of

herrings. In opposition to this too one-sided opinion of Professor JSllsson
,

Axel Boeck. has maintained the old distinction made by the fishermen

from time immemorial between " sea-herrings" and "coast-herrings," but

has not gone so far as to ascribe to the former a thoroughly i^elagian

character. This has been done, however, on truly scientific grounds by
Prof. G. 0. Sars; and, finally, G. Winther and myself have more in detail

developed the views which have here been presented regarding the chief

place of sojourn of the herrings.

37. The opinion that the herring is a surface-fisli has only recently be-

gun to gain ground in scientific circles, although, strange to say, it had
for a long time been quite prevalent among the fishermen. Herring-
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iisliing has principally, and in olden times exclnsively, been carried ou

with apparatus that conld only be lowered to a comparatively insignifi-

cant depth both in the oi)en sea and near the coast; and as these fish-

eries were going on at different seasons of the year, and as herrings were
occasionally seen by seamen, it will be easily understood that the herring

was first considered as a surface-fish, none of the older writers on the

herring-question having apparently entertained any other opinion. It

was Anderson, always inclined to the wonderful, who first pronounced
another opinion, viz, that the proper home of the herring was the "bot-

tomless deep," under the polar ice, where sharks and codfish could not

breathe and disturb the herring in its '' proud repose." Although Ander-

so7i's theory had many adherents, and for nearly a century enjoyed almost

universal popularity among naturalists, but little attention seems to

have been paid to the question whether the herring was a bottom-fish

or not. Kilsson, however, pronounces a more distinct opinion on this

subject. He su])posed that the herring was, ])roperly speaking, a deep-

wat/cr fish, which, in his opinion, was proved by the fact that herrings

are found in the stomachs of codfish, but he most emphatically opposes

Anderson^s view that the herring could only live in very deep water.^^

This view has since then been embraced and further developed by Axel

BoecTc, who, however, went much further than Professor ja^ilsson, and thus,

for example, placed the proper home of the Norwegian so-called '^ spring

herring" at the bottom of the deep valley which extends along the coast

of I^orway; and in proof of his assertion, has mentioned the fact that

in the stomach of herrings caught immediately on their arrival rem-

nants of small crustaceans had been found which only live at a very

great depth. A different opinion, however, was soon after advanced by
Prof. G. 0. Sars, who at first considered the herring as a " bank-fish,"

like the codfish,^^ but later as a surface-fish, like G. G. Gederstrom, who,

though inclining to the opinion that the herring, like the eel, sometimes

concealed itself on the bottom, nevertheless raised some well-founded

objections to Axel Boecli's assertion, and his mode of proving it.^° The
proofs which have been brought forward in support of the theory that

the herring was specially formed for a life at the bottom of the great

deep, have been thoroughly refuted by the two above-mentioned authors,

and are in no wise re-established by the direct observations made on

the west coast of Norway, through which we know that the spawn of

herrings, though seldom, is still found as deep as 60 to 100 fathoms, and
that herrings are occasionally caught with stationary nets at a depth of

50 to GO fathoms.

^^ NiUson, strange to say, mentions the unusual jiressure of the water, to prove tlie

unreasonableness of Anderson's opinion.
's Quite recently tliis oj)inion lias been modified by saying that the herring, although

a "surface-fish," nevertheless showed a decided preference for the banks where the

codfish live, on account of the stronger current generally found there.

^Even Cederstrom mentions the strong pressiore of the water, "exercising a hurtful

influence ou the gills," as the piincipal cause why the herrings did not go into deeper

waters.
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From what has hitherto been known, it will bo e^'ident that tlie her-

rings can certainly go as dee]) as 100 fathoms, but that they must never-

theless be considered as "surface-fish," which, according to accidental

physical canses, change the comparatively short distance from the sur-

face at which they generally live. The circumstance that the herrings,

when near the coast, often go into deeper water, might possibly be

ascribed to the milder Avinter temperature and to the cooler summer tem-

]>erature, as well as to the greater calm and shelter which the deep waters

doubtless offer. AVhiLst spawning, the herrings must, of course, go to-

wards the bottom.

38. Although there may be very small schools of coast-herrings, com-

posed of stationary fish, the herring must, in a general way, be consid-

ered as an entirely migratory Jish.

From the fact that the herring is a surface-fish, it almost necessarily

follows that the migrations of the herring generally go in a Jiorizontal

direction, an opinion, however, w^hich science has only reached quite re-

cently; for, according to Anderson, Nihson, Axel Boedc, and several other

naturalists, the migrations of the herring go in a vertical direction, hav-

ing for their object a ditierent depth of water with varying pressure and

temperature.

With regard to a certain region, the migrations of the herring may
be specially directed towards this region, or they may only pass through

it, in W'hich latter case the herring would only be a Jish-of-jmssage as far

as that region is concerned.

The herrings which visit a coast are, with regard to the object of this

visit, either herrings which seek a spawning-place or herrings which

seek food, in which latter case their coming and going is less regular

and more dependent on i)hysical conditions.''^

With regard to the season when the herrings visit the coast, they are

divided into winter-herring, spring-herring, summer-herring, or autumn-

herring.

The sea-herrings generally \isit the coast only once a year, but some-

times also twice.

With regard to the steadiness of the herrings' visits to a certain coast

the herrings must be considered regular migratory fish, as far at least as

the extent of coast is not too much limited, and not too much regard is

paid to the irregularities of those herrings which come in search of food

;

but the very large schools of sea-herrings may also, as will be shown
below, be considered as periodical visitors to the coast—such periods

extending over eighty to one hundred years.

39. With the exception of those parts of the day when the herring is

6' This circumstance lias given rise to the often quoted and misunderstood saying of

MaeCidloch that the herring is "an apparently most capricious fish." (Quarterly

Journal of Science, Literature, and the Arts, XVI, No. XXXII, London, 1824, p. 214.)

Most of the instances of the capriciousness of the herrings seem to have been taken

from the herring-fisheries on the western coast of Scotland, which have for theirobject

only herrings which have come in search of food.
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supposed to be asleep it is in constantmotion, and its daily co urse, especially

whilst near the coast, is entirely regular.

It is well known now that the herrings generally keep quiet during the

middle of the day and the middle of the night, but are in motion morn-
ings and evenings, and that they go into deeper waters by day-time and
near the surface by night. The herrings are, therefore, undoubtedly in-

fluenced by the changes of light, especially when the rays of light strike

the water in a very oblique direction at the rising and setting of the sun
or moon, which seems to waken the herrings to new life and cause them
to seek those depths which are best for fishing. The princijial changes
in the daily course of the herrings are doubtless caused by the varying

occurrence of the "herring-food" and by the herrings' desire to find

shelter from their enemies.

It is also well known that the herrings go near the coast towards sun-

set and return to the deep about sunrise. According to Axel Boeck the

Norwegian spring-herrings during the spawning-season go to the spawn-
ing-places at nightfall and leave them in the morning, but towards the

close of the spawning-season they also come to the coast during the day,

so that the fishermen generally consider rich day-fisheries as an indica-

tion that the fisheries are approaching their close, a prediction which,

however, is not always fidfilled. G. C. Cederstrom says that in the Bal-

tic the autumn-herrings often go into the deep at night, and come nearer

the coast towards morning, but that the reverse may also occasionally

be the case.

40. Regarding the annvaJ mif/miions of the herrings to and from the

coast, a number of dift'erent opinions have been advanced in course of

time. Some of these I have briefly hinted at when speaking of the

character of the herring as a littoral or pelagian fish (36).

Older writers, and the fishermen themselves, seem not to have enter-

tained any other opinion than that the herrings coming from the ocean

approached the coast at certain times of the year, generally in a direc-

tion from north to south. The idea that the i)ro])er home of the herrings

might be the Polar Sea, near the ISTorth Pole, never entered the mind of

the older writers on the fishery-question, who knew that the herring-

whales keep farther south than the great whales of the ice-filled Polar

Sea; that these last-mentioned whales lived on entirely different food

than herrings, and that no herrings had been seen near Spitzbergeu,

or, as a general rule, farther north than the North Cape in Finmarken.

The herring-fishermen, with their limited geographical knowledge, were

scarcel^^ able to form or entertain a Polar-migration theory.

The herring-fisheries on the coasts of Shetland, Scotland, and England
gradually go farther south in proportion as the spawning-season comes

later during the year. The English at the spawning-time generally fished

near the coast, and the Dutch had their principal herring-fisheries only in

theNorth Sea. Their knowledge of the herring was consequently limited

and led them to supj)ose that it was one and the same great school of
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herrings which coming from the north went all round Great Britain and
thus produced the diflereut fisheries. This opinion soon became a gen-

erally-received axiom, and is as such given in the older works on the

herring-question (for example, the works of Camden^ Schooclc, and lonston).

This Avas the origin of the great migration-theory which was by later

authors advanced in the Atlas maritinms et commerckdis published in

London in 1728,^^ according to which the herrings were supposed—from

want of room and food—to come from the north in such enormous masses

that in passing between Greenland and the Xorth Cape (which large

space of sea was for them only a narrow sound), they had to keep very

close together in order to pass. It was also supposed that after having

passed this sea the herrings divided into two schools, the one (again

divided in two smaller schools by Ireland) going west and the other east

of Great Britain, not to be seen again after they had reached its southern

coast. According to this opinion the herrings were supposed to propa-

gate not only near the Xorth Pole but also near the coasts of Great

Britain.

Fascinated by these bold conjectures Johan Anderso7i, always inclined

towards fantastic opinions, determined to work them up in detail ; and
he did not forget the Scandinavian countries with their separate divis-

ions of the great school of herrings, which, as he supposed, did not only

have their proper home in the " bottomless deep " under the Polar ice,

but also sheltered from the i)ersecutions of men and fish-of-prey, increased

to such an extent that an enormous number of herrings was forced every

year to leave their home and visit those coasts which Providence intended

to bless in a special manner. It will not be necessary to dwell any longer

on this strange and fanciful theory, especially as nearly every one who
has written on the migrations of the herrings has devoted far more time

to it than it deserves, even to the exclusion of really important scientific

questions. This theory, worthy of Munchausen, may serve, however, as

an example of the credulity and the total want of critical discernment

prevailing not only among the great mass of the people, but also among
naturalists, some of whom give this opinion in their works as if it were
a scientific truth.

But as another fish—popularly called ''herring,'' and by many consid-

ered Identical with the herring proper—comes to the eastern coast of

Korth America from the south, it became necessary to modify the mi-

gration-theory with regard to America. And this was done by John
Gilpin, who let the herrings follow the declination of the sun and annually
wander in an elliptic course between the Polar circle and the Tropic of
Cancer aU round the northern part of the Atlantic Ocean, thus con-

stantly avoiding both excessive heat and excessive cold. It will not be
necessary, either, to give much time to this fantastic theory, which,

^^Doit according to M. E. Block, Oeconomische Naturgeschichte der Fische Deutschlands,

I, Berlin, 1782, p. 188, a statement which, however, seems to be doubtful.

13 F
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although it has never become general, has been fully described in the

well-known works of Kroyer and Axel BoecTc.

Andermii's migration-theory, which finds adherents to this very day,

has, in course of time, undergone various changes. Thus some suppose

that the herrings go into southern waters for the sake of ^propagating,

and then return with their young to the Polar Sea, which offers an
abundance of food [Pennant and others), because the herrings were seen

to come near the coast full of roe or milt and leave it empty ; and be-

cause Anderson''s explanation of this fact seemed insufficient, one began

\(\ think of analogous facts in the life of birds and other migratory ani-

mals, or was forced to the opinion that there were inconsiderable changes

in the herrings' visits to the coast in the direction of their journey, &c.

41. Andersoiis migration-theory was subjected to a thorough and anni-

hilating criticism by the distinguished ichthyologist Block, whose opinion

has been shared by Koel de la Moriniere, Lacepede, and Qiiensel. With
more originality MaeCulloch has also followed Blocli's opinion, and has

directed attention to the impossibility of m^aikiug Anderson^ theory agree

with the evident irregularities in the course of the herrings. Some
years before J/flcCi<WocA, Couch had opposed the migration-theory and had

described the character of the herring as a "local fish" on the coast of

Cornwall. >S'. Nilsson has with great emphasis pronounced himself in

opposition to the theory of a central school of herrings near the Pole,

and has specially mentioned the physical impossibility of the young her-

rings developing in the great deep of the Polar Sea ; he has also op-

posed the opinion that every coast should have its special race of her-

rings distinguished by outward marks and a separate spawning-season,

being, consequently, more local and littoral in its character.^' Professor

Nilsson, therefore, not only opposed the theory of a central race of her-

rings near the Xorth Pole, but of such a central race altogether. The
dispute caused by Professor Nilsson''s writings on the regulation of the

Bohusliin herring-fisheries caused the Eev. 0. Lundhecl', pastor of the

chiu-ch at Kladesholmen, to advance the theory of a central race of her-

rings probably living in the North Sea, to which we owed the great her-

ring-fisheries, and from which, in course of time, the smaller races of

coast-herrings had separated, a theory which might possibly be harmo-

nized with the views advanced in BlocKs criticism of Andersoii's theories,^*

but which is in direct opposition to the facts and opinions given by Pro-

fessor KilssoH. Lundhecys hypothesis found no adherents, and seems to

^3 Professor KiJason weut so far in his zeal to give to every coast its special local race

of herrings, as to entirely deny the possibility of two or more different races occurring

"on one and the same coast and under exactly the same natural conditions." This

one-sided and doubtless erroneous opinion has recently found an adherent in Prof. G
O. Sars.

^Bloch believes that the time of spawning dex^ends on age and temperature, and

from this opinion it may easily be deduced that the herrings which spawn in the North

Sea during autumn, and which are actually, somewhat smaller than the common her-

rings, are only the young of the Norwegian spring-herrings.
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have been entirely cousigiied to oblivion. MacCullocli's opinion, however,

has met with great and universal favor, and has been shared by Yarrel^

Parnell, and others, whilst Professor N'ilsso7i''s opinion is held by G. 8.

Sumlevall, El'strom, Valencienues, 3IitcJiell, Berthelot, and others.

Kecent theories regarding the annual migrations and coast-visits of

the herrings chiefly differ from each other in this, that the migration is

thought to extend over a greater or less territory, just in proportion as

the lierring is considered a more littoral or more pelagian iish, and in as-

cribing various natural instincts as the causes of these migrations.

42. We must finally mention the theory advanced in explanation of

the fisheries of new herrings on the western coast of Korway, that the

herrings do not, as is generally supposed, spawn every year, but only

every other year.^^ This theory was in the beginning only used in expla-

nation of the exceptional occurrence of a small number of so-called

'' herrings-of-i)assage," but was more generally applied when people be-

gan to take into consideration the unusual and frequent occurrence of

so-called " new herrings" or '' winter herrings." If this theory is correct,

the same herrings would, as a general rule, visit the same coast only

every other year for the purpose of spawning, and the annual fisheries

of spawning-herrings must, therefore, principally be caused by herrings

which alternate in their years of spawning. The frequent visits which

herrings pay to the coast between the spawning of every other year, but

during the spawning-season, must, therefore, be considered as exceptions

occurring at the end (or the beginning) of a period of fisheries (for spawn-

ers). After having spawned the spring-herrings would not occur among
the summer-herrings during the following summer and grow fat, which,

as we know, takes place quick enough, but would remain lean for more

than a year. Still less is there any cause why the so-called "new her-

rings" should api^ear so seldom during the fishing-season and so fre-

quently after its close. This'theory* may be convenient for exi^laining

the above-mentioned phenomena, but it cannot be fully accepted unless it

can be harmonized with other phenomena, which are the i)rincipal ones

to demand an explanation."^*^ The investigation of the subject only be-

comes more comi)licated through such theories, whose value is, therefore,

very doubtful.

* 43. It has been mentioned before (22) that the young herrings begin

to wander about at an early age, chiefly to seek food or shelter from their

enemies, or i^ossibly more agreeable places of sojourn. It has frequently

^ Althoiigli it is generally supposed that herrings can sjiawu several times in succes-

sion, we have no positive proof of this, and this question seems actually never to have
been examined scientifically.

* The theory mentioned in the beginning of 42.—Translator's note.

^1 do not mean to imply by this that every herring capable of propagating the spe-

cies must spawn every year, but merely that when possessed of full health and strength

every herring will generally do it. It must, moreover, be remembered that the indi-

vidual fish composing one and the same school do not all become capable of propagat-
ing the si^ecies at the same age.
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been observed that the young herrings, as they grow up, leave the shal-

low waters near the coast and go into deeper waters farther out towards

the ocean, whence, after a while, they return to the coast in company

with the older herrings. The knowledge of the details of these migra-

tions is, like our knowledge of their physical and biological causes, so

limited that very little can be said regarding them.

Regarding the coming of the herrings from the sea to the coast we
only know that during the spawning-season they generally approach the

spawning-places in dense schools, coming from the north, and that when
visiting the coast for other purposes the schools are smaller and more

scattered, extending over a larger stretch of coast, and come both from

the north and the south. Those herrings which come to seek food gen-

erally remain for some time in the outer waters before they come near

the coast, and their ^isits are neither as regular nor as long as when
they come to spawn. But even the great mass of herrings does, during

the spawning-season, not remain near the coast longer than one or two

months, exceptions from this rule being very rare indeed. Herrings

which have thus remained near the coast over their regular time become

almost entirely worthless. During the last great Bohuslan herring-fish-

eries this seems to have occurred more frequently.

In approaching the coast the herrings generaEy begin at a certain

point, spreading from it either to the left or right or in both directions,

influenced in this by the weather, the currents of the sea, and the nature

of the bottom. The herrings do not like to visit the place where they

have spawned, a second time. It has also been noticed that the large

herrings do not go as high up the fiords as the small ones, and that when

the spawning-season comes in winter or spring the large herrings spawn

before the small ones, whilst when the spawning-season comes in sum-

mer or autumn the small or younger herrings spawn before the larger

and older ones. After spawning, the herrings have often been observed

to go nearer the coast than before .spawning; fishing with drag-nets may
therefore be carried on long after fishing with stationary nets has ceased,

as the "= empty "fish (those that have spawned) do not easih' enter a

stationary net.

The going-out of the herrings is generally a much quicker process

than their coming-in, and as it is more difficult to catch herrings whilst

they are leaving the coast, we know very little about it. After the her-

rings have left the coast, they do not stay outside any length of time,

but immediately go out to sea to seek food and enjoy the greater pro-

tection which the deeper water affords. When the herrings have been

to the coast for the piupose of spawning, they genially leave the coast

in a northerly direction.

"With regard to the extent of the annual migration4of the herrings, I

have already mentioned the different opinions, and I Ifill only add here

that the larger a school of herrings is, the greater will be the extent of

territory where they must seek their food, and the farther from the coast
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must they extend their migrations. It is not known from direct obser-

vations how far the largest schools of herrings extend their migrations,

but certainly much farther than 21acCuUoch, Ifilsson, Boeek, and their

followers assert.

44. The annual migrations of the herrings may be influenced by phys-

ical causes both as regards their time and their direction. It is well

known that favorable, mild weather accelerates, whilst bad weather

retards the approach of the herrings to the coast,^^ and that wind and
current may bring a much greater number of herrings to one part of the

coast than to another near it. The general rule, however, is that the

herrings, when coming in to spawn, visit the j)lace where they were
born. When the herrings come in to seek food, they will generally go

to those waters where they have been accustomed to find food in the

greatest abundance ; those physical causes, therefore, which have an
influence on the occurrence of food will also influence the direction of

the herrings' migrations, as I have had occasion to remark before.

45. The annual migrations of the herrings are chiefly caused by the

desire to propagate the species and to seek food. For spawning, the

herrings need a suitable bottom for depositing their eggs, a bottom
which also must contain a sufficient quantity of food for the young
herrings and aftbrd shelter for them. All these requirements are only

met near a coast. Even if herrings, as has sometimes been said, not

without a show of reason, spawn on the Dogger-Bank or other still more
distant banks in the North Sea, this does not disprove our assertion, for

it is doubtless only the greater ease with which the young fish can reach

the coast from these banks which has made it possible for the herrings

to spawn there.®'^

The grown herrings must again go to the ocean to seek their food,

which they chiefly find in the currents and those waters which come
from the Polar Sea. In some places, however, they find the required

food during some part of the year near the coast ; and thus there may
be fishing towards the end of simimer and the beginning of autumn, as

on the western coast of Norway, or during autumn and winter, as on
the coast of Bohuslan. The influence which the desire for food exercises

on the annual migrations of the herrings has sometimes been overrated,

so that it has occasionally been considered as the chief cause, even in

cases when the desire to propagate was undoubtedly the principal cause.

As the spawning herrings, on account of theii' being packed more
closely together and on account of the steady course which they pursue,

are more exjDosed to the persecutions of their enemies, and as this danger
of course increases the nearer they get to the coast, they generally go

•>' See 13. This is applicable cliietiy to those Lerriugs which spawn iu spring (that is,

after the close of winter when the ice is breaking up). On coasts hke those of Nor-

way and Scotland, laved by warm currents of the sea, this is less noticeable.

''^It is therefore not improbable that the young herrings which in such large number
are found near the western coast of Norway are at least in part the offspring of her-

rings which have spawned on the North Sea banks.
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into deep water immediately after having spawned, in order to find the

necessary shelter, and leave the coast mnch quicker than they came.

The larger herrings seem likewise to thrive better in the open sea than

near the coast, and consequently do not stay there longer than is abso-

lutely necessary. Neucrantz, however, goes too far when he supposes

that the herrings leave the coast only to escape unpleasant physical con-

ditions, for instance, cold or violently agitated water. It has alreadybeen
mentioned that want of space or the persecutions of enemies have in for-

mer times by some been considered as the chief cAuses of the annual

migrations and regular coast-visits of the herrings. Such opinions are,

however, no longer entertained, and therefore cannot claim our attention. yi^

40. The great periods (eighty to one hundred years) of the large races

of sea-herrings have long since been known, as far as certain points on
the coast of Bohuslan are concerned, but have not formed the subiect of

scientific investigations till the present century. In olden times this

phenomenon, as peculiar as it was important from an economical point of

view, was connected with religious ideas or with some superstitious notion

of the period, and it was only Strom, Lijlecker, Dubb, and MacCulloch

who spoke of these almost inexplicable facts in a scientific manner,

Prom the last-mentioned author we have the expression, often quoted in

season and out of season, that the herring is an entirely " capricious " fish.

Mlsson, who had set himself the special aim to find the causes why the

Bohuslan herring-fisheries came to an abrupt end in the year 1808, for

the first time examined the question regarding the long periodical visits

of the so-called " old" or "genuine sea-herrings" to the coasts of the

Skagerack in a truly scientific manner. The result of it was, that their

conformity to natural laws was totally denied, and the periodicity of our

great herring-fisheries was explained by the herrings having been driven

away by man, enough young fish, however, having been left every time

to gradually produce new fisheries, to be followed in turn by the final

expulsion. This opinion, which was stubbornly opposed by the fisher-

men who in Lundhecli had found a literary spokesman, who maintained

that it was the nature of the herring " to change its place, and that its

visits to our coasts were periodical," was generally shared by the natural-

ists of that time, such as C. J. Sundevall, 8. Loven, W. von Wright, Elc-

strom, Malm, Wklegren, and others. 'Even Kroyer shared this opinion to

some extent, as in these migrations of the herrings continuing for many
years and then ceasing all of a sudden he could see nothing else but the

changes to which all sea-fisheries are subject; at a later time he chiefly

ascribed the undeniable fact of these migrations to the increase in the

number of birds and fish-of-prey, changes in the weather, the character

of the bottom, the sea-water, and excessive fishing with destructive ap-

paratus.

In direct opposition to this view supported by the most influential

scientific authorities, Loberg and Axel Boeck, sustained by popular opin-

ion and by the history of the herring-fisheries of Western Scandinavia.,
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have endeavored to prove tliat tiiose races of herrings "which visit the

coasts of Bohuslan and Western Norway change their spawning-places

periodically, although they could give no reason why it should be so.

Axel Boeck, following in part E. Strom and other older authors, also

showed that there are several tolerably regular changes in the course of

the herring-fishery during the great fishing j^eriods. Later G. 0. Sars

has made an ingenious attempt to explain one phase in these changes,

viz, the arrival of the herrings at different times during the fishing

period, by the varying occurrence of the " herring-food" supj^osed to de-

pend mostly on meteorological and hydrological conditions; in the be-

ginning, however, he seemed inclined, like Nilsson, to deny the periodicity

and to suppose that the visits of the herrings continued without inter-

ruption unless checked or hindered by man's interference, but later

entertained an opinion which agreed more with that of Boecli. G. Win-

ther has also shared Boeckh view in describing the analogous Sound fish-

eries, whose changes, however, are less marked. Finally I have at-

tempted to explain the periodicity partly by the tendency of the school

of herrings to become great through the influence which its size must ex-

ercise on the cenobitic conditions in the disproportionately small spawn-

ing-places, partly by the greater distance from the spawning-places at

which the herrings just on account of the size of the school must seek

their food, which depends on supposed periodical changes in the meteo-

rological and hydrological conditions.

47. The great migration periods of the large schools of herrings are

marked by very regular changes both in the time of the herrings' an-

nual arrival at the coast and in the locahty where they arrive. It must
be remembered, however, that all the knowledge we possess of these

changes is derived from the fisheries, and that the too exclusive use of ap-

paratus only suited to coast-fishing has made the coast-fisheries more
prominent than they would have been otherwise. But wherever herring-

fisheries are carried on not (m\j near the coast but also with floating nets

at a considerable distance from the laud, such as is the case, for example,

near the east coast of Scotland, or with purse-nets as on the northeastern,

coast of North America, the changes are much less marked and have
therefore hitherto almost entirely escaped attention. MacCullocU has

some observations on this point chiefly with regard to the fisheries on
the eastern coast of Scotland, but it is only recenth' that I among others

have directed attention to the fact that the herrings on the eastern coast

of Scotland have changed their chief place of visit to a point about 100

EnglishmUes farther south, and have left the Moray Fhth, and that they
have commenced to come near the coast earher during the season, so

that the September fisheries are very insignificant now compared to

what they were formerly. On the coasts of Bohuslan and Norway,
where fishing is chiefly carried on with seines and stationary nets, such
changes have been known from time immemorial.

48. Thus iProf. Hans Strom in Norway observed tliat the herrings
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during the period tliey visited the coast of Sondmor (1736-1756) came

later and later every year, and predicted, in accordance with an old

tradition and the experience had at Stat, that the herring-fisheries of

Sondmor would come to an end. This really took place in Bohuslan,

where it had been observed ali-eady towards the middle of the last great

fishery-jjeriod, that the herrings came to the coast later and later every

year, which led people to fear that as in times of old the herrings might

again gradually leave the Swedish coasts. Somewhat later (1782) Strom

compared the Bohuslan fisheries with those of ;N"orway, and, basing his

opinion on their e^ident similarity, predicted that the end of the Bohus-

lan fisheries was near at hand.

About ten years later Lyhecker expresses himself more distinctly, as

follows: "If with prophetic eye we could see the future and predict the

fate of the fisheries, we might say with a great degree of probability that

a. change will take place soon. We know from history that when her-

rings or other fish-of-passage arrive near the coast later and later, and

at the same time keep farther and farther away from the coast, this

means a change in the migrations of the herrings, and may even point

to their leaving the coast entu^ely. This has been the course of the ]S"or-

wegian herring-fisheries, and even of the Swedish herring-fisheries during

their older periods, and in fact with all those fisheries where fish-of-pas-

sage are the principal object, with the only exception of the Scotch and

English fisheries. * * * If we take into consideration the roving-

nature of the herrings and the examples from olden times, it is highly

probable that the herrings will come later every year and finally leave

our coast altogether."

It had frequently been maintained that too much fishing, and fishing

with destructive apparatus, were the proper causes of the herrings com-

ing later every year, and might even lead to the complete cessation of

the fisheries ; and people therefore made futile attempts to obviate this

danger by legislation. As the ominous predictions regarding the her-

ring-fisheries were, however, not immediately fulfilled, they were almost

forgotten ; but when the herring-fisheries came to an end in the year

1808 people imagined that the herrings arriving later and later every

year fully proved the assertion that they had been driven away by the

imprudent action of the fishermen. It was said that refuse thrown into

the water, and noise, had prevented the herrings fi'om coming near to the_

coast, that they had spawned in the open sea, and had, then, in conse-

quence of the languor and weakness following the spawning, been driven

towards the coast by storms.

During the more recently closed Norwegian spring-herring fisheries it

was (according to Loherg) noticed, not without anxious forebodings, that

the herrings, which in the beginning of the fishing-period did not come
near the coast till early in February, gradually came earlier and earlier,

so that finally the fisheries commenced before K'ew Year ; and that this

change was followed by another, the herrings again coming later and
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later, till the fisheries did not «?ommence before February. This pecu-

liarity, however, was thought to be a consequence of the irregularity

with which the herrings visited the same i)laces on the coast. It was
not till Axel Boeck began to investigate the matter that this whole ques-

tion was treated from a more scientific standpoint. He showed that the

coming of the herrings to the coast at different times during the period

was subject to certain rules, and that this regularity in the movements
of the herrings was observed not only during the Norwegian spring-her-

ring fisheries of the seventeenth and eighteenth centimes, but also dur-

ing those herring-fisheries which were going on on the coast of Bohuslan
during the second half of the fifteenth and seventeenth centuries. This

peculiar phenomenon has therefore become far more important than it

was thought to be in former times ; and it may well be said to contain

the key to the question of the periodicity of the great Scandinavian her-

ring-fisheries. Boeck was not able to assign any cause for these entirely

regular changes in the time of the herrings' visits to the coast. This has

been attempted, however, l)y G. 0. Sars and myself, and an account of

these attempts will be given below. /
49. At a very early j)eriod of the last great Bohuslan herring-fisheries

it had been observed that the herrings came to the coast a little far-

ther north every year. This became so noticeable that it was men-
tioned in the Parliamentary B'ishery-Commission's report of January 15,

1770. These changes took place in the following order: the fisheries

commenced on the central (or as it was then called "northern" coast),^^

but soon after turned to the southern coast, and during the years 1760-

1765 went as far south as the northernmost part of the HoUand coast,

although the coast near Elfsborg and Marstrand was the principal fish-

ing-place. Up to the year 1780 the herrings gradually left the southern

coast and chiefly "sisited the central coast, going as far north as Strom-

stad from 1773 on, and making their ai^pearance near the Hval Islands

in the southern part of Norway from 1778. These changes also attracted

the attention of foreigners, and Lybeclcer speaks of them as sure signs

that the Bohuslan herring-fisheries were approaching their end.

When the herring-fisheries actually came to a close, and people began
to argue about the causes of this misfortune, those who ascribed it to

imprudent and destructive fishing saw in these changes a proof of their

assertions. They maintained that as soon as the southern coast began
to be covered with salting-houses the herrings left this coast and came
to the northern coast, and when this too began to be filled with similar

establishments, ''the herrings seemed disturbed and scared, and came
in smaller schools, approaching both the northern and the southern coast

in those places where there was least noise and where least refuse was
thrown into the water." (Svensson.)

«3 Axel BoecTc's assertion that during the last great Bohuslan fisheries fishing first

commenced on the southern coast (Ovi Silden og SihkfsK-erienie, p. 106) is therefore not

correct.
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Even on the west coast of Norway it had (according to Loherg) been

observed diu'ing those spring-herring fisheries which had been going on

there since the close of the Bohusliin herring-fisheries in 1808, that the

herrings changed the places of their annual visits, and many attempts

were made to explain this phenomenon. None of these attempts, how-

ever, found much favor, and Loherg therefore maintained that probably

these changes were caused by the influence of wind and current.

New interest began to be taken in this question when Axel BoecJc

proved that these changes were to some extent regular, and had been

shown to be regular not only during the older fisheries, concerning

which our sources of information were very meagre, and during the last

Norwegian spring-herring fisheries, but also dimng the great Bohuslau

herring-fisheries of the sixteenth and eighteenth centuries.'"

Boech has not assigned any natural cause for this regularity in the

changes of the herrings' visits, and I believe that I am the first who has

made any attempt to find the causes of this phenomenon. I supposed

that during that part of the fishing-period when the herrings came to

the coast for the piu"pose of spawning, they preferred its northern por-

tion, because the temperature of the water was higher and more even

during the later part ofthe season when they came there, whilst the south-

ern coast would again offer peculiar advantages of temperature during the

earlier part of the season when they came there. DiiriDg that part of

the fishing-period, however, when the herrings came to the coast for

other purposes than spawning, their choice of a place would chiefly de-

pend on current and wind ; fishing on the central and northern coasts

was therefore more certain than on the southern coast. More will be

said farther on (60, 63) concerning these attempts to exj^lain the changes

in the migration of the herrings.

50. Among the peculiar phenomena of the latter part of the last great

Bohuslan fisheries, attention has been drawn to the unusual occurrence

of small herrings among the larger ones during the last thirty years.

This i^henomenon has also become more significant since Axel Boeck has

shown that something very similar took place prior to the close of the

last Norwegian spring-herring fisheries, thus seemingly being an indi-

cation that the fisheries are approaching their end. During the above-

mentioned herring-fisheries none but large herrings were caught, and on
the coast of Bohuslan, for example, it was only immediately before and
after the annual fisheries that small herrings were caught among them.

The Norwegian spring-herring fisheries generally begin every year with

straggling herrings and are mostly followed by smaller herrings.

The case which Boeck mentions from the Stavanger coast and from

the year 1766 does evidently not belong here, as it only proves a less

productive local autumn-herring fishery, when herrings of different size

are generally caught.

'0 It is highly probable that the same was the case during the Bohuslan fisheries of

the second half of the sixteenth century, as the fisheries came to an end much earlier

in the southern than in the other parts of the coast.
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51. In order to get a more correct idea concerning this peculiar ming-
ling of great and small herrings towards the end of a fishing-period, it

will be necessary to consider another phenomenon which seems to be
connected with it, and which has hitherto been overlooked. It is known
from the last great Bohuslan herring-fisheries that during the last thirty

or forty years (therefore during more than half the period) the herrings

came to the coast for entirely different purposes than spawning, and
that the herrings, though not exactly being a mixture of great and
small fish, differed greatly in size, fatness, and general quality.'^ It then

became customary to call the full-grown herrings—whose number was
small—by a characteristic name, "'select herrings" or "fat herrings."

It was thought that impure water and noises had caused the herrings

to stay in the open sea, until after spawning they were in so weak a con-

dition that a strong wind would drive them towards the coast.

A similar phenomenon has during the last ten years been observed in

the Norwegian spring-herring fisheries, so that instead of spawning her-

rings ("genuine spring-herrings") an inferior kind of herring has been
caught, which is called "mixed herring" or "new herring," the number
of full-grown herrings being exceedingly small; their spawning-season

seems moreover to come somewhat later than that of the genuine spring-

herring, which spawns in winter, and they might therefore possibly be-

long to a small race of coast-herrings which spawn in spring. Boeek
considered this phenomenon as a dark and mysterious enigma; G. 0.

8ars was the first who—as far as the Norwegian spring-herring fisheries

were concerned—examined the whole question from a scientific point of

view. As regards our (the BohuslJin) fisheries, it was scarcely possible

to suppose that the so-called "new herrings" were spring-herrings which
only visited our coast after having spawned, as the well-known char-

acteristics of the "new herrings" prevented their being considered as

spring-herrings whi<3h had but recently done spawning. It was there-

fore supposed that they were old and young fish which would not spawn
till the following winter, and which during the preceding autumn would
keep nearer the coast than the spring-h6rrings, which latter would, when
going to their new spawning-places in the outer deep coast-waters,

drive the "new herrings" towards the coast. But Sars has failed to ex-

plain why such a "driving-in" of great masses of "new herrings" did

not take place during the preceding period when the herrings came to

the coast for the purpose of spawning. It is tolerably certain that these

so-called "new herrings" are, to a great extent at least, such fish as
have not yet reached the age when they are capable of spawning ; but
as this would not apply to the great mass of the herrings, the supposi-

'* See ^. Strom '' Sammenligning imellem de Norslce og Svenske Fiskerier" (Comparison
between the Norwegian and Swedish fisheries) in Dansk Museum, Jannary 1782, p. 7,

9-11, where he supi)08es that the aboYe-mentioned Bohusliiu herrings are the young
of the spring-herrings which have emigrated from the Norwegian coast, and are there-

fore the same as those which at that time were in Norway called "winter-herrings."
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tion gained ground that the herrings only spawned every other year, an

opinion to which I cannot give positive assent, at least to such an ex-

tent as would be necessary.

In comparing the above-mentioned i^orwegian and the Bohuslan fish-

eries (the latter having for theii' object herrings which come to the coast

for a totally different purpose than spawning), it will soon be found that

the phenomena are very similar, and that the spawning-herring fisheries

are immediately followed by a longer or shorter period of new-herring

fisheries ; and I have even been led to suppose, leasing my opinion on

the development of the last great Bohuslan herring -fisheries, that all

great herring-fisheries, at least in Bohuslan, are not only followed but

also preceded by a similar period of " new-herring" fisheries. By this

term as well as by the term " period of spawning-herring fisheries," I

understand, of course, only separate portions of one and the same great

l^eriod of herring-fisheries ; and as the intervals between two such great

periods on the coast of Bohuslan generally last from sixty to one hun-

dred years (an average of seventy), these intervals would be shorter on

coasts which are nearer that part of the ocean where the herrings chiefly

find their food, for instance, the western coast of Norway, and possibly

in very favorable localities almost imperceptible. It is evident that the

"new-herring fisheries" are much less certain than the "spawning-her-

ring fisheries," which is very noticeable on the west coast of Norway.

It is also my opinion that the " new herrings" on the west coast of

Norway belong to an entirely difl:erent race of herrings from the Nor-

wegian spring-herring,'^^ and that they may possibly be identical with

those herrings which i^eriodically visit the coast of Bohuslan. The cir-

cumstance that the "new herrings" were not generally seen during that

part of the fishing-period when spawning-herrings were caught, such as

was the case during the Norwegian spring-herring fisheries, is said to be

owing to the weaker " new herrings" ha^ing been chased by the stronger

spawnersto those regions which these had formerly occupied themselves.

According to this supposition it would seem impossible that great

spawning-herring fisheries could be going on simultaneously on the

coast of Bohuslan and on the western coast of Norway ; but quite likely

that those herrings which during autumn have visited the coast of

Bohuslan for the purpose of spawning, visit the west coast of Norway

later in winter as "new herriugs" or " winter-herrings."

These suppositions of mine do not claim any higher scientific value,

but may nevertheless prove useful by possibly directing attention to

the necessity of collecting and combining facts relating to the history of

the herring-fisheries much more than has been done hitherto.

52. After having thus briefly mentioned the different theories regard-

ing the migrations of the large races of herrings and the i)henomena

which characterize the large fishery-periods, we must mention the nu-

^^ Compare, however, the above-mentioned entirely different opinion regarding the

relation of the "winter-herring," communicated by H. Strom.
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meroiis attempts to find tlie causes of tliese migrations; tliis is prob-

ably the most difficult and most violently disputed part of the whole

herring-question. As these fishery-periods have been most distinetly

marked by long intervals on the coast of Bohusliin, as there they have

caused the greatest economical revolutions, and as consequently they

are better known, having at au early period been made the subject of

scientific investigations, a brief review of the successive views regarding

the causes of the cessation of the last great Bohuslan fisheries will be

in place here.

When the great herring-fisheries came to an end in the year 1808,

and many men experienced heavy losses, causing great want and sulier-

ing on the coast of Bohusliin, it was quite natural that in Bohuslan, at

least, peoijle began to think seriously about the causes of this great mis-

fortune and about the possibility of retrieving it. Wheu by dii'ect ob-

servations it had been ascertained as an undeniable fact that the so-

called "old herrings" had really left the Skagerack, the opinion gained

ground among the more educated classes that the herrings had been

chased away by destructive fishing, by noise, and by the great quantities

of refuse from the oil-refineries which had been thrown into the sea ; this

opinion was publicly expressed in a pami)hlet published in 1822 by Mr.

Svenssoti, the proprietor of large salting establishments. This as well as

the repeated demands for subsidies from the state to promote the fish-

ing interests and help the imi)overished fishermen finally induced the

government to order a scientific investigation ofthe whole matter. This

investigation was entrusted to Prof. 8. Nilsson, who during the summer
seasons of 1826, 1827, 1832, and 1833 visited the coast of Bohuslan. In

his reports he gave his above-mentioned opinion as to the cause why the

herring-fisheries had come to an end. But when he proposed, in order

to help the Bohuslan herring-fisheries, that fishing with close nets should

be prohibited and in its place fishing with stationary nets having wide

meshes should be introduced, his general views began to be opposed,

especially the one that the herrings should have been driven away by
too much fishing, which last-mentioned idea people thought they could

traceinhis report for 1828. Professor iV(75'S0?i replied that his expressions

had been entirely misunderstood, that he had never " either entertained

or expressed" such an "unreasonable idea." During the conferences

with a number of fishermen which were held in the year 1833, the opin-

ion that the herrings should have been driven away by too much fish-

ing, by noise, or by impure water was strongly opposed. When the

above-mentioned causes no longer found favor, the opinion gained
ground that the fisheries had come to an end through the use of close

nets, an opinion which found some support in an " ominous" expression

of the distinguished ichthyologist Mr. BlocJi. This opinion was not
directly submitted to the criticism of the coast population, and con-

sequently remained in favor for some time, but was finally also aban-
doned.
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Thus one opinion followed the other, and finally it was maintained

in a somewhat dictatorial manner that in all these causes which had
been assigned for the cessation of the fisheries there was at any rate

some particle of truth.

53. In other places, likewise, where the herring-fisheries had ceased

or had decreased, the question as to the causes of this phenomenon had
become the subject of discussion, and various explanations were at-

tempted, all of which were also api)lied to Bohuslan. None of these

explanations, however, gained general favor ; they were, nevertheless,

subjected to a thorough criticism by MacCulloch, Kroyer, Loberg, Axel

Boeclc, and others. In spite of this they continued in one shape or the

other to be believed and contradicted, and even in our own times at-

tempts have been made to solve the problem by following some of these

old-fashioned ideas. There are, besides, quite a number of modern ex-

X^lanations or suppositions which explain the phenomenon by purely

natural causes, whose value cannot yet be determined, because these

natural causes are not fully understood. Explanations have, however,

been attempted, not only by such more or less probable causes, but

even by myths or entirely accidental circumstances. The desire to find

the causes of all natural phenomena is deeply implanted in human na-

ture, and wlien science or ingenuity is unable to find these causes

people will resort to accidents and myths. Only those persons, however,

who are of a strictly critical and thoughtful nature, and who, conse-

quently, both appreciate the difficulties and are but too well acquainted

with the defects and the limits of human knowledge, will feel inclined,

at times at least, to give up all hope that the question will ever be satis-

factorily answered.

54. In examining, however, all the causes which have been assigned

for the cessation of the fisheries, we find that they may be arranged

under three heads. The first of these embraces mythical or accidental

causes ; the second, causes produced by human agencies ; and the thirdj

biological and physical causes.

A.

—

Mythical and accidental causes

:

1. God's wrath on account of the abuse of his gifts, human godless-

ness and ingratitude, Sunday fishing, refusing to pay tithes to the

clergy, &c., or dissatisfaction with the laws and regulations made
by the government, &c.

;

2. Magic
5

3. Spilling of blood

;

4. Cruelty shown towards the herring

;

5. Using herrings as manure

;

G. Occurrences which accidentally took place at the same time when
the herrings disappeared, such as conflagrations on the coast, the

erecting of new light-houses, &c.

;

7. Neglect on the part of the whales and other so-called '^ herring-

hunters " to drive the herrings towards the coast
j
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8. The capriciousness of the herring or its innate instinct independ-ent of outward circumstances.

^
B.~Causes produced hy human agencies

:

1. The gradual destruction of the herrings by

:

a. too much fishing, and more especiall/b*y catching vouns her-rings in close nets, ^
I. preventing the herrings from reaching suitable spawning-places
c. destroying the spawn, or * r^^-ces,

.Z destroying the places where the young fish are accustomed toseek food and shelter

;

2. The gradual expulsion of the herrings from the coast-waters by
a. noise, -^

•

1). too many fishermen,

.disturbing methods of fishing, especially fishing with floating
nets too early m the season,

*=

d. disturbing the spawning-process,

'
tkf™terf

""" '""""'"S-Pl^««« "y fl'-W"?« aiwiDg refuse into

'
oftfift,e re^^

"" '"^ ^'»"''"' - t-^'-'-B- ^te and ,m
g. making the water impure by refuse from oil-reflneries, &c

ing"placef;
*"' ^'""°' "'""" ^"'"^ ""O'^turbecUy to their- spawn-

' itrt rerrin^r'
'^''"'»" ""'^ ^"^ -'-^»-* --''^ "^

C

—

Biological and physical causes:
1. Gradual destraction of the herrings by unfavorable weather an

IXffooTrr '"' "™''" "''-'''''-'''' ""^ -^"^^o^^-™

2. The forced exp.dsion of the hen-iugs from the eoast-waters by
«. the mcreasmg number of flsh-of-prey and birds-of-prey,
h. the lack of food, ^ ^'

c. a change in the nature of the coast-bottoms, making them unfit

'•tfei"f>:rii";i:Styr'^'*"'''"^*'"
^"" '""'*'"'^"" --<•'«»---

SS^'lfwin'^""^',"",""*'
'" ^° *"'' ^'"' f™-" '^"^ «"''«* i" search of food,

less nulbe nfT f
* "''"'''''y '" '"^ '^»' fr«1"ently a greater or

to ,r,r ' above-mentioned causes have been combined in order

I tSnto?hfr'" '*"'• ^"^ ""' " "^^—-y to gfv mat
thev have ?o „ 1 f "™'»>ied under the first headiug (A), although

hey,^li^™tH.',,T v""?*'"""''
™'^'''' *''« ^^e""" Heading (B),tuey m,,ht practically be dmded into two subdivisions different from
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those mentioned above, tlie first embracing all those causes based on the

idea that the herrings were either destroyed or driven away by human
agencies, and the second embracing all those causes based on the idea

that the herrings had been forced to leaA^e the coast from lack of food.

The causes mentioned under the first heading have, generally speaking,

not met with universal favor, many of then defenders being led by ill-

concealed feelings of envy ; and the causes mentioned under the second

heading are generally in direct opposition to the first. Strange to say,

the method of explanation which has recently been adopted by G. C.

Cederstrom has seemingly met with some opposition by the knowledge

which we have gained concerning the great Bohuslan herring-fisheries,

that those fishing-periods lasted longest during which fishing was car-

ried on with the greatest zeal, whilst those were shortest during which

fishing was neglected." It ought scarcely to be necessary to refute this

theory, and as far as the above-mentioned theories of explanation are

concerned, we may point to the, generally speaking, reliable opinions of

the authors mentioned before (53). It must be granted that the influ-

ence of human agencies on small fisheries may be noticeable ; but their

influence on the great herring-fisheries is doubtless exceedingly small,

and can in no wise be the cause of such phenomena as the cessation

of the great herring-fisheries. At the present time it is very rare to

find any scientist who still holds to the old and fully refuted opinions.

50. The biological and physical causes doubtless deserve more atten-

tion. With regard to them a distinction may be made between the

theory that the herrings are periodically destroyed and that they leave

the coast during long intervals. KrUyer has mentioned that if a school

of herrings is by unfavorable weather compelled to spawn in unsuitable

places for several years in succession, it may be entirely destroyed or

at least be diminished to such a degree that the fisheries must come to

an end. Later, G. C. Cederstrom has thrown out the hint that unfavor-

able outward conditions had towards the end of the last great Bohuslan

fishery-period decimated the herrings and thereby brought about the

end of the fisheries. All the suppositions, however, cannot explain the

periodicity of the great herring-fisheries ; for these fisheries, as, among
the rest, has been said by H^filsson, Loberg, and Boecl; have come to an

end, not from lack of herrings, but because the herrings left those regions

where they had been accustomed to come. If this were not the case a

gradual decrease in the number of herrings ought to have been noticed

towards the end of a fishery-period, but nothing of the kind has ever

been observed. There is far greater probability in the supiDosition that

from some outward causes the herrings have been induced to periodic-

ally leave those regions which for a long time they had visited regularly.

The most prominent among them is this, that the herrings shoidd have

"This supposition is by some people harmonized even with the actual deterioration

in the quality of the herrings which undoubtedly takes place towards the end of a

fishery-period.
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been driven away by the increased number of fish-of-prey and birds-of-

prey. This originally popular explanation is quite old, and has been
mentioned in a somewhat fault-finding manner by Diibh, and has been

attacked by Axel Boeck, but has, nevertheless, quite recently (in the

"Book of Inventions") found a scientific champion in Prof. F. N'. Stnitt.

He expresses himself regarding the causes of the periodicity of the her-

ring-fisheries as follows : "In all probability it is chiefly to be sought in

the common occurrence that when a race of animals which serves as

food for others, under peculiarly favorable circumstances increases in a

very marked degree, it also attracts more enemies, which increase in

number in ijroportion as the quantity of their food increases. The
weaker gives way to the stronger ; the herrings, therefore, seek new
spawning-places which afford better protection. When on the other

hand the fish-of-prey and birds-of-prey do not find the same quantity of

food, they diminish in number. If, therefore, a new race of herrings

comes to the old spawning-place and again finds its condition favorable,

they may increase at a very rapid rate." According to this explana-

tion all herring-fisheries ought to be periodical, for there is scarcely a

region where the herrings are not exposed to enemies ; but such a com-

plete periodicity as is here spoken of will only be found with very few

herring-fisheries. Nor do we find in any fishery-period an uninterrupted

increase in the number of the enemies of the herrings. Thus there

were rich shark-fisheries on the coast of Bohuslan immediately before

and in the beginning of the great herring-fisheries of the sixteenth cen-

tury ; and it is well known that in Scotland and other places the sharks

and other powerful enemies of the herrings are very irregular as to the

number in which they occur ; this is easily explained, as they cannot for

their food rely entirely on the herrings, which only visit the coast for a

short time every year, because they need rich food all the year round.

Very erroneous ideas seem to be entertained quite generally regarding

the occurrence of fish-of-prey during coast-herring fisheries, and their

dependence on such fisheries. These fish-of-prey, which otherwise are

scattered over a large area, gather in dense schools during the herring-

fisheries, and are, therefore, noticed more than at other times. Some of

these fish-of-prey chiefly depend for their food on the fisheries, and the

herrings are by no means as easy a prey as is generally supposed. It

will, therefore, be clear, that according to this theory the enemies of the

herring ought to increase in proportion as the mass of herrings increases,

whereby the herrings would again decrease. This generally takes place,

so that the unusual increase of one or the other kind of fish is soon neu-
tralized again. If, therefore, an increase in the number of fish-of-prey

were the cause of the herrings moving away from the coast, some cause
ought to be assigned explanative of the very strange disturbance of the
natural balance between the number of herrings and that of theii- ene-
mies. And this cannot be done, at least if Professor Stnitfs supposition
is correct, that when the herrings under favorable circumstances increase

14 F
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very rapidly, the same should also be the case with the fish-of-prey.

But on the other hand we seem justified in supposing with Kroyer and

JV^ W. Mahn, that a decided increase or decrease of fish-of-prey may
cause a temporary decrease or increase of the herrings at least in some

of the smaller herring-fisheries.

57. Lack of food has likewise been considered as a cause why herrings

have gradually left a coast. Leemoenliock already has considered the

varying quantity of food as the ijrincipal cause why herrings changed

their place of sojourn; but, as far as I know, this idea did not become
general untn the question of oU-refuse was discussed during the last

great Bohuslau fisheries ;
'''* and when the herrings had ceased to come

to the coast of Bohuslau, a gradual decrease in the quantity of food was
assigned as one of the causes of this misfortune. This last-mentioned

opinion has, so far as the Bohuslau herring-fisheries are concerned, been

embraced by Prof. Q. 0. Sars. K we now suppose, with Professor 8mitt,

that the revival of the great herring-fisheries is owing to the accidental

arrival of a new "race of herrings," which increased at a rapid rate, it

is reasonable to suppose that this rapid increase produces lack of food,

and this explanation will seem more plausible than an increase in the

number of flsh-of-prej^ from the same cause. But even then it will be

difficult to explain why not all herring-fisheries are periodical, which is

certainly the case only with a few. This periodicity ought also to be

particularly noticeable with those herrings which come to the coast for

the purpose of seeking food, which is by no means the case. The theory

that the periodicity of the herring-fisheries is dependent on the varying

quantity of "herring-food," has been further developed by Prof. G. 0.

8ars, who supposes that the herrings are obliged to seek their food in a

certain regular order at a greater or less distance from the coast. By
means of this supposition, he endeavored to prove that the iTorwegian

spring-herring fisheries are not periodical in the proper sense of the

word, but that the occasional decrease of these herriags, or their staying

away entirely, is caused by the circumstance that at times these herrings

had to seek their food so far out at sea that they could only come to the

coast late in the season. They would, consequently, have to spawn im-

mediately on the very outermost bottom. The fisheries would, there-

fore, be short and insignificant.'^^ The circumstance that the Norwegian

summer-herrings continue to be very flourishing has also induced Pro-

'•» About the same time, Prof. M. Strom had directed attention to the circumstance

that the ''herring-food" may be found in a i)lace one year and stay away the next,

and that the herrings would consequently have to follow it uj). Strom also mentions

that the small crustaceans, which princiiially compose the "herring-food," prefer the

currents of the sea, and that the varying direction of those currents may also cause

the crustaceans to change their x>lace, and conseqiiently produce new migrations of

the herrings. The wind may also have a good deal to do with all these changes.
''^ According to Axel Boeck, it is an old opinion in Norway that the herrings, in the

intervals between the great fishery-periods, have not left the coast, but have only

transferred their spawning-places to inaccessible bottoms. This opinion has, however,

been almost entu-ely abandoned at the ]iresent time.
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fessor Sars to opi^ose the general opinion that a period of spring-herring

fisheries had recently come to an end. Although it has not been suffi-

ciently proved by actual observations that the spring-herrings do no
longer si>awn in their usual places, this seems scarcely probable; and
this explanation would in no wise be applicable to the great Bohuslan
herring-fisheries, which, as far as known, agree with the Norwegian
spring-herring fisheries in all essential points. From the circumstance

that the summer-herring fisheries continue to be just as productive (and
occasionally even more so) as during those years when there were stiU

spring-herring fisheries, no such conclusion as the one mentioned above
can be drawn with regard to the latter; for it does not follow that, be-

cause the spring-herrings have left their old spawning-places, the sum-
mer-herrings should also leave the western and northwestern coasts of

Norway; nor does the fact that the summer-herrings remain prove that

the spring-herrings must do the same.^*^ Professor 8ars seems also to

be somewhat undecided with regard to his theory, for he has at a later

time, in accordance with a very general opinion in Norway, exjiressed

the idea that there is a direct connection between the Norwegian spring-

herring fisheries and the great herring-fisheries. The above-mentioned

opinion of Professor Sars may, however (as will be shown below, 63),

be developed so as to become more generally applicable ; and it is, there-

fore, not impossible that this very opinion contains the germ of a final

solution of the problem regarding the migrations of the great shoals of

herrings.

58. Intimately connected with this question is the explanation of these

migrations from i^hysical causes. The opinion is very old that changes

in the physical conditions are the i^robable cause of the periodicity of

the herring-fisheries. The learned and thoughtful Prof. R. Strom began
already to see the error in the usual method of explaining the periodical

cessation of the herring-fisheries by human agencies, and endeavored to

explain the greater or less quantity of herrings, and even the fact of

their leaving the coast entirely, by physical causes.'"^ He mentioned, for

instance, that the rich spring-herring fisheries which took place during

his stay at Sondmor occurred at a time when the weather was very un-

favorable to agriculture, causing a total failure of the crops, and that

such failures are generally indicated beforehand by the frequent occur-

rence of a fish—the horngiidda—which generally lives in more southern

regions. Dr. P. Buhb likewise supposes that changes of weather and cur-

rent are the true cause of the periodical coming and going of the genuine
"sea-herrings" on the coast of Bohuslan. Ekstrom has explained the
circumstance that on the coast of Sodermanland the herrings are more

^6 See 45 ; also, H. Strom, Sondmor, I, p. 468 ; Dansk Museum, January, 1782, p. 3-4

;

A. Boeck, Om Silden, p. 130 ; A. V. Ljungman, Frelimindr lerciUeJse for 1873-74, p. G.
'" H. Strom, Dansh Museum, January, 1782, p. 3-9. In this passage lie points out that

changes in the condition of the ice near the North Pole probably cause the periodicity
in the migrations of the herrings.
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frequent than ou the coasts of Stockholm and Oestgota, by the diftereut

direction of the wind prevailing daring the time when the heniugs come
near the coast. In the seventeenth volume of the Encyclopaedia Britan-

nica (last edition) the irregularities in the visits of the herrings to the

west coast of Scotland have, in accordance with the o^>inion of Pennant
and JIacCulloch, been exjilained by well-known changes in the Gulf
Stream, w^hich changes should cause the herrings, which always seek an
even temperature, to change their old places and seek new ones. This

opinion has recently been taken up by FranlBackkind. Prof G. 0. Sar^

has finally endeavored to prove that periodical changes, connected with

the movement of the great herrings towards the north, probably take

place in the currents of the sea on the northern coast of Norway. He
thinks that these changes are indicated by the periodical occurrence of

wood, &c., washed ashore from foreign countries, and maintains that his

theory of the "herring-food" being found at ditferent times at different

distances from the coast presupposes regular periodical changes in the

currents of the sea.

59. After haviug given the above historical review of the different

theories regarding the biological or physical causes of the periodicity of

the herring-fisheries, it remains for me to indicate the manner in which

I have further developed these theories during the last five years. I

started with an in^'estigation of the question, "Which fisheries are pe-

riodicall}" regidar, and which not"; and I have found that only very

large fisheries canied on near the coast and dei^endent on the propagat-

ing instinct of fish are periodically regular. From this I have drawn

the conclusion that it is the numher of a race of herrings which chiefly

causes them to periodically change their spawning-x)laces near the coast.

Other fisheries show irregularities with regard to the coming of the her-

rings, but no periods marked by a complete cessation of the fisheries and

^J regular changes. Thus the Norwegian summer-herring fisheries owe

their existence to one or several large races of herrings ; but, as far as

known, they are not periodical. This seems also to be the case with

those fisheries which are carried on in the open sea at some distance

from the coast, where the fishermen follow the lierrings to their spawn-

ing-places. Oiu' knowledge of these herring-fisheries, however, is very

incomplete, for we know very little regarding the quality of the herrings

and the possible changes of time and place.

The races (or schools) of herrings may nevertheless practically be

divided into large and small ones, the line between the two not being

very sharply drawn. And the very fact of certain races of herrings

being large has led me to explain the periodicity of the herring-fisheries

ui two diftereut ways, which I shall give below.

60. The enormous numbers in which the large races of herrings make

their appearance must doubtless (especially when they select a limited

extent of coast for their spawning-place) produce a great change in the

natural condition of the coast-waters, both by their furnishing food to
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numberless marine animals, and by their consuming a large quantity of

food. This change may fmnllj- become so marked as to make these

waters unfit for spawning, at least for a large race of herrings. The only,

and nearly always sufficient, protection of the herring in its combat for

existence is its fecundity; and although we must acknowledge, with

Kroyer, that " danger does not put the herrings to flight, and that noise

does not scare them away, but that their instinct points out the way they

have to follow," this very instinct would naturally lead them to leave

spawning-places which are no longer fit for spawning and seek new ones.

It will therefore be clear that in proportion as the extent and nature of

the spawning-])laces no longer correspond witli the size of the race of

herrings, the influence of this size will make itself more and more felt,

and produce a change of time and place in the fisheries.

In order to judge the probability of this theory it will be necessary to

find out how the above-mentioned regular changes of time and place of

the herrings' visits to the coast can be explained by it. When a large

race of herrings is compelled to seek another and distant spawning-place

(in the case of Bohuslan, a more easterly one), they will, in consequence,

come later in the year; but if they extend their "hunting-excursions"

so as to come a little nearer, or the spawning in a still undisturbed

spawning-place occupies less time, they may come earlier, and after hav-

ing spawned, return earlier to their former district. Thus the herrings

would gradually come earlier and extend their visits to other parts of

the coast (in Bohuslan farther south) until they have brought their " hunt-

ing-district " as near the coast as i^ossible. As this was really the case,

and as the farthest spawning-places (in Bohuslan those on the southern

coast) were disturbed, the herrings were compelled to seek their spawn-

ing-places nearer and nearer to the point where they first approached

the coast (in Bohuslan farther north). The search for spawning-places

took up some time; the herrings consequently came later and also left

the coast later. They therefore also arrived later at their "hunting-

grounds," and left the grounds later for the purpose of spawning. In

proportion as they reached the "hunting-grounds" later, they would
have to advance farther (that is, farther nortli) into these, because they

would arrive in a more starved condition, and therefore require more
food, which could only be obtained by scouring through a larger extent

of water. The circumstance that during the last great Bohuslan fishery-

period the herrings irregularly visited the southern, central, and northern

coast, is easily explained by the fact that they did not come to the coast

for the purpose of spawning, and that they always waited for some time
outside the coast before coming nearer.

61. This theory of the successive disturbance of the spawning-places
may possibly also explain the more incomplete periodicity which, as an
experienced fisherman informed me, is noticed in the Sound and in the

Great Belt, where the herrings seem to alternate between eastern and
western spawning-places, so that one year there is good fishing in the
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Sound and the next year in the Grreat Belt.'^ A sknilar alternation,

although, of course, on a much larger scale, might well be supposed to

take place between the eastern and western shore of the North Sea.'^

62. At the first Scandinavian Fishery-Exposition held at Aalesund in

1864, Axel Boeck is said to liave advanced the opinion that the end of

the last Bohusliin fishery-period was contemporaneous with the recom-

mencement of the Norwegian spring-herring fisheries, because the Bo-

husliin herrings had transferred their spawning-places to those banks in

the North Sea which the spring-herrings had been accustomed to visit

during those years when the spring-herring fisheries had ceased. The
spring-herrings, therefore, on finding their spawning-places taken up had
returned to the west coast of Norway. Afterward Boecl; it seems with

good reason, abandoned this opinion, but the attempt to connect the

migrations of two great races of herrings with each other nevertheless

deserves attention. The same opinion has been entertained by otlier

writers both before and after Boeclc. When during the last winter

a race of herrings, similar to the " new herrings," visited the coast

of Bohusliin, I expressed the opinion that these herrings had been

forced to give way to the Norwegian spring-herrings, which about ten

years ago had begun to leave their old spawning-places on the west

coast of Norway. However this may be, it cannot be doubted that the

movement of one race of herrings has an influence on that of other

herrings, although this influence may by no means be instantaneous.'^"

It is clear that the coming in of larger masses of herrings in one and the

same place, though at different seasons of the year, will essentially

increase the influence of the disproportionately large races of herrings

on a limited extent of coast-waters. It may also be possible for a race

of herrings to be driven from its territory by a larger and stronger race,

especially if the latter finds its territory too limited in proportion to its

size.

This explanation has also opened out new views by api)lying it to the

distinction made between the " new-herring fisheries" and the '' spawn-

ing-herring fisheries " properly so called, for to some extent, at least, it

may explain the fact that '^ new-herring fisheries " both precede and close

a large fishery-period. It also facditates the explanation of the regular

changes of time and place in the visits of the herrings during a fishery-

'8 Although it has not heeu fully proved that such a mutual periodicity exists between

the herring-fisheries in the Sound and the Great Belt, this whole matter deserves atten-

tion and ought to be investigated.

'3A fact which may well be connected with the migrations of the herrings from the

western to the eastern part of the North Sea, is the cessation of the otherwise regular

whale-fisheries near the Faroe Islands from 1754-1776. But this fact, like the great

migrations of the herrings in the North Sea, may bo explained by supposing that the

fish moved in a northern and southern instead of an eastern and western direction.

80 Even herrings of different age, though belonging to one and the same race, may
thus have to give way to each other, aud the proposed method of explanation maybe
applied to the different theories regarding the relationship and maturity of the " new
herrings " advanced by H. Strom, G. 0. Sars, and myself.

i
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period. The chief difficulty consists in finding a '^primus motor'''' or the

original cause wbich makes the great races of herrings move ; and until

a better explanation is found I would assign as this cause the change of

biological conditions produced by the great size of a race of herrings,

and a supposed periodicity of meteorological and hydrological causes,

and possibly a combination of both.

63. The other and perhaps simpler way of explaining the periodicity

of the herring-fisheries by the size of the race of herrings, may be reached

by considering the very evident effect of this cause, viz, that the herrings

are compelled to seek their food on a larger territory, farther from the

coast, and more dependent on the changes of weather and current ; and
here Prof. G. 0. Sars^s theory regarding the visits of the herrings at dif-

ferent times during a fishing-period would come in well. In accordance

with this theory it might well be supposed that the herrings would finally

have to seek their food at such a distance that they could not reach their

old spawning-places at the right time, but would have to select other

spawning-places which were within easier reach. But as the herrings

chiefly live on small crustaceans floating about in the water, we must, in

following this theory, suppose a change in the occurrence of this " herring-

food," which could scarcely be explained except by a periodicity of the

currents and by the changes in the weather which principally jiroduce

this periodicity. No one has so far, however, been able to show the

existence of such a periodicity, although it has been supposed to exist,

and although there are facts which jjoint in this direction. This hypo-

thetical explanation is, therefore, nothing but a further development of

the old opinion that the periodicity of the herring-fisheries is caused by
physical changes, and its chief merit consists in indicating by the very

point from which it starts the cause why not all herring-fisheries are

periodical in consequence of these changes.

It will be clear, liowever, that this explanation can easily be harmo-

nized with the regular changes of time and place in the so-called "land-

ing " of the herrings, and this consideration should by no means be lost

sight of. When the herrings are near the coast they can also land sooner

and go farther along the coast (in Bohusliin and Western Norway farther

south) than when they are far from the land in the open sea. Eegular

changes in the one will, therefore, also produce regular changes in the

other. It will be more difficult, however, to explain in this way the ex-

ceptions from this regular course of changes in the fishery during a

fishery-period. And such exceptions have occurred both during the last

Norwegian spring-herring fisheries and during the latter part of the last

Bohuslan fisheries. This theory may also be further developed by com-

bining it with the other theory that the one race of herrings has to give

way to the other so that the great races of herrings would be uninter-

ruptedly moving backward and forward.

64. If, as I have supposed, two great herring-fisheries should be inti-



216 EEPORT OF COMMISSIONER OF FISH AND FISHERIES.

mately connected with each other, it must also be supposed that the

regular changes of time and i)lace are likewise connected. The later

arrival of the herrings in a more northerly place than usual would indi-

cate the near end of a fishing-period in one case as an earlier arrival in

a more southern place in the other.

65. The tavorable conditions on which the development of a great race

of herrings depends are only found on a coast which is near the open
sea. The great race of herrings which has periodically visited the coast

of Bohuslan can scarcely be supposed to have developed there (at least

not under conditions like the present), and the greater distance from the

sea (and more especially from the Polar currents with their abundance

of "herring-food") is doubtless the chief cause why the Bohuslan fishery-

periods are more distinct, shorter, and separated by longer intervals than,

for example, the fishery-periods of Western iNl^orway. The same cause

might also explain the fact that the sea-herrings for a number of years

came sooner to the western coast of ISTorway than to the coast of Bohus-

lan, and that the space of time between the earliest and the latest arri-

val of the herrings near the coast was so much greater during the last

Bohuslan than during the last West ISTorway fishery-j^eriod.

Another cause of the relative shortness of the Bohuslan fishery-peri-

ods may be found in the circumstance that, as the herrings belonging

to the coast of Bohuslan spawn in spring, this season is the most suit-

able for spawning on this coast, whilst in the Kattegat, the Sound, and
the Belts autumn is the more favorable season. As the sea-herrings

which visited the coast of Bohuslan during the great fishery-periods

chiefly spawned in autumn, it must be supposed that during their visit

to the Skagerack they were compelled to spawn under comparatively

unfavorable conditions, especially as regards the newly hatched young
ones. This may, to some extent, have induced them to seek other spawn-

ing-places sooner than would have been the case otherwise. It is also

quite likely that the coast of Bohuslan, towards the end of the fishery-

period, when the herrings did not come in till December, was less invit-

ing (at least for those herrings which spawned during winter). This may
also have been caused by unfavorable weather. If, as Axel Boeck has

shown, a temperature of the water of + 3° 0. (37.4° F.) is not injurious to

the herrings, it does not follow that this is not the case with a lower tem-

perature accompanied by the formation of bottom ice. As most of the

spawning-i)laces on the coast of Bohuslan are located in shallow water,

the cold must produce far greater changes in the temperature of the

water than in the spawning-places on the western coast of ll^orway, which
are located in deeper waters and are exposed to a much more powerful

current of the sea with a far more even temperature. Too little atten-

tion seems to have been paid to the great injuries which several closely

following severe winters must have inflicted on the spawning-places of

the herrings. This unsuitableness of the coast of Bohuslan as a spawn-
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ing-place for a great race of herrings wliich are accustomed to si)awn iu

winter, would be another reason for opposing the idea tliat the Nor-

wegian spring-herrings had alternated their visits between the coast of

Bohusliin and the west coast of Norway.**^

06. For the sake of comparison and coini>leteuess, we nmst also give

an account of those circumstances which haxe been assigned as the

causes of the disappearance or diminution of fish in localities where they

liave been observed for a long time. Among the causes which have been

mentioned, the following are the principal ones: Ujndemics among the

fish, changes in the nature of the icater or of the bottom by volcanic erup-

tions or by the accumulation of mud (caused, among other things, by the

increased denudation of the coast consequent upon the destruction of

the forests), and steamboat traffic.

In carefully examining the rich literature on this subject, it will be

found that of all the causes which have been mentioned as having an

injurious influence on the fisheries, only the following have been more
generally accepted: Excessive fishing, fishing with destructive apparatus^

destroying the vegetation of the bottom, the eggs, and the young ones,

'preventing the fish from reaching their spaivning-places, impure or turbid

rcater, fish-ofprey, and, finally, lack of food [whicli may be caused by
human agencies).

Among those fish whicli, like the herrings, have either entirely or to

some extent left places where formerly they have been very common for

longer or shorter periods, we may here mention the following North Sea

fish: The codfish, the haddock, the mackerel, and the shark. On the

northeastern coast of America there are a number of fish of which the

same is known. It thus appears that just the most important sea-fish

are quite irregular in their coming and going, and, unfortunately, our

knowledge of the causes of this phenomenon is exceedingly limited.

Not only our scientific but also our historical knowledge of these fish,

and especially of the herrings, is so limited that at x>resent there is very

little hope of having this scientific problem satisfactorily solved in the

near future. Such a work requires not only a most extensive biological

and i)hysical knowledge of our waters, but also a thorough acquaintance

with the history of the different fisheries. It is greatly to be lamented

that Axel JBoeck^s premature deatli put an end to the important study of

the history of the Norwegian herring-fisheries, to which he had devoted

himself for several years, and that the rich material which he had col-

lected for a history of the Scotch and Dutch herring-fisheries has not

been worked up. It is quite likely that this material, properly worked
up in a scientific manner, would furnish many and important contribu-

tions towards the solution of the problem regarding the migrations of

the great races of herrings.

8' It is entirely different, however, with those sea-herrings that visit the coast of

Bohuslan or the west coast of Norway during winter for other purposes than spawning.
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From the little that is known regarding the periodicity of the great

herring-fisheries, it will be clear that the periodical coming and going of

the herrings, which on the coast of Bohuslan has been observed for six

successive centuries, cannot possibly be purely accidental, although the

causes of this phenomenon can so far only be guessed at. All attempts

to exi)laiu this phenomenon from accidental causes must therefore be

classed with the mythical explanations.
-' 67. In briefly recapitulating the different scientific theories regarding

the migrations of the herrings, it will be found that they may all be ar-

ranged under the following heads :

A.

—

The theory of a central race of herrings, according to which all her-

rings which are in the world belong to one great central race, from

which all kinds of herrings, both great and small, come. This the-

ory is varied as follows

:

1. This central race of herrings is supposed to live in the ISTorthern

Polar Sea, from which large schools emigrate every year to those

coasts where herring-fisheries are carried on [Anderson, Pennant,

and others).

2. This central race of herrings is constantly moving through the

Northern Atlantic Ocean in a circle, whose extent is regulated by
the declination of the sun (Gilpin).

3. Besides this great central race of herrings living in the I^orthern

Atlantic Ocean, causing the great herring-fisheries, smaller local

races have separated in course of time, causing the smaller coast-

fisheries {Lundheck).

According to the first two of these three theories there would

be no regular migrations, whilst such would take place accord-

ing to the thu-d.

B.

—

The theory of separate races of herrings, according to which the dif-

ferent fisheries are caused by separate races of herrings, each

having its own locality. This theorj^ is varied as follows

:

1. The theory of a coast-race of herrings, considering the herring ex-

clusively as a bottom-fish. This may again be subdivided :

a. Some suppose that there is only one local race of herrings in

every place, which, if not driven away by human agencies, always

stays near the coast. There is consequently no difference between

coast-herrings and sea-herrings, and there are no regular migra-

tions [Mlsson).

1). Others think that more than one race of herrings may occur in

one and the same place. There is consequently a difference be-

tween coast-herrings and sea-herrings, and there areregular migra-

tions ; but the proper homes even of the sea-herrings are the deep

valleys on the bottom of the sea near the coast [Axel Boecic).

2. The theory of a sea-race of herrings, considering the herring as a

surface-fish. This theory is also subdivided :
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a. Some deny the occurrence of more than one race of herrings in

one and. the same phxce, the difference between coast-lierring and
sea-herrings (littoral and iielagiau herrings) and regular migra-

tions {G. 0. Sars).

b. Others maintain that there is a relative difference between coast-

herrings and sea-herrings, that more than one race of herrings

may be found in one and the same place, and that the great

schools of herrings migrate regulai-ly {A. V. Ljungman). ^
68. It is doubtless necessary from time to time to give a review of the

results of the scientific investigations, so as to obtain a suitable starting-

point for new and systematic researches. As the scientific material has
been considerably increased during the seven years since Axel Boeck

published his well-known work '' Om Silden og Sildefislierierne" (The

herring and the herring-fisheries), a new review of this material had be-

come necessary to show the extent and character of our present knowl-

edge, and to present the different opinions on a subject of such vast

economical importance as the herring-fisheries. In endeavoring to con-

tribute my share towards the solution of this important problem, I have
invariably directed attention to the necessar}^ theoretical premises, which,

unfortunately, has often been neglected. In doing this one is less ex-

posed to the danger of being led astray by the false hope of having hit

the right thing in every case; a clearer view of all the points is gained,

as well as a knowledge of the difficulties and of the insufficient charac-

teft" of the means by which these difficulties can be overcome. This will

make us more humble and more cautious, and help us to avoid the proud
certainty which is so often found in older and less critical works. As
it cannot be expected that this in itself most difficult and practically

most important question regarding a part of the biology of the herrings

can be quickly solved by the labor of owe person, it will be necessary

that naturalists who have given attention to this subject should freely

communicate to each other their different theories and the results of

their investigations. The historic review of these investigations shows
how beneficial and indispensable this interchange of ideas has been.

The mere gathering of facts does not lead to any great result. These
facts must be compared and combined into more or less developed theo-

ries, always, of course, remembering that there is a chance of these theories

leading to no results or only to partial results. Theories are frequently

apt to mislead ; but even from the most erroneous theories some useful

truth may finally be developed by constant work and by a continued
purifying and eliminating process. Mistakes play an important part in

the development of human knowledge and lead to greater caution and
thoughtfulness in the future. The very knowledge that something is

not as we supposed at first, is a step forward ; in order that an erro-

neous opinion may be refuted, such an opinion must first have been ad-

vanced. My opinion on this point may also serve as an explanation of

the circumstance that both in this and in former articles I have given
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theories witli whof<e errors I T^'as well acquaintecl, errors chiefly owing

to the fact that all the conditions for a satisftictory develoi)ment of these

theories had not been fulhlled.

If by the foregoing treatise I have succeeded in making the accumu-

lated scientijic material more accessible^ and in directing attention to the ah-

solnte necessity of more complete and more exhaustive scientific investigations

regarding the important fishery-question, my principal object has been

reached.



IX.-THE GREAT BOHUSLAN HERRING-FISHERIES.

By Axel Vilhelm Ljungman.*

Amoug the causes which have exercised a powerful influence on the

material and moral well-being of the population of Bohuslan, the large

periodical herring-fisheries doubtless occupy a very i)rominent place. They
are called periodical, because, as far as known, they have only lasted from

twenty to eighty years, with intervals of sixty to one hundred, or of an

average of seventy years, when the North Sea herrings did not enter

the Kattegat and visit our coasts. We will, for the present, not inquire

into the causes of this i)henomenon, but observe what influence these

fisheries have had on the well-being of our country, and endeavor to

draw certain lessons for the future. We intend to show that these fish-

eries have exercised an influence not so much through the enormous

income derived from them as by the corruption and immorality which

they brought in their train, and by the sudden and radical changes which

they occasioned in the quiet and even development of the resources of

the province.

In considering each one of the fishing-periods separately we arrive

at the remarkable and unexpected result that in course of time these

troubles rather increase than decrease. To prove this we shall give

a brief account of the older fisheries in chronological order, and give

a fuller account of the more recent fisheries.

The oldest date we have regarding the Bohuslan herring-fisheries is

from the reign of Olof " tlie SainV^ (A. D. 1000-1028). The war between
him and Olof ^^Lap-Mng,''^ which prevented the Visigoths from drawing

their usual supply of herrings and salt from Bohuslan, ^ caused th'8 bold

utterances of Thorgny at the general assembly at Upsala in 1020. The
old northern sagas relate that there were considerable herring-fisheries

in Southern Norway, which undoubtedly means the coast of Bohuslan
during the reign of King Sverre, that is, during the second half of the

eleventh century. The data regarding the herring-fisheries which we
have from those remote times are, however, so incomplete and so vague

*Xdgra ord om cle stora bohus-lcinska Sillfiskena. Af Axel Vilhelm Ljungman. Goteborg,
1877. Translated by Herman Jacobson.
The province of Bohuslan has an area of 1,952 square miles and a population (De-

cember, 1876) of 248,024. The chief city is Gottenburg, with 70,000 inhabitants, the
second city of Sweden.

—

Translator's note.

'It must be remembered that in 871 the Norwegian king, Harold " Raarfagre" (Fine
hail'), had united Bohusliin with Norway, in whose possession it remained till 1658,

when it was ceded to Sweden.
• 221
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that all we cau gather from them is the fact that eveu then the herring-

fisheries were carried on only at long intervals, for if they had been going

on uninterruptedly they would certainly have assumed such proportions

as to attract the attention of the authors of the sagas. The conditions

under which such fisheries can be carried on in Bohusliin are so favor-

able, compared with the northern and western coasts of Norway—and
Norway was at that time powerful enough to protect the fisheries during

the short fishing-season—that it would be unreasonable to sujipose that

such had not beeu the case, or that the herrings should have visited this

coast steadily without any considerable fisheries being carried on. But
as in all i^robability the herrings did not come regularly every year, the

Bohuslau herriug-flsheries must have been less important in those times.

This will appear still more probable if we take into consideration the

smaller population, the constant disturbances occasioned by civil and for-

eign wars, and the limited knowledge of j^roper fishing-implements and
of the projjer way of preparing fish for the trade.

The first Bohusliin herring-fishery of any imxjortance has, therefore,

probably been the one which attracted so much attention during the first

part of the thirteenth century, and which is supposed to have begun
towards the end of Kiug Hdkon HakonssonlH reign, that is, in the begin-

ning of the second half of the twelfth century. King Hdkon ''the

Old''"' died in 1262, and in 1257 it seems the fisheries had not yet com-

menced.^ It was only under the reigu of this kiug that the outer coast

of Bohusliin was occupied and cultivated by man, Avhich certainly was
the most essential condition of the development of the sea-fisheries as a

trade independent of agriculture.

Bohusliin, like the rest of Norway, had, during the twelfth century,

reached a degree of civilization, wealth, and population which scarcely

found its equal in the other portions of Scandinavia. The city of Mar-

strand dates its existence from that period (although its excellent har-

bor ha^d before that time become a favorite meeting-place of merchant-

vessels); and the establishment of wealthy convents'' near Brags-

mark seems likewise to i^oint to the importance and development

of this coast. With the convent founded by King Hdlion there was
combined a sort of high school, one of the first of its kind, if not in the

whole of Scandinavia, at least in that portion. This school, during the

following two centimes, became of considerable importance for the whole

country.^ The constant intercourse kept \\\) by a flourishing commerce
between Norway and foreign countries, the great interest taken in litera-

^Couceruiug tliese fisheries see A. Boeck's article: '^Det J>ohusla)if<J:a siUfishmeVs histo-

ria," in "Nordisk Tidsskriftfor Fislceri," I, Copenhagen, 1873, pp. 1-3; and .4. E. HoJniberg

:

"BohuslUn's historia och heskrifmmj." Ucldevalla, 1842-'45. I, p. 80; II, p. 84 ; III, p..

194, 40G. Second edition, Ocrefero, 1867, 1, p. 96. 279 ; II, p. 314 ; III, p. 191. The opin-

ion advanced by the first-mentioned author that these fisheries had commenced long,

before the end of the twelfth century seems, however, somewhat doubtful.

3 Even long before this time there was a similar convent at Kouuugahella.

^Holmberg: Boh itslcia's historia och beskrifning, III, p. 102-108; 2d ed., II, i>..227.
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ture and art, evinced by translations of the master-works of the litera-

tures of Western Europe, and by beautiful buildings, of course contrib-

uted their share towards the mental development of the people. And
as Bohuslan, on account of its favorable location, its wealth, and popu-

lation, had formed an important portion of the monarchy ever since the

beginning of the tenth century, where the kings often resided and where

the nobility gathered, it cannot, as under changed circumstances was

the case at a later period, have been neglected over other portions of

Scandinavia. This period was, in many respects, the golden age of Bo-

huslan, and it reached a degree of wealth and political power which

even the party-warfare of centuries could not destroy entirely. These

civil wars resulted in the strengthening of the royal power and the estab-

lishment of a well-ordered government, which Sweden, for instance, did

not obtain till the reign of Oustaf Yasa (1523-15G0). All this caused the

rich herring-fisheries, which are supposed to have begun about 1260, to be

carried on with energy, in order to utilize the vast masses of herrings

which came to the coast. These herring-fisheries continued without any
considerable disturbance by war till far into the thirteenth century, and

it is not imijossible that there was good fishing off and on till the year

1341. If our supj)Ositions regarding the beginning and end of these

fisheries are correct, which, however, cannot be said with absolute cer-

tainty, this fishing-period must have extended over eighty years or more,

and would, therefore, have been the longest fishing period on record.

From this fishing-period we have the first account of foreigners being

allowed to participate in the herring-fisheries, a measure by which first

the herring-trade and then all the other trade of the country gradually

got into the hands of foreigners, by which Bohuslan lost much of its

importance, which, to a great extent, depended on its shipping and com-

merce. The foreigners who visited these fishing-grounds had certainly

to pay a tax for the herrings which they took away, but it is not known
that any such tax was demanded from the citizens of the country, either

for exi)orting herrings or for the privilege of ijarticipating in the fisheries.

Under the reign of Magnus Hdkonsson, the son of the above-mentioned
king, Hdkon Hdkonsson, in the year 1274, the old provincial laws of Nor-

way were revised and collected in a common law, which is the oldest law
that was ever in force in Bohuslan. Its regulations regarding the fish-

eries are, in the main jjoints, in force in Norway to this very day. As
regards the herring-fisheries, the regulations are evidently taken from
the older laws of Northern and Western Norway,^ and only relate to the

so-called spring-herring fisheries, which are carried on during the winter,

but not to those fisheries which are carried on during the milder season
of the year, and consequently not to the Bohuslan fisheries.

At the end of the q,bove-mentioned fishing-period there followed a
longer interval during which those kinds of herring which chiefly form

5 Hakon Hdkonsson's Law XV, 5. Compare L. M. B. Aulj^rt : "De norske BetsMlder og
deres Anvendelse." Christiania, 1877, p. 36.
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the object of the great fisheries do not seem to have visited our coast.

About the middle of the fourteenth century we find very flourishing her-

ring-fisheries, and on the 15th of July, 1453, Pope Mcholas V urged the

archbishop of Lund, the bishop of Skara, and the abbot of the convent

of Hovedo to protect the right of the priests in the diocese of Oslo to

receive a titlie of all the herrings that were caught against any interfer-

ence of the secular powers.^ But we possess a much more distinct

and important proof that rich herring-fisheries occurred during this

period, in a deposition" made at the district court of Askim, on Tuesday
after St. Botulph's day, that is,the22d of June, 1496, which says, "that

Hvinge and other coasts have from olden times belonged to the Swedish

empire and to the district of Elft'nesborg, no one can question ; and those

who caught herrings there paid a tax at Elftnesborg, as is well known."

We thus must conclude that herring-fisheries had been going on there

which were still remembered, and that the authorities taxed the people

for the privilege of i^articipating in these fisheries. This change of our

periodical herring-fishery to a kind of government fishery" is something

entirely new and unknown in former legislation. In all probability it

may be traced to the foreign tendency and the constant impecuniosity

of the union kings, Avho came from German stock. In Denmark, where

the union kings mostly resided, the rule had been established that every-

thing which did not belong to an individual or to a community belonged

to the king. A circumstance which caused the introduction of such a

herring-tax, or at any rate facilitated it, may have been the popular

notion that the herring-fisheries were a special gift of Providence, for

which gratitude should be expressed to the king as to the representative

of divine power. This last-mentioned idea is doubtless derived from the

pagan idea that the highest priestly power belongs to the king. In ac-

cordance with this idea the Norwegian law granted to the king a certain

portion of the whales which from time to time were driven against the

coast of Norway. Although we have no positive proof that the tax on

herring-fisheries was also introduced in Bolmslan, it is highly probable

that this was the case sooner in Bohuslan than in Vestergotland, unless

the crown claimed this tax at one and the same time in both provinces,

which is the most probable supposition. The royal power was at that

time much more developed in Norway than in Sweden, and it is scarcely

probable that the union kings should have introduced such a tax in Ves-

tergotland and not also in Bohuslan. The herring-fisheries of Western
and Northern Norway were not treated in the same manner, because

they were of a different character, there being no i)eriods when these

fisheries stopped entirely, like those of Bohuslan ; although something

similar takes place in the winter fisheries, the summer and autumn fish-

eries have generally continued without interruption.

" BoecJc in "Hordisk Tidsskrifl for Fiskeri" I, p. 3-4.

'' J. Oedman : ^^Bohusl&ns ieskriftwif)," Stocklioim, 174(5, p. 378-380.

* C. G. Styffe, "Framstdlhting af de s. k. Gnmdregalernas upiikomst ooh iUlampning i

tSverige," p. 266.
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We have no data regardiug tlie time when this Bohuslan herring-fish-

ery of the fourteenth century began or when it ended. We know that

KiugEril', " theFommeranian'''' (1389-1439), asked the English king, Henry
F, in the year 1415, to prohibit the inhabitants of several English sea-

towns from fishing for herrings on the coast of Norway, which privilege

had been granted to them in the year 1294; but it is uncertain whether
this prohibition referred to actual fishing or to general trade—more espe-

cially to the exportation of lumber—which was going on under the pre-

text of herring-fishing.^ Nor is it absolutely certain that this prohibition

referred to Bohuslan, although this is quite probable. The herring-fish-

eries at that time formed a i^retext for Englishmen, and still more for

Dutchmen from the province of Zealand, as well as for Germans, to get

a great portion of the trade of Scandinavia, "and especially Denmark,'^

into their hands ; and the lumber trade was at that time, and even till

Bohuslan was united with Sweden, one of tlie principal sources of income'

of this province. Since King Erili at the same time prohibited the Ger-

mans from fishing in Skane, whilst he granted still greater i)rivileges to

the Dutch, it almost seems as if he had intended that the Dutch should
monopolize the Scandinavian herring-fisheries. They were doubtless

less dangerous than the Germans, who occasionally attempted to acquire

these rights by force.

During this fishing-period the city of Marstrand obtained similar priv-

ilege'fe from King Christopher, '' the Bavarian,''' in July, 1442, and itschurch,

in the year 14G0, was granted a tithe of the herring-fisheries.^" We
mention these facts merely to prove that this city must at that time have-

been in a flourishing condition, which could not have been brought about
by anything but the herring-fisheries. Uddevalla had probably at this,

time likewise gained importance and become a city. Its oldest priv-

ileges, however, date from the end of the fourteenth century.

To this herring-fishery of the fourteenth century the old historian

Feter Clausson doubtless refers in his well-known work ^^Norriges ocom-

liggende Oers sandfaerdige BescriffneJse '' (True Description of Norway
and the surrounding Islands), when he says : "It is said that in former
times there have been very extensive herring-fisheries in Viksidan,^^

which have disappeared by magic, bad men having sunk a copper horse
in the sea and thereby driven the herrings away from the coast ; but
this is only a fable ; for it was the wickedness of men, their abuse of

God's good gifts and their godless life, which caused the fisheries to

cease. This was also the case during the last herring-fishery which the

merciful God gave to Yiksidan in the year 155G.'' Feter Clausson lived

dimng the second half of the sixteenth century.

Concerning this last-mentioned herring-fishery, which commenced about

& See Solmberg, "BokusJiiiis historiu och iesJcrifning," II, p. 14; 2d edition, I, p. 211.

^^Holmlerg, " Bohuslan's hhtona och hcsh-ifnirxj," III, p. 406-408,429; 2d edition. III,

p. 192-193, 212.

11 At tliat time Boliuslan was called " nfeifZa/?,'' to distinguisli it from the southeast-
ern coast of Norway, which was called " Jgdesidan."

15 P
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the middle of the sixteeutli ceutury/' and wliicli continued without inter-

ruption till 1590, we possess much more information. The change of

these fisheries from iniblic to crown fisheries in Vestergotland, which is

actuallj' proved, whilst the same is supposed to have taken place in

Bohusliin, has now been fully proved also with regard to this last-men-

tioned province. It was carried out in a manner which exercised a great

influence on the fishing-trade and on the physical and moral welfare of

our coast. On the 19th of April, 15G1, King Fredericlc II sent a letter

to the Bohusliin authorities in which he says : "Since we have learned

that the fisheries are very much increasing in Marstrand, we ask you to

see to it that the royal tax on fishing is regularly collected." ^^

Further information concerning this right of the crown we find in

the "Rules and Regulations for the Bohuslan herring-fisheries," pub-

lished on the 12th of July, 1561, which are said to be the oldest reg-

ulations of this kind, and which at that time were generally known
by the name of the "Marstrand law-books." We must here give the

introduction to these "Rules and Regulations" as showing the claims

of the king and the great influence of this fishery on the material

welfare of our province. It reads as follows: "We, Frederiek II, make
known to all men, that since we have learned how the Almighty God
lias extended his favor and blessing to our kingdom of IsTorway by let-

ting the herrings come to its coast, we decree for the benefit of all those

who are engaged in the fisheries, first, that all foreign merchants aftend-

ing the fisheries must stay in Marstrand and nowhere else,^* and there

pay to us a tax of 320 herrings per season and one-half dollar for every

12 tons of herring exj^orted from the kingdom.^^ Second, that no foreign

merchants visiting these fishing-stations shall bring with them any but-

ter, skins, tallow, or any other goods, except what they absolutely need

'- As already in the year 1557 the citizens of Oslo, T6usberg, and Sarpsborg, had
obtained the privilege of trading with Marstrand, Kungclf, and Udevalla, in exchange

for certain rights granted to the inhabitants of these towns, it seems that even at that

time the fisheries had become so extensive as to attract attention ; and the herrings

must certainly have come to this coast several years previous to 1557. For it often

takes a long time till good herring-fisheries become known, which has been fully proved

by our fisheries during the seventeenth century.

''The extracts from the royal letters and regulations concerning the herring-fisheries

of the fifteenth century are taken from Axel Boeck's above-mentioned treatise on the

history of the Bohusliin herring-fisheries in "Xordisk Tidsskrift for Fiskeri," I, i>.
5-

27, to which we refer those who desire further information regarding this fishing-

period.

'^This regulation was occasionally dispensed with, for instance in 1566 for the Lubeck
merchants; but in 1573 and 1580 it was decreed that foreign merchants could only

trade in other places by special permit from the Marstrand tax-gatherers.

15 This tax was finally raised to one dollar for every 12 tons ; the consequence was
that many foreign merchants made false entries, giving the names of Swedish mer-

chants in other towns as the owners of tlie herrings : or bought the herrings from the

fishermen on the outer coast, and thus paid no tax at all. By a Royal Decree of 1580

it was strictly forbidden to export any fresh herrings.
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during the time they stay here.'*' Any one transgressing this rule for-

feits his goods. Our own subjects shall be allowed to fish wherever

herrings are found, and pay their annual tax in Marstrand.'' They need

not pay any tax on those herrings which they salt for their own use, but

on herrings salted for exportation to foreign parts they shall pay the

same tax as foreigners."* Both citizens and foreigners are commanded
to faithfully observe all these regulations." These so-called '

' Law-books "

must not be co-nsidered, however, as having introduced any new or per-

manent law, or as having changed any of the general laws of the country,

with the exception of regulations which were occasionally made just for

one season.'^ Transgressions of these laws and regulations did not come
before the common courts, but before the royal tax-gatherers, who in

fact superintended the entire fisheries. It appears from the introduc-

tion to the oldest of these so-called '"Law-books," that the inhabitants

of Bohuslan, like all others who participated in these fisheries, had to

pay a certain tax, and that the same right of fishing was given to the

king's subjects in Denmark and Germany as well as to those in ]S"orway.

It is evident that such a law as that which the kings had made with re-

gard to the Marstrand coast, and later also with regard to the more
northern portions of the coast, allowing foreigners to participate in the

fisheries on very much the same conditions as their own subjects, drew
a large number of peo])le to our coasts during the fishing-season, and
Feter Clausson also reports that every year several thousand vessels and
boats came from Denmark and Holstein as well as from other countries.

As the king of course desired the greatest possible revenue from his

fisheries, and as this revenue was paid partly in an annual quantity of

hen ings, and partly in a certain sum of money on those herrings that

were exported, it was of course desirable to draw a large number of

fishers to the coast and exi)ort as many herrings as possible. It appears,

'f As there were constant complaints that the foreign merchants injured the home-
trade, a decree was published in 1569, that they should only be allowed to trade from

Michaelmas (September 29) till the first Sunday in Lent. And by further decrees of

1573 and 1580, the privileges of foreign merchants were limited still more.
1" The tax in herrings must always be paid in the largest and best herrings, and was

measured in a separate vessel holding about one-third of a ton. Every fisherman must
sell to the government a boat-load of the first herrings at the " usual " price. The
government moreover had the first right to buy the best herrings—until all the royal

salting-houses were supplied—auy one who made a higher bid than the tax-gatherers
being heavily fined. The tax-gatherers, however, must pay the highest price which
could reasonably be demanded.

'* In 1580 the tax was raised to one dollar for 12 tons, also for citizens if they exported
their fish in foreign vessels.

1^ The assertion made by some peoi>le, that several regulations contained in these
" Law-books " have been handed down to our own times by popular tradition and are
still observed by the coast population of Bohusliiu, shows only complete ignorance of
the present state of aftairs. The most complete of these ''Law-books " is mentioned in

Th. Boecli's Oversujt over Literainr, Love, Fofordningar, Besrripter m. m. vedrorende de

vorslce Fiskerier [Review of the literature, laws, regulations, decrees, &c., of the

Norwegian Fisheries], Christiania. 1866, p. 3-8.
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however, that the inhabitants of Bohuslan did not look favorably upon
fishermen coming from abroad, and Peter Claussoii relates that the Bo-

huslan people hated all those who came there to fish, and frequently

cursed them and beat them, so that it was not safe for any fisherman to

go among them, unless tbey were well armed and a number of them
went together. Gradually, however, the number of foreign fishermen

grew so large that they became all-powerful, and the principal j)art of

the herring-trade passed into their hands. In order to become a source

of national welfare, the herring-fishery must, as was the case with the

Dutch, be not so much an object in itself as a means of increasing com-

merce and navigation. From the time (1G12 and 1G20) when the Dutch
resolved to carry on the heriiug-fisheries according to strict rules for

their own sake and as an object in itself, they began to go down, and
gradually lost their importance, so that this so-called " gold mine" of

the Netherlands dwindled down to nothing, and had finally to be sup-

ported by considerable government subsidies.

The method of fishing likewise led to trouble, for in order to catch

the greatest possible number of fish, nets were used exclusively, requir-

ing a large number of people, who were thus taken away from other

occupations, and being crowded together, occasioned disturbances and
immoral practices. The cause why fishing was carried on with nets must
doubtless be sought in traditions and in the regulations of the above-

mentioned ''Law-books," as well as in the manner in which the royal

tax was coUected.2* Even the preparing of the herrings for the trade,

which consisted chiefly in drying, required by far too many men.

That these fisheries were very considerable may be inferred from sta-

tistics given in a pamphlet published at the time, according to which

Marstrand annually salted, dried, and exported 600,000 tons of her-

rings.^^ We must here give Feter Clausson's brief description of these

fisheries, as throwing a good deal of light on this whole question. He
says: ''Several thousand people from the neighboring countries, Nor-

way, Denmark, and Holsteiu, had come here with their wives and

children, and had built themselves houses on the coast. Noblemen, as

well as merchants and peasants, had erected large and beautiful houses,

some of them two or three stories high ; some of these were so large

that 168 tons of herrings could conveniently be hung up and dried at

one and the same time. Extending for 50 to 60 miles along the outer coast,

thereweremany thousand houses and huts, andnumberless people lived on

every bay and fiord and island. Thousands of vessels arrived annually

from Denmark, Germany, Holland, England, Scotland, and France for

the purpose of buying herrings and shipping them to distant countries.'^

Marstrand, which was the centre of the fishery and the trade connected

20 See "Law-book" of October 26, 1575, «^8-ll, 13; HolmUrg, "Bohislan's historia

och lesknfmng," II, p. 88 ; 2d edition, I, p. 283.

i^ Holmberg, "BohusJdn's historia och leslcrifning," II, p. 84-85: III, p. 408; 2d edition,

I, p. 280; III, p. 193.
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with it, rose to considerable importance; it liad two mayors, a chief of

police, a syndic, ten aldermen, «&;c., which certainly is an evidence of

prosperity.^* Another evidence is fonnd in the amount of war-taxes

which Marstrand had to pay during the war with Sweden, and which

was as high as that of the large city of Bergen. The inhabitants of

Marstraud complained about this, and succeeded, in having the taxes

lowered; but this fact shows indisputably that at that time Marstrand

was the second city of Norway, and ranked higher than Trondhjem, Oslo,

and Tonsberg. Uddevalla seems also to have derived considerable ben-

efit H'om these fisheries.^^

We will now see what influence these rich fisheries exercised on the

moral condition and true well-being of Bohusliin. The king, in order

to increase the revenues of the crown, desired to di-aw as many fisher-

men as possible to the coast of Bohusliin, and succeeded in seeing his

desire fulfilled. The consequence was, that all sorts of people came to

Bohusliin from Norway, Denmark, and the German provinces of the

Danish crown, many of them by no means persons of high moral char-

acter. Feter Clausson, in the above-mentioned i)amphlet, gives us some
idea of the character of the coast population, when there we read of the

"godless life which the people led, drinking, gambling, whoring, murder
and quarrels being every-day occurrences" in the cities of Marstrand
and Udevalla.^^

As the number of bloody frays increased, it became necessary to ap-

point special surgeons. It is highly characteristic of those times that,

whenever the surgeons had to dress fresh wounds, they had to announce

the fact to the tax-gatherer, so the king might not lose the fine which

was imposed on frays of this kind. The "Law-books" imposed very

hea\"\' fines on the transgression of any of their regulations ; still disor-

der and vice were not much diminished.^^ The tax-gatherers, in whose
hands great power was laid, were frequently guilty of violent extortions.

The revenues which the crown derived from these fisheries proved of

little benefit to the country, for they were chiefly employed for carrying

on a useless war against Sweden.

Towards the year 1590 the fisheries began to decrease, as was gener-

ally supposed, on account of the godless life led by the fishermen, and
the abuse of God's gifts; and the last "Law-book," which was issued in

1589, therefore recommends an earnest reform, saying: "As all good
gifts come from Almighty God and His Divine Majesty, thus our king-

dom of Norway has richly experienced His favors, its inhabitants as

"Holmlerg, " Boliusldn's Mstoria och heskrifning," III, 408-409; Med., Ill, p. 193-

194.

^^Holmierg, " Bohuslan^s Mstoria och heskri/ning," III, tj). 113; 2d edition, II, p. 239.

^^Hohnlerg, " BoTiusJdn'a hlstoria och heskrifning," II, p. 93, note; III, p. 113, 409;

2d edition, I, p. 287-288, note ; II, p. 239 ; III, p. 194.

-^ Hohnherg, " BohuslUn's Mstoria och heskrifning," II, p. 93, note; 2d edition, I, p.

287-288, note.
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well as others having been blessed with successful herring-fisheries. But
since there is danger that God may withdraw His blessings on account

of the great sins and vices of the inhabitants of the coast, our tax-gath-

erers, each one in his district, shall see to it that people in the fishing-

stations lead good and Christian lives ; that there is preaching every

Sunday, and people are exhorted to lead a godly life, so that God may
be moved by the prayers of good Christians to extend His blessings to

us also in the future." A short time after this "Law-book" had been

issued, the herrings entirely disappeared from the coast of Bohusliin;

and Feter Clausson relates that "many hundred merchants and fisher-

men went to great expense, but all in vain."

It would naturally be supposed that after the close of the fisheries the

coast population were suffering from great poverty and want; but as

nothing ofthe kind is handed down by tradition or by writings from those

times,^^ it must be supposed that the evil consequences were in some

measure diminished or warded off in such a way as not seriously to influ-

ence the whole province.^^ It is possible that many of the inhabitants of

the coast moved to other parts, or found some other employment. The

land-owners of Bohuslan were at that time well-to-do and independent,

having other sources of income ; whilst in the cities, among the rest in

Marstrand, the considerablecommerce had i^roduced a state of well-being.

Although the herring-fisheries exercised a great influence on the popula-

tion of Bohuslan through their demoralizing tendencies, and through the

poverty consequent upon their sudden cessation, Bohuslan suffered less

than it did two hundred years later when the same occurrence took place.

One reason was certainly the shorter duration of the fisheries in the six-

teenth century as well as the very Mmited freedom of trade.

About seventy years later, when Bohuslan, after having for eight cen-

turies formed a province of Xorway, was incorporated with Sweden, the

herrings again visited our coast; and there would certainly again have

been large fisheries if the sanguinary war between Denmark and Sweden,

which lasted from 1675 to 1679, had not prevented all fishing. More-

over, the conditions for drawing together on this coast a large number
of experienced fishermen were not so favorable as when Bohuslan still

belonged toDenmark-Xorway.
In order to give to the herring-fisheries some legal sanction, a royal

decree was published, October 13, 1606, concerning a regulation which

was to be observed during the herring-fisheries. In this regulation cer-

tain ports are mentioned, viz, Gottenburg, Kalfsund, Marstrand, MoUo-

sund, GuUholmen, and Lysekil, in which alone herrings might be taken

ashore and be prepared for the trade, and where inspectors, endowed
with the necessary authority, should supervise the fisheries and see to

2e Holmherg, "Bohn^I. hist. o. lesl:," II, p. 100, 101, note.

2' It is quite probable, however, that these demoralizing herring-fisheries have left

traces on the central coast of Bohusliin, especially near Tjorn, which may be felt even

in our days ; for otherwise it would be difficult to explain the low moral state of the

population on that coast, of which Holmierg and other authors speak.
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it that only good herrings got into the market. People had learned wis-

dom by experience, and henceforth only Swedish subjects were allowed

to engage in the herring-fisheries, whilst foreigners had to acquire this

pri\ilege by special compact. But no such compact or treat}' with for-

eigners is ever mentioned. Foreigners were also forbidden to buy her-

rings in the i^orts. There was no tax on herring-fishing, and it is suji-

posed that the Swedish Government by granting this freedom intended

to make the population of the newly-acquired province more favorably

inclined towards itself. The tax on herring exported to foreign countries

was lowered considerably. To maintain good order among the fisher-

men a so-called "port-law" was i)ublished the 10th of May, 16G9.

As the inhabitants of Bohusliin henceforth carried on the fisheries

almost exclusively under a comparatively mild government, they derived

considerable benefit from the fisheries. Holmberg mentions as a proof of

this that most of the church ornaments in Bohuslan date from this

period.^^

We have no data regarding the exact time when this fishing-jieriod

came to a close. But about the year 1G70 the herrings seem to have

ceased to come to the southern coast of Bohuslan, and according to the

most reliable authorities fishing seemed to have closed in 1G79 or 1680

also on the central and northern coast. According to an old tradition

there is said to have been occasional fishing till the commencement of

the great Northern war, under Charles XII, in the year ITOO.^^

In the foregoing it has been said that the law of 2Ia<jnus Sdlconsson i»

the oldest law of Bohuslan. This law had been examined, however, and
its language changed a little under the reign of King Christian IVwhen
it was printed in the year 1604. As regards the fisheries, however, the

regulations of the old law remained almost unchanged. This law of

1604 remained in force in Bohuslan till the winter of 1682, when the

Swedish law was introduced.^** The regulations of the Swedish law

regarding fishing were fewer in number and shorter, as the fisheries were

not so imjjortant for Sweden as they had been for Norway ; but they

changed nothing regarding the privilege of fishing on the sea-coast, for

coast-fishing was at that time, in Sweden as well as in Norway, with few

excexjtions, open to all inhabitants of the country.^^

About sixty or seventy years after the great herring-fisheries of the

sixteenth century came to a close, the last great Bohuslan fishing-pe-

riod commenced, concerning which all the inhabitants of this province

'» Holmberg, "Bohusl. hist. o. besk.," I, p. 135; II, p. 65; III, p. 115, 346, 411; 2d edi-

tion, I, p. 148, 280; II, p. 241 ; III, p. 136, 196.

^^ Lundbeck, "Antehningar rorande BohusUinska fiskerierna, i synnerliet silljisket" [The
Bohusliin fisheries, especially the herring-fisheries]. Gottenburg, 1832, p. 35-36.

^Eolmherg, ''Bohusl Usf, o. iesk.," I, p. 135; 2d ed., I, p. 148.—AvVert, "De Mrske
Heisknder" [Sources of Norwegian Law], p. "iSn-^O^J.—^Nytt juridiskt Arkiv" [New-
Law Archives], 1876, II, No. 12, p. 1-9.

-1 Among these exceptions the more important are the so-called "crown fisheries,"

near the royal domains, parks, or islands, where fishing can only he carried on by
special permit of the government authorities.
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liave lieard, and which, according to unanimous testimony ,^^ began in

the year 1747. Fishing seems to have commenced in the neighborhood

of Tjorn and the Marstrand Islands, but soon after seems to have ex-

tended along the whole southern coast to the boundary of Holland.

Later the herrings chiefly came to the coast between Marstrand and

Lysekil, and after the year 1773 also to the northern coast. In 1778

occasional herrings are said to have been seen near the Hval Islands,

in that part of Southeastern Norway which bounds Bohusliin. On the

northern coast the herrings advanced a little farther north every year,

whilst their quality had already begun to deteriorate. In speaking of

the northern coast in those times, the coast north of Sotenaes is not

counted in, but this term only applies to the coast between Marstrand

and Lysekil. Towards the end of this fishing-period, however, large

quantities of herring again came to the southern coast ; but this was

considered an exceptional case. The Norwegian natiu-alist Axel Boeck

has shown that a similar change has taken place, both in the Norwegian

spring-herring fisheries and in the Bohusliin fisheries during the six-

teenth century, and we are therefore justified in expecting that this will

also take place in the future, in case the herrings should again come to

our coast. This fishing-period came to an end in 1808, after ha^'ing

lasted sixty-two years, and this event was foreshadowed by the moving

of the fish in a northerly direction, by the later and later appearance of

the fish, " finally only about Christmas time," and by its being mixed

with small herring during the last year of this fishing-period. The value

of these indications for the future is increased, since the above-men-

tioned Norwegian naturalist has shown that the same took place at the

close of the Bohusliin fisheries in 1590 and of the Norwegian fisheries

in 1787 and 1870.^^

The fisheries, however, grew in importance only very graduallj', for

Sweden could not, as Norway had done formerly, send a sufficient number
of experienced fishermen to the coast, but these had to be educated by
degrees. From the Dutch the Swedes learned the proper way of pre-

l)aring the herrings, and soon movable nets were adopted instead of

stationary ones. As a great many more herrings were caught than

could conveniently be salted and smoked, people in the year 17G0 began

to make oil of those that were left over. All this was easier, for both

the new method of fishing and the manufacture of oil required only a

comparatively small number of men, which as early as during the fisheries

of the sixteenth century had been considered a great advantage. For-

eigners were excluded from the fisheries and from the trade in fresh her-

rings, although the last-mentioned regulation was not strictly enforced

3- The year 1752, which iu some works is mentioiied as the time when tliese fisheries

commenced, is probably the year when the herrings commenced to approach the Gott-

eubiirg coast in any considerable number.

^^A. Boeclc, ^^Om Silden og Sildefiskerierne" &c. [On the herring and the herring-fish-

eries, &c. ]. I. Christiania, 1871, p. 102-118 ; Goteborg^s ock Boluisldtis HitshuUnhig-SdUs-

kaps QuartaUskrift [Quarterly Review of the Gottenbiu-g and Bohusliin Economical

-Society], October, 1870, p. 36-39 and 44-54.



BOHUSLAJf HERRING-FISHERIES. 233

iu the case of the Danes and iSTorwegiaus. Foreigners who intended to

become Swedish citizens were for three years freed from all personal

taxes and enjoyed the same privileges as the natives. The government

asked no tax for the privilege of participating in the fisheries, but even

paid a subsidy for furnishing large seines, and also in other ways en-

couraged the fishing-trade. The government also endeavored to ckaw

people to the coast to engage in fishing by giving them free building-

lots, lumber from the royal forests, freedom from military service, &c.

From 1756 till 1787 the government even permitted Swedish subjects

who had fled from Sweden on account of minor offences to return with-

out being punished if they would settle on the coast and engage in fish-

ing. In 1705 a decree was published permitting i^eople who lived in the

most distant provinces on the Gulf of Bothnia to go to Bohusliin by sea

free of expense if they would engage in the herring-fisheries. The num-

ber of those who came to the coast of Bohusliin every year during the

fishing-season in order to be employed in fishing or in the preparation

of fish for the trade was, during the most flourishing period, estimated

at 50,000, not counting in the stationary population of the coast.^*

Besides holding out inducements for people to engage in fishing, en-

deavors were also made to further the fishing-interests by improved and

more complete laws, for which purpose diuing the period 1767-1772 a

special parliamentary "fishing-commission" was appointed to which all

questions concerning fishery-legislation were referred. During the pe-

riod 1774-1778 special reports on the subject were ordered by the gov-

ernment. The result of the work of the 'aljove-mentioned commission

was a general fishery-law, which, for the time when it originated, must

be considered as possessing considerable merit, and a special law for the

Xorth Sea fisheries, which afterwards also included our herring-fisheries.

In the former law, which in all essential points is the same as our pres-

ent fishery-law of the 29th of June, 1852, the privilege of fishing on the

inner coast was limited to the proprietors of the coast,^^ which rule in

''^SeeS. NUsson, ^'Haudlinfjar rorande Silljl-skct i Bohusldnska Sldrydrde)!" [The her-

ring-fisheries on the coast of Bohusliin]. Stockholm, 1843, p. 11.

*"^ In those places where persons having the privilege of fishing had been in the habit

of catching fish on "each others' coast," everything should remain iu statu, quo, and

such fisheries should be in common to all jiroprietors of a certain extent of coast, a

regulation which rightly understood might prove very useful. (See "Nya liandlingar

rorande Sillfisket i Bohusldnska Skdrfjdrden," I. Gottenburg, 1874. Appendix, p. 1.5-16,

§ 12.) The granting of the exclusive privilege of fishing to the owners of the coast

was likewise done with the view of promoting the fishing-interests, as it was thought

that they would be in the hands of those who for their own advantage would carry on

fishing in the most approved manner. It was moreover only the logical development

of those principles of law which gradually had obtained in Sweden as well as iu other

Germanic countries. It is an error to suppose that the general fishing-law of 1766, as

well as its explanation published in 1771 regarding the western coast of Sweden be-

tween the Sound and the Norwegian frontier, had been entirely abrogated by the law

of 1774 '

' for the North Sea fisheries and the salting-houses in the districts of Gotten-

burg and Bohuslan"; for this was certainly not the intention. Such a change would

have required a resolution of Parliament sanctioned by the king. (See ^§2, 40, 42 of

the constitution of 1772.)
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former times held good only in exceptional cases, rather because it had
been in force from time immemorial than because of any royal decree.

An exception, however, was made with regard to our great periodical

herring fisheries, or as the law terms them "the great North Sea herring-

fisheries," from which no Swedish citizen could be excluded, on what-

ever coast it might be, even on those coasts where, i^rior to 170G, the

proprietors had had the exclusive privilege of fishing.^^ By thus dis-

tinguishing from a legal point of view the periodical herring-fisheries

from the other fisheries, the three hundred year old claim of the crown

to the former was formally established. To further the herring-fisheries,

the privilege was granted to catch herrings in nets even on those parts

of the coast which were held by private owners. From the decrees

which were published from time to time (from the year 1748), and from

the " Complete Eegulations for the North Sea fisheries," published in

1774, it appears that it was the intention of the government that hence-

forth the fisheries should no longer be hindered by granting royal priv-

ileges or monopolies to individuals, as formerly' had been done several

times (for example, in the year 1745.)^^ To preserve order in the ports

and at the difierent fishing-stations a new and improved set of "Eegula-

tions for ports" was published in 1771, by which a number of special

officers were appointed, who were to superintend the fisheries and main-

tain order ; thus 1772-1774 a " chief superintendent," 1783-1791 a " super-

intendent," which ofltice was to be filled by the chief pilot of each district,

and finally, 1791-1S21, a "superintendent of herring-fisheries."^^

In accordance with the economical views of those times the govern-

ment, esi>ecially during the first half of this fishing-period, endeavored

to encourage the fishing-trade by a high i)remium on exported herrings,

by which the owners of large establishments were certainly benefited,

but which otherwise proved no advantage.^^ Such a rich and natural

trade as the Bohusliin herring-fisheries of that period ought certainly to

have supported itself without any premiums. If the large sums which

now only benefited a few capitalists had been used for maintaining good

order and morals in the fishing-stations, the whole fishing-trade and

3'' In the law of 1652 the expression "tlie great North Sea herrmg-fisheries" is

changed to "such salt-water lish as approach the coast in large schools," which change,

however, was of no jiractical consequence. Any positive change in the fishery-laws

would have to he made in accordance with certain rules laid down in § 87 of the con-

stitution of 1809.

3' As late as 1778 we find in a "report on the herring-fisheries," a suggestion that no

new exclusive personal jjrivileges might henceforth he granted, and no old ones re-

newed.

^^ Regarding the Bohusliin fishery-legislation, see SJiiherf/, A., "Omden Svensla Fis-

Jcerilagstifining" [On the Swedish fishery-legislation]. Lund, 186G; and the same au-

thor's articles in the " Goteborgsposten," 187.5, Nos. 47, 52, 59, 61, 78, and 1877, No. 10-2.

3^ It is highly characteristic of those times tliat it was a frequent occurrence that

those sums of money which had heen appropriated for premiums, to a considerahle

extent found their way hack to the authorities who had granted them, in the shape

of bribes.
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especially the fishermen themselves would have been benefited and the

future of the herring-fisheries would have been very different from what
it is now.

The great imiDortauce of these herring-fisheries will best be seen from

the fact that dming the decade 1770-1780, the average annual quantity

of herrings amounted to about a million barrels—1,100,000 barrels in

1787—and later this quantity was doubled, and, according to some author-

ities, even trebled, upwards of three million barrels having been realized

in one year/^ It is probable, however, that this last-mentioned figure

is somewhat exaggerated, or at any rate is an exceptional case.*^ The
number of herrings which came to the coast was so large that the quan-

tity caught only rej)resented a very small portion of the whole number
j

and the fisheries had generally come to a close, not because there were
no more herrings, but because every one being supplied with herrings

they fetched no price at all. It will be self-evident that such extensive

fisheries put large sums of money into circulation. And if we take into

consideration the number of people employed in preparing and trans-

porting herrings as well as in those trades which are dependent on the

fisheries, we will be able to get an idea of the great direct and indirect

economical value of these fisheries. The coast of Bohuslan, and especially

the district of Elfsyssel, was at that time densely populated, and pos-

sessed numerous salting-houses and oil-refineries. The following statis-

tics are gathered from official documents : in 1787 there were in Bohus-
lan 338 salting-houses and 429 oil-refineries, with a total of 1,812 boilers^

using 40,980 barrels of herrings per day. The number of large seines was
358 and of boats 2,100.''^ These figures even increased considerably

''^Holm'berg, " Boliusl Mst o. hesl:," II, p. 85-86; 2ncl ecL, I, p. 280-281.

"P. A. Granberg, " Staden Gotehorgs Instoria och hesh-ifning" [History and. description

of the city of Gottenbtirg], Stockholm, 1814-1815, II, p. 158, 159, 216-217, P. Bubi,

"Anteckningar om sUIfisket i Bohuslan" [Remarks on the Bohuslan herring-fisheries] in

the Transactions of the Royal Academy of Sciences, 1817, p. 33. According to the

first-mentioned authority the highest annual export of herrings from Gottenburg was
190,000 barrels prepared herrings and 50,000 aumes hen-ing-oil, whilst according to

Duhh the export from the whole coast was upwards of 350,000 barrels herrings and
120,000 aumes herring-oil. Twenty barrels of herrings of medium quality were re-

quired to produce one aume of herring-oil.

*'''SandUngar och Proiocoller rorande Egl. Majts. i ndder forordnade Beredningofver

SiUfiskeri-Handteringens ndrmare reglerande [Official Reports on the herring-fisheries],

Gottenburg, 1789, p. 29-30, 37, 43, 54, 89-90, 109, 146, 177, 178, 180, 186. In order to give
an idea of this flourishing period and explain the fact that even to this day people are

sighing for a return of those halcyon days, we will quote the following from O. Lund-
lei'k, Antecknhigar rorande holiuslanska-fiskerierna [The Bohusliin fisheries], Gottenburg,

1832, p. 42-43: "He who knew the coast of Bohusliin 25 years ago, and now sees it

again, will scarcely be able to refrain from tears. Then it presented an imposing
appearance. From the sea itself rose massive walls and pillars supjiorting immense
salting-houses and oil-refineries. Farther inland rich warehouses and busy workshops
might be seen, as well as palatial residences of the 7nerchants and neat cottages of

the fishermen and workingmen. The coast was crowded with a busy throng and the

sea studded with sails. Every night it looked as if there were a graud illumination,
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durinc: tlie following years. The cities, of course, derived tlie greatest

benelit from tbe fisheries, and it may well be said that the cities and
those capitalists who owned the large establishments, were really the

only ones who had any positive profit from the fisheries. Gotteuburg,

especially, must here be mentioned, which, according to ^'Granherg's his-

toria,''' owed its flourishing condition chiefly to the East India trade and
the herring-fisheries. Granherg says that the exportation of herrings

and more especially of herring-oil gave a new impetus to commerce in

general and exercised a decided influence on all trade."*^ The cities of

Bohusliin likewise flomished considerably during this period. Marstrand

almost quadrupled its population, and Uddevalla rose to importance as

well as the city of Kungelf.^' The great ease with which in those days

money was made in Bohusliin and the many chances oflered, especially

to persons of the working-classes, to lead a joyous and careless life, of

course attracted large numbers from all parts of the kingdom, and, as

might be supposed, generally persons of low morals. The above-men-

tioned decree allowing persons who had been cou\icted of minor offences

to retiu'n to Sweden if they would engage in the fisheries, actually made
Marstrand from 1775-171U a kind of free port or harbor of refuge for

criminals, and did not serve to raise its general standard of morality. If,

furthermore, we take into consideration the fact that the owners of salt-

ing-houses and oil-refineries were licensed to keep groceries and retail

liquor-stores, the consequences may easily be imagined. The greater

l>ortion of the male population of the coast were scarcely ever sober, as

enough money was earned during the fishing-season to keep them going

all the rest of the year. The grog-shops were, therefore, crowded all the

year round with the exception of Christmas Day and Good Friday.

Fishermen and workingmen, coming from other parts, generally arrived

a mouth before fishing commenced, and this season of idleness was almost

exclusively devoted to drinking and carousing. As a natural consequence

of such a life the majority of the coast population had no thoughts for

the future and no moral strength to bear reverses. Sanguinary quarrels

were not so frequent as during the sixteenth century, but all other vices

prevailed.^^ The authorities never thought of stemming the tide of cor-

ruption, their whole attention being occupied with the prevention of

smuggling, for which purpose a number of small men-of-war were in

many thovisauil lights sliiuiug from the •wiudows and from the numerous lamps along

the quays, and being reflected in the -n-aves. Everything was life and bustle, and tons

of gold changed hands. Now nothing is seen but ruins, only here and there a dilapi-

dated fisherman's cottage, awakening melancholy thoughts in the heart of the visitor.

"Would that soon these glorious times for which thousands are sighing might return."

This was written in the year 1?31.

*'^ Granhcrrj , Gotd). hist, och hesh:, I, p. 65 : II, i). 153, 176. The enormous sums which
this exportation yielded were used as capital in starting or supporting important home-
industries, and their want was painfully felt when in 1S08 this source of wealth ceased.

*^ Holmbeni, Bohusl. hist. o. iesh:, III, p. 1"20-1-21, 349-350, 415-401, 425; ^nd edition,

II, p. 246 ; III, p. 133-139, 200-204, 207.

*i>Holmherg, ''BohusJ. hist, och tesAT.," II, p. 82,92-93; 2d edition, I, p. 277,237.
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1774 stationed on this coast. For settling difficulties among the fisher-

men an enlarged and improved code of " port regulations " had been

published, according to which certain judicial and police powers were

entrusted to some of the fishermen, but all this did not improve the

moral character of the population. The coast of Bohusliln gradually

became a sort of vast poor-house, all sorts of homeless and shiftless peo-

ple congregating there in addition to those who through their debauch-

eries had lost all they had earned during the fishing-season. Since all

the better class left Bohusliin every year at the close of the fishing-sea-

son, and finally for good, when the fisheries came to a close, and took all

their earnings with them, Bohusliin reaped all the evil consequences of

the fisheries without enjoying any of their benefits. The poverty and

misery on our coast when the fisheries totally ceased in 1808 actually

beggars description. But it was not only the coast which suffered ; the

agricultural interests of the province had been totally neglected from

want of men willing to work on farms and from the general degeneracy

of the times. Strange to say, the enormous fortunes which had been

made and remained in the hands of a few, disappeared quickly or passed

into other and worthier hands. It is not to be wondered at that under

these circumstances large herring-fisheries, such as those of the eight-

eenth century, began gradually to be considered as a curse rather than

as a blessing, which opinion was, among others, expressed by the his-

torian of Bohusliin, Axel Emanuel Holmherg,'^*^ and by its zealous and
highly-honored governor. Count C. G. Lovenlijelm.'" It must be granted,

however, that all the evil consequences of great herring-fisheries might

be avoided, or at least greatly diminished, by proper precautions, and

that such fisheries, if properly managed, might greatly further the ma-

terial development of Bohusliin.^^ Regarding the last great fisheries it

must be said that their evil consequences are chiefly to be ascribed to

wrong management on the part of the authorities, who sacrificed the

interests of the fishermen, the workingmen, the coast, and the whole

province to those of a few large exporters. This mistake was caused,

to a great extent, by the wrong economical principles prevailing in those

times and by the want of education and enlightenment among our coast

population. Xo petitions were, therefore, ever made to the government
authorities or to the Parliament to remedy existing evils, and no improve-

ment could, therefore, ever be looked for.

The great changes for the better which, during the last thirty or forty

years, have raised both the rural and the coast population of Bohusliin

to a very respectable height of intelligence and well-being, may serve

to indicate the way which should be followed if great herring-fisheries

« Holmberg, "Bohiisl. hist, och besh:," II, p. 91-94 : 2d edition, I, p. 286-288.
"' Gutcbor(j's och Bohusldns Kgl. MushdUmngs-Salhkaps Eandlingar [Reports of the

Economical Society of Gotteuburg and Bohusliin], for 1847, Gottenbm-g, 1848, p. 27-28.
•* Concerning the hopes of a return of the great herring-fisheries see the author's

article in the "Gotehorgsposten," 1876, No. 216, and in the Bohusldns Tidnimg, 1876, No. 77.
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should again occur.^^ As regards the coast, the great cholera epidemic

of 1834 must be mentioued, which carried off the greater portion of the

worthless population. A general improvement then took place by the

more perfect means of communication, the increased commerce, and the

constantly-increasing prosperits^ consequent upon. this, as also by the

change in the fish-trade, fewer fish being salted and a great many more

being sold fresh f'^
the extension of the bank-fisheries by the introduction

of more suitable vessels, which enabled the fishermen to undertake voy-

ages to more distant and richer fishing-banks (during the first half of the

fourth decade of this century as far as the Jseder, and in the beginning

'Of the sixth decade as far as Storeggen) ; by subsidies from the govern-

ment, the Economical Society, and private individuals, and last but not

least by the truly benevolent liquor-law of 1855, which marks an epoch

in the history of Bohusliin. This last-mentioned law shows conclusively

how much good may be accomplished by wise legislation, and how neces-

sary it is that the government should take a firm stand in suppressing

all those evils and disorders which are caused by a low standard of

morality or by too many opportunities for satisfying the sensual appe-

tites. With regard to the aid which the state may extend to the differ-

ent trades and industries, it is now generally acknowledged that nothing

is more hurtful to the best interests of the country than the creating of

a state within the state by establishing and encouraging monopolies. It

is to be hoped, therefore, that our coast will, in the future, be spared that

kind of encouragement by the government which was given to it during

the eighteenth century. Mayt)ur people, on the contrary, learn more

and more to rely upon their own exertions, and may all material prog-

Tess serve to further good order, sobriety, and morality, and thus advance

the true welfare of our province. The future historian will then be

able to give our population ii better character than that which Axel

Emanuel Holmhenf^ was obliged to give them thirty or more years ago,

even if he could not record as large and flourishing herring-fisheries as

Holmberg. And then let all " exceptional" or " monopoly" legislation be

done away with, always introduced under the false pretence of benefit-

ing the "poor fishermen." The population of Bohusliin need no longer

be the charity-child of the government

To further the true welfare of our coast we need not only a wise and

enlightened government, but above everything else energy and enlight-

enment among our own people. It is not enough that they obey the

laws and are skilled and diligent in their various occupations, but in

order to make real progress they must take a warm and active interest

in all public affairs. If a community is to develop to the highest point

lof material and moral prosperity there must be a good deal of public

<^ Great weight must be attached to the circiimstauce that the coast of Bohusliin does

no longer, as was the case during the last great fishing-period, form the rendezvous for

all the loafers and good-for-nothing people from every part of the kingdom.

^> Holmberg, ''Bohusl. hist, ocli heskr.," II, p. 88, 99-101; III, p. 191, 192.

^^ffolmberg, ''Bohusl hist, och besh:," II, p. 39-40; III, p. 192; 2nd edition, I, p. 233.,
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spirit; and probably our province is lacking a little iu this respect.

May, therefore, the indifference which is still too prevalent give place to

a burning zeal for the public welfare, and mere egotistical interests bo

more and more placed in the background ; and truly oiu* province may
boldly meet all the storms of time.

Our great Bohusliin herring-fisheries, and more particularly the last

great fishing-period, give us many a useful hint for the future. They
ought to furnish convincing proof that it is hot always a large income,

or, as it is erroneously termed, "an excessive share of God's gifts," which

contributes most largely to the well-being of individuals or nations-

They show that what is easily gained is also easily lost, especially if

nothing is done to put the gain to a jiroper use ; they show that iu order

to further trade and industry something more is needed than money sub-

sidies, and that man, even in his material endeavors, must have some
higher object than the mere making of money, and that good order and

enliglitenment are essential conditions for attaining to true and perma-

nent welfare, and finally that it is a great and grievous mistake to think

that such welfiire can ever be reached by nothing but money.





X.-SOCIETY FOR PROMOTING THE NORWEGIAN FISHERIES.*

[From "Bergensposteu"— a daily paper published at Bergen, Xorway, Tuesday,

March 4, 1879.]

Special Kotice.—lu view of the fact that our fisheries need further

development in nearly every direction, the undersigned have agreed to

form a society for the purpose of promoting the Xorvregian fisheries.

These fisheries, which form one of the most important sources of income

of our country, have at different times attracted the attention of the

government, and not Tvithout exercising some beneficial influence. But
since the fisheries in other countries have progressed, and the utilization

of their products has been more and more developed, it has become

ai)parent that our country has remained behindhand with regard to its

fisheries and all the various industries connected therewith.

If it is true that Norway is one of the greatest fishing-countries in

the world, her citizens should consider this as a strong incentive to de-

velop and utilize this vast source of income to its greatest extent j with

regard to this matter our country should not be excelled by any other.

With the example of other countries and with their experience to guide

us, this society will endeavor to aid and develop our fisheries by hatch-

ing and raising fish, by imx^roving the methods of fishing and the fish-

ing-apparatus, and by utilizing to their fullest extent all the products of

the fisheries; it will in fact be the object of this society to aid every en-

deavor to fui'ther the fishing-interests.

We therefore invite our fellow-citizens in town and country to become

members of this society. The annual contribution of each member will

probably be 5 crowns (81.34:), but we hope that there will be many pub-

lic-spirited citizens who have both the desire and the means to pay

more.
J0HA2T AMELN,

and sixteen others.

BERaEN, February 27, 1879.

Editoeial.—As will be seen from a notice in our issue of to-day, a
number of the most prominent and intelligent citizens of Bergen have
started a society wh@se object it is to promote the fishing-interests.

It will be said of this movement, as of so many others started at the

right time and by the right men, that it should have been begun long

* SehJcaiet for de KorsJce Fiskeriers Fremme. Beigensposten, Tirsdag d. 4 de Marts

1879. Translated by Herman Jacobson.
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ago, and that it is astonisMng that no one has thought of it sooner. We
\njl not discuss this question; suffice it to say that such societies could

not be started at a better time and Tvith better ijrospect of success.

There is a general depression of all trades and industries, and every at-

tempt to aid a great industry will awaken sympathy with the gTeat mass

of the people, because all feel that they have an interest in the matter.

And there is no industry which will appeal so strongly to the sympathy

of our people as the fisheries; a society which undertakes to develop

the fisheries wiQ meet a very general demand not only in our city but in

every fishing-station from Cape Lindesnaes to the North Cape. We
can say without exaggeration that never has a society been started in

our country with a more timely, practical, and patriotic object.

The notice which has been published starts with a well-known and de-

plorable fact, namely, that our country is far behind other countries with

regard to the fisheries. And the society makes it its object to place our

country where it belongs in this respect. Every thinking person must

have found out long ago that as regards our fisheries our country has

not kept step with other countries ; for nearly every journal has year

after year informed us how many important improvements have been

made in other countries, whilst we have done little or nothing. Our
fisheries have certainly not gone down, for the value of their produc-.

tions has been constantly on the increase; but the fisheries of other

countrieshave increased more rapidly and have made important progress,

which has thrown us in the shade. This is a serious matter for Norway
and more especially for the city of Bergen. If we are outstripped in the

competition with other countries in that industry which on our entire

coast from Christianssund to Yardo is the chief source of income of the

whole population, the future will look dark in many other respects and

the general development of the country will be hindered or retarded.

The signers of this notice, who are fully agreed as to the great impor-

tance of this matter, are not saying too much when they maintain " that

our fisheries need further development in nearly every direction." And
as this deplorable fact is the cause of publishing this notice, every one

should consider it a strong incentive to join the society and thus aid a

good cause. There cannot possibly be any doubt on this point. But

the question which will arise first is. How shall oiu' fisheries be aided?

where shall we begin? and what shall be done first?

We anticipate that this society will gain many members in town am^
country, and that both the state and city authorities will subsidize this

important undertaking. We also hope that the society will possess as

much common sense and scientific abihty, as is represented by the sign-

ers of the notice. And with such anticipations we ask the important

question, "What shall be done?"

The signers of the notice mention "the hatching and raising offish",

"improving the methods of fishing and the fishing-apparatus" and

"utilizing to their fullest extent all the products of the fisheries", in
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short the aiding of " every endeavor to further the fishing-interests."

Such a programme means the establishment of an institution to work
in each of these directions, and the organization of special societies or

committees for the better carrying-out of all these objects. It will there-

fore be of great importance that this society should be joined by men of

all classes throughout the country, so that no special interest or no

special knowledge be excluded.

The whole question therefore becomes one of great importance to the

entire country j and it is quite natural that the programme has not en-

tered into any details as regards the carrying-out of the many different

objects of the society. The society will probably organize very soon,

and when it has once become an accomplished fact, we have no doubt

that the plans for work will be laid out with that efficiency which may
be expected from the signers of the notice and the classes of society

which they represent. The work will then progress with that energy

and caution which the great and national importance of the question

demands.

In pointing once more to this notice and its important object, we con-

sider any further recommendation superfluous, and would merely say in

conclusion, that this question concerns a matter of the most vital interest

to our whole country.





XL-STATISTICS OF THE LOFFODEN FISHERIES FOR 1878.

(From (he official report of the Superintendent, First Lieutenant iu the Navy, Niels

Juel.)

]S"iimber of fishing-stations \ 56

Extent of fishing-district in nautical miles 123^2

Highest number of vessels in the district. 722

Highest number of boats in the district 4, 912

Highest number of men in the district 27, 350

Ktanber of telegrama.

Months.
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There was an increase from last year of 2,542 in the number of net-

fishermen, and an increase from last year of 417 in the number of deep-bait

fishermen, and a decrease from last year of 1,504 in the number of Hne-

fishermen.

The percentage of fishermen using different apparatus was as fol-

lows: 58 per cent, used nets, 32 per cent, used lines, 10 per cent, used

deep-bait.

Number of vessels at the Loffoden March 16, 1878.—Steamers 5, schoon-

ers 59, sloops 26, yachts 376, other vessels 202, total C68, ^Yith 3,111

sailors, and a tonnage of 342,620.

Cargoes oftliese vessels.—Not specified 479, dry goods 19, groceries 18,

flour 27, ham, lard, &c., 10, bait 14, notions 34, wooden ware 9, with a

total value of $70,400.

Number of days wlien no net or line fishing could he carried on.

Districts.

January.

Ifets. Lines.

rebmaiy.

Nets. Lines.

March.

Nets. Lines.

Skroven
Svolvser
Vaagene
Hopen
Henningsvaer.
Stamsond
"Ure.
Balstad—
Sund
Sorvaajjen

,

10

Temperature of the air at the station of Svohcer (in degrees Fahrenheit).
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The average temperature last season was 33.08 F., and tlie average

lowest temperatui'e 24.98 F. It lias therefore been a little warmer this

yt'di. January and the first part of February on tlie other hand were
ctnisiderabiy colder. The average temperature from January 19 to Feb-

ruary 9 was last season So.Go, and this season 31.82 F. The cause of the

early fishing this season can therefore not be the higher temperature, as

some have supposed. During the fishing-season I have not been able

to discover any connection between the fishing and the temperature of

the air. At Hopen and Henningsvier there was goodfishing all through

February and March, no matter whether the thermometer rose or fell.

The few good fishing-days which the East Loffoden fishermen had during

February were from the 12th till the ICth, when the average temperature

was 28.94 F. From the 11th March to 16th March on the other hand
fishing at the East Loffoden was very poor, although the temperature

had risen to an average of 32.36 F. Again there was good fishing from the

18th to the 23d ofMarch, when the highest average temperature ofMarch,

37.76 F.j was reached. I have therefore come to the conclusion that the

fisheries are entirely independent of the temperature of the air, and if

Professor Sars and others think they have observed the contrary, they

must have taken an exception for the rule.

Temperature of the water at the station of Svohter in Fahrenheit.—The
temperature of the water in the harbor of Svolv^er has been observed

eveiy day from January 26 to March 2, both at the bottom and at a
depth of 6 fathoms (bottom). The temperature at the bottom varied

from 32 to 40.10 degrees F., and was generally higher in proportion

when the temperature of the air was lower. The instrument used was
a Caseila-Miller therniometer.

Week endinfr

—

F<»brnary 9
Fchmary 16
Febrnary 23
ilarc]i2''. ...

Air. Water.

2Toon. Lowest.! Surface. ^,^^^^1

32.36
29.84
34.88
28. S4

27. 68
25.34
30.74
23. IS

35. C9
35.35
33.94
35. 06

37.04
37.78
36.35
38.84

The fact of the water at the surflice being colder when the temper-

ature of the air was 34.88 F., than when it was colder, is probably caused
by the melting of the snow-water. It seems less probable, however,
that the effect of the snow-water should be felt at a depth of 6 fathoms,

especially as no stream worth the name falls into the sea at this place,

and as far as our knowledge goes nothing of the kind has been observed.

Between the temperature of the water and the wind there seems to be
a certain connection. We could not ascertain which was cause and
which was effect as the weather was very changeable. The tide seemed
to have no effect on the temperature.
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Deep'-iiater temperature.

Depth.
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Proportion of s^awners and milters.

Apparatus used.

robruary, March 1-18. From March 19.

Average percentage.

54Bottom-nota
rioatiii^-nets

|

Pottomliiies 64
Floatmg-lines 63

C6 47 54 40
46 40
.W 3G
70 46

52*

40
43*

45

.3

35*

30
4IJ*

31

* Observations of 1877.

As far as the bottom-apparatus is concerned tbis year's observations

agree with those of last year, and may therefore be considered closed.

They agree, moreover, with those natiu-al conditions which the super-

intendent considers as the cause of the statistical data as far as the

spawners are concerned. The floating-lines show during the first half

of IMarch a larger percentage of spawners than the bottom-lines. More
accurate observations, however, would have but little practical signifi-

cance as far as the statistical data of spawners are concerned, and they

will therefore not be continued. The discrepancy between the results of

the two kinds of apparatus may possibly be caused by the small number of

observations (only 80), as there is no cause to suppose that there is any
difference between the bottom and the floating apparatus as regards the

spawners and milters. As Professor Sars has made entirely different

observations and has given his reason for them, I shall endeavor briefly

to refute his views.

Professor Sars says in his report (p. 55): "Those boats which had used

bottom-nets had almost exclusively caught milters, whilst more spawners

had been caught by those who had employed floating nets or lines.

That the x)roportion between spawners and milters must be such, I could,

even without palpable ijroof, have told people beforehand from my ob-

servations of the full-grown roe." The observations made by me and
my assistants show that the majority of fish caught in bottom-apparatus

may be milters, but they likewise show that occasionally the majority

may be spawners, and that on an average an equal number of both

kinds are caught. It is both improbable and impossible, that milt-

ers should be caught exclusively in bottom-apparatus and spawners in

floating-apparatus. It is improbable, because the floating-net is 12-40

fo thorns from the bottom, and if the professor's observations were cor-

rect a similar extent of water must intervene between the milters and
spawners. It is impossible, because floating-nets are not used very ex-

tensively, viz, only by the fishermen at the stations east of Sorvaagen,
and where should the large proportion of spawners come from, if the

bottom-nets caught only milters 1
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Number of livers to ilie larrcl.

ending-

Jan.
Peb.

2@
2
9
16
23

March 2
9

16
23
30

April 6
13

400
400
400
500
5001

500
400! 500
4001 600
450| 650
450l 650

250 300

250 300

250 300
300 380
300 380
300 3S0
400| 500

450[ 580
400 550

450 580
450 580

.2 » .9
1-1 (25 m
400....
400' 300
4001 300
400 300:
400' 300'

400' 350!
450' 380'

500, 400,

600 400!
650' 430!

650 500j

300
350; ....

350! ...

350 ....
350l ....

400! 300
430! 300
4C0 300
460 300
600 450

... 380;

... 380

... 380i

300 360|

... 4S0!
460' 500'

460 500
460 500,

400! 500, 740,

600 500 740,

650! 3001 600 500! 74o!

4601 700,

^ 3 ^ S
« 9

300

300 480 .

300'350 360 480 .

300!350'360l480 .

300;350;360|480 .

3001350 360 480l250

:

350 400 360 440l250'.300

S50 400^360!440|350'450

350'400i300.400 350'450

350!500j36«480i350,450
350'500;360,480 450 600
350 4501360|480'400 500

-...l...|550,700i... ...

Highest number of livers from liue-fishiug, week ending April 13. . 700

Highest namber of livers from net-fishing, week ending April 13 . . 550

Lowest number of livers from line-fishing, week ending January 26. . 300

Lowest number of liversfrom net-fishing, week ending January 26.. 250

Both in 1876 and last year there was a period from the middle of

February tUl March when the fish increased in fatness ; and as the num-

ber of fish generally increased about the same time, I concluded that

new schools had come in. This year no increase of fatness was observed

except about the middle of March in the district of Sorvaagen, but on

the other hand it was observed that this year tlie fish were fatter than

last year firora the beginning of the fisheries. Fishing also commenced

early and promised weU at all the stations. From the middle of Feb-

ruary the fatness gradually decreased, so that probably no new schools

arrived after that time with the exception of the district extending from

Henningsvaer to Ure, where the proportion of liver kept unchanged

longest, and where there was steady and good fishing all the time. Al-

though the proportion of liver kept unchanged for a long time west of

Nufsfiord, there was no fishing from the middle of February till tlie

middle ofMarch, and no net-fishing till the end of March. The unfavor-

able weather was probably the cause of this, as the fishermen could not

reach their usual fishing-places as often as was desirable.

Price offish (not siaitd per what quantify).
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Price of liver^ roe, and halt {per barrel), and of heads {per 100).

Fresh liv^er per barrel. . $4 28 to 7 50

Oldliver do. 4 28 to 4 82

Eoe do. 2 14 to 5 35

Fresli herring for bait. . , do. 2 64 to 4 28

Salt herring for bait do. 2 14 to 4 82

Cuttlefish for bait do. 3 21 to 6 43

Muscle,? for bait .... do. 2 14 to 4 28

Heads per hundred. 8 to 32

This year's fishery has been the second largest ever known ; and if the

weather had not been so very unfavorable during February and March,

the number of fish would—^in spite of the total failure of the fisheries in

April—have been as large as last year ; for it is my opinion that the

scliools on the banks were much larger. In January and February

4,500,000 were caught; in April, 2,500,000; and in March, 17,750,000;

whilst last year (1877) the number was 16,000,000 in March. The first

of the two following tables shows the result of the Loffoden-fisheries for

every week from 1869 to 1377, and the second shows the result per month,

calculated for the last and the first week of the month according to the

days when fishing was going on and the number of fish caught during

the week. According to these data an average Loffoden-fishery ought

to yield about 20,500,000, of which 4,300,000 (21 per cent.) are taken in

January and February, 12,300,000 (60 per cent.) in March, and 4,000,000

(19 per cent.) in April. This year (1878) the percentage was as foUows:

January and February, 18.2 per cent.; March, 71.7; and April, 10.1.
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TOTAL RESULT OF THE FISHERIES, 1878.

Number of fish canglit 24, 660, 000

Number of heads sent to the guano factories 16, 500, 000

Liver (barrels) 53, 150

Medicinal oil (barrels) 3, Oii

Eoe (barrels) 26, 130

Upwards of 14,000,000 fish were caught with nets, 9,250,000 with lines,

and 1,250,000 with deep-bait.

Gross receipts of the Loffoden-fisheries, 1878, $1,742,000.

Number offish and quantity of roe, liver, and oil per iceeJc.
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Besult of the fisheries in the districts of Xordland and Tromso, 1875, '76, and 77.

fisheries.
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XII -REPORT ON THE NORWEGIAN DEEP-SEA EXPEDITION OF
1878.

By Prof. G. 0. Sars.*

r.

Hainoierfest, July 10, 1878.

Mr. Editor : As has already been aiinouuced in the plan of the ex-

pedition heretofore pnbhshed in your paper, Hammerfest will be our

chief station during the present year. At this place the expedition is

supphed with coal and other necessities for its various cruises into the

Arctic Ocean. Three such cruises are meutioned in the plan: one

toward the east, one toward the west, and one toward the north. The
first of these, which principally concerned the so-called East Sea (Osthav)

lias now been completed, and I will improve the time while we are lying

here at Hammerfest equipping ourselves for our secoud cruise toward the

west, to make good my promise and send your paper something about

the expedition and about what it has accomplished so far.

The scientific investigations were begun, as you have already le^^rned

from telegrams, in the West-fjord, where we chose a i)oint a considera-

ble distance up the fjord about directly opposite Tran-isle. The West-

tjord here has, according to previous soundings, its greatest depth,

namely, 350 fathoms. A series of careful observations of the tempera-

ture were made in this place, whereby the remarkable fact heretofore

observed farther out in the sea, namely, that at a certain depth (here

only 40 fathoms) can be found a temperature considerably lower than

that found in both lower and higher water-strata, could be established

with perfect certainty by the use of instruments improved in many
important respects. A cast of the dredge.was also made in this place,

whereby various curiosities were brought up from the deep. The
weather was here, as on our whole cruise, brilliant, and we most thor-

oughly appreciated the summer breezes, well knowing that we before

very long should have to exchange this beautiful sunshine for the rough

climate of the Arctic Ocean. In Tromso, where we stopped only a few

hours, we took on board a pilot who is to accompany us on our cruises

this summer. He is an exjDerienced Arctic seaman who has spent no
less than thirty-five summers in the Arctic seas about Spitzbergen, Jan
Mayen, and Nova Zembla, hunting seal and walrus. He has made the

* Translated by Prof. R. B. Auderson of tho University of Wisconsin, Madison, Wis.,

from a series of letters to "DagLladet" by Prof. G. O. Sars.
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impression of being a man of rare reliability and intelligence, and will

doubtless prove a great help to tlie expedition, especially when we come
to Spitzbergen, where he seems to be nearly as well acquainted as at his

birth-place, Tromso.

Before we reached Hammerfest we visited the Alten-fjord, where ex-

plorations were made at two points. Here, too, we found an intermedi-

ate minimum of temperature, though not before reaching the dej)th of

100 fathoms. The fauna of the sea-bottom showed, as might be expected,

a more marked Arctic character than in the West-fjord, where it still

was perfectly Atlantic,

In Hammerfest, where we arrived on Saturday the 22d of June, early

in the morning, the members of the expedition were most cordially re-

ceived by the city authorities, and the two days we spent here afforded

us ample evidence of the rare hospitality and kindness for which this

most northern town of our mundane sphere is famous.

On Monday night, the 24tli of June, we weighed anchor and directed

our course to the north and east in the usual steamship route. On our

way we examined two of the large Finmark-fjords, namely, Porsanger-

fjord and Tana-fjord. In both a series of careful observations of the

temperature were taken, which did not, however, show any such inter-

mediate minimum as was found in the West-tjord and Alten-fjord, un-

doubtedly on account of the greater shallowness of the water. The
fauna was likewise examined, both with the dredge and the trawl-net,

whereby its genuine Arctic character could be established. Among the

hauls made liere it is necessary to make special mention of the one

made in the Tana-fjord with tlie beam-trawl, under the supervision of

Captain Grieg. A richer haul we zoologists have hitherto scarcely seen.

The trawl-net was brought up containing more than two barrels of loose

mud, out of which protruded large beautiful sea-anemones and varie-

gated star-fishes, and wherein we saw tumbling about a number of fishes

(sea-perch, flounder, and skate). We were here thoroughly convinced

of the superiority of the beam-trawl over the common di-edge, espe-

cially after we had made various important improvements, not only in the

net but also in reference to the arrangement of the weights which are

to hold the runners in the right position against the bottom. But the

instrument being very large, it is also diflicult to manage, and hence it

can as a rule be used only in calm weather, and in a comparatively

smooth sea. We have since had occasion to test it with excellent suc-

cess in the open sea, and desire all the more to make use of it here-

after, since it has been found that even the most active animals and

fishes can be secured in this manner.
In fine, calm, bright weather we doubled the barren and exposed coast

of East Finmark and arrived during the night on June 25th at Yardo
Isle, where we remained during the following day to complete our

equipment and to determine more accurately the geographical position

of this point. Early on the morning of the 27th of June, we weighed
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anchor and turned the prow to the east for our first ocean cruise. Tlie

fair weather still continued for some time, so that we dredged with ex-

cellent results on the same day at a distance of about forty miles from

the coast, where the water was found to be 148 fathoms deep. But the

rapidly falhng barometer warned us to look out for drizzly weather,

which was not long in coming. Toward evening it began to blow from

the west, and during the night we had a perfect gale with chopping sea,

which made our ship roll in a most disagreeable manner, so that it

finally was found expedient to lay the stem of the vessel against the

waves and thus await a change in the weather, a method of working

the ship with which we had become only too familiar on our lirst ex-

pedition. This state of things continued not only during the remaining

portion of the night, but also all of the next day, and while it lasted no

kind of investigations could be thought of. Under these circumstances

time naturally hung heavily on our hands, and we kept looking anx-

iously at the barometer to see whether no change might be expected.

But the barometer appeared very capricious. Now it would rise a little

and make our hopes rise correspondingly, then it fell again without

having advanced more than a few millimetres. The following day the

weather had cleared up a little, but a pretty stiff breeze was still blow-

ing, and it was so damp and cold that we fairly dreaded the idea of go-

ing on deck. Meanwhile we had been able to throw the lead early in

the morning and take a series of observations of the temperature,

whereby it became evident that we had already advanced within the cold

area. Having thus found the eastern boundary line between the Polar

and the Atlantic currents, and the manner in which they pass into each

other having been more carefully examined, we stopped here, and after

having undertaken a dredging we continued northward for the purpose

of further tracing the above-mentioned boundary line. The weather

continued drizzling and cold, very much like winter, with interchanging

showers of snow and sleet, aiid a temi^erature that fell even down to

33.8° Fahr. Thus it was not to be wondered at that we who came from

summer warmth of more than 08° Fahr., found it disagreeable, and,

though being in the midst of summer, we were obliged to put on winter

clothes from head to foot whenever we desired to breathe fresh air upon
deck. During tlie four following days the Polar current's boundary

was followed accurately. In so doing we first sailed to the north, then

to the west in the direction toward Beeren Island. On the way we also

undertook a couple of dredgiugs, whereby we gained a tolerably correct

idea of the character of the fauna, though the weather threw many ob-

stacles in the way of these investigations. On the evening of the 3d

of July we saw the first ice, which appeared in the form of quite small

detached blocks, of the most fantastic shapes, but later in the form of

connected floes. Birds increased in number and kind as we advanced.

Auks, fulmars ,and gulls flocked everywhere, and in the horizon were seen

a number of high columns of smoke as from a fleet of steamships. They
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were whales that were gormandizing on the abundant fauna of the Polar

waters, and which as we drew nearer exhibited their broad, black backs

above the surface of the water, after having emptied their lungs with a

rumbling noise and whirled the water up in the form of a higli column
of smoke. A glittering illumination spread itself over the sea filled with

floating blocks of ice. Late in the evening a shout came that land was
in sight ahead. It was our experienced jjilot, whose keen eye first had
discovered Bceren Isle through the fog. The rest of us in vain strained

our eyes 5 all we could see was fog and the sea. Tired of looking, and
knowing from the chart that we still were a considerable distance from

land, the majority of us resolved to retire to our berths in order to

enjoy with quickened energies on the following morning the sight of

Beeren Isle and if possible undertake to land.

Our waking the following morning gave us the agreeable sensation of

a perfectly smooth sea. We had not known the ship to lie so quietly

for a long time, and as the screw only now and then throbbed, we soon

understood that we were near the shore. We were therefore not slow

in donning our clothes and springing upon deck in order to get a more

perfect idea of the situation. At about the distance of a quarter of

a mile from the ship lay the barren rocks of Beeren Island before us,

parfly shrouded in fog. We were in the lee of the laud, east of its most

southern point, doubtless the most i)icturesque part of the island. A
high promontory, with sharp weather-beaten crests, extends precipi-

tously into the sea, and in front of it rises again, in the form of a beau-

tiful obelisk, a high, wonderfully shaped, isolated rock, called the Stappe.

When the fog rose a little from the land in the rear of these rocks,

extensive connected masses of snow were seen, interchanging with steep

precipices and barren, gravelly flats. Further toward the north lifted

itself out of the fog Mount Misery, which is 1,700 feet high, and around

the summit of which winds a peculiar precipice, looking hke an artificial

breastwork. Between this highest mountain on Beeren Island and the

south point Ues the so-called South Harbor, where we intended to land,

m order to iDut ashore the mail entrusted to us for the Dutch expedition,

which, on its passage to the east, had determined to touch the same
point somewhat later. According to our instructions the place was sit-

uated near the so-caUed Mayor's Gate (Borgermesterport), a wide gate-

way in the rock, through which in calm weather one can row a large

yawl. By the aid of our glass we soon discovered the portal, minutely

described and represented by an illustration in the Eeport of ISTorden-

skjold's Ex]3edition, in 18G3, and therefore, when we had approached as

near to it as we dared with the steamship, we dropped our anchor, where-

upon two yawls were put into the sea and furnished with men.

We rowed without accident through the famous and grand Mayor's

Gate, which was guarded by a multitude of noisy gulls, and landed on

a gently sloping, sandy beach, where we, without the shghtest difficulty,

and perfectly dry-shod, planted our feet on the ground of Beeren Island.
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Directly to the right of the Mayor's Gate, and a few paces up from the

harbor, lies an old deserted Russian hut, the point indicated to us by the

Hollanders. The roof was partially dilapidated, and here and there the

floor was torn up and drenched with snow-water ; but the walls were

well timbered and had resisted the destructive influences of the wintry

blasts and of the snow tolerably well. The i)lain and simi)le interior

arrangement, a couple of bedsteads and a rudely-fashioned table, gave

us an insight into the dreary existence which its occupants must have

exi)erienced during the long wintry nights, while the storm howled with-

out and the snow gathered in towers round about the hut. That time

had hung heavily on their hands was also sufiiciently evident from the

numerous inscriptions and carvings which covered the walls and bed-

steads. With an industry and exactness that partially made up for the

lack of artistic talent, we here found carved with a jack-knife ships of

all sizes and descriptions, the cordage and yards represented as mi-

nutely and accurately as possible. In the rear of the liouse lay parts of

the skeleton of a polar bear, which undoubtedly had been altogether

too impertinent to escape with his life. The time required to dispose of

the mail was occupied by a part of us for the purpose of taking a short

stroll into the interior part of the island. Nothing more melancholy

and dreary can be imagined. Even Jan Mayen seemed to us a garden

in comparison with these barren flats, strewn with nothing but pebbles

and gravel.

After having taken this invigorating exercise on shore, we returned

Xg our ship, where we weighed anchor and proceeded westward, in order

to determine more accurately the slope toward the great deep outside.

At the distance of about forty miles from the island we cast the dredge

at a depth of 35 fathoms. The bottom here consisting chiefly of coarse

sand, the harvest was comparatively insignificant. On the other hand,

the surface of the water was here tilled with pelagic animals ; our sur-

face-net especially yielded enormous quantities of peteropods {Limacina

arctica), and many of the specimens were of quite unusual size. The
surface temj^erature was, as might be expected from the proximity of

the ice, very low, and the sea-water was filled with a i)eculiar sea-slime,

which on our former expedition had been observed under similar circum-

stances. But at a somewhat greater distance from the island a very

sudden change took place, the temperature of the water rising at once

to from 35.6° to 41° Fahr,, while the color changed from a greenish to

a dark-blue hue. It was the warm water of the Atlantic that here met
the Polar water, without being able, however, as it seems, ever to get

over to the coasts of Beeren Island, where the Polar current seems to

be as dominating as at Jan Mayen. At somewhat long intervals the

lead was thrown as we progressed outward, showing first 115, then 457,

and then 750 fathoms, without the discovery of any abrupt descent any-

where. At the last-named station a comi^lete series of observations

of the temperature were taken, which showed 32^ Fahr. to be situated
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much deeper tbau we liad expected to find it so far north, namely, be-

tween 400 and 500 fathoms. A dredging undertaken at the same place

gave comparatively little retiu-n, the bed of the sea being so soft that

the mouth of the dredge undoubtedly became filled up too soon with

the tough clay, without being able to catch anything after being so filled.

We now bent our course to the south, then again to the west, in order

to find the depth of 1,000 fathoms. This having been accomplished, we
turned our prow toward il^orway, making soundings at suitable intervals,

in order to determine the ascent at this place from the deep. The ascent

was here much more abrupt than further north, it being between 500

and: 300 fathoms, which seems to indicate the existence of a real preci-

pice between Beeren Island and Norway. We could not, however, de-

vote much time now to establishing the details in regard to this preci-

pice, our coal and water supply diminishing to an alarming extent, and
we having still to examine the fauna at this point. Two hauls with

the beam-trawl at different depths gave exceedingly interesting zoolog-

ical results. In the first haul, which was made at a depth of 447 fathoms,

with a temperature at the bottom of 33.08° Fahr. we got, among other

things, a specimen of a species of halibut {Hlppoglossus iriuguis) more
than a foot long. This species of halibut is not known on our coasts,

and belongs to the far north. In the second haul, which was made in

a depth of 190 fathoms, we also secured some fish of the Cotfoid family,

among which there apparently was a new variety, and besides we got

an extraordinary amount of lower animals, which gave to us, as zoolo-

gists, abundance of work, even long after we arrived at Hammerfest.

W^e anchored in the harbor of this town on Monday noon, Julj' 8, upon
the whole well satisfied with the results of our first cruise into the Polar

Sea, and with the brightest expectations in regard to the two cruises

yet to be made before the exijedition is completed.

11.

HA]^OIEE^EST, July 27, 1878.

Mr. Editor : We are again lying here well moored in Hammerfest's

Harbor, after having once more plowed the waves of the Polar Sea, and
I shall avail myself of the opi^ortunity, while we are resting after our

work done, of sending you some brief account of our last oruise, con-

tinuing my story where I left ofi" in my previous letter.

After stoi>ping about four days in Hammerfest, which v.-as necessarj'

for taknig on board coal and other prerequisites, we Aveighed anchor on

the morning of the 13th of July, and proceeded northward through the

South Island Sound in beautiful, calm sunshine. On the so-called Bond
Island Ridge, one of the most celebrated fisliing-grounds in this locality,

we stopped for a short time, whereupon our fishing-tackle was brought

out. In a short time we hauled up several fine-looking codfish, which
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differed iu no material respect from the so-called winter codtish {Slcrcid),

aud in size scarcely were inferior to the common Lofoden codfisli. The
contents of the stomach were examined carefully, both in these and

in other species of fish canght at the same time. It appeared as usual

that the codfish had not been very delicate in the choice of his food,

which was very mixed, and consisted partly of crabs and mollusks, and
partly of small fishes. In one of the stomachs we found a wolf- fish a

span long, and this was yet so fresh that it could be x)reserved as a speci-

men in spirits. The coal-fish seemed to have been far more delicate in

the choice of his food, which consisted exclusively of cuttle-fisb, and,

upon further examination, this proved to belong to the well-known

Arctic form, the Gonatus amoenus, of which there heretofore has been

found Old}" one specimen on our coasts. This last disco^'ery was of no

Little interest to us, partly because by it the appearance of this cuttle-

fish in large numbers on the coasts of Finmark could be established,

partly because the remarkable change in coal-fish fishing that recently

has been observed in these regions could be naturally explained by the

very appearance of this peculiar food.

A westward course was now taken and the jagged mountains of South

Island soon disapj^eared from above the horizon, while we still had a

glimpse of the loftier, snow-covered plateaus of Seiland. An indistinct

land-line was yet seen for a short time in the southeast ; then all van-

ished, and we had nothing but the boundless sea on all sides around

us in the horizon. On the same day soundings and a series of observa-

tions of temperature at a depth of 95 fathoms were taken. At twelve

o'clock in the night the lead was thrown out again, indicating 030 fath-

oms, and on the evening of the following day we found 1,110 fathoms,

whence it appeared that the descent toward the deep here was tolerably

gradual. At the last-named place we stopped, and the trawl went to the

bottom, accompanied by our best Avishes. In the morning the appara-

tus was hauled in good condition on deck, and it brought up from the

deep a draught larger than any we ever had gotten before. In the net

were found, in addition to a great variety of low^er animals, no less than

five specimens of a rare Arctic fish (Lycodes), one of which measured

more than a foot in length and seemed to be full-grown. The excellent

qualities of the trawl were still further demonstrated by this successful

haul, and for the time being the dredge heretofore used fell wholly into

discredit with us. As we progressed westward the air steadily grew

colder. During a part of the time we had been surrounded by dense

fog, and on the following morning the weather was so disagreeable that

we had to put on a complete suit of winter clothing when we went on
deck. We sounded in the forenoon, finding 1,200 fathoms, and took with

great care a series of observations of the temperature, finding 32° Fahr.

at only 30 fathoms' depth. Here we sent the trawl down again ; but al-

though the greatest precautions were taken both in letting it down and
in the further maneuveiing of it, it soon appeared, upon the hauling in
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of tlie trawl, by the iusiguiflcaut stietcbiug of tlie accumulator, tluit the

apparatus for some reason or other had not followed the bottom. In

spite of this fact the net had caught in the stratum of water nearest

above the sea-bed two specimens of the sea fauna of such extraordinary

interest that they abundantly repaid the trouble and care we had given

to this haul. One of these was a fish, the other a cuttle-fish, both alike

remarkable and interesting. The fish was of a brilliant scarlet color,

with extraordinarily far-projecting, thread-like ventral fins, and belonged

to a hitherto entirely unknown genus and species of the cod family.*

The cuttle-fish likewise proved to be a new species of the remarkable

and hitherto but little known genus Cirroteuthis. Of both a drawing

in colors was immediately made, which will be of valuable service in the

j)reparation of the final report.

On the following morning we were surrounded on all sides by a dense

fog so that we could see scarcelj^more than a few fathoms from the ship.

The wind changed successively from north to northwest and west, which,

in connection with the position of the barometer, indicated that we were

just passing the north side of a tornado and that we in all probability

soon would be outside of its range. By the heavy swell setting in from

the southwest we were also informed with sufficient certainty that there

was at no very great distance from us to the south a storm, and that,

too, one of the very worst sort, so that we deemed ourselves fortunate

that we on this occasion found ourselves so far into the Arctic Sea.

Toward evening the sea became remarkably smooth, and an icy cold

filled the atmosphere. In the west was seen toward the horizon a pe-

culiarly clear glimmering in the air, which we already, from oiu' former

cruise, recognized as being ice-blink. At 9^ o'clock "Drift-ice ahead!"

was shouted, and a piece of ice, much worn and perforated by the sea,

came slowly floating jmst our ship, the first messenger from the Green-

land ice. This was followed by still another, then by more and more,

and finally the sea was filled on all sides with blocks of aU possible

sizes and of the most fantastic forms. Colossal mushrooms with hollow,

beautiful, bright, green stems ; swans, with far-extended necks ; boats,

with full crews ; wonderfully jagged, pillars stooping or leaning in vari-

ous directions ; flats sloping irregularly and half hid in the sea, crowded

one on the top of the other—in short, the most extravagant forms ])assed

in review before our ship as we progressed. Tar out in the horizon was

discovered a snow-white irregularly winding line, from which single blu-

ish tops reared their heads, and over which a clear ice-blink, not unlike

a sort of aurora borealis, appeared. Here the ice seemed to be more

continuous, and our experienced pilot, who was sent aloft in order that

he might be able to form a more accurate estimate of the situjition,

advised us that fiu'ther progress westward was impossible. We had

reached the Greenland ice, and although this had taken i)lace somewhat

sooner than calculated in our plan, we had to submit to the inevitable

*Ehodichthys regina CoUett.—T. H. B.
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and cliaiige our course, steering northward and following- the apparent

direction of the edge of the ice. The following night we reached the

northernmost station, where we cast the lead, finding a depth of about

2,000 fathoms, the greatest depth we had yet observed. We now turned

our course to the east, casting the lead at suitable intervals, and usually

taking a series of careful observations of the temperature in order to

determine accurately the curve which indicates the modifications of the

temperature at various depths. Thereby we established, among other

things at various stations, the inteiesting fact that at a certain depth

below the surface there is found a minimum of temperature, then again

a more or less distinct rise of the temperature, below which the usual

gradual decrease toward the bottom was observed.

The following day the trawl was sent down to a depth of 1,200 fath-

oms, and although it was evident that it had gone down on the wrong-

side, that is, with the beam down and the runners up, it still cont;:ined

several interesting objects from the dee]), and among them two speci-

mens of the same Arctic fish {Lycode.s) which we had caught beltr.-e at

a somewhat less depth. In the night we sounded again, finding a depth

of 1,500 fathoms, and the series of observations of temperature taken

showed that we were already outside of the actual limits of the Polar

current, as we did not find 32^ Fahr. before reaching the considerable

depth of 400 fathoms.

The tornado we had touched recently had now evidently passed us

entirely. On the following day the weather was calm, and the sea was

so smooth that even microscopic examinations of the i)eculiar sea-slime,

whicli on this expedition was observed in various places in the ocean,

could be made successfully. We were now rapidly approaching a point

where the depth, according to a sounding made during the voyage of

Gaimard, was recorded as being 260 fathoms, and which, therefore, was

to constitute the extreme points of the bank extending between Beereu

Island and Spitzbergen. It being of importance to investigate more

accurately the ascent from the deep in this jilace, the lead was cast at

short intervals, but the depth did not decrease in any marked degree.

Exactly at the point indicated on the chart where Gaimard's lead had

been cast, we still found a depth of 1,0G0 fathoms, which presupi^oses a

considerable error in the chart of the soundings heretofore made at this

place. Xot before we had made three or four soundings further to the

east did we find the real ascent to the bank, and thus we had an oppor-

tunity of making here a not unimportant correction in the sketching ot

the depth-curves. At a depth of G50 fathoms, that is, on the very slope

of the bank, the trawl was let down and brought up again late in the

forenoon of the following day to be i)laced in good order on the deck.

It contained about three barrels of mud. An exceedingly plentiful

harvest of zoological specimens was secured, and, as usual, there was
found, in addition to lower animals, a considerable number of fishes in

the net, among which were several of great importance. Upon the bank
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the trawl was sent to the bottom again at a depth of 180 fathouis, but

the net was here torn to pieces by the sharp stones, so that we secured

only what had accidentally been caught in the meshes, chiefly hydroids

and polyzoa. The temperature both of the atmosphere and of the water

had meanwhile sunk to so considerable an extent that it was evident

that we had again come mthin the boundaries of the Polar current. We
therefore regarded it as our duty to proceed a little further to the east,

in order to investigate the physical and biological conditions in this

stretch of the ocean, w^hich for the most part of the year is filled witli

ice. We cast the lead at short intervals, finding a gradually ascending-

slope until we reached a depth of only 21 fathoms. At the surface the

water was perfectly ice-cold, that is, 31.04° Fahr., the lowest tempera-

ture we had observed at the surface. It being presumable that the

bottom here was stony, the dredge was sent down instead of the trawl,

and it brought up from the bottom a considerable amount of coarse sand
mixed with stone. Between and on these stones, and entirely covering

the tangles, were found enormous masses of hydroids, many of which

were very beautiful. Whole forests of these must cover the bottom in

this locality. We did not find it suitable to our present purpose to make
investigations further to the east, and so we turned our j)row toward

Beeren Island, which appeared in sight on the same day about noon.

First rose above the horizon the peculiarly formed Mount Misery, and
after that a long, low stretch of land on the north side of the mountain.

It seemed to be endless, and afterwards proved to be the flat and undi-

versified northernmost portion of the island. A stiflf breeze from the

north had meanwhile arisen, which increased as we approached the land,

and it soon made the waves so tumultuous that we were obliged to give

up all thoughts of landing at this time. Off Mount Misery the wind
was so violent that the sea was whipped into mist, and the ship careened

fearfully. We hugged the shore so closely that we were in sight of

South Harbor and the Eussian hut, in order, if i)ossible, to find out

whether the mail left here by us for the Dutch expedition had been
received. By the aid of oiu* glasses we soon spied the signal left by us,

and the flag had been removed, which we of course regarded as a sign

that the expedition had been there. A letter just received here, proba-

bly brought by some fisherman, assures us that everything had been
found in good order. The letter is from the chief of the expedition.

Having lam quiet for some time off the south side of the island await-

ing if possible a favorable change in the weather, all sails were hoisted

at ten o'clock in the evening, the engine was set to work at its utmost
capacity, and we turned the stem of the ship southward toward iforway.

So long as we still were in the lee of Beeren Island we had compara-

tively smooth water and a moderate breeze ; but as we got further out

to sea the wind increased and the waves waxed higher, and finally there

blew a perfect gale from the north, the waves dashed high, and we sped

forward at the rate of sixty-five miles per watch. It was the first time
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tliat we were obliged to scud under bare poles on account of a real gale,

and although the ship frequently careened and i)itched badly, making
boxes and other things tumble about in wild confusion, we still had
abundant occasion to praise the excellent qualities of the Voriug and
pronounce her an excellent sea-going vessel. In spite of the fact that

the sea was exceedingly chopping and the surges very bad, the latter

rushing against the ship from all quarters, the vessel acted si)lendidly

and did not ship a single sea.

We hastened southward w'ith impetuous speed, and at the exjiiration of

less than twenty-four hours we had made the four hundred miles from

Beeren Island to ISTorway. The first landfall was Ing Island, one of the

outmost of the islands of Finmark. A large point of it was seen

through the fog and was immediately recognized by our experienced

pilot.

Thenceforth we had the clearly marked steamship route before us, and
we anchored in the Hammerfest Harbor all safe and sound early in the

morning of the 25th of July.

III.

On Board the Voring, September 1, 1878.

Mr. Editor : The scientific w^ork of the expedition is at length com-

pleted, and with the consciousness of having improved the time to the

best of our ability, and completely carried out the plan arranged for the

expedition, we are now taking a good rest after our exertions, while the

Voring is leisurely carrying us southward along the usual steamship

route. It is now something more than a month since my last letter,

and during this time we have seen so much and had such varied expe-

riences, that I dare not at this time undertake to give you an exhaustive

account of our whole cruise. For the present you will therefore have

to content yourself with only a part. The continuation will follow as

soon as opportunity offers itself.

After a sojourn of four days at Hammerfest, which was necessary for

completing our supply of coal and water and of other provisions, we
weighed anchor on Monday, the 29th ofJuly, at 6^ o'clock in the afternoon,

and after having fired four guns as a farewell salute to the city, we
steamed northward along the usual route, out the Soro Sound past the

Ship's Holm out into the ocean. The weather was calm and warm, and the

sea was so smooth that scarcely any motion of the ship was discernible.

But the atmosphere toward the north was quite hazy, so that the sun,

which, during the whole day, had been shining from a perfectly pure and
clear sky, later in the evening hid itself behind a heavy bank of fog, and so

did not afford us an opportunity of observing the partial eclipse which
was just then taking place. The following morning we had already

advanced a considerable distance into the ocean, and the fog, so com-
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moil lioTC, soon wrapped iis in its clammy, cold atmosphere, and com-

pelled us to put on again our traveling clothes, which for some time had

been stowed away. In the afternoon the trawl was let down to a depth

of 223 fjithoms, and in the evening it was brought on deck in good con-

dition, containing a large amount of mud, in which were found several

siliceous sponges. As usual we also founi several fishes in the net: a

rare flounder, a specimen of a Greenland species of Aspidoj^horus, and

a small cottoid. Besides, the mud contained numerous lower animals,

with the examination of which we zoologists were occupied until late

the following day.

We were now rapidly approaching Beeren Island ; but the fog was so

dense that no land could be seen before we had come within a few miles

of it, when the summit of Mount Misery appeared among the masses of

fog. Meanwhile the wind had begun to freshen, and a jiretty decided

swell set in from the west, which made the prospects for landing at the

point visited by us before but little promising. Still, we continued our

course northward along the east side of the island, keeping as near to

the coast as we thought advisable. ISTow and then broken parts of the

somber island, by this time well known to us, became visible, but were

again wrapped in the fog which gradually accumulated into threatening

driving cloud-banks. Tlie rapid falling of the barometer also warned us

that a storm was brewing, and as we would in that case be unable to

accomplish anything out at sea, we agreed not to proceed any further

for the time being, but to worry the storm out in the lee of the island.

Nor was it long before the storm broke and began to creak in our cord-

age, but we had the land to the windward and therefore lay perfectly

at ease, tacking back and forth.

The following day brought but little change in the situation. The fog

came hurrying over Beeren Island in dense masses which entirely envel-

oped the summit of Mount Misery, and left only the gloomy strand with

its steep weather-beaten precipices in sight. Toward evening the wind

settled somewhat, and finding ourselves just then off the ilat northeast-

ern side of the island, where, according to former reports, coal-beds and

rich fossil-bearing strata of rock were to be found, we deemed it proper

to attempt a landing for the i^urpose of making careful explorations and

gathering specimens of various kinds. Having approached the coast as

near as we could with our ship, the boats were let down and hastily filled

with a crew of the younger members of tl^e exiiedition ; they were fur-

nished with guns, botanical boxes, and other articles of equipment suita-

ble to the occasion. It was then eleven o'clock in the evening. But the

night is here at this time scarcely darker than the day, and there was
nothing to hinder our postponing our sleep until the following morning.

We steered into a little bay on the coast which we had observed from

the ship, and where the breakers wei'e considerably less formidable than

elsewhere, and got the boats safely drawn on shore and made fast on a

strand evenl}" sloping and covered with boulders and driftwood, where
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a small stream, the so-called English River, came trickliDg down. The
place was well chosen, and it appeared on our later investigations that

it would not have been possible at any other point to get over the preci-

pice, which from the flat land within descends into the sea. Here the

ascent was not difQcult, and Ave soon found ourselves upon the plateau,

whence endless flat and barren wastes strewn with boulders, with here

and there a little lake, stretched as far as the eye could see. Some rare

birds, among which a broad-tailed Lestris pomerina, resembling a bird of

prey, soon attracted our attention, and three fine specimens were brought

down by our guns. We followed the coast northward as far as seven

miles from the English River, now making excursions into the interior

of the island, now approaching tiie coast, whence we got splendid views

of a couple of wonderfully shaped rocks standing isolated in the sea,

the EngUsh Block and the Xorth Loaf, where myriads of sea-birds had
chosen their places for nesting. But now came the fog, dark, cold, and
wet, driving upon us from the interior of the island, and it soon became
so dense that it robbed us of every outlook, wherefore we concluded that

it was about time for us to make an end to further progress and begin

our march back. On the way we liad the good fortune to stumble u])on

some fossil-bearing rocks, which here cropped out, and were so loose and
crushed by the ice that we found no difiBculty in making a large collec-

tion. Some slate-formed layers of coal were also found, of which s])eci-

mens were gathered.

After a pretty exhaustiiig march through the dense fog, over the sharp

stones, we flnalty reached our landing-place at about four o'clock in the

morning. Whence we could, through the fog, barely catch a glimjDse of

the Voring, which, in the mean time, had anchored as near to the shore

as possible. On board, the captain, with his usiial thoughtfulness, kept

in readiness for us a cup of steaming coflee, which tasted excellent after

our wearisome excursion, and, together with a glass of good grog, gave
our bodies the requisite amount of heat.

Meanwhile, there was taking place near the stern of the ship a scene

which kept, us awake for several hours longer. A couple of the crew had
gotten out the trolling-lines, and in an incredibly short time had brought

on board some beautiful codfish. As soon as this became known all was
life and activity among the crew, and all the trolling-lines that could be

found on board were brought into service in a hurry. Several of the

members of the expedition also took part in the fishing, and that with
a zeal scarcely less intense than that of the crew. One splendid cod-

fish after another was hauled in over the rail, and soon the deck was
strewn with sprawling fishes, so that there was scarcely room to walk
without stepping on them. About two hundred codfish were in the

course of a few hours drawn up, which showed conclusively what a
wealth of fish there must be around this island, in other respects so des-

olate and inhospitable. At six o'clock in the morning we at length tum-
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bled into our berths and soon fell asleep, and did not a^v^ake again before

noon.

We were still in tlie lee of the island, for a new storm had broken

out, which soon compelled our captain to weigh anchor and keep mov-

ing, as before, back and forth along the island. In the evening the pros-

pects were very dark and melancholy. The showers came down from

Mount Misery howling and creaking through the cordage of the ship,

and whipping the sea into foam. The swells of the sea had also increased

considerably, and made the ship, as soon as we got ever so little further

from the land, pitch and roll terribly, by which we could easily under-

stand what rough weather there must be further out at sea. Mean-

while, it was our intention at the first perceptible improvement in the

weather to leave Beeren Island without delay, with which we by this

time, to tell the honest truth, were thoroughly disgusted.

The following morning we were already on our way northward. The

wind had quieted considerably, tlye barometer had risen, and the atmos-

phere had cleared. But the storm during- the previous two days had

thrown the ocean into so violent a commotion that our ship, having the

seas on the beam, rolled witb more violence than ever. Later in the day

the sea quieted little by little, and a breeze from the north made it set-

tle still more rapidly. When we had advanced to about midway be-

tween Beeren Island and Spitzbergen we stopped, the trawl was sent

down to a depth of 123 fathoms, and was hauled on board full of speci-

mens of the fauna of the deep. Not less than twenty-eight fishes (the

most of them small, it is true) were secured by this haul, besides a

raidtitude of lower animals, among which were some of great interest.

We now directed our course to the westward, in order to determine the

descent of the Beeren Island Bank toward the deep outside. In three

successive soundings we found down along the bank, first, 444 fathoms,

then 795 fathoms, and, finally, 1,149 fathoms. At all these stations care-

ful series of observations of the temperature were taken, both with the

usual Oasella-Miller thermometer and with the improved Negretti-Zam-

bra, the result going to show that in this stretch of the sea there is found

a considerably confused distribution of temperature in the deep. The

course was again changed and directed northward to Spitzbergen. On
the way the trawl was sent down on the declivity of the bank, but came

up in disorder, the net, probably on account of the severe ground-swells,

having been wound around the beam.

The following day, toward noon, we got the first landfall of Spitz-

bergen, but the land was for the most part covered with fog, so that we

only here and there caught glimpses of immense masses of ice and

snow that shimmered through the fog. We sent a dredge down on the

bank, where the water was only 70 fathoms deep. But we were unsuc-

cessful again, the sack of the dredge being so torn asunder by the sharp

stones on the bottom that only what accidentally stuck fast to it and

to the tangles could be secured. In the evening of the same day we



NORWEGIAN DEEP-SEA EXPEDITION OF 1S78. 271

doubled South Cape, T\ith the \ow island off it, and a pretty stiff north

wind having- meanwhile set in, we steered toward the southeast point

in order to get in lee of the land, and at the same time get, to begin with,

some idea of Spitzbergeu's grand natural aspects. From a broad val-

ley, completely filled with snow, a mighty glacier extends far into the

sea, having abrupt edges and floes at the base. Above it rises a beau-

tiful, dome-like mountain, which bears the name Keilhan's Mountain,

so called after our celebrated countryman Keilhan, whose explorations

in these northern regions form the basis of geological knowledge of this

Arctic land. East of Keilhan's Mountain we got a glimpse of a consid-

erable portion of the east coast facing Storfjord. It lay illuminated by
the clear light of the midnight sun, while the west side was enveloped

in dense masses of fog. Having made some physical and zoological in-

vestigations right by the foot of the glacier, we set our course to the

southeast out into Storfjord, until we found a depth of 150 fathoms,

where a careful series of observations of temperature was taken, and a

dredging made, which gave us a tolerably complete idea of the fauna of

the sea-bed. The stem was then turned to the west again in order to

complete our first i)assage between Spitzbergen and the Greenland ice.

The same day we reached the ledge, where a coui)le of Greenland

shark-hunters were seen lying at anchor. The lead here showed a pretfy

abrupt descent toward the deep, and at a comparatively short distance

from the edge we had a depth of 750 fathoms. Here the trawl was sent

down, but it was brought up with the net comjjletely torn asunder, which

was the more to be regretted, since, from the animals still sticking fast

in the meshes of the net, it could be seen that the fauna here must be

extraordinarily plentiful. But the bottom was evidently here of such a

nature that it would involve a great risk to make another haul, where-

fore we proceeded westward, throwing the lead and taking careful ob-

servations of the temperature at suitable intervals.

On Thursday, the 8th of August, at noon, we were warned that ice

was in sight. And it was found that to the north of us, at the horizon,

appeared a white line of considerable length, from which blocks of ice

came drifting with the current southward. But the sea being free from
ice to the west, we continued our course in that direction. In the eve-

ning we passed longitude 0° without our having met with any ice,

wherefore the ice previously seen clearly must have been an isolated

collection of drift-ice. In the night the trawl was sent down to a depth
of 1,700 fathoms, and we awaited with great suspense the result of this

haul, as we had never before tried the trawl at so great a depth. But,
in hauling it uj) on the following morning, the rope suddenly snapped on
account of the great weight, and the whole trawl, together with 2,000
fiithoms of rope, was lost. This was a misfortune greatly to be regretted,

and for the time being it could not help depressing our spirits, not only
because we had given much time and toil to the maneuvering, but also

because we had sent tJie trawl down with great expectations. As mat-
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ters now stood there was nothing else for us to do than to move on, and
meanwhile see to getting a new trawl ready as soon as possible. As ice

was now seen in the horizon in various directions, we did not deem it

advisable to press further forward toward the west, and so we changed
our course to the northeast, trying as far as practicable to follow the

edge of the ice. The further north we came the more ice we saw, and at

last we were surrounded on all sides, wherever we turned our eyes, with

large and small tioes of ice of the usual bizarre forms, but still with suffi-

cient si)ace between them to allow the ship to be maneuvered further in

the above-mentioned direction, provided proper care was taken. At six

o'clock in the evening we at last came out of the belt of drift-ice, and
had a clear and open sea before us. The weather was brilliant during

the whole time, the sun shone bright, and the sea between the ice-floes

was as smooth as in a harbor.

The following morning we had already advanced up to the next pas-

sage, and when we had established a depth here of 1,640 fathoms, our

course was directed to the east again toward Spitzbergen. In the eve-

ning we sounded again, finding 1,333 fathoms, and an accurate series of

observations of temperature was also taken by which it became evident

that we had already gotten out of the Polar curreut, 32^ F. not being

found before we reached a depth of 400 fiithoms.

Meanwhile we had made a new trawl, with a new rope and other be-

longings, and although the depth was considerably less than at the last

station, it still was so great that a successful haul with this apparatus

would be of great interest in a biological respect. Hopeful, we then let

the trawl sink down, trusting that the new rope would stand the test

this time. But when we came to haul the trawl in, the same unusual

strain appeared on the accumulator as the previous time ; its strings

were stretched to thrice their length, although the trawl was raised from

the bottom. Ou our former expeditions, further south, we had several

times used the dredge at a similar depth, without anything like this

hapj)ening, and hence we were in the greatest suspense to get at a sat-

isfactory explanation of this yet inexi)licable phenomenon. After much
work and considerable anxiety in regard to our apparatus the trawl

finally came up, and with it came the key to the problem. The net con-

tained not only, as we had been wont to find, theretofore, the usual bi-

loculina-clay, but, together with this, large, round stones, of which one

was estimated to weigh about 300 pounds. The beam holding the run-

ners apart from each other was broken in two by the great weight, and

it must be regarded as a wonder that the net, too, was not torn to pieces.

The whole sea-bed here seenls to be literally covered with small and

great stones lying loose in the mud, and they must, without any doubt,

come from the icebergs that during the summer season constantly break

loose from the glaciers on Spitzbergen and then melt here untler the

influence of the warm Atlantic current and unload the stones which by

the action of the glacier are brought upon the ice. The further exam-

i
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inatiou of the materials brought up brought to light several inter-

esting forms of animals ; nor -were fishes Avanting, three specimens of a

beautifully banded species of Lijcodes being seciu^ed in good condition,

and preserved.

Toward evening of the same day we caught sight of land ahead. It

was off the northwest coast of Spitzbergen, and proved to be the long

and yet but little known Prince Charles' Foreland, the sharp pinnacles of

which first lifted their tall heads above the horizon. The following morn-

ing the weather was fair and the sun shone clear and bright. We were

then only about thirty miles distant from land, and the mountains on
Prince Charles' Foreland and around Icefjord lay perfectlj' clear with

their mighty masses of snow and ice. At 125 fathoms' depth we sent

down a dredge which brought up a considerable portion of loose mud,
containing the usual Arctic animal forms.

It was determined that the next dredging was to take place at a depth

of about 400 fathoms, or where the bank declined toward the deep. So
we steered to the west, to the r>oint where according to the i>reviously

sketched contour-lines we could exjject this depth. Upon casting the

lead we found, however, to our surprise, that the depth was only 97

fathoms. We were here clearly on a sharp edge, and the soundings

made immediately afterwards further out also showed an unusually

steep descent toward the deep. At 416 fathoms the dredge went down
and came up again with its net full of gravel and stones. On the tan-

gles were hanging beautiful specimens of a sort of Medusa-head {As-

trophyton) up to two feet in diameter, together with a few specimens of

the same beautiful branched sponge which we on our first expedition

had caught in the UmbeUular region; and from among the gravel was
separated a large number of other marine animals, some of which were

of great interest.

According to our plan two passages more were to be made between
Spitzbergen and the Greenland ice further to the north. Meanwhile
from the experience now gained it was thought sufficient to make one

cruise to the north, and in this manner considerable time would be gained.

The stem was therefore turned to the northwest and then to the north,

in order if possible to determine the point where the Atlantic current

meets the Polar current. Meanwhile the wind had begun Mowing from

the northwest, with a chopping sea, so that the ship on account of the

constant consumption of coal lay a great deal too high in the water and
consequently made extremelj' slow progress. But fortunately we were
sailing with the current, and were thus helped along a little more
rapidly than we had expected. The weather remained unchanged aU
the next day, and the ship lay the whole time fighting the chopping sea,

while the propeller was lifted by every heavy swell entirely out of the

water, and beat about wildly in the air, without being able to push the
vessel forward with its usual force. Still we did go forward, and on the

following morning we observed the first floes of ice. We had then ad-

18 F



274 REPORT OF COMMISSIONER OF FISH AND FISHERIES.

vanced to the eighteen tli degree. The depth was 450 fathoms, and a series

of careful observations of temperature was taken at this point, whereby

it appeared, however, that we had not yet by far reached the real Polar

current. As it could be judged by these observations that the northern

limit of the Atlantic current must be looked for at a considerably higher

latitude far in among the tMfttng ice, and as such a cruise was not

really a part of our plan, we decided to stop here and turn our course

toward the north side of Spitzbergen. Before this was done we made
a cast with the trawl, which gave us ample specimens of the fauna of

the sea-bed, among which were several specimens of rare fishes. On
the surface of the water were found enormous quantities of the i)eculiar

ocean slime, which we on our in-evious expedition had observed, and re-

newed accurate microscopic examinations were made of the same at this

time. Dense fog now came drifting in ui)on us from the ice, and at

length so diminished our horizon that the ship seemed tc> float in the

midst of a boundless sea of log. But suddenly, as if by enchantment, we
came in the afternoon out of the dense bank of fog into bright sunshine

and had before us at the distance of about forty miles the jagged north-

west coast of Spitzbergen, with the so-called seven Ice Mountains.

Somewhat nearer the shore, at a depth of 250 fathoms, another haul was

made with the trawl, which likewise gave a j^lentiful zoological harvest,

which kept us zoologists busy for a long time. Meanwhile nature claimed

her dues, and weary from the day's work we sought our berths, while

the Voring directed her coiu'se toward the Xorse Isles in order to anchor

there and take in ballast and water.

The following morning, the 15th of August, we lay well anchored at

the place determined upon, and here awaited us the sui-prise of seeing

ourselves in company with no less than four Norse fishermen, and

among them the sloop so well known from Nordenskjold's expedition,

the Ice Bear. These vessels had already been lying here at anchor for

some time while the crews were busily engaged in catching cod in the

immediate vicinity. Fog still partially covered the surrounding mount-

ains, so that we were enabled to orient ourselves only i)iece by piece as

the fog rose. We were lying in a quite broad sound, in which the cur-

rent rushed on with considerable rapidity, carrying with it blocks of ice

of various forms and sizes. East of us we had the real so-called Xorse

Isle. West of us was White Island. Both were barren partially snow-

clad masses of rock from which weather-beaten grayish heaps of stones

extended down toward the strand. Directly north of us arose out of

the fog a peculiarly formed mountain, the so-caUed Clowen Cliff, and

further to the west we caught a glimpse now and then between the fog

of the most northwestern of these islands, that is, the Amsterdam Island.

South of us we had the northwest point of Spitzbergen's mainland,

which extended toward White Island. But the main channel toward

Eed Bay remained enveloped in a compact mass of fog out of which

small and large masses of ice now and then came forth, sailing through

the sound i^ast our ship.
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lu the afternoon a couple of the members of the expedition, accom-

panied by our pilot, who was well acquainted in these regions, undertook

an excursion in a boat southward toward the mainland. On our way
we passed numerous large and small ice-lioes, which came floating in

from the constantly ice-tilled sea east of the Norse Islands. Between

the ice-blocks were swimming large flocks of auks and black guillemots,

of which a few became an easy prey to our guns. At one point where

the mountain sides seemed less steep, we landed to take a look at the

island. After having passed a high mound of gravel and boulders,

among which a few alpine plants eked out a miserable existence, we
came into a valley of some width surrounded by steep mountains. The
major part of the valley was occupied by a lake of fresh water. But
the small amount of summer heat had been able to keep only a small

strip nearest to the mound open, while all the rest was covered with

eternal ice. The water was carefully examined by the aid of the appa-

ratus which we had brought with us. The only living things we could

discover were a couple of specimens of the larvae of a species of gnat.

The round stones strewn everywhere over the bottom of the lake were

covered with a close, dirty, greenish crust, which seemed mainly to be

formed from a species of alga, of which we took specimens. Over the

water flew a pair of solitary gulls. Otherwise everything here seemed

so barren and desolate that we were glad to get back to our boat again

and pass on further. We rowed north to the other side of White Island

and landed again on a flat holm (rocky island), which on account of its

somewhat more greenish hue seemed to give promise of a thriftier vege-

tation. On the sandy strand a few eider ducks tumbled about with their

recently-hatched young, but quickly absented themselves when we ar-

rived, plunging dexterously into the sea, one after the other, and they

did not come to the surface again before they had gotten outside of the

range of our guns. On White Island itself we gathered a few plants,

and from its highest i)oint we had a brilliant view of the mighty mount-

ains and glaciers in the so-called Fair Harbor. We returned by way of

the north side of White Island. But dense fog soon deprived us of every

outlook, so that we only now and then caught a glimpse of the gray,

weather-beaten strand of White Island and of one and another iceberg

sailing by us. At eight o'clock in the evening we were on board again,

where we zoologists were engaged for some time longer in investigating

the fauna of the sea-bed in the immediate vicinity of the ship.

On the following morning the fog lifted a little so that we could see

a little more of our somber surroundings. Through the sound came,

as usual, one floe of ice after another drifting with the current. One of

these, which was not observed in time, turned against our bow with so

great force that it shook the whole ship as if we had struck bottom, and
it warned ns sufficiently that it would not have been a mere joke if our

ship, at full speed, had collided with one of these compact masses
almost as hard as stone. About noon the boats belonging to the fish-
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ermen came sailing in from the mouth of the sound, all loaded full to

the gunwale. The fishing on the previous night had been quite unusu-

ally abundant, and so there was here an unexpectedly convenient oppor-

tunity for studying the Spitzbergen codfish and the conditions attending

the catching of it in these waters. In order to form a more accurate

estimate of the vast amount of fish caught here at this time we give the

following reliable figures : On three boats, each haiing a crew of two
men, were caught from 10 o'clock in the evening until 4.30 o'clock in the

morning, eleven hundred and fifty-three codfish. After having dressed

these fish and rested a short time, the same six men went out again at

8 o'clock the same morning and came back at 1.30 o'clock with eleven

hundred codfish. Each man had thus in the course of twelve hours

hauled up three hundred and seventy-five fish, which makes one fish

every other minute.

At four o'clock we had taken in water and ballast, wherefore we
weighed anchor and stood to the north again. According to our plan a

few physical and biological observations were to be made on the banks
directly north of the Norse Islands. But as it kept freshening with a

breeze from the southwest as we came further out, and as the fog was
very dense, we changed our jAsm and directed our course, instead, south-

ward into the " Smeerenberg." The fog, which out at sea stood like a

dense, dark wall, had as yet but partially gotten in here, and so we got

during our passage through this channel, celebrated from former expe-

ditions for its beautiful mountains and glaciers, a most excellent oppor-

tunity of getting acquainted with the mighty and grand natural features

of Spitzbergen. Views, each more picturesque and surprising than the

preceding one, opened before our eyes as we advanced. Every vaUey
and ravine is here filled with a mighty glacier, which with abrupt walls

shoots out into the sea; and above the glaciers tower, further into the

interior, beautiful mountains abounding in the boldest peaks and preci-

pices. The straggling masses of fog drifting over the land from the sea,

between which the evening sun shed its clear rays of light, spread over

all a peculiar mystic halo which added, in a marked degree, to the bril-

liancy and grandeur of this scene. In the innermost part of the bay
unfolded itself before our eyes in the clear light of the evening sun a

glorious panorama of mountain peaks, which, with the most fantastic,

jagged forms, rose from a valley completely filled for many miles with

snow, and from this extended a mighty glacier—the largest one we hith-

erto had seen—out into the sea. From the greenish blue, shimmering,

abrupt end of the glacier came one iceberg after the other, floating with

the current out of the fjord. One of these, of mighty dimensions,

crowned with glittering peaks, passed close by our ship and was imme-
diately sketched. That our sketch-books did not rest during the remain-

der of our passage through this interesting channel, is a matter of course.

Every one of us that knew how to use a pencil, with some sort of practice,

certainly has some view or other in Ms sketch-book from that glorious
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sail, and they who were not bold enough to record on paper what they

saw, will, at least, long preserve in their memories a vivid and lasting

impression of the imx^osing and solemn scenery that here, for the first

time, met our eyes.

Through the so-called South Gate we once more directed our course

to the sea, where we again met the dense threatening bank of fog, ac-

companied by a fresh breeze from the southwest. As the weather looked

anything but promising to the seaward we agreed to run into Magda-
lene Bay, a bay entering Spitzbergen's plateau south of Smeerenberg,

and likewise renowned for its imposing scenery. It was then quite late

in the evening, and the fog partially concealed the surrounding mount-

ains. But between these show forth distinctly tlie mighty glaciers,

the number of which is really extraordinary. In the innermost part of

the bay, in the lee of a peninsula, joined to the mainland by a flat isth-

mus, and surrounded on all sides by majestic mountains and glaciers,

we cast anchor, and it being already late in the night the most of us

sought our berths in order to be able on the following morning to study

with refreshed strength the grand scenery of Spitzbergen, and to make
some i>hysical and biological observations at this interesting point.

The morning brought calm weather, but the fog still enveloped to a

great extent the mighty mountains which here on all sides lift their

jagged peaks to the skies. The sea was everywhere filled with blocks

of ice of all sizes and forms, fi^om quite small fragments to respectable

icebergs, and presented a peculiar greenish color on account of the con-

stant melting of glacial ice. Enormous numbers of the Arctic pteropod •

(Limacina) w^ere seen moving about on the surface of the water, and
among them were also a few specimens of the crystal-clear whale-food

(CUoiie), and at some distance from the ship a pair of seals were seen
inquisitively lifting their heads up to look at the ship. At this last sight

our hunters grew lively. Eifles and ammunition were quickly brought
out, and three specimens, two ringed seals and one young large cub, had
to give their lives as a penalty for their curiosity. Later in the day some
of the members of the expedition made a trip ashore to the peninsula

lying before us, which seemed for ages to have been used as a burying-

ground. iJ^Tumerous graves bore ample testimony of the sufferings of

men who, impelled by love of knowledge or by greed of gain, had been
obliged to leave their bones here. But the graves did not reaUy deserve
the name. The soil consists chiefly of stone, so that it had been only
possible to cover the rudely timbered coffins as well as circumstances
would permit with stones. Now the most of them lay exposed to the
air, open and broken asunder by the ice, possibly also interfered with by
the polar bear and by other beasts, and in the coffins were found only
scattered portions of the skeletons. As if the beasts of prey really had
shown respect to the noblest part of the human body, the skulls were
still, we found to our astonishment, in the most of these graves lying in

their places. From the greatly varied forms of the craniums it could be
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determined that the deceased had belonged to various nationalities, and

a skilled cranologist would undoubtedly be able to point out easily the

Dutchman, the Eussian, the i^orseman, &c. From the highest point of

the peninsula we had a splendid view of the south side of the bay. Gla-

cier upon glacier here extended, one beyond the other, as far as the eye

could see toward the ocean. The ice here really had the appearance of

being the predominating part, and the visible mountain peaks seemed

in fact to be nothing more than the boundary lines between the different

glaciers. In some i:)laces the ice had even been crowded over the mount-

ain peaks and formed peculiar masses suspended, as it were, in the air,

and it seemed that they must every moment fall down from the precipi-

tous mountain sides. In the east or at the head of the bay the first one

of the glaciers shoots out into the sea. No less than four glaciers here

gather themselves into a mighty mass of ice which constantly under the

influence of the summer warmth sends out into the sea icebergs of all

sizes and forms. One of these, which laid itself right athwart the bow
of our ship, gave us considerable trouble when we were to weigh anchor,

about eight o'clock in the evening.

In order to investigate the temperature in this bay, constantly filled

with ice, we slowly and with all possible care api)roached the head of

the bay where the above-mentioned immense glacier shot out into the

sea. Here, surrounded on all sides by floating masses of ice, we sent

our lead and our thermometer to the bottom. The depth was 60 fathoms

and the temperature at the bottom 28.4° Fahr., the lowest tempei^ture we
had observed up to this time. A little fiu-ther out, where we were less en-

cumbered with ice and could better maneuver the ship, the trawl was

sent down and brought up ample specimens of the fauna of the bottom.

Not only various lower animal forms, but even fishes were found here

and seemed to thrive remarkably well in this ice-cold water. Particu-

larly did we in this haul bring on board numerous specimens of a sort

of small codfish, the so-called ice-roach (Ismort, GadusjjoJaris), of which

we heretofore had obtained only one specimen.

We now steamed toward the outlet of the bay to the sea, in order

finally to make some investigations on the bank and on its declivity

west of Prince Charles' Foreland. The wind had entirely subsided and

the sea was smooth, but dense fog soon hid the land entirely out of sight.

On the following morning we were at our station. The weather was still

and calm as on the preceding day, and the fog had so far lifted that the

lower parts of Prince Charles' Foreland coidd be seen. We cast out the

lead here, finding 500 fathoms' depth, and hence we were already on the

slope of the bank. A little farther out the trawl was sent down at a

depth of 110 fathoms and was brought up covered all over with a species

of the elegant feather-star {Antedon), of which several beautiful and per-

fect specimens were secured and preserved. We were now nearly through

with our investigations in the open sea, and therefore directed our course

southward along Prince Charles' Foreland, in order to run into the Ice-
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fjord, where we had made up our minds to lie still for a few days and

make the necessary examination of the ship's engine, which now liad

been in almost constant use ever since we left Hammerfest.

The following morning we had already reached the inlet of the Ice-

fjord. The north side of the fjord still shows the grand scenery charac-

teristic of Spitzbergen ; from the northwestern point, where the Dead
Man and the Auk Horn lift their heads, there are, as far as eye can see

toward the interior, splendid mountain views separated from the mighty

masses of ice and snow. On the other hand, the south side has a totally

different appearance ; the mountains are here less high, and their sum-

mits usually form plateaus, while the sides slope gradually and show a

regular arrangement both of the horizontal layers and of the glacial

rivers that are dug out in the vertical clefts. There is nothing pictur-

esque in the general effect. About in the middle of the fjord we sent

the trawl down, but it brought up nothing of interest excepting a young

specimen of a peculiar spiny Arctic fish {Cydopterus spinosns). At
noon we directed our course toward Advent Bay, which was intended

for our station, and outside of which a couple of fishing-vessels lay at

anchor. A long flat strip of land which extends into the sea from the

western shore forms here a natural mole, within which there is an

excellent harbor, in which the largest fleet might be able to find a

convenient anchorage and abundant protection against the storms.

Here we let our anchor drop. AVe were now at our goal, where we
were to spend at least three or four days. But nature in this locality

has nothing of the grand and imposing features that characterize Spitz-

bergen. The mountains around the bay have the same monotonous

character and dismal grayish hue as those we had seen on the entire

south side of the fjord. The splendid glaciers which so beautifully

diversified the landscape are here wholly wanting, and in lieu of these

the valley ascends gTadually from the sea, forming a slope, with the

same grayish-brown tiresome color that characterizes the mountains. So

far we were not a little disappointed in our expectations, but still we

had a few nice evenings when the mountains and glaciers on the north

side of the fjord blazed in the evening sunlight, casting a beautiful reflec-

tion athwart the fjord to our anchoring place. Meanwhile our time

was spent in the most profitable manner possible. While our captain,

was engaged upon the hydrography and chart of the bay, we zool-

ogists industriously examined the sea-bed with our dredges and made
excursions on land for collecting plants and whatever else of interest

we might find. Xor was the noble art of hunting neglected, and a

party was organized of the best and most skillful marksmen to under-

take a reindeer chase. But the reindeer is, at this season of the year,

very shy, and usually keeps itself farther from the coast than at other

times ; and not until we had made several and repeated efforts and

accomplished miles of fatiguing marching did we succeed in killing a
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very small young deer, whose exceediugiy fine and sweet meat was a

welcome addition to our mess.

After liaving- remained three days and three nights in Advent Bay
everything was ready for the home passage. The boiler had been care-

fully examined, a new supply of water had been taken on board, and
the bay had been mapped. At six o'clock in the afternoon, on the 22d

of August, we weighed anchor, and after having made a haul with

the trawl at the outlet of the bay, which, however, gave us but a small

return, we directed our course out of the Ice-fjord to the sea. ^Ye

liad only enough coal left to last eight days, so that a longer stay at

Spitzbergen, for this reason if for no other, could not be looked upon as

advisable. But as Bell Sound, a place famous for the beauty of its scen-

ery, lay directly in our way, we agreed among ourselves that, in case

we obtained favorable weather, we would, as a sort of leave-taking cere-

mony, make a short trip in there, in order to be able to bring home with us

a perfectly fresh impression of the imposing scenery of Spitzbergen. The
evening was still and the sky cleared, so that we retired filled with the

fairest hopes of being able on the following morning to enjoy the sight

of Bell Sound's celebrated mountain peaks and glaciers. But we were

deceived in our expectations. Dense fog on the following morning en-

veloped the land and hid all the mountain peaks from sight. Under
such circumstances we would scarcely gain anything by running into

Bell Sound, and as it was out of the question to spend any time waiting

for clear weather the trip was abandoned. So the stem of the ship was
turned to the south again, and every trace of Spitzbergen soon vanished

in the fog. About half way between Spitzbergen and Beeren Island we
finally took a series of careful observations of the temperature, in order

to get one more factor in the complicated problem of establishing the

conditions of temperature in this belt of the ocean. And herewith our

investigations were at length completed. Instruments and apparatus

were packed away, and what we now had to do was to get southward to

Norway as rapidly as possible.

The weather, which up to this time had been unusually still, showed
on the next day all signs of changing for the worse. The barometer fell

rapidly^ in the horizon appeared threatening cloud-banks, and the wdnd
began to blow from the east. Toward evening the breeze had increased

into a gale, but it fortunately blew from the northeast, and hence it was
favorable to us. The studding-sails were set, and, as if the Voring her-

self now was longing to get home, she sped on with unusual velocity, so

that we were making much more rapid progress than we from the be-

ginning had calculated. As we got farther south the waves became
higher, and the ship, which now was uncommonly light, now and then

tossed about so violently in the night that we were several times in a

rather disagreeable manner awakened from our sleep. But we had
already tested the Yoring once before, under similar circumstances, and
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knew that she would ride the waves securely and bring us all the sooner

home across the Arctic seas, .and we were all intensely homesick.

At eight o'clock of the next day we got the first landfall of Norway.

Far out in the horizon we got a glimpse of something of a deep-bluish

hue, which at some times scarcely could be distinguished from the at-

mosphere, but which gradually became more distinct and defined. In

this we finally recognized with certainty the outmost island in the Loppe
Sea. It was Bird Island, toward which our course had been directed

during the whole time. Still we were a considerable distance from land,

and it being late in the night we retired to our berths with the happy

consciousness that we should soon be within the skerries in smooth

water. When we came on deck the following morning we were just

entering Grot Sound. For the first time for many weeks we again looked

upon green fields and trees, and soon the charming Trom Island, with

its cultivated fields, its beautiful forests, and its smiling tillages, lay

before us in its complete summer dress. At twelve o'clock we lay safely

moored at anchor in the harbor of Tromso, and we all soon had the

ideasure of receiving by post and telegraph fresh and glad tidings from

home.

After stopping a couple of days at Tromso, which was necessary in

order to increase our supply of coal, we weighed anchor on Thursday,

the 29th of August, at two o'clock in the morning, and steamed south-

ward along the usual steamship route. The weather was brilliant, and

it was a source of great relief to us, after having been tossed about so

long on the billows of the Arctic Ocean, to be able to take our ease in

smooth water within the skerries. On the evening of the same day we
passed West-fjord in perfectly calm, beautiful weather. On the next day
our progress was checked somewhat by foggy weather; but the third

day was clear and warm as summer, and gave us another opportunity

to rejoice at the sight of the glorious mountains and fjord scenes down
along the coast of is'ordland. On Wednesday, the 4th of September, we
swung into the harbor of Bergen, where we were greeted by a general

display of flags, and after having given and received a salute we an-

chored in the usual place near the Sugar-house Wharf. Three of the

members of the expedition Chief Physician Dr. Danielssen, Mr. Friele,

and Cand. Thome, here bade us good-bye. The rest of us, after spending

two days in Bergen, passed with the Voring to Christiania, where we,

after a most delightful voyage, arrived on Monday last, the 9tli of Sep-

tember, at four o'clock in the afternoon.





XIII.~ON THE SCIENTIFIC INVESTIGATION OF THE BALTIC SEA
AND THE GERMAN OCEAN.*

By G. Kaksten.

The following lines are designed to call attention to the investigations

of the Baltic Sea and German Ocean, which have been in progress sev-

eral years, and which are of especial interest in opening up a new field

of observation, to which hitherto but little attention has been paid.

The extensive experiments of the Americans and Englishmen have in-

creased our knowledge of the physics of the ocean and its organisms, but

not being made with the view to continued systematic investigations, they

have resulted only in discovering for the time being certain relations for

given points ; the variations, be they of a i)eriodical or a non-periodical

nature, for one and the same locality could not be ascertained during the

rapid passages through the ocean. But just these variations are of

special significance, since upon them depends our knowledge of the phe-

nomena of the currents and of the relations between the i3hysical con-

ditions and the i^henomena of life, as in meteorology, where the final con-

clusions are not drawn from a few isolated observations but from a

knowledge of the limits between which the variations take place. With
this view, Dr. H. A. Mayer made extensive investigations of the physi-

cal conditions of the western part of the Baltic, hoping thereby to gain

information regarding the variable character of the organic world, a fact

established by his own observations as well as by those of E. Mobius.

The observations of Dr. Mayer have shown that the western portion of

the Baltic offers fluctuations in all the physical elements—in the height

of the water, its temperature, and the proportion of salt—fluctuations

which vary with the seasons and likewise in different years. These ob-

servations gave a sufficient explanation of the character of the currents,

but in order to properly fix the laws of these currents the co-operation

of a number of savans was found necessary, since only by simultaneous

observations at many points the enterprise could be made a success.

The impulse to make the present investigation was given by the Ger-

man Society for Fish -culture, which, fully comprehending its impor-

tance, requested the Prussian Government to have the work estabhshed.

The government acted in accordance with this petition, and entrusted

" Translated by Dr. Oscar Loew.
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the work to a Commission stationed in Kiel. This Commission took

into consideration the following points, ^iz

:

(«) Depth, height of the water, condition of the bottom, quantity of

salt and air of the water, and temperature.

(&) Flora and fauna of the sea.

(c) Distribution, propagation, and migration of the useful animals

—

problems which requked for their proper discussion and settlement ob-

servations at numerous stations along the coast, as well as on the high

sea. From the preliminary observations of Mayer it was known that in

the western part of the Baltic the variations in the water are analogous

to those of the climate ; further, it was established as a fact that the

physical conditions of the eastern and western portions differed—for in-

stance, the variations in the amount of salt show smaller differences in

the eastern than in the western part. This is in anotlier relation also

found in the German Ocean. The work was commenced by establishing

a number of stations along the German as well as the foreign coast, one

station being at Heligoland. Two expeditions have thus far been sent

out, one in 1871, another in 1872, the former to the Baltic, the latter to

the German Ocean. The following is a brief summary of the work of

the Commission, the mode of observation, and the results, with the ex-

ception of the part relating to organisms, for which the reader is referred

to the publications of the Commission.

The most important points for determination were the a7nonnt of salt

and the temperature. As variations in these depend upon the currents,

and these again upon various causes, as the height of the water, the

direction and velocity of the wind, the duration of ice-formation, the

amount of rain and snow in the drift regions, &c., it was evident that a

thorough study would requke a long series of observations. The amount

of air contained in the water could not be well determined on account of

the want of methods sufficiently simple for the several stations. The

proportion of salt is important for several reasons

:

First. The difference in the amount of the saline substance is one

cause of the currents, the heavier salt water having the tendency to flow

to the deepest place. In this manner two cui-rents may be produced—

a

vertical one when from some cause or other the upper strata become

more concentrated, and a horizontal one when two strata of different

densities lie side by side. The latter currents predominate in the Ger-

man Ocean as well as in the Baltic Sea.

Second. The strata in motion will also have temperature of their own.

For the waters in question this can be easily shown. The under current

of the heavier water of the German Ocean can readily be recognized by

its temperature upon its entrance in the Baltic, and the same is the case

with the light ujiper current issuing from the Baltic.

An analogous difference is found in comparing the different strata of

the German Ocean with the waters of the Atlantic. Furthermore, there

is a certain relation between the amount of salt and carbonic acid con-
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tained in the water, and also between this and the organic life. The
salt determinations are made with the hydrometer kept at the stations.

It may be objectionable that the method used is not absolutely exact on
account of the miequai composition of the salt in different parts of the

sea. It is not necessary, however, to take this into consideration here,

stace the currents mainly depend npon the density of the water, which
is indicated to a great degree of exactness by the hydrometer. At the

stations there is no method sim^Dle enough for a trustworthy determina-

tion of the air contained in the water; the air collected from the water
on expeditious, however, has been subjected to a chemical analysis.

The formula adopted by the Commission was well founded, being the

result of the observation that an increase of the specific gravity of 0.0001

corresponded to an increase of 0.0131 per cent, of salt. The results thus

far obtained are the following

:

The specific gravity increases with the depth. In consequence of the

German Ocean containing less salt than the Atlantic, and again the

Baltic Sea less than the German Ocean, an under-current of heavier

water can be traced flowing from west to east, and a lighter upper cur-

rent flowing from east to west. This is shown by the current-meter as

well as by the densities of the water and the difference in temperature.

In very narrow straits, however, as, for instance, in the "Little Belt"

and the "Alsensund," the ditferent currents become turbulent and more
or less mixed.

The intensity of the currents is variously changed by climatic influ-

ences, of which the wind is the most powerful. Prevailing westerly and
southwesterly winds drive heavy currents from the Atlantic into the

German Ocean and thence to the Baltic, at the same time retarding the

light upper current. Easterly and northeasterly winds act reversely,

diminishing the heavier under-current and increasing the lighter cur-

rent on the surface. In accordance with the climatic conditions is the

fact that the most salty water enters the Baltic in fall and winter, and
the least in spring and summer. The amount of salt in the sirring is

reduced by the melting of the ice in the north and east; plentiful rains

produce a like effect in summer. As the height of the water depends
much upon the strength and direction of the wind, the r>ercentage of salt

will show a certain relation to the height. This relation, however, is

not a simple one. Continuous west winds will not only increase the

whole bulk of water in the Baltic, but also produce local differences be-

tween the height of the water on the eastern and western coasts, as above
mentioned. We have then in the eastern part of the Baltic an increase

of the mean level and a decrease of salt, while in the western part, the

height of the water decreases and the amount of salt becomes greater.

Taking into consideration certain climatic relations, especially the wind,

and the change of these relations in different years, it is clear that not

only every stratum of water of a certain locality wiU show a difference

in the amount of salt, but also that there will be deviations in differ-
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ent years; therefore only a prolonged period of observations can deter-

mine the average amount of salt of a certain locality, A glance at the

following table will give an idea of the great variations taking place.

Although the numbers are mere approximations, the differences are,

nevertheless, considerable.

TABLE.

—

Locality.

I. BALTIC SEA,

Helsingor*
Korsor*
Friedericia*
Svendborgsund*
Sonderbm g
Eckeni forde*
Friedriclis Ort
Kieler Hafen
I'ehmarnsnnd
Travemiindet
Polt
WarBemiindeJ
Darser Ort
Lohme, Eiigen
Nexifahrwasser
Hela

II. GEEMAX OCEAN.

Ellenbogen, Sylt
Wilhelmsliafeii
Borkum
Heligolaiid§

Surface.

Masimum.

0190
0208
0203
0184
0211
0174
0201
0177
0135
0161
0160
0098
0133
0094
0081
0066

1. 0253
1. 0266
1. 0276
1. 0287

2.51
2.73
2.66
2.45
2.76
2.30
2.63
2.34
1.77
2.11
2.10
1.28
1.74
1.25
1.10
0.86

3.34
3.48
3.63
3.80

Minimtun.

1. 0062
1. 0088
1. 0092
1. 0085
1. 0092
1. 0079
1. 0043
l.OOOOt
1. 0072
1. 0093
1. 0097
1. 0063
1. 0066
1. 0032
1. 0019
1. 0014

1. 0208
1. 0220
1. 0210
1.0244

0.81
1.19
1.22
1.15
1. 22
l!05
0.58

Depth.

Fathoms. Maximmn. Minimum.

0.96
1.24
1.29
0.83
0.86
0.42
0.25
0.19

2.73
2.88
2.75
3.22

13

4i

1. 0259
1. 0250
1. 0220
1. 0187
1. 0243
1. 0204
1. 0219
1. 0196
1. 0147
1. 0163
1. 0169
1. 0128
1. 01.52

1. 0095
1. 0086

1. 02.58

1. 0268
1. 0277
1. 0288

3.39
3.27
2.88
2.49
3.20
2.67
2.87
2.58
1.95
2.14
2.22
1.68
1.99
1.26
1.16

«3 O

3.38
3.51
3.65
3.81

1. 0086
1. 0154
1. 0104
1. 0095
1. 0095
1. 0121
1. 0078
1. 0122
1. 0090
1. 0093
1. 0108
1. 0072
1. 0069
1. 0050
1. 0035

1. 0215
1. 0222
1. 0219
1. 0249

i.ie
2.02
1.36
1.28
1.26
1.59
1.04
1.60
1.20
1.24
1.42
0.96
0.91
0.66
0.46

2.82
2.91
2.87
3.23

* Observed by A. H. Mayer.

t Consequence of ice.

t U"ot embracing a. whole year.

§ Values probably too large in consequence of instrumental error.

With regard to the details of the currents and their relation to the

wind the reader is referred to the publication of the Commission.

The temperatures.—Both bodies of water, the German Ocean and the

Baltic Sea, show, in general, different relations as to temperature, but

as they intercommunicate by way of the straits of Skagerak and the

Kattegat, they exercise some reciprocal influence in this point of view.

The condition of the Baltic with regard to climatic influences is almost

that of an inland sea, owing to the insignificant extent of its junctions

with the German. Ocean and its greater outflow. Only in the vicinity

of its junctions, and under certain circumstances at some distance from

them also, there is a considerable influence brought to bear upon the



INVESTIGATION OF BALTIC SEA AND GERMAN OCEAN. 287

temperature of the Baltic by tlie entering under-currents. The tem-

perature of the Baltic varies greatly vnth. the respective temperature of

the air, the changes decreasing, of course, with the depth. The unequal

temperatures of increasing latitudes will be equalized by the perpetual

motions of the waters.

The German Ocean shows much smaller variations of temperatures,

and undoubtedly will present different conditions at different points,

being connected with the Atlantic in the North by a wide and in the

South by a narrow channel, and again by a narrow channel with the

Baltic in the East.

While throughout the year currents of but little variations enter

the channels from the Atlantic, those from the Baltic are of various

temperatures. This, together with the greater depth of the German
Ocean, will suffice to show that it requires years of observation and
prolonged study to determine the exact relations of temperature. The
observations hitherto made for different strata can only be considered

as initiating a closer study, the former investigations relating mainly

to surface-temperatures. The observations along the coast not having

to be made in great depths, the thermometer of the Commission could

be of a simple construction. The thermometer for ascertaining the sur-

face-temperature was very simple, reading to .2 of a degree ; the tem-

perature could be read either directlj^ in the ocean or in a large quantity

of water freshly drawn. For the observations of the temperature in

deep water the thermometers were surrounded by a thick layer of India

rubber, a poor conductor of heat. The instruments were compared, and
the time necessary for each to indicate a change in temperature was
noted, as well as that during which they marked the temperature of the

water after being exposed to the air. An hour was ascertained to be the

average time for each instrument to indicate the temperature of the

depth, and fully five minutes that between the removal of the instru-

ment from the water and any perceptible change. The thermometers

always remained at the desired depth for one hour before the tempera-

ture was read.* During the expeditions ui:)on the open sea this instru-

ment could be used only when the ship or boat lay still or was anchored

;

in all otlier cases Casella's maximum and minimum thermometer was
used. The results gained are the following

:

The temperature of the surface-water of the Baltic, and with dimin-

ished extremes also that of the depths, varies with the temperature of

the atmosphere. As an example the observations at two stations, Son-

derbiu'g and Kiel, are here given

:

'These thermometers, surroimded by ludia rubber, cau be had at Steger's iu Kiel.
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Month.

1869.

January
February
March.
April
May
June
July
August
Septemher
October
Kovember
December

Tear

Sonderburg.

Atmos-
phere.

34.82
40.60
35. 31
48.87
51. 26
54.90
03.10
58. 90
57. 3G
46.74
38.64
35.17

Surface Ten fath-
ot water. oms.

47.23

34.9
38.7
37.4
44.4
51.8
53.4
59.7
51.6
59.4
52.2
42.3
41.4

48.2

34.9
38.3
36.7
40.8
47.5
48.0
55.2
60.3
58.3
51.8
42.8
40.3

KieL

Atmos-
phere.

34.19
40.54
35.47
48.44
51. 92
54.90
62.74
59.10
56.34
46.90
39.00
35.60

Surface Five ! Ten fath.-

of water.
' fathoms.

[
oms.

36.7
38.7
37.8
48.2
53.6
57.2
65.7
63.3
60.3
53.6
46.6

36.9
39.9
39.0
44.4
39.3
56.1
61.7
63.0
59.4
54.9
47.5
43.2

39.9
40.3
41.0
42.1
43.2
41.4
42.1
43.5
44.8
48.6
48.9
43.7

46.2 46. 92 49.7 43.2

The correspondence of the temperature of the surface-water with that

of the atmosphere is evident at a glance. In Sonderburg, however, the

periodicity can be traced to a depth of 10 fathoms, while in Kiel a marked
decrease is noticeable at a depth of 5 fathoms, and at 10 fathoms a .shift-

ing of the seasons and a great diminishing of the extremes. The wider

distribution of heat at Sonderburg is produced by the strong current of

the Alsensund, mingling different strata, while at a depth of IG fathoms

at Kiel, motion is produced only by the inflow of heavy currents, or by
strong winds.

The temperature of the surface-waters is greater than that of the at-

mosphere ; for the temperature of the latter is taken in the shade, while

the surface-waters are greatly influenced by solar radiation. As it is

hardly possible to recognize the Jaw of the changes in temperature in

one year, the following average values of six years of observation in Kiel

will give a clearer expression of the retardation of the heating influence

of the season

:

Kiel, average of six years. {Degrees Fahrenheit.)

Month.
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between this table and the previous one, for 1869, demonstrate the in-

equality of the course of the temperature during the isolated years, and,

further, that in the water, as in the air, the climatical differences are rep-

resented. Herein the extreme values of the temperatures of the air play

a significant part. The following numbers may give an idea how ttie

cold year of 1871, with its low temperatures, influenced the temperatures

of the water even at great depths

:

Kiel.

Month.

1871.

Jantiary
February
March
April
May
June
July
August
September
October
November
December

Atmosphere.

Mas. Min

37.4
50.0
56.3
55.8
74.3
79.2
76.8
81.5
77.0
61.2
45.3
39.2

5.0
-6.7
25.2
29.7
34.9
41.4
51.8
50.0
40.1
30.4
28.4
5.7

Surface.

Max. Min

32.9
34.2
42.1
46.8
54.5
65.7
68.0
73.6
65.7
54.5
47.7
37.6

33.3
32.0
35.4
38.7
45.5
53.4
59.0
61.2
56.7
47.7
39.8
34.2

rive fathoms.

Max. Min.

27.9
31.5
34.9
37.1
41.0
51.1
55.6
59.0
57.4
50.0
41.0
35.4

Sixteen fathoms.

Max. Min.

32.7
34.2
35.4
37.2
41.0
43.9
43.9
54.5
56.7
56.7
54.5
46.6

30.4
32.0
34.2
34.9
37.6
41.0
42.1
44.3
55.6
54.5
47.7
38.7

The low temperatures of the air during a severe winter, therefore,

reduce the temperatures of all strata considerably below the usual

average. These lower temperatures are maintained in the depth for a

long period; in the following autumn they again suddenly increase. If

then a mild winter follows, the higher temperatures remain for a longer

time and keep the lower strata above the average values. The lowering

of the temperatures of all the strata below 32° F. finds an explanation

in the fact that the maximum density of the water of 2 p^ cent, salt,

as at Kiel, is in the region of the point indicating 29^.8 F., and, therefore,

vertically descending currents of the heavier water will effect a rapid

equalization of temperature. This will be the more easily possible when,

like in the winter months, all water-strata have an increased percentage

of salt, with little variation between the different strata. If, however,

the lower strata are considerably richer in salt than the upper, then the

communication of the lower temperature of the latter will be slow,

since the increased densities of the cooler upper strata do not reach the

densities of the lower strata, notwithstanding the higher temperature

of the latter ; violent winds, however, would soon cause a thorough in-

termingling. The above-mentioned sudden changes of temperature in

August and in autumn may be attributed to two different causes : either

the strata mingle thoroughly, whereby the percentage of salt of the

lower strata will be diminished and the temperature of the upper strata

communicated to them ; as, for instance, in 16 fathoms at Kiel, September
8, 1870, the specific gravity was 1.0167; temperature, 50° F.; September
13, specific gravity was 1.0155; temperature, 61o.2 F.; or a sudden
entry of heavy underwater from the German Ocean, with its own higher

19 F
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temperature, takes place, replacing the lower cold strata of the Baltic.

In the latter case the increase of temperature is combined with an in-

crease of specific gravity. This was observed at Kiel on the 16th of

August, 1871, when the specific gravity was 1.0118; temperature, 50° F.;

while on the 21st of the same month the specific gravity was 1.0140

;

temperature, 56°.75 F. These sudden variations are very singular, for

the reason that usually the changes in the depths are very slow and
gradual, and often for weeks are scarcely perceptible. Such simultaneous

changes of temperature and percentage of salt have been noticed at aU

observing stations along the Baltic. Thus, for instance, at Sonderbiu-g

it was observed that the temperature, which from the 13th of December,

1872, to the 22d of January, 1873, at 10 fathoms was lower than 41° F.,

suddenly changed to 42<^.l F., while at the same time the specific grav-

ity of 1.0195 increased to 1.0243, owing to a powerful current ofwarmer and

heavier water from the German Ocean. If, on the one hand, the Baltic

in summer furnishes an excess of heat to the German Ocean by the upper

current, the latter in winter, on the other hand, by the under current

effects a rise of temperature in the former. This source of heat for the

winter is of especially good service in the western portion of the Baltic,

and is certainly an important climatic element. It is not yet established

with certainty how far to the east this under current extends. The
smaller the percentage of salt the greater the maximum of density ; hence

it is probable that, notwithstanding the lower temperature of the winter

in the north and east, the water in the greater depths never coeds to the

extent of that in the west. Experience, however, on this point is wanting.

Eegarding the relations of temperature in the German Ocean, but Yew

observations have thus far been made. Stations were not estabUshed

previous to 1872. The facts observed, however, are (1) the annual period

ofthe temperature of the water decreases towards the west; (2) the differ-

ence of temperature between the strata of different depths is smaller than

in the Baltic; and (3) a decrease to the freezing-point never occurs.

During the expeditions currents from different sources could easily be

traced by the thermometer and hydrometer; for instance, the currents

of the Elbe and Baltic. The following table from Mayer's work contains

some older observations on the average temperatures of the Baltic,

Kattegat, and Irish coast, which show very distinctly the decrease of the

differences in the annual periods

:

Month.

January .

.

February

.

Mari'h .'.

.

April
May
June ,

July
August..

.

September
October .

.

Xovember
December

Baltic. Kattegat. Irish coast,

35.8
36.3
30. 9
44.6
52.7
59.0
64.6
64.8
59.9
53.4
44.6
39.9

36.3
42.6
49.5
54.7
60.8
62.1
57.8
52.0
42.8

46.0
45.7
45.9
48.4
51.8
55.4
58.7
60.1
59.4
55.2
49.1
48.2
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But only by a long series of observations it can be determined to what

extent these differences decrease at the different points of the German
Ocean in contradistinction to the temperatures of the Baltic, what in-

fluence is brought to bear by the currents in different seasons, and what

relations in greater depths the period of higher temperatures will show.

It will be seen from the following series of one year's observations

at Heligoland that in the German Ocean, the temperatures of the waters

of all strata are subjected to greater changes than the temperatures of

the waters of the Irish coast although these changes are much smaller

tlian those of the Baltic^.
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The difference of 29^ in the temperature of the atmosphere between the

coldest and the warmest month is lowered to 24o.5 in the surface-water,

and at a depth of 4^ fathoms to 24P. The absolute extremes, however,

are as follows : In the air, 57C'.6 F. ; in the surface-water, 26°.!, and in

deep water, 24P.3. The average volume of the heat of the water in all

strata exceeds that of the heat of the air, and it is therefore probable

for Heligoland that a source of heat must be looked for in the entering

heavier under-current of ocean water. Although the temperature of the

air falls considerably below the freezing-point, the temperature of the

water at Heligoland in all the strata remains above this point, and,

without doubt, this difference causes one of the principal differences in

the development of organisms which cannot be explained by the differ-

ences in the percentage of salt.

For further information the reader is referred to the report of the

Commission.

AUXILIARY APPARATUS.

For the various observations many auxiliary implements are required,

such as lead-lines, hoisting-apparatus, sounding-cups, water-bottles, &c.

A few words may be said in relation to these, since the usefulness

of areometric determinations depends upon the well-working of the

machinery.

To secure specimens of bottom water a simple arrangement, first used

by Dr. H. A. Mayer, is employed. A strong, well-corked flask is lowered

to the desired depth, when it is uncorked by a sudden jerk of the line;

the drawing up may be easily done, as experience has shown, without

a noticeable change in the quality of the water. This arrangement,

however, cannot be used for any but moderate depths, having, like all

other means for this purpose, the disadvantage of not permitting a gas-

analysis, the air of the bottle becoming partially absorbed by the enter-

ing water. An examination of waters thus obtained shows the presence

of irregular quantities of the permanent gases, partially derived from

the air of the bottle. With the view of exact areometric determinations

and gas analyses the Commission has made use of various instruments,

those of Professor Dr. Jacobsen, in Eostock, and of Dr. H. A. Mayer
proving the best. The apparatus of Jacobsen consists of an India-rub-

ber bag partially iilled with mercury and freed from air by pressure.

The cork is self-regulating, opening as soon as the bottom is reached

and closing again when the bag is drawn up. The apparatus of Mayer
consists of a wide, open metallic cylinder, with bottom valves, and per-

mits the bringing up of water from any depth. For further details,

especially regarding the amount of carbonic acid, reference is made to

the annual reports of the Commission.
Of the other apparatus used during the investigation we only mention

the current-meter. The instruments permitting of determination of the

direction and intensity of the currents are very defective. From an
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anchored ship it is comparatively easy to determine the surface-current,

but not when the vessel is in motion, especially as regards the determi-

nation of the under current. On a firm position or from an anchored
ship, the Commission made use of a simple apparatus consisting of two
metallic plates combined crosswise and fastened by a fine wire. The
current pressing against the plates shifts them from a horizontal i)osition,

and thus the strength of the current is approximately determined by
angle of deviation. This instrument, however, is not sufficiently sensi-

tive for a weak current, and does not admit of an exact determination

of the velocity. Floating bodies combined with the plates also worked
unsatisfactorily for the under currents, the upper currents interfering

with the indication of the instrument 5 it was found to be perfectly useless

when the ship was in motion or when drifting with the current. As the

determinations of velocity and direction of these currents are of great

importance, the invention of a good current-meter is very desirable.

Deep-sea investigations proper have been made by the Commission only

in a hmited sense ; the greatest depths investigated were in the Baltic

amounting to less than 200, and in the German Ocean to less than 400

fathoms. In such depths it is not difficult to manipulate the instruments.

The determination of depth can be made by simple means ; the bringing

up of bottom may be done by dredging. Should the Commission have oc-

casion to make more extended investigations of the German Ocean cur-

rents, or the ^avy enter upon such scientific labors, it would be desirable

to introduce improvements in the measurement of depths, the apparatus

thus far employed not being sufficiently accurate. For trustworthy de-

terminations an apparatus operated by the pressure of the water is

required. Some instruments have been constructed upon the principle

of Mariotte's law of compressed air, but they are not sufficiently sensi-

tive. It would probably be best to make use of spring-manometers

constructed for high pressures of the ocean depths. The knowledge of

temperatures and percentage of salt will be highly valuable only in con-

nection with exact measurement of depth.

The Commission hopes that the government will continue the means
for carrying on the investigation in question. When the expeditions

become more frequent and numerous, and the Navy and commercial ships

participate, science cannot fail to be considerably enriched by important

results. There will then be occasion to solve many more interesting

problems not thus far studied, for instance the changes in the mean level

of the ocean, or the secular changes in the level of the coast, the question

of the intensity of light in various depths of the water, etc., etc.
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XIV. REPORT ON THE MARINE ISOPODA OF NEW ENGLAND AND
ADJACENT WATERS.

By Oscar Harger.

The following paper includes the species of Isopoda at present known
to inhabit the coast of Kew England and the adjacent regions, as far as

Nova Scotia on the north and New Jersey on the south. These limits

have been chosen from the fact that nearly all the marine collections of

this order made by the Fish Commission have been from the New Eng-

land coast, except those from the Nova Scotia coast in 1877, while the

commission had its headquarters at Halifiix. Previous to the work of

the Fish Commission extensive collections had also been made, mostly by
Professors A. E. Yerrill and S. I. Smith, of Yale College, in the Bay of

Fundy and at other places along the coast as far south as Great Egg Har-

bor, in the southern part of New Jersey. The collections thus obtained,

and others in the museum of Yale College, have, through the kindness of

Professor Yerrill, been used in the preparation of this article. As there

has not yet been sufficient opportunity for the study of the Bopyridce,

only a list of the known species of that family is included, and for this I

am indebted to Professor S. I. Smith. The species of the remaining fam-

ilies are described at length, and nearly all figured in more or less detail

iu the plates accompanying the article. Throughout the article especial

reference will be had to the Isopoda of our own coast, and many pecu-

liarities of structure, not found in our genera, will be more or less com-

pletely disregarded. As the Oniscidce are a terrestrial family, only a few

species, found usually, or only, along the shore are here included.

ISOPODA.

This group is an order of Crustacea, so named from two Greek words,

^(Toq, equal, and ttou?, a foot, from the general similarity of the legs

throughout, all being thoracic. The order belongs to the Tetradecapoda,

'' fourteen-footed," called also JEdriophthalma, or " sessile-eyed" Crustacea.

All of these terms, however, require modification when applied to the

animals included in this order, since in the genus AstaciUa the anterior

pairs of legs are quite unlike the posterior, in Gndthia there are never
more than twelve feet, or legs, in six pairs, and lastly in Tanais and its

allies the eyes, when present, are not sessile, but articulated with the head,

or stalked, as in the higher Crustacea. It may, however, be stated that
297
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the relations of the Tanaidce with the rest of the order are remote, and it

is perhaps doubtful whether they should be retained among the Isopoda,

especially as this family differs from the rest of the order in its mode of

respiration, as Avill be exijlained hereafter.

Although this order is not a large one its representatives are perhaps

more widely distributed than in any other order of Crustacea. Every
one is familiar with ''sow-bugs" or "pill-bugs," which are found even in

damp houses and in cellars, as well as under leaves in woods or under
almost any pile of rubbish among decaying vegetable matter. These
terrestrial species do, indeed, become rare in the colder parts of the world,

but are found as far north as Greenland. Other species less familiar, but *

perhaps hardly less abundant, inhabit ponds and streams of fresh water,

and others are found along the shores of all oceans
;
yet others abound

among the marine vegetation of the shallow waters, or fix themselves

upon the bodies, or within the mouths of fishes and other marine ani-

mals. Sp^ies are found swimming free in the open' ocean, and others

are brought up from the greatest depths to which the dredge has yet

penetrated.

It will be convenient to give here a brief general account of the struc-

ture of the animals composing this order, and an explanation of the

terms used in their description. Most of our marine species have a

greater or less number of the segments at the posterior end of the body
coalescent, but in the genus Cirolana they are distinct; the animals

are, moreover, of large size and very abundant in some localities ; ref-

erence will therefore be constantly made to the figures of Cirolana

coneharum, on plates IX and X, in illustration of the parts of the animal

and of the terms used. A few specimens of this animal will help mate-

rially in gaining a knowledge of the structure of the group ; or, if speci-

mens of Cirolana cannot be obtained, a common "sow-bug" {Oniscus

or PorcelUo) may be substituted.

The body appears to consist of fourteen segments, of which the first

is the head ; the next seven form the thorax, or pereion of Spence Bate,

and the last six the pleon, sometimes called the abdomen. Eeturning

to the head we find, looking from above, a pair of eyes—each consisting

of a group of ocelli—and two pairs of antennary organs. Of these the

upper i)air, or antennulte (pi. X, fig. 60), consist on each side of three

comparatively large basal segments, which, together, are called the

peduncle, or peduncular segments, and support a more slender and taper-

ing flagellum or lash, composed of a considerable number of short seg-

ments, decreasing in diameter toward the tip, and each, usually, bearing

a fascicle of setae, which are called by Fritz MiiUer olfactory setae, from

their supposed function. The antennulae are very small and rudimentary
in " sow-bugs" and their allies. Below the antennuhie are the antennae

properly so called (pi. X, fig. 61 a), which are also composed of a peduncle

and flagellum. The five basal segments constitute the peduncle, and the

following, usually much shorter and smaller segments, are flagellar.
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Underneatli, the mouth is seen to be protected by a pair of organs

called maxillipeds (pi. X, fig. 62 a), with which, for convenience of dissec-

tion, we shall commence the description of the parts of the mouth. The
five terminal segments of the maxillipeds in Girolana (numbered 1 to 5 in.

the figure) constitute the palpus, but this number varies in the different

genera. They are articulated to the external surface of the large basal

segment (w), usually proportionally much larger than in Girolana, as in

Idotea phosphorea (pi. V, fig. 2Sh,m), or in the "sow-bug" where the

palpus is greatly reduced. The basal segment of the maxilliped is, in gen-

eral, produced internally beyond the origin of the palpus, and furnished

with strongly plumose or pectinated setae at the tip. Frequently along

its inner margin one or more short styliform organs are attached, as in

Jcera alhifrons (pi. I, fig. 5), while along its basal margin is a more or

less distinct suture, indicating the epimeral segment of this organ, which

will be further explained. The basal segments of the opposite max-

illipeds meet along the median Hue, where their margins are nearly

straight, and to the base of the outer margin is attached a more or less

triangular external lamella (i)l. X, fig. G2 a, I). The name "maxilliped"

is frequently used for the basal segment only, which is often, as in the
" sow-bugs," much larger than the rest of the organ and serves to cover

and protect the other organs of the mouth.

When the maxillipeds are removed we find two pairs of maxillae, the

outer and inner; of these the outer, or second pair (pi. X, fig. 61&), are

in general of a delicate texture, and three-lobed at the tip, the two
outer lobes being articulated to the basal piece, and all three lobes cili-

ated on their inner margins. The inner, or first pair of maxillae are of

a less delicate texture than the outer, and are hardly of the ordinary

form in Girolana (pi. X, fig. 61 c) ; reference may, therefore, be made to

Synidotea nodulosa (j)l. VI, fig. 35 c), where the two unequal lobes are

shown, the inner comparatively small, and supported on a slender pe-

duncle, curved inward, truncated at the tip, and bearing stout, curved^

pectinated setae; the outer much more robust and larger, similar in

general outline to the inner, but armed with stout, curved, denticulated

spines at the tip.

The mandibles (pi. X, fig. 61 d) are usually toothed at the apex, the
teeth being supported on a dentigerous lamella, which may be double
on one mandible, usually the left, and receive the lamella of the oppo-
site mandible between the two ; below this lamella is often a comb of
pectinate setae, and, generally, a molar process, as in Janira alta (pi. Ill,

fig. 12 &, m). In many genera a three-jointed palpus (pi. X, fig. 61 d, p)
is articulated to the external surface of the mandible, and, usually, the-

terminal segment of the palpus is more or less semicircular, or curved^
and bears on its inner margin a very regular comb of setae (pi. Ill, fig.

12 b), apparently of service in cleansing the organs of the mouth. This
comb may be continued or repeated on the second segment, as in Giro-

lana (pi. X, fig. 61 d, p). In the " sow-bug" and many other genera the
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mandibles are destitute of palpi. The oral opening between the mandi-

bles is defended by an upper and lower lip, or labrum and labium, which

are, however, median, and not paired organs, like the other parts of the

mouth.

The seven thoracic segments are of firm texture above, but softer

underneath. The dorsal surface is in general more or less rounded, and
in Cirolana is continued well down at the sides, where, except in the first

segment, it is crossed by a suture cutting off a quadrate, or somewhat
triangular piece, called an epimeron, or, in the plural, the epimera. The
epimera are well shown in the side view of Cirolana concharum (pi. IX,

fig. 58). They belong to the legs, and form a portion of the large prox-

imal segment called the coxa. Usually, however, the legs are figured

as in pi. X, fig. 62 b, without this segment, which adheres strongly to

the body; often, as in the first segment of Cirolana, the suture sep-

arating it disappears. The remaining six segments of the legs are more
slender, and are called respectively, beginning with the segment follow-

ing the coxa, the basis, ischium, merus, carpus, propodus, and dactylus,

the last being usually slender and curved, often bearing a curved spine

or claw at the tip, and, especially in the first pair, capable of flexion on

the propodus, so as to form a prehensile hand. In the Tanaidce, as in

many of the higher Crustacea, the propodus may be prolonged into a

digital process, against which the dactylus closes, forming a chela (pi.

XIII, fig. 85), or chelate hand, as in the lobster. In the JEgidm and the

Cymothoidw a greater or less number of the dactyli are strongly curved

or hooked, for the purpose of retaining firm hold of the host, on which

these parasitic species live. Legs thus constructed are called ancoral, as

in Livoneca ovalis (pi. XI, fig. 67 d and e).

Of the seven pairs of legs attached to the thorax or pereion, the first

three have in general a resemblance to each other, and are often more

or less prehensile, while, as in Chiridotea (pi. IV, figs. 16 and 20), the

last four are more strictly locomotive organs; but to this condition

of things there are many exceptions, especially in the development of

the first pair of legs, which are quite variable throughout the order, be-

ing not even pediform in the males of the Gnathiidw, but two-jointed, in

our species, and lamelliform (pi. XII, fig. 76 d). Except in this family,

however, no confusion arises from speaking of the thoracic appendages

as the first to the seventh pair of legs, or thoracic legs, and in general

these terms will be used except where it may be necessary to use the

technical terms, gnathopods or gnathopoda and pereiopods or pereiopoda,

for these organs, as proposed by Spence Bate, according to whose system
the first and second pairs are caUed the first and second pairs of

gnathopoda* or gnathopods, and the remaining five pairs the first to

the fifth pair of pereiopoda or pereiopods. When necessary these

terms will be added as explanatory, having the merit of scientific

accuracy as well as applicability to other groups of Crustacea, where a

* See also Edwards, Auu. Sci. uat., Ill, tome xvi, p. 221-291.
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marked distinction of structure and function frequently occurs between

the organs homologous with the second and third pairs of legs in the

Isopoda.

In the adult females of this order there is commonly formed, on more

or less of the under surface of the thorax, an incubatory pouch for the

reception and development of the eggs. The outer surface of the pouch

is usually formed by four pairs of lamellse attached just within the

origins of the second, third, and fourth, together with the first or fifth

pairs of legs, and in the females of many genera, Sphccroma and Asellus

for instance, these lamellae may be observed in a rudimentary condition

on the under surface of the thorax when not actually in use carrying

eggs or young. In Asellus, and in some other genera, they are found

upon the first to the fourth segments, instead of the second to the

fifth. In AntJmra the incubatory pouch extends over only three seg-

ments, the third, fourth, and fifth ; and in Astacilla it is confined to a

single segment, being composed of a single pair of elongated plates

attached to the fourth segment. In Tanais a farther remarkable va-

riation occurs, and the eggs and young are carried in sacs attached

to the under surface of the fifth thoracic segment, while in the closely

allied genus Leptochelia the form of the incubatory pouch is normal. In

the Gnathiidce and Anthuridce, according to Spence Bate andDohrn,the

incubatory pouch is formed by the splitting of the integument of the

inferior surface of the thoracic segments in the females, and for the dis-

charge of the young the outer lamella thus formed further divides into

scales, one pair for each segment of the pouch. In Jwra, Epelys, and

probably other genera, a similar mode of development seems to occur.

The six segments of the pleon are smaller than those of the thorax,

often much smaller, and frequently more or less united, sometimes

consolidated into a single piece with scarcely any trace of division

above, but the number of pairs of appendages is generally six, show-

ing the composite nature of the apparently simple organ. Of these

six pairs of appendages or pleopods, the first five are more or less con-

cealed beneath the pleon, and consist on each side of a basal segment

bearing two lameUae (pi. IV, fig. 19 c), of which the outer is the anterior

when they overlap. These lamellae, at least the anterior pairs, are

usually ciliated along more or less of their distal margins with long

slender plumose setae. In the males of most of the genera, the inner

lamella of the second pair bears, articulated near the base of its inner

margin, a slender stylet (pi. IV, fig. 19 ft, s). This stylet seems to afford,

in many cases, specific and even generic characters.

The last segment, sometimes called the telson, has its pair of append-
ages specially modified, and called the uropods (pi. X, fig. 63). They
consist in general like the pleopods of a basal segment bearing two
lamelUe, or rami, not being always lamelliform, and in the Tanaidce thej
are more or less segmented (pi. XIII, fig. 86). One of these rami may
disappear, as in Sphwroma and in some of the Idoteidce (pi. V, fig. L'5 c),

where a further modification takes place, and the uropods are so articu-
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lated to the inferior surface of the i)leon as to fokl together like a pair

of cupboard doors, forming an opercuhim for the protection of the more
delicate pleopods. Except in the Tanaidce, respiration is carried on by
means of the pleopods.

In the AseUidw, Idoteidce^ and some other families two or more of the

segments of the i)leon are united, so that, seen from above, the pleon,

like the head, may appear to consist of a single segment, as in Jcera albi-

frons (pi. I, fig. 4), but the number of pairs of its appendages, usually

six, remains as evidence of this consolidation. In like manner the

head is to be regarded as composed of several segments united, and the

number of such segments is indicated by the number of pairs of appen-

dages. In the Tanaidce and many of the higher Crustacea, the eyes,

more or less distinctly stalked or articulated with the head, are seen to

be of the nature of a pair of appendages, which may be regarded as be-

longing to the first cephalic segment. The antennulfe and antennae

represent, respectivel}', the second and third cephalic segments, and, in

like manner, the mandibles and two pairs of maxilhie represent the

fourth, fifth, and sixth segments of the head. A seventh segment is

indicated by the maxillipeds. This segment is regarded by Huxley as

properly thoracic* instead of cephalic, but, for purposes of description,

the segment and its appendages will be regarded as belonging to the

head, and the next segment considered the first thoracic.

This segment, like the following thoracic segments, is usually free,

and has the dorsal region well developed, but in the adult Gyiathia it

is united with the head, and still more closely so in the Tanaidce. The

seventh thoracic segment is the last to develop, and in young Isopoda,

taken from the incubatory pouch, only six pairs of legs are commonly

found. In Gnatlila this condition prevails through life, and in the adults

the first pair of legs are also modified, especially in the males, so as to

quite lose their pediform character, leaving apparently only five pairs of

legs. Further modifications of structure will be described in the fam-

ilies and genera in which they occur.

The nomenclature adopted, as explained above, corresponds nearly

with that proposed by Mr. C. Spence Bate in his Report on British

Udriophthalma, and used by the authors of the British Sessile-eyed

Cnistacea.

The length of an Isopod, in the present article, is given as the length

of the body, exclusive of appendages, and is measured from the front

of the head to the tip of the pleon. When, as in Janira^ the head is

produced medially into a '"rostrum" (see pi. II, figs. 9 and 10), the meas-

urement is taken from the tip of the rostrum, which is a part of the

head, and not properly an ''appendage."

Among the Edriophthabna or sessile-eyed Crustacea, the Isopoda may
in general be characterized as follows: Body depressed rather than

compressed ; respiration carried on bymeans of the pleopods, ofwhich the

last pair only are modified into uropods.

* Huxley, Anat. lav., Am. ed., p. 276.
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The body is said to be depressed, or flattened from above, in distinction

from the form usually seen in the Amphipoda, where it is in general flat-

tened from side to side. An important exception to the ordinary mode
of respiration occurs in the Tanaidce, as has already been mentioned.

In this family respiration takes place in two lateral cavities, situated

beneath the integument of a large cephalothoracic shield, covering the

head and first thoracic segment. In general, as the name of the order

indicates, the legs are similar in structure and function throughout, as

in the " sow-bug," but may differ considerably, as in the Arcfuridw, the

Miamopsidce, and the Tanaida\

The arrangement of the families in the present paper can only be re-

garded as tentative, and no higher grouping will be attempted further

than to indicate briefly the relationships of a few of the families to each

other.

The Omscidce may, on account of their aerial respiration, be regarded

as standing quite distinct from the remaining families, and should, per-

haps, be further divided as proposed by Kinahan. As they do not, how-
ever, come within the proper scope of this article, I have not attempted
to subdivide the family. The Bopyridce have been placed near the Onis-

cidce in deference to the opinions of Dr. Fritz Miiller. Having made no
study of this family myself I do not express any opinion as to the pro-

priety of separating it so widely from the Cymothoidw, with which it has
usually been associated. The Asellidce and Mmmopsidce are closely allied

to each other. The Idoteid^ and Arcturidce form a group distinguished

especially by their operculiform uropods. The above families correspond
nearly with the " marcheurs" or walking Isopoda of Edwards, and more
nearly with the " gehende Asseln " of Miiller. They usually have the
antennulsB much less developed than the antennae, and the uropods ter-

minal or inferior, that is, attached to the end of the last segment, or in

the last two families to its inferior surface.

The SpJiceromidce and Limnoriidce are closely allied, and perhaps ought
hardly to be kept separate as families. The Cirolanidce, ^gidce, and
Cymothoidw form another group embracing a wide diversity of forms,

from the active predatory Cirolana to the sedentary and distorted Livo-

neca, and yet apparently connected by easy gradations. The remaining
families are generally regarded as aberrant, and form the "Isopoda
aberrantia " of Bate and Westwood. They do not present any very evi-

dent relationships with the preceding. Of these the Anthuridoc have
usually been associated with the Idoteidm or the Arcturidce, or with
both. Except an elongated form, however, they do not appear to have
rnmch in common with either of these families. According to Dohrn's
observations they are related to the Gnathiidce in the structure of the
Incubatory pouch. The Gnathiidce have the head united with the first

thoracic segment, as in the Tanaid^, but this last family is widely sep-
arated from the others, and doubtless ought to be regarded as forming
a distinct suborder, according to the views of Dr. Fritz Muller.
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The ai'raugemeut of the families adopted, and to a certain extent their

aflinities, ai-e indicated in the subjoined table, in which, however, as

throughout the article, special reference is had to the representatives of

the order in New Euiiland waters, extraliuiital species, genera, and even
higher groups, Apseudes and the Serolids, for example, being disre-

garded. The arrangement will be seen to considerably resemble that

of Dr. Fritz Miiller. I have placed the Tanaidw at the other end of the

order, pai'tly, however, from the necessity of a lineal arrangement.

SYNOPTICAL TABLE OP FAMILIES.

I. Respiration pleonal ; legs not furnished with a chelate hand.

1. Legs in seven pairs.

a Antenuuhe small or rndin^entary; autenme longer, often mnch elongated.

t Uropods teruiinal, sometimes rmlimentary, rami mostly styliform.

Legsamhulatoryj autennnhe rudimentary ; respiration aerial.

I. 0XISC1D.E, p. 305

Legs prehensile ; sexes very nnlike ; adult forms degenerate
;

para-

sitic II. BOPYRID.*:, p. 311

Legs ambulatory or prehensile; segments of pleon united ; antennas with a

multiarticulate tlagellum III. Asellidje, p. 312

Last three pairs of legs natatory; segments of pleon united; antenna} with

a miiltiartioulate tlagellum IV. MUNNOPSlDiE, p. 328

tt Uropods inferior, opereuliform.

Legs prehensile or ambulatory, not ciliated V. Ipotkid^, p. 335

First four pairs of legs ciliated ; last three pairs ambulatory.

VI. AKCTURlDiE, p. 361

b Antennula? and antenuit snbequal; body not elongated.

t Uropods lateral, with one ramus obsolete or subrudimentary.

Antennul;^ and antennse well developed; pleon of two segments ; uropods

with one movable ramus VII. Si'HiEROMiDas, i>.
367

Autenmihe and antennae short
;
pleon of six segments ; outer ramus of uro-

pods small VIII. LlM^OKllLvE, p. 371

tt Uropods lateral, distinctly biramous; rami mostly lamellifonu.

Mouth caruassial ; legs not ancoral; antennnhe exposed iu front ; pleopods

ciliated IX. Cikolanid^, p. 376

Mouth suctorial; first three pairs of legs ancoral; autenniihe exposed in

fr«nt X. ^Egid^, p. 382

Mouth suctorial ; legs all ancoral ; antennnhe concealed at base by the pro-

jecting front
;
pleopods naked XL Cymothoid^, p. 390

Antennnhe and antennae subeqnal, or antenuuhe much the largest in the ihales

;

body cylindrical, elongated.

t Uropods lateral and superior.

Legs ambulatory or prehensile XII. ANTHUElD.i;, p. 396

2. Legs in the adult iu six, apparently only five, pairs.

Five pairs of legs ambulatory ; antenuula) and antennas subeqxial.

XIII. GNATIIIIDJ5, p. 408

II. Respiration cephalothoracic ; first pair of legs terminated by a cheljlte hand.

Le^ ambulatory and prehensile ; head united with the first thoracic seg-

ment; antcuuular tlagellum single XIV. Tanaid^k, p. 413
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I.—0NISCLD2E.

Antennulte rudimentary; legs amVjulatorj'
;
pleon of six distinct seg-

ments, of wliicli tlie last is small; mandibles without palpi; uropodB

terminal.*

This large and important group of I.sopoda being teiTestrial in habit,

only a few species are mentioned in this paper. They inhabit inoiBt situa-

tions, and are commonly known as "sow-bugs," "pill-bugs," "wood-lice,"

&c. Several species may often b(j found under an old board or inla of

rubbish. The genus Ligia Fabr. inliabits sea-shores, above tide-level,

and a few other genera are found under heaj)s of seaweed, or burrowing
in the sand along the shore. Three such sprir;ies, belonging to as many
genera, are here described and figurefl, but are less fully treated of than
the mai-ine species that follow in the other families. Other species,

especially of the genus Porcellio, may be found in similar situations.

The family may be at once recognized by the apparent possession

of only a single i)air of antennse. These are the antennae properly so

called, the antennuhii being minute and rudimentary. This is generally

regarded a.s a character indicating a high degree of development, and
causes them to somewhat rasemble externally some of the shorter myrio-

poda, which, like other insects, have but a single pair of antennary

organs. The maxillipeds are large and operculiform in this family, with

short and few-jointed palpi. The mandibles are destitute of palpi.

The legs are rather weak and fitted only for walking, and u.sually more
or less concealed by the projecting epimeral regions of the thoracic seg-

ments. Thexdcon, in our .species, has its segments distinct and decreas-

ing rapidly in size to the last, which bears the more or less exserted nro-

pods. These organs may not, however, project beyond the general

outline of the pleon, as they scarcely do in AcUmiscus, while in Armadillo

they assi.st in forming the very regular outline of that part of the body,
which closes against the head when those animals, as is their habit, roll

themselves into a ball on being alarmed.

This family is placed by Bate and Westwood in a separate "division,"

the "^ro-spLrantia," on account of their aerial respiration. The air,

however, requires to be saturated with moisture, and in some of the
genera the respiration is, in part at least, aquatic. On this subject the
reader is refeiTcd to the publications of Duvemoy and Lereboullet and
of Nicholas Wagner.

Philoscia •T^ati eille.

PhUo9Cia Latreillc, HLst. nat. >\<-/ii Crast. et de3 Ins., tome vii, p. 4.3, ''1804."

Head rounded in front, not lobed ; antennse with its segments cylin-

drical, flagellum three-jointed
;
pleon suddenly narrower than the thorax;

uropods exserted, basal segmecit broad, rami elongate.

* The above diagnosis would not include the genera Tylm Latreille nor Selleria
Ebner, which i>erhap3 ought not to be regarded as belonging to this family, althougli
closely allied to it,

"

20 F
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This genus may be recognized among our Oniscid<B by the rounded
head without lobes, and the conspicuously narrowed pleon. Only a
single species is as yet known from New England.

Philoscia vittata Say.

Philoseia vittata Say, Jour. Acad. Nat. Sci., vol. i, p. 429, 1818.

Dekay, Zool. New York, Crust.
, p. 50, 1844.

White, List Crust. Brit. Mus., p. 99, 1847.

Harger, This Report, part i, p. 569 (275), 1874; Proc. U. S. Nat. Mus.,

1879, vol. ii, p. 157, 1879.

Plate I, Fig. 1.

This species may be recognized, among our terrestrial Isopoda, by the

absence of the usual anterolateral processes on the head, in front of

the eyes, and by the sudden contraction of the body at the base of the

abdomen or jjleon.

Body oval, smooth ; about twice as long as broad ; head nearly

twice as broad as long; eyes large, occupying the anterolateral regions

of the head. The autenuulae are minute and concealed from above. An-
tennae minutely hirsute, especially on the last three, or flagellar, seg-

ments, inserted below the inner margin of the eyes ; first segment short
5

second about twice as long as the first -, third equal in length to the sec-

ond, clavate; fourth longer cylindrical; fifth longest, slender, cylindrical,

straight; flagellum slender, three-jointed, longer than the fifth or last

peduncular segment ; first flagellar segment about one-half longer than

the second ; third longer than the second, tapering, tipped with a short

transparent filament.

The first thoracic segment is longer than the following ones, which are

of about equal length. The anterior angles of the first thoracic segment

are somewhat produced at the sides around the head ; the posterior angles

are broadly rounded. The second and thml segments have their pos-

terior angles less broadly rounded, but not at all produced backward.

In the fourth segment this angle is scarcely produced, but in the fifth,

and still more in the sixth and seventh, it becomes produced and acute.

The legs increase in size and length from the first to the seventh pair,

and are well armed ^^dth spines, especially upon the inferior surfaces of

the meral, carpal, and propodal segments. The spines on the latter seg-

ment are, however, much smaller than those on the merus and carpus.

The pleou is at the base about two-thirds as wide as the seventh thoracic

segment. In tUt; first two segments of the pleon the coxae, or lateral lamel-

lae, are short, small, and nearly concealed by the seventh thoracic segment,

but in the third, fourth, and fifth segments they are evident and acute but

not large. The sixth segment is acute but not prolonged behind, and ex-

tends beyond the end of the basal segment of the uropod, which is broad

and bears the two rami nearly on the same transverse line. The outer ra-

mus, seen from above, is narrowly and obliquely lanceolate in outUne,

tapering to the tip, and surpasses by less than half its length the more
slender, stylifoim inner ramus. The uropods, the legs and antennae, and

the segments of the pleon, along their margin, are very minutely hirsute.
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The color of these auimals is dull and somewhat variable, usually

brownish or fuscous, with lighter margins and two broad dorsal vittse.

Length 8"'"", breadth 4°i«.

This species has been found under rubbish and stones from Great Egg
Harbor, ! N. J., to Barnstable, ! Mass. All the specimens that I have seen

have been from the coast, although Say states that it is "very commeu
under stones, wood, &c., in moist situations."

Specimens examined.

Locality.

1222

1911
2146
1910

Somers and Beeslev's Points,
N. J. •

Stony Creek, Conn
Vineyard Sound, Mass
Barnstable, Mass

Habitat.

Shore

.

..do"..

..do ..

..do ..

When col-

lected.

-,1S71

Received from

—

— , 1871
, 30, 1875

A. E. Vrrrill and
S.I.Smith

A. E. Verrill
U. S. Fish Com...

do

^"

Dry.
Ale.

Ale.

Ale.
Ale.
Ale.

ScyphacellaS:: (Ii.

SciiphaccUa, Smith, This Eepoit, pait 1, p. 567 (273), 1874.

Antenna composed of eight distinct segments, with a geniculation at

the articulation of the fourth with the fifth segment ; terminal portion,

or ilagellum, composed of three closely articulated segments besides a

minute apical one; mandibles slender; exj)osed portion of the maxilli-

peds formed of only two segments.

The genus Scyphacella was founded by Professor S. I. Smith, in part

I of this Eeport, for the reception of the following species, the only one

yet known. In regard to the relations of the present genus with Scyphax
Dana* Professor Smith says :

'' This genus differs from Scypliax most
notably in the form of the maxillipeds, which in Scyphax have the ter-

minal segment broad and serrately lobed, while in our genus it is elon-

gated, tapering, and has entire margins. In Scyphax^ also, the posterior

pair of thoracic legs are much smaller than the others, and weak ; the

last segment of the abdomen is truncated at the apex, and the articula-

tions between tlie segments of the terminal portion of the antennse, are

much more complete than in our species. The general form and appear-

ance of the genera are the same, and the known species agree remark-
ably in habits, the Scyphax^ according to Dana, occurring on the beach
of Parua Harbor, New Zealand, and found in the sand by turning it

over for the depth of a few inches."

Scyphacella arenicola Smith.

Scuphaoella arenicola Smith, This Report, part i, p. 568 (274), 1874.

Verrill, This Report, part i, p. 337 (43), 1874.

Harger, Proc. U. S.Nat. Mus., 1879, vol. ii, p. 157, 1879.

Plate I, Fig. 2.

The small size, nearly white color, and peculiarly roughened surface
of this Isopod will in general serve for its recognition, and the presence

* U. S. Exploring Expedition, Crustacea, p. 733, pi. 48, fig. 5.
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of eyes will furtlier distinguish it from Platyarthrus, wliicli is often

found iuliabitiug auts' nests, but would bardly be likely to occur in the

sand of the beach.

Body elliptical, pleon not abruptly narrower than the thorax, dorsal

surface roughened throughout with small depressed tubercles each giving

rise to a minute spinule. Head transverse, not lobed ; eyes prominent,

round ; antennai longer than the breadth of the body ; with the first and
second segments short ; third, fourth, and fifth successively longer and

of less diameter ; flagellum shorter than the fifth segment, composed

of three closely articulated, successively smaller segments, and a very

short somewhat spiniform but obtuse terminal one ; all the segments,

except the minute terminal one, beset with small scattered spinules.

First thoracic segment scarcely embracing the head at the sides ; sec-

ond, third, and fourth segments each about as long as the first, but in-

creasing in breadth ; fifth, sixth, and seventh diminishing in length and
the last two also in breadth. Posterior lateral angles of the first three

segments not at all produced, hardly perceptibly produced in the fourth

segment; fifth, sixth, and seventh with the angles increasingly produced

Ijut not acute. Legs increasing somewhat in size posteriorly, armed,

^especially on the inferior siu-face of the moral, carpal, and propodal seg-

ments, with short stout spines.

Segments of the pleon with the coxm but little developed. Ter-

minal segment slightly rounded at the end, not attaining the end of

the basal segment of the uropods, which are robust, with the basal

segment spinulose, tapering to the base of the short, stout, outer lamus,

and bearing the more slender inner ramus much nearer its base. The
inner ramus is actually longer than the outer, but being inserted much
lower down does not attain the tip of the outer ramus ; both are tipped

with setae.

'' Color, in life, nearly white, with chalky white spots, and scattered,

blackish dots arranged irregularly. Eyes black." Length 3.4'"'".

This species was "found at Somers and Beesley's Points, on Great

Egg Harbor!, 'New Jersey, in April, 1871, burrowing in the sand of the

beaches, just above ordinary high-water mark, in company with sev-

eral species of Staphylinidce," and has also since been found by Pro-

fessor Smith at Kobska Beach, Vineyard Sound ! , Mass., in 1871, and by

Mr. Y. IST. Edwards, on the beach at Nantucket Island
!

, December 6,

1877. It will doubtless be found at other points along the coast and

toward the south.
Specimens examined.

1
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Actoniscus Harger.

Actoniseus Harger, Am. Jour. Sci., Ill, vol. xv, p. 373, 1878.

Eyes small ; anteuupe geniculate at the third and fifth segments ; fla-

gellum four-jointed ; terminal segments of maxillipeds lamelliform, lobed;

legs all alike; basal segment of uropods dilated and simulating the

coxte of the preceding segments of the pleon ; rami both styliform.

This genus resembles Actwcia Dana* MSS., considered as the young of

8cyphax ornatufi, and found with it on the beach at New Zealand. Pro-

fessor Kinahan,t on the other hand, regarded the genus as indicating a
distinct family. The present genus diifers from the description and
figures of Professor Dana as follows : The flagellum of the antennse con-

sists of only foui' distinct segments instead of about six ; the terminal

segment of the maxillipeds is less distinctly lobed ; the inner ramus of

the uropods surpasses the outer, instead of falling far short of it ; the

outer ramus is styliform instead of being enlarged and subequal to

the produced and enlarged outer angle of the basal segment.

Actoniscus ellipticus Harger.

Actoniscus elUpticm Harger, Am. Jour. Sci., Ill, vol. xv, p. 373, 1878; Proc.

U. S. Nat. Mus., 1879, vol. ii, p. 157, 1879.

Plate I, Fig. 3.

This species may be at once recognized by the pleon, which appears

to have four pairs of coxai produced at the sides instead of three, as in

Oniscus and other genera of this family. The last pan- are, however,

the basal segments of the caudal stylets, which are of peculiar form in

this genus.

The body is oval in outline. The head appears triangular as seen from
above, and is angularly produced in a median lobe, but the lateral lobes

are also large and divergent, and broadly rounded. The eyes are small,

oval, black, and prominent. They are situated at the sides of the me-
dian triangular part of the head, and at the base of the lateral lobes.

The antennulse are minute and rudimentary. The antennae have the

basal segment short; the second enlarged distally, especially on the

inner side; the third forming an angle with the second, and clavate;

the fourth' flattened-cylindrical, longer than the third; fifth longest,

slender, bent at base and forming an angle with the fourth; fiagellum

shorter than the last peduncular segment, tipped with setae and com-
posed of four segments, of which the second and third are equal and
longer than the first, while the last is the shortest, and presents indica-

tions of another minute rudimentary terminal segment. The maxil-

lipeds have the basal segment nearly twice as long as broad; the
terminal segment elongate triangular, ciliated and somewhat lobed near
the tip.

*U. S. Expl. Exped. Crust., part ii, p. 736, pi. 48, fig. 6 a-h.

t Natural History Review, vol. iv, Proc. Soc., p. 274, 1857.
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The first thoracic segment is excavated in front for the head, admitting

it about to the eyes. The next five segments are each a little longer

than the first, but the last thoracic segment is the shortest. The first

segment is dilated at the sides to about twice its length on the median
line. The second, and in an increasing degree the succeeding segments

are produced backward at the sides. The legs are rather small and
weak and of nearly equal size throughout.

The first two segments of the pleon have their lateral processes, or

coxse, obsolete as usual in the family, but the third, fourth, and fifth

segments are produced laterally into broad plates, which are . close to-

gether, and, at their extremities, continue the regular oval outline of

the body with scarcely a perceptible break between the thorax and the

pleon. This outline is further continued by the expanded basal seg-

ments of the uropods, which are even larger than the adjacent coxse

of the fifth segment. At the extremity of the pleon both pairs of rami

are visible, the inner springing from near the base of the basal segments

below, the outer from a notch near the middle of the inner margin of

the basal segment. The rami are tipped with sette, and the inner just

surpass the outer, which, in turn, surpass the produced portion of the

basal segments.

Length 4""», breadth 2"»™. Color in life slaty gray.

This species was collected by Professor Yerrill, at Savin Eock, near

New Haven!, and also at Stony Creek!, Long Island Sound, in company
with Philoscia vittata Say.

Specimens examined.

1

!Z5
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II.—BOPYRID^.

This family has not been studied, and only a list of the species, fur-

nished by Professor S. I. Smith, is included. They arc parasitic on Crus-

tacea, and at maturity, the females especially, arc generally much dis-

torted and degenerate, often losing a great proporticp of their appendages.

The males are much smaller than the females, and of a more normal

form, aud they and the young forms must therefore be relied upon to

indicate the affinities of this group to the rest of the order. According

to Dr. Fritz Miiller these forms indicate a relationship to the Oniscidce,

and especially to the genus Ligia, and in deference to his authority I

have inserted them at this place.

Cepon distortus Leidy.

Cepon distortus Leidy, Jour. Acad. Nat. Sci.,II, vol. iii, p. 150, pi. xi, figs. 26-32,

1855.

Harger, This Report, part i, p. .573 (279), 1874 ; Proc. U. S. Nat. Mus.,

1879, vol. ii, p. 157, 1879.

Leidya distorta Comalia and Panceri, Mem. R. Accad. Sci. Torino, II, torn, xix,

p. 114, 1861.

"From the branchial cavity of Gelasimus pngilator, Atlantic City,

New Jersey." (Leidy.)

Gyge Hippolytes Bate and Westwood (Kioyer).

Bopynts Hippolytes Kroj-er, Gronlands Amfipoder, p. 306 (78), pi. iv, fig. 22, 1838;

Monog. Fremst. SUegten Hippolyte's uordiske Arter, p. 262, 1842 ; Voy.

en Scand., Crust., pi. xxviii, fig. 2, 1849.

Edwards, Hist. nat. des Crust., iii, p. 283, 1840.

Stimpsor^, Proc. Acad. Nat. Sci. Philadelphia, 1863, p. 140.

Gyge Hippolytes Bate aud Westwood, Brit. Sess. Crust., vol. ii, p. 230,1868.

Buchholz, Zweite deutsche Nordpolfahrt, p. 286, 1874.

Metzger, Nordseefahrt der Pomm., p. 286, 1875.

Miers, Ann. Mag. Nat. Hist., IV, vol. xx, p. 64, (14), 1877.

Smith in Harger, Proc. U. S. Nat. Mus., 1879, vol. ii, p. 1.57, 1879.

Massachusetts Bay !, off Salem, on Hippolyte spinus^ 30 fathoms, sand

and mud, August 4, 1877 ; on H. FahricU, 22 fathoms, gravel, August

4, 1877 ; on R. securifrons,90 fathoms, soft mud, August 14, 1877, Casco

Bay !, on H. polaris and H. pusiola, 1873. Bay of Fundy !, on R. spinus

and R. pusiola, 1868, 1872. Off Halifax, Nova Scotia, 43 fathoms, Sep-

tember 27, 1877. Gulf of Maine !, 40 miles east of Cape Ann, Massa-

chusetts, on R. securifrons, 160 fathoms, soft mud, August 19, 1877;

also near Cashe's Ledge, on R. spinas 27 and 40 fathoms, rocks and
gravel.

East side of Smith's Strait, north latitude 78° 30' (Stimpson). "Dis-

covery Bay," north latitude 81° 44', Greenland (Miers). British Islands

(Bate & Westwood). Scandinavian coasts (Kroyere* a?.). Spitzber-

gen (Kroyer).
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Phryxus abdominalis Liljeborg (Kroyer).

Bopynis aMominalis Kroyer, Nat. Tidsskr., vol. ii, pp. 102, 289, pis. i, ii, 1840;

Monog. Fremst. SlcBgten Hippolyte's nordiske Arter, p. 263, 1842; Voy.

en Scand., Crust., pi. xxix, tig. 1, 1849.

Phryxus Rippohjtes Ratbke, Fauna Norwegens, p. 40, pi. ii, figs. 1-10, 1843.

Phryxns al)do7ninalis Liljeborg, GEfvers. Kongl. Vet.-Akad. Fork., ix, p. 11, 1852.

Steenstruxi and Liitken, Vidensk. Meddelelser, 1861, p. 275 (9).

Bate and Westwood, Brit. Sessile-eyed Crust., vol. ii, p. 234, 1868.

Norman, Rep. Brit. Assoc, 1868, p. 288, 1869; Proc. Royal Soc, London,

vol. XXV, p. 209, 1876.

Buchkolz, Zweite doutsclie Nordpolfalirt, p. 287, 1874.

Metzger, Nordseefalirt der Pomm., p. 286, 1875.

Miers, Ann. Mag. Nat. Hist., IV, vol. xx, p. 65 (15), 1877.

Smith in Harger, Proc. U. S. Nat. Mus., 1879, vol. ii, p. 158, 1879.

Massachusetts Bay!, ofi' Salem, on Pandalus horealis, Hippolyte spinus,

and H. securifrons, 48-90 fathoms, soft mud, August 13 and 14, 1877
j

also, on Pandalus Montagui, 35 fathoms, mud and clay nodules, Au-

gust 10, 1877. Cashe's Ledge !, Gulf of Maine, on Hippolyte pusiola,

27 and 39 fathoms, rocky, September 5, 1874. Halifax !, Nova Scotia,

on Sippolyte pusiola, 18 fathoms, fine sand, September 4, 1877 j also, on

M. spinus. About 30 miles south of Halifax !, on Hippolyte securifronSy

100 fathoms, fine sand, September 0, 1877.

Grinnell Land, in north latitude 79° 29' ; and " Discovery Bay," north

latitude 81° 44' (Miers). Greenland (Kroyer et al). British Islands

(Norman et al.). Scandinavian coast ! (Liljeborg et al.). Spitzbergen

(Miers).

Dajus Mysidis Kroyer,

Dajus Mysidis Kroyer, Voy. en Scand., Crust., pi. xxviii, fig. 1, 1849.

Liitken, Crustacea of Greenland, p. 150, 1875.

? G. O. Sars, Arck. Math. Nat., B. ii, p. 354 [254], 1877 C'D. Mysidis?").

Smitk in Harger, Proc. U. S. Nat. Mus., 1879, vol. ii, p. 158, 1879.

Bopyrus Mysidum Packard, Mem. Bost. Soc. Nat. Hist., vol. i, p. 295, pJ. viii,

fig. 5, 1867.

f Leptophryxus Mysidis Buchholz, Zweite Deutsche Nordpolfahrt, p. 288, pi. ii,

fig. 2, 1874.

Labrador (Packard). Greenland (Kroyer, Buchholz). ? Off west

coast of Norway (G. O. Sars).

Bopyrus, species. ^

Bopyrus Leidy, Proc. Acad. Nat. Sci., 1879, pt. ii, p. 198, 1879.

? Smith, Trans. Conn. Acad., vol. v, p. 37, 1879.

A species of Bopyrus is mentioned by Dr. Leidy as "a parasite of

the shrimp, Palmnonetes vulgaris,^'' occuriug in the summer of 1879, at

Atlantic City, N. J.

III.—ASELLID^.

Antennae elongated with a multiarticulate llagellum 5 legs ambulatory

or prehensile, not strictly natatory
;
pleon consolidated into a scutiform

segment, bearing terminal uropods, which may be nearly obsolete.

This family is represented on our coast by four species belonging to
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three genera, and a species of another genus {Aselhis communis Say)

is common in the fresh-water i^onds and streams of New England.

The genus Limnoria Leach has been regarded hj modern writers as be-

longing to this family, but will be found in the present article in the

Limnoriidw (j). 79). There remain then to be considered the genera

Asellus Geoffroy,* Joera Leach, Janira Leach, and Munna Kjoyer, which,

as represented in our waters, may be further characterized as follows

:

The head is well developed, and in Munna is of large size
5 the body is

usually depressed or but slightly arched, except that the pleon is vaulted

in Munna. The eyes are present in our species though not through-

out the family. The antennulie beyond the basal segment are slender

and are always much shorter than the antennae, which are elongated

and comijosed of a live-jointed peduncle and a slender multiarticulate

flagellum. The first three peduncular segments are short; the last two
elongated. The parts of the mouth are protected below by a pair of

maxillipeds with large external lamellae and five-jointed pali)i. Within
the maxillipeds are two pairs of maxillae of the ordinary form ; the outer

or second pair delicate and three-lobed at the tip ; the inner lobe being

formed by the projecting basal segment, while the two outer lobes are

articulated; all three lobes are provided with curved spiniform setae.

The inner, or first, pair of maxillae present two narrow lobes ; the outer

lobe broader and more robust than the inner, and armed with robust

curved spines, while the inner is tipped with much weaker setae. The
mandibles (see fig. 12 b, pi. Ill) are provided with one or two acute den-

tigerous lamellae {d) at the tip, usually a comb of setae and a strong molar

process below (m), and a triarticidate pali)us (p). This latter organ is,

however, wanting in the genus Mancasellus Hargerf from the Great

Lakes and other fresh-water localities of J^orth America.

The seven segments of the thorax are distinct from the head and from

each other, and differ but little in general appearance throughout. The
legs are mostly slender and elongated, except that the first pair may be

more robust and better fitted for prehension. In our marine sj)ecies

the dactylus, at least behind the first pair of legs, is short and armed
with two small claws or ungues, while the propodus is capable of con-

siderable flexion on the carx)us.

The segments of the pleon are united into a single piece, which is scuti-

form above, flattened or but little arched, except in Munna., and bears, at

or near the tip, the biramous uropods, which are, however, nearly obsolete

in Munna. The pleon often shows more or less trace of its compound
character in imperfect transverse sutures on the dorsal surface near the

base, and below it is excavated for the pleopods, the posterior pairs of

which are delicate and branchial in their nature, while the anterior pairs

* '

' Hist, des Ins. t. ii " (Edw. ). For informatiou in regard to the common European
form of this genus the reader should consult the admirable work of G.O. Sars, Hist,

nat. des Crust, d'eau douce de Norvege.

t Am. Jour. Sci., HI. vol. xi, p. 304, 1876. See, also, op. cit., vol. vii, p. 601, 1874, and
This Report, part ii, p. 659, pi. i. fig. 3, 1874.
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are variously modified in the different genera and in the sexes, so that

much confusion has been introduced into the family by mistaking sexual

for generic modifications of these organs. The branchial pleopods are

usually protected by a thickened anterior pair, which, especially in the

females of our marine species, may be consolidated into a single opercu-

lar plate, as will be further described. The incubatory pouch in the fe-

males does not appear to extend farther back than the fourth thoracic

segment, and it may be confined to the second, third, and fourth seg-

ments.

In the last-mentioned, as well as in many other characters, this fam-

ily is closely related to the next, and perhaps the Munnopsidce may yet

require to be united with it. Our species of the two families are at

once distinguished by the last three pairs of legs, which are ambulatory

in the Asellidce and natatory in the Munnopsidce. Our Munnopsidm are,

moreover, like the other known species of that family, destitute of eyes,

whQe the marine Asellidce have evident or conspicuous eyes, but the

fresh-water genus Ccecidotea Packard* is blind, as are also certain

foreign species referred to the present family. The relations of the

Asellidce with families other than the Munnopsidce are less evident.

They were associated by Professor Danat with his Armadillidce and Onis-

cidce to form his subtribe Oniscoidea, and, Limnoria being excluded, the

group appears to be a natural one.

Asellus communis Say, confined to fresh waters, and the only known
Few England representative of the genus, was described and figured by
the present author, in Professor S. I. Smith's "Crustacea of the Fresh

Waters of the United States," published in part II of this report (page

657, plate I, figure 4). Our marine representatives of the family may
be most easily recognized by the consolidated pleon, ambulatory or pre-

hensile legs, none of them natatory, and the slender, elongate antennae.

The genera may be distinguished by means of the following table

:

, ^ ii J 1, 1 c short, subrudimentary JjEUA, p. 314
( flattened above ; uropodsj

, , , ^ „.„
Pleon < ' ^ell developed Janira, p. 319

(vaulted; head large Mupwa, p. 325

Jaera Leach.

Jcera Leach, Ed. Encyc, vol. Tii, p. "434" (Am. ed., p. 273), "1813-14."

Antennulae short, few-jointed ; antennse moderately elongated ; man-

dibles with palpi ; first pair of legs "similar to the following pairs ; lateral

margins of the thoracic segments projecting over the bases of the legs;

uropods short, rami subrudimentary; pleon protected below in the fe-

males by a subcircular plate.

The short uropods and projecting lateral margins of the thoracic seg-

ments serve to distinguish this genus from its allies, and other charac-

ters of generic importance could doubtless be drawn from the pleon and

its appendages, as well as from other parts of the structure, but, as it

"American Naturalist, vol. v, p. 751, figs. 132, 133, 1871.

tAm. Jour. Sci., II, vol. xiv, p. 301, 1862.



MARINE ISOPODA OF NEW ENGLAND, ETC. 315

is represented in our limits by a single species, I have not been able to

separate the generic from the specific characters with confidence, and

have therefore described the species without attempting it.

Jaera albifrons Leacb.

" Oniscus albifrom Montague MSS." (Leach).

Jcera albifrons Leach, YA. Encjc, vol. vii, p. " 434" (Am. ed., p. 273), "1813-14";

Traus. Liun. Soc, vol. si, p. 373, 1815.

Samouelle, Ent. Comp., p. 110, 1819.

Desmarest, Diet. Sci. nat., tome xxviii, p. 381, 1823; Conaid. Crust., p. 316,

1825.

Latreille, Regne Auim., tome iv, p. 141, 1829.

Edwards, Anuot. de Lamarck, tome t, p. 267, 1838; Hist. nat. des Crustf.,

tome lit, p. 150, 1840; Riigne Anim., Crust., p. 204, 1849.

Moore, Chailesworth's Mag. Nat. Hist., n. s., vol. ill, p. 294, 1839.

Thompson, Ann. Mag. Nat. Hist., vol. xx, p. 245, 1847.

White, List Crust. Brit. Mus., p. 97, 1847 ; Brit. Crust. Brit. Mus., p. 69,

1850; Pop. Hist. Brit. Crust., p. 231, 1857.

Lilljeborg, Ofvers. Vet-Akad. Forh., Arg. viii, p. 23; 1851; ibid., Arg. ix.

p. 11,1852.

Gosse, Man. Mar. Zool., vol. i, p. 136, fig. 243, 1855.

M. Sars, Christ. Vid. Selsk. Forh., 1858, p. 153, 1859.

Bate, Rep. Brit. Assoc, 1860, p. 225, 1861.

G. O. Sars, Keise ved Kyst. af Christ., p. (29), 1866 ; Christ. Vid. Selsk.

Forh., 1871, p. 272, 1872.

Norman, Rep. Brit. Assoc, 1866, p. 197, 1867; ibid, 1868, p. 288, 1869.

Bate and Westwood, Brit. Sess. Crust., vol. ii, p. 317, figure, 1868.

Metzger, J. B. Naturhist. Ges. Hannover, xx, p. 32, 1871 ; Nordseefahri;

der Pomm., 1872-'3, p. 285, 1875.

Paxfitt, Trans. Devon. Assoc, 1873, p. (18), " 1873."

Stebbing, Jour. Linn. Soc, Zool., vol. xii, p. 149, 1874; Ann. Mag. Nat. Hist.,

IV, vol. xvii, p. 79, pi. v, figs. 5-6, 1876; Trans. Devon. Assoc, 1879 p.

(7), 1879.

Meinert, Crust. Isop. Amph. Dec. Dan.,p. 80, "1877." (Taira.)

Harger, Proc. U. S. Nat. Mus.,' 1879, vol. ii, p. 158, 1879.

Jcera Kroyeri Zaddach, Syn. Crust. Pruas. Prod., p. 11, "1844" (Ji, JSroym Ed-
wards ?).

Jmra baltica Fried. Miiller, Arch. Naturg., Jahrg. xiv, p. 63, pi. iv, fig. 29, 1848.

Jcera copiosa Stimpson, Mar. Inv. G. Manan, p. 40, pi. iii, fig. 29, 1853.

Packard, Canad. Nat. and Geol., vol. viii, p. 419, 1863.

Verrill, Am. Jour. Sci., Ill, vol. vii, p. 131, 1874; Proc. Amer. Assoc,

1873, p. 369, 1874 ; This Report, part i, p. 315 (21), 1874.

Harger, This Report, part i, p. 571 (277), 1874.

Jcera nivalis Packard, Mem. Bost. Soc. Nat. Hist., vol. i, p. 296, 1867 (J. nivalis

Kroyer ?.)

Asellus Grdnlandicws Packard, loc cit. {not of Kroyer).

Jcera marina Mobius, Wirbellos. Thiere der Ostsee, p. 122, 1873 ; Ann. Mag.
Nat. Hist., IV, vol. xii, p. 85, 1873. (J. marina Fabricius ?.)

Jaera maculata Parfitt, Traus. Devon. Assoc, 1873, p. "253" (IS), "1873."

Stebbing, Traus. Devon. Assoc, 1879, p. (7) 1S79, {albifrons).

Plate I, Figs. 4-8.

This species is at once distinguished from the other marine Isopoda

of our coast by the short uropods, arising from a notch in the end of the
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subcirciilar pleon. From tlie terrestrial forms, wbicli it- somewhat re-

sembles, aud in company with which it may sometimes be found, the

above-mentioned character, joined with the mnltiarticulate flagellum of

the antennae, will serve to distinguish it.

The body is oval and flattened, a little more than twice as long as broad.

The head is transverse, broadly excavated on each side over the bases of

the auteniiulse, sparingly ciliated on the lateral margins, with short scat-

tered spine-like unequal cilia or sette, which occur in a similar manner
along the entire borders of the animal behind the front margin of the head.

The eyes are prominent and black, situated near the posterior margin

of the lateral regions of the head. The antennulae are five-jointed, and

do not surpass the fourth segment of the antennte ; the basal segment

is large and separated from its fellow of the ojiposite side by about

twice its diameter ; the second segment is about as long as the first, but

of much less than half its diameter ; third segment shorter than the

second, foiu'th still shorter, fiftli tapering, tii^ped with seta3. The first

three segments of the antennas are short; the fourth is robust, and

about as long as the first three together; the fifth is longest, and is fol-

lowed by a slender elongated flagellum. The maxillipeds (pi. I, fig.

6) have the external lamella (/) short and broad, nearly straight on the

inner margin, broadly rounded at the end, and somewhat swollen on

the external side; the palpus (p) is five-jointed; the first three segments

flattened, first short ; second dilated internally and ciliated ; third ciliate

in the inner margin and narrowed to the base of the fourth segment,

which is cylindrical ; fifth short, conical. The terminal lobe of the max-

illiped bears two rows of cilia near the apex, and on the inner side a row
of short styliform organs. The outer maxillce (pi. I, fig. 6 a) consist of

a semioval portion, broad and ciliated at the tip, bearing above the

middle two articulated lobes, armed with strong curved setae at the tip.

The inner maxilhie (pi. I, fig. G h) are armed with short stout spines, which

are strongly si3iuulose on their inner curved side ; inner lobe about half

the diameter of the outer. Mandibles with a very much projecting molar

process, a comb of pectinated setae, and a dentigerous lamella, or two of

them on the left side.

The first three thoracic segments are of about equal length along the

median line, aud are together nearly equal in length to the last four,

which are also subequai along the median line, but the fifth segment

appears shorter than the others on account of its short lateral margin,

which has both its anterior and posterior angles stronglj^ rounded. The
epimeral region of the segments projects at the sides so as to cover the

bases of the legs, and is squarish in the first three segments, rounded in

the fourth, and still more so in the fifth, and obtusely angulated behind

in the sixth and seventh. The legs are similar in form throughout, but

increase in length to the last pair. They have the basis rather robust;

the ischium shorter and flexed on the basis ; the merus subtriangular,

and tipped with spines ; the carpus and proj)odus cylindrical, subequai
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ill length, but the carpus of hxrger diameter than the propodus ; the

dactykis short, cylindrical, and provided with two terminal hooklets.

There are a few scattered spinules and setae on the segments, especially

the merus, carpu.s, and proi)odus. In the males the merus and carpus

of the sixth and seventh pairs of legs are provided on their inferior mar-

gins with close-set slender curved hairs, which extend nearly the whole

length of the carpus and over the distal half of the merus.

The pleon is ]iroportionally broader and shorter in the male (pi. I,

fig. 8) than in the female (pi. I, fig. 7). It is broadly rounded behind,

continuing the outline of the body without break, and is notched

at the tip for the insertion of the uropods, which scarcely project

beyond the general outline of the body, and consist on each side of

a short, stumpy, cylindrical basal segment, a little oblique at the end

where it bears two almost rudimentary rami, the inner about twice

as large as the outer, and both tipped with a few short setse. The

lateral margin of the pleon, like that of the body generally, is beset

with short, scattered, unequal setse or spinules. Underneath, the pleon

is excavated for the branchial pleopods, which are covered and protected

below in the females (pi. I, fig. 7) by a large subcircular plate, sparsely

minutely ciliated on the margin. In the male (pi. I, fig. 8) the under

surface of the pleon presents on each side a small oval plate, with its

inner margin overlapped by a median elongated plate, divided by a cen-

tral suture, which is open distally. This plate is broad at the base, then

narrows toward the middle, after which it expands much more rapidly

into an outwardly curved and pointed lobe on each side, ciliated at the

tip. Between these two lobes the plate is terminated by two transverse,

subquadrate and elongated lobes, which are broadest internally where

they are separated along the median line. They are excavated on the

anterior margin and less so on the posterior margin, sparsely ciliated

behind, and conspicuously so with divergent cilia at the outer short,

straight margin. In the females the incubatory ijouch appears to be

confined to the second, third, and fourth segments.

In size as well as coloration this species varies greatly, females being

often found with eggs when less than half the size of the specimen fig-

ured. They attain a length of 5'°™ and a breadth of 2"'", but the males

are at least one-third smaller and somewhat narrower than the females,

the sides being more nearly parallel. In color there is also much varia-

tion. A common color is a dark, slaty gray, with dots or small blotches

of yellowish, this color prevailing along the anterior margin of the head.

\^ory frequently darker or lighter shades of green occur, and the incu-

batory pouch of the females is often bright green. Some specimens are

very light colored or nearly white, often with- -two or more transverse

dark bands, with considerable contrast in color; others are reddish

brown throughout.

I am unable to separate the American form, Jmra copiosa ^timpson,

from the common English and European species, although they have
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hitherto been regarded as distinct. I have had no males from any

European locality, but tLrough the kindness of the Rev. A. M. Norman

I have had an opportuuity of comparing females from Oban, Scot-

land, with our species, and have found no specific differences. The

description and figures given by Eev. T. E. E. Stebbing in the Annals

and Magazine of Natural History, IV, vol. xvii, p. 79, pi. v, figs. 5 and

6, show a substantial correspondence in the male ^ also, so that I have

regarded the species as common to both coasts. Whether the Green-

land species J. nivalis Kroyer, and the Southern species J. Kroyeri Ed-

wards, are also identical with J. alhifrons or not, I am unable to deter-

mine, in the absence of specimens for comparison. ]M. Sars says that

he has seen specimens of J. alhifrons Leach from Trieste, but regards

the Greenland species as distinct. Mobius regards the species as iden-

tical from Greenland to the Mediterranean, and unites them under the

name J. marina. Metzger, following Bate and Westwood, is more con-

servative, using the name J. alhifrons Leach. Bate and Westwood re-

gard J. 7iivalis Kroyer and Oniscns marinus O. Fabricius as doubtfully

identical with J. alhifrons, and J. Kroyeri Edwards as distinct. J.

Kroyeri Zaddach = J. haltica Friedrich Miiller appears to be, without

doubt, identical with this species, as it is separated by that author from

J. alhifrons Leach only by the position of the eyes, which were incor-

rectly described by Dr. Leach as close together. I have, therefore, re-

ferred these two names to J. alhifroris as synonyms, as has been done

previously by Lilljeborg and others. J. maculata Parfitt, a species based

almost wholly on color markings, I have referred to J. alhifrons, follow-

ing Stebbing, who believes that he is "in accord with the author of the

species" in so doing.

This species is common, and in suitable localities abundant, on the

whole coast of New England!, and extends as far north as Labrador! at

least, where it was collected by Dr. Packard, who regarded it as identi-

cal with J. nivalis Kroyer. It is fouud among rocks, algae, and rubbish

along the shore, often nearly up to high-water mark, where it may be

associated with some of the Oniscidce, to which it has a certain resem-

blance in form. It occurs "probably" all around the coast of England

(Bate and Westwood). I have examined specimens from Oban!, Scot-

land. It extends to Finmark, on the coast of Norway (M. Sars), and is

common on all the coasts of the North Sea (Metzger). It is recorded

by Mobius in the Baltic among stones and algte down to a depth of 18J

fathoms. According to M. Sars this species extends to Trieste on the

Adriatic, but without specimens I have not attempted to decide in re-

gard to the synonymy of the Mediterranean species.
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Sjiecimens examined.

319

Locality. Bottom.
When col-

lected.
Receivedfrom

—

Speci-
mens.

No. Sex.

Dry.
Ale.

1921
1917
1916
1915

1914
1920

1919
1918

1912

New Haven, Conn. .

.

Stony Creek, Conn. .

Noank Harbor, Conn.
Vineyard Sound,
Mass.

....do
Provincetown, Mass.
....do
....do
....do
..-.do -.

Gloucester, Mass . .

.

....do
Casoo Bay
Eastport, Me
Eastport, Me., Dog

Island.
Indian Tickle, Lab-

rador.
Hopedale, Labrador.
Oban, Scotland

May 1,1871

L. w. Under stones

Shore

.

...do.
L. w.

Eel grass .

.

Algae
Tide pools .

,1874
,1871

,1871
,1872
,1879

Aug. 13, 1879
Aug. 13, 1879
Aug. 23, 1879

,1878

H.S.EishCom
....do

L. w. Under stones
Tide pool

,1873
1868-1870

,1872

Stone

.

—, 1877

....do

....do

...do

....do

....do

....do

....do

....do

....do
A.E.Verrm...
U.S. FishCom

A. S. Packard .

...do
Kev.A.M.Nor-
man.

Ale.
Ale.
Ale.
Ale.

Ale.
Ale.
Ale.
Ale.
Ale.
Ale.
Ale.
Ale.
Ale.
Ale.
Ale.

Ale.

Ale.
Ale.

* Aselius gronlandictt$ Packard, MSS.

Janira Leacli.

Jawim Leach, Edinb.Encyc, vol. vii, p. "434" (Amer.ed., p. 273), "1813-14".

Asellodes Stimpson, Mar. Inv. Grand Manan, p. 41, 1853.

Body loosely articulated as in Aselius; antennulse slender, with a

multiarticulate flagellum ; antennae elongated, with a siDine, or scale, on

the second segment and with a long multiarticulate flagellum ; mandibles

palpigerous; lateral margins of the thoracic segments not completely

covering the bases of the legs; first pair of legs prehensile; the carpus

thickened, and the propodus slender and capable of coipi)lete flexion on

the carpus ; dactylus short and armed with two small ungues, as in the

succeeding pairs of legs ; uropods well developed, biramous.

This genus is represented on our coast by two species, one of which

was originally described by Stimpson under the name Asellodes alta. It

does not, however, seem to present any generic differences from Janira

maculosa Leach, the tyj)e of the present genus. Stimpson's generic

description appears to have been drawn from the male, as he says :
" Ex-

ternal pair of natatory feet having each two laminte, like the others, but
broader and hardened, so as to perform the office of an operculum."

The two inner of these laminae are, however, united along the median
line nearly to the tip, as will be seen below.

Our species of this genus may be further characterized as follows : The
body is elongate oval in general outline, between two and three times as

long as broad. The eyes are distinct. The head is produced medially

into a distinct rostrum, and the antero-lateral angles are also produced,

but in the typical species {J. maculosa Leach) the head is rounded ante-
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riorlj'. The basal segment of the antennulce is enlarged; the second is

more slender and cylindrical ; the third is short, cylindrical, or slightly

clavate, and is followed by a short subglobose segment having the ap-

pearance of a fourth peduncular segment. Beyond this, is a slender

multiarticulate flagellum, composed of about twenty to thirty segments,

the segmentation becoming indistinct toward the base. These segments
are provided, except toward the base, with slender "olfactory setae."

The first three segments of the antennae are short and robust, and the

second bears, near its distal end, on the external side above, a triangular

scale, or spine, articulated with the segment and directed forward, out-

ward, and somewhat upward ; the third segment is comparatively short

and small ; the fourth and fifth segments are slender and elongated, and
the flagellum tapers from the base and is composed of many, 80 to 120 or

more, segments. The maxillipeds (see pi. Ill, fig. 12 a) are broad, with a

rhombic-ovate external lamella (l), and a five-jointed palpus {p), of which
the first three segments are flattened and expanded internally, where the

second and third segments are also ciliated. The last two segments of

the palpus are cylindrical, and bent inward toward the median line. The
outer maxillae are rhombic in outline, ciliated and spiny along the inner

margin and at the tip, as are also the two slender, curved, articulated

lobes. The inner maxillae consist of the usual curved lobes, armed at

the tip with denticulated spines, which are larger, stronger, and more
numerous on the outer large lobe. The mandibles are strong, and fur-

nished with an acute deutigerous lamella on the right side, received

between two such lamellae on the left mandible; below is a comb of setae

and a strong molar process. The palpus of the mandible is composed of

three subequal segments, the last furnished with a comb of setae.

The thoracic segments do not greatly exceed the head in transverse

diameter, and are subequal, the second, third, and fourth with a lateral

emargination. The legs are slender and elongated, ambulatory, or th^

first pair snbprehensile and somewhat shorter than the following pairs.

In this pair the carpus is slightly swollen and the propodus is capable

of complete flexion upon it. The dactyli are short in all the legs, as

compared with the propodi, and capable of only incomplete flexion.

They are armed at the tip with two robust unguiform spines.

The pleon is broad and flattened above. The uropods are well de-

veloped and consist of a cylindrical or slightly clavate basal segment

bearing two rami of which the inner is the larger and longer. The un-

der surface of the pleon is excavated, and in the females is protected be-

neath by a subcircular operculum, but in the males of '/. alta, and proba-

bly in both species, the thickened opercular plates are three in number,

viz, a i)air of semi -oval plates at the sides and a more slender median

plate presenting traces of a suture along the middle.

In the females, the incubatory pouch is formed of foiu* pairs of plates

attached to the coxal segments of the first four pairs of legs. These

plates may usually be easily seen when the females are destitute of eggs,
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being then small, elongate, oval, and lying near the under surface of

the thoracic segments.

Janira alta Harger (Stimpson).

Aaellodes alta Stimpson, Mar. Inv. G. Manan, p. 41, pi. iii, fig. 30, 1853.

Verrill, Am. Jour. Sci., Ill, vol. vi, p. 439, 1873 ; toI. vii, pp. 411, 502,

1874; Proc. Amer. Assoc, 1873, p. 350, 1874.

Janira alta Harger, Proc. U. S. Nat. Mus., 1879, vol. ii, p. 158, 1879.

Plates II and III, Figs. 9, 12, and 13.

This species may be at once distinguished from the following by the

absence of spines in the dorsal and lateral thoracic regions, from all the

other known Isopoda of the coast, by the flattened, scutiform and consoli-

dated pleon, bearing well-developed, exerted, biramous uropods, which
are, however, fragile. It is more slender than the following species.

The body is elongated oval in outline, nearly three times as long as

broad. The head is produced in front into a prominent but short, acute,

median spine or rostrum, and the antero-lateral angles are also acutely

produced, but are shorter and less acute than the rostrum. The eyes are

prominent and black, situated on the upper surface of the head, near the

lateral margins. They are elliptical in outline, with the long axes con-

verging toward a point near to, or beyond, the tip of the rostrum. The
basal segment of the antennulae is shorter than the rostrum ; the flagellum

consists of about thirty segments and does not attain the tip of the fourth

antenna! segment. The scale on the second segment of the antennae is

short and triangular, does not surpass the following segment, and is

tipped with a few slender setae. The maxiUipeds (pi. Ill, fig. 12 a) have
the external lamella {I) obtusely pointed at the apex and angulated on
the outer side, otherwise they resemble the same organs in J. spinosd,

as do the outer maxillse, the inner maxillae, and the mandibles (pi. Ill,

fig. 12 h).

The thoracic segments are but little broader than the head, the first

three and the last two segments are about equal to each other in length
j

the fourth and the fifth are somewhat shorter. The lateral margins of

the segments do not cover the epimera from above, and none of them
are produced at the sides into acute and salient angulations, as in the

next species. In the first segment the lateral margins are rounded and
the epimera project as an angular tooth on each side in front. In the

second, third, and fourth segments the emargination is behind a promi-

nent but narrow lobe at the anterior angle of the segment and the epi-

mera are two-lobed. In the fourth segment the posterior angle is nearly

included in the emargination, and in the last three segments the posterior

angle is elided and the epimera occupy its place. The legs are elon-

gated and armed with spines, especially on the carpal segments.
The pleon is rounded-hexagonal in outHne, minutely and sharply

serrate at the sides behind the middle, and undulated over the bases of
21 F
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the uropods on the posterior margin. The uropods are slender, easily

detached, and liable to escape observation. They are nearly alike in

the two sexes, and consist on each side of an elongate, somewhat curved

and clavate basal segment, bearing at the end two rami, of which the

inner is nearly as long as the basal segment, the outer somewhat smaller

and shorter. The rami are slightly flattened, and, like the basal seg-

ment, armed with setae, especially at the tip. The branchial pleopods

are protected in the female by a subcircular operculum (pi. Ill, fig. 13 a).

In the male, the inferior surface of the pleon (pi. Ill, fig. 13 h) presents on

each side a nearly semicircular plate (&), with its inner margin overlapped

by a median, elongated, and narrow plate (c), marked along the median

line by a suture. This plate is broadest near the base, then contracts on

each side to beyond the nliddle, aftet which it expands slightly. The
median suture is open near the tip, and, on each side, is a rounded lobe,

separated by a sinus from the produced external angle.

Length of body, exclusive of the antennae and uropods, S'"'", breadth
3mm^ Color in alcohol usually pale or brownish, with small black dots on

the upper surface. The under surface is lighter, as are the legs and an-

tennae, especially toward their distal extremities.

This species is at once distinguished from the common European J.

maculosa Leach by the form of the head, which is rostrate, and has also

the antero-lateral angles strongly salient, while in J. maculosa the ante-

rior margin of the head is nearly straight and the angles are not pro-

duced. From Henoj}omus tricornis Kroyer,* as described and figured by

that author, it differs in the elongated uropod^s.

This species has not been found south of Cape Cod. Dr. Stirapson's

specimens were " dredged in soft mud in 40 f. off Long Island, G-. M.,"

in the Bay of Fundy. It was dredged in Massachusetts Bay! in from 54=

to 115 fathoms mud, sand, and stones in 1878. In many localities given

below in the Gulf of Maine ! from 35 to 115 fathoms in 1873, 1874, and

1877, and 120 miles south of Halifax!, N. S., in 120 fathoms gravel and

pebbles in 1877. It has also been obtained from several localities in the

Bay of Fundy!, in one case at low water on Clark's Ledge, near East-

port, Me. A specimen was collected in 1879, by Mr. Charles Buckley,

of the schooner 'H. A. Duncan,' thirty miles east of the i^ortheast

light on Sable Island, adhering to a specimen of Paragorgia, from a

depth of 160 to 300 fathoms.

* Natui-hist. Tidssk., II, B. ii, p. 3S0, 1847; Voy. eu Scaud., Crust., pi. xxx, figs. 3

a-q, "1849."

i
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Specimens examined.

Locality. Bottom.
When col

lected. I

Eeceivedfrom

—

Speci-
mens.

Fo. Sex.

Dry.
Ale.

110-115

54-60

1934

1923

1935

1924

1925

1927
1928

1929

1930

1932

90

112-115

Gulf of Maine, ESE.
from Cape Ann
29-30 miles.

Gnlf of Maine, ESE.
from Cape Ann
30-31 miles.

GnlfofMaine, SE.J
S. from Cape Ann
6-7 miles.

Gulf of Maine. SE.
from Cape Ann 14
miles.

Gulf of Maine, E.
from Cape Ann 140
miles.

Between Cape Ann
and Isles of Shoals

Gulf of Maine, S. of
Cashe's Ledge.

Casco Bay, Me
Banquereau
Bay of Fundv, Me .

.

Bay ofFundy^ Clark's
Ledse.

BayofFundy, Buck-
man s Head.

Bay of Fundr. off

Todd's Head. I

Bay of Fundy, East- I

port.
Thirty miles east of ;i60-300
Northeast light
on Sable Island.

South of Halifax 120
miles.

85 Mud, sand, stones! —, 1878
j

U.S. FishCom.
I

I

Mud, stones .... —,1878 ...do

Sand, mud
{

—,1878 do

Softmud ,1877 ....do

S^ind ?ind gravel . —, 1877 do ...

L. -w.-SO

Clay, sand, mud.

Eocky

Eocky

—, 1874

—, 1873

—, 1873
—, 1878

—,187

...do

...do

...do
Capt. CoUins
r.s.F
..do

do

Ale.

Ale.

d $ Alo.

Ale.

—,1878 L'apt

,1872 U.S. FishCom
,1872

1

111.

190

On Paragorgia.

Gravel and peb-
bles.

Aug. 27, 1872 |.... do

, 1870
I

A. E. VerriU . .

.

, 1879 ,
Mr.C.Euckley.

I

—,18771 U.S.FishCom.

Ale.

Ale.

Ale.

Ale.
Ale.
Ale.
Ale.

Ale.

Ale.

Ale.

Dry.

Alo.

Janira spinosa Harger.

Janira spinosa Harger, Proc. U. S. Nat. Mus., 1S79, vol, ii. p. 158, 1879.

This species is well marked among our known Isopoda, by the double

row of spines along the back and the acute laciniations or angulations

on the lateral margins of the thoracic segments.

The body is robust, the length but little exceeding twice the breadth.

The head is broad, and produced in the median line into a prominent

acute spine, or rostrum, about as long as the head. The antero-lateral

angles are also produced and very acute, but do not extend as far as the

rostrum. The eyes are rounded semi-oval, with the long axes converg-

ing toward a point near the base of the rostrum. The basal segment of

the antennulse is less than one-third the length of the rostrum. The
second segment is about as long as the first, but of only about half its

diameter. The flagellum equals, or slightly surpasses, the third antennal

segment, and consists of about twelve segments. The scale, or spine, on
the second segment of the antennae is slender and considerably surpasses

the third segment. The external lamella of the maxillipeds has the

outer angle prominent, though not acute.

The thoracic segments are produced laterally into one or two acute

angulations, giving a sharply serrated or dentated outline to the the-



324 REPOET OF COMMISSIONER OF FISH AND FISHERIES.

racic region. The first segmeut is shorter than the second ; the sec-

ond, third, and fourth are about equal in length; the fifth is about

the length of the first; the sixth and seventh each a little longer. The
first segment is acutely produced at the sides, around the sides of the

head, and bears, near the middle of the anterior margin, two short spines,

situated about half as far apart as are the eyes, and directed upward and
somewhat forward. The second segment has both lateral angles pro-

duced into triangular acute processes, of which the anterior is more slen-

der than the posterior and directed more strongly forward. The dorsal

spines on this segment are a little farther apart and larger than in the

first segment. In the thii'd segment the lateral angulations are more
nearly equal than in the second segment and directed less strongly for-

ward. In the specimen figured the third segment bears, on the left side,

a single broad angulation, apparently representing the posterior, while

the anterior is only indicated by a slight irregularity in the outline.

Malformations of this kind appear to be common. The dorsal spines on

the third segment are much as in the second. On the fourth segment
the anterior angulation is longer than the posterior, and both are directed

nearly outward. The dorsal spines on the foui-th segment are slightly

smaller and nearer together than on the third ; but, as in aU the preced-

ing segments, they are near the anterior border of the segment. The
last three segments are acutely produced at the sides into a single angu-

lation, which is directed more and more backward to the last segment.

The dorsal spines on the fifth segment are situated nearer together than

on the anterior segments, and rather behind the middle of the segment

;

they are also smaller than on the preceding segments. On the last two
segments they are near the posterior border of the segment, and become
somewhat smaller and nearer together on the last segment. The legs

are armed with but few, and rather weak, spines.

The pleon is broadest near the base and tapers posteriorly, where the

angles are acutelyproduced ; between these angles the margin is rounded

and arched over the bases of the uropods, which are about as long as

the pleon and less spiny than in ./. alta. The lateral margin of the pleon

is armed with very minute acute spinules, and under a higher power the

margins of the thoracic segments and of the head are seen to be similarly

armed, especially where most exposed.

Length 8"^"^, breadth 3.8°^™
: color in alcohol, white.

This species is near Janira laciniafa G. O. Sars,* but is distinguished

by the double row of dorsal spines, whereas Sars says of that species,

'• Superficies dorsalis medio leviter convexa spinis singulis tenuibus

ornata."

The only^ specimens yet known are two females, which were taken ad-

hering to the cable of the schooner • Marion ', by Captain J. W. Collins, at

Banquereau, August 25, 1878.

*Chr. Yid. Selsk., 1872, p. 92, 1873.
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Munua Kioyer.

Munna Kroyer, Naturhist. Tidssk., B. ii, p, 615, 1839.

Form of the female dilated oval, of the male elongated sublinear ; head
very broad (about twice as broad as long), in length equal to one-fourth

or one-fifth the length of the animal j eyes occupying the postero-lateral

angles of the head, prominent, as if pedunculated but not movable ; an-

tennulae inserted above the antennae and partly covering their bases,

short, a little longer than the head, with a four-jointed peduncle and a

few-jointed flagellum ; antennae elongated, equaling or surpassing the

length of the body, with a multiarticulate flagellum ; mandibles with a

three-jointed palpus ; maxillipeds with a five-jointed palpus ; legs all

armed with two terminal ungues ; first pair shorter and more robust than

the others, with a prehensile hand formed of the propodus and the dac-

tylus ; the remaining pairs ambulatory, increasing gradually in length, so

that the last pair equal or surpass the body in length. The segments
of the pleon are united into a single vaulted segment, and its inferior

suiface is covered, in the females, by a single opercular plate, while in the

males the operculum is composed of three parts, as in the i^receding

genera.

The generic descrij^tion as given above is in part taken from Kroyer,

the author of the genus. The specimens hitherto obtained do not ap-

pear to be separable from his species 31. Fabricii., to which I have there-

fore referred them, although differing somewhat from each other. The
material has unfortunately been, most of it, in poor condition, many of

the specimens having been dried and much broken.

Munna Fabricii Kroyer.

Munna Fahricii Kroyer, Nat. Hist. Tidssk., II, B. ii, p. 380, 1847 ; Voy. en Scaud.,
• Crust., pi. xssi, iigs. 1 a-q. "1849".

Eeinhardt, Groulands Krebsdyr., p. 35, 1857.

M. Sars, Cluist. Vid. Selsk. Forh., 1858, p. 154, 1859.

Liitken, Greenland .Crust., p. 150, 1875.

Harger, Proc. U. S. Nat. Mus., 1879, vol. ii, p. 1.59, 1879.

Munna, species, Verrill, Am. Jour, Sci., Ill, vol. vii,
i>. 133, 1874 ; Proc. Am. Assoc,

1873, p. 371, 1874.

? Munna Boeckii G. 0. Sars, Arch. Math. Nat., B. ii, p. 353 [253], 1877. (If. Bocckii

Kroyer?)

Plate III, Fig. 14.

This species may be at once distinguished from anything else known
on our coast by the prominent, as if pedunculated, but immovable, eyes,

on the posterior lateral angles of the large head, together with the elon-

gated and slender ambulatory legs in seven pairs, the first pair only
being somewhat shorter.

The first specimens obtained in a recognizable condition were small

and differed somewhat from later specimens, especially in size and pro-

portions
;
the differences, however, do not appear to be necessarily other

than what might be due to age and size, and are such as are described
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by Kroyer in bis specimens of M. Fabricu. Tbe legs in tbe small speci-

men figured are considerably" sborter tbau in larger specimens obtained

in 1S7S, and the flagellum of tbe antennulie consists in tbe small 6j)eci-

meus of a single segment, or witb traces of subdivision into two, U'bile

in tbe large specimens it is four-jointed, witb a rudimentary terminal

segment.

Tbe body is in tbe female elongate oval, tapering posteriorly, and
broadest at tbe tbird tboracic segment, wbere tbe breadtb is equal to

about balf tbe lengtb. Tbe males are more slender, and are not dilated

bebind tbe bead. Tbe bead forms about one-fiftb of tbe total lengtb, and

is nearly twice as broad as long. Its anterior portion between tbe bases

of tbe antennuloe and antennae is comparatively narrow on its upper

surface, and is rounded or obtusely angled in front. Bebind tbe bases

of tbe antennulge it is suddenly mucb dilated at tbe sides, and a Uttle be-

bind tbe dilation are tbe prominent, strongly convex and laterally pro-

jecting eyes, immediately bebind wbicb tbe bead contracts suddenly in

widtb, and is then sligbtly rounded bebind. Tbe antennuloB arise in a

deep sinus on tbe antero-lateral region of tbe bead. Tbey consist of a

four-jointed peduncle followed by a four-jointed flagellum of about tbe

same lengtb as tbe peduncle. Tbe basal antennular segment is stout,

and subtrigonal in form ; tbe second is more slender and cylindrical,

wbile tbe tbird and fourtb are subequal, quite sbort and small, togetber

not over balf as long as tbe second segment, and sbould perbaps ratber

be regarded as flagellar segments. Tbe four flagellar segments are of a

bttle less diameter tban tbe last two peduncular segments, and are long

and cylindrical, tbe fourtb being tipped witb a rudimentary segment
bearing two strong terminal set?e. Tbe antennie are mucb larger and
stouter tban tbe anteunulae and are about two or tbree times as long as

tbe body. Tbey are com^^osed of a five-jointed peduncle and a. slender

multiarticulate flagellum. Tbey arise nearly in front of tbe antennulae

and tbeir first tbree segments are sbort and stout, not longer taken to-

getber tban tbe first two antennular segments. ' Tbe fourtb segment of

tbe antennae is only about balf tbe diameter of tbe first tbree segments,

but is greatly elongated, nearly or quite equaling in lengtb tbe bead
and tborax taken togetber, and is cylindrical, and provided witb a

few sbort setae, especially at tbe tip. Tbe fiftb, or last peduncular,

segment is sligbtly more slender and elongated tban tbe fourtb, and is

followed by a slender tapering flagellum composed of about seventy-five

segments, or, perbaps, in perfect specimens, of a greater number. Tbe
maxillipeds are large and broad, as required \)j tbe large bead, and are

furnisbed witb a five-jointed palpus, witb tbe basal segment sbort, tbe

second and tbird flattened and expanded internally, wbere tbey are also

ciliated ; tbe fourtb narrow ; tbe fiftb sbort, and botb i>rovided witb scat-

tered setae, especially toward tbe tip.

Tbe first tboracic segment is a little sborter tban tbe second, wbicb is

about equal in lengtb to tbe tbird and tbe fourtb ; tbe last tbree seg-
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meiits progressively decrease in length and "width, and the seventh is

somewhat concealed at the sides by the swollen base of the pleon. The

basal segments of all the legs are much alike in form, and differ but lit-

tle in size throughout. They are cylindrical or slightly clavate, the first

pair perceptibly shorter and smaller than the second, frcm which they

increase very slightly to the sixth, which is the largest, the seventh not

being larger than the second. The legs disarticulate easily at the end

of the basal segment, and in the specimens examined nearly all are

broken off at this point. Beyond the basal segment the first pair are

comparatively short, about half the length of the body. The ischium

of the first pair is robust, and a little lojiger than the merus; the carpus

is subtriangular and armed with strong short spines on its palmar

margin ; the propodus is about as long as the ischium, slightly swollen,

and armed with a few spines ; the dactylus is short and armed at the

end with two stout curved claws, of which the outer is about twice the

length of the inner ; between the claws is a slender bristle. The sec-

ond and following pairs of legs are much more elougated than the first

X)air, the elongation being principally in the carpus and propodus, and,

in a less degree, in the ischium and merus, while the dactylus is compar-

atively but little elongated. In the second pair of legs the propodus is

not longer than the carpus, but it becomes proportionally, as well as ab-

solutely, longer in the following pairs until, in the sixth pair, it may be

nearly or quite as long as the body and form about two-fifths the whole

length of the leg. The dactyli are, in all the legs, comparatively short, often

less than one-tenth the len gth ofthe propodus, and armed with two unequal

claws, of which the longer is about two-thirds as long as the dactylus

itself, and the shorter is more than half the length of the longer. In all

the legs the ischium is armed with a few short curved spinules, and the

elongated i)ropodal segments are furnished with scattered, slender and

elongated, straight spines, each with a minute bristle near the apex.

The pleon is remarkably swollen near the base, and is somewhat

pear-shaped
;
posteriorly it is deep, and bears the uuiarticulate uropods

in shallow grooves near the end. On the upper surface are a few

straight slender spines, and below it is covered in the females by an

ovate, obtusely-pointed opercular x>late, and in the males by a trifid

operculum, the median portion being slender, with nearly parallel

sides and a central suture, and the two lateral portions slender, semi-

ovate and pointed behind. The pleon appears to be carried habitually,

during life, flexed upward at a considerable angle.

The length of the specimen figured, by Mr. Emerton (pi. Ill, fig. II),

is 1.2°"™, breadth 0.7™™ ; but specimens obtained in 1878 measure 3.1™™

in length, 1.5™™ in width, in the female, and 1.1™™ in the male. The
pleon measures in length 1.1™™ and in width 0.8""™ in the larger indi-

viduals.

A single much mutilated specimen of this species was dredged in 12

fathoms, South Bay, Eastport!, in 1872, by the United States Fish Com-
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mission, and two more specimens, both females, were obtained on eel-

grass in Casco Bay! in 1873. Five specimens were obtained adhering

to dried specimens of AcaneUa from 150 fathoms, Western Bank!, in

1878, and a sixth, in 53 fathoms, on Brown's Bank!, in lat. 42^ 50' K,
Ion. 65° 10' E., by Captain J. Q. Getchell, of the schooner ' Otis P. Lord,'

in the same year. In 1879 a specimen was obtained adhering to Acan-

tJiogorgia armata, by Captain George A. Johnson and crew of the schooner

'Augusta H. Johnson,' on Western Bank!, in lat. 43° 15' K, Ion. 50°

20' E., 200 fathoms. These specimens were, as has been mentioned,

considerably larger than those at first obtained. Kroyer's specimens

were from a depth of 50 fathoms, at Godthaab, Southern Greenland,

and according to M. Sars the species is abundant on the coast of Fin-

mark among Hydroids in the coralline zone. G. O. Sars records M.

BcecJcli Kroyer, which he regards as scarcely differing from this species,

at the harbor of Eeikjavik, Iceland.

Specimens examined.

i
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or spines. The pleopods are protected by a thickened opercular plate,

and the uropods are short and simple or biramous. The incubatory-

pouch in the females is beneath the lirst four thoracic segments.

Of this family, tvro species have been found on the Xew England
coast, and a third, from the Gulf of St. Lawrence, is here included.

The specimens obtained have been mostly in*poor condition, and one of

these, belonging apparently to an undescribed species, is so imperfect

that I have decided to await the collection of better specimens before

attemiiting a specific description. In the family characters given above,

as well as in the following generic and specific descrix)tions, I have
availed myself largely of the admirable works of M. Sars and his son

G. O, Sars, the distinguished Norwegian naturalists, to whom science is

indebted for the discovery and characterization of the present group.

The Munnopsidcv of our coast may be easily recognized as belonging

to the family by the structiu'e of the last three pairs of thoracic legs,

which are fitted for swimming by being more or less flattened and ciliated

;

the last pair, however, may return to the more normal type of leg, so

that the fifth and sixth pairs only may be natatory. The three genera

which appear to be represented are distinguished as follows: Body sud-

denly constricted and slender behind the fourth thoracic segment in

Munnopsis (p. 329); pretty regularly oval in form, with three pairs of

flattened natatory legs in UKrycojje (p 38) ; suboval but deeply incised

behind the fourth segment, in Ilyarachna (p. 40), in which genus the last

pail' of legs are scarcely at all flattened or ciliated

.

Muunopsis M. Sara.

Munnopsia M. Sars, Christ. Vid. Selsk. Forh., 1860, p. 84, 1861 ; Christ-fjord

Fauna, p. 70. 186S.

Anterior division of the body dilated, posterior suddenly much nar-

rower and linear. Antennulse with the basal segment large and flat-

tened, the flagellum elongate and multiarticulate ; antennae very long

and slender, many times longer than the body; the last two peduncular

segments greatly elongated ; the flagellum about equal in length to the

peduncle ; mandibles subtriaugular, entire and acuminate at the apex,

without a molar i)rocess ; the x)alpus slender with the last segment thick

at the base and curved in the form of a hook
;
penultimate segment of

the maxilliped not dilated inwardly; last segment very narrow and
linear. Four anterior thoracic segments excavated above, obtusely

rounded at the sides; the thi-ee following subcylindrical with short

acuminate lateral processes ; first four pairs of thoracic legs six-jointed

(beyond the coxal segment), the first pair short; the second pair not
much longer, rather robust and subprehensile in the males; the two fol-

lowing pairs greatly elongated and very slender, many times longer than
the body; but with the basis, ischium, and merus very short; last three
pairs of legs natatory, all alike, six-jointed, being destitute of dactyli,

with the last two segments, the carpus and propodus, foliaceous, mar-
gined with long, slender, delicately plumose setae. Pleon elongate, much
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longer than broad; abdominal operculum large (nearly covering the

whole under surface of the pleon), suboral, simple in the female, but

consisting of three distinct segments in the male, one median and very-

slender, and two lateral, and furnished within -with a peculiar curved or-

gan, terminated behind Avith a much elongated seta ; uropods slender

uutramous.

Munnopsis typica M. Sars.

Mnnnojjsis txipica M. Sars,, Clir. Vid. Selsk. Forli., ISoO, p. 84, 1861; Christ.

Fjord. Fauna, p. (TO), pi. vi-vii, figs. 101-138, IS'gS ; Clir. Vid. Selsk.

Forli.,1868, p. 261,1869.

G. O. Sars, Chr. Vid. Selsk. Forli., 1863, p. 206, 1864: Reise ved Kyst. af

Christ., p. (5), 1866; Christ. Fjord Dybvands-fanna, p. (44), 1869; Chr.

Vid. Selsk. Forh., 1872, p. 79, 1673; Arch. Math. Nat., B. il, p. 353

[253], 1877.

Whiteaves, Aun. Mag. Nat. Hist., IV, vol. x, p. 347, 1872; Deep-sea

Dredgiug, Gulf of St. La-wreuce (1872), pp. 6, 15, 1373; Am. Jour. Sci.,

Ill, vol. vii, p. 213^ 1874 ; Further Deep-sea Dredgiug, Gulf of St.

Lawrence (1873), p. 15, 1874.

Buchholz, Zweite Deutsche Nordpolfahrt, Crust., p. 285, 1874.

Heller, Deuksch. Acad. Wiss. Wien, B. xxsv, p. (14) 38, 1875.

Norman; Proc. Royal Soc, vol. xsv, p. 208, 1876.

Miers, Ann. Mag. Nat. Hist., IV, vol. ss, p. 65, 1877.

Harger, Proc. U. S. Nat. Mus., 1879, vol. ii, p. 159, 1879.

Plate II, Fig. 11.

This species is easily recognized among the known Isopoda of our

coast by the form of the body, which suddenly diminishes in diameter

behind the fourth thoracic segment, so that the last three thoracic seg-

ments, bearing the ciliated, swimming legs, are only about half as broad

as the anterior part of the body.

Anterior division of the body depressed, posterior subcyliudrical

;

breadth of body less than half the length. Head small, with the length

and breadth about equal, equaling the two anterior thoracic segments

in length, but of much less breadth, truncate in front and without a ros-

trum, bearing near the posterior dorsal margin two minute conical tuber-

cles. The eyes are wanting. The antenuulte in the female, when re-

flexed, extend to the third thoracic segment, in the male to the fourth,

with the flagellum longer than the peduncle, pectinate or furnished with a

longitudinal series of long sette, multiarticulate ; segments in the female,

23 to 28 ; in the male, G5 to (jij. The antennse are greatly elongate, about

five times as long as the body, very slender; peduncle more than twice the

length of the body, the last two peduncular segments beset with numer-

ous short spinules, arranged in longitudinal rows; flagellum nearly as

long as the peduncle, composed of about 130 segments. The external

lamella [1) of the maxillipeds (pi. II, fig. 11 h) is narrowed in front

with the external margin convex.

The four anterior thoracic segments are subequal, short, about five times

broader than long; last three segments broader than long, less than
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liaK the width of the preceding segments, bearing near the anterior dor-

sal margin two small conical tubercles
;
pleon slightly longer than the

three preceding segments together, but not narrower, forming somewhat

more than one-fourth the length ofthe body, elongate-suboval, the breadth

scarcely equaling half the length, with a median, rounded, dorsal crest,

but little elevated, and bearing in front of this near the anterior margin

a small conical tubercle.

Propodus shorter than the carpus in the first pair of legs, equal to it

in length in the second pair, which in the males (pi. II, fig. 11 e) have

the carpus thickened, and armed, on the inferior margin, with stronger

spines than in the females ; thu'd and fourth pairs of legs about thrice the

length of the body, with the three basal segments, basis, ischium, and

merus, very short and robust ; the last three very much elongated and
filiform ; the propodus longer than the carjius, both armed with many
short spinules arranged longitudinally ; dactylus about one-fifth as long

as the propodus, slightly curved, naked, very minutely serrulate along

the convex margin. Last three legs (pi. II, fig. 11 f) with the carpus

and propodus elongate-subelliptic, both segments strongly ciliated, the

propodus a little shorter than the carpus.

Abdominal operculum in the female (pi. II, fig. 11 g) with a longitu-

dinal, elevated, acute median crest, flattened medially in the males.

Uropods slightly more than one-third the length of the pleon, composed
of two subequal segments. Laminae of the incubatory pouch in the

females attached to the anterior four thoracic segments ; the three poste-

rior pairs large ; the third and fourth suborbicular ; the second elongate

;

the first much smaller, bifid at the apex.

Length 8-10"™ ; antennae 40-50°^'^ ; third and fourth pairs of legs 24-

30°™. Color, light yellowish, or grayish, in alcohol ; lighter below.

The specimens that I have had an opportunity of examining were all

more or less imperfect, and I have therefore, in both the generic and
specific descriptions given above, made free use of the admirable and
exhaustive description of this genus and species by M. Sars,* and the

figiTres of the species on plate II were coi^ied from the same author,

having been drawn by his not less distinguished son, G. O. Sars.

This species like its allies is an inhabitant of deep water on muddy
bottoms. Three specimens, the only ones that I have personally ex-

amined, were taken by the Fish Commission in the Bay of Fundy ! be-

tween Head Harbor and the Wolves, in 60 ftithoms muddy bottom,

August 16, 1872. It has been dredged by Mr, Whiteaves in the Gulf
of St. Lawrence in 125 to 220 fathoms; by the Valorous Expedition
in Baffin Bay in 100 fathoms (Norman) ; in 25, to 50 fathoms off Cape
Napoleon, Grinnell Land, by the Arctic Expedition (Miers) ; between
Norway and Iceland in from 220 to 417 fathoms; Christiania fiord,

200 to 230 fathoms (G. O. Sars) ; Christiania Sound 50 to 60 fathoms,

* Bidrag til Kundskalj om Cliri3tiama-:Qor<len9 -Fauna, 1868, pp. 70-95, pis. vi-vii.

(Nyt Magazin,

)
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^vlience the species was described by M. Sars; ofif Storeggen, dOO

fathoms (G. O. Sars), and northward among the Loffoden Islands, 250

fathoms ; the coast of Finmark, Spitzbergen (Bnchholz), and the Arctic

Ocean abont Nova Zembla (G. O. Sars.)

Eurycope G. O. Sars.

Eurympe G. O. Sars, Chr. Yid. Selsk. Forli., 18G3, p. 20S, 1834.

Body depressed, subovate as seen from above ; about equally atten-

uated before and behind. Head of medium size, more or less produced

between the antennulsie ; antennse very slender, two to four times as long

as the body; tlagellum longer than the peduncle; mandibles robust,

quadridentate at the apex, and bearing below a series of rigid sets©

and a strong molar process ; mandibular palpus well developed, with

the terminal segment enlarged at its base and curved. Four anterior

thoracic segments subequal, short; three posterior segments large not

suddenly narrower than the anterior segments ; the iirst pair of legs

shorter than the next three, with the dactylus short ; the next three

pairs elongated, and with elongated and slender dactyli ; three posterior

pairs of legs distinctly natatory, with the carpus and propodus strongly

flattened and provided with numerous plumose marginal setye ; dactylus

of the ordinary form. Pleon rather large, broader than long, obtusely

rounded behind ; o])erculum subpentagonal with rounded angles, much
smaller than the pleon. Uropods short, biramous. rami uniarticulate.

Dorsal surface of the body smooth and shining.

For the characterization of the genus, as given above, I have de-

pended largely upon the work of G. O. Sars, having had myself, for ex-

amination, only the following species

:

Eurycope robusta Harger.

Eurycope rohusia Harger, Am. Jour. Sci., Ill, vol. sv, p. .375, 1878; Proc. U. S.

Nat. Mus., 1879, vol. ii, p. 159, 1879.

Plate III, Fig. 15.

This species may be recognized by the flattened and ciliated swim-

ming legs, in three paks, on the last three thoracic segments, which

are not, as in the preceding species, suddenly of much less diameter

than the anterior four segments.

Body oval with the length equal to, or slightly exceeding, twice the

breadth. Head, behind the bases of the antennuhB, longer than the first

thoracic segment, produced medially into a short rostrum about half as

long as the basal aiitennular segment. Antennulie (pi. Ill, fig. 15 a)

attaining the middle of the fourth segment of the antennse in the females,

surpassing the middle of this segment in the males ; basal segment sub-

quadrate, spinulose at the distal angles, somewhat narrowed from the

base, bearing the second much smaller segment a little beyond the middle
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of its superior surface ; third segment longer and more slender than the

second; flagellum of more than twenty articulations, which become in-

distinct near the base, and are furnished with terminal setse. Antennae

about thrice the length of the body in the female, somewhat shorter

in the male, the sexes differing in the fourth and fifth segments, which,

in the females, are subequal in length and, together, as long as the body,

while in the male the fifth is shorter than the fourth, and the two seg-

ments together are about two-thirds as long as the body. The flagel-

lum is long, slender, and multi articulate. Maxillipeds (pi. Ill, fig. 15 b)

with the external lamella sub-rhombic, emarginate on the exterior distal

side
;
palpus five-jointed, first segment short, produced externally into a

very acute angle; second and third segments broad and flattened; fourth

narrow with the inner an^le produced and rounded ; fifth short, oval.

Maxillae of the ordinary form, outer pair with slender lobes. Mandibu-

lar palpus elongated, last segment strongly curved.

Thorax widest at the fourth segment ; first four segments forming

about one-third its length on the median line, last segment longest, all

with their anterolateral angles produced, the anterior four with the

epimera projecting as an acute process below, and in front of, the angle.

First pair of legs (pi. Ill, fig. 15 d and d') about three-fourths the length of

the body; dactylus short; propodus shorter than the cariDus; slightly

hairy, especially on the propodus with slender hairs. Next three pairs of

legs longer than the body, subequal, bat increasing a little in length to the

fourth ; dactyli slender and acicular
;
propodi and carpi subequal, spinu-

lose along their inner margins in the second pair, but not in the third and
fourth. Last three pairs of legs with the carpus strongly dilated and
flattened, subcircular as seen in pi. Ill, fig. 15/, where the sixth pair is

represented; propodus also much flattened and dilated; both segments
strongly ciliated with plumose bristles, as is also the ischium, or second

segment along the outer dilated margin ; dactylus about half the length

of the propodus instead of less than one-third its length, as in E. cornuia

G-. O. Sars, the sjiecies most resembling the present.

Pleon much broader than long, broadly rounded behind. Opercuhun
also broader than long, strongly roof-shaped. Uropods (pi. Ill, fig. 15 g)

with the basal segment shorter than the rami, which are uniarticulate,

cylindrical, of equal length, obtuse and tipped with a coronet of short

spines. The inner ramus is more robust, but not longer than, the outer.

Color in alcohol, honey yellow ; length 4.5"""^
; breadth 2.2™'».

This species appears to approach E. cornuta G. O. Sars,* but may
be readily distinguished by its greater size, by the shortness of the
rostrum, the equal rami of the uropods, and the shape of the external
lamella of the maxillipeds, which he describes in that species as "ver-
sus apicem dilatata et emarginata utrinque acute producta." In the
third and fourth pairs of legs, moreover, the carpus and propodus are

not armed with spines as in that species according to Sars' description.

* Chr. Vicl. Selsk. Forh., 18G3. p. 209, 1864.
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This species was dredged by Mr. J. F. Whiteaves in the Gulf of St.

Lawrence ! at a depth of 220 fathoms muddy bottom, and has not yet been

found on the coast of New England. It is introduced here from the

probability that it will yet be discovered in the deeper parts of the Bay
of Fundy, where the allied Munnopsis typica M. Sars has already been

found, or even in the Gridf of Maine.

Specimens examined.

1938
1939

Locality.

Gulf of St. Lawrence
Gulf of St. Lawrence

220
220

Bottom.

Mud.
...do

When col-

lected.
Receivedfrom

—

J.r.Whiieavea
-do

Speci-
mens.

No. Sex.

d9

Dry.
Ale.

Ale
Ale

Hyarachna G. 0. Sars.

Mesostenus G. 0. Sars, Clir. Yid. Selsk. Forh., 1863, p. 211, 1864.

Hyarachna G. 0. Sara, Christ. Fjord. DybvaMs-fauna, p. (44), 1869.

Body scarcely depressed, subpyriform as seen from above, narrowed

behind 5 its anterior division separated from the posterior by a deep

constriction. The head is large and broad and without a rostrum.

Antennulsd short, with a flagellum comx)osed of but few segments. An-

tennce exceeding the body in length, with a multiarticulate flagellum.

Mandibles short and strong, entire at the apex ; molar process armed

with a few setiform spines
;
palpus either small and three-jointed or want-

ing. Foiu' anterior thoracic segments short, excavated above and fnr-

nished with lateral processes directed forward; the three following

convex above and destitute of lateral processes ; the antepenultimate

scarcely narrower than the anterior segments and deeply emarginate

behind. First pair of legs nearly as in the preceding genus ; second

I)air unlike the others and usually more robust ; the following two sub-

equal and commonly much elongated ; fifth and sixth pairs of legs much
as in Burycope; the last pair unlike the preceding, long and slender,

with the segments scarcely flattened, and armed with a long curved claw.

Pleou narrowly triangular, pointed at the apex. Abdominal operculum

large, covering nearly the whole of the under surface of the pleon, pro-

vided with a median crest and numerous marginal setoe. Uropods simple,

appressed to the pleon.

For the generic description given above I have depended almost en-

tii^ely upon the work of Dr. G. O. Sars, who originally described the

genus under the name Mesostenus. That name being preoccupied he

subsequently changed it to Hyarachna.
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Hyarachna species.

A single imperfect specimen of a species apparently belonging to this

genus was dredged in 106 fathoms, gray mud, 21 miles east of Cape Cod
Light!, September 18, 1879. The species is probably yet undescribed,

but, in view of the very imperfect condition of the only specimen yet

known, I have decided to await the collection of better specimens be-

fore attempting to make out its characters. It may yet be found to

represent an undescribed genus, but I am at present inclined to regard

it as a species of Hyarachna.

v.—IDOTEID^.

AntennulcB consisting of four segments, of which the basal is more

or less enlarged and the terminal clavate ; mandibles not palpigerous

;

thoracic segments subequal in length; pleon with more or fewer of

its segments consolidated into a large, scutiform, terminal piece;

uropods inferior, transformed into a two-valved operculum protecting

the pleopods.

The Idoteidce are represented on the New England coast by ten

species; another, found near our northern limits, is included, making

eleven in all, belonging to five genera. The family may be further

characterized, so far as regards our species, as follows : The body is

depressed, and varies in its proportions of length to breadth from

about two to one in Chiridotea cceca to nearly six to one in Urichsonia

attemiata. The head is quadrate in outline, except in Chiridotea. The

eyes are present and usually lateral, but may not be conspicuous.

The antennulae are four-jointed and similar in form throughout the

family; they may or may not surpass the head in length, but are usu-

ally short and small. The basal segment of the autennulce is more or

less enlarged and usually subquadrate ; the second segment is clavate

;

the third longer and less distinctly clavate; the fourth, or terminal, seg-

ment, corresponding with the flagellum of the antennulae, is nearly

straight along its outer, or in the natural position posterior, margin,

while the opposite margin is gently curved from near the base, and
rounds over more sharply at the tip; along this margin, especially toward

the til), are tufts of short setae at regular intervals, indicating an approach

toward segmentation. The antennae have a five-jointed peduncle, vary-

ing little in form throughout the family ; the first of these segments is

short; the second is much larger and deeply notched on its under side;

the third, fourth, and fifth segments are longer, but more slender and
cylindrical or somewhat clavate. The flagellum of the antennae may be
articulated with many or few segments ; it may consist of a single seg-

ment, or may be rudimentary. The maxillipeds are opercuhform and
cover the other parts of the mouth below. They consist, on each side, of

a large semi-oval i)late, with a straight interior margin, meeting its fellow
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of the opposite side, and bearing on this margin a short, curved, styli-

form organ. They are provided at the tip with stout pectinate setae, and
along the basal portion of the outer margin lies, on each side, the large

external lamella. The palpi of the maxillipeds are flattened and ciliated

along their inner margins, and the number of segments may be reduced

to three by the coalescence of the last two and of the preceding two.

The maxillae vary but little in the family : the second or outer pair bear

as usual three delicate cihated plates ; the first or inner pair are armed
with stouter setae and spines. The mandibles are robust, acutely toothed

at the apex, armed with a more or less powerful molar process, and
are destitute of palpi.

The thoracic segments are distinct and subequal in length, but may
diifer considerably in width, and are not united with the head nor

with the pleon. The legs, except in the genus CJiiridotea, are nearly

similar in form throughout, and, in the first three pairs at least, are

terminated by a prehensile or subprehensile hand, formed by the more
or less complete flexion of the dactylus upon the propodus. The first

pair of legs is usually shortest and has a triangular carpus. The an-

terior three pairs of legs are, in general, directed forward, and the

posterior foui- pairs are directed backward and are less perfectly, or not

at all, prehensile, a distinction that reaches its highest development in

Chiridotea. The seventh pair of legs are absent in the young taken

from the incubatory pouch, and do not generally attain quite as large

size as the sixth pair.

The pleon, seen from above, consists in great part, or entirely, of a

large, convex, usually pointed, scutiform piece, representing the con-

solidated terminal segments. As many as four of the anterior segments

may, however, be more or less completely separated by articulations or

indicated by lateral incisions or sutural lines. Underneath, the pleon is

provided with a structure peculiar to and characteristic of this family,

and the next, viz, a two-valved operculum, formed by the specially modi-

fied uropods,* or appendages of the terminal segment, closing like a pair

of cupboard doors and protecting the delicate pleopods, which are lodged

in a vaulted chamber excavated in the under surface of the pleon. This

operculum consists, on each side, ofan elongated basal plate, often strongly

vaulted, augulated externally near the base, where it is articulated with

the terminal segment of the pleon, and bearing at the tip one, or some-

times two, small lamellae. One of these lamellae usually disappears, but

two are present in Chiridotea^ as also in the foreign genera Cleantis and
Chcetilia. When both are present the opercular plates differ only in

proportion from the ordinary form of uropods, consisting of a basal seg-

ment and two rami. Within the cavity enclosed by the opercular plates

lie the usual five pairs of pleopods, each consisting of a basal segment

* In the last edition of the Encyclopaedia Britannica (vol. vi, p. 641), these organs

are described as the "anterior" abdominal appendages. They are anterior only in

position, being in fact the appendages of the posterior segment.
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supporting two lamellae, and two or more of the anterior pairs are ciliated

with fine plumose hairs. The inner lamella of the second pair of pleo-

pods bears, in the adult males, a slender style articulated near the base

of the inner margin and varj-ing in length and structure in the different

genera and species. The pleopods, besides their branchial office, are

also of imiDortance in locomotion, being used for swimming, which is a

frequent mode of progression in this family, and is often i^erformed with

the back downward.
The females are usually broader than the males and carry their eggs

and young in a i^ouch, on the under surface of the thorax, formed of

four pairs of plates, attached to the coxal segments of the second, third,

fourth, and fifth pairs of legs, and overlapping along the median line.

The known Isopoda of this family on the coast may be most easily

recognized by the presence, underneath the pleon, of a two-valved oper-

culum., opening like a pair of cupboard doors, and by the first three

pairs of legs being more or less prehensile. Our genera may be distin-

guished by means of the following table

:

(dissimilar, last four pairs not prehensile Chieidotea, p.337

Flagellum [articulated; legs

^ ^ensne, epimera 5 evident above Idotea. p 341
of the I

I. UU11.C, 1^ CXI ^ , y ^ J not evident above.. Si'MDOTEA, p. 350
anteimse

j ^^^ articulated, clavate Erichsoxia, p. 304
I short and rudimentary Epelys, p. 35Y

Chiridotea Harger.

Chiridotea Harger, Am. Jour. Sci., Ill, vol. xv, p. 374, 1878.

First three pairs of legs terminated by prehensile hands, in each of

which the carpus is short and triangular, the propodus is robust and the

dactylus is capable of complete flexion on the propodus ; antennae with

an articulated flagellum ; head dilated laterally ; abdominal operculum

vaulted, with t^o apical plates.

The two species of this genus found on our coast agree further in the

following particulars : The body is short, the length being only about

twice the breadth, and the outline of the head and thorax together is

subcircular. The anterior part of the lateral margin of the head is pro-

duced and deeply lobed, the eyes thus appearing dorsal instead of lateral
j

posteriorly the head is deeply received into the first thoracic segment.

The antennulae are proportionally large, equaling or surpassing the pe-

duncle of the antennae. The external lamella of the maxillipeds (see pi.

IV, figs. 18 and 21) is large and broad and the palpus consists of only

three segments, of which, however, the last two are each composed of

two coalesced segments, that are separate in the European Ch. entomon.

Of the two segments thus formed, the terminal is quadrate or rhomboid
in outhne, with rounded angles and is smaller than the preceding, which
expands distally toward the articulation between the two.

The thorax is deeply excavated, in front for the head and behind for the

abdomen, so that the thoracic segments are much longer at the sides than

along the back, when measured parallel -sYith the axis of the animal. The
22 F



338 REPORT OF COMMISSIONER OF FISH AND FISHERIES.

epimera are separated by sutures, except in the first segment, and have
their posterior angles acute. The first three pairs of legs have the dac-

tylus capable of complete flexion upon the propodus, which is more or

less swollen and supported bj^the short triangular carpus. In the last

four pairs of legs the three corresponding segments are nearly cylindri-

cal and the dactylus is incapable of complete flexion on the propodus.

The pleon, or abdomen, is convex throughout and pointed at the tip,

and is composed, ai^parently, of five segments, of which the first three

are separated by complete sutures, but the last two are united in the

dorsal region, the sutures separating them being visible only at the

sides. The opercular plates consist, on each side, of an elongated,

vaulted, and attenuated plate, regularly rounded at the anterior end,

truncate at the apex, and bearing just within the apex, on the inner side

of the organ when closed, two ciliated, ovate or triangular plates. Of
these the internal i)late, or the one next the median line is much smaller

than the enter ; the outer also overlaps the inner, a disposition similar to

that which prevails in the branchial j)lates or pleopods. The basal plate

of the operculum is ciliated along its anterior and inner margin with

bristles, which are plumose excej^t in the region nearly opposite the

articulation of the plate, where they become stouter and spine-like. The
stylet on the second pair of pleopods in the males is long and slender,

more than twice the length of the lamella to which it is attached.

CMridotea cceca Harger (Say).

Idotea coeca Say, Jour. Acad. Nat. Sci. Phil., vol. i, p. 424, 1818.

Hitchcock, Rep. Geol. Mass., p. 564, 183.3. {I. coeca?)

Gould, Rep. Geol. Mass., 2d ed., p. 549, 1835 j Invert. Mass., p. 337, 1841.

Edwards, Hist. nat. des Crust., torn, iii, j). 131, 1840.

Gu^rin, Iconog., Crust., 13. 35, 1843.

Dekay, Zool. New York, Crust., p. 42, 1344.

White, List Crust. Brit. Mus., p. 94, 1347.

Verrill, This Report, part i, p. 340 (46), 1874.

Harger, This Report, part i, p. 569 (275) ;
pi. v, fig. 22, 1874.

CMridotea coeca Harger, Am. Jour. Sci., Ill, vol. sv, p. 374, 1873; Proc. U. S.

Nat. Mus., 1379, vol. ii, p. 159, 1379.

Plate IV. Figs. 16-19.

This species is at once distinguished from the following by its larger

size and short antennae, which surpass the antennulae but little, if at all.

Among the other known Isopoda of the Kew England coast, it may be

recognized by the broad, subcircula]^ thorax, joined with an articulated

flagellum of the antennae and a two-valved abdominal operculum. The
eyes are, moreover, light-colored and inconsi)icuous, whence the name.

The head is but slightly excavated in front for the bases of the an-

tennae, and there is a more or less open notch at the sides extending

nearly to the eyes. The antennulas (pi. IV, fig. 17 a) are longer than

the peduncle of the antennae and have the second segment strongly

clavatej the thkd cylindrical j the last with about a dozen tufts of short
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setae ; the peduncular segments are bristly, as are also those of the an-

tennae. The first segment of the antennae (pi. IV, fig. 17 b) is very short,

the second about three times as long, longer than any of the following

segments
J
the third is longer and more slender than the fourth, which

is nearly as broad as long ; the fifth, or last peduncular, segment is more
slender than any of the preceding, slightly clavate, about twice as long

as broad, and longer than any except the second. The flagellum slightly

exceeds the last two peduncular segments in length and consists usually

of about seven segments, each bearing a tuft of short hairs near its

extremity, except the first, which is much the longest, bears two such

tufts, and is, apparently, composed of two segments united.

The breadth of the thorax is greater than its length along the median

line. The first pair of legs (pi. IV, fig. 18 b) are a little shorter than^the

next two pairs, and the propodus or penultimate segment is a little more

swollen. The carpus becomes slightly more elongated in the next two

pairs. The last four pairs of legs are alike in form and increase in size

to the sixth pair, which is the largest. The legs are bristly hairy,

especially on the ischial, meral, and carpal segments, where they are

provided with stout setae curved at the tip. The basal segments bear

longer and more slender plumose hairs. The epimera are ciliated on

their external margins as are the lateral borders of the head and first

thoracic segment and the tip of the pleon.

The operculum (pi. IV, fig. 18 c) is also ciliated with very fine hairs

along its postero-external margin; the larger of the ai^ical plates is

broader than in the following species, the width being to the length as

6 to 10. The stylet on the second pair of pleopods in the male (pi. IV,

fig. 19 b) considerably surpasses the cilia and is curved and acute at

the tip. Adult males and females seem to be comparatively rare, and

a common form of the second pair of pleopods (pi. IV, fig. 19 a) presents

an acute stylet, imperfectly separated from the lamella and but slightly

surpassing it in length, strongly ciliated like the lamella on its margin.

Length 12-15°''^ ; breadth 0-8""". The color in life is variablebut usually

dark grayish, much like the wet sand in or on which it is commonly found.

It may be more particularly described as usually of a dark leaden gray

on the top of the thorax, sometimes with a central spot, which may be

bright pea-green, probably fi'om the contents of the digestive cavity

showing through. This dark color is continued in an arrow-shaped, or

halberd-shaped, spot occupying most of the upper siu'face of the head.

At the sides of the head and body is a mottling of light yellowish gray,

darker again on the edge. The under surface of the body and the legs

are pale and generally uniform in color. In alcohol the colors usually

fade to a uniform straw color, with fine blackish dots, which are less con-

spicuous in life.

According to Say this species extends as far south as Florida. It is

common on sandy beaches at many localities on the coast of New Eng-
land, as at ISTew Haven! and other localities on Long Island Sound!,
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Vineyard Sound!, Nantucket!, Provincetown!, and Naliant, Mass.! It

appears to be very rare, or perhaps does not occur in the northern part of

the Gulf of Maine, where it is replaced by the next species ; it reappears,

however, on the coast of Nova Scotia, having been collected at low-

water by the TJ. S. Fish Commission in 1877, at Halifax! . It is usually

found on sand below high tide, or burrowing just under the surface,

but also swims with facihty.

Specimens examined.
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liave a much more robust hand. The fourth and succeeding pairs of legs

(pi. V, fig. 23 d) are much as in the preceding species but less spiny and
with a greater proportion of plumose hairs.

The external apical plate of the operculum (pi. Y, fig. 23 e) is slender

and twice as long as broad. The stylet on the second pair of pleopods

in the males (pi. IV, fig. 22 s) does not surpass the cUia, is dilated to-

wards the tip and obtusely pointed. ^

Length 9™"" ; breadth 4.5°^'". The color is usually light reddish brown,

speckled with darker, or marked with dark transverse patches, or bands.

A specimen obtained during the summer of 1879, fi'om a clear sandy

bottom in 17 fathoms, Stellwagen's Bank, is thus described from life by
Professor Yerrill : "Color whitish, more or less speckled with salmon

on the sides above, the specks more regular and distinct on the head,

some lines and specks of flake-white on the middle of the back above

the greenish stomach ; base of telson salmon brown, its posterior half

white ; legs marked with salmon."

Dr. Stimpson's specimen "was dredged on a sandy bottom in 10

fathoms off Cheney's Head " in the Bay of Fundy. It occurs in Long
Island Sound, where a specimen was taken by Dr. T. M. Prudden off

]N"ew London ! in 1872. The species was, however, considered rare on the

coast until 1878, when it was taken in considerable abundance in Glou-

cester Harbor, ! Massachusetts Bay, in seven to eight and a half fathoms,

sand and red algc^e. It has also been collected at Casco Bay, ! Maine, in

1873; at low water in Prince's Cove, ! Eastport, in the Bay of Fundy, in

1872, and at Halifax, IS". S., ! in 18 to 25 fathoms, sand, September 5,

1877
J
a single specimen in each case. Three additional specimens were

obtained in 1879, as detailed below.

Specimens examined.

^
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segment
;
]Aeon composed apparently of four segments, of which the

last two are consolidated in the dorsal region ; operculum with a single

apical plate.

The species to which I jiropoae to limit the name Idofea* may be briefly

characterized as above, and, of these, the three found on our coast agree

further as follows: The body is elongated, its length being from three

to four times its breadth, and the sides are nearly parallel. The head is

quadrate and not produced at the sides. The eyes are lateral. The
antennulffi are small and short, hardly surpassing the third segment of

the antennre. The basal segment of the antenme is very short ; the

second segment much larger and deeply incised on its under surface

;

the third, fourth and fifth segments increase in length but decrease in

diameter ; the flageilum is more or less distinctly articulated, the num-

ber of articulations increasing with age. The palpus of the maxillipeds

is four-jointed, the last segment being composed of two segments united,

as is indicated by a notch near the tip.

The thorax is moderately arched, with the sides but little dilated

in the males, somewhat more so in the females. The epimera are con-

spicuous and separated from their segments by a suture above, except in

the first segment, but may not occux)y its entire lateral margin. The legs

differ but little in form throughout, being all more or less perfectly

prehensile, but in the first pair only is the carpus triangular.

The pleon or abdomen appears, when seen from above, to consist of four

segments, of which the first two are separated by complete sutures, but

the third and fourth by sutiu-es at the sides only. The uropods, forming

the abdominal oi)erculum, consist on each side of a flattened, elongated

plate, with the anterior end rounded, the sides nearly parallel for most,

or all, of its length and bearing at its truncated apex a much shorter

more or less tapering or triangular plate. Xeither of these plates is

strongly ciliated in our species, but a stout, densely plumose bristle

springs from the basal plate, on the inside, near the outer end of the ar-

ticulation between the two plates. The stylet on the second pair of pleo-

pods of the males is not elongated and may not surpass the lamella to

which it is attached. The incubatory pouch is conspicuous in the

females.

Our representatives of this genus may be recognized among the other

known Isopoda of the coast by the following characters : The pleon ap-

pears to consist of four segments, the first three short and the third

united, in the dorsal region, to the large, more or less vaulted, terminal

segment ; underneath the pleon is the conspicuous two-valved operculum

and, in the antennge, the flageilum consists of several segments. The
three species may be distinguished by the form of the tip of the pleon,

which is more or less tridentate in I. irrorata (p. 343), pointed in I.

phosphorea (p. 347), and truncate in J. robnsta (p. 349).

* The orthography adopted is that of Fabricius, the author of the genus.



MARINE ISOPODA OF NEW ENGLAND, ETC. 343''

Idotea irrorata Edwards (Say).

Idotea enfomon Leach, Edinb. Encyc, vol. vii, (Am. ed., p. 243, pi. ccsxi, fig.

7), "1813-14"; Trans. Liuii. Soc, vol. xi, p. 3C4, 1815 (iiot Oniscua

entonio«.Linii^.)

Templeton, Loud. Mag. Nat. Hist., vol. ix, p. 92, 1836.

Moore, Charlesworth's Mag. Nat. Hist., vol. iii, p. 294, 1839.

Sienosoma irrorata Say, Joiir. Acad. Nat. Sci,, vol. i, pp. 423, 444, 1818.

Hitchcock, Rep. Geol. Mass., p. 564, 1S33.

Gould, Rep. Geol. Mass., 2 ed., p. 549, 1835 ; Invert. Mass., p. 338, 1841.

Dekay, Zool. New York, Crust.
, p. 43, pi. ix, fig. 42, 1844.

Idotea tricuspidata Desmarest, Diet, des Sci. nat., torn, xxviii, p. 373, pi. 46, fig.

11, 1823; Consid.Crust.,p.289, pi. 46, fig. 11, 1825.

"Roux, Crust. Medit.,t. 29, f. 11,12," (B. & W.)
Latreille, Regne Anim. , t. iv, p. 139, 1829.

Gould, Rep. Geol. Mass., 2 ed., p. 549, 1835 (iricuspidaia ?).

Edwards, Hist. nat. des Crust., torn, iii, p. 129, 1840.

(Ersted, Naturhist. Tidssk., B. iii, p. 561, 1841.

Zaddach, Crust. Pruss. Prod., p. 10, " 1844."

Lucas, Expl. Alg^rie, torn, i, p. 60, 1849.

White, List Crust. Brit. Mus., p. 94, 1847; Brit. Crust. Brit.Mus.,p. 65,

. 1850 ; Pop. Hist. Brit. Crust.
, p. 223, pi. 12, fig. 2, 1657.

Hope, Cat. Crost. Ital.
, p. 26, 1851.

Lilljeborg, Ofvers. Vet. -Acad. Forh., Arg. 9, p. 11, 1852(7(?offtea).

M. Sars, Chr. Vid. Selsk. Forh., 1658,p. 151, 1859 (Idothea.)

Bate, Rep. Brit. Assoc, 1860, p. 225, 1861.

Norman, Nat. Hist. Trans. Northumb., vol. i, p. 25,1865; Rep. Brit. Assoo.,

1866, p. 197, 1867; op. cit., 1868^ p. 289, 1869.

G. O. Sars, Reise ved Kyst. af Christ. , 1865, p. (28), 1866 (Idotliea).

Heller, Verb, zool.-bot. Ges. Wien, B. xvi, p. 728, 1866 (Idothea).

Marcusen, Arch. Naturges., Jahrgang xxxiii, B. 1, p. 360, 1867.

Bate and Westwood. Brit. Sess. Crust., vol. ii, p. 379, figure, 1868.

"Ssenger, Fauna of Baltic, Imp. Soc. Nat. Sc. Mosc, viii, 1869."

"MUnter und Buchholz, Carcin. Fauna Deutschlands, 1869."

Czerniavski, Zoog. Pont. Comp., pp. 83, 129, " 1870."

Metzger, J. B. Naturhist. Ges. Hannover, vol. xx, p. 32, 1871; Nordseefahrt

der Pomm., 1872-73, p. 285, 1875.

Mobius, Die Wirbellosen Thiere der Ostsee, p. 121, 1673. Ann. Mag. Nat.

Hist., IV, vol. xii, p. 85, 1873.

Parfitt, Trans. Devon. Assoc, Sess. Crust., p. (19), 1873.

Bos, Bijd. ken. Crust. Hed. Nederl., pp. 34, 67, 1874.

M'Intosh, Ann. Mag. Nat. Hist. , IV, vol. xiv, p. 273, 1674.

Stebbing, Jour. Linn. .Soc, vol. xii, p. 148, 1874.

Catta, Ann. Sci. nat., Zool., VI, tome iii, p. 30, 1876.

Stalio, Cat. Crost. Adriatic, p. 206, 1877.

Lenz, Wirbellos. Thiere, Trave. Bncht, p. 15, 1878.

Idotea Basteri Audouin, Descr. Savigny "s Egypt, Crust.
,
pi. 12, fig. 6, " 1830."

Guerin. Iconog., Crust., p. 32, pi. xxxi, fig. 1, 1829-43.

"Roux, Crust. Mediterr.,t.29,f. 1-10," 1830 (B. & W.).

"Rathke, Fauna der Krimm, p. 380," 1830 (Edw.).

"Idotea variegata Roux, Crust. Mediterr., pi. 30, fig. 1-9," 1830 (B. & W.).
Idotea ipelagica ?) Latreille, Corns d'Ent., Atlas, p. 12, pi. xviii, figs. 20-30, 1831.

"Armida himarfjinata Risso, Hist. nat. Eur. merid., 5, 109" (B. &, W.).
Idotea irrorata Edwards, Hist. nat. des Crust., tome iii, p. 132, 1840.

W^hite, List Crust. Brit. Mus., p. 94, 1847.

Stimpson, Mar. Inv. G. Manan, p. 39, 1853.

Leidy, Jour. Acad. Nat. Sci. Phil., II, vol. iii., p. 150, 1855.
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Idotea irrorata—Coutiuucd.

Harger, This Report, part i, p. 569 (275), pi. v, fig. 23, 1874 ; Proc. U. S. Nat.

Mus,, 1879, vol. ii, p. 160, 1879.

Verrill, Am. Jour. Sci.,IIL vol. vii. pp. 131, 135, 1874 ; Proc. Arner. Assoc,

1373, pp. 369, 371, 373, 1374 ; This Report, part i, p. 316 (22), 1874.

Whiteaveg, Am. Jour. Sci., Ill, vol. vii, p. 217, 1874; Further Deep-sea

Dredging, Gulf of St. Lawrence, p. 15, '' 1874."

Idothea tridentata Rathke, Fauna Norw.,Nov. Act. Acad., B. xx, p. 21, 1843 (J,

tridentata Latreille?).

Grube, Ausflug nach Triest, p. 126, 1361.

? Idotea tricusins Dekay, Zool. New York, Crust., p. 42, pi. 9, fig. 35, 1344.

Oniscus Baltliicns (Ideotea marina) Dalyell, Powers of the Creator, vol. i, p. 223,

pi. Isiii, figs. 5-9, 1851 (0. Balthicus Pallas?).

Oniscus {Ideotea) entomon Dalyell, op. cit. vol. i, p. 229, pi. Ixiii, fig. 10, 1851

{not 0. entomon Liun^.).

Idothea pelagica, M. Sars, Chr. Vid. Selsk. Forh., 1353, p. 151, 1859 («oi of Leach).
.

"Idotea acuminata Eichwald, Fauna Caspio-Caucasia, p. 232-233, tab. xxxvii, fig.

6,1842" (Czeruiavski).

Idothea balthicu Meinert, Crust. Isop. Amph. Dec. Daniee, pp. 21, 223, etc.,

"1877" (Oniscns Balthicus Pallas'?).

Plate V, Figs. 24-26.

Adults of this species are at oiice distingui.shed from tlie other species

of the genus on our coast by the tridentate abdomen, or pleon, and young
individuals, which often resemble I. pkosphorea, may be distinguished by
the epimeral sutures, which extend quite across the second and succeed-

ing thoracic segments. For character separating them from the other

Isopoda of the coast, see at the close of the generic description.

The body is smooth, not tubercular nor roughened. The head ia

nearly square, narrowing but slightly behind. The eyes are small. The
antennulse (pi. V, fig. 25 a) are short, hardly surpassing the third segment
of the antennae. The flagellum of the antennae (pi. V, fig. 25 b) is longer

than the peduncle, distinctly articulated, slender, and composed of from
twelve to sixteen segments in the adults. When reflexed it reaches the

third thoracic segment. The external lamella (1) of the maxillipeda

(pi. V, fig. 2G a) is about twice as long as broad, and is obliquely

truncated.

Thorax with the external margins, as seen from above, forming in the

adults, a pretty regular curved hne, the segments being marked by in-

cisions instead of by serratures as in the other species. In the second

and third, as well as in the posterior segments, this margin is formed
wholly by the epimera.

The first three segments of the pleon terminate in acute teeth at the

sides. The fourth, or last segment, has its lateral margins straight, and
ia more or less tridentate at the tip, the middle tooth being much the

largest. In the operculum (pi. V, fig. 25 c) the l^asal plate is about three

times as long as the terminal one, which is broadly truncate at the

apex. The stylet (s) on the second pair of pleopods in the males (pi. Y,
fig. 26 h) is usually shorter than, or, in smaller specimens, about as long

as the lamella to which it is attached, and is abruptly bent toward the
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lamella at tlie apex and very obliquely tiimcated. It is minutely serru-

late toward the tip on the side opposite the lamella.

The males of this species sometimes attain a length of 30''^"' to 38°"",

with a breadth of 8™™ to 9'"'" but the females are smaller, rarely, if ever,

exceeding 20""* in length, with a breadth of 6.5™™, and are found with

eggs when not over 7.5™™ in length. The color varies greatly. Fre-

quently it is of a nearly uniform light or dark green, or brownish with

minute blackish punctations. It is often longitudinally striped with

light color, or nearly white on a dark background, and the stripes may
be marginal only, or accompanied, especially in the males, by a median

dorsal stripe. More rarely the colors are arranged transversely in bands

or blotches, and specimens thus marked are easily mistaken for the

next species. The females are usually darker than the males, and often

with a light lateral stripe, which may l^e very narrow or broken into a

series of blotches.

A comparison of specimens from both sides of the Atlantic does not

seem to furnish any characters by which to separate this species

from the common European form, I. tricuspidata Desm., and as

Say's trivial name has priority I have adopted it. I. irldentata Eathke

appears to be the same species, but I. tridenfafa Latreille* is de-

scribed by that author as having antennae as long as the body ; fur.

ther, Desmarest, just before his original descrii^tion of I. tricnspidata

says :
" M. Latreille fait observer que cette idotee [I. entomon] est bien

differente de celle que M. Leach a decrite sous le meme nom, * * * *

cette derniere qu'il nomme Idotee tricuspide," «&c. It would not there-

fore appear that Latreille was at that time aware that this species

had a name, much less that he had himself named it I. tridentata.

Again, in his Cours d' Entomologie, where he copies figures, doubtless of

thi3 species, from Savigny's Egypt, he applies to them the name Idotea

{pelagica ?), not recognizing them as his own species. Bate and Westwood
quote I. tridentata Latreille as a synonym of I. tricnspidata Desm., and

their quotation t appears intended to refer to a work nearly twenty years

older than that of Desmarest. They do not, however, give their reasons

for deviating from the ordinary rules of priority, but, perhaps, con-

sidered as sufficient the authority of Edwards, who does the same thing.

Edwards' description of I. tricnspidata Desm. contains, moreover, an
e\ident error, the species being placed in a section of the genus which he

thus describes :
" § 2 Especes dont Fabdomen se compose de trois articles

parfaitement distincts (le second etant compost de deux anneux sondes

ensemble sur le milieu du dos, mais sei)ares par une scissure sur les

c6tes)." I. irrorata is included in the same section, but under a sub-

section, thus correctly characterized : -'aa Le second article de I'abdo-

meu simple ; le troisieme oft'rant pres de sa base une fissure de chaque

"Geu. Crust, et Ins., tome i, p. 64, 1306.

tBrit. Sess. Crust., vol. ii, p. 380, The quotation reads, "Idotea tridentata Latreille,

Con. Crust, et Ins. 1, p. 64," and was doubtless intended for Gen. Crust, et Ina.,

[tome] i, p. 64, [1806].
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c6t^." No species of Idotea that I liave seen has the second segment

of the pleon comi^osed of two segments, united along the back but sepa-

rated by an incision at the sides, as described in the parenthesis above,

and two certainly of the other species included by Edwards in the sec-

tion with I. tricuspidata agree with it in the structure of the pleon as

described in 1. irrorata. Meinert unites this species with I. pelagica

Leach under the name 1. BaWiica (Pallas), and in this he may be right,

but not being able to consult Pallas' work, I have preferred to use the

earliest name that I could certainly connect with the species, rather

than to introduce further confusion by adopting a name of the applica-

bility of which I could not satisfy myself. M. Sars also regarded I.

pelagica Leach as synonymous with I. tricuspidata, and says it is found

as far north as Tromsoe and southward to the Mediterranean, from which

statements I conclude that he intended the present species.

This species is found along the whole coast of New England ! and
extends southward along the coast of New Jersey at least as far as

Great Egg Harbor! and northward to Nova Scotia ! and the Gulf of St.

Lawrence, where it has been collected by Mr. J. F. Whiteaves. From
Cape Cod southward it is abundant, but toward the north it is, mostly

replaced by I.phosphorea. It is commonly found among sea-weed along

the rocky shores of bays and sounds or among the rocks, where its vari-

ety of colors affords it protection. It is also found far from land,

attached to floating sea-weed, and was thus taken by Professor S. I.

Smith and the writer on George's Banks !, September 14 and 15, 1872,

at about 11° N. lat., 65° W. Ion. One of these specimens was quite large,

measuring 38"™ in length, but most of them were of moderate size or

small. Young individuals are often taken at the surface. According to

European authors it is common on the shores of Great Britain and
Ireland (B. & W.) ; on aU the shores of the North Sea (Metzger et ^?.)j

(I. pelagica) as far north as Tromsoe (M. Sars); in the Baltic, the Medi-

terranean, the Adriatic (Heller, Stalio, et al), the Black (Czerniavski

et al.) and the Caspian ('< Eichwald ") Seas, and, as with us, is of variable

color and varies also somewhat in the shape of the termination of the

pleon, which is, however, more or less three-toothed.

Sneeimens examined.

1078
1079
1954
19D5
1958
1963

1964
1939

Locality.

Fire Island Beach, L. I
....do
New Haven, Conn
Stony Creek, Conn
Lyme, Conn ,

Long Island Sound,
oli'Saybrook, Conn.

Off Stonington, Conn.,
Noank Harbor, Conn..

Bottom.

Sand.

When col-

lected.
Eeceivedfrom- £3

;ziM

— , 1&70
,1870

Xov. — . 1874
Oct. 23,1874

Aug. 3,1874

Sand and gravel, i Aug. 14, 1874
Surface i July 13, 1874

. S. I. Smith . . .

.

....do
A. E.Verrill..
....do
D.C.Eaton
U.S. Fish Com.

[....do
....do

Dry.
Ale.

Ale.
Glyc
Alo.
Ale.
Alo.
Ala

Alo.
Alo.
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Sjaedmens examined—Continued.

347

Locality. Bottom. When col-

lected.
Eeceived
from

—

a o

Dry.
Alo.

1960
1961
1962
1965
19C6
2153
19U8

Noank Harbor, Conn.
Fisher's Island
"Watch Hill, K. I

Vineyard Sound Mass— do
do.

Eel-grass

Sf.

1975
2150
1977

1978
1979

Provincetown, Mass. .

.

...do

...do

...do

...do
Beverly, Mass
Gloucester, Mass
Gloucester, Mass.,
Outer Harbor.

Between Boon Island
and Matinicus Rocks.

Casco Bay, Me
Casco Bay, Ham I
George's Bank
Bay of Fundy

Off Halifax, N. S
Nova Scotia
Durham coast, England

L.w.

L.w.

Sf.

Shore

Eel-grass

Aug. 28, 1874
,1874

Oct. —,1872
—,1875

.1875
Oct. 24,1875

,1872
Aug.—, 1879
Aug.— , 1879
Aug. — , 1879
Sept. 4,1879

Tide-pool
Sand, red i

L.w.
Sf.

L.w. (fe

sf.

L.w.

,1878
,1878

,1878

,1873
__ ig73

Sept. —i 1872
,1872

,1877
—,1877

St. Vaast, la Hogue .

U.S. Fish Com.
....do
D.C.Eaton....
U.S. FishCom.
....do
..-.do
Smith &Harger
U.S. Fish Com.
....do
....do
....do
A.E.VerriU...
U.S. FishCom.
....do

Capt.G.H. Mar-
tin.

U.S. Fish Com.
....do
Smith &. Harger
U.S. FishCom.

....do

....do
Kev.A.M.Xor-
man.

Jardin des
Plantes.

2
1

7
00
2
00
00
00
10
8
2

00

Alo,
Alo.
Alo.
Alo.
Ale.
Alo.
Alo.
Alo.
Ale.
Ale.
Alo.
Alo.
Alo.
Alo.

Alo.

Alo'.

Alo.
Alo.
Alo.
» i

Ale.
Ale
Alo.

Ala

Idotea phosphorea Harger.

Idotea phosphwea Harger, This Report, part i, p. 569 (275), 1874 ; Proc. U. S.

Nat. Mxis., 1879, vol. ii, p. 160, 1879.

Verrill, Am. Jour. Sci., Ill, vol. vii, pp. 43, 45, 131, 1874; Proc. Amer.
Assoc, 1873, pp. 362, 367, 369, 1874; This Report, part i, p. 316 (22);

1874.

Whiteave.s, Am. Jour. Sci., Ill, vol. vii, p. 218, 1874; Further Deep-se»
Dredging, Gulf of St. Lawrence, p. 15, "1874."

Plate V, Figs. 27-29.

This species may be distinguislied from the others on this coast

by the pointed abdomen or pleon. Young individuals sometimes re}

semble the young of L irrorata, but may still be distinguished by the.

epimeral sutures of the second and third thoracic segments, whicli

do not entirely cross the segment, but allow more or less of the poster

rior part of the edge of the segment to form a part of the margin of the
animal as seen from above. From Synidofea nodulosa it may be distin-

guished by the evident epimeral sutures and by the three acute teetli

at the base of the pleon on each side, instead of a single obtuse tooth",

as in that species. For characters separating it fi^om the other Isopoda
of the coast see at the close of the description of the genus.
The body, especially of the young, is rough and tubercular along the

median line and often also laterally. Older specimens are much smoother,
losing their large median tubercles but never becoming as smooth as in the
preceding species. The head is narrowed behind. The eyes are ofmod-
erate size. The flagellum of the antennje (pl.,Y, fig. 28 a) is shorter than
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the peduncle, and consists of about ten to fourteen segments. The
maxillipeds (pi. Y, fig". 28 b) have the external lamella (?) broader than in

the preceding species, with its inner margin straight and its outer mar-

gin curving pretty regularly to a slightly attenuated tip.

The epimera of the second, third, and fourth pairs are rounded behind,

and those of the last three pairs are less acute than in I. irrorata.

Pleon ovate, a little constricted near the middle and pointed, its three

proximal segments rather less acute than in the preceding species. The
basal plate of the operculum (pi. V, fig. 23 e) tapers toward the end, and
the terminal plate is triangular, a little longer than broad. The stylet

on the second pair of pleopods in the male (pi. Y, fig. 29 s and s') is slender,

nearly straight, surpasses the lamella to which' it is attached, and is

obliquely truncate.

Length 25™™; breadth 7"™. The color is very varied, usually dark

green or brownish, with patches of yellow or whitish, transversely or

obhquely arranged. I have never observed a striped pattern of color-

ation, so common in J. irrorata^ and it must occur very rarely if at all.

The color is usually darker than in that species.

This species is found associated with the last among rocks and sea-

weed along the entire coast of New England! and extends northward

to Halifax!, Nova Scotia, and the Gulf of St. Lawrence!. It appears

to be a more northern species than I. irrorata, as it is comparatively

rare south of Cape Cod, while it is abundant in Casco Bay, Maine, and
in the Bay of Fundy.

Specimens examined.

i
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Idotea robusta Kjoyer.

^Idotea metalUca Bosc, Hist. nat. dee Crust., torn, ii, p. 179, pi. 15, fig. 6, 1602.

Idoihea rohusta Kroyer, Nat;irMst. Tidssk., II, B. ii, p. 108,1846; Voy. en Scand.,

Crust., pi. 26, fig. 3, "1849."

Reinhardt, Groulands Krebsdyr, p. 35, 1857.

Stimpson, Proc. Acad. Nat. Sci., 1862, p. 133, 1862.

Verrill, Am. Jour. Sci., Ill, vol. ii, p. 360, 1871; This Report, part i, p.

439 (145), 1874 {Idotea).

Harger, This Report, part i, p. 569 (275), pi. v, fig. 24, 1874; Proc. U. S.

Nat. Mus., 1879, vol. ii, p. 160, 1879 (Idotea).

Liitken, Crustacea of Greenland, p. 150, note, 1875.

Plate VI, Figs. 30-32.

This species is easily recognized ^vitliiu the genus by the pleon, which

is broadly truncate at the apex and not at all pointed. The pleon is also

large and more swollen above than in the other species. For characters

separating it from other Isopoda, see near the close of the generic des-

cription.

The entire upper surface, except i)erhaps that of the pleon, is some-

what rugose. The head is nearly square, with the eyes large and prom;

inent. The antennae (pi. YI, fig. 31 a) have the second segment large, the

flagellum short, usually of less than ten articulations. Under a sufficient

power these organs are seen to be clothed with a very fine close pubes-

cence, which also occurs in a less degree upon the legs. The maxillipeds

(pi. VI, fig. 32 a) have the external lamella [l) short and oval.

The legs are robust and spiny. The epimera, projecting, give a ser-

rated appearance to the sides of the thorax, as seen in figure 30, plate

VI, and the dorsum is more convex than in the other species.

The pleon is large and convex, its sides are nearly parallel beyond the

middle, and it is broadly truncate, or even somewhat emarginate, at the

apex. The basal plate of the operculum (pi. VI, fig. 31c) is elongated)

with parallel sides ; the terminal plate less than one-fourth as long and
nearly square, but taperin% slightly and somewhat broader than long.

The male stylet on the second pair of pleopods (pi. VI, fig. 32 c, s) reaches

the end of the lamella, to ^hich it is attached, and is slightly curved and
rounded at the tip.

Length of male 28™™; female 22°^™; breadth 9°^°^. Color bright blue

or green above when alive, becoming darker and dull in alcohol, with-

out the markings of the other species, but often with metallic reflections,

when seen in the water, where it is commonly taken swimming free or

among masses of floating sea-weed.
It is thus found in mid-ocean, and was described by Kroyer from speci-

mens taken in about 60° north latitude between Iceland and Greenland.
It was taken in considerable abundance at Fire Island Beach !, on the

south shore of Long Island, by Professor S. I. Smith in^1870 j also by the

TJ. S. Fish Commission at Vineyard Sound !, Mass., often in company with

J. irrorata Edw.; at George's Banks!, September, 1872, small specimens,
5miii

ij^ length; between Boon Island and Matinicus.Bocks, near the
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Isles of Shoals
!

, by Capt. G. H. Martin, of the schooner ' Northern Eagle,'

in 1878, and at Halifax!, Nova Scotia, by the U. S. Fish Commission in

1877, whence it extends to at least Q0° north latitude.

The figui-e and description of Idotea metallica given by Bosc corre-

spond well with smaU specimens of this species such as were taken by

Professor S. I. Smith and the writer on George's Banks, and the locality

he gives, ^' the high seas," corresponds also with the habit of this species,

so that I am inclined to think that his name ought to be restored. I

have, however, retained Kioyer's name, since he so thoroughly described

and so well figiu-ed the species as to leave no doubt of its identity.

Specimens examined.

1080
1998
1999
2002
2003
2004
2000
2001

Locality.

Fire Island Beach, Long Island .

.

Viaeyard Soaud, Masa
do

...do
...do
...do
George's Bank
Halifax, N. S

Habitat.

Surface.
Surface.
Surface.
Surface.
Surface.
Surface

.

Surface.
Surface.

WTien col-

lected.

—, 1870
— , 1875

July 14, 1871

Oct. 24,1875
Nov. 16, 1875
Sept. — , 1872

,1877

Receivedfrom-

S.L Smith
U.S. FishCom.
....do
.-..do
V. N. Edwards
....do
Smith &Harger
U. S. FishCom

Speci-
mens.

No. Sex.

d"?

cC?

Dry.
Alo.

Alo.
Ale.
Alo.
Alo.
Alo.
Alo.
Ale.
Ale.

Synidotea Harger.

Synidotea Harger, Am. Jour. Sci., Ill, vol. xv, p. 374,1878.

Antennoe with an articulated flagellum; epimeral sutures not evident

above
J
pleon apparently composed of two segments, united above but

separated at the sides by short incisions ; operculum with a smgle api-

cal plate; palpus of maxiUipeds three-jointed.

Of the two species that I had referred to thi^ genus I had been able to

examine only the first when this paper was i)laced in the hands of the

printer. Two specimens of the second species were collected during the

summer of 1879, and an examination of their characters leaves no doubt

of their generic affinity. Except in the particulars above specified the

description already given of the genus Idotea will in general apply also

to the present, but the species are characterized by a firmer and more

solid structiu^e, the segments being more closely articulated and the integ-

ument having a somewhat shelly appearance. The pleon is further con-

solidated than in that genus, the only trace of its composite nature, as

seen from above, being a slight incision on each side near the base and

running up somewhat obliquely toward the dorsal surface. The well-

developed and distinctly articulated flagellum of the antennte serves

easily to distinguish the species from those of the following genera of the

family.
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Synidotea noduloaa Harger (Kroyer).

Jdothea nodulosa Kroyer, Naturhist. Tidssk., II, B. ii, p. 100, 1846 ; Voy. en Scand.,

Crast., pi. 26, fig. 2, 1849.

Eeinliardt, Gr0nlauds Krebsdyr, p. 34, 1857.

Liitken, Crust. Greenlaud, p. 1,50, " 1875."

Synidotea jiodulosa Harger, Am. Jour. Sci., Ill, vol. xv, p. 374, 1878; Proc. U. S-

Nat. Mus., 1879, vol. u, p. 160, 1879.

Plate VI, Figs. 33-35.

This species may be recognized most easily by the pleon, which is en-

tire, except for a slight incision near the base on each side, and tapers

to a blunt but not at all bifid point. The articulated flagellum of the

antennae distinguishes it from Ericlisonia.

The head and body are roughened and tubercular, having a prominent

median row of tubercles and coarse rugae along the sides of the thorax.

The head has a median notch in front, and immediately above this a

prominent tubercle directed forward, and succeeded on the median line

by two less prominent tubercles. In front of each eye is a stiU larger

tubercle, directed forward and projecting over the anterior margin of

the head ; behind and within, there are two smaller oval tubercles. The
eyes are large, convex, and very prominent. The i^eduncular segments

of the antennse (pi. VI, fig. 346) increase gradually in length from the first

and decrease in diameter from the second, which lacks the lateral in-

cision seen in Idotea. The flagellum is distinctly articulated, with about

nine segments, of which the last two are very minute. The maxillipeda

(pi. VI, fig. 35 a) have the external lamella (?) of an uTegular shape, emargi-

nate on the inner side and obtusely pointed. The outer maxiUse (pi. VI,

fig. 35 &) are armed on their external lobe with strong, curved, pectinated

setae, which become much elongated and stout at the tip of the lobe.

The inner maxillae (pi. VI, fig. 35 c) resemble these organs in other mem-
bers of the family.

The fii"st four thoracic segments have theu* external margins roimded.

In the last three the margins are more nearly straight, but with rounded
angles. The first pair of legs (pi. VI, fig. 34 c) are much shorter than

the second, and the propodus in the first pair is bristly on what is, in the

ordinary position, the upper side.

The pleon is short, and tapers from the base. It is convex, bears two
or three small tubercles on the median line near the base, and an im-

pressed transverse line in continuation of the short lateral incisions.

The basal plate of the operculum (pi. VI, fig. 34(7) is oblique at the base
with rounded angles, and is somewhat vaulted, with an oblique elevation

extending from the articulation to the inner distal angle. The inner

margin is straight, and the outer parallel with it to near the end. The
terminal plate is shghtly oblique at the base, and is elongated triangular,

about twice as long as broad. The free margins are finely ciliated, except
at and near the base, and the inner margin of the basal plate bears also

scattered stouter hairs. The stylet of the males on the second pair of

pleopods (pi. VI, fig. 35 d, s) is longer and stouter than in any of our species
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of Idotea. It is nearly twice the lengtli of the lamella , to which it is

attached, and of an elongated spatulate form tapering to an obtuse point.

The lamellae are provided with but few cilia, which extend less than half

the way from the end of the lamella to the end of the stylet.

Length 10.5"'"^.; breadth S-S™"". Females proportionally broader
j

length S.'""'; breadth 3""". Color in alcohol gray, often with brown-
ish transverse markings.

This species seems to agree with Idotea nodidosa Kroyer, from South-
ern Greenland, as described and figui^ed, except that the epimeral sutures

are not evident above ; the lateral margins of the segments are, however,

somewhat thickened and prominent with rugfe, as shown in his figure,

and I have no doubt that it is the same as his species. It was dredged
off Halifax! by the Fish Commission at several localities in the summer
of 1877, in from 16 to 190 fathoms on sandy and rocky bottoms, with

red algee at one locality. A specimen was brought from George's Banks!
by Mr. Joseph P. Schemelia, of the schooner ' Wm. H. Raymond,' in

the summer of 1879, and Mr. J. F. Whiteaves has sent to the Museum
for examination two specimens collected by Mr. G. M. Dawson, in 111

fathoms, Dixon Entrance!, north of Queen Charlotte Island, British

Columbia. The range of the species would therefore be, as at present

known, from George's Banks to Greenland and the Arctic Seas, and
southward on the Pacific coast as far as British Columbia..

Specimens examined.



^ MARINE ISOPODA OF NEW ENGLAND, ETC. 353

The body is rather more robust than in the last species, the length

being only about two and a half times the breadth, and is i^eculiarly

marked above by depressed and mostly curved lines, varying in length

but mostly short, and confined principally to a region on each side of

the median line and extending across the head but not the pleon.

The head is broadly emarginate in front, with a median notch, and its

anterolateral angles are i^rominent. The eyes are at the widest i)art of

the head, and are strongly convex. The posterior outline of the head is

nearlj^ in the form of three sides of a hexagon. The antennuleB attain

about the middle of the fourth antennal segment. The antennae are

about one-half as long as the body. The first two antennal segments

are short and apparently articulated so as to admit of but little motion

;

the third segment is a little longer than the first two taken together,

and is the largest of the antennal segments in diameter; the fourth

segment is somewhat longer than the third, and the fifth or last pedun-

cular segment is the longest, and is followed by a flagellum, a little

shorter than the peduncle and composed of about fourteen segments.

The last three peduncular segments of the antennse are somewhat
bristly hairy. The maxillipeds are nearly as in the preceding species.

The outer maxillae are destitute of the elongated, pectinate setae found

in that species.

The thoracic segments vary but little in length measured along the

median line, but the fifth, sixth, and seventh are slightly shorter than

the preceding ones, and this difference is still greater measured along

the margins of the segments, where the first is longest, the next three

about equal, and the last three shorter. The legs are robust, the first

pair shortest, and all more or less bristly hairy. The lateral margins of

the segments are much less rounded than in S. nodulosa.

The pleon is short, the length being scarcely greater than the breadth

at base 5 above, it is nearly smooth, the impressed lines, so conspicuous

in the lateral region of the thorax, being continued for but a slight dis-

tance upon its surface. The incision at each side near the base is con-

tinued ui^ward and forward by a depressed line on each side; the lateral

margins are gently convex to near the tip, which is distinctly bicuspid.

The basal plate of the operculum is traversed obliquely by a longi-

tudinal ridge on the external surface, and is rounded in front, slightly

narrowed behind, and bears a short, triangular, terminal plate, its length

being but little greater than its breadth.

Length 15.5""^'; breadth 6""". Color in alcohol grayish, with white

cloudings. Lockington says: "When recent, the coloration of this spe-

cies is very beautiful, consisting of red cloudings on a lighter ground."

There seems to be no doubt in regard to the synonymy of this species

as published by Streets and Kingsley, adopted by the writer in a previous

publication, and given above.

The only specimens that I have examined were two, brought from the

Grand Banks !, in the summer of 1879, by Mr. Charles Buckley, of the

23 F
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schooner 'Frederick Gerriug, jr.', Oapt. Edwin Morris. Dr. Packard's

locality is "Sloop Harbor, Kynetarbuck Bay [Labrador], seven fathoms

on a sandy bottom." Whiteaves records the species from Orphan Bank,

Gulf of Saint Lawrence. Lockiugton's specimens were collected on the

" west coast of Alaska, IST. of Behring's Strait, by W. J. Fisher, natu-

ralist of the U. S. S. Tuscarora, Deep-Sea Sounding Expedition."

Owen's locality is " the Arctic Seas."

Erichsonia Dana.

Urichsonia Dana, Am. Jour. Sci., II, vol. viii, p. 427, 1849.

AntennaB six-jointed, the terminal or flagellar segment not articulated,

clavate; palpus of the maxLllij)eds four-jointed; legs aU nearly aUke,

prehensile or sub-prehensUe ;
pleon with its segments consohdated into a

single piece.

This genus is represented within our limits by two weU-marked spe-

cies, which further agree in the following characters : The head is quad-

rate, with the eyes lateral. The antennulae are short, not surpassing the

third segment of the antennae. The antenme are well developed, more

than half as long as the body, with a very short basal segment articu-

lated with little or no motion to the second segment, which is two or

three times as long as, and of greater diameter than the first. It is, as

usual in the family, incised at its distal end on the under siu"face. The

next three segments are nearly cylindrical. The last or flagellar seg-

ment is the longest, and is shghtly clavate.

The legs are all terminated by a prehensile or sub-prehensUe hand, the

dactylus being capable of considerable or complete flexion on the more

or less swollen iwopodus. This flexion is most complete in the first pair.

The first two pah's of legs arise near the anterior margin of the segments

to which they belong. The place of attachment to the segment moves

gradually backward in the following pahs until the last two pairs arise

near the posterior margin of the last two segments. The epimera are

more or less evident from above, at least in the last two segments.

The pleon constitutes about one-third the length of the body, and is

consolidated into a single piece; it bears a more or less evident tooth on

each side near the base, and is dilated and obtusely triangular at the

apex. The basal i)late of the operculum is oblique at the anterior end

and abruptly narrowed posteriorly, where it bears a densely plumose

bristle, as in Idotea ; the terminal plate is triangular. The stylet on the

second pair of pleopods in the males is well developed, surpassing the

cilia ; it is minutely denticulated or sijiuulose near the end and very

acute.

The two species found on our coast have but a slight external resem-

blance to each other, and may be distinguished at a glance, as will be

seen from the specific descriptions, and from the figures (pi. VI, fig. 36,

and pi. VII, fig. 38). The long, clavate terminal segment of the antennaa
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distinguishes them at once from young specimens of Idotea, especially

I. j)hosphorea, which sometimes resemble U. fiUformis. This character

of the anteuuffi serves, indeed, to distinguish the two unlike representa-

tives of the present genus from all the other Isopoda of our coast.

Erichsonia filiformis Harger (Say).

Stenosoma JiUformls Say, Jom*. Acad. Nat. Sci., vol. i, p. 424, 1818.

Edwards, Hist. nat. des Crust., torn, iii, p. 134, 1840.

Dekay, Zool. New York, Crust., p. 44, 1844.

Idotea filiformis White, List Crust. Brit. Mus., p. 95, 1847.

Ericlisonia filiformis Harger, This Report, part 1, p. 570 (276), pi. vi, fig. 26,

1874; Proc. U. S. Nat. Mus., 1879, vol. li, p. 160, 1879.

Verrill, This Report, part i, p. 316 (22), 1874.

Plate VII, Figs. 38-41.

This species may be at once distinguished from the following by the

strongly serrated outline of the sides, as seen from above. The clavate

terminal segment of the antennae distinguishes it from the other known
Isopoda of our coast.

The bodj" is slender and elongated, but less so than in the next spe-

cies, the sides are nearly parallel and there is a median row of promi-

nent tubercles, one, large and bifid, on the head, and one upon each

thoracic segment. The eyes are prominent. The antennulaB (j)!. VII,

fig. 39 a) surpass the middle of the third autenual segment. The first

segment of the antennae (pi. VII, fig. 39 h) is very short
f
the terminal

segment is bristly hairy toward the apex. The external lamella of the

maxillipeds (i:>l, VII, fig. 41 a) is emarginate on the outer side toward
the apex.

The thoracic segments each bear a prominent median tubercle near

their posterior margins, and the first bears also a smaller tubercle near

its anterior margin. In the first two segments the posterior external

angles are salient and much elevated. The angulated epimera are evi-

dent from above in front of these projections. In the third and fourth

segments both lateral angles are salient but not elevated. In the last

three segments, only the anterior angles are produced, but the epimera

fill the places of the posterior angles. This arrangement gives the

appearance of fourteen teeth upon each side of the thorax, and the

prominent divergent tooth on the pleon makes, in all, fifteen.

The operculum (pi. VII, fig. 39 d) is a little more vaulted than in the
next species and shorter ; the basal plate is less than three times as long
as broad; the terminal plate is triangular. The stylet on the second
pair of pleopods in the male (pi. VII, fig. 41 h, s) is slightly curved,
finely spinulose near the apex on the side toward the lamella, and
minutely and sharply denticulate on the opposite side at the apex,
as shown in the enlarged figure {s') of the distal portion of the stylet.

Length ll'"" ; breadth 3.4™°^. The color is a usually dull neutral tint

without bright markings, but sometimes more or less variegated with
brown or reddish, fading in alcohol.
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This species was originally described from Great Egg Harbor, New
Jersey, where Say found it in company with Idotea irrorata. It is not

uncommon along the shores of Long Island Sound! and as far east as

Vineyard Sound, Mass. ! but has not yet been found north of Gape
Cod. It is usually found in tide-pools or among eel-grass and a^lgae,

and has been taken from a depth of 7 fcithoms.

Specimens examined.

1
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Length 15"™; breadth 2.5™'°. Alcoholic specimens are of a light

grayish yellow, with minute black punctations.

It was abundant in eel-grass at Great Egg Harbor, New Jersey ! in

April, 1871, and has also been found at Noank, Conn. ! on eel-grass, but

is not common. It has not been found north of Cape Cod.

Specimens examined.

u
s^
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last segment cui-ving around the base of the pleon. The epimera are

not evident from above. The legs (pi. VIII, fig. 46 a) are slender and

all terminated by a slender prehensile hand, of which the finger, or

dactylus, becomes almost acicular in some of the posterior pairs. All

the legs are more or less hairy.

The pleon bears on each side, near its base, a rounded lobe, which is

separated from the large posterior portion by a more or less evident

incision. Dorsally it is convex, and j)resents two hemispherical eleva-

tions, the proximal more convex than, but only half as large as, the

distal. They are separated by a broad and deep groove, and the distal

convexity is continued upon the obtusely-pointed apex of the pleon.

The operculum (pi. VIII, fig. 46 h) is vaulted ; its basal plate is rounded

anteriorly, carinate near its inner margin, contracted externally for the

distal third of its length and truncate at the tip, where it bears a stout

elongated-triangular finely ciliated terminal piece. The basal plate is

coarsely ciliated on its inner margin, and bears a few plumose hairs

along its outer free margin. The stylet on the second pair of pleopods

in the males is short and stout, surpasses the lamella but not the ciMa,

and is spinulose just below the blunt apex.

Both species are of a duU neutral color, and commonly covered with

particles of mud or other foreign matter. They occur on piles, or under

stones, in muddy places, and are dredged on muddy bottoms.

Epelys trilobus Smith (Say).

Idotea triloba Say, Jour. Acad. Nat. Sci. Phil., vol. i, p. 425, 1818.

Edwards, Hist. nat. des Crust., tome iii, p. 134, 1840.

Dekay, Zool. New York, Crust., p. 43, 1844.

Leidy, Jour. Acad. Nat. Sci., II, vol. iii, p. 150, 1855.

Jaeraf triloba White, List Crust. Brit. Mus., p. 97, 1847.

Epelys trilobus Smith, This Report, part i, p. 571 (277), pi. vi, fig. 28, 1874.

Ven-ill, Am. Jour. Sci., Ill, vol. vii, p. 135, 1874; Proc. Amer. Assoc,

1873, p. 372, 1874 ; This Report, part i, p. 370 (76), 1874.

Harger, Proc. U. S. Nat. Mus., 1879, vol. ii, p. 160, 1879.

Plate VII, Figs. 42 and 43.

This species may be recognized among our Isopoda by its appearance

when seen from above, recalling the form of the trilobites, the flattened

dorsal surface being marked, as in those animals, by two lateral longi-

tudinal depressions. The pleon is consolidated into a single piece and

the antennae have only a rudimentary flageUum. It closely resembles

the next species, but is smaller and most readily distinguished by the

lateral margin of the thorax, which is, especially in the anterior part,

nearly even instead of zigzag from the projecting angular segments. The

anterior angles of the head are also less produced.

The pleon is shorter and broader, its breadth being to its length as

six to ten. The deep transverse groove across the pleon is continued

to the margin, with only, at the most, traces of a tubercle at each side.

The stylet on the second pair of pleopods of the male (pi. VII, fig. 42 &,
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s, and s'), is a little less elongated than in the next species, not attain-

ing the middle of the cilia.

LengtJi 6™™; breadth 2.3""'". The color is uniform, dull, usually

obscured by the adhering particles of dirt.

Thi8 species was described by Say from Egg Harbor !, IS'ew Jersey,

where specimens were also collected by Professors Verrill and Smith, in

April, 1871, among eel-grass. It has also been found at Savin Eock
!,

near New Haven, and Noauk Harbor!, on piles and amoug eel-grass; at

Vineyard Sound!; Mass., at Proviucetown
!

, Mass., near Cape Cod in

1879; sparingly near Gloucester! Mass., in 1878, and even as far north

as Quahog Bay!, about thirty miles northeast of Portland, Me., where it

was taken by the United States Fish Commission, in J 873, along with

Venus mercenaria and other southern forms.

Specimens examined.

Locality. Bottom.
When col-

lected.
iReceivedfrom- Dry.

Ale.

Ale.

Ale.

Ale.
Ale.
Ale.
Ale.
Ale.
Ale.
Ale.
Ale.
Ale.
Ale.
Ale.
Ale.
Ale.

1227

2019

2020
2021
2022
2024
2023
2025
2026
2027

2028

Great Egg Harbor,
N.J.

Savin Rock, New
Haven.

Noank Harbor ....

...do

...do
do

Watch HHl, R. I
Vineyard Sound
...do
..- do
Provincetown, Mass..
...do
...do
Gloucester, Mass
Quahog Bay, Me

Eel-grasa

L. w.

"Sf."
On piles .

Eel-grass

L. w.
L. w.

Sand

.

L. TV^

Eel-grass..
Shore
Tide-pools
Muddy

Apr. —, 1871

1871-3872

Aug. 12, 1874
July 13, 1874
July 27, 1874

—1874
Apr. —, 1873

,1871- —,1871
—,1871

Aug. — , 1879
— , 1879—'

,1879
,1878
,1873

S. I. Smith...

A. E. Verrill .

U.S. FishCom
. . . do
...do
. . . do
A. E. VeiTill..
U. S. FishCom
...do
...do
U.S. FishCom
...do
...do
...do
....do

Epelys montosus Harger (Stimpson).

Idotea montosa Stimpson, Mar. luv. G. Manau, p. 40, 1853.

Epelys montosus Harger, This Report, part i, p. 571 (277), 1874; Proc. IT. S.

Nat. Mus., 1879, vol. ii, p. 161, 1879.

Verrill, Am. Jour. Sci., Ill, vol. vii, p. 45, 1874; Proc. Amer. Assoc,

1873, p. 367, 1874 ; This Report, part i, p. 370 (76), 1874.

Smith and Harger, Trans. Conn. Acad., vol. iii, p. 3, 1874.

Whiteaves, Further Deep-sea Dredging, Gulf St. Lawrence, p. 15, "1874."

Plate VIII, Figs. 44-47.

This species closely resembles the preceding, and may be recognized

among our Isopoda by the characters mentioned under the former spe-

cies, from which it is distinguished by the following characters : The
eyes are prominent ; the anterior angles of the head salient. The tuber-

cles on the head are more prominent than in the former species. The
lateral margins of the thoracic segments, especially the second, third,

and fourth, are angulated and salient. The pleon is more elongated
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than in the last species, its breadth being to its length as 5.5 to 10, and
the depression crossing it is partially interrupted at each side by a tuber-

cle which often projects, as seen irom above, just behind the basal lobe,

forming a shoulder to the large terminal lobe. The stylet on the second

pair of pleopods in the males (pi. VIII, fig. 47, s and s') attains about

the middle of the ciUa.

Length lO""; breadth 4"""; color, as in the preceding, dull, and
usually much obscured by adhering dirt. .

*

A few specimens were collected in Whiting Eiver, near Eastport, Maine,

in 1872, which are much more decidedly hirsute than is usual, both on

the upper surface and on the legs as well. In other respects they appear

to be referable to this species, although the posterior thoracic segments

are rather less angulated at the lateral margin. They may be worthy of

a variety name Mrsutus.

Dr. Stimpson's specimens were " taken in deep water on sandy and
muddy bottoms " in the Bay of Fundy, and this species usually replaces

the last in the northern localities. It has, however, been taken as far

south as Block Island Sound !, near the eastern end of Long Island

Sound, in 18 fathoms, sandy bottom, and in 29 fathoms Vineyard Sound !.

North of Cape Cod it is more common. It was dredged in 25 fathoms

on St. George's Bank!, at Stellwagen's Bank ! in 20 to 40 fathoms, rocky

and sandy bottom j Casco Bay!, 10 to 17 fathoms mud; Bay of Fundy !,

at many localities, usually on muddy bottoms, and in 16-18 fathoms

mud and stones, off Halifax!, Nova Scotia, by the Fish Commission, and
in 14 fathoms off Richibucto, in the Gulf of Saint Lawrence, by Mr.

J. F. Whiteaves. The greatest depth positively recorded is 29 fathoins,

but it may very likely have come also from a depth of 40 fathoms near

Stellwagen's Bank.

Specimens examined. ^

2032
2031
2033
2035

2038

2039
2040

2041

2042

2043

Locality.

2029
1
Vineyard Sound . . .

.

2030
I
Block Island Sound

.

OffBoston Harbor .

.

Gloucester Harbor,
Mass.

George's Bank
Stellwagen's Bank
Casco Bay— do
...do
Bay of Fundy, East-

port.
do

Bay of Fundy, Whit-
ing R.

Seal Cove, Grand
Menan.

OffHalifax,N.S

...do

29
18
16

7-8i

25
20-40

16
17

2

8-10

16

18

Bottom.

Sand
Speckled sand,

shells.

.. do --

Bocks and sand.
Mud
...do

Mud.

Stones, sand, red
algee.

Mud, fine sand .

.

When col-

lected.

Sept. 14, 1871
-,1874

Sept. 13, 1879

—,1878

,1872
,1873'

July 12, 1873
Aug. 30, 1873

,1873
,1872

,1872
,1872

,1872

,1877

Sept. 15, 1877

Receivedfrom

—

.q .9
a «^

3 ft

I

^'"
1

U.S. FishCom.
{

8
...do ' 1

...do
;

2

...do
I

30

2
A. S. Packard.

i

1

U.S. Fish Com-' 00
....do

I

00
...do I 00
...do

;

6

...do 1 2

...do
j

6

....do I 10

....do 4

..-.do 2

Dry.
Ale.

Ale.
Ale.
Ale.

Ale.

Ale.
Ale.
Ale.
Ale.
Ale,
Ale.

Ale.
Ale.

Ale.

Ale.

Ale.
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VI.—AECTURID^

Form elongated ; auteuuie large and {strong ; first four pairs of legs

directed forward, ciliated, last three pairs ambulatory; segments of

pleon more or less consolidated; uropods operculiform.

This well marked family is as yet represented on our coast by a single

species of the genus AstaeiUa Fleming, Leachia or Leacia of Johnston

and other authors. The family can be easily recognized by the four

anterior pairs of legs, which are directed forward and strongly ciliated

on their inner margins with long slender hairs. The form of the body

is elongate and may be very much so, as in our species the length of the

body in the male is twenty times as great as its diameter at the middle

;

in the female eight times. The head is of moderate size and the eyes

prominent. The four-jointed antennulse have the basal segment large

and swollen. The antennae are large and powerful organs, approaching

or even surpassing the body in length, with the first two segments short,

the second deeply incised below as in Idotea, the next three segments

elongated, and the flagellum varying in the genera, being multiarticu-

late in Arcturus, and composed of not more than four segments in Asta-

eiUa. The mouth parts resemble, in general, those of the Idoteidce. The

fourth thoracic segment is more or less elongated. The last three pairs

of legs are ambulatory, differing much from the first four pairs. The

segments of the pleon are more or less united, and the uropods are mod-

ified, as in the preceding family, to form an operculum for the more del-

icate anterior pleopods. They are wholly inferior, and consist on each

side of a large basal segment, straight on the median line, where it meets

its fellow of the opposite side, and bearing, in our genus, two small ter-

minal plates at the apex.

This structure of the pleon and its appendages, together with the

structure of the antennulte, autennse, and the parts of the mouth, point

to a close relationship between this family and the Idoteidce. With the

Antlmridce, however, with which thej^ have often been associated, they

seem to have little in common, except, perhaps, the elongate form of

body. Even this feature is approached also in the Idoteidce, in JErich-

sonia, for examj^le.
Astacilla Flemiug.

Leacia (Leachia) Joliustou, Ed. Phil. Jour., vol. xiii, p. 219, 1825 (non Lesnenr).

^stociWa Fleming, Encyc. Brit., 7th eel., vol. vii, p. 502.

Johustou, Loud. Mag. Nat. Hist., vol. viii, i>. 494, 1835.

Antennal flagellum short, not more than four-jointed ; fourth thoracic

segment elongated, and, in the females, bearing the incubatory pouch

on its inferior surface.

The characters given above seem sufficient to warrant the separation

of this genus from Arcturus, notwithstanding the fact that the young
of some species, and probably of all, have the fourth thoracic seg-
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ment no longer than the others as noticed by Johnston*, and later

by Stebbingt, who draws from the fact an argument against the validity

of the genus. I fail to see, however, why the argument would not be
equally valid against the use, among mammals, of characters drawn from

the horns and teeth. IsTothing is more common, in case of a genus or

family possessing a special development of some organ or set of organs,

than to find that the young of such a group resemble the adults of less

specialized groups. If, however, as may be possible, a gradation can

be established between forms which, like Arctnrus Baffini, have the fourth

thoracic segment large but only slightlj^ elongated, and forms like Asia-

cilia longicornis or A. gramilata, in which this segment is much elongated,

equaling or surpassing the other six in length, there would then be, per-

haps, no sufQcient reason for retaining both genera. For the present it

seems desirable to keep them separate, and to the characters given above

we may add the following

:

The head is produced at the sides around the bases of the antennulse,

and is united dorsally with the first thoracic segment, the sutures being

evident only at the sides where the segment is produced around the

hinder part of the head. The flagellum of the antennae consists of three,

or sometimes only two, distinct segments and a terminal spine, which is

perhaps to be regarded as a third or fourth segment. The maxillipeds

(pi. IX, fig. 52 a) are robust and operculiform, with a thick external

lamella and a five-jointed palpus, but little flattened. The mandibles

are destitute of jjalpi.

The first three thoracic segments are subequal and short ; the fourth

much elongated in both sexes ; in the males it is slender and cylindrical
;

in the females it is more robust, and bears on its inferior surface the incu-

batory pouch. This pouch is thus confined to a single segment, and is

composed of a j^air of elongated lamellae, attached along their outer mar-

gins, and overlapping widely along the ventral surface. It occupies

nearly the entire inferior surface of the segment. The last three thoracic

segments are short and subequal, and the articulation at the posterior

end of the fourth segment is capable of considerable motion, and, in our

si)ecies, is usually flexed backward nearly at a right angle. The first pair

of legs (pi. VIII, fig. 49 h) have the basis directed backward and the re-

maining segments ciliated and turned forward, and is more robust than

the three succeeding pairs,which are slender, of nearly equal size, and con-

sist of only five segments, which are turned forward from the basis and
held beneath the head. They are strongly ciliated, especially on the last

three segments. One of the fourth pair of legs is shown on plate VIII,

figure 50. The last three pairs of legs are of entirely different structure,

being robust and prehensile with strong short dactyh.

The pleon is consolidated into a single segment, which, however, shows

traces of its composite nature. It is vaulted above and excavated on

*Loud. Mag. Nat. Hist., vol. ix, p. 81, fig. 15, 1836.

t Ann. Mag. Nat. Hist., IV, vol. xv, p. 187, 1875.,
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its inferior surface for the delicate pleopods, wliicli arc protected by the

operculiform iiropods. Both rami of the uropods are present in our

species, but the outer is much tlie larger and conceals the delicate inner

ramus in an exterior view. The outer ramus only is thickened and of

fuuctional importance as an operculum.

The habits of these animals are described by Goodsir in the Edinburgh
New Philosophical Journal, vol. xxxi, i). 311. He says, "With the

dredge I have procured specimens * * * * alive, and have kept them
in glass jars of sea-water with sand and corallines, and have thus been
enaljled to watch their habits closely.

" Under the circumstances just stated, each individual will select a

branch of coralline, will keep that branch exclusively to itself, and will

defend it with the greatest vigor against all intruders. It fixes itself to

its resting-place by means of its true thoracic feet, and seldom uses these

for progression. When it falls to the bottom of the vessel, it fixes its

long pointed antennsB firmly into the sand, and, with the assistance ofthe

true feet, drags and pushes itself forward. This, however, may not be

a natural mode of jDrogression, but may be adopted in consequence of

the artificial circumstances in which the animal is placed.

" Swimming is the natural mode of progression. It is amusing to see

one of these animals resting, in an erect posture, on a branch of coralline,

by means of its true thoracic feet, waving its body backwards and for-

wards, throwing about its long inferior antennae, and ever and anon
drawing them through its anterior fringed feet, for the pur])ose of clean-

ing them. It frequently darts from its branch, with the rapidity of

lightning, to seize with its long antennae some minute crustaceous ani-

mal, and returns to its resting-place to devour its prey at pleasure.

'' In this manner the antennae are the only organs employed in seiz-

ing and enclosing the prey, which they drag to the anterior thoracic

feet, which hold it while it is being devoured."

I have discarded Johnston's name Leachia, or according to his orthog-

raphy Leacia, proposed in 1825, as being preoccupied by Lesueur,* in the

Mollusca in 1821. Astacilla is used by Fleming in the 7th edition of the

Encyclopaedia Britannica ; 1842 is given as the date in the copy of the

seventh volume of the Encyclopaedia that I have seen, but Johnston re-

fers to Fleming in 1835 as authority for the name, quoting the Encyclo-

paedia. Fleming says in the Encyclopaedia (vol. vii, p. 502) :
" The ge-

nus was instituted by the Eev. Charles Cordiner of Banff in 1784 for the

reception of a British species which has been denominated Astacilla Ion-

gieornis.''^ I have not been able to find whether Cordiner published the

name at that early date or whether it was a manuscrii^t name only. K
actually published in 1784 it would have many years' priority over
Arcturus, and the author who would unite the genera should use the

name Astacilla. Even if not published until 1835 it appears to have the

best claim to recognition as the generic name of the type here treated of.

*Jour. Acad. Nat. Sci. Phila., toI. ii, p. 89, 1821.
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Astacilla granulata Harger (G. O. Sars).

Leackia granulata G. 0. Sars, Arch. Math. Nat., B. ii, p. 351 [251], 1877.

Astacilla Americana Harger, Am. Jour. Sci., Ill, vol. xv, p. 374, 1876.

Astacilla granulata Harger, Proc. U. S. Nat. Mus., 1879, vol. ii, p, 161, 1879

Plates VIII and IX, Figs. 48-52.

The elongated fourth thoracic segment distinguishes this species at

once from all the other Isopoda of our coast.

The body is in the female eight times and in the male about twenty

times as long as broad, the breadth being measured across the fourth

thoracic segment. It is roughened and tubercnlated throughout. The

head is produced at the sides in front beyond the middle of the basal

segment of the antennuke, and is tubercnlated abo^'e and crossed by

two transverse grooves, the first between, and the second behind the eyes,

while a third similar groove evidently marks the place of the suture be-

tween the head and the first thoracic segment. The eyes are lateral,

prominent, round-ovate, broadest in front. The antennulfe in the female

slightly surpass the second segment ofthe antennae, in the male they nearly

attain the middle of the third segment, the flagellar segment being

elongated in the male, longer than the three peduncular segments

together (pi. VIII, fig. 48 a). The second and third segments of the

antennulPB are in both sexes short and slender. The antennae are fully

three-fourths as long as the body ; the first segment is shorter than that

of the antennuLT, being surpassed at the sides by the lateral processes of

the head and thus concealed in a lateral view ; the second segment is

large, scarcely longer than broad, and presents below a deep angular

sinus in the distal margin, as in Idotea; third segment about as long as

the head; fourth segment longest, slightly exceeding the fifth, which is

equal to the first three taken together. The flagellum* (pi. VIII, fig. 49 a)

is less than half the length of the last ])eduncular segment and usually

consists of three distinct segments, of which the first is as long as the

other two ; the second is equal in length to the third, which is tipped

with a terminal spine or claw, i)robably to be regarded as a fourth seg-

ment. Sometimes, however, only two distinct segments exist in the

flagellum besides the claw. The flagellar segments are finely and

sharply denticulate along the margin which is inferior when the an-

tennas are straightened. The character of this denticulation is shown

in figure 49 a' on plate VIII, where a small section of the margin is shown

enlarged 100 diameters. The maxillipeds (pi. IX, fig. 52 a) are robust

and cover the other parts of the mouth; the external lamella (1) is

ovate and in the figure is somewhat bent outward from its natural

position. The x>alpus of the maxillipeds is five-jointed and but little

flattened, strongly ciliated along the inner margin. The terminal lobe

* The figure of the animal (pi. VIII, fig. 48,) was sent to the engraver before I had

seen any specimens except the imperfect ones collected in 1877, and the flagellum of

the antennfe was dotted from the young specimens. Fig. 49 o on plate VIII was

made from a specimen obtained in 1878.
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(pi. IX, fig. 52 a, m') is quadrate, scarcely ciliated at the apex, and

distinctly articulated with the maxilliped. The outer maxillaj (pi. IX,

fig-. 52 h) are three-lobed and strongly ciliated. The inner maxillge

(pi. IX, fig. 52 c) are two-lobed, the lobes robust and short, the outer

armed with short spines at the apex, the inner with three slender curved

setae.

The thoracic segments arc coarsely granulated or tuberculated ; the

first is produced at the sides around the head nearly to the eyes ; the

others have their anterior and posterior margins transverse. The fourth

segment in the female is a little less than three times as long as broad,

and is longer than the other six segments taken together, but is only

four-fifths as long as the last three segments together with the pleon.

It is tuberculated, especially above, but bears no prominent tubercles or

spines, and is subcylindrical. In the male this segment (pi. VIII, fig. 48 h)

is more elongate and much more slender, exceeding in length the three

following segments with the pleon. In the ordinary position the thorax

is geniculate at the posterior articulation of the fourth segment, forming

nearly a right angle with the rest of the body. The last three segments

have their epimeral regions anguiated and salient. The first pair of

legs (pi. VIII, fig. 49 h) are of moderate length and, beyond the basal seg-

ment, flattened ; the basal segment is directed backward but the leg is

bent upon itself at the ischium and the remaining segments are directed

forward and api)lied to the under surface of the head. The ischium and

merus support but few cilia, and these mostly along their inner margins,

but the carpus, propodus, and dactylus are not only ciliated on the in-

ner margin with slender simple cilia, but also bear on the side toward

the body stout scattered spinulose setae, which are specially abundant on

the propodus. The opposite side of the leg is nearly smooth. The sec-

ond, third, and fourth pairs of legs are five-jointed and similar to each

other, except that the basal segments of the second and third are some-

what shorter than in the fourth (pi. VIII, fig. 50). The second pair is

shorter than the third, and the fourth is a little the longest. All these

legs are directed strongly forward and habitually held nearly in the

position shown in the figure, under the anterior surface of the body and

tne head. The last three segments are furnished with elongated setsB

along their inner margins. These setae are inserted in two rows and so

placed as to diverge at an open angle. The dactyli appear to be obsolete

in these legs. The fifth, sixth, and seventh pairs of legs are of quite a

different and more ordinary structure. They contain the fuU number of

segments, and are terminated by robust, slightly curved dactyli. A
young specimen obtained has only two pairs of legs of the ordinary form,

the last or seventh pair being represented only by rounded tubercles,

one on each side of the seventh segment.

The pleon is elongate-ovate, narrower in the male (pi. VIII, fig. 48 c).

Dorsally it is strongly convex, especially in front. It is two-thirds as

long as the fourth thoracic segment in the female, and three-fifths as
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long as that segment in the male. It is provided with rather coarse

tubercles in front, Avhich are arranged transversely in three rows, and

behind the third row is a deep transverse groove, behind which the tu-

bercles are less prominent and more of the character of granulations.

On each side before the middle is a prominent, sub-acute tooth, directed

outward and backward immediately above the articulation of the uropods.

The tip of the pleon is not spiniform, but only slightly attenuated and

obtuse. The pleopods are delicate in structure, and the anterior pairs

are ciliated. The uropods or opercula are more than nine-tenths as long

as the under surface of the pleon (pi. VIII, fig. 48 c), but cannot be seen

from above. They consist on each side (pi. VIII, fig. 51) of an elongated,

semi-oval, basal, lamellar segment, thickened and vaulted externally, with

the anterior end rounded, and bearing a salient semi-circular process on

the outer margin near the anterior end, for articulation with the pleon.

Posteriorly this plate is tapering and it is broadly truncated at the tip^

where it bears two lameUiform rami. Of these the external is thick,

like the basal segment, and is of an elongate triangular form and com-

pletes the operculum behind, while the inner ramus is a small and

deUcate oval plate, articulated to the basal segment near its inner distal

angle, and completely covered and concealed by the outer ramus when

the operculum is closed. The inner ramus is sparingly ciliated at the

tip. The pleopods are very delicate, and the anterior pairs are ciliated.

In the females the lamellse forming the incubatory pouch are thick-

ened and tuberculated or granulated along the outer edge where they

are attached to the segment. The thickened area is bounded by a lon-

gitudinal ridge, beyond which the lamella is thin, smooth, and translu-

cent, permitting the eggs to be seen through it, and the thin portion of

the right lamella (in the specimen examined) overlaps its fellow of the

opposite side so far as to bring its edge along the base of the ridge bound-

ing the thickened portion of the opposite lamella. Near the anterior

end and on the outer side is a rounded lobe in the margin of the lamella

for articulation with the segment.

Length of female 10™" ; male 11™"^ ; diameter of fourth thoracic seg-

ment, female 1.2'"'" ; male 0.52""" ; color in alcohol, nearly white.

This species was described by the writer without having seen Sar#

description of Leachia graiiulata. The volume containing his description

has since been obtained by the Yale College Library, and a careful com-

parison of our specimens with his descriijtion leaves little doubt that the

species is identical with his. His specimens were somewhat larger than

ours, females measuring 14"'' and males 17'"'". The females in A. longi-

cornis Sowerby are much larger than the males, and the reverse rela-

tion of size in this species appears to be unusual in the genus.

Specimens were first collected on this coast on George's Bank !, in the

summer of 1877, and the three then obtained were found adhering to

Primnoa, and had been dried and somewhat broken. Better specimens

were collected adhering to the cable of the schooner 'Marion,' at Ban-
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quereaii
!

, by Capt. J. W. Collins, August 25, 1878, and a fine specimen

was obtained in seven fathoms off Miquelou Island
!
, south of Newfound-

land, by Capt. CD. Murphy and crew of the schooner 'Alice M. Will-

iams,' July 3, 1879. Sars' specimens were collected between Norway and
Iceland at stations 18 and 48, of which the respective localities as given

by him are latitude 62° 44.5' north, longitude 1° 48' east, in 412 fathoms,

clayey bottom, and latitude 04° 36' north, longitude 10° 21.5' west, in

299 fathoms, clay and sand.

Specimens examined.

i
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Spheeroma Latreille.

Sphceroina Latreille, Hist. nat. des Crust, et des Ins., tome vii, p. 11, 1804.

Body contractile into a sphere ; antennulse and antennae short or of

moderate length ; maxillipeds with a five-jointed palpus ; legs all ambu-

latory ; dactyli short and thick ; uropods short, ramus and basal seg-

ment subequal.

The name of this genus is derived from the peculiar habit of many
of the species of rolling themselves into a ball when alarmed. The body

is so constructed as to facilitate this operation, the antennulae and

antennae being received into a groove at the side of the head; the epi-

meral regions of the thoracic segments behind the first are narrowed

nearly to a point and project well downward so as to meet very close

together and still leave room for the included legs, while the uropods,

shutting together like a pair of scissors, fold also partly under the large

terminal segment of the pleon and fill the crevice between the pleon and

the head. The maxilhpeds in this genus are provided with a long

densely ciliated five-jointed pali)us. The maxillse are much as in the

Idoteidce, the outer pair three-lobed and strongly ciliated, the inner

two-lobed with the inner lobe small and tipped with pectinate setae, the

outer larger and armed with curved denticulated spines. The mandibles

ha^^e a strong molar process, a dentigerous lamella armed with acute

teeth, and a three-jointed palpus.

The legs are rather weak and nearly alike throughout, all ambulatory.

The pleon is scarcely narrower than the segments of the thorax and ap-

pears to consist of two * segments only, of which the first is much like the

last thoracic segment, but more strongly produced at the sides than is

that segment and marked with impressed lines. It is articulated with

considerable motion to the large scutiform terminal segment, \yhich, in

this genus, is rounded and entire at the tip, and not strongly tubercu-

lated nor spiny. Anteriorly, the angles of this segment are produced

downward into a rounded lobe in front of the shoulder from which arise

the uropods. These organs are not greatly elongated ; the basal seg-

ment is produced into a plate about equal in size to the single ramus.

Sphaeroma quadridentatum Say.

Sjjliceroma quadridentata Say, Jour. Acad. Nat. Sci. Phil., vol. i, p. 400, 1818.

Dekay, Zool. New York, Crust., p. 44, 1844.

White, List Crust. Brit. Mus., p. 102, 1847.

Harger, Am. Jour. Sci., Ill, v., p. 314, 1873; This Report, part i, p. 569

(275), pi. v., fig. 21, 1874; Proc. U. S. Nat. Museum, 1879, vol.ii, p. 161,

1879.

Verrill, This Report, part i, p. 315 (21), 1874.

Plate IX, Fig. 53.

The outline of the body when extended is a pretty regular ellipse, but

the animal, when disturbed, rolls itself into a ball with facility, and by

* The pleou is inadvertently described by Bate and Westwood in the British Sessile-

Eyed Crustacea, vol. ii, p. 401, as "having all the segments fused together."
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this habit may be distinguished from the other marine Isopods of our

coast.

The head is rouuded in front with an elevated margin, and a slight me-

dian projection between the bases of the antennula). The eyes are

small and sub-triangular, widely separated. The antennulte and the

antenuje are inserted on the inferior surface of the head, and, when the

animal contracts, they are received into a groove along the margin of

the head and anterior thoracic segment. The antenuulaj (pi. IX, fig. 54 a}

have the basal segment large, the second segment small and conical,,

the third slender, cylindrical; the flagellum about ten-jointed, ciliated,'

shorter than the peduncle. In the antennae (pi. IX, fig. 54 b) the peduncu-

lar segments decrease but little in diameter, and increase in length from

the first to the fifth, and are followed by a flagellum about as long as

the peduncle, tapering from the base, with the basal segments strongly

ciliated along their inner or anterior distal margins. The antennae are

separated at the base by a triangular, somewhat projec^iing epistome,

which also partly separates the bases of the antennulne. The maxilli-

peds have the basal segment short and somewhat triangular, with plu-

mose setae at the acute apex, and a five-jointed iialpus, of which the first

segment is short and smooth, and the following segments stronglj' ciliated

along more or less of their innef margins. The outer maxillae are termi-

nated by three ovate rather acute lobes, which are strongly ciliated. The
inner maxillae have the inner lobe tipped with four pectinated curved

setae, and the outer armed with strong denticulated spines. The mand-
ibles are robust and bear on their external surface at the apex a dentig-

erous lamella, or usually two sucli on the right mandible, receiving thee

lamella of the left between them ; below the lamella is a strongly cihated

ridge supporting the dentigerous lamella and connecting it with the mo-
lar process, which is large and strong. The mandibular palpi are slender,

with the last segment sub-semicircular, bearing at its apex a few serrated

spines, and below a comb of straight setae ; the middle segment bears a

similar comb with stouter spiny setae at the ends.

The first thoracic segment is longer than the others, and much elon-

gated at the sides, embracing the head as far as its anterior margin.

Above this lateral expansion on each side the segment is excavated for

a projecting lobe of the head behind the eye. The second, third, and
fourth segments are somewhat shorter than the first and longer than the

fifth, sixth, and seventh. The margin of the last segment bends slightly

backward at the middle. In the thoracic segments behind the first the

epimeral sutures are indicated by a faint depressed line, below which
the lateral margin of the second segment tapers to an obtusely rounded
point, the third is more acutely pointed, the fourth oblique and acute

behind, the fifth and sixth also oblique but less acute, and the seventh
rounded. The legs are weak, hairy, and much alike.throughout, formed
for walking, and none of them chelate. The dactylus in all is short and
robust, armed with a stout curved spine or claw at the tip, and a smaller

24 F
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straight spiue below it. lu the first pair of legs the carpus is short and

triangular, the ischiurn and merus bear on their upper margin a row of

long slender plumose hairs. In the second and third pairs of legs these

hairs are also found, and the carpus is longer. The fourth i^air of legs

are robust, tlie following pairs more slender to the seventh. All are well

pro^ided with slender hairs, with a few stouter ones intermixed.

The anterior segments of the pleon are consolidated into a single piece

somewhat resembling the last thoracic segment, but marked at the

sides by dei>ressed lines, indicating sutures, as shown in pi. IX, fig. 53.

At the sides this segment is broadly rounded and j)roJects much below

the seventh thoracic when the animal is contracted, The large terminal

segment has a similar lobe in front of the bases of the urojiods. At the

insertion of the uropods the segment is considerably contracted laterally,

but is rounded and strongly margined behind. Its anterior lobe, all the

thoracic segments, and the head are also margined by an elevation run-

ning completely around the animal except where it is interrupted by
the uropods. The uropods extend nearly to the tip of the telson, and

consist on each side of a basal segment continued backw^ard into a nar-

row oval plate with entire margins, tlattened Ijelow, where a similarly-

shaiied ramus is articulated near its base, the two shuttiug together like

the blades of a pair of scissors. The articulated plate bears four more or

less acute serrations on its exteiior margin, whence the specific name.

The pleopods are ciliated, and the second pair (pi. IX, fig. .54 c) bears, in

the male, on the inner lamella, a slender curved stylet, longer than the

lamella, and articulated near its base.

Length about S"", breadth 4 ". The color, as usual in shore species,

is variable ; some are of a uniform slaty gray, many are marked on the

dorsal surface with a whitish, cream color, or rosaceous patch, bordered

more or less with dark or black. This patch has connnonly a longitud-

inal direction, and is usually symmetrical, and may be broad or much
narrowed in the middle. On the dark or barnacle-covered rocks, where

these animals are often found, the colors are evidently protective, but

they are imperfectly preserved in alcohol.

This species was described by Say, who ''found these animals very

numerous on the beach of Saint Catherine's Island, Georgia, concealing

themselves under the raised bark, and in the deserted holes of the

Teredo, &c., of such dead trees as are periodically immersed." He also

gives East Florida as a locality, and there are specimens in the Yale

Museum from Florida ! It extends as far north as Provincetown, Mass.

!

near the extremity of Cape Cod. It is common on the southern shore

of I^few England!, and is usuallv found among algse or rocks.
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Specimens examined.

1224
2053

2052
2049
2050
2051

Locality.

Florida

Great Egg Harlwr, N.J.
New Haven, Conn
.Savin Rock, New Haveu .

Stony Creek, Conn
Vineyard Sound, Mass . .

.

....do :

..:.do
Provincetown, Mass
....do

Bottom.

L. w.
L. w.

L. w.

L. w.

Kocky

,

Rocky

.

Eel-grass

-

"WTien col-

lected.
Receivedfrom

-

April, 1871

, 1871

, 1871

, 1875
Aug.—, 1879
Aug.—, 1879

Smithsonian
Inat

Smith &VerrUl
S. I. Smith....

U. S. Fish Com,
....do
....do
....do
....do

Dry.
Ale.

Ale.
Ale.
Ale.
Ale.
Ale.
Ale.
Ale.
Ale.
Ale.
Ale.

VIII.—LIMi^OEIID^.

Body compressed ; antennulne and antennse short, subequal; mandi-

bles palpigerons, formed for gnawing ; feet not prehensile, all similar,

with short, robust dactyli ; epimera united with the thoracic segments

;

pleon of six distinct segments
;
pleopods similar in form throughout

;

uropods lateral, biramous.

This family as constituted above contains the single genus Limnoria

Leach, which appears also to contain but few, or perhaps a single, species*

of wide distribution. This genus was placed in the tribe Asellotes

liomopodes with the Asellidw by Edwards, without, however, having

examined the animals himself. He has been generally followed in this

arrangement by later authors. Previous authors had associated the

genus, as it appears to me more justly, with SplKBroma and the Cymo-

thoidce in the wide signification of the latter term. White, in his List

of British Crustacea, used the name Limnoriadm to include this genus

with the AselUdfc. I have j)refeiTed to constitute a new family for the

genus, which has, however, evident relations with the Sphwrotnidcc, and
perhaps should yet be united with that family.

Under the circumstances family characters can scarcely be se])arated

with certainty from those of generic or even of specific value only, but

for the puri^ose of comi)arison with other families certain important char-

acters may be here stated. The body is somewhat depressed dorsally,

but is also compressed at the sides, and when extended is subvermiform.

It is nearly capable of being rolled into a ball, as in the genus Sphceroma.

The head is of moderate size and strongly rounded above, as in Sphce-

roma, and the eyes are widely separated and on the sides of the head, a

condition not usual in the AseUidce. The antennulce are short and stout

and the basal segment is but little larger than the second ; the flagellum

*It i.s perhaps hardly necessary to remark that L. xylophaga Hesse, Ann. Sci. nat.,

tome X, p. 101, pi. ix, 1868, is not an Isopod. According to Prof. Smith it is Chelura

terebrans Philhpi, a boring amphipod often found associated with Limnoria. See an
article by that author in the Proceedings of the U. S. National Museum, 1879, vol. ii,

pp. 23-2-235.
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consists of a single, almost rudimentary segment. The antennee differ

widely from any in the AselUdce, since they are less robust than the anten-

nulse, and but little longer 5 the peduncular segments are all short, having

almost the same proportion to each other as in Sphceroma (see pi. IX,

figs. 54 b and 5Q &), the last two being together about equal in length to the

first three, instead of far surpassing them as in the AselUdce; the flagel-

lum is short and few-jointed, mostly made up of a tapering basal seg-

ment, and not at all resembling the slender multiarticulate flagellum of

the AseUidiv. The mandibles are adaptively modified in accordance

with the boring habits of the species, but the othSr mouth parts do not

seem to present characters from which comparison!^ need be drawn with

other families.

The legs- are somewhat similar to those seen in many AselUdce, being

furnished with short dactyli, each armed with a strong curved claw, and
a shorter spine below. A similar form of leg is, however, seen in Sphw-

roma. The epimera are united to the lateral margins of the thoracic

segments almost j)recisely as in SSjiluvroma, an arrangement that does

not i^revail in the AselUdce.

The ijleon has all its six segments well developed and perfectly separated

from each other, while in the AselUdw they are united into a single scuti-

form segment, or at most, the basal segment only is more or less distinct.

The lileopods are of the normal number and similar in form and texture

throughout ; the anterior pairs are ciliated. Each pair ofpleopods consists

of a basal segment, bearing an inner narrow lamella and an outer oval one,

which, except in the fifth pair, are well ciliated. In the male the inner la-

mella of the second pair bears, on its inner margin, a stylet, as in 8ph(eroma

and many other genera of Isopoda. In the AselUdce the branchial pleo-

pods are in fewer than five pairs, and are protected in front by a simple

or compound operculum of firmer texture than the other pleopods. Dr.

Coldstream * fell into an error in describing the respiratory organs as con-

sisting of '' six pairs of scale-like bodies, pendant from the anterior seg-

ments of the tail, * * arranged in three rows, in an imbricated man-

ner, one of each kind ('oval' and 'nearly quadrangular') being articu-

lated together on a common peduncle on either side." He further

describes, loc. cit., p. 324, " two vesicular bodies of an oval form" behind

the branchiae. These organs were without doubt the external lamellae

of the fifth pair of pleopods, as shown by his figure. There are, how-

ever, four instead of three ciliated pairs anterior to the last pan*, one

of which was overlooked by Dr. Coldstream, and in this error he has

been followed by Bate and Westwood. t If the observations of Dr. Cold-

stream had been correct, an affinity might have been indicated with the

AselUdce. The terminal segment is flattened and scutiform, in shape

resembling that of Jcera, but the uropods are strictly lateral, being

attached at the broadest part of the segment and in front of the middle.

* Edinbvirgli New Phil. Journal, vol. xvi, p. 323.

i Brit. Sessile-Eyed Crustacea, vol. ii, p. 350.
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The relations of the present family with the S])hceromidce appear to

be more close, but the structure of the mandibles and perhaps also that

of the maxillipeds, the fully segmented pleon and the biramous uropods

seem to be characters of family value, which, however, a fidler investi-

gation of the boring Siihmromidm might go far to break down.

Linuioria Leach.

Limnoria Leach, Ediuburgh Eucyc, vol. vii, p. "433" (Am. ed., p. 273), "1813-14."

Mandibles with a nearly even chisel-like cutting-edge at the tip and
no molar process j maxillipeds elongate, with a well-developed external

lamella and a five-jointed palpus; first thoracic segment large; uropods

with the outer ramus very short and almost obsolete.

The abov^-characters differ from those by which Leach separated this

genus from Cymothoa and the Sphc6ro7nidce, with which he associated it.

Limuoria lignorum White (Rathke).

"Cymothoa lignorum Rathke, Skrivt. af Naturh. Selsk., v. 101, t. 3, f. 14, 1799"

(White).

Limnoria terebrans Leach, Ed. Encyc, vol. vii, p. '433' (Am. ed., p. 273),

"1813-14"; Traus. Liun. Soc., vol. xi, p. 371, 181.5; Diet. Sci. nat., tome
sii, p. 3.53, 1818.

Samouelle, Eut.. Conip., p. 109, 1819,

Desmarest, Cousid. Crust., p. 312, 182.5.

Latreille, Regne Anim., tome iv, p. 135, 1829.

Coldstream, Edinb. New Phil. Jour., vol. xvi, pp. 316-334, pi. vi, 1834.

"Hope, Trans. Ent. Soc. Lend., vol. i, p. 119" (B. & W.).

Thompson, Edinb. New Phil. Jour., vol. sviii, -p. 127, 1835; Ann. Mag.
Nat. Hist., vol. xx, p. 157, 1847.

Terapleton, Loud. Mag. Nat. Hist., vol. ix, p. 12, 18.36.

Moore, Charlesworth's Mag. Nat. Hist., u. s., vol. ii, p. 206, 1338; ibid.,

vol. iii, pp. 196, 293, 1839.

Edwards, Annot de Lamarck, torn, v, p. 276, 1838; Hist. nat. des Crust.,

tom. iii, p. 145, 1840; Rfegne Anim. Crust., p. 197, pi. 67, f. 5, 1849.

Gould, Invert. Mass., pp. 338, 354, figure, 1840.

Fleming, Encyc. Brit., 7 ed., vol. vii, p. 502, 1842.

Dekay, Zool. New York, Crust., p. 48, pi. ix, fig. 33, 1844.

^'Kirby and Spence, lut. Eutom., 5th ed., p. 238; 6th ed., p. 203" (White.)

White, List Crust. Brit. Mus., p. 96, 1847; Brit. Crust. B. Mus., p. 68, 1850,

Dalyell, Powers of the Creator, vol. i, p. 241, pi. Ixv, figa. 7-15, 1851.

Leidy, Jour. Acad. Nat. Sci. Phil., II, vol. iii, p. 1.50, 1855.

Gosse, Man. Mar. Zool., vol. i, p. 136, fig. 242, 1855.

Steenstrup and Liitkeu, Vidensk. Meddel., II, vol. ii, p. 275, 1861.

Hesse, Ann. Sci. nat., Zool., V, tome x, p. 113, 1868.

Jones, Trans. Nova Scotian lust. Nat. Sci., vol. ii, pt. iv, p. 99, 1870.

Verrill, Proc. Am. Assoc., 1873, p. 367, 1874.

Macdonald, Tiaus. Linn. Soc, II, Zool., vol. i, p. 67, 1375.

Andrews, Q. Jour. Mic. Sci., II, vol. xv, p. 332, 1875.

Limnoria lignorum White, Pop. Hist. Brit. Crust., p. 227, pi. 12, fig. 5, 1857.

Bate, Rep. Brit. Assoc, 1860, p. 22.5, 1861.

Bate and Westwood, Brit. Sess. Crust., vol. ii, p. 351, figure, 1868.
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Limnoria lignorum—Continued.

Norman, Rep. Brit. Assoc, 1868, p. 288, 1869.

Mobius, Wirbellos. Thiere der Ostsee, p. 122, 1873.

Parfitt, Fauna of Devon, Sess. Crust., p. (19), 1873.

Yerrill, Am. Jour. Sci., Ill, vol. vii, pp. 133, 135, 1874; Proc. Am. Assoc,

1873, p. 371, 1874; This Report, part i, p. 379 (85), 1874.

Harger, This Report, part i, p. 571 (277), pi. vi, fig. 25, 1874; Proc U. S.

Nat. Mus., 1879, vol. ii, p. 161, 1879.

MTntosh, Ann. Mag. Nat. Hist., IV, vol. xiv, p. 273, 1874.

Stebbing, Trans. Devon. Assoc, 1874, p. (8), 1874. Ann. Mag. Nat. Hist.,

IV, vol. xvii, p. 79, 1876.

Whiteaves, Further Deep-Sea Dredging, Gulf St. Lawrence, p. 15, "1874."

Metzger, Nordseefahrt der Pomm.,p. 285, 1875.

Meinert, Crust. Isop. Amph. Dec Daniae, p. 77, 1877.

Smith, Proc. U. S. Nat. Mus., 1879, vol. ii, p. 232, fig. 2, 1880.

Limnoria uncinata Heller, Verh. k. k. Zool. hot. Ges. Wien, B. xvi, p. 734, 1866.

Stalio, Cat. Crost. Adriatic, p. 211, 1877.

Plate IX, Figs, hb-^1.

This species may in general be recognized by its habits, being usually

found burrowing in submerged timber, to which, notwithstaijding its

insignificaut appearance, it often proves very destructive.

The body is subcylindrical, tapering slightly at each end and covered

above with short hairs to which more or less dirt usually adheres. The
head is narrower than the first thoracic segment. The eyes are lateral and
consist of about eight ocelli, one central and the others around it. The
antennuliB (pi. IX, fig. 56 a) are short and seem to arise from near the

middle of the front of the head. The basal segment is the largest ; the sec-

ond and third are of slightly decreasing size ; the fourth or flagellar seg-

ment is much the smallest, and tipped with setffi. The antenngB (pi. IX,

fig. 56 1)) are more slender than the antennulie, and arise just below their

bases and a little farther apart. The first two segments are short; the

third slightly longer; the fourth and fifth increasing somewhat in length;

the flagellum is not longer than the last two peduncular segments, and

consists of a tapering segment, followed by a few short terminal seg-

ments provided with a terminal brush of setfe. The maxillipeds (pi. IX,

fig. 56 c) are slender; the external lamella is semi-ovate, with the inner

margin nearly straight, acute, and ciliated at the tip ; the palpus is

five-jointed but short, with the segments flattened, and all but the first

ciliated along their inner margins. The outer maxillte (pi. IX, fig. 56 d)

are slender, three-lobed, and ciliated at the tip. The inner maxillse (pi.

IX, fig. 56 e) are also slender, the inner lobe tipped with pectinate bristles,

the outer with robust spines. The mandibles (pi. IX, fig. 56/) are some-

what elongate, but of a simple form, being curved inward, flattened and

chisel-shaped at the tip ; below there is a slight tuliercle, apparently the

rudiment of the molar process ; externally, above the origin of the palpus,

is a prominent tubercle ; the i^alpus is short, of three subequal segments,

the last furnished with a rather imperfect comb of sette.

The first thoracic segment is about twice as long as any that foUow;

it is crossed by a broad, shallow depression, and is rounded at tlie sides.
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The second aiul third segments are each about half the length of the

first. The epimeral sutures are evident, aud the epimera are rounded
behind in the second segment, but a little more prominent in the third,

becoming acute and increasing in size and extension backward to the

seventh. The fourth segment is slightly shorter than the third, and per-

haps a little broader; the last three are short, decreasing in length to

the seventh, but maintaining about equal width. The legs are short and
rather robust. The first pair have the carpus triangular, but this seg-

ment becomes more elongate in the succeeding pairs. The dactyli are

robust, and are armed with a strong curved spine or claw at the tip and
a smaller one below it. The merus, and usually the ischium and carpus,

bear a few spiniform tubercles on the lower surface except in the last

pair, which are alsp more elongated and slender than the others.

The pleon is scarcely narrower than the thorax, and tapers but little

;

the first four segments are of equal length 5 the fifth is longer with a
median elevation and a transverse depression on each side. The last

segment (pi. IX, fig. 51a) is transversely oval or subcircular, broader than

long, with the anterior margin raised, especially at the middle, where the

elevation is continued a short distance on the segment, but posteriorly

it is flattened. The posterior margin is ciliate with hairs of various

lengths. The uropods (pi. IX, fig. 57b) are attached just in front of the

middle of the segment at its widest ])art. They consist on each side of

a somewhat wedge-shaped basal segment, ciliated and bluntly denticu-

lated distally on the outer side, and supporting two rami, between which

it is produced below into a strong tooth-like in^ocess. The outer ramus
is very short and curved outward ; the inner is not as long as the basal seg-

ment, and is ciliated externally and at the tip. Underneath, the pleon is

much excavated for the pleopods, which are strongly ciliated. The first

pair (pi. IX, fig. 57c-) consist on each side of a short basal segment bear-

ing two lamelhe; the inner lamella is almost four times as long as

broad, Avith nearly parallel sides, ciliated at and near the tip; the outer,

which is also in front of the inner, is sub-oval with the outer margin

more convex than the inner, ciliated near the tip and along most of the

outer margin, and inserted a little obli(|uel5' upon the basal segment.

The next three pairs of pleopods are similar to the first pair on each

side, except that in the males the second pair (pi. IX, fig. 57 d) bears a

stylet (6.-) articulated to the inner margin of the inner lamella about the

middle. The posterior pair of pleopods are smaller than the others and

not ciliated.

Length 4.5'""'; breadth 1.5"'™; color light grayish.

Much has been written upon the destructive habits of the Limnoria or

"gribble" and the means of in^eventing its attacks on woodwork, for

which the reader may consult especially the publications of Leach, Cold-

stream, Hope, Thompson, Moore, Gould, Bate and Westwood, Yerrill, and

Andrews, who has observed it attacking the gutta-percha of submarine

telegraph- cables.
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It is found boring in submerged wood along our coast from Florida! to

Halifax!, N. S., and the Gulf of St. Lawrence. It occurs above low-

water mark, but does not usually live far below that line ; it lias, however,

been found by Professor Yerrill at a depth of 10 fathoms in Casco Bay,

and was dredged by the U. S. Fish Commission in a depth of 7^ fathoms.

Cape Cod Bay !, Mass., in the summer of 1879. It is abundant, according

to European authors, in many localities on the coast of Great Britain

and in the North Sea. L. tincinata Heller, from Verbosca, in the Island

of Lesina, Adriatic Sea, appears to be the same species, as the differences

pointed out by Heller do not really exist, but were doubtless suggested

by the incorrect figures that have been published representing the uro-

pods with rami com2)osed of two or more segments. The form of these

appendages, as shown on plate IX, fig. 57 b, corresponds well with Hel-

ler's description. It was found by Heller associated with Chehira tere-

brans. Limnoria is said also to occur in the Pacific Ocean, and from its

habits might be expected to have a wide distribution.

Specimens examined.

2048

2047

Localitv.

Florida
Provincetown, Mass

.

Casco Bay
Bay of Fundv
Halifax, N. S

Habitat.

Boring in wood.
do

....do

....do

....do

When col-

lected.

Aug., 1879
, 1873

, 1872
. 1877

Eeceived from

—

Smithsonian Inst
U. S. Fish Com . .

.

....do

....do

....do

a "
Dry.
Ale.

Ale.
Ale.
Ale.
Ale.
Ale.

IX.—CIEOLAFID^.

Front formed of the approximate basal segments of the antennulse,

which are not covered by an anterior projection of the head; antennuhie

arid antennas i^resenting an evident distinction into peduncular and
flagellar segments; maxillipeds with a five-jointed palpus; mandibles

formed for biting, palpigerous ; legs all terminated by nearly straight

dactyli; epimera distinct behind the first thoracic segment; pleopods

at least the anterior pairs, ciliated; uropods biramous, the rami flattened

and ciliated.

This family is represented on our coast by two closely allied species

apparently belonging to the typical genus Cirolana, although approach-

ing the allied genus Conilera, to which I formerly referred them. They
have been hitherto usually referred to the following family, but the dif-

ferences in the structure of the mouth parts, first pointed out by Schiodte,

seem to warrant their separation as a distinct family. The mandibles

are formed for biting, being armed with loug and powerful teeth, which,

closing together like the blades of scissors, are well adapted for lacerat-

ing the flesh of fishes on which they feed. The first three pairs of legs

are fitted for i)rehension, but they are destitute of the strongly curved
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dactyli found in the ^f/idcv, and still better developed in tlie Cymothoidce,

In the Cirolanidcv the propodus, in the first three pairs of legs, is some-

what curved and the dactyli are nearly straight, so that while the first

three pairs of legs are powerful organs of prehension, they are also

capable of letting go preparatory to the seizure of another victim. The
posterior pairs of legs are ambulatory or fitted for swimming by their

form and armature of bristly hairs. The ciliated pleopods are also

l^owerful swimuiing organs, so that these animals are well fitted for the

predatory life they lead. The epimera are well separated by sutures

in all the thoracic segments behind the first. The pleon is scarcely nar-

rower at base than the last thoracic segment, and is composed of six

distinct segments, of which the last is much the longest, but not broader

than the preceding segments, and tapers posteriorly. The uropods are

lateral, articulated near the base of the last segment and distinctly

biramous.

The mouth-organs of this and the two following families have been

the object of special research by J. C. Schiodte, whose papers in the Natur-

historisk Tidsskrift have been in part translated in the Annals and

Magazine of IS'atural History. He regards Glrolana as representing " the

liighest development of the crustacean type among the Isopoda," and

even hints that Cirolana and ^ga should be removed to opposite ends of

the series of Isopoda. The same author would closely unite the Boxyy-

ridcc, ^ga, and the Cgmothoidce into a single group, the GymotJioce,

while acknowledging that the young of Cyniothoa cestruni, " according

to the classification hitherto current, * * * would rather be allied

to Cirolana than to Cymothon.'''' His classification, however, appears to

be based almost entirely upon the structure of the mouth, disregard-

ing the totality of structure upon which alone morphological classi-

fication can securely rest. In deference, however, to his views I have

here regarded Cirolana as the type of a distinct family, which must still

be considered as closely related with the two following families, on the

principle that it is " more important that similarities should not be neg-

lected than that differences should be overlooked."

Among the more important of the similarities by which these fami-

lies seem to be united may be mentioned the following, as exemplified

by our species. The segments of the thorax and pleon are all distinct

from each other, so that the body, in the adults, appears to consist of

thirteen segments behind the head, although in the genus Ourozeuktes

Edwards* the segments of the pleon are consolidated. The epimera

are distinct in all the segments behind the first thoracic. The pleon

may or may not taper from the base, but it is terminate*] by a large

scutiform segment, sometimes more or less sculptured, and bearing at

the sides, near the base, a pair of uropods, in which the basal segment

is more or less oblique distally and the rami lamelliform, though one of

them may be narrowly so. The pleopods are unprotected Ijy any form

* Hist. nat. des Crust., tome iii, \}. 275, 1840.
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of operculum audtbo auterior pairs are ciliated in the young- of all tbree

families, but tbis eiliatiou, as well as tbat ou tbe uropods, may be lost

in tbe sedeutary adults of tbe Cymothoidw. lu all our species tbe dorsal

surface is smootb tbrougbout, or minutely punctate under a lens, but

destitute of distinct rougbness, tuberculation or sculpture, except tbat

tbe telson may be laintly grooved or sculptured, and in some foreign

species more distinctly so.

Cirolaua Leach.

Cirolana Leach. Diet, ties Sci. nat., tome sii, p. 347, 1S18.

Tboracic segments subequal; eyes small, well separated; mandibles

armed with strong acute teetb; dactyli straight, or but slightly curved;

l^leon of six distinct segments; basal segment of uropods with tbe inner

angle i»roduced.

Two closely allied species are found on tbis coast, which I formerly

referred to tbe genus Conilera Leach. Further consideration induces

me to refer them rather to tbe present genus, although they have some

features which point toward ConiJcm, and are perhaps between that

genus and tbe typical forms of Cirolana. From Conilera^ as described

by Bate and Westwood, our species difler principally in the more
robust four posterior pairs of legs, in tbe produced angle of tbe basal

segment of tbe uropods, and in tbe structiu-e of the first pair of pleopods,

which are not operculiform either in size or texture. Of these two

species one is abundant and is described at length. Tbe description

will, however, apj^ly almost equally well to the other except in tbe few

points mentioned in tbe appropriate place. Tbe characters given,

though slight, appear to be constant, and I have therefore retained tbe

two specific names.

Tbis genus difiers irovaJEga in the structure of the legs, and was placed

by Professor Dana in a separate subfamily. In Cirolana tbe first tbree

pairs of legs are strong, and armed with minute spine-like claws at tbe

tip of tbe nearly straight dactyli ; tbe propodi in these legs are robust,

spiny, and somewhat curved, and some of tbe preceding segments are

also armed with spines. These legs thus form powerful organs for seiz-

ing lining prey, and are not, as in tbe Cymothoi(l(c, and, in a less degree,

in ^ga, merely fitted by their curved dactyli to retain tbe bold of the

animal upon its host in a jiarasitic existence. The last four pairs of

legs are well ciliated and capable of use either for walking or swim-

ming, and these animals are thus fitted for their active and predaceous

life.

Cirolana concharum Harger (Srimpsou).

JE<ja concharum Stimpsou, Mar. Inr. G. Manan, p. 40, 1S53.

Liitken, Yidensk. Meddel. , 1859, p. 77, 1860.

Conilera concharum Harger, This Report, part i, p. 572 (278), 1874.

Yerrill, This Report, part i, p. 459 (1C5), 1874.

Cirolana concharum Harger, Proc. U. S. Xat. Mas., 1*79, voL ii, p. 101, 1879.
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Plates IX and X, Figs. .''>S-G3.

This species may be most readily recognized among our Isopoda by
tlie distinct thoracic and abdominal segments, tbe small lateral eyes,

and tbe evident distinction, in both antennnlfc and antennae, of pedun-

cle and flagellnm. From tbe next species it is distinguished by tbe tip

of tbe telson, wbicb is truncated, or sligbty emarginate, and grooved on

tbe median line above near tbe end.

Tbe body is, wben extended, about three times as long as broad, and.

is smooth and polished throughout. The bead is quadrate, a little broader

in front than behind, and embraced at tbe sides by tbe first thoracic

segaaent. Tbe eyes are triangular, with the angles rounded, and are

often partially covered below by tlie projecting anterior lobes of tbe first

thoracic segment. They are separated by about three times their long-

est diameter. Tbe antenuulfc (pi. X, fig. CO) are robust, witb their

basal segments in contact; tbe first segment is short and sub-spberical
j

the second also short ; the third cylindrical and as long as the first two
taken together and followed by a robust, but short, tapering flageUum,

consisting of about fifteen segments, of which the second is as long as any
other two, but tbe rest are all short. The flagellar segments beyond
the first are provided each with a tuft of " olfactory sette." Tbe antennae

(pi. X, fig. Gl a) are longer and more slender than the antennulse, and
are separated at their bases. The first four peduncular segments are

robust ; the first two short ; the third and fourth each about twice as

long as the first or second, and tbe fiftli or last peduncular segment
sbgbtly the longest and much tbe most slender. Tbe fourth and fiftb

segments bear along tbe distal iiortion of their outer margins long

bristle-form hairs. The flagellnm is slender and composed of from 15

to 18 segments, eacb bearing a few short bristles. The maxillipeds

(1)1. X, fig. 62a) are elongated and almost pediform but flattened;

tbe external lamella is small and subtriangular, rounded and hairy at

the tip; the palpus is five-jointed, with the last four segments broad,

flattened, and Avell ciliated ; tbe tip of the maxilliped, nearly concealed

by the large palpus, is provided witb very densely i)lumose bristles.

The outer maxillae (pi. X, fig. Gl b) are short and robust ; the two articu-

lated lobes narrow ovate, rounded at tbe tip, armed, especially tbe inner

one, with spines and plumose or pectinated bristles. The inner maxillae

(pi. X, fig. Gl c) are robust, witb the outer lobe armed witb strong smootb
spines; the inner lobe rounded at the end and bearing three straigbt

rather blunt spines, densely covered toward the tip witb soft hairs.

The mandibles (pi. X, figs. Gl d) are robust and horny at tbe tip, armed
with one strong acute tooth, and in tbe right mandible witb one acute
and one obtuse tooth along a cutting edge, while tbe left mandible has
three less acute teeth along this edge. Each mandible is, moreover,
provided with a molar process or area (m), on its inner surface set along
its interior and upper margin witb spines. A narrowly lanceolate leaf-

bke appendage is attached just below tbe molar area. This appendage
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is fiirnislied -with a few bristles near the base, and its npper edge is

armed with minute denticles; it is movable and ordinarily concealed

behind the mandible. On the external surface, just above the origin

of the paljjus, each mandible bears two elevated, conical, obtuse tuber-

cles. The palpi are slender, the second segment longest and hairy on
the margin beyond the uiiddle, the last segment slender and curved,

with the usual hairs or slender bristles along the inner curvature.

The second and third thoracic segments are a little shorter than the

others, which are of about equal length. The fourth and fifth segments

are widest. The first segment is produced at the sides around the head
so as to very nearly attain the anterior lateral angles of the head, and
often so as to obscure the lower margin of the eyes. The epimera^u-
tures are scarcely distinguishable in this segment, but evident in the

following segments. The epimera are rounded behind as fiir as the

fourth, but the fifth is slightly angulated, and the sixth and seventh

acute and produced backward beyond the margin of the corresponding

segment. The first pair of legs are short and stout, and well armed
with spines and bristles ; the basis is of the ordinary form ; the ischium

is nearly triangular, having the upper margin much produced in the

distal portion and bristly ; the merus is expanded in a somewhat similar

manner, but the angle is bent forward beyond the short carpus over

the base of the propodus
} the opposite or lower margin of the merus

is armed with short stout spines ; the carj^us is short and small and

])ossesses but little motion on the propodus, which is robust, somewhat
curved, and bears a strong short dactylus. The second and third pairs

of legs resemble the first pair, but the carpus increases somewhat in

size, and there is more motion in its articulation with the propodus.

They are directed forward, while the remaining pairs are usually

directed backward and are more flattened. The fourth i^air of legs

are short like the first three (pi. X, fig. C2 h), but, except in size, resem-

ble the following pairs. They are well i)rovided with bristles in tufts,

and along the margins of the segments, and especially the merus and

two adjacent segments, are armed with long stout spines. The pro-

l^odus is straight and much more slender than the carpus. The fifth

and sixth pairs of legs increase in size, and the propodus especially be-

comes more elongated, but the seventh pair are a little smaller than the

sixth.

The pleon is scarcely narrower at base than the last thoracic segment,

and the first segment is often nearly concealed by the last thoracic. The
fifth segment is longer on the back but shorter at the sides than the

I)receding segments. The last segment, or telson, is triangular with the

ciliated apex truncated and emarginate or notched at the end of a short

median furrow at the tip. The uropods (pi. X, fig. C3) slightly surpass

the telson and are strongly ciliated ; the inner ramus bears also a few

spines near the tip ; the basal segment has the inner angle produced

along the margin of the inner ramus, which is broad and expanded
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distally, witli a notch at the external angle ; the outer ramus is slender

and tapering", slightly surpassing the inner.

Length of large specimens 32°'"', breadth 10™°^, but usually smaller;
22mn» long, 7™°' broad. The ground color in life is yellowish, with reddish

brown on the anterior margin of the head and on the posterior margins

of the segments, esi)ecially in the dorsal region, where the segments are

also marked with black dots. In life the body is somewhat translucent

in the thinner parts. In alcohol the trauslucence disapijears and the

color fades to a nearly uniform yellowish or buff with black dots.

This species was described by Stimpson from Charleston, S. C. Most
of the specimens in the collection are from Vineyard Sound !, where it

occurs sometimes in great abundance, and is common especially during

the winter. It is found swimming about in shallow water, and may be

taken in a scoop-net, and is found also in lobster-pots. It was dredged in

45 fathoms off Block Island
!

, near the eastern end of Long Island Sounc\j

in 1874, but has not yet beeil found north of Cape Cod.

Specimens examined.

2061
2060
2065
2063
2063
2064

Locality.

Oflf Fishers Island
Vineyard Sound
....do
Eel-pond, Wood's Holl .

Off Nevf Shoreham
Off Martha's Vineyard.

Bottom.

S.f.

Muddy.

Sandy

When col-

lected.
iReceivedfrom—

May —, 1875
Mar. —, 1874
Aug. 25, 1875
July 23, 1875
Aug. 19, 1874
Sept. 20, 1875

J. H. Latham .

.

V. N. Edwards
U. S. Fish Com
....do
....do ,

....do

100+
10
1

100+
1

1

Dry.
Ale.

Ale.
Ale.
Ale.
Ale.
Ale.
Ale.

Cirolana polita Harger (Stimpson.)

xEfja polita Stimpson, Mar. luv. Grand Manan, p. 41, 1853.

Liitken, Vidensk. Meddel., 1859, p. 77, 1860.

Verrill, Am. Jour. Sci., Ill, vol. v, p. 16, 1873.

Conilera polita Harger in Smith and Harger, Trans. Conn. Acad., vol. iii, pp. 3,

2-2, 1874.

Verrill, Am. Jonr. Sci., Ill, vol. vii, p. 411, 1674.

Cirolana polita Harger, Proc. U. S. Nat. Mus., 1879, vol. ii, p. 161, 1879.

This species so closely resembles the preceding, that a full description

would bo little else than a repetition of that given above. It appears,

however, to differ constantly from the form already described, by its

somewhat more elongated and cylindrical body ; in the eyes, which are

" elongate trapezoidal in shape, narrowest anteriorly," and in the tip of

the telson, which is regularly rounded or slightly i)ointed at the tip with-

out any truncation, much less any emargination, and is not at all grooved

above.

Length 25'"'", breadth 6.5'"'" ; color much as in the preceding species.

Dr. Stimpson's specimens were "found on the fine sands at low-water

mark on High Duck Island," in the Bay of Fundy, and the specimens

that I have examined are from Cape Cod Bay
!
; from near Salem !, Mass.

;
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George's Banks !, and east of Banqiiereau
!

, or Quereau, latitude 40'^ 36'

north, longitude 57^ 12' west, where seven flue specimens were taken,

ft-oin a halibut {Hipjyoglossus), June 2, 1879, by Capt. J. W. Collins. It

appears to replace the preceding- species at the north.

Sj}eclmens examined.
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following family. The remaiuing i)airs of legs are fitted for walking.

Tlie thoracic segments are subequal in length and have the epimera well

separated, except in the first segment.

The pleon may or may not be suddenly narrower than the last thoracic

segment, and, in our species, is composed of six distinct segments, of

which the last is large and scutiform. The uropods aie composed of

a basal segment, oblique at the apex with the inner angle more or less

produced, and bearing two flattened, ciliated rami; they are distinctly

lateral, being inserted high up on the sides of the last segment.

This family contains our largest Isopod, ^ga inora^ and to it should

probably be referred the huge Bailiynomus giganteus A. Edwards, from

the Gulf of Mexico, measuring more than eleven inches in length. It

has usually been regarded as embracing the Cirolaiiida\ I have already

given my reasons for separating them, but have to regret my inability to

examine many types of genera apparently more or less intermediate in

position between JEga and, on the one hand Cirolana, and on the other

Cymothoa and Livoneca, I have therefore retained the old classification

rather than to unite the following genera with the Gymothoidce.

Our two geuera are most easily distinguished as follows : Eyes large

and approximate, ^ga^ p. 80; eyes wanting, Syscenus, i). 93.

iljga Leach.

^ga Leach, Trans. Liua. Soc, vol. xi, p. 3C9, ISl.'').

Eyes large
;
palpus of maxillipeds five-joiuted ; three anterior pairs of

legs terminated by strong curved claws
;
posterior pairs slender, with

slender nearly straight dactyli
;
pleon not suddenly narrower than the

thorax
;
i^leopods ciliated.

This geuus is represented within our limits by a single species, which

may be easily distinguished by its large approximate eyes. The basal

segments of the antennuhe are flattened and the flagellum is compara-

tively slender. The maxillipeds have a five-jointed palpus, which is

short and flattened and bent around the oral opening, and the inner

margins of the three terminal segments are provided with a row of

strong hooked spines, which are also found upon the outer maxillse^ thus

forming two rows of short hooks on each side of the mouth, by means

of which the oi^ening of the mouth can be closely applied to the fish on

which these animals prey. The inner maxillae are slender and styUform

and armed with sharp curved spines at the apex, and the mandibles are

also acute and fitted for piercing. The body is moderately convex, and
the last four pairs of legs are nearly alike ambulatory and of moderate

length, the last j^air, when extended, scarcely surpassing the telson.

The pleOn is composed of six distinct segments, and the basal segment
of the uropods is strongly produced at its inner angle, as usual in the

family. The pleopods are ciliated in the adults as well as in the young.
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wEga psora Kroyer (Linn6).

Oniscua psora "Lirm^, Fauna suecica, ed. ii, 1761"; Syst. Nat., ed. xii, torn, i,

p. 1060, 1767.

"Pennant, Brit. ZooL, vol. iv, pi. 18, fig. 1, 1777 (certe)" (B. »feW.).

O. Fabricius, Fauna Grccnlaudica, p. 249, 1780.

Mohr, Islandisk Naturhistorie, p. 110, 1786.

^{/a emarginata Leach, Trans. Linn. Soc, vol. xi, p. 370, 1815; Diet. Sci. nat.,

tome xii, p. 349, 1818.

Samonelle, Ent. Comp., p. 109, 1819.

Desmarest, Cousid. Crust., p. 305, pi. 47, figs. 4, 5, 1825.

Griffith and Pidgeon, Nat. Hist. Crust., p. 218, pi. viii., fig. 3, 1833.

Edwards, Hist. nat. des Crust., tome iii, p. 240, 1840 ; Regne Anim., Crust.,

pi. iv, tig. 4, and pi. Ixvii, fig. 1, 1849.

Gould, ?Rep. Geol.Mass., p. 549, 1835; Invert. Mass., p. 338, 1841.

Gosse., Man. Mar. ZooL, vol. i, p. 134, 185*.

^(/a {Oniscus psora) Kroyer, Gronlands Amfipoder, p. 318, 1838,

xEga iisora Lilljeborg, Ofvers, Vet. -Acad. Fiirh., 1850, p. 84, and 1851, p. 24.

Lvitken, Vidensk. Meddel., 1858, pp.65, 179,1859; ibid., 1860, p. 181(7)
1861; Crustacea of Greenland, p. 150, 1875.

ScModte, Ann. Mag. Nat. Hist., IV, vol. i, p. 12, 1868.

Bate & Westwood, Brit. Sess. Crust., vol. ii, p. 283, figure, 1868.

M. Sars, Chr. Vid. Selsk. Forh., 1868, p. 261, 1869.

G. O. Sars, Hard. Fauna, Crust., p. 275 [32], 1872.

Verrill, Am. Jour. Sci., Ill, vol. v, p. 16, 1873.

Smith and Harger, Trans. Conn. Acad., vol. iii, p. 22, 1874.

Whiteaves, Further Deep-Sea Dredging, Gulf St. Lawrence, p. 15, " 1874."

Metzger, Nordseelahrt der Pomm., p. 285, 1875.

Meinert, Crust. IsoiJ. Ami)h. Dec. Danise, p. 89, "1877."

Miers, Ann. Mag. Nat. Hist., IV, vol. xix, p. 134, 1877.

Harger, Proc. U. S. Nat. Mus., 1879, vol. ii, p. 161, 1879.

JE(ja entaillcc Latreille, R^gue Anim., tome iv, p. 134, 1829.

*
Plate X, Fig. 64.

The present si^ecies is the largest Isopod, and indeed the largest

Tetradecapod known on the N^ew England coast, reaching a length of

nearly or quite two inches and a breadth of one inch, and has even at-

tained to the dignity of a popular name, "salve-bug", by which it is

known among tishermeu. It may be further distinguished by its large

approximate eyes, covering a large proportion of the upper surface of

the head, and by the possession of ancoral legs in three pairs only, the

last four pairs of legs being fitted for walking.

The body is oval, broadest at the fourth and fifth thoracic segments,

where the breadth is about half the length. The dorsal surface is

moderately convex and smooth except for minute and rather scat-

tered punctatious, which occur also on the legs, especially on the basal

segments, on the antennul^e, the uroi)ods, and even the pleopods.

The head is transverse and sub-triangular, salient in front between

the bases of the antennulte. Much of the upper surface of the head is

covered by the large oval or somewhat renilorm eyes, which do not quite

meet on the median line. The autennulte when bent backward nearly

or quite attain the anterior margin of the first thoracic segment, and
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liave tlieir first two segments large and flattened, and wedge-sliaped in

front ; of these the basal segment is quadrate in outline, as seen from

above, and nearly as broad as long; it closely a])i)roaches its fellow of

the opposite side in front, but is separated from it behind by a median
process of the head ; the second segment is triangular in outline, as seen

from above, with the apex of the triangle extending beyond the origin

of the third slender cylindrical segment, which is followed by a tapering

flagellum of about a dozen segments. The antennae when reflexed

extent! beyond the first thoracic segment and have the first two seg-

ments short and compressed, the third somewhat longer, the fourth

and fifth longer and nearly cylindrical, followed by a taiiering flagellum

about as long as the i^eduncle and composed of fifteen to twenty seg-

ments. The maxillipeds have a short triangular external lamella and
a five-jointed paljDus, of which the first segment is short aud transverse;

the second is triangular and bears, on its inner apex, a few slender

hooked spines ; the third segment is broad and flattened, with the inner

margin short, and armed with about three robust hooked spines ; the

fourth segment is flattened and transverse and armed along its inner

margin with about six similar spines ; while the fifth segment is small,

sub-oval, and armed with much more slender curved spines. The outer

maxillae are provided with curved spines at the apex much like those of

the maxillipeds. The inner maxillce are rod-like and terminate in sharp

somewhat curved spines placed close together. The mandibles support

a slender palpus of three segments, of which the middle one is much the

longest, and the last is robust and sickle-shaped, with a comb of short

spines along the inner curve. This segment lies, in the ordinary posi-

tion, just at the base of the antenna of the same side.

The first thoracic segment is, at its anterior margin, scarcely broader

than the head, but expands rapidly backward. It is excavated in front

for the eyes, which project somewhat beyond the j)osterior margin of the

head. The second, third, and fourth thoracic segments are each a little

shorter than the first; the fifth and sixth are somewhat longer; the

seventh is shorter than the sixth. The epimera of the first thoracic seg-

ment are not separated by suture, but in the second aud following seg-

ments they are so separated, and, especially on the anterior segments,

marked with two oblique depressed lines. The epimera of the second,

third, and fourth segments are rounded or truncate behind, but in the

posterior segments they become acute and extend beyond the angles of

the segments to which they are attached. The iirst three pairs of legs

are short and armed with strong hooked dactyli. The propodal seg-

ments are also curved, and the carpus is short in the first pair but

somewhat longer in the second and third pairs. The merus is almost

crescent-shaped in the first pair of legs, its horns embracing the carpus

above and below, but it becomes more elongated in the succeeding pairs;

in aU three pairs its inferior margin is armed with a few short, stout

spines. The foirrth and succeeding pairs of legs are of quite a different

25 F
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type from tlie first three. The four segments following the first or

basal one are straight, cylindrical, or slightly compressed, armed with

short spines, especially below and at the distal end, subeqiial in length

but decreasing in diameter to the propodus, which bears in each x^air a

short, slightly curved and comparatively weak dactylus. The seventh

pair is only imperfectly developed in the young specimen figured, but

never quite attains the size of the sixth i)air, which is the largest.

The pleon is scarcely narrower than the last thoracic segment and
tapers but little to the fifth segment. The last segment is triangular,

with the sides but little dilated, and is pointed at the tip without grooves

or carinations. The uropods scarcely surpass the telson ; the basal seg-

ment has its inner angle long and spiniform, extending the whole length

of the inner margin of the inner ramus and ciliated toward the tip; the

rami are flattened, the outer elongate ovate, obtuse ; the inner with the

inner margin straight, the outer curved and emarginate near the tip.

Both rami and the posterior i)art of the telson are ciliated.

Length 10-50™"", breadth 7-25™"^; color in alcohol light brown, darker

toward the head ; eyes black.

Linne's description of Oniscus psora is too indefinite to be certainly

recognizable, and in using his trivial name I haA^e followed the au-

thority of Liitken and others. Our specimens agree well with the de-

scription of 0. psora by O. Fabricius, and are undoubtedly identical with

that species, which he describes as infesting the cod. They appear to

correspond also with Bate and Westwood's figure and descriptions, al-

though those authors make no mention of Fabricius under ^. psora. As
Kroyer referred the species to its proper genus, I have adopted his name
as authority for the combination.

The specimen figured was dredged in the summer of 1872, a little to

the northeast of St. George's Bank !, in latitude 42° 11' north, longitude

67° 17' west, in 150 fathoms, soft sandy mud with a few pebbles, and is

young, as shown by its size and imperfectly developed seventh pair of

legs. Adults may surpass the size of the figure, but the specimen drawn
was enlarged three diameters. Adult specimens were obtained from the

Provincial Museum, Halifax, oSTova Scotia, labeled as found on the cod,

and were probably from the fishing banks of that region, or from the

Banks of ISTewfouudland. During the summer of 1879 a considerable

number of specimens were received by the Fish Commission through

the Gloucester fisheries, of which only a few are included in the table of

specimens examined. These specimens were parasitic On the cod [Gadus

morrhua), and on the halibut {Hijtjyof/lossus). Specimens have also been

obtained from the skate {Baia). Whiteaves records this species from a

halibut, on the north shore of the Gulf of St. Lawrence. Fine speci-

mens were obtained by Mr. IS". P. Scudder from ofl: Holsteinborg,

Greenland, in Davis' Straits
!,

parasitic on the halibut, and collected in.

July and August, 1879. It extends to Iceland (Edw. et al.) ; the British

Isles (B. and W.); the North Sea (Metzger); Finmark (Sars), and Spitz-

bergen (Miers).
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Specimens examined.

sst

1398

2139

2154
2156
2157

2158

2155

Locality.

George's Bank, lat.

42° 11' N., Ion. 67^
17' W.

George's Bank.

.do

.do
N. E. George's Bank.
Gulf of Maine
Bauquereau

Grand Menan Bank.

.

do
Brown's Bank

, do
do

Lat. 43° 25' N., Lon.
60° W.

Davis's Straits

150

40-50

100

100
52

30
180

Parasitic on

—

Codflsk
...do
....do
Skate (Baia)

.

Halibut
Codfish

Codfish .

...do ...

...do ...

Halibut.

...do ...

When col-

lected.

-, 1872

—, 1878

May
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The body is more than twice as long as broad and only moderately

convex. The head is small and as seen from above is transversely

somewhat diaJlond-shaped with rounded angles. It presents in front

a slight x^rolongation between the antennulse, and on each side of the

short median process its outline is excavated above the bases of the

antennulie. The i)osterior margin is curved, but near each end is a

faint indication of a lobe, projecting backward like the ocular lobes in

JEga^ but the eyes are wanting. The antennuhe arise near together on

each side of the front and are short, extending when retlexed but little

beyond the lateral margins of the head and only slightly surpassing the

fourth antennal segment. They are readily distinguishable into pe-

duncular and flagellar segments, the first three segments being of com-

paratively large size and about equal length ; the second segment much
flattened below against the antennre 5 third more slender than the first

two and followed by a short, taiiering six-jointed flagellum. The anten-

nulae are in their natural position reflexed, the second segment being

articulated at an angle with the first. The antennae are considerably

longer than the antennuloe and, when reflexed, slightly sm^pass the pos-

terior border of the third thoracic segment. They are inserted below

and a little outside of the antennulie. The first segment is short and

flattened below; the second is also short, the two together being hardly

longer than the basal antennular segment; the third segment is about

as long as the first two together, and the fourth is a little longer than

the third, but of slightly less diameter; the fifth is more than one-half

longer than the fourth, but is more slender and is followed by a slender,

tapering flagellum of about twenty-four segments. The last two pe-

duncidar segments bear a row of elongate bristly hairs along the margin

which, when reflexed, is brought next the body, and the row is continued,

though with shorter hairs, along the flagellum. The palpus of the maxil-

lipeds is composed of two segments of which the first is nearly square

and armed at the inner distal angle with a minute hook; the second

is bluntly triangular and armed at the apex, which is directed inward,

with three booklets. The external lamella is small and subcircular.

The outer maxilloe are armed with short hooks at the tip ; the inner with

minute denticles. The mandibles are flattened and denticulate at the

tip and bear a three-jointed palpus of which the three segments decrease

in size to the last.

The first thoracic segment is twice as long as the second; its anterior

margin is adapted to the head; its posterior margin is nearly straight

above and rounded at the sides until the epimeral region is reached,

when a short, pointed projection juts backward, being the tip of the

epimeron on each side, here united with the segment. The next three

—second, third and fourth—thoracic segments are of about equal length,

and each a little over half the length of the first segment; their pos-

terior margins are nearly straight above and rounded at the sides; the

third segment is broadest. The fifth and sixth segments are each a
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little louger than the second ; the seventh about as long as the second.

The last segment, and in a less degree the sixth and fifth segments,

have their posterior margins excavated along the bacET; all have their

lateral angles rounded, although the angles of the seventh segment are

but slightly so. The epimera are short and pointed; those belonging

to the second and third segments are larger than the following ones,

and are applied directly to the lateral margin of the segments; the

posterior four pairs of epimera are shorter and smaller, and are separated

from the lateral borders of the segment by a fold of the integument

cutting off a portion of the anterior lateral angle and increasing in size

to the last segment.

The first three pairs of legs are alike, distinctly ancoral and directed

forward. In each the basis is much the longest segment; the ischium

is strongly flexed upon it; the merus is expanded distally around the

base of the carpus and bears a few bristles at the outer angle; the

carpus is short, less than half as long as the propodus, and the dac-

tylus is strong and curved. The fourth pair of legs, like those that

follow, is directed backward ; the basis is the longest segment and the

ischium is strongly flexed upon it and of more than half its length ; the

merus, carijus and propodus are each about two-thirds as long as the

ischium, and all four segments are armed distally with a whorl of spines

around the articulation with the succeeding segment; the dactylus is

slender, sharj) and curved. The fifth paii- of legs is longer than the

fourth by a little more than the length of the dactylus, the elongation

being in the segments from the ischium to the i^ropodus inclusive. The
sixth pair is the longest, being, when extended, as long as the thorax

and pleon together. This elongation is confined also to the four seg-

ments above indicated, and of these the ischium is about as long as the

basis; the merus fiills a little short of the ischium in length; the carpus

and propodus are of equal length, and are as long as the ischium; all

these segments are slender and slightly curved, and are armed distally

and along their inner side with short si)inules. The dactylus is slender

and curved. The seventh pair of legs resembles the sixth but is shorter

by about half the length of the propodus. The fifth pair does not

alrtain the middle of the carpus of the sixth.

The pleon is of less diameter than the last thoracic segment and
about as long as the last five thoracic segments. Its transverse diame-

ter increases slightly to the base of the last segment, where it is broad-

est; the fifth segment is a little longer than the preceding one, and
the last segment is of a broad ovate form, acuminate and ciliated at the

tip, truncated at the base and smooth above, except for a faint trans-

verse impression on each side near the base, and a still more faint im-

X)ressed median line toward the tip. The ui'opods attain the tip of the

telson but do not surpass it; they have the basal segment oblique but

not produced at the inner angle, and bearing two elongate-elliptical
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rami, tapering at tlie base and ciliated, tlie inner about one-tliird longer

than the outer. The pleopods are quite naked and destitute of cilia.

Length 23"™; breadth, 9™°^; breadth of pleon 4™™; length of head 3'™;

breadth 4.2-".

A single siiecimen of this species was dredged by the U. S. Fish

Commission, about fifteen miles northeast of Cape Cod!, in 130 fathoms

brown mud, September 10, 1879.

XI.—CYMOTHOID.^.

Head produced anteriorly over the ])asesof the antennulte ; maxillipeds

few-jointed, operculiform ; mandibles palpigerous; mouth suctorial; legs

armed with strong curved dactyli; epimera distinct behind the first

thoracic segment ; telson large and flattened
;
pleopods not ciliated

;

nropods articulated near the antero-lateral angles of the last segment,

and composed of a more or less flattened basal segment bearing two
flattened rami; habit parasitic; body often unsymmetrical by distortion

in the adults.

This family is represented within our limits hy three genera and as

many species. They are parasitic in habit, usually on fish, and fix them-

selves by their strongly-curved claws to their host, often within the

mouth, or about the branchial cavity, and frequently become distorted

when fully grown. In all our species the head is small, and has the

anterior margin produced, concealing the bitses of the antennulse and
the antennae. The head is three-lobed behind, and the first thoracic

segment is adapted to it. The antennulae and antennfe are both short

and tapering, without very evident distinction into peduncular and
flagellar segments. This distinction is, however, usually more or less

evident on examination.

The epimera are well separated, except in the first segment, and may
be projecting and conspicuous. The legs are of nearly the same form

throughout, but increase in length and become more slender posteriorly.*

The basal segments are in some genera enlarged and flattened, but not in

ours ; the joint between the basis and ischium is strongly flexed, and
the segments, at least beyond the ischium, to the dactylus, are short and
capable of but little motion on each other. The dactylus is strongly

curved and admirably fitted for firm attachment to the host on which the

animal may be living. In our species the legs, in the natural position,

are concealed in a dorsal view beneath the body of the animal, to the

under surface of which they are appressed, the first three pairs being

directed forward, and the last tliree backward, as represented in plate

X, fig. G6.

The pleon in our si)ecies is not suddenly narrower than the thorax,

as it is, however, at least in the adults, in some genera belonging to this

family. The segments of the pleon are distinct, the last one scutiform

"lu^r/^/s^oneSchiodte the seventh pair of legs "reach to the extremity ofthe tail and
are slender, compressed cra^wlinglegs, with a small, almost rudimentary, straight claw."
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find of moderate size, not being greatly enlarged. The pleopods arc

destitute of cilia in tlie ndults.

Tliis family is evidently closely related to the preceding and may yet

have to be united with it, or even be extended so as to include also the

Cirolanidcc. Our representatives of the three families are so few that

I have had little opportunity to study the genera, and as before stated,

I have separated the Cirolanidce priucii^ally in deference to the opinions

of Schiodte. Alitropus Edwards, Syscenus Harger, and ^(jathoa Dana
may be mentioned as genera pointing toward a transition between the

^gidcc and Cymothoidcc, and it is evident that the latter family is made
up of forms degraded by parasitism. They have thus exchanged the

ambulatory legs of the ^gidcc for strictly ancora.1 legs, for the most part

in seven pams, and have lost the natatory cilia of the pleopods. Their

antennary organs are also much less iierfect than in that family. All

these modifications are in the line of the sedentary life of a iiarasite.

The interesting observations of Mr. J. F. Bullar have shown that in

certain genera of the Cymothoidce {Cymothoa, Xerocila, AnUocra) a peculiar

form of hermaphroditism occurs, the young at a certain stage of devel-

opment being males with well developed testes and external organs,

but possessing at the same time ovaries with the oviduct ending blindly.

As development proceeds the male organs are lost by molting, the ovi-

duct obtains an external opening, the incubatory pouch is developed,

and the animal becomes a fem?Je. Mr. BuUar's statements provoked
considerable discussion, but they have recently beeu verified by Mayer,

who has, however, shown that self-fertilization does not occur.

Three genera of Cymothoidw are represented within our limits by as

many species, and a fourth species, Cymothoa irrmgufitator Say* (La-

trobe) may yet be found, being not a rare parasite in the mouth of the

menhaden [Brevoortia menhaden Gill) in southern waters. The projec-

tion of the front of the head over the bases of the antennary organs,

and the strongly hooked or ancoral legs are characteristic of the family,

and the genera may be distinguished by means of the following table

:

c ciliated, eyes large conspicuous, JEgathoa, p. 393

Uropod8<
Tj. 1

. -1 -1 < symmetrical; posterior epimera elongated, Ncrocila,-^. 2Q\

\
'

i unsymmetrical; ejiimera short, Xu'OHCcrt, p. 394

Nerocila Leach.

NerocUa Leach, Diet. Sci. nat., tom. xii, p. 351, 1618.

Body oval; head small; eyes of moderate size; posterior thoracic seg-

ments and epimera angulated or spiniform, giving a sharply serrated

or dentated outline to the thorax; first two "abdominal epimera" also

spiniform; pleon of six distinct segments.

Our species of Nerocila has the characters of the genus much less pro-

nounced than some foreign ones, as the posterior epimera are nearly

*Jour, Acad. Nat. Sci. Phila., vol. i, p. 395, 1818.
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or quite concealed from above by the projecting angles of tlie segments,

and tlie " abdominal epimera" are mostly concealed beneath the pleon.

These organs are the much elongated inferior angles of the segments,

which in allied genera, as ^gathoa, are short and not produced. In a

lateral view they considerably resemble the posterior epimera, giving

the appearance of two additional pairs. The specimen first described is

smaller than others that have since been obtained.

Nerocila munda Hargei'.

Xerocila munda Harger, This Report, i)a.rt 1, p. 571 (277), 1374; Proc. U. S. Nat.

Mils., 1879, vol. ii, p. 161, 1379.

Verrill, Tins Report, part i, p. 4.59 (165), 1874.

Plate X, Fig. 65.

This si)ecies may be recognized among our Isopoda by the projecting

posterior epimera, and the two pairs of spiniform "abdominal epimera"

beneath the pleon.

The body is oval, twice as long as broad, smooth, iiolished, and mod-

erately convex. The head is flattened, broader than long, narrowing

anteriorly, broadly rounded or subtruncate in front, three-lobed behind,

with the middle lobe largest. The eyes are black and consist of an

irregularlj" rounded patch of small indistinct ocelli, and are visible

both above and below. The antennui ce are about as long as the head,

and composed of eight segments, of which the first is short, the second

is the longest, and the remaining six decrease pretty regularly in size

to the last. The antennae are a little longer and more slender than the

antennultB and have the first segment short, the second subglobose, the

third, fourth, and fifth cylindrical, and a little larger than the segments

of the flagellum, which are about five in number. The mandibular palpi

are longer than any three segments of the antennae, and the first seg-

ment is large, the second elongate conical, the third shorter, cylindrical.

The first thoracic segment is much longer than the succeeding ones

and adapted to the head in front. It is slightly produced at its lateral

angles behind, or rather appears so from the union of the epimera, which

really constitute the projecting angles to the segment. In the second,

third, and fourth segments the posterior angles are but little produced,

and are equaled or slightly surpassed by the epimera, but in the last three

segments the posterior angles are acutely produced much beyond the

epimera of the corresponding segments, the angle of the sixth segment

nearly attaining the end of the seventh epimeron. In a lateral view,

only the last two epimera are decidedly acute, while those of the second

and third segments are obtuse and rounded behind. Seen from below,

the posterior angles of the epimera are acute throughout. The first pair

of legs are slightly more robust than the second and third ; the last four

pairs are still more slender, the last pair longest, and the last two pairs

armed with a few short spinules.

The pleon is shorter than the thorax and much narrower, though
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not siiddeuly so and tapers but little posteriorly; the telson is flat-

tened, and regularly rounded behind. The " abdominal epimera" are

acute, the second smaller and more slender than the first, but their ex-

tension backward varies with the state of contraction of the pleon. The
uropods (pi. X, fig. 65 a) surpass the telson, and have the inner angle of

the basal segment sharply produced. The rami are flattened; the ex-

ternal one twice the length of the basal segment, narrowly ovate or lan-

ceolate, sometimes slightly curved, and surpassing the telson by half its

length. The inner ramus is narrowly oval, obliquely truncate behind

and about three-fourths as long as the outer.

The length of the specimen figured, which was the one first described,

is 15««", breadth T™"", but specimens measuring 25'"'" in length have
since been collected; color brown or greenish, with two narrow dorsal

bands of lighter color, most evident at the extremities.

The original specimen was obtained on the dorsal fin of Ceratacanthus

anrantiacus at Wood's Holl!, Yineyard Sound, in 1871, and two ;nore

specimens of larger size have since been obtained, also from Vine yard
Sound!, Mass,

iEgathoa Dana.

JEijathoa Daua, Am. Jour. Sci., II, vol. xiv, p. 304, 1352.

Body elongate oval
;
pleon not suddenly narrower than the thorax

;

head large, subtriangular ; eyes large ; legs nearly alike throughout,

with strong curved dactyli ; epimera of moderate size or small
;
pleon

long and large, composed of six distinct segments
;
pleopods not cili-

ated ; uropods more or less distinctly ciliated, rami subequal.

This genus is represented in our fauna by a species parasitic in the

mouth of a squid. The large, granulated eyes remind one of ^ga, and
the ciliated uropods also indicate the approximation of this genus to the

preceding family. The ciliation is, however, nearly rudimentary in our

species, and is present, at least in the young, of other members of the

Cymoilioidcv.

^gathoa loliginea Harger.

JEgathoa loliginea Harger, Am. Jour. Sci., Ill, vol. xv, p. 37G, 1878; Proc. U. S,

Nat. Mu8., 1879, vol. ii, p. 161, 1879.

Plate X, Fig. 66.

The legs all armed with strong curved claws, the large conspicuous
eyes and the slightly ciliated uropods serve to distinguish the present
species from the other Isopoda of our coast.

Body elongate oval in outline, nearly four times as long as broad,
slightly dilated near the posterior end. Head broadly rounded in front,

subequally, but not deeply, trilobed behind. Eyes large, with evident
facets, lateral, semi-hexagonal, visible from below, covering nearly half

the area of the head above, projecting posteriorly beyond the middle
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lobe of the head. Exteriorly they form about two-thirds of the lateral

margin of the head. Their interior boundary is in the form of three

8ides of a hexagon, separated at their nearest points by a little more
than the transverse diameter of the eye. The autennulte are about as

long as the head, composed of eight segments and separated at the base.

The first segment is short and stout ; the next two a little longer, but

scarcely distinguishable from the following five flagellar segments, which

decrease in size to the last. The antennce are composed of ten segments.

They are more slender than the antennuhe, and surpass them by about

two segments. The first two segments are broader than the following

three, which are also somewhat larger than the five flagellar segments.

The first thoracic segment is shorter than the head, but much longer

than any of the succeeding segments, which to the sixth are of equal

length, each about one-third shorter than the first. The seventh segment

is about one-thkd shorter than the sixth. The fifth and sixth are broadest,

each being about one-thu-d bi"oader than the first. The epimera do not

project behind the angles of the segments to which they are attached.

The legs difier but little throughout. The first pair are shortest, and

the first three j^airs are somewhat stronger than the last four, which are

armed with a few scattered short spinides. The seventh pair are the

longest.

The jdeon is a little longer than the seven thoracic segments. The
fifth segment is broader behind than in front, and the last segment is as

broad at the insertion of the uropods as the third segment, and is rounded

behind. Anterior pleoj^ods with the basal segment nearly square. The

iiropods are unlike on the opposite sides in the specimen figured. The
normal form is probably seen in the right uropod, which surpasses the

telson by less than half the length of the outer ramus. This ramus is

longer than the inner, narrow, with nearly parallel sides and is obliquely

truncated at the tip. The inner ramus is somewhat diamond-shaped.

The ciliatiou is nearly rudimentary and might be overlooked. The basal

segment is alike on the two sides and has the inner distal angle acute and

but slightly produced.

Length IS'"™, breadth 3.0°^™; color in alcohol yellowish, with minute

black specks most abundant on the pleon ; eyes black, conspicuous.

The specimen was obtained June 1, 1874, by Mr. S. F. Clark, at Savin

Eock !, near New Haven, from the mouth of a squid {LoUgo Pealii), whence

the specific name. Two specimens " parasitic on young mullet" are in the

Yale College Museum, collected at Fort Macon !, N. C, by Dr. H. C.

Yarrow, which appear to belong to this species, showing that it is not

confined to the squid,

Livoneca Leacli.

Livoneca Loachj Diet. Sci. nat., tome xii, p. 351, 1818,

Head small, projecting in front over the bases of the antennulae, which,

like the autenniie, are short ; legs all alike and armed with strong curved

dactyli; body broad, oval, often obliquely distorted.



MARINE ISOP'ODA OF NEW ENGLAND, ETC. 395

This genus is represented by a single species, in wliicli tlic body is of

a broadly oval form and depressed. All the legs are short and armed

with strongly curved dactyli, and, in the natural position, are closely

appressed to the ventral surface, which, however, is more or less exposed

below along the middle.

Livoneca ovalis "Wliite (Say).

Cpnothoa ovalis Say, Joiir. Acad. Nat. Sci. Phil., yoI. i, p. 394, 1818.

Dekay, Zool. New York, Crast., p. 48, 1844.

Livoneca ovalis Wliite, Cat. Crust. Brit. Mns., p. 109, 1847. (Lironeca).

Harger, This Report, part i, p. 572 (278), pi. vi, fig. 29, 1874 ; Proc. U. S.

Nat. Mus., 1879, vol. ii, p. 102, 1879.

Plate XI, Fig. G7.

The broadly oval, more or less distorted and unsymmetrical form of

this Isopod serves to distinguish it from any other species yet recog-

nized within our limits.

Body broad, oval, usually oblique, and not, as represented in part I

of this report, pi. VI, fig. 29, with the sides of equal length. The legs,

moreover, in that figure are in an unnatural position, as they are, dur-

ing life, concealed beneath the body of the animal and appressed to the

ventral surface, the first three pairs directed forwards and the last four

pairs backward. The dorsal surface is moderately convex. The head is

small, rounded in front, trilobed behind, the middle lobe much the larg-

est, the two lateral lobes extending beyond the eyes, which are not con-

spicuous, small and broadly separated. Antennulre (pi. XI, fig. 67a)

widely separated at the base, with the first segment short and stout ; the

second longer and somewhat tapering ; the third about as long as the

first. These peduncular segments are somewhat flattened. The flagel-

lum is longer than the peduncle, tapering and five-jointed, curved back-

ward in the natural position, each segment bearing a row of short blunt

setce, near the distal end, on the inner curve. The antennfc (pi. XI, fig.

61h) are about as long as the antennuhr, with the first two segments

short and stout, the next three more slender; flagellum three or four

jointed, with the last segment imperfectly divided and tipped with a

few short setse. The maxillipeds are narrow, with the outer lameUa
partially united to the basal segment and the i>alpus tapering and two-

jointed, tipped with a few short curved setse, at least in young individ-

uals. The mandibles are pointed; their i)alpi (pi. XI, fig. G7 c) tapering

from the base and composed of three segments of about equal length, the

first subquadrate, the second tapering, the third nearly cylindrical.

The first thoracic segment is longest ; the next three a little shorter

and about equal; the fifth and sixth still shorter; the seventh shortest

measured along the median line, which is usually a curved line except

in young specimens. The anterior margin of the first thoracic seg-

ment is adapted to the posterior margin of the head and presents three

sinuses, the middle one largest, for the median lobe of the head, and two
smaller ones for the ocular lobes. The posterior margin of this segment
is strongly convex backward throughout. In the succeeding segments
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this convexity rapidly diminishes so that the fourth has nearly a trans-

verse margin and tlie last three segments become concave behind in an

increasing degree. The epimera are narrow and obtusely pointed behind,

and do not surpass the posterior angle of the segment to which they are at-

tached except in the last two segments. The first pair of legs (pi. XI, fig.

67 d) are short and stout, the basal segment large but short; the next

three segments short and with little motion on each other; the propodus

stout and somewhat curved ; the dactylus long, curved, and strong. The

second and third pair of legs are much like the first, as are the four suc-

ceeding pairs, but somewhat larger and longer. The seventh pair (pi. XI,

fig. G7e) have the basal segment about twice as long as in the first pair,

and the succeeding segments are also proportionally longer than in the

first pair, except the dactylus, which is slightly weaker and not longer

than in the first pair.

The pleon tapers rapidly at the sides; its first five segments are sub-

equal in length; the last segment forms about half its length, and is flat

and broadly rounded behind. ITropods (pi. XI, fig. 67/) surpassing the

telson with the basal segment, about as long as the rami and but little

produced at its inner angle; outer ramus linear oblong, rounded at the

end ; inner ramus shorter and broader, oblique at the tip.

Length 17-22™™, breadth 10-12"™. These animals when preserved

in alcohol are of a leaden color, with the posterior margins lighter.

They are often parasitic on the blue-fish [Pomafonms saltatrix Gill).

The details figured on plate XI are from small specimens collected on

young blue-fish at Xew Haven !, by Mr. F. S. Smith. Other localities are

Thimble Islands!, Long Island Sound; Vineyard Sound!, Fish Commis-

sion 1871, one specimen among scup {Stenotonnis argyrops Gill). A
specimen was sent to the Museum in 1878, collected by Dr. T. H. Bean,

from the gill of Microjyogon undulatus caught at Xorfolk !, Va., July 9, 1878.

Specimens examined.

2071
2072
2073
2074
2075
207G

Locality.

Norfolk, Va ,

New Haven
Vineyard Sound

do

Vineyard Sound .

Parasitic on

—

Micropogon

.

Blue-fish
...-do
Scup

Blue-flsh.

When col-

lected.

July 9,1878

,1871
Aug. 17, 1871

Sept. 2,1871

Received from

—

T. H. Bean . . .

.

F. S. Smitli ... -

IT. S. Fish Com.
..-.do

U. S. FishCom.
F. H. Bradley.

.

P<05
to

fj Dry.
Ale.

Ale.
Ale.
Ale.
Ale.
Ale.
Ale.
Ale.

XII.—AXTHUEIDiE

.

Body elongate, cylindrical; mouth suctorial; legs ambulatory and pre-

hensile, the first pair enlarged; first pair of pleopods thickened and

crustaceous, protecting the following pairs ; uropods articulated at the

sides of the last segment, standing in a more or less vertical position and

forming with the telson a sort of cup or flower at the end of the body.
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This family is represented within our limits by three species belong-

ing to as many genera, which, in addition to the characters given above,

agree fiu'ther in the following particulars: The body is elongated and
vermiform, often more than ten times as long as broad, and of nearly

uniform size throughout. The head and thoracic segments are all dis-

tinctly separated from each other, and the head and last thoracic seg-

ment are shorter than the intervening segments, which are subequal.

Both pairs of antennae are approximate at their bases, and the lower pair

or true antennte are short, not greatly surpassing the head in length.

These organs have the basal segment short, the second segment flat-

tened internally and adapted to its fellow of the opposite side, while

above and externally it is excavated for the basal segment of the anten-

nulaB. The mandibles are palpigerous, and the mouth parts are titted

for piercing and for suction.

In the first pair of legs the first, second, and penultimate segments are

enlarged and thickened; the two intervening segments, merus and car-

pus, are short ; the dactylus forms a curved finger tipped with a stout

spine and capable of complete flexion on the robust propodus. In one

or two of the succeeding pairs of legs the propodus may be slightly en-

larged. The first three pairs of legs have the carpus, or antepenulti-

mate segment, triangular, and their basal segments are directed strongly

backward. In the last four pairs the carpus may be short, but is not

triangular, and always distinctly separates the merus from the propodus

;

they are so articulated to the body that their basal segments are directed

forward. The first three pairs of legs are articulated to the anterior x)art

of the segment to which they belong, the next three near the middle of

the corresponding segments, and the last pair near the i30sterior margin

of the last segment.

The pleon is short, with the segments more or less consolidated, and the

pleopods are of the normal number and form. The " operculum" is not

formed as in the Idoteidce and Arctiiridce of the lu^opods, but is nothing

more than the enlarged and thickened first pair of pleopods, the greater

part of it being formed of the external lamella, while the uropods have an

entirely difi'erent and peculiar structure. They are biramous, and con-

sist on each side of a more or less elongated, flattened, basal segment,

so articulated as to lie alongside the telson, and bearing at the apex a

terminal plate, the inner ramus, in the same x)lane with itself, while, on

its upper side near the base, stands a more or less perpendicular, oval

plate, the outer ramus. The telson is directed obliquely downward, and,

with the uropods, forms a ciliated cui^-hke or flower-like termination of

the cylindrical body, whence the name AntMra, from the Greek u'^&og,

a flower, and oupd, a tail.

The structure of the mouth in tkis family has been investigated by
Prof. J. 0. Schiodte, to whose original papers in the Naturhistorisk

Tidsskrift I have not had access. The paper on Antliura is translated

and partly condensed in the Annals and Magazine of Natural History,
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where that author states that " next the Cymothoidw, though as a type

of a separate family, the genus Antlmra must be placed."

The species of this family may be at once recognized by the peculiar

cup-like termination of the body. This cup or "flower" is formed by
the telson below, and the uropods at the sides and above; the outer

rami of the latter organs being placed nearly vertically, and approach-

ing each other on the median line above, where, however, the "flower"

is more or less imperfect. Our three genera may be distinguished as

follows : First five segments of pleon consolidated above, Antlmra (p. 104)

;

segments of pleon distinct, antennae and antennulije subequal, Paranthura

(p. 108) ; segments of pleon distinct, antennulffi greatly enlarged in the

male, PtUanthura (p. 111).

Anthura Leach.

Anthura Leach, Ed. Eucyc, vol. vii, p. "404" (Am. ed., p. 243), "1813-'14."

Antennuliie and antennae short, subequal ; thoracic segments not

separated by constrictions
;
pleon with the five anterior segments con-

solidated above and resembling the last thoracic segment.

Our species of Antlmra appears to agree in all generic characters with

A. gracilis Leach uj)on which the genus was founded. In A. polita, how-

ever, the consolidated portion of the pleon is seen at the lower part of

the sides to be composed of five consolidated segments, and bears the

normal number of pairs of pleopods, while Bate and Westwood* say that

" the four anterior segments are soldered closely together " in A. gracilis,

and that " the pleopoda consist of, at least, four pairs of oval plates,

strongly ciliated, on each side of the ventral surface of the basal seg-

ments of the tail." They had not, however, fresh specimens of the spe-

cies, which is evidently closely related to ours.

The incubatory pouch of the females in the genus is confined to the

third, fourth, and fifth segments, and is composed of three pairs of

lamelloe, which overlap from behind forward, while the anterior margins

of the first pau' are united to the anterior part of the third segment.

Anthura polita Stirapson.

1Anthm-a gracilis Dekay, Zool. New York, Crust.; p. 44, pi. ix, fig. 34, 1844 {not of

Montagu and Leach).

Antlmra poUta Stimpsou, Proc. Acad. Nat. Sci. Phil., vol. vii, p. 393, 1856.

Harger, Proc. U. S. Nat. Mus., 1879, vol. ii, p. 16-2, 1879. *

Antlmra Irunnea Harger, This Report, part i, p. 572 (278), 1874.

Verrill, This Report, part i, p. 426 (132), 1874.

Plate XI, Figs. 68 and 69.

This species is distinguished among its allies on our coast by the nearly

complete union of the basal segments of the pleon, which have together

the appearance of an eighth thoracic segment. The cup or "flower" at

the end of the body serves to distinguish it from other Isopoda.

* British SessUe-Eyed Crustacea, pp. 157 and 160.
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Tlic bodj^ is smooth, sliiuiiig ami flattened above and broadly keeled

iu the males below. The head is a little broader than long, deeply ex-

cavated on each side of the front for the bases of the antennula?, and

produced at the sides. The eyes are small and hiteral but distinct, and

are placed on the outer side of the anterior prolongations of the head,

about on a line with the bases of the antennulie. They are too indistinct

iu the figure, and the eye was even omitted on the right side by the en-

graver. The antennuliB (pi. XI, fig. C8 a) consist of a tapering three-

jointed i)eduncle and a very short flagellum. The first peduncular seg-

ment is the largest, and is flattened above and on the inner side ; the

second segment is smaller, cyhndrical, and provided with a comb of hair-

like setae along its outer side ; the third is smaller and shorter than the

second ; the flagellum consists of a single very small segment, with

indications of a rudimentary second segment at the end, where it is also

tipped with setse. The antennae (pi. XI, fig. 6Sb) consist of a five-jointed

peduncle, and a short flagellum much like that of the antennulaj. The

basal segment of the peduncle is short; the second segment is the

largest and is of peculiar shape, being excavated on the outer side to

adapt it to the antennula, which lies in the groove thus formed, while

the segment is bent upward and inward, and exposes a slender triangu-

lar area with the point backward, between, and on a level with, the an-

tennulae ; the next three segments are sub-cylindrical and diminish in

size, and are followed by one or two small flagellar segments tipped with

setae.

The maxillipeds (pi. XI, fig. 6da) are thick and strong, and are com-

posed of a basal quadrate segment, a little longer than broad, with its

proximal external angle elided for the short, sub-triangular external

lamella, and bearing two segments representing the i)alpus. Of these

segments the first is but little smaller than the basal segment and

is sub-quadrate, tapering a little at the sides beyond the middle. The
terminal segment is straight at its articulation with the preceding, and

nearly so along the inner side, then rounded in the remainder of the out-

line. The segments of the palpus are finely ciliated along their margins,

except along the external margin of the first segment, where the cilia-

tion nearly disaj^pears ; they are also provided with coarse setae, a few

of which occur on the maxiUiped, near the outer distal angle. The inner

maxilla (pi. XI, figs, 69 h and h') is rather robust, and terminated by
a strong tooth or spine, below which, on the inner side, is a row of

smaller curved teeth. The mandibles are terminated by a horny tooth,

below which is a serrulated lobe ; the mandibular palpus is robust ; the

second segment much the longest and provided with stout setae ; the last

segment with a comb of rather short setae. The maxillipeds are of much
firmer texture than the other i^arts of the mouth.

The first thoracic segment is the longest, and is closely adapted to

the head behind so as to allow but little mo^^on. The second segment
is shorter but somewhat broader than the first, and is rather freely
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articulated with it, and still more freely with the third 5 it is car-

inated below, but its articulations are much less free than in the next

genus. The third, fourth and fifth segments are each about the length

of the second ; the sixth and seventh are progressively shorter. The
first pair of legs (pi. XI, fig. 68 c) are quite robust and have but little free-

dom of motion, being directed forward under the head and hardly capa-

ble of further lateral extension than is shown in the figure of the animal.

The basis and ischium are large and articulated so as to form a curve,

bringing the legs forward ; the merus is short ; the carpus is triangular

and extends along the side of the thicliened propodus for about half

its length, projecting like a tooth at the end ; the propodus is ovate,

much thickened and armed with a tooth near the middle of the palmar
margin, along which it is ciliated, as is also the carpus ; the dactylus is

short and stout and tipped with a slender, curved, chitinous claw about

as long as the dactylus itself. The figure (pi. XI, fig. 68 c) represents the

inner surface of the leg, the merus being much less conspicuous on the

outer side. The second and third i^airs of legs are nearly alike and
muchmore slender thanthe first pair. One of the third pair is represented

on plate XI, fig. 68 d. In both these pairs of legs the carpus is small and
triangular and wedged in between the merus and propodus, which meet
above; the merus is a little larger in the second than in the third pair,

and in both pairs it is provided with a few setae at the upper distal

angle and along the opposite or palmar side, where the carpus is also

armed with setse 5 the dactylus bears a few very short sette. The re-

maining pairs of legs are rather more slender than the second and third,

and the merus is separated from the propodus above by the cari)us,

which is, however, short. These legs are somewhat hairy, like the pre-

ceding pairs.

The anterior i^art of the pleon (pi. XI, fig. GSg), consisting of the first

five segments cousoUdated, appears much like an eighth thoracic seg-

ment a little longer than the seventh ; traces of the sutures between the

segments can be seen at the sides. The last segment is distinctly

articulated, a little elevated dorsally, where it is also somewhat hairy;

at the lower part of the sides it is covered by a shghtly projecting

lobe of the preceding segment, which extends over the proximal part

of the basal segment of the uropods. Distally the terminal segment

is depressed at a steep angle, and is in the form of a iDlate, ovate and
ciliated at and near the tip, where it is obtuse ; the sides are nearly

parallel, and it is surpassed by the iu?opods, which consist, on each side,

of a large basal segment, carinated on the outer side and toothed at

the articulation with the outer ramus, obliquely truncated at the end,

where it bears a short, obtusely-triangular, ciliated, inner ramus, or

lamella, in the same plane as the basal segment. The outer ramus, or

lamella, forms nearly a right angle with the basal segment, and stands

upon its superior outer margin. This ramus is elongate reniform in out-

line, being notched below for the tooth on the basal segment, and is
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ciliated along its free superior margin. The first pair of pleopods

(pi. XI, fig. 68 e) are composed on each side of a short, quadrate basal

segment supporting two rami, of which the outer is, like the basal seg-

ment, of firm texture, and acts as an operculum ; in shape it is semi-

oval, with the inner margin nearly straight, and is ciliated distally, and
along the outer margin. The inner ramus is much smaller than the

outer and of delicate texture, and, in the natural position, is covered and

concealed by the outer ramus; it is slender, with nearly parallel sides,

rounded at the tip, and not ciliated. In the males the second pair

of pleopods (pi. XI, fig. 68/) bears, near the middle of the inner margin

of the inner ramus, a slender stylet, slightly surpassing the lamella to

which it is attached.

The lamellae forming the incubatory pouch of the females are of con-

siderable anteroposterior dimensions, and the posterior widely overlap

the anterior ones, while the anterior border of the first lameUa is united

with the third thoracic segment, to which the lameUa belongs.

Length 15-18 ™">; breadth 1.8-2'"™. The color is brownish above,

mottled with yellowish or honey color, lighter underneath.

This species was described as new by the present author in the first

part of this report under the name A. hrunnea^ but there appears to

be no sufiQcient reason for regarding it as distinct from Dr. Stimp-

son's A. polita. It is apparently closely related to A. gracilis Leach,

although sufficiently distinct according to Bate and Westwood's* de-

scription and figures. Those authors, however, seem to have had but

very poor and imj)erfect material on which to base their work. They
figure and describe the telson and uropods as truncated and crenulated,

and Montagu,t in his original description of the species, says that "the

body is terminated by five large caudal aj)pendages truncated at their

ends."

Kroyer's|: descriptions and figures of A. carinata approach much more

closely to the present species. His figure of the antennula considerably

resembles ours, but in his descrii)tion he gives as the relative lengths

of the four segments comj)osing it 11, 4, 3^ 5. In our species the last or

flagellar segment is much the shortest, as may be seen by the figure,

plate XI, fig. 68 a. He further speaks of the telson as crenulated, while

it is entire in A. polita, and his figure (Voy. en Scand., pi. 27, fig. 3n')

shows no tooth-like projection or angle on the basal segment of the

uropods, as seen in a lateral view, and the corresponding margin of the

outer or superior plate is destitute of the notch shown in the lateral

view of these organs on plate XI, fig. 68 g. The inner ramus or lamella

of the first i^air of pleopods is also figured as much larger and more
expanded distally than in our species, for which see i^late XI, fig. 68 e.

Unfortunately I have had no European specimens for comparison.

* Brit. Sess. Crust., vol. ii, p. 160, 1868.

t Trans. Linn. Soc, vol. ix, p. 103, pi. v, f. 6, 1808.

tNaturhist. Tidsak., II, B. ii, p. 402, and Voy. en Scand., Crust., pi, xxvii, fig. Sa-o,

1849.

26 F
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This species was described by Dr. Stimpson from specimens taken at

Korfolk, Va., and has since been collected by Professors Smith and Ver-

rill at Great Egg Harbor!, N. J., in 1^ fathoms shells and mud; by the

TJ. S. Fish Commission in Long Island Sound!, especially at Noank
Harbor !, among eel-grass {Zostera marina) and mud ; off Block Island

!

in 17 to 19^ fathoms sand, mud, and stones ; at Vineyard Sound !, at low

water and in sand, and in 1878 at Gloucester !, Mass., in mud and among
algae.

Specimens examined.

2077
2078
2079
2080

Locality.

GreatEgg Harbor, N.J.
Noank Harbor, Conn . -

...do
....do
Vineyard Sound
Squan Estuary, Glou-

cester, Mass.'
Gloucester, Mass

li

L.w-

Bottom.

Shells and mud
Eel-grass
Mud and eel-grass.
Mud
Sand
Mud

Mud and algae

"WTien col-

lected.

Apr. —, 1871
Aug. 28, 1874
Aug. 29, 1874
Aug. 28, 1874
Sept. 8,1871

,1878

,1878

Receivedfrom

—

Smith & Verrill
U.S.FishCom.
...do
....do
....do
....do

....do

sa

^"

Dry.
Ale.

Ale.
Ale.
Ale.
Ale.
Ale.
Ale.

Ale.

Paranthura Bate and Westwood.

Paranthura Bate aud Westwood, Brit. Sess. Crust., vol. ii, p. 163, 1866.

Pleon articulated, composed of six segments; thorax deeply con-

stricted at each end of the second segment ; antennulse and antennae

subequal; palpus of maxiUipeds three-jointed; inner maxillae acicular.

The first character given above is the only one given by Bate and West-
wood, who, however, mention that the pleon bears the normal number
of pleopods ; a character that would not distinguish our species from the
other genera. The distinctly articulated flagellum of the antennulse is

j)rovided with a partial whorl of bristles, which, however, forms only the

most rudimentary approach toward the structure of those organs in the

males of the following genus. The segmentation of the pleon is indis-

tinct in the dorsal region, but is apparent at the sides when seen from

above, and the pleon does not at all resemble an additional thoracic

segment as in Anthura. Both pairs of antennae are provided in our

species with a distinctly articulated flagellum, and are of nearly equal

length.

Paranthura brachiata Harger (Stimpson).

AntMira irachiata Stimiison, Mar. luv. G. Manan, p. 43, 1853.

Verrill, Am. Jour. Sci., Ill, vol. v, p. 101, 1873; ibid., vol. vii, pp. 42, 411,

502, 1874 ; Proc. Am. Assoc, 1873, pp. 350, 357, 1874 ; This Report, part i,

p. 511 (217), 1874.

Whiteaves, Am. Jour. Sci., Ill, vol. vii, p. 213, 1874 ; Further Deep-sea

Dredging, Gulf of St. Lawrence, p. 15, "1874."

Harger, This Report, part i, p. 573 (279), 1874.

Smith and Harger, Trans. Conn. Acad., vol. iii, p. 16, 1874.

Paranthura brachiata Harger, Proc. U. S. Nat. Mus., 1879, vol. ii, p. 162, 1879.
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Plate XI, Fig. 70.

The deep constrictions, by wliicli the second thoracic segment is sepa-

rated from the first and third, serve to distingnish this species from the

allied forms on onr coast, and the "flower" at the end of the pleon dis-

tinguishes it from other Is()])oda.

Body moniliform, AA'ith evident segments; head narrower than, and

about half as long as, the iirst thoracic segment, flattened and quadrate

above, with a groove behind a raised anterior border, wedge-shaped

below, deeply eraargiuate on each side of the projecting front above for

the bases of the antennuhie ; eyes lateral, not conspicuous, extending

behind the emarginations. Antennulae (pi. XI, fig. 70 «) with the first

segment large but longer than broad, flattened above ; second and third

segments cylindrical ; flagellum of twelve or more segments in adult

specimens, with the first segment short, second twice as long and the

longest segment of the flagellum, which tapers from the second segment

and bears on the distal end of each segment an imperfect whorl of hairs.

The antennae (pi. XI, fig. 70 h) slightly surpass the antennulse. They have

the first segment short; the second flattened on the inner side, where it

is usually in contact with its fellow of the opposite • side, and excavated

on the outer side above to accommodate the basal segment of the anten-

nulae; the third segment is short; the fourth and fifth longer and cylin-

drical. The flagellum consists of about twelve segments, tapers from,

the base, and is somewhat hairy. Both the antenme and antennulae

are a little less developed and have one or two less segments in the

females. The maxillipeds (pi. XI, fig. 70 c) are elongated, with a short,

oval external lamella, and a two-jointed palpus. The large basal seg-

ment of the maxilliped projects on the inner side nearly to the end of

the first segment of the palpus. The palpus has its segments of about

equal length and provided with a few scattered bristles. The inner

maxillae (pi. XI, figs. 10 d and d') are evident at the tip in an under

view of the head ; they are elongate and acicular, and minutely and

sharply retro-serrate toward the tip. The three-jointed palpus of the

mandibles is also conspicuous below; all three of its segments are

short, and the last, which lies ordinarily between the bases of the an-

tennae, is flattened, oval, and provided with the usual comb of setae.

The thorax is somewhat flattened above, carinate anteriorly below,

and has the last segment much the shortest. The first segment is wider

than the head and about twice its length, and is more closely united

"with it than are any of the thoracic segments with each other; it is

strongly carinate below, especially on its anterior part, where the carina

ends in a prominent tubercle; a much more slender carina bounds the

flattened dorsal portion laterally. The second segment is separated

from the first by a deep constriction, and is articulated so as to allow

considerable motion, especially in a vertical plane; its antero-lateral

angles are prominent in the form of low, rounded tubercles, and be-
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tween them urc two less evident tubercles on the front margin of the

segment; the dorsal surface tapers behind, and is bounded laterally

by carinas; below, the segment is Avedge-shaped, but not carinated;

behind, it is separated from tlie third segment by a constriction not
quite as pronounced as that in front. The third segment presents two
rather more evident median tubercles in front on the dorsal siu-face,

which is defined laterally by carinae, fading away at about the middle
of the segment ; below, it is wedge-shaped and carinate in the males,
but membranous along the median line in the females, as are the
remaining segments more widely in that sex. In the males they are
hard and chitinous throughout, rounded and scarcely wedge-shai^ed.
The fourth segment is slightly longer than any of the others, and bears,

near the anterior end of its dorsal surface, an oval depression with slight

elongated elevations at each side. A similar structure occm^s on the
fifth and sixth segments, which are of decreasing length. The seventh
is much the shortest thoracic segment, not being longer on the median
line than the head ; it is somewhat produced laterally.

The first pair of legs (pi. XI, fig. 70 e) are not as stout as in Atithura

2)olita, and are more flexible ; the carpus is the shortest segment, and
is triangular, broader than long; the preceding segment, or merus,
shows but little in an external view, but is more evident in an inner
view, as shown in the figure, and is much broader than long; the pro-

podus is nuich swollen proximally on its anterior or upper side; im-

mediately in front of the end of the carpus it bears a stout tooth ; the

dactylus is strong, and tipped with a curved claw. In the second and
third pairs of legs the carpus is triangular, but in the posterior pairs

it is more elongated so as to distinctly separate the merus from the

i>ropodus.

The pleon is short, the telson triangular, acute at the apex. Uropods
with the basal segment strongly- carinate externally, terminal plate

acutely triangular, proximal superior plate oval, curved and attached

by its side, nearlj^ meeting its fellow of the opposite side above. First

pair of pleopods (pi. XI, fig. 70/) with the external ramus semi-oval;

internal ramus less firm in texture, ligulate, ciliated distally. Second

pair of i3leopods in the males (pi. XI, fig. 70^) furnished with a slender

stylet articulated at about the middle of the inner, posterior, lamella,

(ind extending beyond its end. Both the lamellae are crossed by a trans-

rerse suture just beyond their middle, at the point where the stylet is

jittached to the inner one.

Length 28"^™ ; breadth 2.2'"'" ; females about one-third smaller. The
(olor is usually light yellowish brown, or sometimes somewhat darker.

Kit not as pronounced as in the other members of the family, and nearly

the same throughout.

From P. norvegica G. O. Sars* our species is distinguished by the eyes,

which, though inconspicuous, are present. It lacks the tubercle de-

* Chr. Vid. Selsk. Forli., 1872, p. 88, 1873.
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scribed and figured by Heller on the head of P. arctica,j and the flagel-

lar segments of both pairs of antennae distinguish it from P. costana

Bate and Westwood-I

This species was dredged by Dr. Stirapson "on a shelly and some-

what muddy bottom in twenty fathoms off the northern jjoint of Duck
Island,'' Bay of Fandy. It is rare south of Cape Cod, but was taken

in Vineyard Sound ! by the Fish Commission in 1871 ; also on St. George's

Bank!, in 110 fathoms, mud and sand; Gulf of Maine!, down to 115

fathoms; Bay of Fundy!, down to 80 fathoms on muddy, shelly, and
sandy bottoms; and off Nova Scotia!, 59 fathoms, pebbles, sand and
rocks, and at other localities as detailed below. It was dredged by
Mr. Whiteaves in 200 fathoms in the Gulf of Saint Lawrence, between

Anticosti and the mainland of Gasp6.

Specimens examined.

2081

2082

1365

2083

2084

2087

2088

2086

2095
2097
2091

2092
2093
2094
2096

2098

Locality.

Vineyard Sound
Gnlf of Maine, east from
Cape Ann 140 miles.

Gulf of Maine, southeast

J east from Cape Ann 13
miles.

Gulf of Maine, ne
Brown's Bank.

George's Bank

Gulf of Maine, ofi Ports-
mouth 22 to 28 miles.

Gulf of Maine

Casco Bay, 20 miles
southeast of Cape
Elizabeth.

Gulf of Maine, 27 miles
off Portland.

Casco Bay
Gulf of Maine, 17 miles
southeast ofMonhegan
Island.

Eastport, Me ,

do
Bay of Eundy, between
Head Harbor and
Wolves.
Off Head Harbor
Bay of Fundy

do
Bay of Fundy, Grand
Menan, New Bruns-
wick.

Southeast from Cape
Sable 18 to 22 miles.

115

53

82

110

30-92

65

60

75-80

77

56-59

Bottom. When col-

lected.

Gravel

Mud and stones

Rocks and bar-
nacles.

Bro^vTi mud ....

Soft mud

.

Mud, sand, and
gravel.

Mud

Brown mud

.

Mud

Sand and shells

Sand, gravel, and
Btones.

—,1871
,1877

,1878

,1877

,1872

—1874

,1874

Aug. 12, 1873

Aug. 26, 1873

—1873
,1873

,1870
,1872

Aug. 16, 1872

,1872
,1872

Aug. 10, 1872
,1870

—, 1877

Received from—

TJ.S.FishCom
...do

do

.do

Packard and
Cooke.

U.S.FishCom,

.do

do

...do

do
do

A. E. Verrill..
U.S.FishCom.
...do

...do

...do

...do
A. E. Verrill.

U.S.FishCom.

fz; B

Dry.
Alo.

Ale.
Alo.

Ale.

Ale.

Ale.

Ale.

Ale.

Alo.

Ale.

Ale.
Ale.

Ale.
Ale.
Ale.

Ale.
Alo.
Ale.
Ale.

Ale.

Ptilanthura Harger.

Ptilantliura Harger, Am. Jour. Sci., Ill, vol. xv, p. 376, 1878.

Antennidse with the flagellum remarkably developed in the male,

multiarticulate; second and succeeding antennular segments provided

+ Denkschrift, Acad. Wiss. Wien., B. xxxv, p. [14] 38, pi. iv, figs. 9-12, 1875.

t Brit. Sess. Crust., vol. ii, p. 165, 1866.
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with an incomplete, very dense whorl of fine slender hairs; pleon seg-

mented, elongated
;
palpus of maxillipeds one-jointed.

The most important character of this genus is doubtless found in the

structure of the autennulcB in the male sex. In the females the anten-

nulsB are small, and the flagellum consists of a few slender rapidly

tapering segments. They thus bear considerable resemblance to

young specknens of Anthura 2)olita, and being collected with them,

were at first mistaken for them. They are distinguished by the larger

and more conspicuous eyes, and by the more elongated and distinctly

segmented pleon. In the presence of eyes our species differs from a

form described by G. O. Sars, Faranthura temiis, from near Stavanger,

Norway, in which the males have a well-developed, eight-jointed and
densely hairy or setiferous flagellum on the antennulce.

Ptllanthura tenuis Harger.

Ptilantlmra tenuis Harger, Am. Jour. Sci., Ill, vol. xv, p. 377, 1878; Proc. U.S.

Nat. Mus,, 1879, vol. ii, p. 162, 1879.

Plates XI and XII; Figs. 71-74.

Males of this species are at once recognized by the greatly developed

antennulae, resembling miniature bottle-brushes; females may be dis-

tinguished from the young of the other species by the conspicuous eyes;

they are much smaller than the adults of the other species.

The body is smooth, flattened above, narrow at the middle, broadest

at the base of the pleon. Head broader than the first thoracic segment
and nearly as long, on the median line ; longer than broad, narrowing

to a point in front and much less acutely behind. The eyes are promi-

nent, black, situated within the margin of the head and visible both

above and below. The antennulse in fflie males (ipl. XII, fig. 74 a), when
refiexed, attain the third thoracic segment ; the first segment is large,

but not longer than the second ; the third is shorter than the second

and followed by a short, subtriangular segment, which must be regarded

as the first segment of the flagellum, although resembling the last

peduncular segment much more than it does the succeeding or second

flagellar segment ; this segment is small at its base, but expands rapidly

above and below and on the side which is next the body in the ordinary

reflexed position of the antennula, aud on these sides it bears, at its dis-

tal end, a fine and dense fringe of long slender hairs, which attain, when
appressed, about the fifth following segment. Similar segments, to the

number, in some specimens, of eighteen or twenty follow, forming an
organ resembhng a minute bottle brush or plume, whence the generic

name. On one side, however, of the organ, which corresponds nearly

with the outer or anterior side, according as the antennula is more or

less reflexed, the whorl of hairs is interi-upted. In the females (pi. XI,

fig. 73) the antennulsB are shorter than the antennae, with a short flagel-

lum consisting of a small basal segment and a minute terminal one

tipped with a few setse. The antennae (pi. XII, fig. 74 &) are short,
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differing little in the sexes, hardly surpassing the peduncle of the anten-

nulae in the males, witli a short three or four jointed ilagellum bear-

ing a few hairs near the tip. The maxillipeds (pi. XI, fig. 71&) have

a quadrate basal segment, somewhat emarginate externally for the

subtriaugular external lamella, and bearing a single suboval terminal

segment, or palpus, somewliat truncate and ciliated at the tip. The
inner maxillse (pi. XI, fig. 71c) are five-toothed, one tooth being strong

and terminal and the other four lateral. The mandibles bear a single-

jointed palpus.

The thoracic segments are subequal in length excei)t th6 last, which

is but little over half as long as the others, though broader behind than

any of them. They are slightly narrower than the liead and margined

laterally with a somewhat raised ridge. The third, fourth, and fifth have

an elongate oval depression on the median line near the anterior margin.

The first pair of legs (pi. XI, fig. 72) have the segments well separated,

the carpus nearly equilaterally triangular, the propodus moderately thick-

ened, and the dactylus strong and tipped with a stout claw; the carpus

and propodus are bristly on their palmar margins. The remaining pairs

of legs are slender and nearly equal in size.

The pleon is about as long to the tip as the last three thoracic seg-

ments. The first five segments are consolidated along the dorsum, but

distinct at the sides. Each segment rises into a low broad tubercle on

each side of the median line. The last segment is about as long as the

preceding five, and is elongate-ovate, and obtusely pointed behind. The
basal plate of the uropods is about half as long as the telson; the

terminal or inner lamella is triangular-ovate, and about equals the

telson. The proximal or superior lamella is narrowly semi-ovate,

with an emargination on the upper side near the tip. The first pair of

pleopods (pi. XI, fig. lid) are shorter than the abdomen, and have the

outer plate semi-obovate and the inner shorter, with nearly parallel

sides. The second pair of pleopods (pi. XI, fig. 71e) bear, in the males,

a slender straight stylet, articulated below the middle of the inner

lamella and slightly surpassing it. The outer lamella is imperfectly

articulated near the middle.

Length 11"™ ; breadth 0.9""" ; females about one-third smaller ; color

brownish and more or less mottled above, lighter beneath, margined with

translucent at the sides, extending on the sides of the head as far as

the eyes.

This species is rare on the coast. It has been taken by the United

States Fish Commission, on muddy bottom, in Noank Harbor, Long
Island Sound! ; off Watch Hill !, E. I., in 18 fathoms, sand ; and off Block
Island!, in 17 to 19^ fathoms, sand, mud, and stones; at Waquoit,
Vineyard Sound!, in sand, at low water, September 8, 1871; in Casco
Bay!, sand and mud, from 9 fathoms, in 1873, and by Prof A. E. Veri-ill,

at Grand Menan, in the Bay of Fundy ! in 1870.

It is nearly related to and doubtless congeneric with Paranthura
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tenuis G. O. Sars,* but is at once distinguished by the presence of eyes,

from which character, as distinctive, the name P.oculata might be applied

to our species if a new trivial name should be thought necessary.

Specimens examined.

2009
2104
2100
2105

2103

2101
2102
210G

Locality.

Noank Harbor, Conn
...do
0£fWatchHm,E.I.
OflF Block Island....

Vineyard Sound,

Casco Bay, Me
...do...-.
BayofFundy,Grand
Menan.

18

17-19J

L. w.

Bottom.

Mud.

Sand
Sand, mud, and

stones.
Sand

Mud
Sand and mnd .

.

WLen col-

lected.

,1871
,1874

July 31, 1874
,1874

Sept. 8,1871

July 16, 1873
Aug. 4,1873

,1870

Receivedfrom

—

U.S. FishCom.
...do
...do
.--.do

.--.do

.-..do

.--.do
A. E. Verrill .

.

Speci-
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(third and fourth free segments) are indistinctly separated in the adult

females.

The pleon is much alike in both sexes and the young, and consists of

six distinct segments, each of which bears a pair of appendages. The
first five pairs of these aj)pendages, or pleopods, are carried beneath the
pleon and subserve the purposes of respiration, while they are also used
in swimming. They consist of a short basal segment supporting two
rami, ciliated at the tip in the young. The uropods are directed back-
ward and are of fii-mer texture than the pleopods. They are ciliated

near the tip.

Only a single species has yet been recognized within our limits, and
the male, female, and young will be described under the specific name.
The striking sexual differences in this family have caused much con-

fusion, the males having been referred to one genus (Anceus)^ and the

females to another {Franiza), and even these genera have been referred

to different tribes or subfamilies. The true relationship of these forms,

long ago suspected by Leach, was first made known by M; Hesse,* who,
however, seems not to have stated it very clearly and perhaps did not

correctly apprehend it at first. His descriptions, however, of the

females of Anceus aj^ply to what had previously been regarded as the

female of Praniza, although he says in the same paper that Franiza is

only the larval state of Anceiis^ which is true only of the young, or larval

forms, or the then supposed males of Franiza. This fomily has been
further investigated by Bate, Westwood, and Dohrn, to whose writings

the reader is referred. It may be here remarked that Bate and West-
wood in their account of the structure of Anceus^ in the second volume
of the British Sessile-Eyed Crustacea, appear to have overlooked the last

thoracic segment, and suppose that either the first or second segment
must be wanting. Dohrn calls attention to the rudimentary (or embry-
onic) condition of the seventh thoracic segment as the one missing to

complete the normal number, but describes and figures! as "untere"
and "obere Mundextremitiit" ("verwandeltes erstes" and '^zweites

Gnathopoden Paar"j what I regard as the maxillipeds and first pair of

thoracic legs, or, according to Spence Bate's terminology, which Dohrn
seems to have misapprehended, the maxillii^eds and the first iDair of

gnathopods. The second pair of gnathopods are pediform as usual in

the Isopoda, and are the first of the five i:)airs of legs. Of the five

pairs of pereiopods normally present, only four are developed in the

Gnathiidae. The family is thus remarkable in the order both for the

transformations undergone in its development, and for the retention

after all of an embryonic feature.

Having discarded the names Anceus and Franiza for reasons given

below, I have also rejected the family name Anceidoi and substituted

for it a name, suggested by Bate and Westwood and derived from that

*Aun. Sci. nat. , IV, torn, is, p. 106, 1858.

tZeit. Wis8. Zool., xx, taf. vii, figures 24 and 25.
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of the typical genus. The name A nceidce should perhaps be restored in

case Eisso's species should not prove to be congeneric with Gnathia

termitoides Leach, Cancer maxillaris Montagu.*
». Gnathia Leacla.

Gnathia Leacli, Ed. Encyc, vol. vii, p. "402" (Am. ed., p. 240), "1813-14."

Praniza Leacli, MSS.
Ancem Risso, Crust, de Nice, p. 51, 1816.

Head very large and quadrate in the male, smaller and subtriangular

in the female; first pair of legs operculiform in the male, subpediform

in the female
j
pleon much narrower than the thoracic segments, with

nearly parallel sides, and a sharply triangular telson.

The name Anceus Risso, which has been used by modern writers for

this genus, ought, according to all rules of, priority, to give way to

Onathia Leach, as acknowledged by Bate and Westwood,t who, however,

hesitated to restore the name on account of Kirby's coleopterous genus

Gnathium. While the undoubted priority of the name is a sufficient

reason for its re-establishment, it may be worth while to add that

Gnathia was not restricted by Dr. Leach to either sex alone, as that

author had the sagacity to "suspect that Oniscus coeruleatus Montagu
[Praniza coeruleata Desm.] was the female" of Gnathia, and, as far as I

am aware, did not pubUsh a generic name for the Praniza-form, although

the name Praniza was used by him as a manuscript name, and as such

appears to have been published by Latreille in the Encyclop^die

M^thodique, which I have not been able to consult.

Gnathia cerina Harger (Stimpson).

Praniza cerina Stimpson. Mar. Iut. G. Manan, p. 42, pi. iii, fig. 31, 1853.

Packard, Mem. Bost. Soc. Nat. Hist., vol. i, p. 296, 1867.

VerriU, Am. Jour. Sci., Ill, vol. vi, p. 439, 1873; vol. vii, pp. 38, 41, 411,

502, 1874; Proc. Am. Assoc, 1873, pp. 350, 354, 358, 362, 1874.

Anceu8 americanus, Stimpson, Mar. Inv. G. Manan, p. 42, 1853.

Gnathia cmna Harger, Proc. U. S. Nat. Mus., 1879, vol. ii, p. 162, 1879.

Plate XII, Figs. 75-79.

It will be convenient first to describe the male of this species and then

the female and larval forms. The powerful and prominent jaws in front

of the large quadrate head of the males of this small Isopod serve to

distinguish it from any other on our coast.

The shape of the body is well described by Dr. Stimpson, as " regu-

larly rectangular, abruptly narrowed at the commencement of the abdo-

men, which has the appearance of another very small rectangle set into

the first, and of only one-third its width." It is somewhat bristly hairy,

and much tuberculated and roughened above, especially on the lateral

portions of the head and on the anterior thoracic segments. The head

is broader than long, depressed medially in front and produced into a

rounded lobe between the projecting upturned jaws. The eyes are small

* Trans. Linn. Soc, vol. vii, p. 65, pi. vi, fig. 2, 1804.

tBrit. Seas. Crust., vol. ii, p. 169.
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and placed well forward at the sides of tbe head. The antennulse (pi XIT,

fig. 76 a) are shorter than the head and slender, sparingly hairy, with a

short, few-jointed flagellum. The autenuse (pi. XII, fig. TGh) are also

slender, with the first segment apparently composed of two united ; the

second segment short ; the third and fourth longer, nearly cylindrical and

followed by a slender few-jointed tiagellum. The jaws (pi. XII, fig. 76 c)

are elongate and turned upward at the apex, irregularly and bluntly

toothed near the base within, and somewhat carinate on the outer side

near the middle, the carina ending rather suddenly in a tooth-like pro-

cess of the jaw as seen from above. The under surface of the head is

deeply and broadly grooved longitudinally, and this groove is covered

by what appear to be the transformed first pair of thoracic legs (pi. XII,

fig. 76 d). They are in the form of a semi-oval plate on each side, attached

near the base of the external side and strongly convex and ciliated on

the innep side, where they overlap. This plate is truncated at the apex,

where it bears a small oval lamella ; on the surface of the large i)late

are three large, oval, semi-transparent areas. Within these plates is

another pair of organs, consisting of a large basal segment and an artic-

ulated series of four flattened ciliated segments. These may be regarded

as the maxillli)eds, with a four-jointed palpus.

The first thoracic segment is indicated above only by a faint sutural

line near the posterior margin of the large head. It is followed by five

very distinct segments, of which the first two are perhaps most distinct,

short, and strongly tuberculated, especially along their posterior mar-

gins. The third free segment is broader than the second, square at the

sides, with two broad lateral elevations. The fourth free segment is

somewhat rounded in front, with its chitinous integument apparently not

calcified along the median line. The fifth free segment is narrower than

the preceding and produced at the sides around the small last thoracic

segment and the base of the pleon. The legs are nearly alike through-

out, somewhat hairy and spiny.

The pleon is slightly dilated at tlie middle, with the angles of the

segments salient. The last segment is acutely triangular, ciliate behind,

surpassed by the uropods, which are also ciliated with a few bristles

;

both rami are slender, the inner a little broader than the outer. The
pleopods (pi. XII, fig. 78 e) cofisist of two slender elongate lamellse, the

inner longer than the outer, attached to a basal segment and not ciliated

in the adults of our species.

Length 4.4'"'"; breadth 1.3"""; color dirty yellowish brown above,

lighter below. This form is Anceus americanus Stimi)son.

The adult female (pi. XII, fig. 77) differs from the male principally in

the following characters : The body is smooth and tapers behind and
before, but is much swollen medially, where the segmentation becomes
obscure, and the thoracic region seems converted into a sack for the

reception of the eggs, plainly to be seen through the transparent integu-

ment. The head is comparatively small and subtriangular, emarginate
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in front. The eyes are placed farther back, and the large conspicuous

jaws are wanting. Under the head, the first pair of legs (pi. XII, fig.

78 a) are slender, three-jointed with a miinite terminal segment, and lie

upon a delicate membranous plate on each side ; within these are a pair

of organs resembling what I have regarded as the maxillipeds of the

male.

The first two free thoracic segments are short and curved some-

what around the head; the next two segments are much enlarged and
nearly coalescent, and the fifth free segment is nearly similar in form to

that of the males. The last thoracic segment is short and small and,

as in the male, resembles a segment of the pleon.

Thepleon (pi. XII, fig. 78 c) diflers little from that of the male, but the

angles of the segments are less salient.

Length 3-4'"™ ; breadth 1. 5""™. Color "i)ale yellowish or waxen." Dr.

Stimpson was " inclined to consider" this form as the female erf Praniza

cerina.

The larval forms bear a much greater resemblance to the female than

to the male but are more slender than either, the thorax being, in the

smaller specimens, but little broader than the pleon. The head is broad,

with large i)rominent eyes, and is distinct from tlic firstthoracic segment,

its posterior margin being truncated. The antennulae have a short

basal segment to the flagellum, which is followed by an elongate cylin-

drical segment forming about half the length of the flagellum, but

bearing at its end a few short • segments. The mouth organs project

beyond the head, giving it an acute outline, and are evidently formed for

piercing and suction. The large jaws of the adult males are, of course,

wanting. The maxillipeds are slender and elongated.

The first pair of thoracic legs (pi. XII, fig, 78 b) are elongate, with the

normal number of segments, a triangular carpus, and a strong curveii

dactylus, reminding one of the legs of the Cymothoidie. The first tho-

racic segment is small and short and well separated from the following

segments. The next two segments are quite distinct in all the forms,

but usually the fourth, fifth, and sixth segments are united much as in

the adult female. These forms appear to be the young females, and were

described by Dr. Stimj^son under the name of Praniza cerina ; more
rarely, however, specimens are found in which all the thoracic segments

are distinct and somewhat resemble those of the adult male, but with

their peculiarities less marked (pi. XII, fig. 79).

The pleon resembles that of the adults, but is not suddenly much
narrower than the thorax. The pleopods as well as the uropods are

ciliated at the tip (pi. XII, fig. 78 d).

Both these forms of young were taken from the body of a sculpin in

the Bay of Fuudy in 1872, and, when fresh, their bodies were bright red.

In alcohol they fade to a waxy yellow.

Adult males of this species greatly resemble Anceus elongatus Kroyer,



MARINE ISOPODA OF NEW ENGLAND, ETC. 413

but hivS Praniza BeinJiardi differs in its proportions of the antennary

segments from G. cerina.

This species was described by Dr. Stimpsou from females " dredged
on gravelly and coralline bottoms in 20-30 fathoms in the Hake Bay,"

and males " dredged on a sandy bottom in 10 fathoms off Cheney's
Head," Grand Menan, in the Bay of Fundy. It has been collected by
the U. S. Fish Commission in Massachusetts Bay !, off Salem, 22-50

fathoms, gravel and soft mud -, Gulf of Maine !, at several localities ; Casco
Bay !, 50 fathoms ; Bay of Fundy !, in many localities, 10 to GO fathoms,

rocks, stones, and mud, and young specimens have been taken adhering

to codfish and the sculpiu. It was dredged by Mr. J. F. Whiteaves in

the Gulf of St. Lawrence!, in 220 fathoms, mud. Further details in

regard to localities are given in the subjoined table.

Specimens examined.

2108

2109

2121

2110

2107

2111
2112
2113
2115
2117

2114
2116
2118
2119

2122

Locality.

Massachusetts Bay, 3
miles S. E. Nahant.

Massachusetts Bay,
off Salem E. S. E.
9 to 11 miles.

Massachusetts
off Salem E. S. E'
8 to 9 miles.

Massachusetts
off Salem- E.
6 to 7 miles.

Massachusetts
off Salem E. S. E!
11 to 13 miles.

Gulf of Maine, S. E. J
S. from Cape Ann,
6 to 7 miles.

Gulf of Maine be-
tweenCapeAnn and
Isle of Shoals.

Casco Bay ,

do

Bay,

Bay,
S. t).

Bay,

Eastport, Mo
do
do

Bay of Fundy .

.

do
do

Bay of Fnndy,
Head Harbor.

Bay of Fnndy
Off Sable Island
Gulfof Saint Lawrence

off

Bottom.

22

33

25-26

4.5-50

54-60

27-36

50

10-20

25-30

"46"

60
160
220

Mud

Gravel, stones.

When col-

lected.

Aug. 31, 1879

,1877

Mud

Gravel, stones -
i

1

I

Mud
I

Sand, mud
j

...,do

Eocky.

On 8culpin,&c.

On Lophohelia.
Mud

,1877

,1877

,1877

,1878

,1874

Aug. 6, 1873
—, 1873
—, 1873
— , 1872
—, 1872
— , 1868
— , 1872
— , 1872
—, 1872
—, 1872

1870-'72

,1878

Received from

—

Speci-
mens.

No.

J. H. Emerton.

U.S. Fish Com.

....do

...do

...do

....do

....do

...do
....do
....do
....do
...do
A.E. VerriU ..

H.S.FishCom
....do
....do
....do

A. E. VerriU...
U. S. Fish Com.
J. F.Whiteavea

Sex.

?

I-

d"

d

Dry.
Alo.

Ale.

Ale.

? ! Ale.

Ale.

Ale.

Ale.

Ale.

Ale.
Ale.
Ale.
Ale.
Ale.
Ale.
Ale.
Alo.
Ale.
Ale.

Ale.
Ale.
Ale.

XIV.—TANAID^.

Eespiration cephalothoracic, taking place in a cavity beneath the

walls of the united head and first thoracic segment j eyes, when present,

articulated ; antennular flagellum single ; first pair of legs enlarged and
more or less perfectly chelate; pleopods natatory, ciliated, not branchial

j

nropods, terete, terminal, with at least one jointed ramus.
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This family differs widely from all the other Isopoda, and indeed

from all the sessile-eyed Crustacea, in the structure of the respiratory

organs, and in the fact that the eyes, when present, are articulated with

the head, or stalked, though without any proper pedicel.

I have seen species of only two genera, Leptochelia Dana and Tanais

Audouin and Edwards, from within our limits. These genera are, by
some authors, united under the name Tanais, but there seems to be

ample reasons for separating them. While they agree in many charac-

ters, they differ widely from Apseudes Leach, which should probably be

regarded as belonging to a different family not represented on our coast,

and is accordingly not included in the above diagnosis.

Our representatives of the Tanaidce may be further characterized as

follows : The body is subcylindrical and elongated, from four or five to

at least eight times as long as broad. The head and first thoracic seg-

ment are covered by the large cephalothoracic shield, which tapers

somewhat in front, and is dilated behind. Its i)ostero-lateral regions

are occupied on each side by the branchial cavity, opening behind by a

vertical slit, and in front by a nearly horizontal orifice. During life a

lash-like organ can be seen through the body wall, in constant vibration,

propelling a stream of Avater from behind forward through the cavity.

The eyes, when i)resent, are distinctly articulated with the head, and in

the males are generally larger and more coarsely granulated than in the

females. They are absent in one of our species, as in the one mentioned

by Willemoes-Suhm from 1,400 fathoms in the Atlantic Ocean, off the

North American coast, obtained by the Challenger expedition. They are

described as indistinct in other foreign species. The anteuuulie are in-

serted close together immediately below the vertex of the head and

between the eyes. They are robust at base, and in the males may be

elongated, but in the females are short, with only three or four segments

and a minute rudiment of a flagellum. In neither sex have they any

trace of the secondarj^ flagellum seen in Apseudes. The antennae are

more slender than the antennuloe, and inserted almost directly beneath

them. They are five-jointed, with the first and second segments short,

the third larger and longer, the fourth and fifth slender and cylindrical,

and, like the anteunulie, with indications of a flagellum. The antennae,

like the antennuhie, are tipped with bristles and bear a few scattered

similar bristles on their segments.

The mouth organs are aborted in the males, at least in the genus Lep-

tochelia, but in the females the mouth is protected below by a well-devel-

oped pair of maxillipeds, of which the basal segments meet at an angle

forming a keel on the under surface of the head. The i^alpi of the max-

iUipeds are four-jointed, and armed with strong cilia ; the last segment is

strongly flexed on the penultimate. The inner maxillae are spiny, and

have the outer lobe reflexed and bearing elongated cilia at the tip. The

mandibles are strong, destitute of palpi, and armed with one or two
dentigerous lamellae at the apex and a strong molar process.
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The first pair of legs are robust, and in the males may be large and
much elongated ; they are in both sexes of our species i^owerful organs

of prehension, being strongly chelate. Like the remaining i^airs of legs,

they have only five movable segments, uuless an articulated spine at

the extremity of the fifth segment is to be regarded as the true dactylus.

On the other hand, the basal segment in many specimens presents indi-

cations of a short segment at its distal end, as if really consisting of the

united basis and ischium. If this latter supposition be the true one, the

hand of the first pair of legs is formed, as might be expected, of the pro-

podus and the dactylus ; the propodus is thickened and provided with

a digital process stronger than the curbed dactylus, which closes against

it ; the digital process bears toward the tij) a few stout, bristly setae.

These legs are attached to the under side of the united head and first

thoracic segment below the branchial cavity, and are directed forward.

They are capable of but little lateral motion, and are nearly in contact

below, especially toward their bases, which cover and partly conceal

the organs of the mouth and the bases of the antennae. The second pair

of legs are very slender in comparison with the first, and are more slender

than those that follow. Their basal segments are flattened, somewhat
elongated, and usually bent with the convexity outward, in adaptation to

the basal segments of the first i)air of legs, which they partly embrace.

The last three pairs of legs have their basal segments swollen.

The pleon consists, in our species, of five or six segments, and bears

three or five pairs of strongly ciliated pleopods of the ordinary form,

and fitted for swimming, and also a pair of uropods, consisting of a large

basal segment bearing one or two rami. This ramus, or the inner one

when there are two, is articulated and composed, in our species, of from

two to six segments. The outer ramus may also consist of more than

one segment. Like the antennulae and antennae, the uropods are pro-

vided with setae, which are often elongate.

In the young the seventh pair of legs are not developed, and, accord-

ing to MiiUer, the pleopods are likewise wanting and the uropods have
less than the adult number of segments.

This family has been the subject of special research by Fritz MiiUer,

Spence Bate, Dohru, and others, to whose writings reference may be
had for further description of their anatomy and development. Their

proper place among the Crustacea cannot be regarded as settled, though
the opinion of Fritz jVliiUer that they represent an ancestral type of

Isopoda is probably the best offered as yet. According to Dohrn, they

present in their development affinities with Asellus, lAgia, and Guma.
Gegenbaur associates his Tanaida with the Podophthalma rather than the

Udriophthalma.

Our species of this family are sharply divided into two genera, for

which I have, after some hesitation, adoped the names Tanais Aud. and
Edw. and Leptochelia Dana. I have not been able to see Audouin and
Edwards' E6sum6 d'Entomologie, in which the genus Tanais is said to
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have been established, without descrij)tiou, in 1829. In the Precis

d'Entomologie, by the same authors, is a figure (pi. xxix, fig. 1), appa-

rently the same as that in the E^sume, which is there called Tanais de

Costa. Latreille,* in 1831, characterized the genus, basing it upon Gam-
marus Dulongii Aud., figured by Savigny. Westwood,t in 1832, proposed

for the same species the name Anisocheirus, without, however, mention-

ing any characters. In 1836, Templeton J described and figured, with

evident care and accui'acy, a species of this family under the name
ZeiLvo Westwoodiana. This species has, according to his figure, six

segments in the pleon. Edwards, in his general work, Histoire natu-

relle des Crustaces, figiu-es and describes Tanais GavoUnii (tome iii,

p. 141, pi. 31, fig. 6), and refers the figure in the Precis d'Entomologie

to that species. In 1843, Eathke § described and figured Grossurus vit-

tatus as a new genus and species allied to Apaeiides and Tanais, but

there do not seem to be any characters of importance to separate it

from T. GavoUnii Edw., and, indeed, Bate and Westwood are inclined

to regard them as identical species. If, however, T. Dulongii be re-

garded as the type of the genus, there appears to be nothing but the

clothing of the basal segments of the pleon to separate the two genera,

and this character seems of no more than specific value, since T. Dti-

longii is described by Bate and Westwood as possessing the peculiar

"branchial appendages" at the base of the fifth pair of legs. These ap-

pendages are doubtless incubatory sacs, similar to those of T. mttatus.

For the second genus I have hitherto used the name Paratanais Dana,

on the ground that Lepioclielia of the same author, although having

priority, was founded upon the characteristics of the male sex. The

type-species, however, of this genus, L. minuta, possesses all the charac-

ters of Paratanais that could occur in the male. Leptochelia Edwardsii

Dana, Tanais Edwardsii Kroyer, moreover, belongs to the same genus,

and I have adopted the name for both sexes.

The minute species, by which this family is represented on our coast,

may be readily recognized by the proportionately large and strong chelate

first pair of legs articulated to the united head and first thoracic segment.

The two genera are distinguished by the number of segments in the

pleon, which are five, with three pairs of pleopods in Tanais (p. 122), and

six, with five pairs of pleopods in Leptochelia (p. 126).

Tanais Audouin and Edwards.

Tanais Audouin and Edwards, " R6suni6 (not Precis) d'Ent., p. 182 (without de-

scription, 1829), pi. xxix, fig. 1" (B. & W.) ; Pr6cis d'Entomol., p. 46, pi.

xxix, fig. 1.

Edwards, Hist. nat. des Crust., torn, iii, p. 141, 1840.

Crossurus Rathke, Fauna Norwegens, p. 35, 1843.

AntennulsB and antennae simple j mandibles without palpi
;
pleon com-

posed of five segments bearing three pairs of ciliated pleopods below,

* Coui-s d'Ent., p. 403. t Ann. Sci. nat., tome xxvii, p. 330, 1832.

t Trans. Enti Soc, vol. ii, p. 203, 1836. $ Fauna Norwegens, p. 35.
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and a pair of siraple uropods behind ; eggs incubated in sacs attached

near the bases of the fifth pair of legs of the females.

This genus is distinguished from the next by the structure of the

pleon and the uropods as given above, and the females are, when carry-

ing eggs or young, distinguished from all the other Isopoda by the wart-

like, or sac-like, ai)peudages of the fifth thoracic segment. Usually a

small wart-like appendage is visible on each side of the inferior surface

of the thorax just within the bases of the fifth pair of legs, but the size

of these organs varies greatly, and in some specimens they become dis-

tended with eggs, extended lengthwise with the body and more or less

coalescent, so as to form the large, bilobed incubatory pouch, as figured

by Rathke. This pouch is, however, attached only to the fifth segment.

The presence of a peculiar appendage to the fifth jiair of legs in this

genus has been noted by various authors. Bate and Westwood figure,

in the second volume of the British Sessile-Eyed Crustacea, x>age 122, a

leg of the fifth pair with the attached pouch, which they " regard as a

branchial sac similar to those existing in the Amphipoda, and conse-

quently affording a proof of the nearer relationship of Tanais with that

order than is possessed by any other isopodous animal." They remark

further that "'this appendage is wanting in some specimens, and its

variable existence is probably a character of specific distinction in the

group." Those authors have not, however, separated T. vittatus into two

species on this character. Stebbing * mentions a specimen with eggs

"as described by Rathke." Macdonaldt figures a female with an incu-

batory pouch, which he briefly describes as •' a membranous expansion

or saccule under the thorax."

Rathke's original description is as follows : "Beide Exemplare, die ich

untersuchen konnte, waren Weibchen uud trugen Eier unter dem Thorax.

Diese aber, die Ubrigens verhaltuissmiissig ziemlich gross waren, lagen

nicht, wie bei Idothea, Ligia und vielen andern Isopoden, in einer zum
Theil aus Schuppen bestehende Briithole eingeschlossen, sondern bilde-

ten zwei liinglichovale, dicht neben einander liegende und an der Ober-

flache nur wenig unebene Massen von ziemlich betriichtlicher Grosse.

Jede von ihnen war zusammengesetzt aus den Eiern und einer durch-

sichtigen eiweissartigen Substanz, die um jene herumgegossen war, sie

wie ein KJitt zusammen hielt, und sie zugleich auch an die Bauchseite

des Leibes befestigte. Es zeigten demnach jene Massen ganz dieselbe

Zusammensetzung, wie die sogennanten Eiertrauben der Cyclopiden,

Lernseaden und Branchiopoden." Rathke, having had only two si)eci-

mens, does not appear to have perceived the attachment of these masses

at the bases of the fifth j)air of legs, and of course had no opportunity

to see them in various stages of development. A specimen belonging to

this genus and measuring 17 millimeters in length was obtained at Ker-

* Ann. Mag. Nat. Hist., IV, xvii, p. 78, 1876.

t Trans. Linn. Soc, II, ZooL, vol. i, p. 69, pi. xv, fig. 1, 1875.

27 F
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gueleu Island by Willemoes-Subm,* who describes the sacs attached to

the fifth thoracic segment and attaining, as the young develop, a diame-

ter of three to four millimeters.

Tauais vittatus Lilljeborg (Rathke).

Crossurus vittatus Rathke, Fauua Norwegens, p. 39, pi. 1, figs. 1-7, 1843.

Tanais tomeutosus Kriiyer, Naturhist. Tidssk., B. iv, p. 183, 1842; ibid., II, B. ii,

p. 412, 1847 ; Yoy. en Scand., Crust., pi. sxvii, figs. 2 a-q, "1849."

LilljeJjorg, Ofvers. Vet.-Akad. Fort., Xrg., viii, p. 23, 1851.

Mciuert, Crust. Isop. Amph. Dec. DaniiB. p. 86, "1877."

Tanais hirtkaudatus Bate, Rep. Brit. Assoc., 1860, p. 224, 1861.

Tanais vittatus Lilljeborg, Bidrag Kiinu. Crust. Tanaid.,p. 29, 1865.

Bate aud West wood,- Brit. Sess. Crust., vol. ii, p. 125, 1866.

Stebbing, Trans. Devon. Assoc, 1874, p. (7), aud 1879, p. (6); Ann. Mag.

Nat. Hist., IV, vol. xvii, p. 78, 1876.

Verrill, Am. Jour. Sci., Ill, vol. x, p. 38, 1875.

Macdouald, Trans. Linn. Soc, II, Zool., vol. i, p. 67-70, pi. xv, 1375.

Harger, Proc. U. S. Nat. Mus., 1879, vol. ii, p. 162, 1879.

Plate XIII, Figs. 81, 82.

This species is at once recognized among our Isopods by the pleon,

which is beset with bristly hairs at the sides, and crossed by two rows of

similar hairs near the i)osterior margins of its first two segments.

The body, though small, is rather robust, the length being about five

times the breadth, which is greatest at the first free, in reality the second,

thoracic segment. The head and united first thoracic segment is short,

not longer than broad. The eyes are distinctly articulated and much less

in diameter than the bases of the antennulse. The antennulse are shorter

than the head and first thoracic segment, and are composed of three seg-

ments, of which the first is longer than the other two together, while

the second and thii-d are of about equal length; the third segment is

terminated by one or two rudimentary segments, surmounted by a tuft of

straight bristly setae. Similar setne arise from the terminal x)ortions of the

two preceding segments. The antennae are as long as the antennulae, but

more slender, and consist of a five-jointed peduncle, somewhat setose like

the anteunulae, and terminated by a rudimentary flagellum lieset with

setae. The basal plates of the maxillipeds are ciUated externally, and

meet each other on the median line so as to form a keel narrowing back-

wards
; distally they become thicker and bear a four jointed palpus, of

which the second and third segments are dilated internally and ciliated,

and the fourth is spatulate and ciliated at its extremity. The inner

maxilloe have one of the lobes of the usual form and position, and armed
with short, curved spines at the tip, while the other is bent backward
and bears several elongated cilia at the tip, and by its constant motion

urges a stream of water through the branchial cavity.

The first pair of legs are much enlarged and extend, in their natural

position, beyond the head, and the "hand'' is ordinarily directed nearly

downward. The digital process of the propodus bears a broad lobe on

its inner side, and an acute tooth at its extremity; at the side of the lobe

*Zeit. NaturgeSj, B. xxiv, p. xvii, 1874.
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is a row of sette; the dactylus is stroug, with an obtuse tooth on its

inner margin. In the second j^air of legs the dactyhis is rather robust

and tapers strongly. In tlie sueceediug pairs of legs the dactyli become
curved, and, in the posterior pairs, hooked and armed with a comb of

slender teeth, while the three i)receding segments are also armed with

slender teeth or spines at their distal ends. The constrictions between

the thoracic segments are well marked, giving the body a somewhat
moniliform appearance. In breeding females, a pair of warts, or sacs

of greater or less size are found attached to the under surface of the

fifth thoracic segment, and containing eggs or young, according to their

stage of development. These sacs often, if not usually, coalesce more
or less perfectly before maturity.

The first three segments of the pleon are not narrower than the last

thoracic segment, and are strongly margined, or tufted, at the sides with

plumose hairs. These hairs are continued in two transverse rows, one

upon the first and another on the second segment near their posterior

margins, across the back of the pleon. This character is only im-

perfectly shown in the figure, where the transverse rows of hairs should

have been more strongly indicated. The last two segments of the pleon

are suddenly narrower than the first three. The last is much longer

than the fourtb and bears a short tooth at each side near the base.

This segment may be composed of two united. The three paii'S of

pleopods are nearly alike (pi. XIII, fig. 82), and consist of a basal segment
bearing two semi-oval lamellae, which, as well as the basal segment, are

strongly ciliated. The uropods are scarcely longer than the last two

segments of the pleon, and the basal segment is comparatively small;

the second segment is nearly as long as the first, the third about half

as long as the second and tipped with setse, with which the first two

segments are also provided.

Length 5.5 """"j breadth 1.1 ™'"; color brown, mottled with lighter

above ; beneath, nearly white.

This species occurred on piles and among algte and eel-grass at

IsToank
!

, Conn., in the summer of 1871, along with LeptocJicUa aJgieoIa, but

in much less abundance. It was described by Eathke from Molde, on

the west coast of Norway, and inhabits also the British Isles, and while

the present article was going through the press I received, through the

kindness of Eev. T. E. E. Stebbing, specimens from Torquay!, England,

which confirm my previous determination of our species as identical

with the European form. It has been found by J. D. Macdonald "in

the excavated wood of piers, in company with Limnoria and CJielura

terebrans.'''' It is doubtfully identified by Bate and Westwood with a

Mediterranean species, T. CavolinU Edw. On the authority of Lilljeborg

I have regarded it as identical with Tanais tomentosus Kioyer, although

differing in the number and proportion of the segments of the pleon, as

described and figiired by that author. Kroyer's specimens were from

^resund, Denmark.
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Leptochelia Dana.

Leptoclielia Dana, Am. Jour. Sci., II, vol. viii, p. 425, 1849; U. S. Expl. Exped.,
Crust., p. 800, 1853.

Paraianais Dana, Am. Jour. Sci., II, vol. xiv, p. 306, 1852; U. S. Expl. Exped.,
Crust., p. 798, 1853.

Antennulse and antennae simple ; mandibles without palpi
;
pleon

composed of six segments, bearing five pairs of ciliated pleopods below,

and a pair of biramoiis nropods behind ; incubatory pouch of the females

of the normal form.

The genus Leptochelia was constituted by Professor Dana for a form
which Fritz Miiller has since shown to be the male of Paratanais Dana,
and although so far as I know the name has not hitherto been used
for any but the male forms, I see no reason why it should not be
adopted instead of the later name Paratanais. I have therefore adopted
it for the four species lately described, from our coast. Dr. Stirapson's

Tanaisfilum undoubtedly belongs to the same genus, making five species

within our limits, only four of which I have seen. The species that I

have examined may be further characterized as follows : The body is of

nearly uniform size throughout. The anteunulae are directed forward

and have a large basal segment, in contact with its fellow of the opposite

side at its origin, and composing about half the length of the organ in

the females ; but in the males this segment, though absolutely much
larger than in the females, may not form more than about a third of the

total length of the antennula, which is nine to twelve jointed and termi-

nated by a well developed flagellum. The autennse differ but little in the

sexes, and are five-jointed. The organs of the mouth are abortive in the

males, and the oral region is covered below by a pair of subtriangular

plates, perhaps the rudiments of the maxillipeds. The second thoracic

segment is shorter than those that follow it ; the fifth and sixth are the

longest, and the seventh is shorter than the sixth.

The pleon consists of six distinct segments, subequal in length or

with the last somewhat longer than the others. These segments are

smooth above, and the first five bear on their under surface each a pair

of pleopods, much like those of Tanais (pi. XIII, fig. 82), but not cili-

ated on the basal segment. The last segment bears a pair of uropods,

which consist of a large basal segment bearing two terete rami. Of
these the outer ramus is shorter and smaller than the inner, and may
consist of a single segment so small and short as to be easily overlooked

;

the inner ramus is larger and longer, and composed, in our species, of

from two to six segments. The number of these segments appears to

be of value as a specific character, but not perfectly constant.

In the females the incubatory pouch is formed, as in the order gener-

ally, by four pairs, of lamellae attached to the bases of the second, third,

fourth, and fifth pairs of legs.
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Leptochelia algicola Harger.

LeptocheUa Edwardsii Bate aud Westwood, Brit. Sess. Crust., vol. ii, p. 134, 1868

{Tanais Edivardaii Kroyer?).

Tanaisfilum Harger, This Report, part i, p. 573 [279], 1874 (non Stimpson).

Verrill, This Report, part i, p. 381 (87), 1874.

Paratanais algicola Harger, Am. Jour. Set., Ill, vol. xv, p. 377, 1878.

LeptocheUa algicola Harger, Proc. U. S. Nat. Mus., 1879, vol. ii, p. 102, 1879.

Plates XII aud XIII, Figs. 80, 83-86.

The large and strong chelate claws, six-jointed pleon, and nropods

with a short, one-jointed, onter ramus and a six-jointed inner ramus,

will, in general, distinguish the present species from any other Isopod

on our coast.

The body is of nearly uniform size throughout, and not constricted at

the articulations. The head is narrowed in front. The eyes are conspic-

uous and x^lainly articulated, and are large in the males. The antennuloe in

the females (pi. XIII, fig. 84 a) are shorter than the head and first thoracic

segment, and are comi^osed of three segments, of which the first is longer

than the second and third together, and the thii'd is slightly longer than

the second, and,insomesj)ecimens, present traces of a division into two
segments. The basal segment bears a short, stout seta just beyond the

middle aud one or two more near the tip ; the second has also setce near

the tip, and the third bears a tuft of half a dozen or more set<« at the

tip. In the males (pi. XII, fig. 80) the antennula3 are about two-thirds

as long as the body and usually eleven-jointed, but sometimes with one

or two segments more or less than that number. The basal segment
forms, in this sex, about one-third the length of the organ, and is curved

from near the base so as to be convex upw^ard ; the next two segments

decrease rapidly in length, and are followed usually by eight flagellar

segments provided with "olfactory sette" from two to four or more to a

segment. The antennae (j)l. XIII, fig. 84 Z>) in both sexes are short,

slender, and decurved, termmated by a tuft of sette. They appear to

vary but little in the family.

The first pair of legs have the merus triangular, bringing the ischium

and carx)us together. In the female (pi. XIII, figs. 83 and 84 c) these

legs, in their natural position, extend but little beyond the head; the

proi>odus has a stout, digital process nearly in the line of its axis;

this process is broadly notched near the base, then elevated into a

slightly serrulate lobe, and bears at the apex a short, stout terminal

tooth. Xear the base of the lobe are usually two stout setie. The
first pair of legs in the males are much larger and more .elongated,

especially in the last three segments; the carpus is elongate and
cylindrical, extending about half its length beyond the head, and
attaining the end of the basal antennular segment; the i)ropodus (pi.

XIII, fig. 85) is robust and has a strong, curved, and two-toothed

digital i)rocess, bearing also two stout setae near the second tooth;

the dactylus is also curved and provided on its inner margin with.
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about seven short setfe springing from tlie bases of as many serratureS

;

the propodus bears on its inner surface, above the origin of the dac-

tylus, a comb, formed by a row of short setse, and terminated at each

end by a longer one. In the second pair of legs (pi. XIII, fig. 81 d) the

dactylus, with its terminal spine, is not as long as the propodus, which

bears two or three sette near its tip. The third and fourth pairs of legs

are shorter than the second. The last three pairs have their basal seg-

ments moderately swollen; the merus, carpus, and propodus of these

legs are armed with a few spines near their distal ends ; the dactyli are

short.

The pleon is slightly broader near its base than the thoracic segments.

The first five segments are subequal in length, the last longer and

pointed behind. The uropods (pi. XIII, fig. 86) consist of a robust basal

segment {b) bearing two rami, of which the outer (o) is very short and

imiarticulate ; the inner (i) is six-jointed, tapering from the base, with

the segments of about equal length and provided with setie near their

distal ends.

Length 2.2" '•, breadth O.oS""™ ; color nearly white.

It is possible that this species may prove to be identical with L. Ud-

icardsii (Kroyer) Dana, although differing from Kroyer's description* and

figures, especially in the following particulars: The peduncle of the an-

tennula, which, according to his description and figure, consists of a short

basal segment, an elongated segment, and a third short segment, has by

his description the ratio to the following flagellum of five to four. The

basal segment that he describes and figures was probably only the

enlarged basal portion of the elongated segment, which, together with

the following segment, constitutes only about three-sevenths of the

length of the organ instead of five-ninths according to his description.

He further describes and figures the uropod asbiramous, with the inner

elongated ramus composed of seven segments instead of six. Other

differences could be pointed out in the proportions of the thoracic

segments and the segments of the first pair of legs. Bate and West-

wood t figure and describe a species, which they regard as L. Ed-

icardsii, although their description and figures differ somewhat from

Kroyer's, principally in the fact that they figure and describe the

uropods as simple, saying in the generic description: "Pleopoda,

five anterior pairs biramose; posterior pair unibranched and multi-

articulate;" and agam under the species (p. 130), "The posterior or

caudal pair of pleopoda consist of a single multiarticulate branch, of

which the basal joint is larger than the terminal ones: it consists of nine

or ten small articuli." They figure it on page 134 as simple, tapering

from the base and 6fre>?-jointed. These authors express their indebted-

ness "for this interesting addition to our British fauna to the zeal and

research of the Rev. A. M. Norman, who took it during the summer of

* Natnrhist. Tidssk., vol. iv, p. 174, pi. ii, figs. 13-19»

tBrit. Sess. Crust., vol. ii, p. 134.
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18G5 among Zostercc bet\Yeeu tide marks in Belgrave Bay, Guernsey,"

and in the description of Paratanais forcipatus, on p. 139, mention in

afoot-note a specimen from tbe same locality, "wliich lias a pair of six-

jointed anal filaments with a short one-jointed secondary filament arising

from tlie extremity of the basal joint. Can this be the female of

Leptoclielia JEdivardsii fully grown ? "

Through the kindness of the Eev. Mr. Norman I have been able to

examine a specimen labeled ^^ Leptochelia Edivardsii, Guernsey, 18G0,"

and do not find that it differs from our species in any characters that

can be regarded as of specific value. The antennulae have indeed only

seven flagellar segments, or ten segments in all, which is also the case

in some of our specimens, though eight such segments—eleven in all—is

the usual number. The thoracic segments have the same proportion to

each other as in our species, and the uropods agree exactly with ours

in being biramous, with the outer ramus short and uniarticulate and
the inner ramus six-jointed.

This is the form of uropod described and figured by Kroyer in Tanais

Savignyi, which, as Fritz Muller has suggested, is probably the female

of T. Edivardsii Kr, That species has, however, according to Kroyer,

a five-jointed antennula, the last segment being rudimentary. I have
observed among a large number of our specimens two which had the last

segment divided, though scarcely longer than in the others. These si)eci-

mens could hardly be distinguished from T. Savujnyi Kroyer by any
characters that I have observed. In view, however, of the great simi-

larity of the females throughout the genus, as exemplified in the females

of this species and of L. rapax, with both sexes of which I am familiar^

I have concluded for the present to retain the specific name which I re-

cently proposed for this species, and wait until an examination of both
sexes can be had to decide the questions of specific identity.

I formerly regarded this species as identical with Tanais filuin Stimp-

son, and supposed its range to extend to the Bay of Fundy. In view
of the number of species now known to exist on this coast, and in the

absence of any specimens from the Bay of Fundy, I now regard that as
an error, and have corrected it in the American Journal of Science.

This species is rather abundant among eel-grass {Zostcra marina) and
algre at ISToank ! and Wood's Holl !, and has been taken during the past
summer (1879) at Provincetown

!
, Mass., among eel-grass, on a vessel's

bottom and in old piles, in company Math Clielura terebrans Philippi

and Limnoria Ugnorum White. The specimen sent by the Eev. A. M.
Norman enables me to extend its range to the Island of Guernsey

!
, in

the British Channel.
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Specimens examined.

Locality. Bottom.
"WTien col-

lected.
Receivedfrom

—

Speci-
mena.

No, Sex.

Dry.
Ale.

2126
2127

2128
2129

2130

2131
2132
2133

Noank Harbor, Conu
...do

..-.do
Vineyard Sound,
Mass -

Vineyard Sound,
Parker's Point

....'do

....do

....do
Proviucetown, Mass.

do
do
do
do

Eel-grass
Eel-grass

algae.

....do ....

and

L.W.

"i"

L. vr. on alga^-

On pUes
Surface

Eel-grass— do
In old piles
Vessel bottom

.

.1874
—,1874

—1874

,1871

— , 1875
—,187.5

,1875
,1875

Aug. 22, 1879
Aug. 23, 1879
Aug. 23, 1879
Aug. 23, 1879
Sept. 3, 1879.

IT. S. Pisb. Com
... do

d9

...do

...do

..do ..

..do ..

..do ..

..do ..

. . . .do .

.

....do ..

....do ..

....do ..

....do ..

?
d

Ale.
Ale.

Ale.

Ale.

Ale.
Ale.
Ale.
Ale.
Ale.
Ala
Ale.
Ale.
Ale.

Leptochelia litnicola Harger.

Paratanais limicola Harger, Am. Jour. Sci"., Ill, vol. xv, p. 378, 1878.

Leptovhelia limicola Harger, Proc. U. S. Nat. Mus., 1879, vol. ii, p. 163, 1879.

* Plate XIII, Figs. 87, 88.

I have seeii only females of this species, and these in general much
resemble the same sex in L. algicola described above, but differ as fol-

lows : The eyes are small and inconspicuous, being' less than half the

transverse diameter of the basal antennular segment. The second seg-

ment of the antennulse (pi. XIII, fig. 88 a) is short, only about half as

long as the third. In the second pair of legs the dactylus with its ter-

minal claw or spine is longer than the propodus, and the claw is

slender and attenuated. The pleon is not wider than the segments of

the thorax, and the uropods have the outer ramus two-jointed and sur-

passing the basal segment of the inner ramus, which is five-jointed, with

the fiist segment long and imperfectly divided.

Length 2.5"'™. Color white in alcohol.

The specimens of this species were dredged in 48 fathoms, soft mud,
in Massachusetts Bay!, off Salem, by the United States Fish Commis-
sion, in the summer of 1877.

Leptochelia rapa^ Harger.

Leptoclielia rapax Harger, Proc. U. S. Nat. Mus., 1879, vol. ii, p. 163, 1879.

Plate XIII, Figs. 89, 90.

Females of this species closely resemble those of the two preceding

species, but are distinguished by the following characters : The eyes

are larger and more conspicuous than in L. limicola. The last segment
of the antennulae is scarcely longer than the preceding, instead of nearly

twice as long. In the second pair of legs the dactylus is somewhat
shorter, and the terminal spine less attenuated. The external ramus of

the uropods consists of a single very short and small segment, shorter

than the basal segment of the inner ramus, which is not elongated. The
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inuer ramus is tive-jointed instead of six-jointed, as in L. algicola, from

wliicli species the males are easily distinguished by the elongate and

slender antennulas and chelate legs, and by other characters, as may be

seen from the follownig description and the figures.

The males (pi. XIII, fig. 89) are remarkable for the long, slender hand
terminating the first pair of legs (pi. XIII, fig. 90). The body of the male

is short and robust, and the segments are well separated by constric-

tions at the sides. The head with the united first thoracic segment is

short and rounded, bulging strongly at the sides just behind the eyes,

which are conspicuous, considerably less in diameter than the bases of

the autennulae, distinctly articulated and coarsely faceted. The anten-

nulte are much elongated, especially in the basal segment, which con-

stitutes nearly half the length of the organ, and is more than one-third

as long as the body ; this segment is straight, swollen on the inner side

near the base, then tapers gradually to the tip ; the second segment is

a little over one-third the length of the first and cylindrical ; the third

is again about one-third the length of the second, and scarcely thicker

than the following- flagellar segments, which vary in number from six to

eight, and are usually of about equal length. In case there are eight

flagellar segments the first is, sometimes at least, considerably shorter

than the others. The last segment is tipped with a rudiment, and bears

a few setse. The whole number of segments, therefore, varies from nine

to eleven, and if one of the flagellar segments be taken as a unit of

measurement, the length of the first three segments will be ax^i^rox-

imately expressed by the numbers 9, 3.8 and 1.4, The antennai when
extended do not far surpass the middle of the basal segment of the

antennulse, and are comparatively slender; the first segment is short

and somewhat expanded distally; the second is slightly longer and

exx^anded so as to be sub-cordate ; the thii\l is short and cylindrical, equal

in length to the first; the fourth is the longest segment, being longer

than the first three taken together, and is slender and cylindrical, with

a few setse near the tip; the fifth is more slender and but slightly

shorter than the fourth, and is tipped with a minute rudimentary ter-

minal segment and a few setse.

The legs of the first pair are large and much elongated. They vary

somewhat in size and proportions, Ijut are commonly, when extended,

longer than the body of the animal. In these legs the segments pre-

ceding the carpus are robust but comijaratively short, while the carpus

is about half as long as the body, and the propodus (pi. XIII, fig. 90) is

even more elongated than the carpus, and is usually strongly flexed

upon it. More than half the length of the propodus is made up of the

slender digital process, which bears, near the base on the inner side, a

low, obtuse tooth, and a larger and more i)rominent one near the slender

incurved tip. The dactylus (pi. XIII, fig. 90) is more than half as long

as the propodus, slender, curved, and pointed, and armed with scattered,

weak spinules along the inner margin. The digital process of the pro-
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l^odus bears also a few setiie, especially near the base of the outer tooth.

The forceps thus formed are in most cases large enough to close around

the body of another individual, but vary in size, being in some speci-

mens at least one-third smaller than in others. The basal antennular

segment may also be somewhat shorter than above described.

Of the thoracic segments the second (first free) segment is the short-

est, and is also slightly broader than the others, and broader than the

head. The third, fourth, and fifth segments increase in length progres-

sively ; the sixth is as long as the fifth ; the seventh shorter. In the

second pair of legs, the dactylus with its terminal claw is about as long

as the propodus and nearly straight, as it is also in the third and fourth

pairs, but the dactyli of the last three pairs of legs are more curved,

and the basal segments somewhat swollen.

The first five segments of the pleon are of about equal length. The

sixth is slightly shorter, obtusely pointed in the middle, and emarginate

above the bases of the uropods, which are composed of a robust basal

segment, bearing a minute outer ramus composed of a single segment

tipped with setae, and a five-jointed inner ramus, also sparingly pro-

vided with setfe. Between the uropods and below, a thin spatulate plate

projects beyond the extremity of the pleon.

In length the males vary from 2.G""" to 3.8""", and in breadth from
0.6'""' to 0.85""^. The females measure in length about 2.3™™

j in

breadth, 0.5'"™.

About one hundred specimens of this species, three-fourths of them

females, were collected by Prof. A. Hyatt and Messrs. Van Vleck and

Gardiner, in three feet of water, on muddy bottom, in the summer of

1878, at Annisquam!, Mass., and are the only specimens I have seen.

Leptochelia filum Harger (Stimpson).

Tana'is filam, Stimpson, Mar. Inv. G. Mauau, p. 43, 1853.

Fackard, Mem. Bost. Soa. Nat. Hist., vol. i, p. 296, 1867.

Harger, Am. Joiir. Sci., Ill, vol. xv, p. 378, 1878.

Leptochelia filum Harger, Proc. U. S. Nat. Mus., 1879, vol. ii, p. 164, 1879.

" Very minute, slender, rounded on the back, white, looking very much
like a short piece of thread. Head small, and rather narrowed in front;

first thoracic segment of great length ; the second half as long as the

third, which is about equal in length with the fourth, fifth, and sixth

;

the seventh being a little shorter than the sixth. The segments of the

abdomen are well defined, the first five equaUng each other in length,

and the terminal one longer than the fifth, but narrower, and rounded

behind. Antennae short and thick, without flagellaj, with blunt tips

crowned with few hairs, as are also their articulations. The inner ones are

directed forward, and much the stoutest, especially toward their bases;

while the outer ones are more slender and curve outward and backward.

First pair of legs exceedingly thickened, with very large ovate hands

and strong curved fingers. They are generally closely applied against
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the breast. The remaiuiug thoracic feet are very slender, terminating

in sharp, slender fingers, which in the second pair are very long and
nearly straight, and in the other pairs short. The legs of the posterior

pair are a little the longest and thickest. The ambulatory feet, in five

pairs, are of great length and resemble those of Amphipods. The caudal

stylets are in length about four-fifths that of the abdomen, and consist

of four or five articles, with few hairs, each article becoming narrower^

the last one with a tuft of few hairs at its extremity. Length .15 inch;

breadth .02. Dredged among Aseidice callosce, in 20 fathoms, in the Hake
Bay."

I have seen no specimens corresponding fully with the above descrip-

tion, which is copied from Dr. Stimj)son ; neither have I seen any speci-

mens of this family from the Bay of Fundy. I formerly regarded the

species from Vineyard Sound as Tanais Jilum Stimpson, and that name
is used in this Eeport, part i, p. 573 (279), where also "Bay of Fundy
to Yineyard Sound" is given as its range. This error was corrected by
the writer in the American Journal of Science in 1878. In the absence

of specimens from the Bay of Fundy I am unable to say positively that

this species is not the same as my P. Umicola, although the number of

segments in the uropods does not correspond with those of that species,

and the outer ramus of the uropods, which is rather conspicuous in that

species, is not mentioned at ail by Dr. Stimpson. Farther investigation

is needed to settle this question, but the number of species known to

me from the coast seems suificient warrant for regarding this, for the

present at least, as a distinct species.

Dr. Packard states that he has dredged Tanais Jilum Stimpson in the

Gulf of St. Lawrenc^ ''at Caribou Island, in eight fathoms, on a sandy
bottom."

Leptochelia ccEca Harger.

Pamtanais cocca Harger, Am. Jotir. Sci., Ill, vol. xv, p. 378, 1878.

Leptochelia caca Harger, Proc. U. S. Nat. Mus., 1879, vol. ii, p. 164, 1879.

Plate XIII, Fig. 91.

This species is at once recognized among our Tanaids by the absence

of eyes. The enlarged chelate claws joined to the united head and first

thoracic segment, and the six-jointed pleon serve to distinguish it as

belonging to the present genus.

Body slender, elongated, and rather loosely articulated; head narrow
in front, not broader than the bases of the antennulae; eyes wanting;
antennulae distinctly four-jointed (pi. XIII, fig. 91 a) in the type speci-

men, first segment forming less than half the length of the organ, sec-

ond segment longer than the third, last segment about as long as the

second, slender, tapering and tipped with seti3e ; antennae attaining the

tip of the third antennular segment. The first pair of legs (pi. XIII,

fig. 91 ft) are robust, but less so than in the preceding species; they
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extend forward in the natural position about to the tips of the antennae

;

they have the basal segment subqnadrate, the hand or propodus less

robust than the carpus, with a serrated digital process ; dactylus short.

The second, or first free, thoracic segment is about two-thirds as long

as the third ; this in turn is about equal to the fourth and to the fifth seg-

ments; while the sixth and seventh segments are progressively some-

what shorter. The second pair of legs are scarcely more slender than the

following pairs, and the basal segments are not curved around the base

of the first pair.

The uropods (pi. XIII, fig. 91c) are short, and buamous; each ramus

two-jointed. The outer ramus is more slender than the inner, half its

length, and bears a long bristle at the tip.

Length 2.5™™ ; color white.

The first specimen of this species was dredged along with L. limicola

in 48 fathoms, soft mud, Massachusetts Bay!, otf Salem, in the summer
of 1877, and a second specimen apparently of the same species, though

differing somewhat in the antenuuloe, w^as collected on the shore at

Provincetown ! during the summer of 1879. Unfortunately only a single

specimen was obtained in each case, but it is very distinct from the

other species of our coast. It does, however, closely approach Tanais

islandicus G. O. Sars,* but appears to differ in the first pair of legs,

which Sars describes as follows: "Pedes primi paris validi, mami sat

dilatata, carpo vix angustiore, digitis palmse longitudinem sequantibus

vix forcipatis." These legs are in our species distinctly chelate, and the

dactylus is much shorter than the proi^odus (see pi. XIII, fig. 91 Z>). He
further says: " Uropoda sat elongata, biramosa, ramis, ambobus biar-

ticulatis, valde iucequalibus, exteriore ne 3*^^^™ quidem interioris longitu-

diuus partem assequente." In our species the outer ramus of the uropod

is about one-half as long as the inner.

GEOGRAPHICAL DISTRIBUTION.

The whole number of species enumerated is forty-six, three more than

were included in my recent paper on New England Isopoda in the Pro-

ceedings of the United States JSTational Museum. Their geographical

distribution, especially on our coast, is summarized in the lists below.

The following eleven species have as yet been found only south of

Cape Cod

:

Scyphacella arenicola.
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The following nineteen have been found only north of Cape Cod:

Gyge Hippolytes.

Phryxns abdominalis.

Dajus mysidis.

Janira alta.

Janira spinosa.

Munna Fabricii.

Munnopsis typica.

Burycope robusta.

Synidotea nodulosa.

Astacilla granulata.

Cirolana polita.

uiEga psora.

Sysceniis infelix.

Gnathia cerina.

Leptochelia limicola.

Leptochelia rapax.

Leptochelia filum.

Leptochelia coeca.

Synidotea bicuspida.

The remaining sixteen are included in the following list as found on

both sides of Cape Cod, but the letter n. is used to designate such species

as are common north and rare south of the Cape, and s. signifies that the

species is common at the south but rare northwards.

Philoscia vittata, s.

Jaera albifrons.

Ilyarachna species.*

Chiridotea coeca.

Chiridotea Tuftsii, N.

Idotea irrorata.

Idotea phosphorea, N.

Idotea robusta.

Epelys trilobus, s.

Epelys montosus, N.

Sphaeroma quadridentatum, s.

Limnoria lignorum.

Anthura polita, s.

Paranthura brachiata, N.

Ptila-nthura tenuis.

Leptochelia algicola, s. •

The eleven species included in the following list occur also on the

coast of Europe. The British species are marked b.

Astacilla granulata.

Limnoria lignorum, B.

^ga i)sora, b.

Tanais vittatus, b.

Leptochelia algicola, b.

Gyge Hippolytes, B.

Phryxus abdominalis, b.

Jsera albifrons, b.

Munna Fabricii.

Munnopsis typica.

Idotea irrorata, b.

The number of Isopoda included in the present paper is considerably

less than are known to inhabit Great Britain, being only about two-

thirds as many as are included in Bate and Westwood's work, together

with such additions to that fauna as have come to my knowledge since.

As has been seen, eight, or nearly one-fifth of our marine species, are

identical with those of Great Britain. The number of genera is much
more nearly equal. Thirty-one marine genera are enumerated in the

present paper, and of these sixteen are also British. The remaining

fifteen do not appear to be represented on the British coast, but their

place is filled by perhaps a rather greater number of genera. Of the

families, neglecting the Oniscidce as not properly included in the present

paper, we come to the Bopyridce, which have as yet been but little studied

* The only specimen yet known is from twenty-one miles east of Cape Cod.
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oa this coast. Five species only are enumerated here, two of which are

also British, while Bate and Westwood enumerate twelve. A closer ex-

amination of the group may very likely add considerably to the present

list.

The Asellidce and Munnopsidce, which Bate and Westwood would
unite, have seven marine species belonging to six genera in our list, and,

rejecting Lifnnoria, this number corresponds well with the British list

of four genera and six species ; one species, Jwra alhifrons Leach, is

identical, as are three of the genera

—

Jwra, Janira, and Munna. The
more typical forms of the Munnoj)sidm have not yet, as far as I am
aware, been recognized in British waters.

The Idofeidce are more numerous on our coast and appear to be more
diversified than in Great Britain. I have regarded our eleven species

as belonging to five different genera, while Bate and Westwood include

the seven British species in a single genus. The most conservative

could hardly class our species in less than three genera to one English

genus, and, judging mostly from the figures and descriptions, I should

be inclined to reckon three, or at least two, English genera to five on
our coast in this family. One genus and species, Idotea irrorata Edw.
(Say), is identical. Of the Arcturidce a single representative has only

recently been discovered within our limits, while three species, of the

same genus as ours, are mentioned by Bate and Westwood, and Steb-

biug has since added two more species.

A single species of Sphceroma is the only representative on our coast

of a family numbering no less than five genera and thirteen sj^ecies in

Bate and Westwood's volume. If the last two of these species be united

as sexes of the same, and Dynamene rubra and viridis be also united, as

suggested by Stebbing,* there are still left eleven representatives of this

family in England to one on our coast. Our species is closely related

to the British Spliceroma serratum Leach. Limnoria Ugnorum White
is the only known representative of its family on both coasts.

The Cirolanidw and JEgidce^ which are classed together under the lat-

ter name by most authors, have only four representatives in our limits,

belonging to three genera. Two of these genera are also found in Great

Britain, where they contain no less than seven species, one of which,

^ga psora Kroyer, is identical on the two coasts. Cirolana truncata

Norman is not included in Bate and Westwood, but these authors men-

tion three other species belonging to as many genera in this group,

making five genera and ten species Jfrom Great Britain to only three

genera and four species in our waters. The GijmotUoidce are represented

in our list by three species belonging to thi-ee genera, while Bate and
Westwood say of this family, ^'-'S^o specimen has hitherto been satisfac-

torily determined as having been found in our own seas." The Bev. A.
M. Is'orman, however, in the Annals and Magazine of Natural History

for December, 1868, p. 422, mentions and briefly describes Anilocra medi-

* Jour. Linn. Soc, Zool., voLxii, p. 148, 1874.
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terraneaLea<i]i, taken from a " small fish in rock-pools at Herm in 1865."

This genus has not been found on our coast.

Of the three genera antl three species of AnthuHdce in our list two

genera are also found in Great Britain, and it is possible that one species

may yet prove identical. The Gnathiidcv are more difficult of compari-

son on account of the confusion that has existed in the sexes, and the

larval forms. Our specimens seem to be all referable to a single species,

doubtless congeneric with the British species, the number of which may,

perhaps, by a liberal estimate, be i^laced at three.

In the Tanaidw, the genera are the same as in Great Britain, and two

of our species, Tanais vittatus Lillj. and LcptocJielia algicola Harger, are

found on both- coasts. There remain a second species of Tana/.s^ on the

British coast, and two species of LeptocheUa (Parafanais of Bate and
Westwood) against four species of LeptocheUa on our coast, as the remain-

ing representatives of this family. The genus Apseudes should probably

be taken to represent a family not yet found on our coast.

We have, therefore, the following list of marine familes, with the

genera in each, that are identical on our coast and that of Great Britain.

The species have been already indicated in a preceding list:

Bopyridffi: Gyge, Phryxus, Bopyrus. Two species.

Asellidge: Jcera, Jauira, Munna. One species.

IdoteidsB : Idotea. One species.

ArcturidiB : Astacilla.

Sphseromidte: iSphseroma.

Limnoriidoe : Limnoria. One species.

Cirolanidse: Cirolana.

JEgidse: ^ga. One species.

Cymothoidte.

Anthuridse: Anthura, Paranthura.

Gnathiidoe: Gnathia.

Tanaidoe: Tanais, LeptocheUa. Two species.

Furtlier details of geographical and also of bathymetrical distribution

are presented in the table on pages 139 to 141, in which the first column
shows the least depth in fathoms at which each species has been collected

on our coast ; the second the greatest depth ; and the following eighteen

columns are for dilferent localities, which may be further explained as

follows: The Carolinas include Charleston, S. 0., Fort Macon, K C., and
Norfolk, Ya.; iSTew Jersey includes Great Egg Harbor and Atlantic

City, N. J., and Fire Island Beach, on the south shore of Long Island;

Long Island Sound includes Savin Rock, Kew Haven, Stony Creek, or

Thimble Islands, Saybrook, New Loudon, and Norwalk, Conn.; Block
Island includes Watch Hill, Block Island Sound, and the deeper water
off the island -, Vineyard Sound includes also Buzzard's Bay, Nantucket
Sound, and off" Nantucket Island ; Cape Cod Bay includes Province-

town and Barnstable; Massachusetts Bay includes Salem, Nahant, Glou-
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cester, and Annisquam, Mass. ; the Gulf of Maine includes all outside

of the line of 50 fathoms between Cape Cod and Nova Scotia, and ex-

tending seaward to include George's Banks; Casco Bay includes Cape
Elizabeth and Quahog Bay -, Bay of Fundy includes Eastport Harbor
and Grand Menan, while species collected at greater depths than 50

fathoms are reckoned also in the Gulf of Maine, and the same is true

of those from that depth off Nova Scotia; Nova Scotia includes also

Banquereau or Quereau, Eastern and Western Banks, Miquelon Island,

and the Grand Banks. Species occurring on the north shore of the

Gulf of St. Lawrence are credited also to Labrador. In the last column

of the table the general habitat of each species is briefly indicated.
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LIST OF AUTHORITIES.

The present list iucliides only siicli works aud articles, relating wholly

or in part to Crustacea, as have been quoted, or otherwise used, in the

preparation of the preceding paper, and is chiefly intended to aid in

consultation of the authorities quoted. A few of the titles are necessa-

rily given at second hand, as indicated by quotation marks in the list.

The references to these works occurring throughout the article are also

inclosed in quotation marks, usually with an accompanying mention of

the author from whom they are taken. In all other cases the references

have been made directly from the works quoted. A considerable num-
ber of authorities have not been referred to, and are omitted from the

list, because at present inaccessible, and, for many of the most import-

ant works that I have been able to consult, I am indebted to the hber-

ality of Professor S. I. Smith, who has given me the free use of his library

aud afforded other material aid in the preparation of the article. I have
also had free access to the libraries of Professors Yerrill, Marsh aud
Dana.

In this list, as throughout the article, the number of the series of

various scientific publications is indicated by Ptoman numerals in cap-

itals. As far as possible references have been made to the original

paging, sometimes with that of the separata added in a parenthesis,

and, in the following list, a parenthesis is used to denote that the paging

is, or is supposed to be, that of the separata.
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AudoTiin, Jean Victor, ^ind Edwards, Henri MUne. Precis d'Entomologie ou d'His-
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Bate, C. Spence. On the British Edriophthalma. < Report of the British Associa-
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18-62, pi, xii-xxii. London, 1856.

Bate, C. Spence. On Praniza and Anceus and their affinity to each other. <^ An-
nals and Magazine of Natural History, III, vol. ii, pp. 165-172, pi. vi-vii. Lon-

don, Sept., 1858.

Bate, C. Spence. Crustacea. [In] List of the British marine invertebrate fauna. By
Robert McAndi'ew. <^ Report of the British Association for the Advancement of

Science, 1860, Reports on state of science, pp.. 217-236. London, 1861.
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tural History, III, vol. xvii, pp. 24-31, pi. ii. London, 1866.

Bate, C. Spence, and Westwood, John Obadiah. A History of the British sessile-
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Bosc, Louis Augustin Guillaume. Histoire naturelle des Crustac^s, contenant leur
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Buchholz, Reinhold. Mittheilungen naturwiss. Vereins v. Neu-Yorpom. u Eiigen,

h PP- ^--iO- St^e Miinter, Julius.

Bullar, John Follett. The generative organs of the parasitic Isopoda. <[ Journal of
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Moseley's remarks on the generative organs of the parasitic Isopoda. <^ Annals
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Catta, J. D. Note sur quelques Crustac^s erratiques. <^ Annales des Sciences natur-

elles, Zoologie, VI, tome iii, pp. 1-33, pi. i-ii. Paris, 1876. .

Coldstream, John. On the structure and habits of the Limnoria terebrans, a minute
crustaceous animal destructive to marine wooden erections, as piers, etc. <[ Edin-

burgh New Philosoi^hical Journal, vol. xvi, i)p. 316-334, pi. vi, 1834.

Cornalia, Emilio, and Panceri, Paolo. Osservazioni zoologico ed anatomische sopra

un nuovo genre di Isopodi sedentari (Gyge branchialis). <[ Memorie della Eeale

Accademia delle Scienze di Torino. II, tom. xix, pp. 85-118, pi i-ii. Turin, 1861.

Cuvier, Georges. Le Eegne Animal. See Ed-wards, Henri Milne, mid LatreiUe^

Pierre Andre.

Czerniavski, Voldemar. Materialia ad Zoographiam Ponticam Comparatam.

'"Transactions of the first meeting of Eussian Naturalists at St. Petersburg,

1868." pp. 19-136, pi. i-viii. " 1870."

Dalyell, John Graham. The Powers of the Creator displayed in the Creation. [3

vols., 4to, 145 plates.] London, 1851-1858.

Dana, James D-wight. Conspectus Crustaceorum, &c. Conspectus of the Crustacea

of the Exploring Expedition * * continued. Crustacea Isoj)oda. <^ American
Journal of Science and Arts, II, vol. viii, pp. 424-428. New Haven, 1349.

Dana, James Dwight. On the classification of the Crustacea choristopoda or tetra-

decapoda. <^ American Journal of Science and Arts, II, vol. xiv, pp. 297-316.

New Haven, 18.52.

Dana, James D-wight. Report on the Crustacea of the United States Exploring Ex-
l^edition, under the command of Charles Wilkes, U. S. N., 1838-42. Washington,

Text [4to, two parts, 1618 pages], 1853. Atlas [folio, 96 plates], 1855.

Dekay, James E. Zoology of New York or the New York Fauna. Part iv, Crus-

tacea. [4to, 70 pages, 13 plates.] Albany, 1844.
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Desmarest, Ansleme Gaetan. Malacostrace's. < Dictionnaire ties Sciences uatur-

elles, tome xxviii, pp. 13S-425 [56 j)lates]. Paris, 18-23.

Desmarest, Ansleme Gaetan. Considerations g6n€rales sur la classe des Crustac^s.

[8vo, 446 pages, 56 plates. ] Paris, 18-25.

Dohrn, Anton. Untersuchuugen liber Ban und Eutwicklnng der Artliropoden.

4. Eutwickluug nnd Organisation von Praniza (Anceus) maxillaris. < Zeit-

schrift fiir vrissenscliaftliclie Zoologie, Baud xx, pp. 55-60, taf. vi-viii.—5. Ziir

Kentniss des Banes von Paranthura Costaua. <Tom. cit. pp. 81-93, taf. is.

Leipzig, 1670.—7. Zur Kentniss vom Ban und der Entwicklnug von Tanais.

<Jenaisclie Zeitscbrift fur Medicin und Naturwissenschaft, Band v, pp. 293-306,

taf. xi-xii. Leipzig, 1S70.

Duvernoy, George Louis. Sur un nouvean genre de I'ortli-e des Ci'ustaces Isopodes

et sur I'espoce type de ce genre, le K^pone type. <Annales des Sciences natu-

relles, Zoologie, II, tome xv, pp. 110-l'2-2, pi. iv B. Paris, 1641.

Duvernoy, George Louis, and Lereboullet, Auguste. Essai d'nne monograpMe

des organes de la respiration de I'ordre des Crustaces Isopodes. <^Anualesde3

Sciences naturelles, Zoologie, II, tome xv, pp. 177-240, pi. vi. Paris, 1841.

Ebner, Victor von. Helleria, eine neue Isopoden-Gattnng ans der Familie der

Oniscoiden. <^ Verbandlungen k. k. zoologisck-botanlsclien Gesellschaft, Wien,

Band xviii, pp. 93-114, pi. i. Vienna, 1866.

EdTTvards, Alphonse Milne. Sur un Isoj)ode gigautesque des grandes profondeurs

de la mer. <Comptes Rendus, tome Ixxxviii, pp. -21-23. Paris, 1879.

Translated in the Annals and Magazine of Natural History, V, vol. iii, pp. 241-

243. London, 1879.

Edwards, Henri Milne. ''Resume d'Entomologie " and Precis d'Entomologie. See

Audouin, Jean Victor.

Edwards, Henri Milne. Annotations in Histoire naturelle des animaux sans ver-

t^bres, par J. B. P. A. de Lamarck, 2'^'5 Edit., tome v, 8vo. Paris, 1838.

Edwards, Henri Milne. Histoire naturelle des Crustacea, comprenant I'anatdmie,

la pbysiologie et la classitication de ces animaux. [8vo, 3 vols, text, 1 vol. plates. ]

Paris, tome i, 1834, tome ii, 1637, tome iii, 1840.

Published as a part of the Suites a Bulibn.

Edwards, Henri Milne. Le Regne Animal distribue d'apres sou organisation, par

Georges Cuvier. Les Crustaces avec une atlas. [Crochard edition, text 4to, 278

pages, atlas with 87 plates.] Paris, "1849."

Edwards, Henri Milne. Observations sur le squelette te'gumentaire des Crustaces

Decapodes et sur la Morphologie de ces Animaux. < Annales des Sciences natur-

elles, Zoologie, III, tome xvi, pp. -221-'291, pi. viii-xi. Paris, 1851.

Edwards, Henri Milne. Rapport sur nn travail de M. Hesse relatif aux metamor-

phoses des Ancet'S et des Caliges. < Annales des Sciences naturelles, Zoologie,

IV, tome ix, pp. 89-92. Paris, 1858.

Eichwald, Eduard von. "Faunre Caspio-Caucasise illustrationes universoe.

<^ Noveaux Memoii-es de la Soci^t6 Imperiale des Naturalistes de Moscou, yol. vu.

Moscow, 1842."

Fabricius, Johann Christian. Entomologia Systematica emeudata et aucta secun-

dum classes, ordines, genera, species, adjectis synonimis, locis, observationibus,

descriptiouibus. [8vo, 4 vols. , vols, i and iii in two parts]. Hafniae (Copenhagen)

1792-1794. . Index alphabeticus. [175 pages]. _ 1796.
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Fleming, John. Crustacea. <^ Encyclopaedia Britanuica, 7th edition, vol. vii, pp.

407-504, pi. clsxx-clxxxi, 4to. Edinburgh (1642).
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Gegenbaur, Carl. Elements of ComparatiTe Anatomy. Translated by F. Jeffrey
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iqne. Paris, 1762, 1800, 2 vols.. 4to."

Goodsir, Henry D. S. On two new species of Leachia, with a iilate. <^ Edinburgh

new Philosophical Journal, vol. xxxi, pp. 309-313, pi. vi. 1S41.
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Grube, Adolph Eduard. Ein Ausflug nach Triest und dem Quarnero. Beitrage zur

Kentniss der Thierwelt dieses Gebietes. [8vo, 175 pages, 5 plates.] Berlin, 1861.

Guerin Meneville, Felix Edouard. Iconographie du R&gne Animal de Cu\'ier.

Avec un texte descriptif mis an courant de la science. Crustaces. [8vo, 48 pages,

35 plates.] Paris, 1829-1843.

Guerin Meneville, Felix Edouard. Expedition Scientifique de Mor6e, Section des

Sciences physiques, tome iii, pt. i, Zoologie, section ii. Des Animaux articuI6s.

Crustaces, ijp. 30-50. pi. xxvii. Paris, 18;j2.

Harger, Oscar. The sexes of Sphaeroma. <^ American Journal of Science and Arts,

III, vol. V, p. 314. New Haven, 1873.

Harger, Oscar. On a new genus of Asellidae. <| American Journal of Science and
Arts, III, vol. vii, pp. 601-602. New Haven, 1874.

Harger, Oscar. This Report, part i, pp. 569-573. See Verrill, Addison Emory.

Harger, Oscar. Trans. Conn. Acad., vol. iii, pp. 1-57, and This Report, part ii, pp.
657- C61. See Smith, Sidney Irving.

Harger, Oscar. Description of Mancasellus brachyurus, a new fresh water Isopod

<l American Journal of Science and Arts, III, vol. xi, pp. 304-235. New Haveny
1876.
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Oniscus prEEgustator. <^ Transactions of the American Philosophical Society, vol.
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riske Forening i Kjobenhavn, Aaret 1858, pp. 172-179. Copenhagen, 18.59.

Liitken, Christian Friedrich. Tillaeg til „ Nogle Bemferkninger om de nordiske

^ga-arter samt om ^ga-sleegtens rette Begrtendsning "—Om yEga tridens Leach

og .^ga rotundicauda Lilljeborg samt om slcegteme Acherusia og ^gacylla.

< Videnskabelige Meddelelser fra den naturhistoriske Forening i Kjobenhavn,
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EXPLANATION OF THE PLATES.

PLATE I.

Figure 1.—Pliiloscia vittata Say (p. 306); dorsal view, enlarged six diameters;

natural size indicated by cross at the rigbt.

2.—Scypbacella arenicola Sniitb (p. 307) ; dorsal view, enlarged about twelve

diameters; natural size indicated by cross at the right.

3.—Actoniscus ellipticus Harger (p. 309) ; dorsal view, enlarged ten diame-

ters ; natural size indicated by line at the right.

4.—Jfera albifrons Leach (p. 315); female; dorsal view, enlarged about ten

diameters.

5.—The same ; maxilliped from the left side, exterior view, enlarged twenty-

five diameters ; p, palpus ; I, external lamella.

6.—The same ; maxilhe, enlarged twenty-five diameters ; a, outer, or second,

pair of maxillte; i, inner, or first, pair of maxillie; t, inner, e, outer

lobe.

7.—The same ; inferior surface of the pleou of a female.

8.—The same ; inferior surface of the pleon of a male.

(All the figures were drawn from nature by O. Harger.)

PLATE II.

Figure f>.—Jnnira alta Harger (p. 321); dorsal view, enlarged five diameters;

natural size indicated by line at the right.

10.—Janira spinosa Harger (p. 323); dorsal view of female, enlarged six

diameters.

11.—Mnunopsis typica M. Sars (p. 330) ; dorsal view of male, enlarged about

two diameters; i, maxillipeds; vi, basal segment; Z, external lamella;

2 and 3, second and third segments of palpus of maxillipeds ; c, outer

maxillae ; d, inner maxillse ; e, one of the second pair of legs of the male

;

/, one of the natatory legs; g, abdominal operculum of the female,

external view.

(Figures 9 and 10 were drawn from nature by O. Harger; figure 11 is copied from

M. Sars, drawn by G. O. Sars.)

PLATE III.

Figure 12.—Janira alta (p. 321); a, maxilliped; p, palpus of maxilliped ; I, external

lamella; i, mandible; P, palpus of mandible; d, dentigerous lamella;

VI, molar process, enlarged twenty-five diameters.

13.—The same ; inferior surface of the pleon, a in the female, b in the male,

enlarged ten diameters; a, single opercular plate in the female;
h, external ; c, median plate of operculum of male.

14.—Munna Fabricii Kroyer (p. 325); female; dorsal view, enlarged about
twenty diameters ; natural size indicated by line at the right.

15.—Eurycope robusta Harger (p. 332); female; dorsal view-, enlarged six

diameters ; natural size indicated by line at the right ; a, antennula,

enlarged twenty diameters ; b, maxilliped ; c, mandible ; d, one of the

first pair of legs, each enlarged twenty diameters ; d', propodus and
dactylus of the first pair of legs, enlarged about thii-ty-eight diameters;

e, propodus and dactylus of the second pair of legs, enlarged twenty
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diometers; /, one of tlie sixth pair of legs; g, iiropod, each enlarged

twenty diameters.

(Figure 14 •was drawn from nature by Mr. J. H. Emerton, the others bj»0. Harger.)

PLATE IV.

Figure 16.—Ohii-idotea coeca Harger (p. 338) ; dorsal view, enlarged nearly four

, diameters ; natural size indicated by the Line at the right.

17.—The same; o, antennula; 6, antenna; each enlarged twelve diameters.

18.—The same; a, maxilliped from the right side, external view; I, external

lamella; m, maxilliped proper; 1, 2, 3, first, second, and third segments

of the palpus of the maxillijted, enlarged twenty diameters ; i, one of

the first i)air of legs, magnified twelve diameters; c, uropod from the

left side, inner view, showing the two rami articulated neax the tip.

19.—The same
;
pleojiods of second pair from the right side, anterior views,

enlarged ten diameters; a, common form in males; h, rarer form in

male ; s, elongated stylet, articulated near the base of the inner lamella

;

c, form in the female.

20.—Chiiidotea Tuftsii Harger (p. 340); female; dorsal view, enlarged five

diameters ; natural size indicated by the Line at the right.

21,—The same; left maxilliped, enlarged twenty-five diameters; e, external

lamella ; m, basal segment ; 1, 2, 3, segments of palpus.

22.—The same : pleopod of the second pair, from a male, enlarged twenty
diameters ; s, elongated stylet, articulated near the base of the inner

lamella.

(All the figures were drawn from nature by 0. Harger.

)

PLATE V.

Figuke23.—Chiridotea Tuftsii Harger (p. 340); a, au.'eunula; I, antenna; c, leg of

the first pair ; d, leg of the fourth pair ; all enlarged twelve diameters

;

e, left uroj>od, or opercular valve, inner view, enlarged ten diameters.

24.—Idotea irrorata Edwards (p. 343); dorsal view, enlarged two diameters;

natural size shown by the line on the left.

25.

—

The same ; a, antennula ; l, antenna ; c, left uropod or opercular valve,

external view ; all enlarged six diameters.

26.—The same; a, right maxilliped, enlarged twelve diameters, I, external

lamella ; m, basal segment ; 1, 2, 3, 4, segments of palpus of maxilliped

;

b, pleopod ofthe second paii' from a male, enlarged eight diameters, show-

ing stylet, s, articulated near the base of the inner lamella.

27.—Idotea phosphorea Harger (p. 347); dorsal view, enlarged about two
diameters ; natural size shown by the line on the right.

28.—The same ; a, antenna, enlarged six diameters ; h, maxilliped, enlarged

twelve diameters, showing, I, external lamella ; m, basal segments; 1, 2,

3, 4, segments of the palpus of maxilliped ; c, leg of the first pair ; d, leg

of the second pair, both enlarged six diameters ; e, right uropod, or

opercular valve, inner view, enlarged six diameters.

29.—The same
;
pleopod of the second pair from a male, enlarged eight diam-

eters; s, stylet articulated near the base of the inner lamella; a', distal

end of stylet reversed and enlarged thirty diameters.

(Figure 24 was diawn liy Mr. J. H. Emerton, the others by O. Harger.)

PLATE VI.

Figure 30.—Idotea robusta Kroyer (p. 349) ; dorsal view, enlarged two diameters

;

natural size shown by the line at the right.

31.—The same; a, antenna; h, leg of thti first pair, each enlarged six diam-

eters; c, left uropod, or opercular valve, inner view, enlarged, fow
diameters.
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Figure 32.—The same ; a, in<axilliped, eulargcd twelve diameters ; I, external lamella

;

1, 2, 3, 4, segments of i)alpu8 ; &, maxilla of the outer or second pair;

c, pleopod of the second pair from a male, enlarged six diameters ; s,

stylet articulated near the base of the inner lamella.

33.—Syuidotea nodulosa Harger (p. 351) ; dorsal view, enlarged four diam-

eters ; natural size indicated by the line at the right.

34.—The same; a, antennula; /, flagellar segment; h, antenna ; c, leg of the

first pair from the right side ; d, right uropod, or opercular valve, all

enlarged ten diameters.

35.—The same; a, maxillijjed from the right side, showing, I, external

lamella ; m, basal segment ; 1, 2, 3, segments of palpus, enlarged

twenty diameters ; &, maxilla of the outer or second pair ; c, maxilla of

the inner or first pair, both enlarged twenty diameters; d, pleopod of

the second pair from a male, enlarged twelve diameters; s, stylet

articula^d near the base of the inner lamella.

30.—Erichsonia attenuata Harger (p. 3.56) ; dorsal view, enlarged three diam-

eters, natural size indicated by the line at the right.

(Figures 30 and 36 were drawn by Mr. J. H. Emerton, the others by O. Harger.)

PLATE VII.

FiGUr.E 37.—Erichsonia attenuata Harger (p. 350) ; «, antennula ; h, antenna, each

enlarged twelve diameters ; c, maxilliped, showing, /, external lamella,

enlarged thirty diameters ; d, uropod, or opercular valve, enlarged

twelve diameters ; e, jjleopod of the second pair from a male, enlarged

fifteen diameter^; s, stylet, articulated near the base of the inner la-

mella ; a', distal end of stylet, enlarged fifty diameters.

38.—Erichsonia filiformis Harger (p. 355); dorsal view, enlarged five diam-

eters, natural size indicated by the line at the right.

39.—The same ; a, antennula ; 1), antenna ; c, leg of the first pair ; d, urojiod,

or opercular valve, each enlarged twelve diameters.

40.—The same ; «, maxilla of outer or second pair ; h, maxilla of inner or first

pair ; c, mandible, showing molar process, m, and dentigerous lamella,

d, all enlarged thirty diameters.

41.—The same; a, maxilliped, showing, 7, external lamella; m, basal segment,

and 1, 2, 3, 4, segments of palpus, enlarged thirty diameters ; h, pleojiod

of the second pair from a male, enlarged fifteen diameters ; s, stylet, ar-

ticulated near the base of the inner lamella ; -s', distal end of stylet,

enlarged fifty diameters.

42.—Epelys trilobus Smith (p. 358) ; dorsal view, enlarged ten diameters

;

natural size indicated by the line at the right.

43.—The same; a, maxilliped from the left side, enlarged twenty diameters;

I, external lamella; m, basal segment; 1, 2, 3, segments of palpus of

maxilliped ; h, pleopod of second pair from a male, enlarged twenty

diameters; s, stylet, articulated near the base of the inner lamella;

s', end of stylet, enlarged fifty diameters.

(All the figures were drawn from uatxire by 0. Harger.

)

PLATE VIII.

FiGUKE 44.—Epelys montosus Harger (p. 3.59) ; dorsal -view, enlarged six diameters,

natural size indicated by the line at the right.

45.—The same; a, antennula; /, flagellar segment; l, antenna; c, maxilliped

from the left side ; 1, external lamella ; m, basal segment ; 1, 2, 3, seg-

ments of palxnis ; all the figures enlarged twenty diameters.

46.—The same ; a, leg of the first pair, enlarged twenty diameters ; J), right

uropod or opercular valve, enlarged fifteen diameters.
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FiGUKE 47.—The same
;
pleoporl of the second pair, from a male, enlarged twenty di-

ameters; s, stylet, articulated near the base of the inner lamella; a',

distal end of stylet, enlarged sixty-six diameters.

48.—Astacilla grauulata Harger (p. 3(34); female; dorsal view, enlarged four

diameters, natural size indicated by the line at the right ; a, autennula

of male ; h, fourth thoracic segment of male : c, inferior surface of pleon

of a male, showiug opercular valves ; all the figures enlarged four

diameters.

49.—The same; a, flagellum of antenna, enlarged twenty diameters ; «', por-

tion of inner margin of the same, enlarged one hundred diameters ; I,

one of the first pair of legs, ujiper surface, enlarged twenty diameters.

50.—The same; one of the fourth pair of legs, enlarged twenty diameters.

51.—The same ; inner surface of left opercular plate, or uropod, from a female,

enlarged twenty diameters.

(All the figures were drawn from natui'e by O. Harger.) ^
PLATE IX.

Figuke52.—Astacilla granulata Harger (p. 3G4); a, maxilliped; m, basal segment;

1, external lamella ; h, outer maxilla ; c, iuner maxilla ; all enlarged

twenty diameters.

53.—Sph^roma quadridentatum Say (p. 368); dorsal view, enlarged five

diameters; natural size indicated by the line at the right.

54.—The same ; a, antennula ; h, antenna ; c, pleopod of the second pair, from

a male, showing stylet, s, articulated near the base of the inner lameUa;

all the figures enlarged ten diameters. ^

55.—Limnoria hgnorum White (p. 373) ; dorsal view, enlarged ten diameters;

natural size indicated by the line at the right.

56.—The same ; a, antennula : b, antenna ; c, maxilliped ; d, maxilla of the

outer or second pair ; c, maxilla of the inner or first pair
; /, mandible,

all enlarged twenty-five diameters ; e', distal end of outer lobe of first

pair of maxilliB, enlarged sixty-six diameters.

57.—The same ; a, last segment of pleon. with attached uropods; dorsal view,

enlarged ten diameters; i, uropod with dotted adjacent outline of last

segment of i^leon, enlarged thirty diameters ; c, first pair of pleopods

;

(7, pleopod of the second pair, from a male, showing stylet, s, articu-

lated to the inner lamella ; both figures enlarged twenty diameters.

5S._Cirolana concharum Harger, (p. 378); lateral view, enlarged about three

diameters.

(Figure 53 was drawn by Mr. J. H. Emerton, 55 by Prof. S. I. Smith, 58 by Mr. J.

H. Blahe, and the others by O. Harger.)

PLATE X.

FiGUEE 59.—Cii-olana concharum Harger (p. 378) ; dorsal view, enlarged about three

diameters. The natural size is shown by the line at the right.

60.—The same ; antennula, enlarged ten diameters.

61.—The same; a, antenna enlarged ten diameters; I, maxilla of the outer or

second pair; c, maxilla of the inner or first pair; d, mandible from the

right side, inner view; j), palpus; m, molar area; the last three figures

enlarged five diameters.

62.—The same ; a, maxiQiped from the right side, exterior view, showing, I,

external lamella; m, basal segment; 1, 2, 3, 4, 5, segments of the palpus;

b, leg of the fourth pair ; both the figiu-es enlarged five diameters.

63.—The same ; uiopod from the right side ; inferior view, enlarged five di-

ameters.

64.—^ga psora Kroyer (p. 384) ; a, dorsal and b ventral views of a young indi-

vidual. -. The central line indicates the length of the specimen, natural
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size, whit h. is here eularged three diameters. Adults attain about the

size of the tignre.

Figure 65.—Nerocila munda Harger (p. 392) ; dorsal view of the type specimen, en-

larged about four diameters. The natural size is shown by the cross on

the right ; a, uropod, enlarged six diameters.

6(3.—-.Egathoa loliginea Harger (p. 393) ; type specimen ; a, dorsal, and b, ven-

tral view, enlarged four diameters. Its natural size is shown by the

line between the figures.

(Figure 59 wns drawn by Mr. J. II. Blake, the others by O. Harger.)

PLATE XL
Figure G7.—Livonecaovalis White (p. 39.5); a, antennula ; &, antenna; c, mandibular

palpus; each enlarged twenty diameters; d, one of the first pair of legs;

e, one of the seventh pair of legs
; /, uropod ; each enlarged ten diam-

eters.

68.—Anthura polita Stimpson (p. 39?) ; dorsal view, enlarged four diameters.

The natural size is shown by the line at the right; a, antennula; b,

antenna, each enlarged ten diameters; c, leg of the first pair; d, leg of

the third pair; c, right pleopod of the first pair, interior view, showing

inner ramus without cilia; /, pleopod of the second pair from a male,

showing stylet articulated to inner lamella ; each of the figures c to/
enlarged eight diameters ; (j, lateral view of rpleou, enlarged six diam-

eters.

69.—The same; a, maxilliped, enlarged twenty diameters; b, maxilla, enlarged

twenty-five diameters; b', distal end of the same, enlarged sixty diam-

eters.

70.—Paranthura brachiata Harger (p. 402) ; dorsal view, enlarged about three

diameters ; natural size shown by the line at the right ; a, antennula

;

6, antenna, enlarged eight diameters; c, right maxilliped, enlarged sis-

teen diameters ; d, maxilla, enlarged sixteen diameters ^ d', distal end

of the same, enlarged fifty diameters ; e, leg of the first pair
; /, first

pleopod from the right side, inner view, showing ciliated inner lameEa

;

g, pleopod of the second pair from a male, showing stylet articulated to

the inner lamella ; figures e to g enlarged eight diameters.

71.—Ptilanthura tenuis Harger (p. 400); male; dorsal view, enlarged about

four diameters ; a, inferior view of the head and first thoracic segment,

enlarged eight diameters; the flagellum of the antennulae omitted; b,

maxilliped ; c, maxilla, each enlarged fifty diameters ; d, fi^rst right ple-

opod, seen from within, showing cihated inner lamella ; e, second left

pleopod, showing stylet s articulated to the inner lamella in the males.

72.—The same ; one of the first pair of legs of a male, enlarged sixteen diam-

eters.

73.—The same; female ; dorsal view of the head, enlarged twenty- five diam-

eters.

(Figure 71, excepting b-d, was drawn by Mr. J. H. Emerton, the others by O. Harger.)

PLATE XII.

Figure 74.—Ptilanthura tenuis Harger (p. 406); a, antennula; b, antenna; each

enlarged twenty diameters, from a male.

75.—Guathia cerina Harger (p. 410); male; dorsal view, enlarged ten diame-

ters.

76.—The same ; a, antennula ; b, antenna, each enlarged thirty-eight diame-

ters; 0, mandibles {I, left, r, right), enlarged thirty-eight diameters;

d, fi^rst leg or first gnathopod from the right side, enlarged twenty-five

diameters ; all the figures from the ni ale sex.

77.—The same (p. 411); female; dorsal view, enlarged ten diameters.
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FiGUBE 78.—The same ; a, one of tlie first pair of legs or first gnathojiod of a female,

enlarged thirty-eiglit diameters; h, one of tlie first pair of legs in a
young, parasitic individual, enlarged sixty diameters ; c, pleon, -with

the last and part of the penultimate thoracic segments of a female,

dorsal vievr, enlarged twenty diameters ; d, pleopod of a young, pari-

sitic individual, enlarged sixty diameters ; e, pleopod of an adult male,

enlarged sixty diameters.

79.—The same; young male; dorsal view, enlarged twenty diameters.

80.—Leptochelia algicola Harger (p. 421); male; lateral view, enlarged
twenty diameters ; natural size indicated by the line above.

(All the figures were drawn from nature by 0. Harger.

)

PLATE XIII.

FiGUKE 81.—Tanais vittatus Lilljeborg (p. 418) ; dorsal view, enlarged eight diame-
ters. The transverse bauds of hairs on the pleon are not sufficiently

distinct.

82.—The same ; one of the first pair of pleopods, enlarged thirty diameters.
83.—Lejitochelia algicola Harger (p. 421); female; dorsal view, enlarged

twenty diameters; natural size indicated by the line at the right.

84.—The same ; c, antennula ; h, one of the first pair of legs ; both from a
female specimen and enlarged twenty-five diameters.

85.—The same ; hand, or propodus and dactylus of the first pai* of legs,

enlarged forty-eight diameters, showing the comb of setie on the pro-

podus.

86.—The same ; uropods of a male, enlarged seventy diameters ; t, basal seg-

ment; t, inner six-jointed ramus; o, outer ramus.
87.—Leptochelia limicola Harger (p. 424); female; dorsal view, enlarged

twenty diameters ; natural size shown by the line at the right.

88.—The same; a, antennula; &, antenna; c, leg of the first pair; d, leg of

the second pair; all from the female sex and enlarged twenty-five

diameters.

89.—Leptochelia rapax Harger (p. 424); male; dorsal view, enlarged about

twelve diameters.

90.—The same; hand, or propodus and dactylus of male, enlarged sixteen

diameters.

91.—Leptochelia coeca Harger (p. 427); ty^Q specimen, female; a, antennula;

l, leg of the first pair; c, uropod; each enlarged fifty diameters.

(All the figures were drawn from nature by O. Harger.)
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entomon, 337.

Tuftsii, 340, 429, 433.

Cirolana, 378, 376, 383, 431.

concharum, 378, 298, 428, 434.

polita, 381, 429, 434.

truncata, 430.

CiroLinida, 376, 303, 383, 430, 431.

Cleantis, 336.

Ccecidotea, 314.

Coldstream, J., on Limnoria, 372.

Conilera, 376, 378.

concharum, 378.

polita, 38L
Cordiner, C, on Astacilla, 363. ^

Coxa, 300.

Crossnrus, 416.

Tittatus, 416, 418.

Cuma, 415.

Cymothoa, 383, 39L

oestrum, 377.

ovalis, 395.

praegustator, 391.
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CjTHothojB, 377.

Cymothoidse, 390,300, 303, 371, 382, 430, 431.

Dactylus, 300.

Dai us Mysidis, 312, 429, 433.

Dana, J. D., on Asellidae, 314.

Desmarest, A. G., on Idotea tricuspidata, 345.

Digital process, 300.

Dolirn, A., on Anceus, 409.

the incubatory pouch, 301, 303.

Tanaidffi, 415.

Ediiophth»lma, 297.

Edwards, H., uu Idotea tricuspidata, 845.

Limnoria, 371.

Tanais, 416.

Epelys, 3.57, 301. 337.

montosus, 359, 429, 434.

var. hirsutus, 360.

trilobus, 358, 429, 434.

Epimera, 300.

abdominal, 392.

Eriohsonia, 354, 337, 361.

attennata, 356, 335, 428, 434.

filiformis, 355, 428, 434,

Eurycope, 332, 329.

cornuta, 333.

robusta, 332, 429, 433.

FlagcUum, 298.

Eleming, J., on Astacilla, 363.

Gadus, 386.

Gammarus Dulongii, 416.

Gegenbaur, C, on Tanaida, 415.

Gelasimiis pngilator, 311.

Geogiaphical distribution, 428.

Gna^hia, 410, 297, 302, 357, 431.

cerina, 410, 429, 435.

termitoides, 410.

Gnathiid;e, 408, 300, 301, 303, 431.

Gnathinm, 410.

Gnathopods, 300.

Goodsir, H. D. S., on Astacilla, 363.

Gribble, 375.

Gyge, 431.

Gyge Hippolytes, 311, 429, 433.

Helleria, 305.

Henopomus tricomis, 322.

Hesse, E., on Anceus and Praniza, 409.

Hippoglossus, 382, 386.

Hippolyte Fabricii, 311,

polaris, 311.

pusiola, 311, 313.

sccurifrons, 311, 312.

spLaus, 311, 312.

Huxley, T. H., distinction of cephalic and thoracic

Ideotea m.arina, 344. [segments, 302*

Idotea, 341, 337, 431.

acuminata, 344.

Basteri, 343.

bicuspida, 352.

cceca, 338.

entomon, 345.

filiformis, 355.

iirorata, 343, 342, 348, 429, 430, 433.

marina, 344.

marmorata, 352.

metallica, 349, 350.

montosa, 359.

Idotea nodulosa, 352.

pelagica, 343, 345, 346.

phosphorea, 347, 342, 346, 429, 433.

pulchra, 352.

robusta, 349, 342, 429, 433.

tricuspidata, 343, 345, 346

tricuspis, 344.

tridentata, 344, 345.

Tuftsii, 340.

variegata, 343.

Idoteidae, 335, 301, 303, 361, 397, 430, 431.

Idothea balthica, 344, 346.

nodulosa, 351.

pelagica, 344.

robusta, 349.

Hyarachna, 334, 329, 335, 429, 433.

Incubatory pouch, 301.

Ischium, 300.

Isopod, length of, 302.

Isopoda, 297.

aberrantia, 303.

Jaera, 314, 3t)l, 313, 430, 431.

.albifrons, 315, 318, 429, 430, 433.

Baltica, 315, 318.

copiosa, 315.

Kroyeri, 315, 318.

m.aculata, 315, 318.

marina, 31-5, 318.

nivalis, 315, 318.

triloba, 358.

Janira, 319, 313, 430, 431.

alta, 321, 299, 429, 433.

laciniata, 324.

maculosa, 319, 322.

spinosa, 323, 429, 433.

Johnston, G., on Astacilla, 362.

Kinahan, J. K., on Actaecia, 309.

Kroyer, H., on Anthura carinata, 401.

Munna, 325.

Tanais Edwardsii, 422.

Labium, 300.

Labrum, 300.

Lamella, external of maxillipeds, 299.

Latreille, P. A., on Idotea tricuspidata^ 345.

Leachia, 361, 363.

granulata, 364,366.

Leach, "W. E., on Gnathia, 410.

Leacia, 361, 363.

Legs, 300.

Leidya distorta, 311.

Leidy, J., on Bopyrus species, 312.

Cepon distortus, 31L

Leptochelia, 420, 301, 414, 415, 431.

algicola, 421, 429, 435.

ccEca, 427, 429, 435.

Edwardsii, 416, 421, 422, 423.

filum, 426, 429, 435.

limicola, 424, 429, 435.

minuta, 416.

rapax, 424, 423, 429, 435.

Leptophryxus Mysidis, 312.

Ligia, 305, 310, 311, 415.

LiUjeborg, "W., on Jtera albifrons, 318.

Limnoria, 373, 313, 371, 419, 430, 431.

lignomm, 373, 423, 429, 430, 434.

terebrans, 373.
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Limnoria uncinatii, 374, 376.

xylopliaga, 371.

LimnoriadsB, 371.

Limnoriidfe, 371, 303, 431.

Lironeca, 395.

Livoneca, 394, :;83.

oralis, 305, 300, 428, 434.

Locklngtou, W. X., on color of Idotea pulcbra, 353.

Loliiro Pealii, 394.

Macdonald. J. D., on Taniis vittatus, 417, 419.

Mancasellns, 313.

Mandibles, 299.

MaxillK, 299.

Maxilliped.s, 299.

MavM-. P., Hermaphroditism in Cymothoidce, 891.

Meini rt, F., on Idotea tricuspidata, 346.

Meriis, 300.

Mesostenus, 334.

Metzger, A., on Jiera alliifrons, 318.

Micropogon undulatus, 396.

Miibius, K., on .Ja?ra marina, 318.

Molar process, 299.

Montagu, G., on Oniscus gracilis, 401.

Miiller, F., on Bopyridfe. 30;,*, 311.

Leptoclielia and Paratanais, 420.

olfactory setae, 298.

TannidiT^, 303. 415.

Tanais Edwardsii, 423.

Mullet, 394.

Munua, 325, 313, 430, 431.

Boeckii, 325, 328.

Fftbricii, 32.5, 429, 433.

Munnopsidffi, 328,303,314,430.

Munnopsis, 329.

typica. 330, 334, 429, 433.

NerocQa, 391.

munda, 392, 428, 434.

Norman, A. M., British Cymothoidse, 430.

Ocelli, 298.

Olfactory setae, 298.

Oniscidse, 305, 303, 311, 314.

Oniscoidea, 314.

Oniscus albifrons, 315.

Balthicns, 344.

cfEruleatus, 410.

entomon. 344.

gracilis, 401.

niarinns, 318.

praegustator, 391.

psora, 384, 386.

Operculum, 302, 336.

•Ourozeuktes, 377.

Palaemonetes vulgaris, 312.

Palpus, 299.

Pandalus borealis, 312.

Montagui, 312.

Paranthura, 402, 398, 431.

arctica, 405.

brachiata, 402, 429, 435.

costana, 405.

norvegica, 404.

tennis, 406,407.

Paratanais, 416, 420, 431.

algicola, 419, 421.

coeca, 427.

forcipatus, 423.

Paratan.ais limicola, 424,427.

Peduncle, 298.

Pereion, 298, 300.

Pereiopods, 300.

'Pleon, 298, 301.

Pleopods, 301.

Philoscia, 305.

Tittata, 306, 429, 433.

Phryxus, 431.

Phryxus abdominalis, 312, 429, 433.

Hippolytes, 312.

Pill-bug, 298, 305.

Platyarthrus, 308.

Pomatomus saltatrix, 396.

Porcellio, 305.

Praniza, 409, 410.

cerina, 410, 412.

coeruleaia, 410.

Eeinhardi, 413.

Propodus, 300.

Ptilanthura, 405, 398.

oculata, 408.

tenuis, 406, 429, 435.

Eaia. 386.

Eathke, H., on Crossurus, 416, 417.

Respiration, 302, 303.

Rostrum, 302.

Salve-bug, 384.

Sars, G. O.,ou Eurycope, 332.

Hyarachna, 334.

Munnopsidte, 329.

Munnopsis, 331.

Sars, M., on Idotea tricuspidata, 346.

J.\Ta albifrons, 318.

MunnopsidiB, 329.

Munnopsis, 331.

Schiodte, J. C, on Anthura, 397.

Artystone, 390.

Cymothoas, 377.

Scyphacella, 307.

arenicola, 307, 428, 433.

Scyphax, 307.

ornatus, 309.

Serolids, 304.

Smith, S. I., list of Bopyrida\ 311.

Limnoria xylophaga, 371.

Scyjihacella, 307.

Sow-bug, 298, 299, 305.

Sphaeroma, 368, 301, 307, 372, 430, 431.

quadridentatiun, 368, 429, 434.

serratum, 430.

Sphaeromida;, 367, 303, 431.

Stebbing, T. R. R., on Astacilla, 362.

British Arcturidffi, 430.

Dynamene rubra and vir>

dis, 430.

Tanais vittatus, 417,419.

Stenosoma fllifonnis, 355.

irrorata, 343.

Stenotomus argyrops, 396.

Stimpson, "W., on Anceus americanus, 410, 413.

Asellodes, 319.

Cirolana coucharum, 381.

Cirolana polita, 381.

Praniza cerina, 412, 413.

Tanais fllum, 426.



462 REPORT OF COMMISSIONER OF FISH AND FISHERIES.

Synidotea, 350, 337.

bicuapida, 352, 429, 433.

nodulosa, 351, 299, 347, 429, 433.

Syscenus, 387, 383, 391.

infelix, 387, 429, 434.

Tanaida, 415.

TanaidsB, 413, 298, 300, 302, 303, 304, 431.

Tanais, 416, 297, 301, 414, 415, 431.

Cavolinii, 416, 419.

Dulongii, 416.

Edwardsii, 416, 421, 423.

filum, 420, 421, 423, 426.

hirticaudatus, 418.

islandicus, 428.

Savignyi, 423.

Tanais, tomentosus 418, 419.

vittatua, 418, 417, 420, 428, 429, 431, 435.

Telaon, 301.

Templeton, E., on Zenxo, 416.

Tetradecapoda, 297.

Thorax, 298, 300.

Tylus, 305.

TJropods, 301.

Verrill, A. E., on Chiridotea Tuftsii, 34L

Venus mercenaria, 359.

Westwood, J. 0., on Anisocheima, 416,

"WTiite, A., on Limnoriadae, 37L

Willemoes-Suhm, R. v., on Tanais, 418.

"Wood-lice, 305.

Zeoxo Westwoodiana, 416.





PLATE I.

Figure 1.—Pliiloscia vittata Say (p. 306); dorsal view, enlarged six diameters;

natural size indicated by cross at the right.

2.—Scyijhacella arenicola Smith (ji. 307) ; dorsal view, enlarged about twelve

diameters; natural size indicated by cross at the right.

3.—Actoniscus ellipticus Harger (p. 309) ; dorsal view, enlarged ten diame-

ters ; natural size indicated by line at the right.

4.—Jffira albifrons Leach (p. 315); female; dorsal view, enlarged about ten

diameters.

5.—The same ; maxilliped from the left side, exterior view, enlarged twenty-

five diameters ; P, palpus ; I, external lamella.

().—The same; maxillse, enlarged twenty-five diameters; a, outer, or second,

pair of maxillae ; b, inner, or first, pair of maxillse ; i, inner, e, outer

lobe.

7.—The same ; inferior surface of the pleon of a female.

8.—The same ; inferior surface of the pleon of a male.

(All the figures were drawn from nature by O. Harger.)
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PLATE II.

Figure 9.—Janira alta Hai'ger (p. 321); dorsal view, enlarged five diameters;

natural size indicated by line at tlie right.

10.—Janira spinosa Harger (p. 323); dorsal view of female, enlarged six

diameters.

11.—Munnopsis tyjiica M. Sars (p. 330) ; dorsal view of male, enlarged about

two diameters ; h, maxillij)eds ; m, basal segment ; I, external lamella

;

2 and 3, second and third segments of palpus of maxillipeds ; c, outer

maxilljB ; d, inner maxillfe ; e, one of the second pair of legs of the male

;

/, one of the natatory legs; g, abdominal operculum of the female,

external view.

(Figures 9 and 10 were drawn from nature by O. Harger ; figure 11 is copied from

M. Sars, drawn by G. O. Sars.)
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PLATE III.

Figure 12.—Jauira alta (p. 321); a, maxilliped; p, palpus of maxillipecl ; I, external

lamella; 6, mandible; P, palpus of mandible; d, dentigerous lamella;

m, molar process, enlarged twenty-five diameters.

13.—The same ; inferior surface of the i^leon, a in the female, h in the male,

enlarged ten diameters ; «, single o})orcular j)late in the female

;

h, external ; c, median plate of operculum of male.

14.—Munna Fabricii Ivioyer (p. 325); female; dorsal view, enlarged about

twenty diameters ; natural size indicated hy line at the right.

15.—Eurycope robusta Harger (p. 332) ; female ; dorsal view, enlarged six

diameters ; natural size indicated by line at the right ; a, antennula,

enlarged twenty diameters ; h, maxilliped ; c, mandible ; d, one of the

fii-st pair of legs, each enlarged twenty diameters ; d', propodus and

dactylus of the iii-st pair of legs, enlarged about thirty-eight diameters

;

e, propodus and dactylus of the second pair of legs, enlarged twenty

diameters
; /, one of the sixth pair of legs ; </, uropod, each enlarged

twenty diameters.

(Figui-e 14 was tlrawn from nature by Mr. J. H. Emertou, the others by O. Harger.)
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PLATE IV.

Figure 16.—Chiridotea coc-ca Harger (p. 338); dorsal view, enlarged uearlj' four

diameters ; natural size indicated by tlie line at the right.

17.—The same; a, anteunula; &, antenna; each enlarged twelve diameters.

18.—The same; a, masilliped from the right side, external view ; I, external

lamella ; m, maxillixied proper ; 1, 2, 3, lirst, second, and third segments

of the palpus of the uiaxilliped, enlarged twenty diameters ; h, one of

the first xiair of legs, magnified twelve diameters; c, uropod from the

left side, inner view, showing the two rami articulated near the tip.

IP.—The same
;
pleopods of second pair fi'om the right side, anterior views,

enlarged ten diameters ; a, common form in males ; h, rarer form in

male ; s, elongated stylet, articulated near the base of the inner lamella

;

c, form in the female.

20.—Chiridotea Tuftsii Harger (i). 340); female; dorsal view, enlarged five

diameters; natural size indicated by the line at the right.

21.—The same; left maxilliped, enlarged twenty-five diameters; e, external

lamella ; m, basal segment ; 1, 2, 3, segments of palpus.

22.—The same
;
]ileopod of the second pair, from a male, enlarged twenty

diameters ; s, elongated stylet, articulated near the base of the inner

lamella.

(All the figures were drawn from nature by O. Harger.)

I
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PLATE V.

Figure 23.—Chifidotea Tnftsii Harger (p. 340); a, anfcennula; h, antenna; c, leg of

tlie first pair ; d, leg of the foi:rtli paii- ; all enlarged twelve diameters

;

€, left vu'opod, or opercular valve, inner view, enlarged ten diameters.

24.—Idotea irrorata Edwards (p. 343) ; dorsal view, enlarged two diameters

;

natural size sliown by the line on the left.

25.—The same ; a, antennula ; i, antenna ; c, left uropod or opercular valve,

external view ; all enlarged six diameters.

26.—The same; a, right maxilliped, enlarged twelve dialneters, I, external

lamella ; m, basal segment ; 1, 2, 3, 4, segments of i^alpus of maxilliped

;

h, pleopod of the second pau' from a male, enlarged eight diameters, show-

ing stylet, s, articulated near the base of the inner lamella.

27.—Idotea phosphorea Harger (p. 347); dorsal view, enlarged about two

diameters ; natural size shown by the line on the right.

28.—The same; a, antenna, enlarged six diameters; J>, maxilUped, enlarged

twelve diameters, showing, I, external lamella ; m, basal segments ; 1, 2,

3, 4, segments of the pal^^us of maxilliped ; c, leg of the first pair ; d, leg

of the second pair, both enlarged six diameters ; e, right uropod, or

opercular valve, inner view, enlarged six diameters.

29.—The same
;
pleopod of the second pair from a male, enlarged eight diam-

eters ; s, stylet articulated near the base of the inner lamella ; s', distal

end of stylet reversed and enlarged thirty diameters.

(Figure 24 was drawn by ]VIr. J. H. Emerton, the others by O. Harger.)
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PLATE VI.

Figure 30.—Idotea robiista Kioyer (p. 349) ; dorsal view, enlarged two diameters

;

natural size shown by the 1 ine at the right.

31.—The same; <», antenna; b, leg of the first i^air, each enlarged six diam-

eters; c, left iiropod, or opercular valve, inner view, enlarged four

diameters.

Figure 32.—The same ; a, maxilliped, enlarged twelve diameters ; I, external lamella

;

1, 2, 3, 4, segments of palpus ; h, maxilla of the outer or second pair

;

c, pleopod of the second pair from a male, enlarged six diameters ; s,

stylet articulated near the base of the inner lamella.

33.—Syuidotea nodulosa Harger (p. 351) ; dorsal view, enlarged four diam-

eters ; natural size indicated by the line at the right.

34.—The same ; a, anteunula
; /, flagellar segment ; h, antenna ; c, leg of the

first pair from the right side ; d, right uropod, or opercular valve, all

enlarged ten diameters.

35.—The same; a, maxilliped from the right side, shoAving, 7, external

lamella ; m, basal segment ; 1, 2, 3, segments of palpus, enlarged

twenty diameters ; h, maxilla of the outer or second pair ; c, maxilla of

the inner or first pair, both enlarged twenty diameters ; d, pleopod of

the second pair from a male, enlarged twelve diameters; s, stylet

articulated near the base of the inner lamella.

36.—Erichsonia attenuata Harger (p. 356) ; dorsal view, enlarged three diam-

eters, natural size indicated by the lino at the right.

(Figures 30 and 36 were drawn by Mr. J. H. Emerton, the others bj' O. Harger.)
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PLATE VII.

Figure 37.—Erichsonia attenuata Harger (p. 356) ; a, antennula ; h, antenna, each

enlarged twelve diameters; c, masilliped, sliowing, I, external lamella,

enlarged thirty diameters ; d, nropod, or ojiercular valve, enlarged

twelve diameters ; e, pleopod of the second pair from a male, enlarged

fifteen diameters ; s, stylet, articulated near the base of the inner la-

mella ; s', distal end of stylet, enlarged fifty diameters.

38.—Erichsonia filiformis Harger (p. 355) ; dorsal view, enlarged five diam-

eters, natural size indicated by the line at the right.

39.—The same ; a, antennula ; h, antenna ; c, leg of the first pair ; d, uropod,

or opercular valve, each enlarged twelve diameters.

40.—The same ; a, maxilla of outer or second i^air ; i, maxilla of inner or first

pair ; c, mandible, showing molar process, m, and dentigerous lamella,

d, all eularged thirty diameters.

41.—The same; a, maxilliped, showing, I, external lamella; m, basal segment,

and 1, 2, 3, 4, segments of palpus, enlarged thirty diameters ; 6, pleopod

of the second pair from a male, enlarged fifteen diameters ; s, stylet, ar-

ticulated near the base of the inner lamella ; s', distal end of stylet,

enlarged fifty diameters.

4'2.—Epelys trilobus Smith (p. 358); dorsal view, enlarged ten diameters;

natural size indicated by the line at the right.

43,^rThe same ; a, maxilliped from the left side, enlarged twenty diameters

;

7, external lamella; ?», basal segment; 1, 2, 3, segments of j)alpusof

maxillij»ed ; &, i^leopod of second pair from a male, enlarged twenty

diameters; s, stylet, articulated near the base of the inner lamella;

s', end of stylet, enlarged fifty diameters.

(All the figures were drawn from nature by O. Harger.)
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PLATE VIII.

Figure 44.—Epelys montosus Harger (j). 359) ; dorsal view, enlarged six diameters,

natural size indicated by the line at the right.

45.—The same; a, antennula; /, flagellar segment; h, antenna; c, maxilliped

from the left side; I, external lamella; m, basal segment; 1,2, o, seg-

ments of palpus; all the figures enlarged twenty diameters.

46.—The same; a, leg of the first pair, enlarged twenty diameters; 1), right

nropod or opercular valve, enlarged fifteen diameters.

Figure 47.—The same; iileopod of the second i)air, from a male, enlarged twenty di-

ameters ; s, stylet, articulated near the base of the inner lamella ; s',

distal end of stylet, enlarged sixty-sis diameters.

48.—Astacilla granulata Harger (p. 364); female; dorsal view, enlarged four

diameters, natural size indicated by the line at the right ; a, antennula

of male ; h, fourth thoracic segment of male ; c, inferior surface of pleon

of a male, showing opercular valves; all the figures enlarged four

diameters.

49.—The same; a, flagellum of antenna, enlarged twenty diameters; a', i)or-

tion of inner margin of the same, enlarged one hundred diameters ; b,

one of the first pair of legs, upper surface, enlarged twenty diameters.

50.—The same ; one of the fourth pair of legs, enlarged twenty diameters.

51.—The same ; inner surface of left ojiercular plate, or uroj)otl, from a female,

enlarged twenty diameters.

(All the figures were drawn from nature by O. Harger.)
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PLATE IX.

Figure 52.—Astacilla graniilata Harger (j). 364); a, maxilliped ; m, basal segment;

I, external lamella: h, outer maxilla; c, inner maxilla; all enlarged

twenty diameters.

53.—Spliajroma quadrideutatum Say (p. 368); dorsal view, enlarged five

diameters; natural size indicated by the line at the right.

54.—The same ; a, antenuula ; h, antenna ; c, jileopod of the second pair, from

a male, showing stylet, s, articulated near the base of the inner lamella

;

all the figures enlarged ten diameters.

55.—Limnoria Ugnoruni White (p. 373) ; dorsal view, enlarged ten diameters

;

natural size indicated by the line at the right.

56.—The same; «, antennula; h, antenna; c, maxilliped; d, maxilla of the

outer or second pair ; e, maxilla of the inner or first pair
; /, mandible,

all enlarged twenty-five diameters ; e', distal end of outer lobe of first

pair of maxillae, enlarged sixty-six diameters.

57.—The same; a, last segment of i^leon, with attached uropods; dorsal view,

enlarged ten diameters; h, uropod with dotted adjacent outline of last

segment of jileou, enlarged thirty diameters ; c, first pair of pleopods

;

d, pleopod of the second pair, from a male, showing stylet, s, articu-

lated to the inner lamella ; both figures enlarged twenty diameters.

58.—Cirolana concharum Harger, (p. 378) ; lateral view, enlarged about three

diameters.

(Figure 53 was drawn by Mr. J. H. Emerton, 55 by Prof. S. I. Smith, 58 by Mr. J.

H. Blake, and the others by 0. Harger.)
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PLATE X.

Figure 59.—Cirolana concharum Harger (p. 378) ; dorsal view, enlarged about three

diameters. The natural size is shosvu by the line at the right.

GO.—The same ; antennula, enlarged teu diameters.

61.—The same; a, antenna enlarged ten diameters; h, maxilla of the outer or

second pair; c, maxilla of the inner or lirst pair; d, mandible from the

right side, inner view
; p, palpus ; hi, molar area ; the last three figures

enlarged five diameters.

62.—The same ; a, maxilliped from the right side, exterior view, showing, I,

external lamella; m, basal segment; 1, 2, 3, 4, 5, segments of the palpus;

i, leg of the fourth pair ; both the figures enlarged five diameters.

63.—The same ; uropod from the right side ; inferior view, enlarged five di-

ameters.

64.

—

Mgii psora Kroyer (p. 384) ; a, dorsal and h ventral views of a young indi-

vidual. The central line indicates the length of the specimen, natm-al

size, which is here enlarged three diameters. Adults attain about the

size of the figure.

Figure 65.—Nerocila munda Harger (p. 392) ; dorsal view of the type specimen, en-

larged about four diameters. The natural size is shown by the cross on

the right ; a. lu-opod, enlarged six diameters.

66.—.^gathoa loliginea Harger (p. 393) ; type specimen; a, dorsal, and h, ven-

tral view, enlarged four diameters. Its natural size is shown by the

line between the figures.

(Figure 59 was drawn by Mr. J. H. Blake, the others by O. Harger.

)
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PLATE XL

FiGUEE 67.—Lironeca ovalis White (p. 395) ; a, antennula ; h, antenna ; c, mandibular

palpus ; eacli enlarged twenty diameters ; d, one of tlie first pair of legs

;

e, one of the seventh i^air of legs
; /, uroi^od ; each enlarged ten diam-

eters.

68.—Authnra polita Stimpson (-p. 398) ; dorsal view, enlarged fonr diameters.

The natural size is shown by the line at the right ; a, antennula ; b,

antenna, each enlarged ten diameters ; c, leg of the first iiair ; d, leg of

the third pair ; e, right j)leopod of the first pair, interior view, showing

inner ramus without cilia
; /, pleopod of the second pair from a male,

showing stylet articulated to inner lamella ; each of the figures c to/
enlarged eight diameters

; g, lateral view of pleon, enlarged six diam-

eters.

69.—The same, a, maxilliped, enlarged twenty diameters; b, maxilla, enlarged

twenty-five diameters ; h', distal end of the same, enlarged sixty diam-

eters.

70.—Paranthura brachiata Harger (p. 402) ; dorsal view, enlarged about three

diameters ; natural size shown by the line at the right ; a, antennula
;

b, antenna, enlarged eight diameters ; c, right maxilliped, enlarged six-

teen diameters ; d, maxilla, enlarged sixteen diameters ; d', distal end

of the same, enlarged fifty diameters ; e, leg of the first pair
; /, first

pleopod from the right side, inner view, showing ciliated inner lamella

;

{/,
pleopod of the second pair from a male, showing stylet articulated to

the inner lamella ; figures eto g enlarged eight diameters.

71.—Ptilanthura tenuis Harger (p. 406); male; dorsal view, enlarged about

four diameters ; a, inferior view of the head and first thoracic segment,

enlarged eight diameters; the iiagellum of the antennula} omitted; I,

maxilliped ; c, maxilla, eacli enlarged fifty diameters ; d, first right ple-

opod, seen from within, showing ciliated inner lamella ; e, second left

pleopod, showing stylet s articulated to the inner lamella in the males.

72.—The same ; one of the first pair of legs of a male, enlarged sixteen diam-

eters.

73.—The same; female ; dorsal view of the head, enlarged twenty- five diam-

eters.

(Figure 71, excepting b-d, was drawn by Mr. J. H. Emerton, the others by O. Harger.)
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PLATE XII.

Figure 74.—Ptilanthura tenuis Harger (p. 406); a, antennula; h, antenna; eacli

enlarged twenty diameters, from a male.

75.—Gnathia carina Harger (p. 410) ; male ; dorsal view, enlarged ten diame-

ters.

76.—The same ; a, antennula ; h, antenna, each enlarged thirty-eight diame-

ters; c, mandibles (?, left, r, right), enlarged thirty-eight diameters;

d, first leg or first gnathopod from the right side, enlarged twenty-five

diameters ; all the figures from the male sex.

77.—The same (p. 411); female; dorsal view, enlarged ten diameters.

78.—The same ; a, one of the first pair of legs or first gnathopod of a female,

enlarged thirty-eight diameters; &, one of the first pair of legs in a

young, parasitic individual, enlarged sixty diameters ; c, pleon, with

the last and jiart of the penultimate thoracic segments of a female,

dorsal view, enlarged twenty diameters ; d, pleopod of a young, pari-

sitic individual, enlarged sixty diameters ; e, pleopod of an adult male,

enlarged sixty diameters.

79.—The same
;
young male ; dorsal view, enlarged twenty diameters.

80.—Leptochelia algicola Harger (p. 421); male; lateral view, enlarged

twenty diameters ; natural size indicated by the line above.

(All the figures were drawn from nature by O. Harger.)
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PLATE XIII.

Figure 81.—Tauais vittatus Lilljeborg (p. 418); dorsal view, enlarged eight diame-

ters. The transverse bands of liairs on the pleon are not sufficiently

distinct.

82.—The same ; one of the first -pair of pleopods, enlarged thirty diameters.

83.—Leptochelia algicola Harger (p. 421) ; female ; dorsal view, enlarged

twenty diameters ; natural size indicated by the line at the right.

84.—The same ; a, anteuuula ; b, one of the first pair of legs ; both from a

female siJecimen and enlarged twenty-five diameters.

85.—The same; hand, or j»ropodus and dactylus of the first pair of legs,

enlarged forty-eight diameters, showing the comb of setfe on the pro-

podus.

86.—The same; Tiropods of a male, enlarged seventy diameters; b, basal seg-

ment; i, inner six-jointed ramus; o, outer ramus.

87.—Leptochelia limicola Harger (p. 424) ; female ; dorsal view, enlarged

twenty diameters ; natural size shown by the line at the right.

88.—The same ; a, antennula ; b, antenna ; c, leg of the first pair ; d, leg of

the second pair; all from the female sex and enlarged twenty-five

diameters.

89.—Leptochelia rapax Harger (p. 424); male; dorsal view, enlarged about

twelve diameters.

90.—The same ; hand, or propodus and dactylus of male, enlarged sixteen

diameters.

91.—Leptochelia coeca Harger (p. 427); type specimen, female; a, antennula;

b, leg of the first pair ; c, uropod ; each enlarged fifty diameters.

(All the figures were drawn from nature by 0. Harger.)
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XV.-REPORT ON THE PYCXOGONIDA OF NEW ENGLAND AND
ADJACENT WATERS,

By Edmund B. Wilson.

' It is intended to give in this report an account of our present knowl-

edge of the species of Pycnogonida known to occur upon the coasts of

New England and Kova Scotia, comprising descriptions and figures of

ail the forms, and an account oi their geographical and bathymetrical

distribution. Although the work is mainly systematic, and has been

done with special reference to supplying a basis for satisfactory deter-

dinatioiis of the genera and species, and their distribntion, it has been

thought best to give also a brief general account of the structural pecu-

liarities and general natural history of the group. lu so doing I have
drawn largely from the works of several other writers ; and especially

from those of Dr. Anton Dohrn, who has made a careful study of the

anatomy and embryology of these animals. It should be borne in mind
that the stracture of the Pycnogonida is, as yet, not well understood,

and that further research is needed to fully explain the anatomy and
systematic relations of this peculiar and perplexing group. To make the

report as complete as possible, it has been made to include not only the

collections of theFishCommissionjbut also those made by various other

parties since the year 1864. The parties referred to were as follows

:

Expedition of 1864, Professors A. E. Yerrill and S. I. Smith ; Expedition
of 1868, the same with the addition of Professor H. E. Webster and Mr.
Geo. A. Jackson; Expedition of 1870, Professor Verrill with Mr. Oscar
Harger and Mr. C. H. Dwindle. The Pycnogonida from these sources,

with those of the Fish Commission collections, are at present preserved

in the Peabody Museum of Yale College, where they have been studied.

I take pleasui-e in here expressing my great obligations to Professors

Verrill and Smith ; I am also indebted to Professor Carl Semper for

specimens of several European species.

The Pycnogonida form a small and very natiu-al group of articulated

animals, which are all marine, have a very wide geographical distribu-

tion, and are found at all depths from low-water mark down to many
hundi-ed fathoms. Although forming a small and inconspicuous group,

they possess a special interest from peculiarities in their structure and
development; and though some of the species have been carefuUy
studied by competent observers, opinion is yet divided as to the exact

position they should occupy in the zoological system. By some writers
463
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they are referred to the Crustacea, by some to the Arachnida, while

others place them in a group distinct from both. In some respects they

must be regarded as intermediate between these groups ; and hence

to trace their homologies, especially those of the appendages, is a

matter of considerable difficulty. Some of the hairy species bear a close

general ftsemblance to spiders, which has given rise to their common
name of sea-spiders. Their anatomical structure is, however, very differ-

ent from that of the spiders, and in theii- sluggish movements and para-

sitic habits they are still more unlike those active and predacious ani-

mals. Most of the species cling to other animals, such as sponges, sea-

anemones, and particularly tubularian and other hydroids ; upon these

animals they i^robably in part feed, sucking their juices by means of the

large proboscis or rostrum, though their food apparently consists also

of more solid matters. They are remarkable, as a whole, for the reduc-

tion of the abdomen, and the great development of the legs, which some-

times have an extent equal to nine or ten times the length of the body

;

the abdomen is always aborted, so as to often appear like a mere tuber-

cle, and, with the exception of one or two forms where it is bi-articulate,

it is not divided into segments. The body shows exteriorly four seg-

ments, exclusive of the rostrum and abdomen ; these segments expand
laterally into prominent processes, which may readily be mistaken for the

basal joints of the legs, to which they give attachment. The abdomen
arises from the posterior segment, from which it is not, as a rule, sepa-

rated by segmentation. It is usually directed more or less upwards

;

at its extremity is the anus, usually in a deep cleft.

The most anterior pair of appendages, which are wholly wanting in

a few forms [Pycnogonum, etc.), are here regarded as antennae, a view

which seems to me to be justified by their position and the origin of

their nerves; by many wiiters they are, however, considered to be post-

oral, and as probably representing mandibles. In the higher forms

they are three-jointed and usually forceps-like or 'chelate,' in other

genera two-jointed, and a recently described genus [Tanysti/lum), with

the antennae composed of a single joint, comi^letes the transition to

those forms in which antennae have quite disapijeared. It may be here

mentioned that antennae are invariably present in the larva, so far as

known; and that they are then alvv'ays three-jointed and chelate, their

subsequent disappearance in certain forms being apparently a case of

"retrograde development.'' Below the antennae is the large proboscis

or rostrum, at the extremity of which is the mouth ; this is triangular

in shape, and is sometimes fuiniished with three denticulated organs not

very unlike the jaws of a leech. Withm this rostrum is a large cavity,

continuous posteriorly with the oesophagus, and containing a compli-

cated apparatus for masticating food; this consists of a great number
of chitinous bars lying transversely in the walls of the cavity and giving

attachment to numerous setae, usually bifid at their tips, which extend

forward toward the mouth. Posterior to these are found in some spe-
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cies, according to Zenker, liorny denticles by which food niny be still

further comminuted. The homologies of the rostrum are not well

understood. It is regarded by Huxley as representing the coalesced

chelicera3 and pedipalpi, like that of the Acarina; and Latreille states

that in a large species of PhoxicMhis from the Cape of Good Hope he

found longitudinal sutures in the rostrum, so that it appeared as if con-

sisting of the ''Labrum, lingua and two jaws united together." Other

writers have regarded it as the head, etc. It seems to me that a study

of the embryology does not confirm these views, for the rostrum in its

early stages x)resents no trace of sutures or other evidence of its com-

posite nature, but arises as a simple protuberance between the bases of

the antennie. Posterior to the antenniie, and at the sides of the rostrum,

are, in many genera, a pair of so-called ' jjalpi,' which are composed of

five to nine joints, and are sometimes furnished with plumose hairs that

undoubtedly have a tactile function. The third pair of appendages,

which are wanting in the females of certain species, have been termed

'ovigerous legs,' from their ofl&ce, in the male, of bearing the egg-

masses, it having been formerly supijosed that the females never i)OS-

sessed them. This term is, however, inappropriate when applied to the

female appendages, and it seems preferable to term them accessory legs,

as certain writers have done, at least until their homologies are better

understood. The legs proper are eight in number, and are, as already

mentioned, remarkable in many species for their great length. They
are composed of nine joints, of which the last, or dactylus, is claw-like

and forms, in some species, a sub-cheliform hand with the i^receding

joint or propodus. In certain genera the dactylus is armed with two
movable auxiliary claws, articulated to its upper side near the base;

their presence or absence forms a valuable generic character.

The stomach always sends out long prolongations iutp the legs and
antennoe, and sometimes, also, rudimentary ones to the palpi and acces-

sory legs. These diverticula exhibit active peristaltic movements, which

drive the food rapidly back and forth and thoroughly distribute it. The
movement is plainly visible in some species of NympJion, and is an inter-

esting sight. The stomach-walls contain numerous muscular fibres and
are somewhat glandular, but no liver or other special secretory organ is

known to exist. The circulatory system is very simple and has beeii

detected in only a few species. It consists of a tubular dorsal vessel,

with lateral paired openings for the ingress of the blood. Claparede
figures in '' Phoxicliilidium'''' cheliferum a distinct aorta, which divides

anteriorly into two trunks, emptying into the b6dy-cavity. I have ob-

served in Nymiilion grossipes a dorsal pulsating organ, which I believe to

be the heart. In the same specimen the perivisceral circulation was also

seen. JS^o special respiratory organs have been observed with certainty,

though Plianodemus and Oomerus were described as possessing tracheal (?)

openings; it seems improbable that this is their true nature, more
especially since the tracheae which should communicate with them have

30 P
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not been detected. The nervous system is well developed, consisting of

a snpra-cesopbageal ganglion connected by commissures with a series of

four large ventral ganglions. The former lies immediately beneath the

oculiferous tubercle, to which it seuds large nerves; and from it are also

derived the nerves of the antennte, palpi, rostrum, and accessory legs

(Zenker). It seems probable, in view of the difterent origin of their

nerves, that the accessory legs are not, as often supposed, branches of

the first pair of ambulatory legs, but that they represent a pair of dis-

tinct appendages. Moreover, they are sometimes distinctly separated

from the first pair, which is notably the case in a peculiar genus from

Japan, apparently belonging to the genus Ascorhynchus Sars.

The sexes are separate, and the reproductive organs extend far out

into the legs; their orifices are upon the lower side of the second joints

in all the legs. Eeference has already been made to the habit of carry-

lug the egg-masses, followed by the male. These egg-bearing forms

were long supposed to be females, but it has been conclusively shown

by Cavanna, and subsequently by Dohrn, that they are males. The
same faat was also noted in one or two species by Semper and Hoek. I

have been able to confirm this in nearly all of our species by examina-

tion of the contents of the reproductive organs. In the fourth joint of

each leg, in the male, is a large glandular organ, discharging by a num-

ber of openings arranged in an irregular row along the inferior side of

the joint. Dohrn surmises that the secretion of this organ serves as a

cement by which the eggs, when discharged by the female, are glued

into a ball and attached to the accessory legs of the male.

Kroyer, Dohrn, and others have carefully studied the embryology.

The eggs are collected into round masses upon the accessory legs and

thus carried about by the male until after the escape of the embrj^os so

that his body is often covered with the curious young. Segmentation

of the yolk is complete. Prominences then appear/ upon the lower

side of the embryo, one of which ultimately becomes the rostrum, and

the others form three pairs of appendages, representing the future an-

tennae, palpi, and accessory legs. The condition of the larval antennse

has been already referred to. In most forms the embryo escapes from

the egg with only these three pah'S of appendages ; but a species of

Fallene, studied by Dohrn, passed through no metamori^hosis, leaving

the egg provided with the full number of appendages.

The species of the genus PhoxicJdlidium are remarkable for passing

their early larval stages within the digestive cavities of certain tubula-

rian hydroids {RydracUnia, etc.), sis or eight of them sometimes living

together within a single polyi)ite. How they take up residence in the

body of their involuntary host has not been observed, but they have

been seen to escape by crawling out through the mouth.

The Pycnogonida, as a whole, have never been very carefully studied

by systematic zoologists, though the observations of Dohrn, Quatrefages,

Zenker, and others have given us a tolerably full knowledge of their
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anatomy and, in some cases, of their embryology. The systematic work
has, with few exceptions, been unsatisfactory and confusing, owing to

the paucity of generic and specific characters, the great variation of

some species, the difficulty of obtaining large series of specimens, and
the want of detailed descrix:)tions. Though the specific characters are

well marked, the general resemblance is so close in certain genera

{e. g., Nynqylion, FlioxicMUdium) as to render close examination neces-

sary for the projjer determination of the species. For this reason it is

quite impossible to determine, from the descriptions, to what species

some of the older names should be ai)plied ; and hence, as a rule, only

such references are given in the synonymy as refer to figures or full

descriptions.

The North American species have hitherto received little attention.

Leach described an Ammothea from Carolina, and Stimpsou another

species of this genus from Puget Sound. Thomas Say described, in

1821, from Charleston, S. C, the genus AnapJiia, of which he had one
species {A. imllida) represented by three specimens. In 1853, Stimpson
enumerated five species in his " Invertebrata of Grand Manan," of which
four were described as new. In addition to these, three or four species

are mentioned, accompanied in some cases by brief notes, in papers
by Professors Yerrill, Smith, Packard, and others. The '' Pasitlioe''''

described by Dr. Gould (Proc. Bost. Soc. Nat. Hist., vol. i, p. 92) is inde-

terminable. With two exceptions, the species here described were fully

figured and characterized in a preliminary i)aper by the author, entitled

"A Synopsis of the Pycnogonida of New England" (Trans. Conn. Acad.
Sci., vol. V, pp. 1-26).

The genera known to me are included in the following table, those

occurring on the New England coast being indicated by an asterisk.

It should be noted that the table is in part compiled from descriptions,

some of which are very imperfect. In cases where I have been unable

to find the exact characters, an interrogation mark is placed after the

name. There is need of a revision of the present genera, which can •

only be effected by the study of a large collection from all parts of the

world.

I have been unable to ascertain the characters of the genus Gnamp-
torhynchus recently described by Bohm, and have therefore not included

it in the table.

A. Antemife present and chelate.

a. Palpi present. {Nymjplionidce).

b. Auxiliary claws j)resent.

(1). Accessory legs 11-jointed. Palpi 5-jointed *KympJwn Fabr,

(2). Accessory legs 9-jointed. Palpi 8-joiutcd *Ammothea Leach.

(3). Stigmata present (?) Accessory legs 3-4 (?) jointed. Palpi 3-jointcd.

rhanodemits Costa.

hb. Auxiliary claws wanting.

(1). Accessory legs ll-jointed. Palpi 10-joiuted Dccolopoda Eights.
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aa. Palpi wanting. {Pallcnidce).

i. Auxiliary claws j)resent.

(1). Accessory legs 9-jointed *PalJene Jolinstoii.

(2). Accessory legs 5-jointed "Phoxichilidium M. Edwards.

ib. Auxiliary claws wanting.

(1). Accessory legs 11-jointed *Fseudopallene Wilson.

(2). Accessory legs 6-jointed *Anoplodaetylus Wilson.

(3). Accessory legs ? — jointed. Stigmata present (?) Oomerus Hesse ?

B. Antennae present, simple.

a. Palpi present. (Achelidce).

J). Auxiliary claws present.

(1). Antennae 3-jointed. Accessory legs 9-jouited. Palpi 8-jointed.

Oicehathes Hesse.

(2). Antennffi 2-jointed. Accessory legs 10-jointed. Palpi 9-jointed.

*AcheUa Hodge.

(3). AntenuiB 1-jointed. Accessory legs 10-jointed. Palj)i 6-jointed.

Tanystylum Miers.

(4). Antenufe 1-jointed. Accessory legs 10-jointed. Palpi 9-jointed.

Carniger Bobn.

ii. Auxiliary claws wanting.

(1). Antennae 3-jointed. Accessory legs 10-jointed. Palpi 10-jointed.

Eurycide Scliiodte.

(2). Antennae 2-jointed. Accessory legs 9-jointed. PaliJi 5-jointed.

Pariboea Costa.

(3). AutenntB 2-jointed. Accessory legs 8-jointed. Palpi 9-jointed.

Ascorhynchus Sars.

(4). Autenme 2-jointed. Accessory legs 10-jointed. Palpi 9-jointed.

Parazetes Slater.

(5). Autenufe 2 (?)-jointed. Accessory legs 6-joiuted. "Palpi 3-jointed."

(
1
) Pephredo G oodsir ?

C. Antennae wanting.

a. Palpi present. {Pasithoidcp). i

i. Auxiliary claws present.

(1). Accessory legs 9-jointed. Palpi 8-jointed Pasithoc Goodsir.

(2). Accessory legs 9-jointed. Palpi 7-jointed Endeis Costa.

J)l), Auxiliary claws wanting.

(1). Accessory legs 10-jointed. Palpi 9-jointed.

(2) Rhojyalorhynchits Wood-Mason.

aa. Palpi wanting. (Pycnogonida').

(1). Auxiliary claws present. Accessory legs 7-jointed Phoxichilus LatreiUe.

('^). Auxiliary claws wanting. Accessory legs 10-jointed.

*Pycnogonum Brunnicli.

(^). It is impossible to ascertain from Goodsir's original description exactly what

are the characters of this genus.

(-). I cannot distinguish Colosscndcis Jarzynsky from this genus.

The family characters must be regarded as still doubtful. Originally,

all the forms were included by Latreille in a single family, the Pycnogo-

nidce. Subsequently those genera with antennje were separated as

Nymphonidce. Dr. Semper has divided the latter into the JSfympJwnidcB

with chelate anteuupe, and the Achelidce with simple antennas ; and in

my "Synopsis" (?. c.) those genera with chelate antennoe, but without

palpi {Pallene, PJioxicMlidmm, etc.), were characterized as Pallenidw.

A further division seems to me necessary, in the removal from the Pyc-
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nogonidcD of tkose forms which possess palpi ; aud for this group the

name Pasithoidce may be used. The families will then stand as follows

:

A. AnteunsB present and chelate.

Palpi present Xijm})lw)ilda'.

Palpi wanting Pallenidoe.

B. Antenuffi present, siniijle AchcUdce.

C. Antenna;, wanting.

Palpi present rasWioidce.

Palpi wanting Pycnogonidce.

This arrangement is, it is true, sotaewhat artificial, but it affords a
convenient division of the genera, and may, for the present, be retained.

Following, is a systematic account of the genera and species.

Family I, PYCNOGONID.^.

]!*tcnogonum: Briinnich.

Body very broad and stout. Antennae and palpi wanting. Acces-

sory legs ten-jointed, wanting in the female. Legs stout, dactylus with-

out auxiliary claws.

Pycnogonum littorale (Grom) 0. Fabr.

Fhalangium littorale Strom, Sondmor, p. 209, PL I, fig. 17, 1762.

Acarus marimis Pallas, Misc. Zool., p. 188, PI. XIV, figs. 21-23, 176G.

Pycnogonum halmmrum L., Syst. Nat., ed. XII, I., p. 1028, 1707.—C'lir. Fabr.,

Ent. Syst., vol. iv, p. 416, 1794.—Latreille, Hist. Nat. des Crust, et dea

Insectes, Tom. vii, p. 332, 1804.—Gen. Crust, et Insect., Tom. i, p. 144, 1806.

Pycnogonum littorale 0. Fabr., Fauna Gronlandica, p. 233, 1780.—Abilgaard

in O. F. Miiller, Zool. Dan., Volumen 3, p. 68, PI. CXIX, figs. 10-12, 1789.—

Cuvier, E^gne Animal, Aracbnides, PI. 21, figs. 1 to Id.—Milne-Edwards,
Hist. Crust., vol. iii, p. 537, PI. 41, fig. 6.—Johnston, Mag. Zool. and Bot., vol.

i, p. 376, PI. XIII, figs. 1-3.—Kroyer, Nat. Tidss., Iste Bind, 2det Htcfte, p.

126.—Isis, Jahrg. 1846, Heft vi, j). 442.—Voy. en Scand., Laponie, etc.. Crust.,

PI. 38, figs. 4a-e.—Norman, Kept, of the Brit. Assoc, for the Advancement
of Sci. for 1868, p. 301.—Whiteaves, Ann. and Mag. Nat. Hist., Nov., 1872, p.

347; Kept, of a second Deep-sea Dredging Exp. to the Gulf of St. Lawrence
[in. 1872], p. 15 [Montreal, 1873?].—Mobius, die wirbellosen Thiere der

Ostsee, p. 153, 1873.—Hoek, Niederliindisches Archiv fur Zool., Band iii,

3te8 Heft, p. 236, PI. XV, figs. 1-3, 1877.—Verrill, Amer. Journ. Sci., vol.

s, p. 38, 1875.—Smith and Harger, Trans. Conn. Acad., vol. iii, p. 10, 1874.

—

Wilson, Trans. Conn. Acad., vol. v, p. 4, PI. I, tigs, la-h, PI. II, figs. 3a-h,

July, 1878.

Pycnogonum pelagicum Stimpson, Invertebrata of Grand Manan, p. 37, 1853.—
Ven-ill, Amer. Joum. Sci., vol. vii, p. 502, 1874.

fPychnogonum littorale Nicolet, in Gay, Historia fisica y politica de Chile,

Zoologia, p. 308, PI. 4, fig. 8, 1854.

Plate I, Figures 1 to 3.

Body very broad aud flat. Lateral processes with scarcely any inter-

val between them. Neck somewhat constricted, but broad and stout.

Each segment has a prominent conical tubercle in the median line

above, and one or two less x>rominent ones on each lateral process.
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Oculiferons tubercle prominent, broad and rounded. Eyes black

widely separated, remarkably small. Abdomen slender, decidedly

clavate, truncated at the extremity. Eostrum large, slender, basal half

slightly swollen, outer portion attenuated, truncated at the tip. There

is a slight constriction near the middle and another near the extremity,

which give it a distinctly sinuous outline.

Accessory legs very small and slender, coujposed of nearly equal

short articulations, the first five of which are somewhat shorter than

the others; the terminal joint is pointed and slightly curved; the outer

joints bear a few small stout spines.

Legs very stout; the three basal joints are short and thick, the first

with two or three obtuse i^rominences above ; fourth about twice the

second, with one or two prominent tubercles at the distal extremity

above; fifth similar, but not so much produced dis tally; seventh joint

or tarsus very short and nearly triangular ; eighth (propodus) narrow,

somewhat curved ; dactylus nearly half as long as the propoduS; very

stout.

Many of the joints bear very short hairs, which are densely set on

the inferior side of the tarsus and i^ropodns. The entire surface of the

animal is covered with very small rounded tubercles, which give it a

scabrous appearance. Color light yellowish brown to dark brown, the

legs often blackish near their extremity.

Length 16 millimeters ; extent 38 millimeters.*

This species has a wide range. Phillippi records it from jSTai^les, and

it appears to be common along the whole northern coast of Europe.

l!iricolet described and figured a form from Chili which is certainly very

closely allied to, if not identical with, ours, and Mr. Henry H. Sclater

informs me that he has received specimens of a variety of this species

from Japan. Dr. Bohm reports a single specimen from Kerguelen

Island. On our coast it ranges, so far as now known, from Long

Island Sound to the Gulf of St. Lawrence {Whiteaves), though its occur-

rence south of Cape Cod is exceptional. In the Bay of Fundy it is

not uncommon under stones at low-water mark, and it extends down

to 430 fathoms. It is sometimes found clinging to actinias; at East-

port, Me., 17 specimens were taken from Bunodcs stella, growing on the

rocks near low-water mark ; and off Cape Sable, N. S., they were found

in considerable numbers attached to the base of BoJocera Tuedicv.

A comparison of specimens from the Gulf of Maine and from East-

port, Me., with specimens from Valentia, Ireland, received by the mu-

seum of Yale College from the Eev. A. M. JiTorman, leaves no doubt of

their identity. Stimpson's P. pelagicum is evidently only the immature

form.

In my " Syuopais" (/. c.) reference was made to Dr. Hoek's observation of the pres-

ence of accessory logs in the male and their absence in the female of this species. As

* The length includes the rostrum and abdomen. The extent is the distance from

tip to tip of the outstretched legs.
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it lias been recently shown that in all cases where accessory legs are possessed by only

one sex, this is the male and not the female, this observation was, of conrsc, correct

;

though Dr. Hoek did not extend it to the other species examined by him.

Specimens examined.

4762

4979
5006

4913

4761

4933

4934

4920

47C4

4763

4760

4758
4756
4754
4918
4750

4753
4766

4767

4768

4765

Localitv.

from

from

Long Island Sound

;

off Kace Point
Eock.

Nantucket Shoals. .

.

Massachusetts Bay;
1 mile south from
Gloucester.

Gulf of Maine; 13J
miles S. E. from
Cape Ann.

14 miles N. E. from
Cape Ann.

29 miles E.
Cape Ann.

27 miles E.
Capo Ann.

Gulf of Maine;
Cashe's Ledge.

E. from Georne's
Bank; 41° 25' N.,
65° 42.3' "W.

Eastport, Mo. ; off

Cherry Island.
Eastport, Me.; John-

son's Bay.
Eastport, Me

do
...do
...do :

Eastport, Me. ; on
Bunodes.

Eastport, Me
"W. from Brown's
Bank; 42° 49' N.,
66° 19' W.

Ahout 26 miles S.E.
from Cape Sable,
N. S.

About 39 miles S. E.
from Cape Sable,
N. S.

About 44 miles S. E.
from Cape Sable,
N. S.

50

18-21

19

90

35

110

85

52-90

430

20-25

12

20
L. w.
L. w.
L. V7.

L. w.

59

Bottom.

Shells, grav-
el, rock.

Eocks, sand

.

Soft mud

Stones, gravel

Soft mud

Sandy miid,
gravel.

Eocks

When col-

lected.

Eocks

....do

Eocks

.

Hard.

Eocks

.

Very fine sand

....do

• — , 1874

Sept. — , 1S74

,1878

, 1873

, 1878

, 1878

, 1873

Sept. 15, 1872

, 1872

, 1872

, 1872

, 1872

, 1870
Aug. 18, 1868

, 1864

, 1864

, 1877

, 1877

, 1877

,1877

Eeceived from

—

U.S. Fish Com.

....do

....do

-...do

....do ..;

....do

..do

....do

....do

....do

...do

....do

....do
Expedition '70

Expedition '68

Expedition '64

Expedition "64

U. S. FishCom

....do

....do

....do

Specimens.

No. and sex.

Icf O

Icf
1? -:

:

1?

Id

4?

Sd'.S? ....

1?

3cr

2cf,2? ....

2d

ScT, 9
4d',7$ ....

6cr,2?....
4d",2$....
170

^d
2cf,15? ...

2cr,l$ ..-.

1?

2cr,i39 ...

Dry.
Ale.

Ale.

Ale.
Ale.

Ale.

Ale.

Ale.

Ale.

Ale.

Ale.

Ale.

Ale.

Alo.
Ale.
Ale.
Ale.
Ale.

Ale.
Ale.

A!c.

Ale.

Ale.

Family II, ACHELID^.

Tanysttlum Miers.

Body broad and stout. Anteiinse rudimentary, one-jointed. Palpi six-

jointed. Accessory legs ten-jointed, present in both sexes. Legs stout,

dactylus with auxiliary claws.

Tanystylum orbiciilare Wilson.

Trans. Conn. Acad., vol. v, p. 5, PI. II, figs. 2a to 2/, Aug., 1S78.

?? Fasithoe iimdonata Gould, Proc. Best. Soc. Nat. Hist., vol. i, p. 92.

Pallene, sp.. Smith in Eeport on the Invertebrata of Vineyard Sound, p. '.50 (544).

Plate III, Figure 11.

Body orbicular, deeply incised between the lateral processes, which
are in close contact. Oculiferous segment extremely broad, neck not
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evident. Oculiferous tubercle large and rounded. Eyes black. Abdo-

men rather large, tapering, truncated, and slightly bifid at the extremity;

it usually projects vertically upward.

Eostrum very large, rounded-conical, little constricted at the base,

somewhat shorter than the body.

Antenna rudimentary, consisting of a single knob-like joint, which

is thinly covered with hairs.

Palpi slightly longer than the rostrum ; the first, second, fom-th, and
fifth joints are nearly equal, and about as long as broad ; the third and
sixth are nearly equal, and about twice the others. The outer joints are

somewhat hairy, the terminal one most so.

Accessory legs about half as large in the female as in the male. lu

the latter the basal joint is somewhat swollen and about as long as

broad. The second, fourth, and fifth are nearly equal, and longer than

the third ; the remaining joints are short, decreasing in size to the last,

which is very small. In the male the proportions are nearly the same,

but the third joint is proportionally longer, and all of the others are

more robust. The three outer joints are nearly globose, the terminal

one minute. This joint bears, in both sexes, two spines, one of which

is sometimes bifid at the tip. Other spines occur on the four preceding

joints and are sometimes bifid.

Legs rather stout, sparsely hairy, the fifth and sixth joints having,

above, alternate depressions and elevations, producing a deeply sinuous

outline ; each of these elevations bears a number of hau-s. The three

basal joints are very stout and short; the three following are each

about equal to the three basal joints united ; tarsus nearly triangular,

with two or three stout spines below
;
propodus strongly curved, with a

series of stout curved spines on the lower margin, on the upper side

hairy; dactylus more than half the propodus, stout and curved; auxil-

iary claws about half as long as the dactylus.

Color of alcoholic specimens light yellowish brown. Length 1,5 milli-

meters ; extent 0,4 millimeters.

The egg-masses are three or four in number and of a light yellow color.

In some specimens the embryos had escaped from the eggs ; they closely

resemble those of Aclielia, described on p. —, and the antennse are large

and chelate.

This genus, recently described by Miers from specimens collected at

Kerguelen Island, is interesting fi'om the extreme reduction of the an-

tennae, thus offering a transition from the Achelidw to the Pasithoidce.

T. orhlculare extends from off Martha's Vineyard to Virginia; it is

almost invariably found upon Hydroids or Ascidians growing on piles

of wharves, etc., and down to 14 fathoms.
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Specimens examined.

i
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Legs rather long; the three basal joints are short and stout, the

second longest; the three following joints are nearly equal, each about

as long as the three basal joints united ; tarsus small, about one-fourth

the propodus ; the latter is strongly curved and armed below with a series

of short stout spines ; dactylus about half the propodus, stout and curved

;

auxiliary claws more than half the dactylus. The entire surface of the

legs and body is scabrous with numerous pointed hairy tubercles often

tipped with spines ; the lateral processes of the body have three or four

of these tubercles near the exterior margin ; the largest are on the basal

joints of the legs ; on the other joints they are much smaller. The legs

are throughout hfiiry and most of the hairs are borne on prominent tub-

ercles. Color of alcoholic si^ecimeus light brown. Length 2.G millime-

ters; extent 8.4 millimeters.

The egg-masses of a male specimen from Eastport, Maiue^ contain

embryos recently escaped from the egg. The antennoe of these are

enormously large and strongly chelate. The basal joint bears, at its

extremity, on the outer side, a long spine. The two remaining aj)-

pendages consist of two basal joints and a long, slender, acute terminal

one, bearing a spine near its middle. The body is nearly hemispherical

and without trace of segmentation. Eudiments of the eyes have ap-

peared. The rostrum is rounded-conical and much smaller than in the

adult.

There can be, I think, no doubt of the identity of this form with Stimp-

son's Zetes spinosa. Its most closely allied European representative is

A. ccJdnafa Hodge [Annals and Magazine of Il^atural History, 3d series,

vol. xiii, ]N"o. Ixxiv, p. 115, pi. xii, figures 7-10, 18G4], and I at first

thought it was identical with that species. A comparison of A. spinosa

with three specimens of A. ecMnata from Heligoland, received from Pro-

fessor Semper, shows the two species to be perfectly distinct. The lat-

ter species has a slender, tapering rostrum of a very different shape

;

the peculiar conical spinous tubercles upon the legs are much more nu-

merous, larger, and more slender; the abdomen is much shorter and

stouter. Moreover, in A. ecliinata the second joint, in at least the two

posterior pairs of legs, has a very prominent, rounded^ hairy tubercle,

projecting from the lower and posterior side, which is wanting in our

species.

This species ranges from Grand Manan, N. B., to Block Island Sound,

though it appears to be peculiarly a northern form, being represented

south of Cape Cod, thus far, by a single specimen. At Eastport, Me.,

it is very common upon Hydroids, Ascidians, and other animals, and

under stones near low-water mark; in Casco Bay it is also frequently

found under similar circumstances. A single specimen was dredged by

the U. S. Fish Commission, off Block Island, August 30, 1874, 34

fathoms, mud, which is the most southern locality recorded, and also

the greatest depth.
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Specimens examined.

IH
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Sj)ecimens examined.

Locality. Bottom. When
collected.

Received from-

Specimens.

No. and sex.

Dry.
Ale.

4936

4935

Cape Ann, N. N. W.,
15 miles.

St. George's Banlis.

.

Gravel stones ,1878

,1873

V. S. Fish Com.

.-..do

Id.

15-

The following are the most important points in which it (lilfers from

A. spinosa : The lateral processes are much shorter and in close contact,

the three basal joints of the legs almost entirely lack the spinous tuber-

cles characteristic of that species ; the antennae are much stouter, the

rostrum stouter and less constricted at the base, and the auxiliary claws

are less than half as large; (this last character affords the readiest

means of distinguishing the two species.)

Family III, PALLENID^.

Pallene Johnston.

Body comparatively stout,

bust, three-jointed, chelate,

jointed, present in both sexes.

claws.

Eostrum short, rounded. Antennoe ro-

Pali^i wanting. Accessory legs nine-

Legs very long; dactylus with auxiliary

Pallene empusa Wilson.

Proc. Conn. Acad., vol. v, jx 9, PI. Ill, fig\s. 2 a to 2 g, August, 1878.

Plate II, Figures 5 to 7.

Body robust, smooth, distinctly segmented. Lateral processes weU
separated. Neck long, very slender at base. Oculiferous tubercle sub-

acute, small, but in'ominent. Abdomen very small and short.

Eostrum nearly hemispherical, evenly rounded, smooth.

Antennoe sparingly hairy, short; and stout. The opposable edges of

the second and third joints are coarsely toothed, the teeth evenly

rounded, so that the outline is deeply sinuous. There are about seven

of these on the second joint, and many more, smaller ones, on the

dactylus.

Accessory legs in the male about one-third the legs; the third joint is

curved and about equal to the two basal joints united. Fourth joint

considerably longer than the third, suddenly expanding at its distal ex-

tremity below; the five remaining joints are much shorter and nearly

equal ; the terminal one smoothly rounded at the extremity ; each of the

outer four joints is armed with a series of seven or eight spines; these

are very broad and thin, with minute slender teeth, whicli do not extend

to the*baso and are usually terminal ; some of the spines are truncated,

others smoothly louuded at the extremity. In the female the appendage
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is considerably smaller, the third and fourth joints are much shorter and'

stouter,, and the latter is not expanded at the extremity.

Legs enormously long, over four times the length of the body, very

slender near the base, much stouter distally ; the first and third joints

are short, the second much longer, about five times the first ;. the three

following are much longer and very stout ; the fourth is usually dis-

tended by the generative organs; tarsus very short and nearly trian-

gular; propodus nearly straight and very slender; it is very narrow at

the base, expanding to two and a half times this width, near the ex-

tremity ; on the inferior side, near the base, are four or five stout spines,

followed by a series of much smaller and more slender ones ; dactylus

slender, more than half the length of the propodus; auxiliary claws

slender, two-thirds as long as the dactylus. The legs bear a few scat-

tered stout hairs, most numerous distally. Length 1.5 millimeters ; ex-

tent 13 milUmeters. Color in alcohol, white.

This interesting species is closely similar to the European P. hre-

virostris Johnston, the type of the genus, and it is possible that a larger

series of specimens may prove the identity of the two forms. The Pea-

body Museum has received, from Professor Semper, three specimens of

the Euroj)ean species, collected at Heligolaml, in the North Sea ; these

specimens agree in having a shorter and broader neck than that of our

species, and the rostrum is much longer. I think that the species must

be kept separate unless a series of specimens show intermediate forms.

Kew Haven to Vineyard Sound. Several specimens were taken, in

1874, by Prof. S. I. Smith, from tubularian hydroids growing on the bot-

tom of an old ship at Noauk, Conn. Professor Yerrill notes that the

eyes are, in life, of a bright red color.

Specimens examined.

J2



478 REPORT OF COMMISSIONER OF FISH AND FISHERIES.

380) the accessory legs are nine-jointed; tlie neck is constricted and
more or less elongated as in N'ympJion; the rostrum is short and nearly

hemispherical; and the dactylus bears two very large auxiliary claws.

The presence or absence of these claws is a good generic character

;

they are always two in number, are movably articulated to the dactylus,

and are provided with a special set of muscles by means of which they
are moved. It is to be observed, also, that the peculiar spines upon the
outer joints of the accessory legs in Fallene are very unlike those of

Pseudopallene.

Kroyer figures three species of "Pallene" in Gaimard's Voy. en
Scand., Laponie, etc. (P. discoideo,, P, intermedia^ and P. spinipes). The
first of these is undoubtedly a Pseudopallene, and probably also the

other two, but, not having examined specimens of them, I have been
unable to verify this.

Pseudopallene hispida (Stimii.) Wilson.

American Journal of Science and Arts, vol. xv, No. 87, p. 200, 1878.—Trans.

Conn. Acad., vol. v, p. 10, PI. Ill, figs, la to 1 e, July, 1878.

Pullme hispida Stimpson, Invertebrata of Grand Manan, p. 37, 1853.

Plate II, Figure 9.

Body oval, very broad, neck not constricted. Oculiferous tubercle

small, rounded. Eyes ovate, light brown. Oculiferous segment half

as long as the body. The second and third segments have, above, two
prominent conical tubercles, each of which is tipped by a hair. The
lateral thoracic processes are very broad and are not separated by any
interval; they bear, on the outer margin, two to four acute, hairy tuber-

cles. Abdomen twice as long as broad, truncate, hairy.

Kostrum slightly hairy, acute-conical, as long as the oculiferous seg-

ment, with a constriction on each side, below, giving it the appearance
of being articulated at this point. The mouth is terminal and sur-

rounded by a rosette of filamentary processes.

Antennoe very stout and swollen, hairy, tipped with amber-color, about
twice as long as the rostrum; claws of chelae blunt and rounded; basal

joints enlarged near their attachment; thd second joint has, on its

lower margin, a prominent rounded tubercle behind which the dactylus

closes.

Accessory legs slender; in the female the two basal joints are short,

the third longer, the fourth and fifth still longer, sixth about as long as
the third; the remaining joints are shorter and decrease in size to the
last, which is spine-like and trifid at its extremity; the four outer joints

are armed with four or five stout, smooth, curved spines. In the male
these appendages are considerably longer and more slender, and the
fifth joint has a prominent rim or shoulder at its distal extremity, as in

Pallene empusa, which is armed below with a few stout spines. The
terminal joint is not trifid but simply claw-like; it is attenuated toward
the tip and abruptly incurved.
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Legs very stout, the three basal joints short and overlapijiiig- each

other; fourth joiut as long as the three basal ones, much distended with

the ovaries in the specimen described; fifth as long as the fourth, but
much more slender; sixth still longer and more slender; tarsus very

short, nearly triangular; propodus tapering from the base, slightly

curved, armed on the inferior margin with five or six stout curved

spines; dactylus curved, acute, about two-thirds as long as the pro-

podus.

All of the legs bear a number of prominent, conical, spiny tubercles.

These are arranged in longitudinal rows on some of the joints, i^articu-

larly on the fifth and sixth, which thus appear deeply serrate on the

margin. The entire surface of the body is rough and more or less hairy.

Color, in alcohol, light brown. Length 3 millimeters; legs 7.5 milli-

meters; accessory legs 3.7 millimeters.

I have seen only two sx)ecimens, namely:

Specimens examined.

u
a
.a
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This species is represented by two female specimens, of wliicli one was
taken with Caprella on the tangles in 20 fathoms, rocky bottom, East-

port Harbor, by the United States Fish Commission, August 9, 1872
j

the other is simply labeled "Eastport Harbor, 1870."

This species is very similar to the last, and a larger number of speci-

mens may show them to be identical. The specimens described pre-

sent, however, well-marked differences, particularly in the shape and
armature of the antennae, the shape of the rostrum, abdomen, etc.

Though not agreeing perfectly with Kroyer's figures of P. discoidea,

there can be little doubt of the identity of our species with it.

Specimens examined.
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Legs comparatively stout, remarkably smooth in appearance, though
with a very few scattered hairs ; basal joint nearly quadrate, about half

the length of the second, which is somewhat longer than the third; the

three following are nearly equal and longer than the three basal joints

united; propodus stout and curved, about four times the tarsus; on its

inferior margin are five stout spines followed by a series of very small

ones; dactylus stout, more than half the propodus; auxiliary claws

small, varying from one-fifth to one-fourth the length of the dactylus.

Color blackish or sepia to nearly pure white. Length of adult speci-

mens 2 to 4.75 millimeters; extent of legs 15 to 30 millimeters.

Most of the specimens from the Bay of Fundy are dark colored and
of large size, and differ in several other particulars from those taken in

Casco Bay, at Gloucester, Mass., and other southern localities. These
differences are so striking that I was led to describe the southern form
as a new species under the name PhoxichiUdium minor. Since the pub-

lication of that description, however, a much larger series of specimens

has been obtained, which shows conclusively that the two forms cannot

be separated, though extreme forms appear very unlike. The southern

form is almost always white in color, and very small, even when adult;

it further differs in the shai)e of the rostrum and antennse, and in being

more slender in nearly all respects.

Fhoxichilidium femoratum of Northern Europe is closely similar to

this species, but is figured as being more slender, of a different color,

and with the propodus and dactylus differently armed and shaped.

I think it quite possible that they may be shown to be identical, but it

seems preferable to keej) them separate at present. The so-called

"species" of this genus need revision (though in this respect the genus
is not wholly without a parallel among the Pyenogonida), and undoubtedly
a large series of specimens would reduce their number.
The observed range of P. maxillare is from Gloucester, Mass., to Hali-

fax, N. S. ; and in depth, from low water to 55 fathoms. At Eastport,

Me., it is very common under stones at or near low-water mark, and fre-

quently numbers of them cling to each other in a tangled mass.

Specimens examined.
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Anoplodactylus Wilson.

Body slender. Eostrum cylindrical, rounded. Antennae three-jointed,

•chelate. Palpi wanting. Accessory legs six-jointed, wanting in the

female. Neck elongated, extending forward over the rostrum. Legs

slender; dactylus without auxiliary claws.

This genus differs from FhoxicMUdium, which it otherwise closely

resembles, in the number of joints composing the accessory legs, and in

the absence of auxiliary claws upon the dactylus. PhoxichiUdlum has

been made to include several distinct types, among them a form having

eleven-jointed accessory legs (P. Jiuminense Kr.), and ^' Phoxichilidium

clieliferum^^ Claparede, a very remarkable form with the accessory legs

ten-jointed and distinctly chelate.

Kroyer's Phoxichilidium petiolatum (Voy. en Seand., Laponie, etc., PI.

38, fig. 3) belongs to Anoplodactylus^ and probably also Fhoxichilidium

virescens Hodge.
Since the publication of my original description of this genus it has

been pointed out to me that Say's genus Anapliia (described in 1821)

may be identical with it. Say's description was based upon two speci-

mens which did not possess accessory legs and were probably females

;

hence it is impossible to determine their exact generic characters.

Nevertheless, their general agreement with the type of Anoplodactylus

is so close that I think it probable that they are generically the same

;

and, if so, of course the name Anapkia should be used. To prevent

possible confusion, however, the later name is retained until an oppor-

tunity is afforded for examination of specimens from the locality where

Say's specimens were collected.

Anoplodactylus lentus Wilson.

Americau Journal of Science and Arts, vol. xv, No. 87, p. 200, 1378.—Trans.

Conn. Acad., vol. v, p. 14, PI. IV, figs. 3 a to 3 e, July, 1878.

FJioxichiUdium maxillare Smith, Report on the Invertebrata of Vineyard

Sound, &c., p. 250 [544], PI. VII, fig. 35, 1874 [non Stimpsou].

1 Anapliia pallida Say, Journ. Acad. Nat. Sci. Phil., vol. 2, p. 51), PI. V, figs. 7

and 7 a, 1821.

Plate III, Figures 16 to 18.

Body slender, lateral processes widely separated. Oculiferous seg-

ment broad, as loug as the two following segments united, not emargi-

nate between the bases of the antenuae. Posterior segment somewhat

elongated and very slender, the lateral processes directed obliquely

backward. Neck swollen. Abdomen rather more than twice as long

as broad, slightly bifid at the extremity. Oculiferous tubercle promi-

nent, acute, placed far forward. Eyes ovate, light brown to black.

Eostrum large, longer than the oculiferous segment, somewhat con-

.stricted basally, so as to appear clavate ; extremity subglobose.

Antennae long and slender, hairy, their bases closely approximated

;

basal joint extending beyond the extremity of the rostrum ; chelae stout,

iiairy, claws acute, opposable edges smooth.
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Accessory legs stout, roughened by minute tubercles, the outer

joints with many short stout hairs, most of which are directed back-

ward; the two basal joints are very stout, the first shorter than its

width, the second about twice as longj third nearly two and a half

times the second, somewhat clavate, suddenly constricted a short dis-

tance from the base; fourth half the length of the third, considerably

longer than the fifth; sixth much smaller than the preceding.

Legs very long and slender; first and third joints very short; second

longer and clavate; the three following joints are much longer, sixth

longest; tarsus very short, deeply emarginate; propodus curved, with

a rounded lobe near the base bearing five or six strong spines ; these

are followed by a series of much smaller ones; dactylus stout, about

two-thirds the length of the propodus. Entire surface of the body
scabrous. Legs with a few scattered hairs, which are most numerous
on the outer joints.

The sexes resemble each other closely, but the females do not i)ossess

accessory legs ; the female is, as a rule, slightly larger than the male.

Length 7 millimeters ; legs 30 millimeters.

This species is nearest to '•'•PlioxicMlidiumiyetiolatum'''' Kr., of Europe.

In the latter species, however, according to the figures, the anterior

segment is much more slender, and it is emarginate between the bases

of the antennae, which are thus separated by a distinct interval; the

posterior segment is represented as stouter and shorter; the rostrum

more abbreviated; and the propodus of a different shape. Kroyer
figures the accessory legs with seven joints, probably mistaking the con-

striction near the base of the third joint for an articulation.

Common between tide-marks and down to six fathoms in Vineyard

Sound, where it is found on shelly bottoms '' clinging to and creeping

over the hydroids and ascidians." '• It is most frequently deep purple

in color, but gray and brown specimens are often met with "
(
Verrill).

It is also taken rarely in the Bay of Fundy, there being a single speci-

men in a vial with FhoxieMlidium maxillare and Pycnogonum Uttorale

from Eastport.
Specimens examined.

.a
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Family IV, NYMPHONID^.

Ammothea Leacli.

Body broad, neck scarcely apparent. Eostrmn large, tapering. An-
tennae small, three-jointed, chelate. Palpi eight-jointed. Accessory

legs nine-jointed ; in the female five-jointed (?). Legs slender. Auxili-

ary claws present.

Ammothea achelioides Wilson.

Trans. Conn. Acad., vol. v, p. 16, PI. V, figs. 1 a to 1 e, July, 1878.

Plate IV, Figures 19 and 20,

Body very broad, oval, segments not evident, lateral processes scarcely

separated. Oculiferous tubercle prominent, acute; eyes dark; abdomen
long and very slender, bifid at the extremity.

Eostrum large, tapering, extremity rounded.

Antennce about three-fourths as long as the rostrum; basal joint

narrowest near the middle, somewhat hairj^, with one or two prominent

tubercles, each tipped by a slender spine ; chela with the claws very

slender and strongly curved, armed with a few small spines on the

opposable edges.

Palpi slender, longer than the rostrum, sparsely hairy, most so on the

distal joints ; the first, third, and four distal joints are very short; ter-

minal one shortest; sixth longest; the second and foiu'th are nearly

equal and more than twice the basal joint.

Accessory legs, in all the specimens examined, very short, swollen

and pellucid, so that the joints could with difficulty be distinguished.

They are composed of five joints ; a very short basal one and four other

longer ones ; the terminal one is tapering, smoothly rounded at the tip.

It seems probable that these appendages are either those of the female,

or of the immature male.

Legs short, rather slender ; the three basal joints are short, followed

by three which are nearly equal and about as long as the three basal

joints united; tarsus very short; propodus gently curved, with two
stout spines on the inferior margin near the base, followed by a few
smaller ones ; dactylus nearly two-thirds the length of the propodus,

rather stout ; auxiliary claws two-thirds the dactylus.

The legs are rough and hairy, the hairs usually arising from tuber-

cles or swellings. These tubercles are very large and aoute-conical near

the outer margin of the body-processes and upon the first joint of the

legs; on the outer joints they are smoothly rounded and less elevated,

often i^roducing a sinuous outline most apparent on the fourth, fifth,

and sixth joints.
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Color of alcoholic specimens, ligbt yellowish brown. Length 1.4

millimeters; extent 5.2 millimeters.

Three specimens only, taken in the Bay of Fundy by the United

States Fish Commission, in 1872. In general appearance it is closely

similar to Achelia spinosa. It is apparently nearest to the ^'Amniothoa

hrevijpes,''^ of Hodge, described from the Durham coast, though quite

distinct from that species, so far as can be judged from the original

figures. The antennoe, in our species, are more slender and with much
smaller spines on the chela, and the proportions of the palpal joints are

very different ; the abdomen is far longer and more slender, and the

legs are not so spinous.

Sjiecimens examined.

1
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Nymphon giganteum Goodsir, Ann. and Mag. Nat. Hist., toI. sv, No. xcviii, p.

293, 1845.—Norman, Rept. of the Brit. Assoc, for the Advancement of Sci. •

for 1868, p. 301.—Whiteaves, Ann. and Mag. Nat. Hist., Nov., 1872, p. 347

;

Rept. of a Sec. Deep-sea Dredging Exp. to tlie GuK of St. Lawrence [in

1872]. Montreal, 1873?—Verrill, Am. Journ. Sci. and Arts, vol. vii, p. 411;

vol. vi, p. 439, 1874.

1 Njpnplion graciUpes Camil Heller, Die Crufitaceen Pycnogoniden nnd Tunicaten
der K. K. Osterr-Ungar. Nordpol-Exp., p. 16, Taf. iv, fig. 15, Taf. v, figs. 1,2.

Plate V. Plate VI, Figure 29.

Body very stout, nearly smooth. Neck very short, but deeply con-

stricted. Oculiferous segment large, longer than the two following seg-

ments united, stout and swollen anterior to the constriction of the neck.

Oculiferous tubercle prominent, smoothly rounded. Eyes very distinct,

black, ovate. Abdomen small, tapering toward the extremity.

Eostrum rather large, nearly cylindrical though slightly expanded in

the middle.

Antennae smooth, rather slender; basal joint as long as the rostrum;

claws of cheliB remarkably slender and elongated, gently curved, when
closed meeting along nearly their whole length ; they are armed along

their opposable margins with a series of small spines, which are more

erect and much more numerous ui)On the dactylus.

Palpi much longer than the rostrum; basal joint stout, very short;

second and third much longer, nearly equal; fourth and fifth a little

less and more slender, sparsely hairy.

Accessory legs stout, slightly hairy; the thiee basal joints are nearly

as broad as long; the following three are much longer, the sixth shortest

and about as long as the three basal joints united; the remaining joints

are much shorter and more slender, the terminal one acute and claw-

like, with a row of spines on the inferior edge ; the denticulated spines

vary considerably and are sometimes nearly smooth.

Legs very long and slender; first and third joints short, about half

the second; the three following are very long, sixth longest, fifth

shortest; propodus and tarsus slender, nearly equal, hairy; the former

is not armed with spines; dactylus long and slender, very acute, about

three-fifths the length of the propodus; auxiliary claws very small,

about one-fifth the dactylus. Color, when living, light salmon-yeUow,

the legs often annulated with broad reddish rings. Egg-masses large,

two to four in number, bright yellow. Length of largest specimens

15 millimeters; extent 140 millimeters; accessory legs 19 millimeters.

This fine species is not uncommon; it attains its greatest size on

muddy bottoms in deep water. Taken at many localities in Massachu-

setts Bay, off Gloucester and Salem; in the Gulf of Maine oif Cape
Ann ; Casco Bay 50-70 fathoms ; Eastport, Me. (Professor Verrill) ; off

Halifax, N. S.; Bedford Basin, Halifax; Orphan Bank, Gulf of Saint

Lawrence [J. F. Whiteaves). It is found on all bottoms, though, as a

rule, it may be regartled as a ''muddy-bottom species." The observed
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range on our coast, in depth, is from 7^ fathoms (Gloucester Harbor,
mud and sand) to 115 fathoms (27-31 miles E. S. E. from Cape Ann,
gravelly bottom).

I cannot distinguish this species from Goodsir's N. (jiganteum.

JVymphon gracilipes, of Heller, is also very closely similar to, if not
identical with, this species. In his figure, however, the dactylus is

represented of nearly the same length with the propodus, and it may
be distinct. The '•' Pycnogonum grossipes^^'' figured in the "Zoologica
Danica," is certainly not N. grossipes Fabr., and it seems to me most
probable that it is to be referred to K Stromii.

It is worthy of note that the arch of the upper side of the oculiferous

segment, when laterally viewed, is very variable, as is also the length

of the constricted portion or " neck."

Specimens examined.
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lateral processes by a distiuct interval. Terminal joiut of palpus very-

slender. Tarsus longer than the propodus. Auxiliary claws nearly

two-thirds the dactylus.

Body very smooth and rather robust, for the genus, with the lateral

processes separated by an inter-space about equal to their width.

Oculiferous segment constricted, so as to form a short and narrow neck,

nearly as in the preceding species; there is a slight, though distinct,

interval between the process bearing the accessory legs and that of the

first pair of ambulatory legs. Above, there is a distinct sulcus running
backward from midway between the bases of the antennae. Oculiferous

tubercle acutish, prominent, situated just anterior to the first pair of

lateral processes ; eyes large, ovate, light colored, surrounded by dark
pigment. Posterior segment narrow with the lateral processes directed

backward; abdomen slender and tapering, distinctly bifid.

Eostrum about as long as the oculiferous segment, nearly cylindrical,

shghtly swollen in the basal half. Antennee extremely slender—more
so than in any other species of the genus known to me ; basal joint

somewhat longer than the rostrum ; chela much elongated; claws, when
closed, crossing each other at a considerable distance from their tips.

Both claws are armed with a dense row of spines, which gradually de-

crease in length toward the tips, and finally disappear, leaving the

terminal portion bare for some distance; these spines are larger and
more crowded on the movable claw; on the other, larger spines

alternate with from one to three smaller ones. In one specimen there

were 109 such spines upon the movable claw and ISl upon the other.

Palpi with a very short and stout basal joint, about one-sixth or one-

seventh as long as the second ; the third is considerably less than the

second, the fourth still shorter, the terminal one less than the fourth

and extremely slender and straight. The entire appendage is slightly

hairy.

Accessory legs resembling those of iV^. grossijpes; in the male they are

considerably longer than in the female, the fifth joint is more slender

and elongated, and with a strong s-shaped curvature. The outer joints

bear a few scattered hairs.

The legs are very slender, especially the outer four joints, and sparsely

hairy; the proportions of the joints are about as in If. longitarse, but the

tarsus is only about 1^ times the propodus ; both these joints have a

close and pretty regular series of small, slender spines along the entire

inferior margin. Dactylus slender and acute, rather more than half

the proi^odus ; auxiliary claws very large, nearly two-thirds the dactylus.

Color in alcohol, light yellowish-white. Length of a large specimen

9.3 millimeters. Extent 72 millimeters.

This species is very distinct, and the specific characters appear to

vary but slightly. It is, in general appearance, much like X. Strdmii,

but may be at once distinguished by the large auxiliary claws. The in-

terval between the accessory legs and the first pair of ambulatory legs
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is a feature wliicli I have not seeu iu any other species of the genus. It

has been taken at a few localities in the Gulf of Maine in from 85 (or

perhaps less) to 115 fathoms. A single specimen is known from Ban-

quereau, off a!«rova Scotia. All the specimens, as shown below, are from

deep water, and most of them from muddy bottoms.

JSjyccimens examined.

.p

p
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regular series of small hairs ; clactylus nearly straight, very acute, more

than half the propodusj auxiliary claws very small, about one-fom-th the

propoclus. The legs are sparsely hairy, the hairs longest near the outer

extremities of the joints, where they often form a semicircle on the

upper side. Color, when living, light salmon or nearly white. Some-

times "irregularly and conspicuously striped across the body and legs

with bright purple; body clear white" {Prudden). Length 7 millime-

ters ; extent 65 millimeters.

This species may be usually distinguished by its extremely attenuated

appearance, which is more marked than in any other species of the genus.

The neck varies considerably, and in some specimens is much stouter

than in others.

Common off Salem and Gloucester, Mass., and at numerous localities

in the Gulf of Maine, off Cape Ann ; Jeffrey's Ledge ; off Isles of Shoals

;

off Casco Bay; Bay of Fundy; St. George's Banks; off Cape Sable,

I:^. S. ; off Halifax. The observed bathymetric range is from 16 to 115

fathoms. It occurs on all bottoms, but is more frequently observed on
muddy botto ms. The females seem to be more common than the males

specimens examined.

4849

4851

4S52

4853

4850

4947

4948

5023

4S54
48C0

4861

4941

4943

4945

4989

4990

5015

4942

4992
4993

5024

4940
497C

Locality.

Salem, W. N. W. 9 to 11
miles.

....do

Salem, W. N. W. 8 to 9
miles.

Salem, W. N. W. J N. 13
miles.

Gloucester, N. aboiit 5J
miles.

Gloucester, N. 10 to 13
miles.

Gloucester, :N'. J W. 6^
miles.

Gloucester, N. 5J to 7

miles.
Cape Ann, N. W. 14 miles
Cape Ann, N. W. J N. 12
to 14 miles.

Cape Ann, N. W. J N. 11
miles.

Cape Ann, N. by W. J
W. 4A miles.

Cape Ann, N. W. 4 to 5
miles.

Cape Ann, K. W. by N.
6 to 7 miles.

Cape Ann, N. W. * N. 6
to 7 miles.

Cape Ann, W. by N. J
N. 4i to 5J mile's.

Cape Ann, W. N. W. 27
to 31 miles.

Cape Ann, N. W. J 2T. 4J
miles.

Cape Ann, K. 8J miles .

.

Cape Aim, N. i W. 10
miles.

Cape Ann, N. i W. 7J to
8 miles.

Massachusetts Bay
Jefirey's Ledge

33

35

33

48

45

45

45

43

90
75

51

38

38-42

73-75

54-eo

67-68

90-115

38

32
28

32-35

56
26

Bottom.

Sand, mud .

.

Mud, clay
nodules.

Soft mud . .

.

....do

Mud

..-.do

Soft mud

....do

....do
Mud

Mild, gravel,
rock.

Mud

Mud, sand,
stone.

Soft mud . .

.

Sand, mud .

.

Softmud, con-
cretions.

Mud, gravel,
stone.

Pebbles, sand

Rock, stones
Sand, stone .

Sand,pebbles

Mud
Gravel, stone

WTien col-

lected.

— . 1877

—, 1877

— , 1877

—, 1877

— , 1877

—, 1878

— , 1878

— , 1878

—, 1878
— , 1877

—, 1877

— , 1878

—, 1878

—, 1878

—, 1878

— , 1878

— , 1878

— , 1878

— , 1878
—, 1878

—, 1878

— , 1873
—,1873

Eeceived from.

Specimens.

No. and sex

...do..

...do..

,...do..

...do..

...do..

...do..

...do ..

...do ..

...do..

...do..

...do..

...do..

...do..

...do..

...do..

T7.S. Fish Com. 3?

....do 3cr,l$-...

....do-...

....do....

....do....

..-.do....

....do....

....do....

1$

ld',2?.-

Icf

4?

2?

Id-

1$

3cr,i?-..

1?

2?

2cf,69...

1?

2?

1?

Id-.l?.--.

1?.......
10^,2?...

Dry.
Ale.

1?-

Id"-
1?-

Alo.

Ale.

Ale.

Ale.

Ale.

Ale.

Ale.

Ale.

Ale.
Ale,

Ale.

Ale.

Alo.

Ale.

Ale.

Ale.

Ale.

Ale.

Ale.
Ale.

Ale.

Ale.
Ale.
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Specimens examined.—Contiuwed.

4848
4S46

4863
4847
48C4
4977

4865
4855

4856

1352

4857

4859

4858

Locality.

Off Isles of Shoals
Cashc's Ledge, N. 6 to 15

miles.
Off Cape Elizabeth
Casco Bay

do
Manhegan Island, E. 2
miles.
Bay of Fnndv
Cape Sable, N.S.,N".W.
27 to 32 miles.

Capo Sable, N.S.,N.W.
18 to 22 miles.

Latitude 42° 44', longi-

tude 64° 3G'.

Narrows at mouth of
BedfordBasin, Halifax.

Chebncto Light, N. W.
by W. 8J miles.

Outer harbor, Halifax ..

fH

52-90

72
64

48

8^-90

59

60

16

52

Bottom.

Eocks

Softmud.

Sandy mud .

Sand, gravel,
stone.

Gravel, stone,
shale.

Shale, stone.

Sand, mud .

.

Eocks

"Wlien col-

lected.

,1874
,1873

,1873
Aug. 6,1873

,1873
,1874

,1872
,1877

,1877

,1872

,1877

,1877

, 1899

Eeceived from.

U. S. Fish Com,
....do

....do

....do

....do

....do

....do

....do

.do

....do

.do

.do

....do

Specimens.

No. and sex,

IcT.

IcT.

19-
IcT.
1?-
Id".

Id"

3cf,2?.

Icf.

2cf.

3?.

1?

Dry.
Ale.

Ale,
Ale.

Ale.
Ale.
Ale.
Ale.

Ale.
Ale,

Ale.

Ale.

Ale.

Ale.

Ale.

Nymphon grossipes (L.) Clir. Fabr.

? Phalangium marinum Strom, Sondmor, p. 208, 1762.

f Phalangium grossipes Liiin^, Syst. Nat.,ed. xii, i, p. 1027, 17G7.

Fycnogoiium grossipes O. Fabr., Fauna Gri3nlandica, -p. 229, 1780.

fNtjmplium grossipes Sabine, Suppl. to tlie Api^endix Capt. Parry's First Voy,

age, p. 225, 1824.

Nymplion grossipes Cbr. Fabr., Ent. Syst., Tom. 4, p. 217, 1794.—Latreille, Hist.

Nat des Crust, et des Insect., Tom. vii, p. 333, 1804 ; Genera Crust, et In-

sect., Tom. i, p. 143, 1806.—Kroyer, Gronlands Amfipoder, S. 92, 1838 \_teste

Kroyer]; Nat. Tidss., Iste. Bind, 2det Hajfte, p. 208, 1844; Oken's Isis,

Jahrg. 1846, Heft vi, p. 442; in Gaimard's Voy. en Scand.,Laponie, etc.

PI. 36, figs. lrt-7i.—Stimpson, Invertebrata of Grand Manan, p. 38, 1853.

—

Packard, Mem. Bost. Soc. Nat. Hist., vol. i, p. 295, 1867.—Bucbholz, Zweite

Deutsche Nordpolfalirt, Crust., p. 396, 1874.—Verrill, Am. Jour. Sci., vol. vii,

p. 502, 1874.—Mobius, Die 'wirbellosen TMere der Ostsee, p. 153,1873.—Wil-

son, Trans. Conn. Acad., vol. v, p. 20, PI. VII, figs. 1 a-q, July, 1878.

Nymphon mixtum Kroyer, Nat. Tidss., Iste Bind, 2det Hsefte ]}. 110, 1844 ; in

Gaimard's Voy. en Scand., Laponie, etc., PI. 35, figs. 2 a-/.—Norman, Kept,

of the Brit. Assoc, for the Advancement of Sci. for 1868, p. 301.—Buchholz,

op. cit., p. 397, 1874.—LUtken, Lists » * * compiled for the Brit. North Pole

Exp., p. 164, 1875.—Sars, Archivliir Math, og Naturvidenskab, andet Bind,

Tredie Hefte, p. 366, 1877.

Nymphon hrevitarse Kroyer, Nat. Tidss., Iste Bind, 2det Hffifte, p. 115, 1844 ; in

Gaimard's Voy. en Scand. , Laponie, etc., PI. 36, figs. 4 a-/—Eeinhardt, Nat.

Bidrag til en Beskr. af Gronland, p. 38, 1857.—Llitken, Lists compiled for

the Brit. North Pole Exp., p. 164, 1875.

—

\_—Nijmphum hirsutum Kroyer,

Gronlands Amfipoder, S. 92, 1838, teste liJroyer].

? Nymphon ruhriim Hodge, Nat. Hist. Trans. Northumb. and Dm-ham, p. 41,

PI. X, fig. 1, (1865, t. Zool. Kec).

fNymphon graeile Leach, et auct.

Plate VI, Figures 32 to 37. Plate VII, Figure 42.

Body slender, smooth. Oculiferons segment variable ; in some sped-,

mens nearly as sliort and stout as in N. Strdmii, in others much longer
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and very slender. Oculiferous tubercle very prominent, conical, very

acute. Eyes black, oval or nearly round. Abdomen small, tapering,

often bent upward.

Eostrum large, somewhat variable, but usually shorter than the ocu-

liferous segment, slightly swollen at the extremity.

AutenniB slender, basal joint about as long as the rostrum 5 chela

similar to that of X. longitarse^ but stouter, the claws shorter, slightly

hairy.

Palpi slender, with a few small hairs most numerous on the outer

joints; basal joint nearly quadrate, about one-fourth the second; third

slightly longer than the first two united ; fourth less than half the third

;

fifth longer, slender, tapering, somewhat variable, being stouter in some
Bpecimens than in others.

Accessory legs very slender. In the female they are, on an average^

about one-eighth the extent of the legs ; in the male about one-sixth.

The joints have nearly the same proportions as in N. longitarse, but the

fourth and fifth joints are longer and still more slender.

Legs long and slender, proportions of the first six joints nearly as in

2f. Stroma. Tarsus extremely variable in length (PI. YII, figs. 1 & to 1 ^)

;

in young specimens it is less than half the propodus, while in some large

adult specimens it is nearly twice that joint ; the propodus is armed, on
the inferior margin, with a series of slender, slightly curved spines,

which are longest proximally; dactylus about two-thirds the propodus;

auxiliary claws less than half the dactylus. The legs are sparsely hairy,

the hairs often forming, as in K. longitarse, a semickcle on the outer ex-

tremities of the joints. Color, when living, light salmon-yellow, the legs

often banded with reddish or light purple. Length 10.5 millimeters

;

extent 90 milhmeters.

This species is, in most of its characters, extremely variable. Kroyer's

N. brevitarse and W. mixtum are undoubtedly, I think, forms of N. gros-

sipes. The former are young specimens, with a short, thick neck, very

short tarsus, and abbreviated rostrum; the latter are those having a long

slender neck, and with the tarsus from one and a half to two times the

propodus. From the large collection in the Peabody Museum I have

formed an almost complete series from extreme forms of N. brevitarse to

undoubted K. mixtum, though in none of the specimens of the latter

species is the tarsus quite so long as that figured in the Voy. en Scand.,

Laponie, etc. The palpi, also, vary considerably with age.

The variation is due in part to age, but is not sexual, since male

specimens with egg-masses present the same differences. In some speci-

mens the anteunoe are tipped with brown, or jet black; in others they

are white. The terminal joint of the legs is sometimes similarly tipped

with brown.

The following table gives the relative length of the tarsus and propo-

dus in a series of specimens selected to show the variation. The joints
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measured are, in all but one or two cases, from tlie second leg of the

right side.

a (N. brevitarse)

b
c

d {N. grosslpes) .

e

/
g
h {Tf. mixtum) .

.

Propodus.
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Specimens examined—Continued.

Locality.

fH

Bottom.
"When col-

lected.
Keceived from.

Specimens.

No. and sex.

Gloucester, N. 3 to 4
miles.

Gloucester, K". N.W.
4 to 6 miles.

Gloucester, IST. by E.

2i to 4 miles.
Gloucester, N. to N.
by "W. 5i to 7 miles.

Gloucester, N. i W.
6J miles.

Cape Ann, N. W. i
N. 11 miles.

Cape Ann, N. "W. |
W. 13 miles.

Cape Ann, N. W. 4
to 5 miles.

, do
Cape Ann, W. N. W.

30 to 31 miles.
Cape Ann, N. W. by
N. 7 miles.

Cape Ann, N. W. 14
miles.

Cape Ann, N. 8i
miles.

Cape Ann, N. E. 2J
miles.

Cape Ann, N. N. W.
15 miles.

Cape Ann, W.lSr.W.
29 to 30 miles.

Cape Ann, S. W. 14
miles.

Off Isles of Shoal3--

Cashe's Ledge, N. 6

to 15 miles.
Off Cape Elizabeth.

.

Casco Bay
do.:
do
do

Manhegan Island,
K. 8 miles.

Latitude 41° 25', lon-
gitude 66= 25'.

Grand Manan, N. B.
do

Eastport, Me
do

Eastport, Me., off

Head Harbor.
Eastport, Me., John

son's Bay.
Eastport Harbor,Me.

do
Eastport, Me., off

Cherry Island.
Eastport, Me
Bedford Basin, Hali-

fax.

do
Chebucto Light, K

^y. by W. 9 miles.
Halifax, outer harbor
Narrows at mouth

of Bedford Basin.
Chebucto Light, N.
by E. 26 miles.

Halifas,outor harbor
do
do
do

Orphan Bank, Gulf
of St. Lawrence.

25-26

19^

19-23

40-45

45

50

53

42

38
110

73-75

90

32

18

23

85

33

35

52-90

Sand, gravel,
stone.

Sand, gravel.

Sand, gravel,
stone.

Soft brown
mud.

Mud

Mud, gravel,
&c.

Eocktomud

Sand, mud,
claynodules.
Mud to rock.
Soft brown
mud.

Soft mud

Mud

Rock, stones

.

Rough rock..

Stone, gravel,
shells.

Gravel, peb-
bles.

Gravel, stone

Clay, mud,
sand.

Rocks

100

12

30
60

20-25

Rocks

.

...do.
Mud .

Soft mud .

.

101

16
20
25
43

fine

...do..
Mud,

sand.
Gravel
Stone, sheUs.

Fine sand . .

.

....do....
Shingly .

Rocks . .

.

Aug. 13

Julv 17;

Aug. 27,

Aug. 27,

Mud or sand

.

Sand, shells.

I

Aug. 7,

Aug.
Aug. 16,

1878

1878

1878

1878

1878

1877

1878

1878

1878
1878

1878

1878

1878

1878

1878

1878

1873

1874

1873

1873
1873
1873
1873
1873
1873

1872

1872
1872
1868
1870
1870

1872

1872
1872
1872

1872
1877

1877
1877

1877
1877

1877

1877
1877
1877
1877
1873

F. S. Fish Com.

....do

....do

....do

....do

....do

....do

....do

...do

...do

....do

....do

...do ,

...do

...do

...do

...do

...do

...do

Id"

2d",l$.

1....

1?--

IcT..

1?..

1?-

IcT..
Id-..

...do

...do

...do

...do

...do

...do

...do

....do

...do
Expedition '68

Expedition '70.

do ,

U.S. FishCom.

...do

...do

...do

...do

...do

...do

...do

..do,

..do ,

.do

...do..

...do..

...do ..

...do..

...do..

1?

Id

V
lcf,2?.

2cr

Id", 2?.

20

Id",!?.

Id
2d', 7?.
2d
1?
1?
Id-

Id

7d',14?.
3

3d',21?.
6d,23?.
4?

ld,l$.
5?
1?

Id, 89,
1?

1?.
Id".

2d, 3?.
1?

2d.

1?
1?
2d
2d",2?.
Id"
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Nymphon hirtum Fabricius.

Ent. Syst., vol. iv, p. 417, 1794.—Kroyer, Nat. Tidss., Iste Bind, 2det Haefte,

p. 113; Voy. en Scand., Laponie, etc., PI. 36, figs. 3a-g.—Norman, Rept. of
the Brit. Assoc, for tlie Advancement of Sci. for 1868, p. 301.—Buchliolz,
Zweite Deutsche Nordpolfahrt, p. 397, 1874.—Miers, Ann. and Mag. Nat.

Hist., 4th series, vol. 20, Ko. 116, pp. 103-9, PI. IV, fig. 3, 1877.—G. O.

Sars, Archiv for Mathematik og Naturvidenskab audet Bind, Tredie Hefte,

p. 365, 1877.

? Nymphon hirsutum Sabine, Supplement to the Appendix, Capt. Parry's First

Voyage, p. 226, 1824.

Nymphon hirtipes Bell, Belcher's Last of the Arctic Voyages, Crust., p. 401,

PI. XXXV, fig. 3, 1855.—Wilson, Trans. Conn. Acad., vol. v, p. 22, PL V,

figs. 2 and 3; PI. VI, figs. 2a to 2k, July, 1878.

Nymphon femoratum Leach, Zool. Misc., vol. i, p. 45, PL 19, fig. 2, 1814.

—

Johnston, Mag. Zool. and Bot., vol. 1, p. 380, 1837 {teste Hodge).

Plate VII, Figures 38 to 41.

Body very robust, lateral processes scarcely separated. Oculiferous

segment broad and stout, neck very thick. Oculiferous tubercle much,

elevated, slender, rounded. Ej^es ovate, black. Abdomen slender,

tapering from the middle toward the base and tip.

Antennae very hairy, rather stout, basal joint slightly longer than the

rostrum; claws of chelae slender, acute, very strongly curved, when
closed crossing each other at a considerable distance from the tips.

The spines, with which they are armed, are rather long, slender, and
not very closely set; toward the base they become strongly curved or

even hook-shaped.

Palpi very stout; basal joint nearly quadrate, half the length of the

second; the remaining joints decrease regularly to the last. The
appendage is densely hairy; on the outer three joints the hah's are

densely plumose.

The accessory legs differ considerably in the sexes. In the female

there are three short basal joints, followed by two which are considera-

bly longer, nearly equal, and somewhat clavate; the sixth is about two-

thirds the fifth, and the remaining joints become successively smaller to

the last, which is acute and claw-like, and armed below with a series of

opines. In the male the appendage is larger and stouter, the fifth joint

is about twice as long as the corresponding joint in the female, and
near its outer extremity it is swollen and furnished on each side with a

dense tuft of long hairs; the spines of the outer joints are scarcely

denticulated and alike in both sexes.

Legs comparatively stout, often distended with the generative organs

;

first and third joints about as long as broad; second longer, somewhat
clavate, longer in the male than in the female; the three following

joints are much longer, the sixth longest; tarsus short, half the propo-

dus, which has, below, a series of slender spines ; dactylus about two-

thirds the propodus; auxiliary claws very small and slender, about

one-fifth the dactylus. All the appendages are thickly' covered with
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coarse hairs, which are most numerous on the outer joints. The body
is slightly hairy or nearly naked. Color light dull yellow. Adult spe-

cimens are very frequently covered with rubbish, and living Bryozoa,

Sponges, Ehizopods, etc., are often attached to them. Length 12 milli-

meters; extent 73 millimeters.

This species has not before been recorded from our coast, though
taken in great numbers off Halifax by the United States Fish Commis-
sion in 1877. It occiu"s on rocky, gravelly, or muddy bottoms, down to

50 fathoms. Sept. 24th, 1877, several hauls made off Halifax in 50

fathoms, muddy bottom, brought them up by hundreds, clinging to the

meshes of the trawl-net. A single specimen was dredged off Salem,

Mass., in 48 fathoms, soft mud. Many of the specimens had egg-

masses. In some of these, young were found in various stages of

growth. In the earliest stage observed (Plate VII, figure 41) the

body is very large and swoUen, without a trace of segmentation. The
rostrum is short and directed downward. The five anterior pairs of

appendages are developed, the posterior one rudimentary. The basal

joint of the antennte bears a long flagellum.

Sj)ecme7is examined.
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that Kroyer's figures are inaccurate, and tbat, therefore, the name JSf.

Mrtwn must be restored.

The following table is intended to show the general geograi)hical and
bathymetrical distribution of the species described in this pai^er. To
indicate those localities fi?om which I have examined specimens the

mark of affirmation (!) is used ; in cases where the locality is given on

other authority, the + sign is used. A few of the species occur in the

deeper waters ftir to the southward of their ordinary limits ; this is in-

dicated by the i sign.

32 P
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EXPLANATION OF PLATES.

PLATE I.

Fig. 1. Pycuogonum littoralc, 4G9, male; dorsal view.

2. The same; yentral view.

3. The same ; a, accessory leg ; &, ambulatory leg.

4. Achelia spiuosa, 473; a, general dorsal view; b, antenna; c, spine from acces-

sory leg.

PLATE II.

Fig. 5. Palleno empusa, 476 ; dorsal view.

C. The same; «, ventral view of rostrum aud part of the oculiferous segment;

c c', spines from accessory leg.

7. The same; antenna.

8. Achelia spinosa, 473 ; terminal joints of leg.

9. Pseudopallene hispida, 478; a, general dorsal view; o, antenna; c, spiuo from
accessory leg.

10. Pseudopallene discoidea. 479; a, dorsal view of body; h, antenna; c, acces-

sory leg of female.

PLATE III.

Fig. 11. Tanystylum orbiculare, 471; a, general dorsal view; l, terminal joints of leg;

c, palpus; d, accessory leg of female; //', spines from accessory legs,

12. Phoxiohilidium maxillare, 480 ; dorsal view of body.

13. The same (smaller southern form); terminal joints of leg.

14. The same (larger form, from Eastport).

15. The same ; a, accessory leg ; J, ova ; c, antenna.

16. Anoplodactylus leatus, 482 ; dorsal view of body.

17. The same; antenna.

18. The same; a, terminal joints of leg; l, accessory leg.

PLATE IV.

Fig. 19. Ammothea acheliodcs, 484 ; dorsal view of body; r, rostrum; o, antenna; 5,

palpus ; d, abdomen ; e, oculiferous tubercle ; s', etc., lateral processes ; I,

legs; b (smaller figure), accessory leg.

20. The same; a, terminal joints of leg; ?», antenna; c, palpus.

21. Nymphon macrum, 487; dorsal view of oculiferous segment; terminal joints

of leg
;
palpus.

22. The same; a, antenna; i, spines from fixed claw; c, spines from movable
claw.

23. The same ; accessory legs of male and female (both are enlarged to the same
amount).
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PLxlTE V.

Fig. 24. Nymi)lion Stromii. 435; lateral view, natural size.

' 25. The same; lateral view of body.

26. The same; dorsal view, natural size.

27. The same ; a, accessory leg ; &, spine from accessory leg.

28. The same ; antenna.

PLATE VI.

Fig. 29. Nymjihon Stromii, 485 ; dorsal view of body.

30. Nymphon longitarse : a, dorsal view of body : h, terminal joints of leg ; e, e', e",

spines from accessory leg.

31. The same ; antenna.

32. Nymphon grossipes, 491 ; a, dorsal view of body; I), lateral view of body.

33 to 36. The same ; series to show variation in oculiferous segment.

37. The same ; series to show variation in length of propodus.

PLxVTE VII.

Fig. 38. Nymphon hirtum, 495; dorsal view; r, rostrum; a, antenna; b, palpus; c,

accessory leg ; d, abdomen; I, leg.

39. The same; a, fifth joint of accessory leg of male; &, corresponding joint of

female.

40. The same; antenna.

41. The same ; recently hatched larva.

42. Nymphon grossipes ; antenna.
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Vase.
Pallene disooidea 479, 475

Pallene empusa , 47G

Pallene hispida 478

PaUene intennedia 478

Pallene spinipes , 478

PiiUenidae 476

Parazetes 468

Pariboea 468

Pasithoe 408

Pasithoe umbonata 471

Pasithoidae 4C9
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Phoxichilidiiim minor 480

Phoxichilidium yirescens 482

Phoxichilas 465

PseudopaUene 477
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PseudopaUene hispida 478
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Pycnogonnm 469

Pycnogomim balsenarom 469

Pycnogonnm grossipes 491

Pycnogomim littorale 469

Pycnogonnm pelagicum 469

Ehopalorhynchns 468

Tanystylum 471

Tanystylnm orbiculare 471

Zetes spinosa 473





PLATE I.

Fig. 1. Pycuogomim littorale, 469, male ; dorsal vievs'.

2. The same ; ventral view.

3. The same ; a, accessory leg ; h, ambulatory leg.

4. Achelia spiuosa, 473 ; a, general dorsal view ; b, antenna; c, spine from acces-

sory leg.



Report TJ. S. F. C. 1878 —Wilson. Pycnogonids. Plate I.

^

> i







PLATE II.

Fig. 5. Palleue empusa, 476 ; dorsal view.

6. The same; a, ventral view of rostrum and part of the oculiferons segment;

c c', spines from accessory leg.

7. The same; antenna.

8. Achelia spinosa, 473; terminal joints of leg.

9. Pseudopallene hisiiida, 478; a, general dorsal view; h, antenna; c, spine from

accessory leg.

10. Pseudopallene discoidea, 479; a, dorsal view of body; h, antenna; c, acces-

sory leg of female.
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PLATE III.

Fig. 11. Tanystyhim orbiculare, 471; a, general dorsal view; h, terminal joints of leg;

c, palpus; d, accessory leg»of female; //', spines from accessory legs.

12. PhoxicMlidinm masillare, 480 ; dorsal view of body.

13. The same (smaller southern form); terminal joints of leg.

14. The same (larger form, from Eastport).

15. The same ; a, accessory leg ; l, ova ; c, antenna.

16. Auoplodactylns leatus, 482; dorsal view of body.

17. The same ; antenna.

18. The same; a, terminal joints of leg; h, accessory leg.
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Fig. 13. Fig. 11.
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Fig. 18.
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PLATE IV.

Fig. 19. Ammotliea acheliodes;, 434 ; dorsal view of body ; r, rostrum ; a, antenna ; h,

palpus; d, abdomen; e, oculiferous tubercle; s', etc., lateral processes; I,

legs ; 1) (smaller tigiire), accessory leg.

20. The same; a, terminal joints of leg; &, antenna; c, palpus.

21. Nymphon macrum, 487 ; dorsal view of oculiferous segment ; terminal joints

of leg
;
paipus.

22. The same; a, antenna; h, spines from fixed claw; c, spines from movable

claw.

23. The same ; accessory legs of male and female (both are eahu'ged to the same
amount).
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PLATE V.

Fig. 24. Nympbon Stromii, 435 ; lateral view, natural size.

25. The same; lateral view of body.

28. The same ; dorsal view, natural size.

27. The same; a, accessory leg ; 6, spine from accessory

23. The same; antenna.
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PLATE VI.

Fig. 29. Nymphon Stiorali, 485 ; dorsal view of body.

30. Nymplion longitarse ; a, dorsal view of body ; h, terminaljoints of leg ; c, e', e'J,

spines from accessory leg.

31. Tlie same; antenna.

32. Nympbon grossipes, 491 ; a, dorsal view of body; i, lateral view of body.

33 to 36. The same ; series to show variation in oculiferous segment.

37. The same; series to show variation in length of propodus.
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PLATE Vn.

Fig. 38. Nyiiiphon hirtura, 495; dorsal view; r, rostrum; a, antenna; h, palpus; c,

accessory leg ; d, abdomen ; I, leg.

39. The same ; a, fifth joint of accessory leg of male ; h, corresponding joint of

female.

40. The same; antenna.

41. The same ; recently hatched larva.

43. Nymphon grossipes ; anteiuia.
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XVI.-THE ENEMIES OF FISH.*

By Bap^on de la Valette St. Geokge,

Professor of Anatomy and Director of the Anatomical Institute at Bonn.

Bead at a meeting of the German Fishery Association, Berlin, March 31, 1879.

[From Circular No. 3 of the German Fishery Association, Berlin, May 14, 1879.]

[Translated by Herman Jacobseii.]

War is the ^vatch-worcT of the "vrhole of organic nature ; there is a con-

stant war of all organisms against outward unfavorable circumstauceSy

and there is constant war among the different individuals. The seed-

grain which falls into the ground, the worm crawling on the earth, the

butterfly hovering over the flower, the eagle soaring high among the

clouds, they all have their enemies—outward enemies threatening their

existence, and inward enemies eating their life and strength.

Even fish, which claim our special attention, are by no means per-

mitted to spend their life in peace. Plants and animals endanger their

very life, and when they have been fortunate enough to escape these,

man comes and seeks to catch and destroy them with numberless arts

and tricks.

Confined to a special sphere of life, the water, they frequently do not

find in it the necessary conditions of existence. In their very cradle, so to

speak, that is, in the egg, the tender germs, scarcely awakened to life,

are thieatened by a dangerous enemy belonging to the lowest grades of

the vegetable kingdom. This is the much-dreaded Saprolegniaferax; in

an incredibly short time its long threads envelop the egg, choke it, and
destroy it.

The best preventive is an amjile and continuous supply of cold water

of a temperature of about zero, a dim light, and the immediate removal

of spoiled eggs. Using a brush only destroys the spurs or threads of

the ^aprolegnia and consumes too much time.

These parasitical plants may prove dangerous even to older fish, for

I have observed them on full-gro^vu trout. But, as Dr. WittmarJc says

ui his excellent treatise on the enemies of fish, the j/ropter hoc and post

hoc should be well distinguished. I believe that such fungous forma-

tions are only found in fish which are worn-out or have been weakened
by sickness, and that in such cases it accelerates their death. It is

well known to all pisciculturists how important it is to keep aU ponds

* Ueher die Feinde dtr Fiiche, Vortrag des Herrn Freiherrn Ton la Valette St. George.
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or vessels scnipiilouslY clean, and especially keep away all decaying

animal matter.

The liigher alg'?e and aquatic plants of every kind may prove hurtful

to the fish by limiting the extent of water and hindering the free move-

ment of the fish. This is also the case with the so-called "water plague,"

Wasserpesf, Ulodea canadensis, which, however, does not deserve this

name, as it contains much food and develops a great deal of oxygen.

Among the protozoans which form the connecting link between veg-

etable and animal life we find a small but very dangerous enemy of the

fish, namely, the Fsorospermia. These are round or oval bodies, often

possessing a tail, with an internal cellular formation, measuring about

0.005'", which were first discovered in 1841 by Johannes 3fuller in the

socket of the eye of the pike and in small pimples on the skin of the

perch, the stickle-back, and several fish of the cyprinoid family. They

form the contents of small capsules, measuring -J- to h'", which are im-

bedded in the membranes. They have also been found in the bladder

of pike and codfish. Eecent investigations have thrown some light on

the origin of these beings. They are products by separation of the so-

called " Gregarines," which develop an amoeba without any kernel,

which again changes to a gregarine. lAehcrhvlin has observed the de-

velopment of the psorosperm into an amoeba, and E. van Beneden the

change from the amoeba to the " gregarine," the one in the pike and the

other in the lobster. So far it has not been ascertained with absolute

certainty in what way the fish are affected by them.

It is certain that these parasites occasion the destruction of the tissue

which surrounds them by producing festering sores, and that fish in-

fected by them must gradually die.

Certain formations of a higher group—the infusoria—have also recently

l)een accused of being enemies of fish ; some of them, such as the OpaUna

ranarum.; in the intestinal tube of the frog, and the Trichodina pediculm,

have long been known as internal and external parasites. They can

get in under the outer skin and destroy it. Livingston Stone recom-

mends the transfer for a short time of fish affected in this way to salt

water. It is said that among the moUusks the Tioliagonia pohjmorpha

does not disdain the spawn of fish.

We must now turn to a group of animals which has a very bad repu-

tation, and which, belonging to the worms, are comprised in the family

of intestinal worms or helminths. This group sends a whole army of

animals into the field, some only visible tlirough the microscope, others

measuring inches and even yards, and often possessing terrible weapons;

they live and find their food in the abdominal cavity, the intestines,

muscles, gills, and skin of fish.

The eel contains no less than 25 different kinds of these parasites, the

perch 23, the pike 21, the salmon 16, the trout 15, and the carp 12.

The intestinal worms are divided into four classes, viz, Cestodes,

Trematodes, Acantliocepliala, and Nematodes.
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The fecundity of some of these -worms is considerably increased by the

so-called "chau.oe of generation," that is, the interpolation of generation

without sexual connection l)ctween the regular generation.

From one of the innumerable eggs of the tape-worm, for instance, there

develops an embryo armed with six little hoohs, which finds its way
through the animal tissues, settles somewhere, and develops into a tape-

worm. In the beginning it is inclosed in a bladder, and in this state is

known as the " bladder-worm." Generally not until it has reached the

stomach or intestinal tube of some other animal, does the head get free

and develop the diiferent joints of the tape-worm, in which eggs develop

in the regular manner.

In another kind of the helminths, the Trematodes, we also find this

peculiar manner of propagation. From the embryo worm-like animals

are developed sporocysts or redia, which again develop little worms with

tails, the cercaria. These very lively li ttle animals, which frequently have

bristles on the head, envelop themselves in a capsule and throw off their

organs of motion.

If in this condition they enter the stomach of that animal which is

to be their definite place of abode, the cyst, as I have shown by experi-

ments years ago, is digested, and its contents becomes a fully-matured

animal of the Trematodes kind. Before they get so far they may, how-

ever, pass through several different animals.

Tapeworms are very frequently found in fish, often in an entirely unde-

veloped condition, which shows that they were first eaten by some other

animal along with the animal in which they lived.

Among these must be counted the Ligula, which is frequently found

in the abdominal cavity of our fresh-water fish, such as the bleak, blay,

crucian, salmon, trout, pike, and perch. In some i:)arts of Italy this

worm is called " Macaroni piatti," and is considered a great delicacy.

In storks, herons, gulls, and wild ducks it is found in its more devel-

oped form. According to Van Beneden it only gets into these birds acci-

dentally.

Very similar to the Ligula is the ScMstocephalus, which often fills the

abdominal cavity of the stickle-backs to such an extent as almost to

make them burst. When 25 years ago I pursued ichthyological studies

here in Berlin, under the instruction of my venerable teacher. Professor

Peters, 1 often fed crows and ducks with these worms. These experi-

ments were made in my student's quarters in the third story, and were

therefore attended with considerable difficulties. Von Willemoes-Suhm

has pursued his experiments in a reversed manner, and has raised the

embryos with six little hooks from the eggs of the Ligula taken from a

diver, and from those of the ScMstocephalus taken from a guU. Among
these undeveloped forms we must also mention the Scolsx polymorphus,

which is found in many salt-water fish, and comprises different stages of

development.

A very simply-formed tapeworm is found in the intestinal tube of nearly
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every fish of the genus Cyprinus; it is called tbe Caryophyllaeus mutabilis.

It lias only one joint, closely connected with the head, which develops in

the same fish, and forms the connecting link with a long and varied

series of maritime forms, which in their youth live in osseous fish, and
with these migrate into rays and sharks, where they reach maturity.

These are the Tetraphyllidw of Van Beneden, which have four sucking

disks which are either unarmed or have hooks or stings. To the former

belong the UcMnobothrium, Fhyllobothrium and Anthohothriumj to the

latter, the Acanthohothrium, Calliohothrivm, and Oncliobothrium. The
Uchmobothrium found in the ray has only two sucking disks, but two
sharp stings on the forehead, and a neck full of long bristles. J^ext to

this comes the Tetrarhyncus, which has four hooked trunks. When
quite young it is found in plaice, and when fully grown in rays and
sharks. Xearly related to this one is the Trimnophorus nodulocus with

two pairs of three-pronged hooks, which in its undeveloped condition is

found in the liver of fish of the genus Cyprinus, and when fully ma-

tured in the intestinal tube of fish-of-prey.

The Cestodes found in fresh-water fish are not so numerous and varied

as those of the salt-water fish. Of the latter there may still be men-
tioned the Bothriocephalus punctatus of the plaice, and the Bothrioceph-

alus rugosus of the codfish ; and of the former, the Bothriocephalus pro-

boscideiis of the salmon, the Taenia oceUata of the perch, the Toenla

osculata of the "Wels," Silurtis glanis, and the Tccnia t&rulosa of the

"Orf," the Tcvnia longicoUis of the salmonoids, mostly confined in cap-

sules, and the Tcenia macrocephala of the eel.

The Trematodes may be subdivided into a number of families accord-

ing to the number and position of their sucking disks. In this way we
may distinguish the Monostoma, Bistoma, Tristoma, Polystoma, Holostom a

^

and Amphistoma. The sucking disks of the lower extremity are some-

times furnished with hooks as, for example, in the Gyrodactylus.

The last of this kind is the Biporpa, which in the middle grows

together with another individual, and then forms a peculiar twin-animal,

the Diplozoon paradoxum. The monostoma are rarely found in fish.

They are found in the intestinal tube of the stickle-back {M. carryophyl-

liniim), and the barbel {M. cochleariforme), in the gills of the "brachse"'

(ilf. praemorsum), and in capsules in the smaU "Marana" {M. Maraenulce).

Von Nordmann found an incredible quantity of a youthful formation

{Diplostomum) of the Holostoma living in aquatic birds, in the eye of the

perch, the burbot, fish of the genus Gyprinus, and in the last mentioned

also in the skin. In the lens of the eye of the burbot, 290 such little

animals were counted, whilst the vitreous humor contained about half

that number. This must of course make the fish more or less blind.

The Bistoma are very common in fish. Thus the perch has five dif-

ferent kinds, and the eel ten. In our fish the most frequent are the

Bistomum globipornm, the B. tereticoUe of the burbot, -pUie, salmon, and

trout, the D. nodulosum of the perch, the B. torulosnm of the " VVels,''
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the D. ferniginosum of the barbel, the D. macrohothrium and tectum of

the smelt, the D. laiireatum and varicum of the "Aesche", the I>. ocrea-

tum of the herring, salmon, and May-fish, which, when young, lives

quite free, and is a parasite on larvse of worms and small crustaceans.

Of the Polystonia I will only mention the Octohothrium of the May-

fish, which lives in the gills like the Diplozoon of the cyprinoids, the

Gyrodactylus and Dactylogyrus.

The Acanthocephala are round, tube-formed worms, without mouth and
intestinal tube, whilst at the head-end they have a trunk with hooks.

Their embryos have smaller hooks, with which they pierce the intestinal

tube of the animals in which they live, principally crustaceans, then

wrap themselves \\\) in a capsule, and in that state are transferred to

other animals, fish, birds, or whales.

We thus find the Ecliinorhyncus proteus when young in small crusta-

ceans, and when more developed in the perch, the " Wels," the carj), the

salmonoids, and other fish. It is likewise found in many salt-water fish,

as the codfish and the plaice; whilst it does not occur in the rays and

sharks.*

Different from the Acanthocephala is the family of the Nematodes, num-

bering upwards of 1,200 kinds, distinguished chiefly by a more or less

developed organ of digestion. These Nematodes are very prolific, and
exhibit many peculiar phases of development ; a change of generation

does not, however, seem to occur with them, at any rate it has so far not

been observed. It has been noticed, however, that parasitical hermaph-

rodites have been produced by free individuals of opposite sexes. There

may also possibly be a development of the Qgg without impregnation.

The Nematodes are very frequent in fish, sometimes half developed in

capsules, and sometimes fully grown.

We thus find the Oordhis aquaticus, a very long (1 meter) nematode, liv-

ing in the water, inclosed in land and water insects and their larvae, as

well as in minnows and loaches; and the CucuUanus when young in

small crustaceans, and when fully grown in the perch and eel. In the

swimming-bladder of the salmonoids we find the Ancyranthus ; in the

stomach of the eel, the Filaria dentleulata ; in fish of the Oyprinus kind,

the Trichosoma tomentosum ; and in the plaice, the HeteraJiis foveola.

The large genus Ascaris has also manyrepresentatives in fish, for example,

Asearis truncatula, in the perch ; A. gasterostei, in the stickle-back ; A.

clavata, in the codfish, trout, and salmon ; A. mticronata, in the burbot

and pike; A. collaris, in the plaice; A. siluri, in the "Wels"; A. acus,

in the carp, pike, and trout; A. deritata, in the barbel; A. hirsuta, in

the smelt ; A. obtusocauda, in fish of the Coregonus kind ; A. cristata, in

* As far as can be judged from the very incomplete description, the nnnsual mor-

tality of the crawfish noticed in several places {"Deutsche Ftscherei Zeitunf)," 1S79, p.

62) might be traced to the Echinorhyncus, perhaps E. polymorplius Br., E. Milariiis,

Zenker, E. Astaci fluvialis v. Siehold. When young they live in small crustaceans, and
when more developed in aquatic birds. These latter woiild, therefore, transmit the

infection.

33 r
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tlie pike; A. adunca, in the "May-fish"; A. lahiata, in the eel; and A.

constricta, in the sturgeon.

Biesing mentions a Trichina cyprinorum, but all attempts to develop

trichina in fish have so far been unsuccessful. Quite recently I have

fiiade experiments with goldfish, feeding them with meat which con-

tained trichina, but the trichina passed through the intestinal tube. The
" fish trichina '- which are from time to time spoken of in the newspa-

pers are, therefore, probably- myths.

A very dangerous and troublesome parasite is the " fish-leech," which

lives on the skiu and the gills of fish, often in such numbers as to tor-

ment the ix)or fish. We find the Fisclcola geometra on fish of the genus

Cyprinus, the salmonoids and the pike, the F. respirans on the barbel,

and the P. fasciata on the ," Wels." The Branchiohdella lives on craw-

fish, the Ris^trioMeUa on lobsters, while others live on salt-water fish and
mollusks.

Also among the crustaceans we find a number of parasites which live

on the blood of fish, the so-called " fish-louse," remarkable for a pecu-

liar regressive metamorphosis during their development.

The young are very lively and resemble small crustaceans, but when
they have reached their permanent place of sojourn, only those organs

remain which are necessary for feeding and propagating.

Of the very large number of these parasites, I only mention the 3r-

gasilus Sieholdii on the carp and pike, the Lamprogena pidchella on the

" ori^e," the Lernwocera on the carp, the pike, and the codfish, the Ach-

theres percarum on the perch, the Tracheliaste^ polycopus on the barbel,

and the Argiilus foJiaceus on the carp ; the last mentioned of which I had

frequent occasion to observe in my goldfish i^onds. These parasites

seem not to do special harm ; still I found it advisable to counteract

their spreading by draining the ponds from time to time and by remov-

ing the parasites.

I do not believe that more developed crustaceans, which form an ex-

cellent food for trout, can hurt the fish-eggs, but there are quite a num-

ber, such as the Aiiceus, Cymothoa, &c., which live as parasites on fish.

Among the insects the water-beetles and their larvse, principally the

Bytiscus, AciUus, and Gahjmhetes, are justly considered enemies of fish.

I have seen how a Dytiscus marginaUs killed a Mexican salamander six

inches in length, for whom it was to serve as food, by biting it in the

neck. The larvte of the dragon-fly are also said to hurt the fish.

In passing to the vertebrates, we find that the fish themselves are dan-

gerous enemies of their own kind. Not only will it happen that a male

trout with an utter lack of gallantry will eat the eggs instead of impreg-

nating them, but many fish, which are considered harmless vegetarians,

actually turn cannibals, and, especially at a more advanced age, devour

the eggs and young fish. This is the reason why there are so frequently

no vouug fish in goldfish-ponds containing strong and healthy male and

female fish, whilst those eggs—few in number—which by the water
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flowing tbrougli the pond are accidentally carried beyond the limits of

the pond develop very successfully.

Arrangements may be made accordingly. To take out the old fish

after spawning is easier said than done. Although the salmonoids as

a general rule, that is, as long as they find a sufficient quantity of insects,

crustaceans, worms and snails, are not very dangerous depredators, they

love to eat the spawn of fish. Nearly all fish will be guilty of the same
offense when tempted by such delicate morsels. Trout which have ac-

quired a taste for such food may prove very dangerous to their younger

comrades. The fish-of-prey, properly so called, the j)ike, the barbel,

" Wels," burbot, and eel are well known as such, and they are caught

wherever this is possible.

Among the amphibia, the water-salamander, the water-toad, "Unke,"

and the frog should be kept away from the fish-ponds as much as pos-

sible, because they may inflict great damage to eggs and young fish.

In order not to pass the reptiles, we wiU also mention among the

enemies of fish the crocodile and the water-snake. 1 do not know
whether our common Coluber natrix likes fish as well as it does frogs

and tritons.

All aqnatie birds are born enemies of fish. The water-fowl seems to

be the most harmless of all, although it cannot be trusted entirely. The

stork is decidedly worse than his reputation. But the most dangerous

enemies are the herons, which, especially during moonlight nights, do

great damage. Among the birds-of-prey the Circus rufus, the Pandion

halicetus, and the Halicetus albicilla are the most dangerous and powerful

enemies of fish. A most dangerous enemy is the kingfisher, Alcedo

ispida. The crow, Corvus corona, also likes fish, and is remarkably

skillfid in catching them. The wagtail, Motacilla fiava, and alba, and

the water-ousel, Ginclus aquaticus, are likewise fond of fish-eggs and

young fish.

Among the mammals, the enemies of fish are not so numerous, but

the few are all the more dangerous. Of the Cetacea, we must men-

tion the fin-fish, the narwhal, and the dolphin, and of the Phocidw,

the seal. The water-rat, Rypodwus amphibius, and the browii rat, Mus
decnmamis, shotild be kept away from fish-ponds as much as pos-

sible. Although the first-mentioned lives on reeds, it does damage
by undermining the dikes, whilst the last-mentioned most assuredly

hurts the fish. Brehm has given detailed reports of the great damage
done to fish by the Crossopus fodiens, which eats the eyes and brains of

living fish, even those of considerable size. The domestic cat does not

disdain fish-food, and I have often watched cats lying in wait for fish on

the banks of ponds. The best known and most dangerous enemies of

fish are the otters, the Yison Intreola and americanus, the Enhydris

lutris, and the Lutra vulgaris. The reputation of the last-mentioned

kind is so bad, that I need not say any more about it, but only recom-

mend the excellent methods of catching them introduced by Yon der
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Borne. Their near relatives, the weasel, Mvstela vulgaris, M. erminea, and
the polecat, M. putorius, cannot be trusted either.

It must also be mentioned that some members of the bear family are

fond not only of honey, but also of fish.

We have thus quickly passed through the whole animal kingdom,

and have arrived at the last and most dangerous, because most intelli-

gent, enemy of fish, namely, man.

Ignorance and covetousness have in many parts of the country re-

duced the number of fish to a minimum, and nothing but ef&cient fish-

ery-laws and rational pisciculture can remedy the evil. The German
Fishery-Law and the German Fishery Association have opened out a new
era for the German fisheries. On this foundation, which has been laid

by the best men of our country, we must all build according to our

ability. As our revered president has remarked, " there should be a

hatching-box near every water-mill." Only united activity will bring

us nearer to our object—to raise the general .welfare of our nation.



XVII.-IS SAWDUST AS SERIOUS AN OBSTACLE TO THE ASCENT
OF SALMON IN OUR RIVERS AS IS GENERALLY MAINTAINED ?

By Prof. H. Easch.*

[Translated by Tarleton H. Beau.]

That the rivers on which there is considerable cutting of timber grad*

nally become more and more destitute of salmon is an undeniable factj

but while it is asserted that the sawdust introduced into the river from

the saw-mills causes the salmon coming from the sea either to forsake

its foster stream because of meeting the sawdust, to seek another river

not polluted, or else, when the fish attempts to pass through the areas

quite filled with sawdust, then this, by fixing itself in the gill-openings

or between the gills, causes its death, yet later experience seems to en-

title us to the assumption that sawdust neither causes the salmon to

forsake its native stream nor produces any great mortality among the

ascending fishes. The hurtfulness of the sawdust to the reproduction

of the salmon is not so du^ect, but is exceedingly great in this, that it

partly limits and partly destroys the spawning-grounds of the river.

The riverDranmien, below Hellefos, has formany years been greatly pol-

luted by sawdust, and the abundance of salmon decreased constantly until

the fishermen at Hellefos adopted the so-called artificial method of hatch-

ing, whereby they supplied the river each year with a considerable number
of fry, which, after wandering to sea, returned to the cataract, although

the quantity of sawdust is the same as heretofore ; and one cannot see

that the ascending fish is in any marked degree aifected thereby. The
case is different when it reaches a cataract where many saw-mills are

situated, and there meets an insurmountable obstacle to its further

advancement. Its desperate leap is in vain, and as it is driven down
exhausted in the water filled up with sawdust, it will undeniably be

liable to get some of it so tightly wedged in the gills that it cannot get

rid of it, and death will then sooner or later be the result. To this dan-

ger the male salmon will be especially exposed near and at the spawning

time, since the increased length of the so-called notches of the lower jaw

prevent it from completely closing its mouth. The salmon which are

not seldom found dead after the spawning time are nearly always males.

That, at the same time, most of the deaths result from violent struggles

*Meddelelser Ira norsk Jseger-og Fisker-Forening, Sden Aargaug, Kristiania, 1873,

p. 56.^
517



518 EEPORT OF COMMISSIONER OF FISH AND FISHERIES.

between rivals is probable. If one could secure for the ascending fishes

an easy passage over the intercepting cataracts and dams, then certainly

very few fish would die from getting sawdust in their gills.

That young salmon bred from a race of salmon which has its own
river, when they are set free in a strange river and one which is in an

unusual degree polluted by sawdust, will not be prevented by this cir-

cumstance from returning to this last-named stream after their wander-

ing in the sea, one had a convincing illustration in the great exiieriment

instituted last year by Director A. Hansen. In olden times the salmon-

shoal which had its spawning-place in Soli River could ascend to it

through the then passable Soli cataract, but when they, for the sake of

the increased mill-business, erected above the cataract a dam so high

that the salmon could not ascend to their spawning-grounds, this salmon

shoal gradually died out entirely. With the consent of the mill-owners

Mr. Hansen in 1868 constructed a hatching-apparatus, which in Novem-
ber of the same year was supplied with impregnated salmon-eggs trans-

ported from the fishery at Hellefos. On St. John's Mght, 18G9, the

young arising therefrom were liberated from the aijparatus into the

river, partly above and partly below the dam. Last summer a portion

of the planting returned as young salmon, and according to experience

gained elsewhere we should wait for the great body of them until the

coming summer ; because the greatest portion appear to pass the first

two years of their lives in the rivers and two years in the sea.

In case one could aid the advance of the salmon around the Sarp cata-

ract or Soli cataract—and perhaps in this way a few less important

water-falls—and in connection therewith furnish the Glommen with arti-

ficially hatched young, one may now be fully assured that the abun-

dance of sawdust which incumbers both branches of the Glommen,

which again unite between Sarpsborg and Fredrikstad, will not prevent

the salmon from going up to the falls, where they will then probably

soon find access to a rightly constructed salmon-ladder, which would

help them up to a portion of the great river freer from sawdust. The

result of Mr. Hansen's experiment should therefore be a good support

for the watchful action of the management of our association, which will

in due time be communicated to the members.



XVIII.~THE PURIFICATION OF REFUSE WATER.

By E. Reichardt, of Jena.*

[Translated by Herman Jacobson.]

It is of great importance, not only for hygiene, but also for pisciculture

and agriculture, that this whole matter should be more fully investi-

gated, both theoretically and i^ractically, in order to gain and diffiise

knowledge.

I have on a former occasion published a treatise on this subject in

this journal (vol. 209, p. 1), but, urged from many sides, I will not hesitate

to reproduce, part of this treatise, embodying all the recent discoveries.

It is an undoubted fact that refuse of various kinds is in a reckless

manner thrown into public waters, thus doing injury to public health

and depriving agriculture of valuable fertilizing matter, and finally de-

populating brooks and rivers of fish, which form so valuable an article

of food.

The objection that this had been so from time immemorial does not

hold good ; no bad habit like this could ever be justified even by the

usage of ages. Not.even old-established manufactures can claim such

a privilege, because the progress of industry, based on the progress of

chemistry, has taught us to make use of a number of hurtful and un-

healthy substances whose refuse flows into public waters. Any such priv-

ilege, very questionable in itself, cannot possibly include innovations of

every kind which were formerly quite unknown.
Every man ought to he held responsible for any injury to imhlic interests

caused hy his business.

Since the above principle is often carried out very rigorously with re-

gard to street-cleaning, &c., why should this not be done with regard to

public water in brooks, rivers, and ponds? If changes in any branch
of industry, even if these changes only mean an enlargement of the

business, involve hurtful influences,it can justly be demanded that such
influences should be neutralized.

Chemistry is not only one of the strongest levers of modern industry,

but it certainly falls within its province to remedy all injuries to public

property caused by industry. Chemical knowledge should not only be
utilized in a one-sided manner for the benefit of various industries, but

* BeinUjuno (lis AhfaUivofiScrs. Von E. Eeicliardt in Jena. Arcliiv der Pliarmacie, vol.

xii, Halle, 1879.
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it should also strive to utilize all refuse matter in as complete aud satis-

factory a manner as possible.

It is a fact whicli can be observed everywhere that nature utiUzes

refuse matter of different kinds in such a manner as not to injure deeper-

lying springs, that is, the upper layers of soil or rock absorb the refuse,

either changing its character or forcing it to enter other combinations,

so that in both cases the lower strata receive but very little of it. This

purifying process, which is going on on an extensive scale, is both of a

mechanical and chemical nature, and presents the best and simplest

starting-point for discussing this whole question.

PURIFICATION OF WATER BY REPOSE.

The success of this purifying process is very clearly demonstrated by

the glacier water flowing from lake to lake. In a turbid and milky

condition the icy water leaves the mountains on its way to the plain,

till it enters a lake often of very considerable depth aud extent. Al-

though the same quantity of water leaves the lake to continue its jour-

ney towards the j)lain, it comes out as clear as crystal, whilst long banks

of clay or sand gradually mark the entrance of the turbid glacier water.

The same observation may be made in rivers. A strong current carries

all the floating particles of clay and sand far down the river, while a

sluggish current allows them to gather in the bed of the river or on its

banks, thus purifying the turbid waters. An attentive observer may
watch the same process in every brook ; wherever an indentation of the

bank delays the rapid flow of the water, numerous particles of mud will

gather, and many substances injurious to the life of fish are in this way
removed from the water. This natural process of j)urifying flowing water

by allowing it to enter a condition of repose can easily be imitated in an

artificial way, and should be adopted wherever turbid water enters brooks

and rivers.

This is particularly the case in the neighborhood of mines, quarries,

factories, for instance, beet-sugar factories, &c. It will suffice in every

case to construct so-called "mud-catchers"—ponds through which the

turbid water is led. If the water, as is often the case in mines, flows out

with the strength of small brooks, 2 to 3 ponds should be constructed,

one by the side of the other, regulating their depth according to the

quantity of impure matter in the water. It will also be well to cultivate

in these ponds aquatic or floating plants or reeds, aud to plant willows on

their bauks, as such vegetation aids the purifyiDg process in more ways

than one. I have often observed that by simply following these rules a

single pond proved sufficient to purify comj)letely the turbid water flow-

ing from a mine. In such a pond hardy fish, and even carps, were

raised.

From time to time the pond would yield a great quantity of mud,

which, when taken out during the cleaning of the i^ond, proved a valu-

able fertilizer.
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If the flow of turbid water is not very strong it will be sufficient l!o

dig deep water-tight pits, 2 or 3, close together, as shown in the following

diagram

:

These pits, which should be lined with brick and be cemented or made
Tv'ater-tight by clay, receive the turbid water through drain pipes (of

terracotta) M'hich bend towards the bottom of the pit. The How of

water, however, is broken by a stone projecting from the side of the pit,

so that below this stone the water is in repose. The pipe through which

the water leaves the last pit is bent upward, so that any particles float-

ing on the water, such as oil, &c., may remain in the pit, from which they

are removed from time to time, and are in this way prevented from enter-

ing the public water-courses. Such floating particles are specially inju-

rious to fish, because they are in the habit of collecting anything floating

in the water; tar, petroleum, &c., may thus prove poisonous.

By repeated personal observations I have become convinced that even

lighter organic matter floating in the refuse water has settled at the

bottom, and that from the third, or even from the second pit, the water

flowed out perfectly pure and clear.

PURIFICATION OF WATER BY CHEMICAL PROCESS.

This method of purifying water will, of course, be influenced by gen-

eral or local conditions.

In the first place it should be unlawful to introduce any hurtful mat-

ter into public waters ; and it would be very desirable if the recently

appointed inspectors of manufactures were to give some attention to this

question of refuse. As soon as there is a doubtful case, it should be

submitted to competent chemists or health-officers, making, if necessary,

a last appeal to the imperial health officer. German manufiictures are

but too frequently carried on in a one-sided manner, excluding the chem-

ist who is often the only person capable of giving information or render-

ing aid, especially as regards the greatest possible utilization of all

manner of refuse.

Such utilization is often prevented by the ignorance of manufacturers,

who, though well versed in everything pertaining to their special branch

of industry, avoid anything which does not seem to come within their

immediate province. It is therefore the duty of the government to take

this matter in hand by diftusing information and making regulations.

Even large factories simpjy lead the refuse of soap from the washing
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of wool, &c., iuto the nearest river. Such a tliiug could not happen in

England, where experience has taught people to utilize such refuse for

the manufacture of soap or gas, &c. It is therefore as great an advan-

tage to iudustrj^ as to the purification of the water not to let soapy water

flow into public water-courses.

It maj^ justly be demanded of every manufacturer who uses large quan-

tities of water that he should pimfy the refuse water, and allow only such

water to flow into the river or brook which cannot do any harm. The

water used in working machinery should be kept apart from water whidli

in cleaning dyed substances absorbs the sui)erfluous coloring matter;

this last-mentioned water should be purified, while the former may safely

be allowed to flow into the river.

It will also be advisable to see to it that not unnecessarily large quan-

tities of water are made impure ; this will be comparatively easy, as

a great deal of water may be saved by the modern improvements of our

machiner3\

In the above I have, of course, only given hints, which will have to

be specially adapted to every individual case, and which will only be

appreciated by competent persons. Here is another field of usefulness

for our inspectors of manufactures.

JVb manufacturer should alloic refuse water containing free acid or free

alJcali toflotv into ptihlic water-courses ; such strong chemical substances

should at any rate first be changed to salts, which are far less injurious.

Lye may mostly be used again, especially if the first strong lye is at

once emjoloyed.

The simplest, cheapest, and very generally used purifier is lime, em-

ployed either as quicklime or chalk. Mature employs lime and magne-

sia as purifiers of the soil. Organic substances combine with them

;

water containing iron loses it; and thus water penetrating the surface

soon becomes pure, containing only particles of the stratum through which

it has passed. The purifying effect of lime is still further heightened by

the circumstance that a large number of coloring substances enter into

insoluble combinations, not only with lime, but also with carbonated

lime. These combinations have long since been employed in the manu-

facture of coloring substances. The effect of the lime does by no means

,

reach its end by its chemical combination with acids, but is continued

when the lime has assumed the form of carbonated lime. Lime is, there-

fore, the most effective purifier of all those waters which contain color-

ing matter. Lime likewise enters into insoluble combinations with al-

buminous substances, and therefore removes those substances which

chiefly cause putrefaction. Alum is frequently employed with the Ibne^

but its addition should be entirely regulated by the local demand.

Lime is used in the same kind of pits as mentioned above. The burnt

lime is placed in the first pit. As soon as the pit is filled with refuse

water it is stirred a few times, and the water will become clear in a very

short time, so that it frequently enters ^he second pit with but very



PUEIFICATION OF EEFUSE WATER. 52o'

little coloring or impure matter. The water flowing from the third pit iS'

generally so pure that it contains nothing but the superfluous lime and

the soluble salts formed by it.

The quantity of superflous lime is generally very small, as lime only

dissolves in 500 parts of water; but it might nevertheless, prove injurious

to the fish. It is therefore necessary to lead off the water in open ditclies,

as lime very quickly becomes impregnated with carbonic acid from its

immediate surroundings or from the air ; the carbonated lime is then

separated, as well as the last remnants of coloring matter. The water

which has passed through these ditches will thus enter the river in a

perfectly pure condition, and it is not even necessary to let it flow through

such open ditches for any considerable distance. It has also been pro-

posed to let the pipe through which the water finally flows into the

river open from below, about the middle of the bottom, so that the refuse

water might immediately mingle with a great quantity of river water,

and thus be deprived of anything of an injurious character which might

have remained in it.

In most cases, however, the application of lime is sufficient to purify

the water. In my former treatise on this subject I have entered into

details, and will here only mention a few instances of purifying water.

Soapy or fatty matter will generally be separated from the water by
lime. These, however, are special cases, which were mentioned in my
former treatise in order to show the value of the method. These lime

deposits form very valuable fertilizers, so that, according to observations

made in England, the expenses of this purifying ]3rocess are fully covered.

The whole arrangement is not at all expensive, and if once introduced

it onlyrequires a Little attention to make it pay. Two pits are frequently

sufficient to purify the water.

In Saxony the government ordered an investigation* to ascertain the

number of complaints of water having been made impure by refuse. In

1877 complaints were made in 140 places and traced to 273 sources.

Half of all these cases were traced to the weaving industries, especially

dyeing, bleaching, and wool-weaving; 9 per cent, to the manufacture

of paper; 8 per cent, to the manufacture of leather; 8 j)ercent. to min-

ing industries ; 6 i^er cent, to the manufacture of articles of food ; 2 per

cent, to the manufacture of chemicals. Of the 620 breweries in Saxony
only 6 were accused of rendering public water-courses impure.

I found that many brewers have introduced purifying pits in connec-

tion with their establishments, and have worked them very successfully^

as the mud obtained from these pits forms a most valuable fertilizer.

In one case I was enabled to get a better insight into this question and
to render aid.

A large brewery was accused of making the water in a large neigh-

boring i)ond so impure by refuse water that it began to putrefy, thus

causing considerable damage to the pond and annoyance to the people

living near it. A chemical analysis of some of the most turbid refuse

^GuNTHER, " BerJiner Klinische Wochemchri/t," 1879, No. 6.
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•water from this brewery showed large quantities of albuminous matter,

in fact substances containing nitrogen, and the search for organic sub-

stances showed 1,000 parts in 100,000 parts of water, that is, 1 per cent.

The purifying arrangement, containing two pits, which hasnowbeen intro-

duced into this brewery lets the water from the second pit run out as clear

as spring water, containing only faint traces of nitrogen and only 5 parts

organic substances in 100,000 parts of water ; in fact, the composition

of the refuse water differed but little from that of the original water

employed in the brewery 5
all that could be noticed was a slight increase

in the quantity of lime. The water after having been thus purified

entered the pond at no great distance from the brewery.

If we compare the experience of this and other countries with the

actual condition in manufacturing districts located on small streams

and rivers, it cannot be denied that so far little or nothing has been

done to prevent public waters from being rendered imi)ure. The above-

mentioned cases where water has been artificially purified are entirely

isolated, although the above-described j)urifying apparatus is neither

exi)ensive nor difficult to keep in order.

It must be acknowledged that even in Germany more and more atten-

tion is paid to the depopulation of the fishing waters, so that in many
places suitable regulations regarding the fishing-season have been intro-

duced either permanently or temporarily. But one of the greatest evils

has so far been almost entirely ignored, and this is the impure water of

many streams and rivers, rendered so by many different kinds of refuse,

whose utilization as fertilizers or for industrial purposes is urgently

demanded in the interest of economy. It will, perhaps, be difficult to

make rules which would apply in every case ; but so far nothing has

been done to remedy this evil, and it is to be hoped that soon we shall

have suitable legislation on this question.

The basis for such legislation will be found in the following x^oints :

No impure or hurtful matter of any kind shall be allowed to enter any

pubhc water.

In the different industries the impure water, properly so called, shall

be separated from simple refuse water, and the former shall undergo a

purifying process of either a mechanical or chemical character.

Both methods should be under the superintendence of the health-

officers ', investigations are to be caused and directed by the inspectors

of factories.

The washing of colored substances in public waters shall be prohibited,

as it can be done by suitable machinery in a much more efficient manner

;

the refuse water should, however, be subjected to a further i)urifying

process.

In most cases it will suffice to use lime for this process, and the sedi-

ments should, if possible, be utilized in some manner.

The refuse materials fi^om privies should never be thrown into public

water, as they possess a considerable value as fertilizers, and can be

much more suitably employed for such purposes.



XIX.-NOTES ON THE FUNGUS DISEASE AFFECTING SALMON.^

By a. B. Stirling.

It is widely kuown that a destructive epidemic lias this spring ap-

peared among the salmon of the rivers Eden, Esk, and Nith. The
mK)rtality among the fish has been so great as to cause considerable

alarm among proprietors, salmon-commissioners, tax-men, anglers, and
the general public.

The newspapers inform us that within three days the watchmen have
taken out of the Esk as many as 350 dead salmon. All who have exam-
ined the fish carefully agree in referring the disease to the presence of

a fungoid growth.

The other fish in those rivers, as the smolts, trout, eels, lampreys,

minnows, pike, and flounders, are also said to be attacked in a similar,

way to the salmon, and fears are entertained that the disease may become
thoroughly estabhshed in the district.

In these circumstances I have thought it might be interesting to de-

scribe the condition of some of the fish which have come under my ob-

servation. In March last, my friend. Dr. Philip Hair, of Carlisle, sent

me the fin of a salmon which had iTeen affected by the disease, and
requested me to state, if possible, its nature. Unfortunately, the fin

was in a putrid condition when it reached me, and, as a result of the

examination, I could only state to Dr. Hair that the disease was proba-

bly a fungoid one. A few days later I received from Dr. Hair a fine

specimen of a trout, but it was not stated whether the fish was taken

alive or picked up dead. It was, however, quite fresh, and the effects

of the disease were paiufuUy exhibited on the carcass. A hurried ex-

amination of this specimen enabled me to inform Dr. Hair that the dis-

ease was due to what I had previously suspected, namely, a fungoid

growth.

While examining this si>ecimen I observed, entangled among the

fronds of the fungus, foreign matter of various kinds, namely, torulse or

yeast-fungus, triple phosphates, fecula, human hairs, hairs of the cat

and mouse; also desmids, diatoms, shreds of dyed wool and cotton, with
other fragments of matter unknown to me. Eespecting the torulre, I,

in my letter to Dr. Hair, asked if their presence could be accounted for

* Notes on the fungus disease atfectiug salmon, by A. B. Stirling, assistant conser-

vator of the anatomical museum in the University of Dublin, communicated by Profes-

sor Turner. Proceedings of the Royal Society of Edinburgh, session 1877-1878, Mon-
day, July 1, 1878. vol. ix, page 726.
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by bakeries or breweries iu Carlisle, whose refuse might have got into

the river.

My letter was published by Dr. Hair in the Carlisle Journal of March
29 and in the Field newspaper of March 30, and as worded it might
have been inferred that I regarded the presence of bakeries and brew-

eries as the cause of the disease. This was of course not intended. On
April 12th I received two salmon and a trout from J. Dunne, esq., chief

constable of Cumberland and WestmOTeland, all of them in a diseased

condition. ]Mr. Dunne requested me to make an examination of those

fish, and hoped, on public grounds, that I might be able to discover the

true nature and cause of the disease.

As a result of my examination of those fish, I sent a preliminary re-

port to ]\rr. Dunne. This report was forwarded to the fishery-inspectors,

and was considered of so much importance that it was published in the

Times and many of the provincial and local newspapers. Sir Eobert

Christison had also very kindly supplied me with a number of specimens

from the river Xith, all of them affected with this disease. An exam-

ination of these has confirmed me in the opinion expressed in the report

above referred to. All these fish had the disease in an advanced stage,

being more or less affected about the head, chin, branchiostegal rays,

and fins in every instance. One salmon had rubbed the chin till the

lower jaw had nearly separated at the symphysis, the skin was rubbed

€ff the branchiostegal rays, and the rays broken. A trout had the upper

left jaw bare of skin, the bone worn and hanging loosely attached to

the cheek, the i>ectoral fin of the left side in rags, and the rays worn to

stumps.

Another salmon had the skin rubbed oft' the nose and crown, and the

matted fungus covered the bare parts ; the dorsal fin was quite destroyed,

the strong anterior rays being reduced to stumps of half an inch in

length, and the remains of the fin bare, bleached, and without mem-
brane. Beneath the dorsal fin on each side were spaces extending 3

inches forward toward the head, and 2i inches backwards toward the

tail, thickly covered with the fungus. Besides these there were other

spaces on the sides of the fish from 1 inch to 2 inches in diameter, all

covered by the fungus, which gave the fish a spotted appearance.

This fish appears to have been alive when taken, as the skull and

brain had been punctured by the fisherman. The greater part of this

fish was cooked ; it was very firm and fat, and the three persons who
made a meal of it pronounced it capital. I tasted a portion of the flesh

from a part where the fungus covered the skin, and could not detect

anything different in the flavor from an ordinary fishmonger's salmon.

The fungus appears, in the first instance, to attack those parts of the

fish that are not covered with scales, as the crown, nose, sides of the

head, chin, throat, and the membranous x)arts of the fins. From those

parts the fungus extends by vegetative growth (which seems very vig-

orous) to those portions of the surface of the body which are covered
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with scales. On the sides of the fish, where small patches of the fungus

were situated on the scales (and no rubbing had taken place), uo sore

could be detected, and the fungus was easily wiped off with the finger.

I may also mention that all the fish which I received from the Eden
Kiver, both trout and salmon, were infested with tape-worms of a large

size, the worms being about two yards in length and three-sixteenths of

an inch in l)readth. One of the salmon had from GO to 80 yards of tbose

worms in the pyloric portion of the gut. Another salmon had three

varieties of worms in various parts of its alimentary canal—first, in the

stomach were many round worms, about 4 inches in length, tapering to

each end, and as thick as ordinary whip-cord in the thickest part of the

body; many of those worms were entangled among the gill-rays, it being

their habit to crawl there when the fish dies, and from their presence in

this situation they are called gill-worms by the fishermen; second, a

ismall spiral worm, which attaches itself by burrowing in the outer walls

of the intestine, in the fat and i>yloric api)endages ; third, tape-worms

seated within the pylorus and intestine.

On May 30th I received from Sir Robert Christison a large salmon

from the Nith. This fish was believed to have been to the sea after

being attacked with fungus, and was captured on its return. The speci-

men was a female, and had the roe about one-fourth grown ; the viscera

were very healthy, and no entozoa were found in it. The head of this

female is peculiar in having a kij) on the under jaw, and a cavity in the

upper jaw to receive it, as in the male fish of the species. The right

side of the head, including the eyes and nose, was very deeply rubbed

and the bones injured, but no fungus adhered to the injured part. The
pectoral fin on the same side had no membrane, the rays being bare,

broken, and separate from the muscles at their roots. There were sev-

i^ral patches on both sides of the fish, fi'om which the scales were rubbed

off, but no fungus adhered t» the rubbed i)arts. In several of those

rubbed parts, although the skin was unbroken, a portion of the muscle,

corresponding in breadth to the external injury, and half an inch in

depth, was in a pulpy condition ; beneath other rubbed spots the muscle

was quite sound. The dorsal, ventral, caudal, and anal fins were all

more or less injured by rubbing. N"o fungus adhered to any of the fins

except the anal, the rays here being reduced to stumps of an inch or

half an inch in length, on which a thickly matted covering of fungus is

seated. The branchiostegal rays are very slightly rubbed, and are the

only other part of the fish on which the fungus remains. In my report to

the fishery commissioners in April last I stated that the fish did not die

of the fungus, but of the injuries they inflict by rubbing, in trying to

rid themselves of the pest. As some objection was taken in regard to

this statement, I quote, in corroboration of my views, from a letter pub-

lished in the Field of May 25th last. The letter was written by Com-
mander Duncan Stewart, R. IST. He says

:

" In regard to the disease from which salmon are suffering in some of
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our rivers, it may be of advantage that I should meutiou "what I ob-

served ill a small river at the head of Castrie's Bay, in Siberia. I found

the river rather low, but with plenty of clear running water. But what

astonished me was to see thousands of salmon in all stages of disease

and death, some darting away, but soon stoi)ping to rub the side on

the bottom or on a rock ; others were constantly rubbing, others unable

to rub. In those last cases large sores, from the size of a shilling to

that of a half-crown, of a most tilthy appearance, were always present.

Fish in which the scales had been rubbed off would try to get out of my
way, but I could kill them with a stick ; those with the skin gone would

rub themselves against my trousers."

Supposing this salmon from the Nith had been to sea, and had while

there got rid of the greater part of the fungus with which it was affected,

it had returned to the river in such a mutilated condition, and with un-

healed sores of such a nature as in all likelihood would have ultimately

proved fatal. Besides, the fact that the fungus was not killed by the

salt water, but was found in a highl3* vigorous condition on the parts to

which it still adhered, gives but small hope of any permanent benefit to

diseased fish from a visit to the sea.

The fungus belongs to SaproJegnke, a natural order of doubtful affin-

ity, said to have the habits of molds and fructification algse. This order

consists of the genera SaproJegnia and AcliJya, which are great enemies of

fish and other animals preserved in aquaria.

The filaments of the fungus arise free from the outer surface of the

epidermic layers of the fish, having neither branches nor articulations.

They are tubes, the walls of which are perfectly translucent, and in

their interior, at irregular intervals, are small groups of fine granular

matter.

The majority of the filaments are spear-shaped at their upper termi-

nations, and appear to be barren.

The prolific filaments, on the contrary, enlarge at their upper extremi-

ties, and form elongated club-shaped chambers, in which granular mat-

ter gathers. In the midst of this granular matter small round bodies

ai^pear, and, those enlarging, gradually develop into spores. The pro-

lific filaments apparently contain more granular matter, and are ofgreater

caliber than the other filaments. They are e\adently destined from the

first to be the propagating media.

The spores escape by an opening in the summit of the chamber. This

aperture is not an original oi^ening ; it is produced in a somewhat remark-

able manner. So long as the spores are unripe and unfit for expulsion,

a slender continuation of the filament projects from the apex of the

chamber in a manner similar to the neck of a bottle. At the point at

which this joins the spore sac there is a slight contraction, which goes

on gradually increasing in depth.' Ultimately, when the spores are

fully matured, it drops off, and the aperture is formed. The filaments

forming the mycelium of the x>lant are tortuous and branched j they
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ramify in the mucous and epidermic layers of the fish ; they do not pen-

etrate the corium where there are no scales. In other situations they

never reach a greater depth than the outer surface of the scales ; they

are tubular. The whole plant, being without sejita, forms a single in-

dividual of apparently indefinite extent. The spores are variously

shaped at different stages, ovate and kidney being the commonest forms.

They are very minute, and require a power of 450' diameters to observe

them well. The cilia are two in number, a longer and a shorter one, and

are situated at the long axis of the spore. They are difficult to observe,

and always disappear in permanently-mounted preparations, although

the spores themselves remain unaltered in all other respects. When the

fungus is stained with logwood or i)icric acid, excellent i)ermanent pre-

parations can be got. It has been stated that the fungus dies with the

fish. I have not found this to be the case ; on the contrary, all my obser-

vations have been made from dead fish. Some of the specimens sent me
from Carlisle by Mr. Dunne were missent to Aberdeen, and returned to

me on the seventh day after the death of the fish, and yet I have scores

of permanent preparations from these specimens which show distinctly

the characteristic form of Saprolegnia ferax.

I have also found the fungus perfectly identical in all the specimens I

have examined, which consist of salmon, sea-trout, and river-trout from

the Eden, and salmon and grayling from the Mth.
It has also been said that a salt solution destroys the fungus, " which

melts in the solution like sugar in waterP On the contrary, salt and water
is an excellent preservative of Saprolegnia; masses of it before me as I

write have been in a salt solution for two months, and it remains unal-

tered. Further, the salmon captured in the Mth, which is believed to

have gone to the sea in order to get rid of the fungus, had the fungus

growing vigorouslj^ on several parts of its body. The fungus must either

have instantly attacked the fish on its return to the river, or not have
been destroyed during its stay in the salt water.

Regarding the cause of the disease, I can offer no opinion further than

that some functional condition of the fish seems necessary for the prop-

agation of the fungus. The germs of Saprolegnia ferax must exist at aU
times and in many i^laces ; and, if so, there must be a reason why fish

are not constantly affected with the fungus and in every river. I am
persuaded that the condition of the fish is in some way either suitable or

unsuitable for the propagation and growth of the fungus. Whether this

arises from too high or too low condition, I am quite unable to say ; but
I may remark that while some of the fish examined were in the kelt

stage, others were in a condition perfectly fit for food.

34 F





XX -ADDITIONAL OBSERVATIONS ON THE FUNGUS DISEASE
AFFECTING SALMON AND OTHER FISH.

By a. B. Stirling.*

* * * By the kindness of James Tait, esq.,t I received a common
river-trout and a minnow, both of which were captured near Kelso

bridge in Tweed Eiver; both specimens were affected with fungus—^the

Saprolegnia ferax. I may here mention that I have noticed several able

letters, which have appeared in the Scotsman newspaper from time to

time, in which the writer states that the fungus is only a secondary

attack, and that a primary disease of an inflammatory kind first affects

the head and other parts of tlie salmon before the fungus can settle

upon it. I do not for an instant doubt the fact that the writer saw fish

with sores of the kind described by him upon them, when there was no
fungus present to cause them. I can only say that, among all the fish

which I have received for examhiation, consisting of salmon, sea-trout,

smolts, common trout, grayling, and minnows, I hav^e not seen one with

a sore on which this fungus was not present 5 while on every fish ex-

amined there were some patches of fungus which could easily be wiped
off, leaving only a slight stain, and in some instances no mark could be

discerned, and no loosening and shedding of the scales or ulceration of

the subjacent surface. Again, in every instance where the fungus was
rank, long-seated, and felted, sores in every degree, from slight abrasion

to sloughing, were found under them. With reference to the trout and
the minnow before mentioned, the trout had fungus seated upon the

gums of both the upper and lower jaws, which involved both the teeth

and lips, and had spread upward and backward ujion the head, and its

destructive progress could be easily traced. First, the skin of the lips

was broken in several places, and shreds of it were hanging loose, to

which the fungus was adhering ; while, as it spread backward over the

nostrils and crown of the head, the skin and its pigment spots could

still be seen intact where the fungus was seated, a portion of which had
been carefully shed aside to expose the skin. On each of the pectoral

fins a patch of young fungus was seated, and the mucous coat was seen

through the fungus to be quite entire ; the same appearance was seen

upon the anal fin and scaled parts of the body. The minnow had only

'Procecdiugs of the Royal Society of Edinburgli, session 187ii-'79, s, No. 103, p. 232.

Communicate June 2, 1879.

tOf Kelso.
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one patch of fuugus upon it, which was seated within its mouth on the

inner margin of the right lower jaw ; it filled the mouth, which was dis-

tended by its growth ; and every other part of its body was free from
fungus or blemish of any kind.

The reason why most of the fish affected with fungus are first attacked

by it upon their heads may arise from various causes. All river fish

present their heads to the downward current of the water, whether they

are swimming or at rest, and as the spores of the fungus are floating

down with the stream the heads of the fish are the first parts to come
in contact with and be affected by them. Further, the mucous glands
are most numerous and active upon the head of the fish, which is also

more thickly covered with mucous than other pans of the body, and the

spores which fall upon it adhere more readily ; and the fins and tail,

from their continuous waving motion, are more liable to arrest the pass-

ing spores than the parts of the body from which they spring, and, from
this cause, are generally affected sooner than th ? bodies of the fish.

The number of the dead and dying fish of all kinds removed from the

river Eden in 1878 by the police, and published by Mr. Buckland in his

report for that year, show that there were 1,271 salmon, 140 fresh-water

trout, and 40 brandlings or parr, being over 50 of the large fish to every

one of the smaller. About 1,000 of the salmon were clean fish, and it

may be inferred that the trout and parr were also clean, which goes far

to show that the so-called disease is as much a mechanical as a func-

tional one. Further, from documents descriptive of the effects of the

disease in the river Tweed, in the lower district, during this season,

1879, which were collected by the police from taxmen and practical fish-

ermen on the river, I find that the proportion of large fish affected, dead,

or dying—namely, salmon and sea-trout—is very great compared with

the smaller fish which were found to be affected in a similar way. The
smaller fish alluded to consist of river-trout, grayling, smolts, perch, and
gray mullet.

From observations of the fuugus, and of the fish affected by it, I am
led to believe that the so-called salmon disease does not depend upon a

prediseased condition of |he fish. It is a true parasitic attack, to which
every fish in any affected river seems to be liable, as every kind of fish,

irrespective of condition, appears to be a proper nidus for the propaga-

tion of the Sajprolegnia ferax when a living spore from that fungus at-

taches itself to it. While engaged during the spring and summer in

the microscopic examination of the SaproJegnia ferax^ I observed that as

the season advanced many of the patches of fungus seated upon the

fish were barren, consisting of spear-shaped filaments only, having no
zoosporaugia at their apex, and consequently they produced no zoo-

spores. The filaments were long and very thin, and almost void of pro-

toplasmic contents, indicating that the plant was losing its force and in

a state of decay.

The 8aprolegniaferaXj in all probabilitv, is always present in our rivers
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in more or less active couditiou. It is believed that tliis fuiiguK has

two modes of reproduction, namely, by oospores and by zoospores. The

oospores are few in number, and may be looked upon as ova, and they

required sexual impregnation. They are called resting spores, from a

belief that they remain dormant in the water for an indefinite period,

which may continue for many years ; and during this phase of their life

they may germinate in limited numbers, providing only for the contin-

ued existence of the species. While in this state of abeyance there is

DO plague of fungus, from the ova only producing neutral or barren

plants, which bear no fruit or seed. After a period of longer or shorter

duration, a season, or a series of seasons, may follow, during which an

unknown intluence arises which acts upon the resting spores, by which

they are stimulated to great reproductive energy, and the plants they

produce being fruitful, the asexual mode of reproduction commences.

The zoospores are produced in pod-like cases called zoosporangia^

which are situated at the apex of the filaments, and may be looked upon

as fruit or seed. They are the ciliated spores and are the media by
which the fungus is communicated to the fish. The zoospores are pro-

duced in great numbers, each zoosporangium containing from 100 to 150

of them. The oospores or ova are produced in a globular sack, which

forms at the root-ends of the filaments or upon the roots themselves.

Those sacks are called oogonia, and each sack contains a few oospores or

ova, three or four to nine being the numbers I have observed in the four

instances in which I have seen them in the whole courses of my investi-

gations.

Suppose an oospore (resting spore) to be capable of producing, under
favorable circumstances, a plant carrying 100 filaments, and each of the

filaments to produce 100 zoospores, 10,000 germs would be derived from

a single ovum or resting spore, every one of those germs being capable

of producing a plant as productive as that from which it derived its

existence ; a multiplication of innumerable millions would be produced
in a few days, the ciliated spores being as plentiful in the water as snow-

flakes are in the air during a snow-shower ; and in this way the plague

of fungus, the so-called salmon disease, is originated.

I obtained in April the living fungus from a grayling caught by Mr.
J. Williams, student of medicine, when angling in KeerfieldPool in the

Tweed, near Peebles. It had been cut in two halves and the tail por-

tion selected ; it was packed in a tin vessel with wet moss, which had
preserved the fungus in active vegetative growth, when I received it on
the morning after its capture. A pale pink bloom was plainly visible

over the whole surface of the matted fungus, and, when it was held up
between the eye and the light, a new growth appeared to cover the older
fungus on its outer surface to about one-eighth of an inch in height.

When examined under the microscope in water, free ciliated zoospores,
which had escaped from the zoosporangia situated at the extremities of
the filaments, were observed in motion ; they moved in a fitful way, by
shorts jerks, not by a continuous movement.
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Those zoospores werepyriform iu shape during the short time they were

observed iu motion ; on becoming stationary the cilia disappeared, being

probably withdrawn into the body of the spore, which then assumed a

globular form. This change took place in a very short time—not ex-

ceeding ten miuutes—and Avhile under observation minute projections

became visible on the eiige of the spore, which grew into delicate fila-

ments of considerable length. I have succeeded iu fixing the develop-

ment of the fungus in this state, and it can be seen in ^'arious stages of

growth, all of which were ciliated spores within the space of one hour.

This, the asexual mode of propagation, is remarkable for the rapidity

with which it is accomplished. A few of those ciliated spores become
attached to any part of either a healthy or a diseased fish ; in one hour

the cilia will have disappeared and a filament of somfe length will have

^jirouted from the spore. Thus, in a single day, a fish on which no fun-

gus coidd be discerned is to-morrow seen to be affected, and in three

days is spotted or patched over with fungus from head to tail.

In the second or sexual mode of i^roduction of spores a short pedicle

is i)ushed out from one of the sides of a filament, on which a globular

sack—oogonium—is formed, and within this sack a number of oospores

are produced, which are spherical in shape and have a cell-wall or en-

velope, and some are provided with a nucleus in the center. These, af-

ter impregnation, escape from the oogouia, and are probably capable of

living in the water for an indefinite period, in a dormant or resting state,

until the conditions arise which ai-e favorable for their germination.

It may be asked, how does the fungus affect the fish, and do any re-

cover from its effects "? The fungus produces a local irritation and in-

flammation of the integument, as is evidenced by the congestion and

even ecchymosis of the true skin, by abrading of the scales, and in the

more advanced stages by ulceration and sloughing, affecting the whole

thickness of the integument and mucous surface.

Wherever the fungus adheres and spreads, the function of the skin is

necessarily interfered with. Light, which is so essential to the fish in

promoting its pigmentary secretions, is cut off from a large portion of

its skin. Eudosmosis, exosmosis, and the secretion of the mucus for

lubrication are destroyed, and in this way constitutional symptoms would

be occasioned which, if the disease continued, lead to the death of the

fish.

The second question, "Do any fish recover from fuugus attack ?" may

now be answered more hopefully. The fisliermeu and watchmen on the

Tweed report having seen several fish with new skin growing over the

sores upon their bodies, from which this fungus had disappeared, and I

am inclined to believe that this is so. A male kelt has been sent to me

by Mr. List, which was taken in tidal water below Berwick bridge.

This fish is 2 feet in length, and weighs about 3 or 4 pounds ;
it is

supposed to have been affected with fungus, and to have completely

recovered from its effects. No particle of fungus could be found upon
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any part of its body, and there was only one raw sore. This sore waa
only five-eighths of an inch in length and three-eighths in breadth. It

had evidently been larger, and had a smooth healing border. All the

upper surface of the head and snout were covered with skin, but very

uneven over its whole surface, from depressions and projections which,

may have been caused by sores which have been healed over, and the

hinder part of the operculum had an irregular cicatrix of considerable

size upon it. The breast and belly, from the gill-covers to the vent,

were blood-streaked and spotted, and there were brownish marks upon
both its back and sides as if fungus had recently adhered to it. All the

fins were entire—not one ray was broken—and the fish as a whole looked

remarkably well for a kelt, and if it had been affected with fungus, which

I fully beheve, its recovery has been almost perfect.

A salmon taken at some distance up the river, and which is affected

with fungus, has been taken down to Berwick, and placed in a box or

corve, and is now anchored in the river, in the tideway, where the water

is at all times less or more salt, and at intervals is towed out to sea,

where the fidl influence of the salt water acts upon it ; and when I last

heard of it considerable improvement had taken place. Mr. G. H. List

has paid particular attention to the protection of any fish being affected

with fungus disease in any of the coast fishing stations ; and, after the

most careful inquiry, no trace of any fish in the least degree diseased

at any of those stations could be got, nor, as far as any fishermen either

knew or heard of, was any salmon with fungus upon it ever seen in salt

water.

I have tried to propagate this fungus upon dead flies, spiders, and
other small animals, following the directions of Pringsheim, " N. A. A.

L. C," 1851, p. 417,* who says : "All that is required to obtain a living

specimen of this singular i)lant is to allow the body of any small animal,

such as a fly or spider, to float for a few days in rain-water exposed to

the light. By this method a crop of Saprolcgnia may be obtained at

any season." In this way I got a fungus upon the flies and spiders

after an exposure of from 12 to 20 days, which, on examination, was
found to be a common mold, exactly similar to that produced upon a

solution of gum-arabic, gelatine, and meat infusions. I have tried to

propogate the Saprolegnia fungus upon minnows, but without success

hitherto, doubtless because the method adopted did not provide the

proper means, there being wanting the necessary stimulus which exists

in the river, or, what is more likely, the life of the fungus itself. The
minnows were placed in a large glass vessel filled with town water from
the tap. A piece of skin with this fungus adhering to it was taken
from a salmon smolt and placed in the water along with them. In three

days they had eaten up both skin and fungus, and remained unaffected.

Several large patches of this fungus were then taken from the skin of a

* Cited by Dr. Burdon Sanderson in his paper on the " vegetable ovum," Cyclopse-

dia of Anatomy and Physiology, edited by Dr. Todd.
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salmon aud placed in the vessel along with them. In a few days it had
all disappeared, and produced no effect. Another method was sug-

gested by Mr. G. H. List, who also kindly furnished me with material

for the trial. Pieces of skin with this fungus growing upon them were

cut from the bodies of dead salmon at the river side, and were put into

wide-mouthed bottles, which were at once fiUed with river water, the

skin not being allowed to dry. On receipt of the bottles the pieces of

skin, along with the water in which they were brought, were emptied

into the vessel among the minnows. The water in the vessel was not

changed for three days, at the end of which time the minnows were still

unaffected. Fresh water was then put in the vessel, and the pieces of

skin retained in the water, which was changed every second day for

eight days. The minnows were not disturbed by the pieces of skin.

They nestled under them and nibbled every morsel of fungus from them,

hiding and playing about them until they had to be removed from pu-

tridity. All the minnows are still alive and are in beautiful condition,

taking food greedily, worms cut small and crystals of sugar being their

favorites. They have been kept since 14th May till now (12th July)

and are as healthy and lively as when put in the vessel.



XXI.-SICKNESS OF THE GOLDFISH IN THE ROYAL PARK,

BERLIN.*

Berlin, July 18, 1879.—A destructive epidemic has broken out among
the inhabitants of the large goldfish-pond in the "Thiergarten," which

rendered it necessary to remove all the fish from the pond last Friday-

forenoon. About two weeks ago the park-guards noticed an unusually

large mortality among the goldfish. On closer examination it was found

that the death of these little fish took i^lace accompanied by very pecu-

liar and regularly recurring phenomena. A gathering formed on the

head where it is joined to the body, which soon commenced to fester;

the head became soft ; the body began to swell considerably ; the scales,

which in their natural state lie close and smooth on the body, seemed

raised up by a festering substance; the lower gills, which are generally

white, had a dark-red color, and a blood-like secretion oozed out of the

pores. The poor fish evidently suffered from difficulty in breathing, and

kept near the surface of the water. This abnormal condition became

more intensified, the fish finally lost their scales and died after three

days, often after a few hours.

The number of dead fish increased from day to day till at last the

number of deaths amounted to sixty per day. An immediate examina-

tion of this entirely unheard-of i)henomenon was therefore made. Some
of the dead fish were taken to the Physiological Institute, where a

microscopical examination revealed the fact that these fish contained

a large number of living infusoria, which had almost entirely eaten uj)

the liver. In other fish, especially those which were particularly

bloated, the whole inside was a spongy substance, and various phenom-

ena strongly resembled those generally observed in dropsy of human
beings. The species of infusoria found inside these fish could not be

determined, for it is the first time that infusoria of this kind have been

observed at the Physiological Institute. After the character of the

sickness had been ascertained, its cause had to be found. It was ascer-

tained that most cases of sickness occurred in the northern portion of

the pond, where fresh water is introduced. This portion of the pond
was carefuUy examined and found to be full of a slimy substance which,

. when dried, broke into innumerable fine dust-atoms.

The supply of water was of course stopped at once, in consequence

of which measure the water in the pond has sunk one-half meter. Sci-

* ^^ Kranlcheit der Goldfische im Berliner Thiergarten." [From "Deutsclie Fisclierei-

Zeitung, " second year, No. 29, Stettin, July 22, 1879. ] Translated by Herman Jacobson.
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entiflc men will now subject the water to a searching examination.

This water comes from six springs located near the hippodrome at Char-

lottenburg, which are under the inspection of Counsellor Hoboecht.

From the Hippodrome, the water is conducted through pipes to the
" Konig's Platz," where it supplies the fountains, and from here it flows

into the goldflsh-pond. If impurities have been introduced into the

water (and this is beyond a doubt), it seems natural to suppose that

these impurities have originated in the springs themselves, as was the

case in the Tegel water-works. A scientific investigation will doubtless

explain why such impurities have got into the water just now, after the

Hippodrome water-works have been in operation for so long a time.

Possibly the increased quantity of water taken from the springs has

stirred up waters which had hitherto been left entirely undisturbed.

The shutting oft' of the water has of course also stopped the fountains

in the "Konig's Platz" for the time being. The taking out of the fish

from the pond this morning attracted a large crowd. The work itself

was troublesome and consumed considerable time. Three fishermen

caught the fish in a large net. The fish were examined at once and the

healthy separated from the sick. This examination showed the sad

result that almost 20 per cent, of all the goldfish in the pond had
become infected. Until the pond is thoroughly cleaned and the whole

matter has been satisfactorily investigated, the fish will be kept in the

ponds back of the nurseries, where hitherto some of them have wintered.

If it is any way possible, attempts will be made to cure the sick fish.



XXII -THE ECONOMIC VALUE OF THE NORWEGIAN LAKES AND
RIVERS AS A FIELD FOR FISH CULTURE.

By N. Wergeland.*

[Translateil by Tarletou H. Bean.l

INTRODUCTION.

At the public meeting of the Imperial Acclimatization .Society, held in

Paris February 20, 18G2, M. de Quatrefages, vice secretary of the society,

delivered the following address

:

From Hesiod to Virgil and from Virgil to our d;iy the poets have vied

with one another in praising tlie boundless muniticence and maternal

goodness of the goddess which watches over the harvest. But, without

offense to the beautiful spirit, thei^' commendations have been wrongly

bestowed. Ceres is but a nurse, and that a severe one. She resembles

Hercules, in that she helps only those who first help themselves. Before

she makes the furrow fruitful she insists that the laborer shall water it

with his sweat as an offering, and does not always i)rotect it from the

scorching or freezing breath of bolus's children, nor from Jupiter's

thunder-showers.

There is on ancient Olympus a much less exacting and a very differ-

ently liberal goddess. I refer to Tethys, the old ocean's bride and mother

of springs and streams ; in other words, the goddess of the water. She

proves always a tender mother, gives always without numbering, and
without ever requiring a return. Of him who cultivates her domain she

demands neither plowing nor harrowing ; she excuses him from all labor

save that which is necessary to the harvest. It is perhaps on this ground

alone that she has been neglected; because mankind has sometimes a

strange heart which is inclined to ingratitude. It easily disregards

what is acquired without trouble ; it forgets a benefactor whose always

open, hand and heart have anticipated its desires, but holds better in

remembrance and higher in esteem one whose benefactions must be ex-

torted. This is doubtless the reason why the ancient Grecian priests

lavished upon Ceres the exi^ressious of filial gratitude which rightfully

belonged to Tethys.

But one fine morning, as if overtaken with regret, they suffered Venus
to be born from the foam of the ocean ; Venus the goddess of love, fruit-

fulness made corporeal. This was at once to repair an injustice and to

* ^leddclelser fra Norsk Jicgiii-—og Fisker—Foreniug, 7'^'^ Aargang, 1 ste Hefte,

Kiistiania, 1878, pp. 1-47
; 2 de Hefte, pp. 101-179.
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acknowledge the eternal trntlis which the somewhat obscure, somewhat
graceful, myths of antiquity so often conceal.

Fruitfulness is, according to universal experience as well as according

to the highest apprehensions of science, the chief attribute of water.

Without water the richest soil would remain absolutely barren, while

the water appears to be sufficient in itself alone to bring forth all kinds

of living beings. Wherever it collects and remains, even in small

quantity, life manifests itself in a thousand forms ; before the spring sun

has dried up the water in the ruts of our roads each of these has wit-

nessed generations of microscopic alg<T, rotatores, and lower Crustacea

to be born, grow, and die ; the smallest pond is a whole world wherein

representatives of the two organic realms and of the lour principal di-

visions of the animal kingdom contend together ; but what is this in

comparison with tlie jiicture which presents itself to our sight when
we direct it towards our brooks and rivers'?

To see this organizing, life-producing energy which appears to be as-

signed to water in all its might, one must, however, turn his gaze toward

the sea; one will then not merely feel surprise but overpowering amaze-

ment. To produce the marvel, one need not go to the tropical zone, con-

cerning whose inconceivable fertilitv the sea-faring ones can narrate

;

our own coasts are sufficient for the iiupiirer.

He will immediately be suri)rised by a striking fact. In the sea it is

not the loose bottom which corresponds to our arable land which proves

itself most fruitful, it is the rock. The harder and hrmer it is, the more
impenetrable it is to all that can be called roots, the more living beings

of both kingdoms it nourishes. From Belgium to Spain, Brittany's

rocky coast is incontestably the richest. It is on its unalterable, im-

penetrable granite that the uninterrupted belt of sea-weed extends

densest and broadest, Avhich gives the soda industry and agriculture an

importance sufficient to make up for all others ; it is here that all de-

presions, all little creeks with their bottoms covered with loose stones

transform themselves into shady valleys, where aigie of all kinds and
all sizes represent the mainland's moss, greensward, thicket, and

forest ; it is here also where the grass-eating animals, which lind

the most abundant nourishment in the most luxuriant vegetation, are

most numerous and most fruitful, and thereby themselves give the

richest nourishment to ilie greatest number of flesh-eating kinds. But
all takes place in the water, all is produced thereby and returns thereto.

The soil amounts to nothing, because the .starting point in the circle in

which life and death follow each other is always a simple lilant fastened

on the nalced rod:

This evidence of Creative Power winch the water disi)lays in itself,

even to its smallest molecule, and which increases with the fluid masses,

must kindle the human soul. With this evidence stand in closest rela-

tion the cosmogenic speculations of different nations, likewise all the

theories of spontaneous generation which different men, of considerable
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merit in other respects, have attempted to put forward contrary to what
experience has established.

When the existing continents rose up from the seas in which they

were born, the greatest ]>ortion of the sokible substances which could

serve for the support of living beings collected with the water in the sea.

After this time thousands, perhaps myriads, of cycles elapsed, and the

land without cessation was washed away by rain. That is to say, dis-

tilled water has not ceased to furnish this immense reservoir wiih ma-
terials of the same nature, with organic detritus.

Hereby it becomes explicable how the river water flowing over a great

exi)anse becomes enriched, how the sea water becomes a nourishing

bath for the beings which it contains. In this manner is explained

the abundance of the products of all kinds which the waters possess,

and whose existence seems a paradox
;
plants without roots nourish

themselves solely through their branches or leaves ; stationary animals

wait for the occurrence of their food, which is never wanting : free-mov-

ing animals, which float almost passively, a ball for the wind and waves,

which scatter them everywhere, And everywhere that which is required

for their nourishment.

But, on the other hand, it holds good in the ocean, also, that where no
washing off of the solid land can reach, there also life ceases and death

reigns. The fluid plain has its deserts just as the dry land.

Such an one is an enormous area in the southern part of the Pacific

Ocean, separated by Humboldt's Stream from the coast of South

America, which has been rightly called the Desert Sea. Here the waves
rise and fall without moving anything but water ; the billow is never

traversed by any fish, nor the air by the pinions of any bird. That the

sea, at a certain distance from the coast where the organized matter

washed down from the dry land sinks to the bottom or is consumed by

the multitude of living beings, does not everywhere show this unusual

barrenness, which has so greatly astonished the seafaring ones who
crossed this region, is so because, by the universal laws which govern

our planet, there goes on an incessant mixmg of all its parts. Even the

revolution of the land produces streams which flow from the equator to

the poles and from the poles to the equator, and which carry the waters

which have washed the Old World over to the new continent, and the

waves which have washed America's coasts back again to Europe.

These streams carry, just as our great rivers, with which we have long

compared them, elements of all kinds, which are plundered from the dry

land ; furrowing, in a manner, the ocean in all directions, they distrib-

ute, wherever they extend, fertility and life.

As the soil is not fruitful unless it is regularly watered, so also is the

water fruitful only by virtue of the elements which it receives and trans-

forms from the mainland. The sea sends the mainland rain and dew
which are indispensable, to it ; the mainland sends the sea the nour-

ishing materials which it needs. Each of them expects a return for
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wliat it gives, and neither the one nor the other has ever refused its re-

turn. In this manner, receiving and giving without ceasing, both con

tribute to nature's wonderful harmony.

When men appeared at last upon the earth, and entered into the great

circle of mutual intluences, originated conditions which were produced

by the nature of the surroundings. In the beginning of communities

were found everywhere hunters and fishermen exclusively. They desired

of the earth as of the water only what it produced of itself, and as a

consequence they required enormous room in which the not numerous
tribes might find the uncultivated fruits, the fish, and wild animals which
were necessary for their support, and which often failed. In our day
still some tribes are in the same condition, and we call them savage.

Mankind became at length herdsmen ; that is to say, they collected

some useful animals about them
; they were raised thereby a round in

the ladder of civilization. Less exposed to the cravings of hunger, these

tribes increased and became hordes. But to support the animals which

they had procured for themselv^es, men were obliged to move from pas-

ture to pasture. They remained, therefore, nomadic and barbarous.

Finally, they learned how to cultivate vegetables, and trees, and plants,

and soon thereafter how to imi^rove them ; they abode also in one place,

and became agriculturists. But with the new work which they had as-

sumed they were obliged trom the first partly to strive against nature,

partly to call her to their help. To procure a place for rice, wheat, corn,

or potatoes, the weeds had to be removed ; to increase the crops and re-

new the exhausted ground's fertility, manuring became nexiessary. Agri-

culture was called to life ; it secured a steadily increasing jjoijulation its

daily bread. They performed their labors through centuries, and the

experience gained secured steady production ; civilized men live plenti-

fully, by the million, in a space Avhere a few thousand nomads, a few

hundred huntei-s, would starve to death.

We all see what has been effected in this direction ; but what always

escapes the attention of many is that human industry is directed only

to the soil, and has forsaken the water. With regard to culture, the

hunter has altered his condition ; the fisherman has become a savage.

In this respect the most refined Euroi>eau races find themselves, with

few exceptions, exactly in . the same condition as the tribes of the Ori-

noco or of Australia ; the white does not in any respect excel the negro.

As his colored brethren have fished he fishes everywhere, always care-

lessly and without judgment ; more numei^ous and equipped with better

implements, the civilized white has fished morethan the worse equipped

black, and has wound up by exhausting the brooks, lakes, and rivers,

as well as the sea, of both small and great fishes. But good is often

produced from evil in its climax, and necessity has seldom failed to teach

mankind wisdom. The diminution of wild animals led undoubtedly to

the taming of our domestic animals ; agriculture was instituted, perhaps,

in the midst of the pangs of hunger. The decrease of the abundance
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of fish has brought fish-culture to mind; aud at present aquaculture,

that is, the cultivation of the waters with reference to fish-proijagation,

is about to win its way to recognition and practice as agricuJture did

thousands of years ago.

I.

GENERAL CONSIDERATIONS.

Few countries possess such a wealth of lakes and rivers of all sizes

as Norway. In his work, " The Kingdom of Norway," Dr. O. J. Broch
gives the combined areas of these waters as 7,G00 square kilometers, or

2.4 per cent, of the whole area of the country. Their situation with

regard to elevation above the sea, in connection with the climate and
the' topographical relations, causes bj' far the greater portion to be

especially adapted as a place of residence for the kinds of fishes which

are univessally considered the choicest and most valuable, because they

contain clear and cool water, in which these fishes thrive best and
acquire the finest flavor. Of the waters, only a small portion, lying in the

lowest regions, are unsuited to these better kinds, because of their slug-

gishness and liigher temperature ; these are, however, well adapted to

other less esteemed, but at the same time valuable, species of fishes.

Most of these waters, in earlier times, when the population was smaller,

were very rich in fish, and the greater ones were therefore regarded as

manorial rights, which, as such, were separately liable to taxation.

Forty or fifty years ago the greatest portion of the waters situated in

the mountain regions proper, and the rivers generally, were what one

might call rich in fish, although the abundance, according to the state-

ments of the inhabitants, was even at this time considerably diminished;

but latterly the (juantity of fish is steadily and rapidly being diminished

by the constantly increasing fishery of the growing population, which

in this country, as everywhere in Europe, urges on the })ursuit, and
especially at a time when it is the most injurious to the continuance of

the fish supi)ly—the spawning time—because- the fish is most readily

caught on the spawning-gTOunds. The steadily diminishing abundance
only increases the demand instead of putting a check thereon. Fishing-

implements were gradually constructed in such manner that the smallest

edible fish could never escape, and brooks which were the natural haunt

of young fish were swept systematically from one end to the other by
fine-meshed nets with careful search, so that only an insignificantly

small number could reach the age of reproduction. This was, of course,

not so everywhere in like degree ; but over a large part of the country,

by this mode of proceeding, prosecuted more or less eagerly, has been

established a scarcity which in places approaches complete absence of

fish of the better kinds, which were the chief object of pursuit, just as

in many other European countries.

The sad result brought about in this manner, which in those places

had reached its culmination more than thirty years ago, is natm^ally
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universally regretted ; but the primitive consolation, that the Lord will

constantly take care of the continuance of the abundance of fish, and
that this gift was inexhaustible, was so rooted in their apprehension

that men ascribed the diminution of the fish to the most marvelous causes

instead of the real one.* Precisely the same thing occurred with the
most valuable of all our fishes, the salmon, which, however, is indige-

nous in only a small part of the course of our great rivers. In the be-

ginning of the century down to the end of its first twenty years, this

abundance was so great that in many places the servants stipulated

that they should eat salmon only three days in a week. But this abun-

dance, by the same mode of procedure as was employed for the fresh-

water fishes, and owing to other causes arising with the gradually de-

veloped industry, diminished to such a degree that the capture of a
single salmon had become in many places in Southeastern ISTorway a
rare occurrence, and it fell off to such an extent in many loc^/lities that

the merchants did not think it worth while to keep the implements of

capture, whereas formerly, when the price of the fish was only ^ to 4- of

what it had in the mean time advanced to, good and even rich fisheries

were a yearly experience.

Such was the state of things in this country, as well as in many other

parts of Europe, when in this portion of the world it finally dawned
afresh upon the consciousness that man's care, by bringing nature's

powers into activity in an intelligent manner, might win from the waters

a considerable production of fish, a production which, when the business

is prosecuted with the requisite energy and care, might become very

considerably greater than one could have any conception of from pre-

vious experience. Influenced by his own observation, it occurred to a

farmer in the year 1842, in the Yosges, in France, to attempt to hatch

out young trout in order to restore them to a depleted river, t The

* I have twice in Aiil, in Hallingdal, received the explanation that the sea-worm
was the cause of tlie scarcity. The first time, in 1840, Vatsfjord was the scene of its

ravages, and it is said that they had procured castor, with which the water was sprink-

led around to poison or drive off the worm, but without avail ; the fish were absent

and remained away. I have since had a good opportunity to see who does the work
attributed to the sea-worm. Near sunset every evening the people assembled from
every house in the neighborhood, and swept the water with fine-meshed nets, and
they caught therefore only very few fish in the water, whereas the same little flow-

ing river was rich in trout weighing three-eighths of a pound to one-half pound. The
last time, in 1872, I heard that Buvandet, below Rensljeld, had been the scene. A
clergyman, one of his assistants, and a couple of farmers, owners of the water, had in

partnership sprinkled castor to drive off the sea-worm, naturally with the same success

as before.

tit is singular how seldom]^ it happens that men avail themselves of accidental

experience. The indication of artificial fish culture is not of rare occurrence here,

since in many places the same experience is had as in the following case : In 1841, a

perfectly trustworthy man told me that he, some years before, had been fishing and
hunting late in the autumn at Gjendinsoset. Impending storms drove the fishermen

in the greatest haste away to their country district, .5 to miles distant ; the nets were
pulled up in the greatest haste, and tke boat placed in the boat-house, while they
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attempt succeeded, and aroused general attention in France, and thereby

an impulse was given to a new industry, which, wherever the natural

fundamental couditions are present or can be procured, will bear fruit of

particularly great value.

Although, in the last century, this industry has received so little at-

tention in Europe that it might be regarded as entirety forgotten, it

has, notwithstanding, been known and practiced for a very long time.

The most ancient civilized people of the East, the Chinese!, practiced it

steadily to a great extent, and have practiced it from time immemorial.

One of their proverbs reads, "The more fish a country produces, the more

men it i^roduces." Artificial culture is so ancient here that it is con-

sidered to have been always prosecuted, and they have many species of

fish which are cultivated in every house, in every pond, and which are

regarded as belonging as much to the household as other domestic

animals. They belong to the great cyprinoid family, are vegetable

feeders, and are fed just as regularly as cattle and other quadrupeds.

The stock is procured by collecting annually the naturally deposited

spawn or naturally hatched young, and this collecting is a distinct in-

dustry. In the central x)rovinces, which are drained by the Yangtse-

kiang, near Kieow-Kiang, in the province Kiangri, in the month of

April, more than 150 junks of a very considerable tonnage are occupied

in bringing in cargoes of young, which they transport to and distribute

in the interior of the country.

Just as fish culture is carried on everywhere, to a great extent, so the

provisions of law have constantly received attention, in order that the

abundance of fish in the natural waters may not be diminished by mak-
ing them the subject of stringent legislation. It is said that 1,222 years

before the Christian era, an emperor of the Tscheou dynasty, together

with his consort, wished to go fishing ; it was in the fourth month, during

the spawning season. One of the prime ministers, Tschangsype, cast

himself on his knees before him, and submissively called his attention

to the fact that he was about to violate one of the most stringent laws

of his empire, and that by acting thus he might bring destruction uj)on

one of the most important of the common means of subsistence, whilst

he would thereby incur a great responsibility before the tribunal of

history. The emperor admitted that the minister was right, and de-

sisted from his intention.

Fishing in all lakes, channels, and brooks which do not immediately

forgot to take out tlie plug, so that the boat might empty itself. On the following

spring, when the boat again was put in the water, little young trout swarmed in the

water remaining in the boat, hatched out from the spawn and milt which the im-

prisoned ripe fish had liberated when they were taken from the nets. Hatching may
also occur under peculiarly unfavorable circumstances, for it cannot be doubted that

the water must have been entirely frozen for a long time. To be sure, the boat was
in the boat-house, which, during the winter, was covered by enow ; but the place

lies over three thousand feet above the sea, and at tliis height the cold is considerable

and protracted.

35 F
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flow out of or into a great river ricli in fish is absolutely prohibited

during six months of the year, from March to September, in order to se-

cure the fishes against the rapacity of their pursuers and to insure

propagation. The maintenance of these provisions and political inspec-

tion of the waters is presided over by specially selected mandarins and

Ijrivate citizens, to which last the state leases fishing privileges by can-

tonments. These general lessees, called konau-ho, pay a yearly tax to

the state, and are i^ledged, 1, to appoint times for planting a quantity

of young fish in the waters leased by them, corresi)onding with the ex-

tent of these waters ; 2, to see that communication between their waters

and the rivers rich in fish is always open at the spawning season, so

that the fish may come into them to spawn ; 3, with a stringent watch-

fulness to see that no one fishes during the time from March to Septem-

ber, and that nothing is done which can work injury to the thriving of

the fish. In comj)ensation, no one is allowed to fish in their canton-

ments without written permission, which they furnish to companies who
carry on fishing according to the regulations created by the lessees. In

rivers of medium size the close season is reduced to three months, and
in the largest rivers which empty into the sea every one is allowed to

fish during the whole year.

Owing to these provisions and the universal household fish-culture,

fresh-water fish constitute a very large part of the accustomed food of

the people, and so it has been from time immemorial without this source

of nourishment ever having threatened to be exhausted.* The ancient

Eomans likewise carried on systematic fish-culture to a considerable ex-

tent, and their methods have not in the flight of time gone entirely into

oblivion ; but this cultivation was in the main only the enterprise of

private individuals in inclosed fish-ponds. Universal legal provisions

having in view the preservation of the abundance of fish in the open,

generally accessible and pubhc waters, scarcely existed ; because if this

had been the case it would, like the rest of the Eoman laws, without

doubt have been observed, at least to some extent, through the lapse of

time, and would also doubtless have prevented the universal diminution

of the abundance of fish, which in all the most civilized countries of

Europe exists even down to the present time. The practice of the Eo-

mans is, however, as remarked, not entirely forgotten ;
they have in most

countries continued to a greater or less extent to maintain fish-ponds,

and to supi^ly them with young in a manner which may be called artifi-

cial, in so far as this supplying goes on under direct human sui)ervision,

and is not left entirely to nature's care. It has similarly also been prose-

cuted here in Norway, at one time or another, by certain rich men
;
they

say, also, that the monks at Storhammer have attemi)ted it. It is pre-

sumably this circumstance alone which explains the occurrence, in a

coui)le of places of a species of fish, the carp, which does not belong to

vOur northern fauna, and of another which is indigenous in the eastern

* Dabry de Thiersant, French consul-general in China, 1871.
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part of the peninsula, the pike, so far as is known in a single place in

western ISTorway, where it ordinarily does not exist. In a single place

systematic and artificial fish-culture has been carried on extensively for

centuries as the sole means of subsistence of a community consisting of

many thousand individuals, namely, in Laguna di Comachio, near the

Adriatic Sea south of Venice. But no one thought about imitating this

business before last year, though the same or a similar opportunity for

such industry is found in many places in France as well as in Italy. The
objects of culture here are fish which do not, like the salmon, spawn in

fresh water, and afterwards reach their greatest development in the

sea, but which, on the contrary, spawn in the sea, while their young at

stated times frequent the streams in the shallow lagoons, there to reach

their full develoi^ment, chief among them being the eel, which has the

same habit here in the North as in the South.

But the commonly-practiced fish-culture of the Chinese, Eomans, and
modern Europeans is restricted chiefly to species of fish of particularly

great fecundity, which live in sluggish waters of an average higher tem-

perature, which spawn in spring or summer, and whose eggs are hatched

without difficulty of any kind in the space of a few days, namely, carp

aud its Iviudred genera, together with the pike and perch, to which may
be added the eel, whose young may be easily collected in their migrations

n]y the river courses. The choicer species of fish belonging to the many
different species of the salmon tiimily, the most of which spawn late in

the autumn or in the winter, have been the subjects of artificial culture

in verj^ few places.

The artificial fertilization of the spawn of the nobler species of fishes,

the salmon, in the manner in which it has been practiced for the last

twenty or thirty years, was not, however, entirely unknown ; for there

are found printed works which describe it dating from the middle of the

preceding century and later; but these aroused general attention as

little as the j)ractical performance of the operation, which took place

liere and there. About the year 1842, when, as before remarked, a

peasant, Eemy, in the Vosges, concluded to attempt the artificial fertil-

ization and hatching of trout-eggs, the affair first was fortunately brought

to the knowledge of French scientific men who appreciated its great

economical importance to the nation, and many of these have since that

time with the greatest zeal labored to bring, and have also succeeded in

bringing, the mode of operation to the desired perfection. Among these

many scientific men Mr. Coste, professor of embrj'ology in the College

of France in Paris, a member of the French academy, is generally re-

garded as the one who has labored the most and the most successfully

for the advancement of this thing, in which duty he was strongly sup-

ported by the Emperor Napoleon. Since the year 1852, one may regard

the plan of operation to have been brought to perfection, and since that

time the business, so far as the salmon-like fishes are concerned, had
been carried on to a steadily increasing extent every^vhere in Euroi^e

and America, where the opportunity is presented.
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About the same time tlie matter awakened attention among us wliere

already in many places the abundance of fish was reduced to a minimum,

a reduction which, moreover, has continued for many years with unabated

zeal in many places in this country, and even now is continued here and

there on no small scale.

Since the year 1848 the legislature has taken into consideration the

destruction of salmon-fishing, and has sought by more stringent pro-

visions to control the instinct of prey. Since 1863 the way has likewise

been oi)en by it for restraining this mode of procedure in the lakes and

rivers, since the necessary increase ought to be gained in all the places

interested. For about the same length of time, by the contribution of

public funds, artificial hatching has been carried on over the whole

country, and public attention has been directed to the matter, while

instruction in the art has been given wherever it has been sought.

These measures have borne evident fruit, and the country therefore

owes great gratitude to Prof. H. Easch, who chiefly gave it the impulse,

as well as to his indefatigable assistants in its practical execution. But

the result has not yet by far reached the extent which it can and ought

to reach, and which it probably will reach when the matter is taken

hold of with the energy and care which it deserves. That it is not at

present greater cannot depreciate the man's services, which hitherto

have borne the matter forward; one must much rather wonder that he

has succeeded in winning so great victories over deeply rooted prejudices,

and the universal reluctance among people to submit to previously

unknown restrictions against habitual unrestrained free fishing, the use

of which they must first see before they can, i^erhaps rather will, com-

prehend them.

But the experience gained through more than twenty years' practice

in many countries in America, ds well as in Europe, has shown that we

now stand very far from the goal which we can and, therefore, ought to

seek to reach. We have hitherto in this country confined our operations

to placing little barriers against improper rapacity ; these barriers ought

to be given the necessarj'^ dimensions which are required for the attain*

meut ofthe object in the well-understood interests of all. Having, besides,

to some extent provided for the sowing of the field, they will win there-

from increased production -, but this care has not been sufiiciently great

by far, partly because it is limited to the salmon by ill-advised provisions

of law, which render difficult, often impossible, that which has the claim

of the first requisite, the desired abundance of mature spawn -,
partly

because they have placed their trust in, and, therefore, to an unreason-

able degree given their attention to the advancement of, natural culture.

Moreover, they considered only the production of the delicate young,

and have liberated these, whicli cannot be regarded as in much better

condition to escape the multitudes of enemies than the spawned eggs,

in the rivers, to be eaten up in masses before they reach any size.

Finally, they have, for the lake fisheries concerned, not at all considered
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that, just as the farmer by manuring can multiply his crops, so by a suit-

able mode of procedure one may also increase the maintaining capacity- of

the water by looking after the increase of the nourishment from which the

fish, which are made the object ofespecial care, get their subsistence. The

opinion has been much more generally held that this food is injurious to

the rearing of the cultivated fishes, as it consists chiefly of living fish

of smaller and commoner kinds, which are regarded as enemies of natural

culture, as spawn-eating, in competition with all other fishes, small and

great, and with a multitude of other living animals, four-footed as well

as winged, and insects of a multitude of species, which culture, as

remarked, has attributed to it an importance which by no means can

or ought to be attached to it if one wishes speedily to reach the goal, a

considerable increase of the abundance of fish.

Since I have chiefly in view to show the value of the lakes and rivers

as a field for fish-culture, I shall next take these into consideration by

showing what ought to be done, so that the kinds of fishes which should

be the objects of cultivation in them may be produced in the greatest

possible abundance ; and next, what should be done for the fish which

belong to both the sea and the fresh water, although these last have

already obtained, and probably by more thorough njiides of proceeding

will fui'ther retain, superiority over those in economical respects, and,

therefore, ought to stand in the first place. Thus 1 pass on to

—

II. -

WHAT FURTHER SHOULD BE DONE AND WHEREFORE.

It is known that in natural fish-culture only a very small fraction of

the quantity of eggs deposited are developed ; therefore, the Lord of

nature has made their fruitfulness great in proportion to the danger of

destruction to which the eggs and the young are exposed. I shall here

confine myself solely to the chief representative of the fishes, which will

certainly be the especial object of culture—the trout. What percentage

of naturally spawned trout eggs reach their fuU development as young

it has been found impossible to learn with certainty, just as little as to

what age the multitude which come to life as tiny young ones under

natural conditions live. Men who have closely studied this matter be-

lieve that one out of ten or one out of a hundred eggs develop into young

fish. The rest go to ruin, are buried up, destroyed, or eaten up
;
per-

hai>s the greatest portion disappear in the last mode, for everything

that lives in the water, large aiul small, even the fish that lay the eggs,

eat them as the greatest delicacy.* Trout or salmon roe is the most irre-

* Au experienced American fisli-ciilturist tlins describes wliatLaiipens at the siiawn-

ing-place

:

"When the spawning time aiiproaches the trout seek a suitable place on a gravelly

bottom in shallow flowing water, especially that originating from springs. When
they have paired themselves, which takes place only after violent, often deadly bat-

tles between the males, both go to the chosen jilace and lie still there if they are not
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sistible lure (bait) for trout and salmon, as well as other fishes. Such is

the case in countries with much milder winters than we have. How
great a j)ortion of the young are eaten in the space of the first year, when
they stay unprotected in their native plaice, we have naturally no certain

knowledge of; it is i^robable that at least half are eaten or destroyed by
the above-named causes under the water, as may frequently happen.
With us, at all events, over the greatest portion of the country, we have
cold winters, which produce bottom ice, and at least spring drifting

of the ice to a considerable degreCj which as a rule always comes in con-

tact with and ti^verses the best spawning places of the trout or other

salmonoid fishes, which are besides readily laid bare in the course of the

winter.

But suppose that the eggs and the young fish endure being locked

up in the ice without dying, they will by no means endure the drifting

of the ice or lying bare in the frost. In this way the profit or product
of natural culture becomes so uncertain that it cannot be depended upon
to give any result which in any way can or ought to be taken into con-

sideration. It seems to me that the confidence in the rajM increase of

the abundance of fish through natural culture fully corresponds with

the confidence of^he farmer who thinks that the garnering of prema-
ture corn will be sufficient provision of seed for the coming year's har-

vest. On the other hand, a long experience has now established that

one, if he manages things with i^roper care in all necessary directions,

may safely count upon about ninety-five young from a hundred eggs,

and that one can rear these young ones under proper conditions through

a year with a loss of only five per cent. The artificial culture also is as

safe, the natural aiS unsafe, as i^ossible.

Since this is the case, one has it also in his power by labor and out-

lay, which are inconsiderable, to procure all the young that he con-

siders necessary for stocking a fishing-stream with perfect certainty,

provided one can procure the necessary quantity of eggs ; all regard for

disturbed; but the males are for the most part occupied in driving away rivals, wbo
pry around. It is cvirious to see a little male by the side of a large female. Under
ordinary circumstances tlie smaller male respectfully gives way to the larger, but at

the pairing time the smaller will in an instant attack one tbree times as large as him-

self, should he approach to within a few feet of the female ; as a rule the male is fully

occuiiied in driving away rivals. \Vhen these are numerous the female will often

come to the help of her chosen mate. But after the female has selected a consort

there is no longer any contest ; the disappointed males fly as soon as the consort makes
a show of attack; they apj)ear to respect the intimate union. The female meanwhile
forms a nest, which consists simply of a shallow depression 6 to 8 inches in diameter

and 2 to 3 inches deep. It is constructed in this way : the female thrusts her nose

down in the gravel and iiushes it aside with her tail as she raises her head again.

Tins work goes on many daj-s until the cavity is large enough for her. After they

have laid over the nest for some time the female is ready to dej)osit a portion of her

eggs. The male seems to know this instinctively, because whereas he had been busy
expelling rivals, he is then always at the female's side, and the instant she lays her

eggs he allows his milt to flow over them.

''When the eggs are dci^osited the male forsakes the female, who thereupon covers
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the natural culture becomes superfluous for the fish species concerned,

which ought to be the object of cultivation, and absolutely injurious in

so for as one, from his anxiety to advance this culture, seeks to eradi-

cate or omit to stock the water with other kinds of fishes which might
serve the cultivated fishes as food, even if they in any degree concur

with this about other means of food, for the fishes which one cultivates

will chiefly be fish of prej^, which will develope with a desired rapidity

only when they have an abundance of other fishes as food.

The essential condition for abundant production of fish, next to the

possession of water, is ability to be able to get fish-spawn in the de-

sired quantity. This ability will always be present in all well-stocked

fishing waters if no injurious law regulation places an artificial barrier

by prohibiting the cai)ture of spawning fish at the right season, that

is, at the spawning time itself. Every trout or salmon yields 2,000 eggs

per kilogram (two pounds) of its weight. To procure 1,000,000 eggs there

will thus be required fish of the united weight of about 500 kilograms,

but few males being required in i)roportion to the females. After the

lapse of a year, one will have at least 800,000 young fishes of one-twen-

tieth to one-tenth of a kilogram each, or 60,000 kilograms in place of

500 kilograms. If, therefore, the mothers and fathers which are taken

as spawning fish must be consumed and a portion more are taken under
the same pretext, this signifies nothing in the face of the certainty of

having brought back the necessary young which, even as yearlings, will

weigh fully one hundred times as much.

It was just to prevent the loss of profit in fishing at the close-season

that the existing legal enactment for salmon was made. This misun-

derstanding of real interest, this injurious prohibition will probably dis-

appear when the pending new proposition for a change in the fish law

obtains legal validity. Besides, the spawning-fish are alwaj^s poor food

in comparison with what they are at other times of the year. In Eng-
land such spawning fish are considered inedible, and* such will also be

the case in tbis country when a greater abundance of fish no longer

the eggs with, gravel by sweeping over them with her tail all that is fountl near the

nest. If the female is not satisfied with the covering she will go into the stream and
push suitable stones backward with her ventral fins over the nest until it is completely

covered. After a few minutes the male returns to see how the work ^irogresses, eats

some eggs if he can find any, and departs again. The female, on the contrary, dees

not go away, but remains at the place and does not forsake it until all the eggs are

spawned, which occurs in many installments and occupies a long time, often as much
as three days. The female, as well as the male and all the hangers-on swimming
around, have meanwhile eaten as many as they -could of the eggs. When the first pair

has left the place another comes on the same errand. The female finds a suitable

place and begins to jirepare a nest. As soon as the first-spawned eggs apxjear this bus-

iness is given up and female and male vie with the lookers-on in eating all the roe be-

fore they again resume work. If one nest takes into account that all kinds of water

fowl seek after the spawn with great eagerness, that the tender young fish coming to

life in the spring servo in great portion as food for the larger fishes, it is no wonder
that there are so few trout in our streams, but a great wonder that any are left."

—

(Trout-culture, by Seth Green. 1870.)
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tempts one to take them as food just at the time when they are the

poorest.

When no such prohibition exists there will generally be no difficulty

in finding as many spawning fish as may be necessary, i^rovided the

water contains the requisite quantity. By proper forming of spawning

places one can regularly take on them every fish which makes its aj)-

pearance for spawning ; if it is not quite ready for that when it is taken,

it can be set free in the water again ; it will again make its appearance

at the place when the proper time comes. Or one can in the A merican

manner construct the spawning places so that one without touching the

fish, leisurely and at ease in the daytime can collect all the spawn de-

posited and fertilized the evening before.

That there will be fish in abundance to supply all the spawn which is

considered necessary for planting in a stream when it has become

properly stocked is certain ; that natural culture will take place by the

side of the artificial is thus self-evident. But whether this gives any

yield of any living fish or not is a matter of entke indifference, except-

ing in so far that the quantity of spawn deposited in this manner, and

the possibly small number of young arising therefrom, plainly increases

the nourishing capacity, since, as remarked, the spawn as well as the

young will serve as food for a whole midtitude of all kinds of fishes.

After—
1. Artificial liaicMng of the multitude of eggs, which is considered nec-

essary for the proper yearly recruiting of the water, or filling up the

decrease caused by steady fishing for the fish which have reached a

suitable size, is required also

—

2. Bearing of the young in an inclosure until they are at least six

months old, when they will have reached such a size that they them-

selves may appear as enemies among a host of enemies whose prey they

would have become at an earlier age 5 there is required in aquaculture,

as in agriculture, proper inclosing of the ground. This must, in the

scheme here proposed, provide for the hindering or destruction of ene-

mies which will divide the harvest with the breeder, and take the

hon's share or the whole if they are able. Among these, man stands

first. It is, therefore, a matter of course that the laws must secure

for the fish-culturist, as well as the farmer, the indisputable right

to the fruit of his labor, and thus make the proprietorship and tight of

fishing in the water of every condition just as clear and fixed as the cor-

responding right to the ground in question.

As long as the right to free and unrestricted fishing in brooks and riv-

ers is recognized fish-culture cannot pay, because our brooks and rivers

are just as important for the rearing of young fishes as they are also

chosen waters in which they may nourish themselves until they become

full-grown or mature x^roducts, which will be indiscriminately fished for,

and thereby the result of every effort for the increase of the fish will be

brought to naught. What is needed in this direction this is not the
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place to develop more fully ; I suppose it will be done when the reali-

zation of the necessity is sufficiently clear to the public. But even if

legal enactments contain all the necessary provisions, this will not be

enough. Law alone is inoperative ; it must have living supporters, par-

ticularly when the temptation to break it is especially great, as will be

the case when the fishing-streams, rivers and brooks, receive the com-

X)lete supply of fish which they can accommodate and sustain. Constant

and active watchfulness must supplement the protection of the law, and

the business will with the greatest ease be able to meet the expense which

must herewith be associated. Where a single individual commands an

isolated field for fish-culture, the matter is very simple ; where the cul-

ture must be carried on in partnership by more than one, or by many
interested parties, watchfulness becomes necessary over a greater area

than for the isolated proprietor's district. He who cultivates for himself

alone, independent of others, will see to carrying on the business in the

manner most profitable for himself, and act in accordance with that ob-

ject, and, if he does not do this he must blame himself for the possible

damage or loss. Where many i^ersons are interested, the temptation to

undertake to feather one's own nest at the expense of the rest is very

great, and not every one is able to resist it. In such case the custody

must be open for inspection, that even the interested parties observe the

rules of the business, namely, that the catching of fish be judicious, so

that no improper division may be made, nor the business be injured.

But in this case it is not sufficient as hitherto to depend chiefly upon the

men sei)erately appointed for such inspection. If it is imi)ortant to have

fixed legal enactments, or agreements respected, then should every means
auxiliary thereto, which costs nothing, be brought also into the greatest

activity, and this activity should not as generallj^ hitherto, be i)aralyzed

to the greatest possible degree.

Where numerous keepers of the law or established custom are ap •

pointed it is clear that many and very improper adv^antages can and
must escape their observation, which, however unavoidable, must be-

come generally known to other persons among the i^eople more or less

interested in the matter. Why not seek to invoke such assistance for

the support of the law when it can be procured without cost ? In nearly

all hitherto established laws of such a nature they have, as it appears,

made it possible to prevent the public from interesting themselves in

any way for their support. Tlie specially-appointed inspector was to

have a share in the fines which were imposed for transgressions ; the

discoverer and informant, who had no such position, received, on the

contrary, nothing. It appears now as if they, with full knowledge,

vvished to relax tbe operation of the law to the utmost extent in which,

with a little appearance of decency, it could exist. That such mainte-

nance of the law will be secured to a considerable degree by allotting to

every informant the same compensation can be subjected to no doubt,

and by such a plan alone can such laws fully acquire theh' intended

strength.
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The mode of proceediug liitlierto followed made the law almost inopera-

tive, and encouraged a license in treating it, which it is, or should be, the

design of the law to destroy. '• ISTo receiver of stolen goods, no thieves,"

says the old proverb. No fracture of such a law of any imi^ortance

can occur without the participation of assistants, since the law itselfnow
does its best to help the receivers by depriving them of that eucom^age-

ment to the announcement of irregularities which it grants to the

specially-appointed inspectors, for whom such encouragement woiild ap-

pear less necessary, since they are paid especially to see that the law is

respected. Were such encoiu^agement granted to those who are not in-

spectors, the transgressions of the law would on that account alone

become exceedingly rare, as no one could be certain that a transgression

occurring would not be reported, which in ninety-nine out of a hundred

cases must come to the knowledge of many persons whose silence could

not be depended upon. The objection against encouraging a system of

informants, which we have heard mentioned as an argument against the

institution of such a reward, will signify nothing, because an occasion

for information will then never, or very seldom, arise.

But, besides the encroachment of men, there is no little multitude of

animals which will tax the abundance of fishes in somewhat the same

degree as beasts of prey on the land and in the air reduce the abundance

of game, and this taxation is in reality very much more considerable

than people generally have any conception of. Otters, loons, ducks—
especially fish ducks—destroj' a considerable quantity offish, and should

therefore be persecuted with all means one is in possession of. In the

same class must be included fish of prey, not merely of the kinds which

are not objects of culture, but also those of the cultivated species which

have become so old that they increase annually in size but slightly in

proportion to the nourishment which they require. The most profitable

yield from fish cidture will clearly be obtained when the fish is regu-

larly caught as soon as it has reached the age and size at which the

quick increase begins to fall off. This size will differ in the different

species of fish, likewise in different waters, according to the greater or

less wealth of nourishment, and its quality. No general rule in this

direction can be given ; it can only be acquired through experience in

each separate locality.

According to experience, a trout consumes daily animal food equal to

x^ of its weight ; this has at all events proved fully suflicient feeding

for fish maintained in the same way as stalled cattle. They have thrived

upon it, grown quickly, and become fat. Thej^ could of course have

consumed more 5 but this quantity may be regarded as a proper medium,

especially if one does not include A^ery large ones. A common lake-

trout which, for example, has reached a size of five kilograms, will thus

in the space of a year consume of food of all kiiuls 3G5 times 0.05=1<S.25

kilograms, while at the same size and age it will increase scarcely more

than one-half in the space of a year, or 2.5 kilograms, In the first three
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or four years its own weight doubles yearly with the same amount of

food; thus, for instance, a trout during the fourth year which at the be-

ginning weighs about 0,75 kilogram, consumes about 3G5 times 0.0075=

1.85 kilograms, while it will have gained in weight 0,75 kilogram ; the

ratio between the food consumed and the increase of weight is also at

this age quite particularly more profitable than at a later age, because

the increase of weight in the last case bears the proportion to the nour-

ishment consumed of 75 to 185, or 1 to 2.4, and in the first case of 2.5 to

18.25, or 1 to 7. Even ifthe increase were the same at this age as earlier,

the proportion would become as 5 to 18.25, or as 1 to 3.6, or in a consid-

erable degree less profitable tlian in the younger stages.

One must also strive to catch the older fish as comi^letely as possible,

and for this end the spawning time will furnish the best opportunity.

Whether one will then eat them or put them into a separate smaller

pond, where they will be easy to catch at any time, for i^reserving and
feeding them until they are in better condition, is a matter of taste.

That fish of prey of other species which possibly may occur ought to be

exterminated by all means is self-evident.

For the attainment of a reasonably large profit it is, moreover, as be-

fore mentioned, necessary, in the greatest j^ossible extent, to improve

(gjode) the water which is the object of cultivation. This may occur in

different ways, depending on how the circumstances may be varied. It

applies to the whole circle of creation that the lower organisms live uj)on

plants, and in their turn serve as food for the more highly organized

flesh-eating animals ; and it is a settled thing that men, by assisting the

operation of nature, can, to a very considerable extent, and in many, if

even not in all, directions, promote this activity toward a very consider-

ably increased production. It will everywhere be in the power of the

fish culturist, in the same way as is emj)loyod for the fishes in question,

which are the peculiar object of the breeder's care, to promote the hatch-

ing of species of fish which feed chiefly on vegetables, in order that sub-

sequently, when they have reached the proper development, they may
serve as food for the choicer fishes.

In the same way one may promote the increase of crustaceans and

mollusks, which likewise, to a great extent, serve as food for the nobler

fishes. It will, moreover, in many places be an easy matter, by the

employment of vegetables, which, in comparison with meat, cost little,

such as carrots, peas, meal, and potatoes, to feed a greater multitude

of the vegetable-eating fishes and other aquatic animals than the waters

of themselves could support. Moreover, one can, if the opportunity

offers, to a greater or less extent, provide directly for the nourishment

and food of the cultivated fish by the use of all kinds of animal offal,

the flesh and entrails of all sorts of fish, birds, and four-footed beasts,

which have httle or no value.*

By tlie use of such means, among which cod-roe might, perhaps, be

*Mr. Seth Greeu says: "It is more profitable to raise trout than hogs."
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used with profit, it is in the power of the fish-culturist to eke out the

stock of his water to a very considerable degree, which is limited only

by the existing- access to fresh, running water, or, more properly, on the

renewal of the quantity of oxygen absorbed by the water ; by an ade-

cpiate renewal thereof, the number of iish may be increased until the

space becomes as closely packed in proportion as a saufjos (sheei)fold)

usually is. How far one ought to go in this direction experience will in

every place quickly teach. If more fishes are placed in the water than
it can sui)port, the leanness of the fish will soon attract attention ; this,

however, will not occur, because in case of need they will mutually eat

one another. If the supply of oxygen becomes too small in proportion

to the need of the abundance of fish, this will quickly and plainly show
itself also in this, that the fish will seek at the surface of the water the

wanting vital air and that many will die. Probably only a few waters

can be found in this country where it will be possible to carry fish-pro-

duction to this last extremity, since one observes that the superfluity with

regard to the means of nourishment does not exist except in winter and
after continued intense cold, which dries up the tributary brooks. The
difficulty, and in most cases the imj)ossibility, of furnishing the fishes an
extra food-supply during the winter willrestrict stocking far below these

extremes, which can be reached only by wholly artificial breeding in

smaller especially constructed ponds, where the fish may be supported

in the manner which may be most closely compared with the permanent
stall-feeding of cattle. But even if one, as will generally be the case,

finds it most profitable to restrict the stocking of the waters far below

this measure, they may still receive and support a quantity of fish which

will considerably exceed what would be considered a great abundance.

Further, it is important to carry on the collecting in an intelligent man-

ner. This will not be done until one constructs his fishing-implements

in such a way that he reaps only the mature fruit ; that is to say, that

he catches all the fish which have reached the size shown by experience

to be the most iirofitable, which, as before remarked, may, however, be

very different, according to the species of the fish which one attempts to

produce, and the food one may be able to procure for them. To permit

a j)ortiou to escape again, in order to reach a greater size, causes, as

shown, a greater or less loss in proportion to the shorter or longer time

one i^ermits them to live after reaching the most profitable size ; to catch

them earlier also causes a loss, though of less importance.

But it is imj)ortant also to harvest the crop at the time of year when
it is most fully mature, most savory, and of the greatest value, not merely

on account of its flavor but on account of its greater weight; that is to

say, in summer from April until the middle of August at the latest for

all the autumn and winter spawning fishes. The difference of quality

and weight between the summer and winter is remarkably great ; it may,

in the salmon-like fishes, amount to over the half the weight of the fish

in its best condition, and so far as the flavor is concerned the proportion
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is precisely similar. Professor Easch states in his book on " Tlie means
of improving the salmon and fresh-water fisheries of Norway, 1857,"

that the Duke of Athole has related the following

:

"By consulting my journal I find that I caught this fish marked as a

spawner (kelt) on the 31st March, with a rod, two miles above Dunkeld-

Broen, and it then weighed exactly ten pounds. Five weeks and two

days later I caught it again, and it had, in the short time specified,

gained the almost incredible increase of 11^ pounds, for on its return

it weighed 21J poiuids. The salmon here mentioned was caught and
marked nearly 40 English (6 Norwegian) miles from the sea. It had
thus in this time wandered this way back and forth, and still had time

to obtain the quantity of food which it consumed to produce such an

increase of weight. There can be no doubt of the trustworthiness of

this fact, because his grace was extremely precise with regard to his

marking experiment, and carried for this purpose with him small zinc

tags numbered and furnished with the means of fastening them. Thus
we find this fish marked number 129, and the date entered in his grace's

journal."

This observation refers of course to the salmon and not to the trout,

but there can be no doubt that the last species of fish is subject to the

same laws as the first, even if not to the same degree.

Hitherto there has at the same time obtruded itself an imj)ortant

hinderance in the way of extensive catching of late fishes in summer,

namely the difQculty of preserving them in the best condition for any

length of time. To transport them fresh has been possible only for

short distances ; to salt them so that they will be preserved has also its

difficulties ; in every case the lake fish loses thereby a good portion of

its value as a salable article. These circumstances have certainly had
varying influence in restricting the fishery to the spawning time, since

the frost has already to some extent made its appearance, although the

greater ease then of capturing the fish at the spawning i>laces has of

course been the essential motive of the common people for deferring the

fishing chiefly to this time.

If the means cannot be found for preser\ang fish unspoiled in the

fi'esh state for a long time, the profit of systematically prosecuted fish

culture will be diminished in no small degree in all places some distance

away from the chief means of transit and the trade centers, and the

most and best of our fishing streams are thus situated. This is, how-
ever, fortunately the state of things ; it is in our power to preserve fish

perfectly fresh for a long time by a very simi^le means which is every-

where in this country at hand in more than the necessary quantity,

namely, ice. The plan which has hitherto been employed in shipping

fresh fish over to England, packing in boxes with loose pieces of ice and
sawdust, permits, according to the statement of Americans, the trans-

portation of fish fresh and unspoiled on the railroads to a distance of

800 kilometers, about 490 miles—that is to say, preserves them during
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siicli transportation for twenty-four hours ; but this will not be suffi-

cient. If one, on the contrary, employs a plan recently introduced into

Canada, and freezes the fish in the proper quantity safe and sound in

blocks of ice, so that the fish and ice form a compact mass with two to

three inches of pure ice between the fish and oi^en air, an operation

which can easily be performed in tin boxes of suitable form by iiacliing

in a mixture of ice and salt, which gives a cold of 31.45° Fahr., then,

if placed in an ice-house, or during shipment packed with care in pieces

of ice and bad conductors of heat—moss, which is found everywhere,

or sawdust, if this can be had—they will probably be preserved for a

long time unspoiled, just as safely as the mammoth which for many
thousand years has lain buried in Siberia's ice-fields, and which now and
then comes to light in a perfectly unspoiled condition.

There is thus nothing that prevents or discourages fishing—harvest-

ing—from occurring chiefly in summer, when this is associated with the

least trouble and the least discomfort from cold and bad weather, and
nothing in the way of j)reserviug- fish in the most valuable condition

—

perfectly fresh—as long- as it may be found profitable. One has it then

fully in his power to bring them to market at the time and the places

when and where it will pay best, even if these are far distant and many
days are required to reach them. The preservation of the harvest is also

just as simi^le as the preservation of corn and hay.

I shall next briefly mention the habits of the salmon, which in cer-

tain x)articulars difier from those of the lake fishes.

Ancient, fully trustworthy experience has shown that the salmon,

like the birds of passage, seek and, with unerring instinct, return to

the place where they were born, and equally well whether their birth-

place is a mighty stream or a little brook which the salmon in many
places cannot penetrate without lying flat on their sides or employing

accidental floods in order to traverse the shallower places between the

pools where they can find water deep enough. This last phenomenon
one has nowadays rarely an opportunity to observe, since nearly all

these brooks have long since been fished out, so that for many years no

salmon have been born in them. I have, however, personally had the

op]M)rtunity of observing this fact in the little river or, more properly,

brook, which forms the boundary between us and Eussia on the south

side of Yaranger Fjord. It may be forded dry-shod, when it is lowest, at

many places, yet salmon are found in most of the pools quite up to the

lake in which it has its origin. Every brook, which at least now and
then has a supply of water so far uniform that the salmon can swim
over the shallow places, can be made a collecting-place for the salmon

in any quantity, because one has it in his power to make each of them
the point of departure for young salmon in every case with little trouble.

The hatching of eggs may take i)lace wherever a spring, or even a brook,

sui)plied with water only in the wiuter half of the year, is found—in the

last event, of course, with a little greater cost of construction, which at
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the same time will signify nothing compared with the profit. The roe

which one gets to begin with he must procure from other i^laces, and from

places w^here good salmon are found ; for there are many, sometimes

considerably different varieties of the greatest difference in value.

After the lapse of two or three years one will be able to get more at a

place that he can manage to hatch—under the condition previously men-
tioned as now existing, the absurd opposition against removal—which it

cannot be doubted will occur.

The hatching of salmon-roe is in all respects just as certain as the hatch-

ing of trout-eggs ; of w'hich it is not necessary further to speak. Only in

one direction is the case of the salmon different from that which applies to

lake fish. The salmon goes, one or two years after it has been hatched,

out to sea, and the nourishing capacity of this is unbounded.* One does

not need, so far as the salmon are concerned, in any way to limit the abun-

dance of the eggs which are taken for hatching for fear that the fish will

not be able to find food enough for their full and complete development.
But it is not sufficient, as hitherto, to take care of the young till they

can scarcely be regarded as fully hatched ; one must further protect them
until they assume the wandering habit, and instinctively seek the sea.

The older method in reality results in destroying at least half, perhaps

three-fourths, of the young which one has with care hatched out. Of
course the care of the young long continued will involve an outlay for

suitable ponds and for the food as well as the tending of the fish ; but
this outlay will amount to nothing compared with the increased abund-
ance of fish which will spring from it. The mode of procedure hereto-

fore adopted is perhaps the principal reason why the profit of the work
hitherto done is so inconsiderable.

It applies to salmon, without doubt, in a still higher degree than to the
lake fishes that every attempt to assist natural culture, in order to

increase the abundance of fish thereby, and escape the labor of hatching,

is perfectly idle work. For the salmon it is evidently the largest rivers

that have any importance in this direction; for the lake fish it is essen-

tially small brooks. But it is just in the largest rivers that the un-
favorable conditions peculiar to our climate appear most plentifully and
with the most destructive power, along with all unfavorable ch'cum-
stances which in more propitious climates bring it to pass that natural

*Capt. Joliu Ross, who nndertook a voyage of discovery to the
arctic regions, to find the so-called northwest passage, states, in his report on this
expedition, the following: "When spring finally arrived after the first winter, came
in sight from the ship a great river, on whose shore Esqnimanx gathered, to fish.

They thrust unweariedly the whole day their spears at random down in the turbid
river, and at every third cast they usually got a salmon. On the vessel there was a
fishing-net made of coarse materials, brought along for such a case ; this was thrown
out, but was broken by the weight of the fish. A new net of coarser material was then
quickly knit, and with this 5,500 salmon were taken at one haul. All the empty
vessels on the ship were salted full, and a large portion, which could not be accommo-
dated, were presented to the Esquimaux. This describes plainly enough the un-
bomided nourishing capacity of the sea.
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culture in all proportions yields an inconsiderable and even in many
cases no profit at all.

It is attempted now, chiefly with the object mentioned, to clear the

path through the long extent of our large rivers, to which, partly by na-

ture, partly by art, their approach is obstructed, by the construction of

salmon ladders in different places; however, curiously enough, not in

the place most important of all in this respect in the whole countrj^, a

place which by itself is more important than most of the other rivers

combined, namely Sarpen. It might appear that since no increase of

the abundance of salmon has been gained by the introduction of such

ladders, and the larger field thereby found for the salmon, owing to the

increased natural culture, it will be useless to continue such a scheme.

This is, however, by no means the case. Such a plan must on many ac-

counts be considered in a high degree profitable, even if it should cost

what one might regard a large sum of money.

Access to the hatching of eggs is nowhere unbounded, while common
interest demands that it should be prosecuted on as large a scale as pos-

sible. The waters of springs, which may be used for such hatching—and

it is only those which have pure water, in the greatest possible degree

free from miuerals of all kinds in solution—limit the quantity of spawn

which can be hatched out, and their occurrence is not particularly fre-

quent. One may, of course, by appropriate arrangement of apparatus,

provide for the replacing in the spring-water the oxygen which was

gradually consumed during the hatching of the embryos, but one has

no means of removing from the water the carbonic acid generated in the

place of the oxygen consumed. This will steadily increase by the con-

tinued use of the water, and quickly reach such a point that the water

will become deadly for the embryos and the young. Long before such a

point has been reached the water must be regarded unsuitable for hatch-

ing. One cannot generally calculate that people who never see, as adult

salmon, any young which they may have hatched out will interest them-

selves in such hatching. It is vain to expect that the si)rings which must

occur along the upper courses of our rivers will ever be employed for

the hatcliing of salmon to the desired extent as long as the way is not

cleared for them to return to their birthplace and they are retained near

the mouth of the river for the advantage alone of those who live there.

If one wishes to advance the hatching of salmon in the greatest pos-

sible degree, he must, by means of ladders, clear the way to the upper

sources of the river, and then hatching on a large scale will not fail to

take place along the extent of the rivers wherever the necessary condi-

tions are present. The profit hereof will of course substantially fall to

the residents along the lower portion of the river and along the coast

outside of its mouth ; but some profit will accrue to those resident on

the upper waters, and this probably sufficiently great to incline them to

regular hatching. This would especially apply to the men on whose

rivers sportsmen will be required to buy permission from the owners to
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catch salmon, a privilege which usually commands a high price. Inland

residents have probably a legitimate claim* that thej' should not be cut

off from permission -u-hich probably might be granted them to enjoy a

portion of the blessing which the sea can give in the form of the best

fish which And their way from it up through the streams as far as they

are able to advance, and this so much the more since the lower residents

under all circumstances will skim the stream and have absolutely the

greatest profit from the abundance of salmon which the increased hatch-

ing must produce. There is also amj)le reason for building salmon-lad-

ders wherever it will be practicable to i)lace them, even if regard for

the promotion of natural culture can or ought to have no weight. Should

it fortunately happen that natural culture in some peculiarly fiivorable

place produce a yield worthy of mention, so much the better, provided

only that the dependence upon such a yield do not cripj)le the work of

artificial hatching—the onl}^ mode that is perfectly certain—and the

work of caring for the young in their tender 3-outh.

In parenthesis I shall here say a few words about the attempt to hatch

salmon in lakes, with a view to keeping them there. This is, in my esti-

mation, a complete misconception of the problem. In the first place, one

cannot, according to my belief, destroy the wandering instinct of the true

salmon {Salmo salar) by placing it in a lake. It will certainly find its way
out of this into the sea just as surely as out of a river ; the one is just as

easy as the other, and one cannot destroy instinct. Only by keeping them
confined in a basin from which they cannot possibly escape can this in-

stinct i)robably be controlled, and this is attended with a danger of their

leaping out on land and perishing. In the next place, the nourishing

capacity of every lake, even the largest, is limited in comjiarison with

that of the sea. To confine sea salmon—wandering salmon—there, even

if it were practicable, would also be to subject them to comparative star-

vation instead of plenty. As regards the Yenern salmon, which persons

have attempted to introduce into our country, it is, in practical and eco-

nomical respects, precisely the same as our female trout. The fact that

some have been pleased to call it a salmon does not by any means make
it a sea salmon, or a true salmon in any respect. So far as flavor and
weight are concerned it differs in nothing from the female trout in

Mjosen, and the corresponding large trout in our other larger lakes, and
it is therefore in my opinion both unnecessary and unprofitable work to

introduce it into our waters.

Salmon are born in the river, live there a short time in their tender

youth, and then seek the sea, where they gTow with astonishing rapidity.

* Already the Norwegian parliament has recognized the legality of such a claim as

fnlly as it could be done at the time, as it prohibits the barring the way of the fish

from the beach to the river source. This law, however, in a space of time was for-

gotten, and industry has been allowed without complaint here and there to block the

way of tlie salmon where it was open before. That this happened without complaint

was probably only because the abundance of fish was already diminished to such an
extent that this barring of their way made no difference.

36 P
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Wlien, driven by instinct, they again retrace tbeir way to their birthplace

they become on their way along the coast, which they always follow, the

object of a fishery of the greatest economical imi^ortance, because they

are then in the best condition, which they quickly lose after their en-

trance into the river, where, according to experience, they take little or

no nourishment, Kesidents on the sea-coast are thus in all respects at

least as much interested in the hatching of salmon in the greatest possi-

ble quantity as the dwellers along the river courses. This community of

interest is not yet comprehended in its full extent. Since the coast-

dwellers as a rule are cut oft' from the opportunity of working i>erson-

ally for the production, or even for the preservation, of the salmon sup-

j)ly, they harvest what others have sown, and ought therefore rightfully

to be obliged, in proportion to their catch, to share in the expenses which

the hatching of the young salmon in the river-courses involves. A law

of this kind would be eminently just, and would doubtless in a high de-

gree advance the profit for all, but first and to the greatest extent for the

coast-dwellers themselves.

Law has now established a certain size of mesh for the implements

for catching salmon. This should gradually be increased so that only

full-grown salmon of twelve Danish pounds weight, G kilograms, and
upwards, can be caught. The salmon is then four years old. It will

doubtless be urged as an objection to this that they will thereby lose

permission to catch the sea-trout. This will certainly become true so far

as the salmon-nets are concerned. But since the sea-trout are of infe-

rior value compared with salmon, and one will gain more by allowing

the salmon to become mature than by catching the small ones, the loss

of the sea-trout in the salmon-nets cannot be taken into consideration.

One must resign the capture to the common set- nets. At the same time

the now legal sale of young salmon 8 inches long should be absolutely

forbidden; under a size of 16 marks (8 Danish pounds), four kilograms,

should no salmon be allowed to be sold. Moreover, the necessary active

attention must be exercised in order that such a provision of law, as all

others, may be properly respected ; because only in this way will all per-

sons interested be able to reap the full share, which, according to the cir-

cumstances existing on their soil, rightfully belongs to them. It is evident

that the coast population have it in their power to capture nearly all the

fish which come into the rivers, just as the residents on the river banks
.are able to omit the hatching of the young, the plain result of which

will be that the coast people can get no salmon, since after a shorter or

longer time no salmon will be found in the sea along the adjacent coast-

' extent. Both categories of proprietors' interests are thus closely de-

jpendent each ui^on the other. It would therefore seem that it would be

to the greatest advantage of all the fishery-owners in the naturallj^-united

districts whose interests are thus consolidated, if the whole matter

within the district were carried on in partnership, as well with regard to

the planting as the harvesting. Without the aid of suitable legislation
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sucli au agreement could not be rendered feasible; a majority should

have the right to control the minority; because one or more perverse ones

are found everywhere, and such associations serving the common use

should not be checked by a single person or a few persons, whose in-

terests probably may be of little importance compared with those of

most of the others.

In comparison with the cultivation of the kinds of fishes related to

the trout, whether they be in the sea or fresh water, the cultivation of

the salmon will always be beyond comparison the most profitable, taken

as a whole, for all the interested persons in partnership, or for the indi-

vidual who can secure for himself the greater portion of the profit of

the planting of the young which he must hatch and rear and then lib-

erate into the sea. There is of course an important difference in the

rapidity of growth between different species of lake as w^ell as salt-water

trout ; but if one institute a comparison between the species of both

kinds of trout, which may be considered to represent the middle class,

and salmon, the relation will show itself to be as follows: After being

hatched out in the spring the young salmon remain in the river where

they are born until the next spring; then about half of them change

their markings and go to sea. Whether these are stronger individuals

or one of the sexes is not known. The other half remain in the river

until the spring following this, then change their dress and go to sea.

By continued culture also after the first year a portion of the whole

quantity of the young hatched out in the course of the winter will

always go to sea. It is also unnecessary to take account as to which

year's fish they represent. Those which forsake the fresh water have a

length of 6 to 7 inches and a weight of 125 to 350 grams. These young

have been marked to find out their subsequent growth, and thereby it

has been found that even in the autumn of the same year in the spring

of which they went to sea at least a portion of them returned to the

river, and had then a weight of 1 to 3 kilograms, an average of 2 kilo-

grams. When they next return from the sea they weigh from 3 to 6,

or on the average of 4 kilograms, and are then in their third j*ear. The

next or fourth year they reach an average weight of 8 kilograms, and

so on, but in a diminishing scale. According to the experience in many
different fish-culturists' establishments in Europe and America the in-

crease of the trout with a good supply of food may be estimated for

corresponding ages, respectively, at 0.275, 0.650, and 1.500 kilograms.

Comparing these numbers, the i)roportion shows itself to be, for the sal-

mon and trout in question, at the close of

—

Salmon. Trout.

The second year, average weight 2 kilograms. 0.375 kilograms.

The third year, average weight 4.5 0.750

The fourth year, average weight 8 1.500

This shows what a considerable value salmon culture has conqiared

with trout culture. The yield from the first is, after the foiu^th year,



564 REPORT OF COMMISSIONER OF FISH AND FISHERIES.

more tliaii five times as much as the last ; and even this will yield a good
profit, as will be shown later. As is well known, the export of ice has
in the last ten years steadily increased in extent and economical impor-

tance in this conutrj'. In many places along the coast where, naturally,

fitting opportunity has offered, ponds are constructed with considerable

expense for the production of ice alone for export. Nothing is more
natural than to use these ponds for fish culture along with ice produc-

tion, to which they are all, to a greater or less degree, adapted, accord-

ing as the supply of running watej:- and its quality may be. The ex-

penses which fish culture wjll occasion are nothing in comparison with

the cost of procuring ponds by means of damming brook-courses; but

the yield from fish culture, carried on with care, may be of very great

importance, especially if circumstances allow one to select salmon as the

object of culture. It will, at all events, give a very good return for

the outlay which the apparatus for fish culture and the labor upon it

demand.

In the same way as one has found it to answer a good purpose to pro-

cure ice-ponds at considerable expense, will one in many places where

the opportunity offers be able, with profit, by damming, to construct

larger and smaller fish-ponds at such a distance from the sea that the

production of ice will have no other importance than as a means of pres-

ervation for the harvested fish. Such an opportunity is offered in many
places in our mountain districts, where the ground which must be sac-

rificed to transform it to a lake bottom instead of solid land cannot be

considered to have any value in comparison with that which it will ac-

quire by being transformed into a field for fish culture. One has it thus

in his power, to an extent which perhaps must be called very consider-

able, to enlarge the field for this culture, already yery great in j)ropor-

tion to other countries, which, as shall be shown later, has a more

varied economical importance than agriculture on good ground of cor-

responding extent.

I shall next briefly mention

—

III.
/

THE FISHES WHICH SHOULD BE THE OBJECTS OF CULTURE; ALSO

THE KINDS OF FISHES AND OTHER AQUATIC ANIMALS WHICH SHOULD
BE REARED AS FOOD FOB THESE.

Since I, as before remarked, have our lakes and rivers specially in

mind, I shall first treat of the species which live exclusively in fresh

water, and then of those which live both in fresh and salt water.

Following the prevailing taste among us, as also to a great extent in

other countries, the genera and species of fresh-water fishes should

probably be taken into consideration in the following order : Trout, red

char, gwiniad, grayling, perch, perch-pike, pike, and crawfish, besides

those improperly included with the fishes in familiar language. To
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these some persons would add the bream and lake, which, however, for

a reason which I shall mention hereafter, I place out of consideration.

Trout {Salmo ogla, ferox, fario, punctatus) are the most widely dis-

tributed of all our fresh-water fishes. They are found from near the level

of the sea up to the snow limit, and at elevations over 1,000 metres
above the sea they are the only indigenous fish. Just as the localities

differ in which they occur with regard to t<imperature and quantity of

water, its mobility, and the nature of the bottom, so the trout, which
are considered by naturalists as belonging to the same species, differ in

form, size, color of the skin and of the flesh, and in flavor. Although
especially well-flavored in places which are suitable for its thriving, in

less favorable and turbid livers it may be of very inferior value com-

Ijared with other fish, and it suffers at all events from a circumstance

produced by its characteristic taste, that one can scarcely find another

fish from the sea or the fresh water of which one becomes weary more
quickly. In order that the trout may acquire their flavor, clear cold

water and a stonj' bottom are necessary. They thrive of course in

streams with a muddj' bottom, especially when these have a steady and
tolerably strong influx of fresh cold water; but then they seldom have
the same flavor if they should become very fat and large. If the influx

of water is smaller, and is liable to cease entirely in the summer, so that

the water in the lakes is considerably heated, they are not suitable for

trout ; and this condition is fulfilled as a rule in all regions of country

which are situated lower than 250 to 350 metres above the sea-level

;

also in all smaller lakes. It applies even to the largest rivers rising in

the mountain-tops—more especially, though, at an elevation less than 100

metres above the sea-level. Fresh-water trout should, therefore, scarcely

be made an object of culture in small sti-eams lower than 150 metres
above the sea-level, or at all events only where the water-course is pretty

uniformly supplied with cold water the wliole year round by inflowing

brooks or springs. It niay of course live, and through bountiful feeding

reach a considerable size, in comparatively^ small streams or artificial

basins in a low country near the sea-level, but it acquires there a flavor

far inferior to that wliich it has in elevated regions.

What particularly influences the flavor of the trout naturalists have
not with certainty fathomed. It is assumed generally that cold water
with more stone than mud bottom, and rich in insect larvae, and espe-

cially in the smaller crustaceans, offers the most favorable conditions for

this species offish, especially when the supply of this kind of food, as is

the case in many places, is so great that the rapacity of the fish is either

not at all developed or but little developed, as is plainly- shown to be the

case in various waters by the whole form of the fish, and as the vain

fishing, with baiting arrangements of the most tempting kind in other

waters, appears fully to confirm. But even where the supi)ly of food from
the insect world is smaller, and where thus the preying instinct manifests

itself, the trout becomes very weU flavored if there is only a, sufficient sup-
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ply of food and the water is clear and especially cold. Tlie best-flavored

tront are found therefore in thewaters situated the highest, even up to the

snow-fields ; but where a certain water contains trout ofparticular appear-

ance and flavor, scarcely two are found alike. The trout spawn, as it

appears, exclusively in running water, especially in brooks which empty
into a lake or larger river in which they stay, and then press towards

the head-waters as far as they are able to advance. There is, however,

a theory that they also spawn in still water ; but about this there is no
positive knowledge.

The RED CHAR {Salmo salvelinus and alpinus) lives in fresh water from
the level of the sea up to a height of about GOO metres above it. In

southeastern Xorway it is a rare fish, since it seldom appears at the sur-

face of the water, and is not easily caught with the imi)lement usually

employed to catch the trout—the artificial fly. In western ISTorway,

on the contrary, it appears to be much more common, shows itself more
plentifully, and is caught by the fly in greater numbers, than the

trout. How far north this apjflies is unknown to me, but it is at any

rate the case as far as Troiidhjen. With regard to flavor the chars vary

as much as the trout. In southeastern Norway they have as a rule a

finer flavor than the trout ; especially in certain waters in western and

northern Norway it falls far below this in flavor.

How far the char can thrive is at present, so far as is known, not

determined. They appear to thrive best in deep, cool waters, with the

uniform afflux from bottom springs or brooks. It is strictly a lake

fish ; it spawns in the same water and does not ascend the brooks

which empty into or flow out from it ; at any rate not here in southeast-

ern Norway.

It is a common assumption that the char and the trout do not agree

well in the same water. The statement has been made that when the char

is introduced into water where only trout were found before, the abun-

dance of these was diminished. Although the char certainly may be re-

garded as a voracious fish like the trout, it ajipears, however, to judge

from its whole structure, to be so in a less degree than the trout. The
theory of a direct war between the adult fishes of both races mutually

is thus untenable, neither can this reputed opinion be explained. It has

been supposed that the char destroys the trout eggs and young with

greater voracity than the trout consumes the char's. This statement

appears to me entirely untenable. The trout spawns in brooks wher-

ever it can reach them, and its young remain in them in their tender

youth ; while the char never frequents the brooks. It can thus not do any

harm to these eggs or young of the trout. The char, on the contrary,

spawns in the very water where its eggs and young are entirely ex})osed

to the attack of the trout, and it refuses them certainly just as little as

other fish eggs and young, its own included. The relation is thus rather

the opposite of what is suj)pose(J- But whatever may be the relation in

this respect, and even if the supposition were well founded, the admitted
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relation cannot be taken into consideration where energetic cultivation is

in question, which does not rely upon natural culture for the preservation

or the increase ofthe abundance of fish. In reality it may possibly be that

the perfectly innocent char has been blamed for that for which the sea-

worm is held responsible elsewhere, wliile the real culprit has been man
and him alone, who has fished with stui)idity and rapacity, and will

not comprehend and confess that he has done his utmost to kill both the

goose and the goslings, in which he has finally succeeded ; because with

this explanation it is clear that the more easily accessible trout will be

captured and diminished in numbers more rapidly than the less accessi-

ble char.

If in possession of water in which it is admitted that the char will thrive

and acquire a desirable flavor, this and the trout may unquestionably

be raised together. That they will fight for the food at hand is certain

and unavoidable ; but that the char should diminish the abundance of

the trout is plainly inconceivable if the supply of both kinds is regulated

by artificial hatching and protection of the tender j'oung in the quantity

which may be found suitable for the proper stocking of the water in

proportion to its nourishing capacity. It may, of course, happen that

one of these kinds of fish will find better conditions for natural culture

tlian the other, and thus increase proportionally more in number, but in

such a case one will have it in his power, by limiting the artificial cul-

ture of the favorably situated species, to restore the desired proi)ortion.

The char is considered not only here in South-eastern i^orway as the

finest, best flavored fresh-water fish, but the same value is attached to it

also in England, France, and Southern Germany, where it occurs in the

natural or cultivated state.

Gwi:?^iAD [Goregonus oxyrhynchus, lavaretus, /era, vimha) make their

home in the less-elevated larger lakes and streams, where they, presum-

ably because of strong persecution alone, for the present reach but a small

size. Experience in the attemj^t of introduction shows that it thrives

particularly well in our more elevated mountain lakes, where it reaches

considerable size, fatness, and flavor. While it nowadays in this country,

where it occurs most generally, seldom reaches a size of two to three

kilograms, in Finland it grows to six kilograms and over. It is gen-

ea'ally known as one of our best fishes, which one can eat more freely

without becoming tired of it than trout or salmon. It is not, like the

trout, what is called a gluttonous fish, or a fish of prey, since its mouth
is small and not so armed with teeth that it can seize a somewhat de-

veloi)ed fish, even though of small size. It lives, therefore, on water-

insects of different kinds, but also, like all the others, on spawn and
young fishes. Its spawning-time is late in the autumn, and for a spawn-

ing-place it cJiooses a stony bottom in shallow water. It is compara-

tively more fruitful than the trout, sinceitseggsareof somewhat smaller

size.

This fish is admirably adapted for rearing along with the trout and the
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cliar ill the same water, since it not merely on its own account is well

worth cultivation, but also because its young are excellent food for the

larger trout, which the char on its part cannot injui-e. How high it

will thrive we have no experience of; the highest place known to me,

where it is planted and thrives remarkably, lies about 900 metres above
the sea. It appears thus not absurd to suppose that it will also thrive

under conditions otherwise favorable. But if one does not wish to make
this a special object of cultivation, and will regularly hatch out and
raise a proper number of young in i^roportion to the area of water which

he may have control of, he should, however, not neglect to stock the

water with it as a contribution to the food of other fishes. It will in

this respect possibly prove to be a kind of fish that will thrive highest

above its hitherto common place of resort.

It might, perhaps, be supposed that the i>lanting of the gwiuiad in

such places where the already indigenous fish, the trout, finds ^o rich a

supply of food that it does not devour all of it, and thus does not need

any kinds of smaller fish or young fish as additional food, would efiect an

unnecessary comiietition about food between the gwiniad and the trout,

and thereby a diminished profit from the fishery as. a whole. That this

possibly might become so by thickly stocking with both species together

cannot be contested. In such a case one obtains restricted jilanting in

the aggregate. But I should, however, think that rearing the gwiniad

by the side of the trout, whereby a variety in fish-food becomes possible

in places where they have hitherto been confined exclusively to trout,

will prove a source of real profit.

The Grayling {Thymallus vulgaris) has hitherto been confined to the

same localities as the red char in the eastern part of the country. It is

not found westward of the rivers of Laugen, Yormen, and Glommen^

and the tributaries falling into these. It resembles the red char more

closely than the trout in form, color, and flavor. It thrives particularly

in cold clear waters with afiiux of larger brooks or rivulets, with a strong

or even rapid current, against which it at certain times of the year ad-

vances, on which account also it is called, in certain places, current-

grayling. There appears to be good ground for supposing that it wiU

thrive iu suitable places as well as the red char: but as far as is known
no attempt has been made to introduce it into other lakes or ri^-ers than

those in which it naturally exists, neither has it, so far as is known,

hitherto been the object of hatching. It has, upon the whole, been less

noticed, just as it is comparatively rarer, than the red char, wherefore I

have taken it into consideration after this. The flesh of the fish is sav-

ory and very wholesome ; it takes the artificial fly readily ; and, finally, it

spawns in the spring, while the fishes previously named spawn in autumn

and winter. The first-named quality recommends it as an article of food

for cultivation in the same degree as the red char ; the other recommends

the grayling as a game fish for every one who, along with the jirofit of

fish cultivation, also prizes fly-fishing as a pastime ; and the last-named
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qaaliiy makes it just as worthy of recommendation to be bred along witli

the red char where circumstances permit, since it naturally lays its eggs

in the open water, and the fry proceeding therefrom will serve as food

for the whole planting of fishes at a time of the year when neither trout

or char eggs or young are present; while the artificial hatching which is

necessary for the regular stocking, without requiring special apparatus,

may take place in May to June in the empty apparatus used for the

hatching of trout and char eggs. For the nourishing of the young in

their tenderest youth only is required a i)articular apparatus of little

extent and expense. It is just as little a fish of prey as the red char,

and possesses nearly the same fecundity.

With these four kinds of fishes the list is complete of the salmonoids,

or salmon-like fishes, which ought to be special objects of cultivation as

articles of food. There are still a couple small fishes belonging to the

same principal division, which also deserve to be taken into considera-

tion as objects for cultivation ; but since they are sui)posed to deserve

to be considered as a natural food for the larger and more valuable fishes

rather than as food for men, for which, however, to some extent they

are used in the places where they now occur in any quantity, and since

they, as it appears, will thrive and reproduce only in larger lakes with

bottoms of a certain quality, I will refer to them under the kinds of

fishes that ought to be hatched as food for the larger and more valu-

able fishes. Should it happen that by such cultivation they will become

. so numerous that they might also be considered as food for jieople, so

much the better.

Of another chief division of fishes, the spiny-finned, which inhabit our

fresh waters, I have next cited two kinds to be considered above all

others, although it is generally supposed that they cannot be compared
with tlie preceding in flavor. About this, opinion may be, and is much
di\ided.

Of these I have placed the Percu {Pcrca fiuviatilis) first, sinee this

species is most widely distributed. It is found generally more or less

nmnerous in nearly all rivers, brooks, and lakes, even up to the spruce

limit. Whether it will live and thrive at greater elevations is, so far as

is known, not determined, probably because it is readily eaten by the

common people in the mountain districts, but is not regarded particu-

larly by the side of the trout, which is more generally distributed there.

It bears very different names in the different parts of the country where
it occurs : Abor, tryte, skjebbe, &c. It lives and thrives in all kinds of

lakes, small and great, with or without constant afflux, and is just

adapted, therefore, for cultivation in such lakes in which the previously-

mentioned kinds of fishes will not thrive properly. It is decidedly a ra-

pacious fish, and it is supposed, therefore, by fish breeders in Southern

Eurojie that it ought to be excluded from the lakes in which the salmon-

idee are cultivated. Experience in our country seems, at the same time,

to show that it cannot be very dangerous to the trout or the red char,
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siuce it occurs up to their present limits, as well as in all Avaters along

with both of these, and without, as far as is known, doing them any seri-

ous injury. It is a slothful, sluggish fish, while the trout is lively and
j)articularly quick in its movements. I assume, therefore, that there

should be no hesitation in raising the perch along with trout and other

salmonoids, if one cares to cultivate this kind of fish and the oi)j)ortunity

to treat it by itself is wanting. The flesh is found by many, when prop-

erly i)repared, to be peculiarly well flavored, especially as a change from

other fish, and it is highly nourishing. With the necessary supply ot

food the perch reaches a considerable size, up to one and a half and two
kilograms ; but if one wishes to gain this size, care must be taken that

the fish obtain abundant nourishment from other smaller fishes of difli'er-

ent kinds. It spawns in spring. May to June, and is peculiarly fruitful.

The genus of fish most closely related to this is the Peech Pike
{Lucioperca sandra), one of our largest lake-fishes, and also one of the

most savory ; it grows to a size of 12 kilograms and upwards. It is

found at present in only a few of our larger, least elevated lakes ; it is

not found in this country north of Oieren. As far as known, no one has

attempted to introduce it to other lakes, although there are a great number
of such in which it doubtless would thrive well. Since the fish is very-

little known, I shall state that its flesh is as white as the cod's, likewise

just as free from bones, and it is, although of a somewhat more decided

flavor most nearly like that of the turbot—rated by most persons who
know itjust as highly as the best cod. Its natural place of resort shows

that this fish is not adapted to the colder, more elevated lakes, and that

on this account it cannot be expected to thrive where the conditions are

particularly favorable for the thriving of the trout. Since it is, besides,

a predaceous fish, which is considered more voracious than the perch, it

should not be bred together with trout or red char. While, on the con-

trary, the gwiniad remains more at the surface of the lake, while the

perch-pike, by preference, remains at the bottom, there can be no objec-

tion against j)lanting them in the same lake. That care must be taken

to supply suflQcient food, if one desires a rapid develoi^ment of this fish

to a suitable size, is self-evident. It spawns in spring, and is very fruit*-

ful.

Of the soft-finned fishes, 1 will state that only one species will be

taken into consideration for cultivation, namely, the Pike {Esox lucius),

the most voracious of all our fresh-water predaceous fishes. It is con^-

paratively little distributed in our country
;
generally it can be said to

be only in the eastern parts, where, it is true, it ascends in the great

rivers to a height of 250 to 300 metres above the sea in the Glommen

;

but in smaller lakes and in the larger western rivers it occurs scarcely

higher than 200 meters above the sea. In the whole southern and

western part of jSTorway it occurs in only a few places, where it ap-

pears to have been introduced, while in the eastern and northern por-

tions of the Scandinavian peninsula it is generally distributed far into
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the interior ; it is fouucl thus in many lakes on the boundary between

East Finmark and Finland. In the region of the country where the pike

is indigenous it is a well-esteemed fish, though, of course, not so highly

esteemed as the trout or the gwiniad. In the portions of the country,

on the contrary, where it has been introduced, and this applies to the

region to the west and north of the valley of the river Drammen, and to

this valley itself, in which last it was introduced not many years ago,

it is less prized as a means of food. It is, taken on the whole, an in-

dolent fish, which, however, when it sets out to seize a victim, can move
itself vei-y quickly. It is thus a dangerous enemy of the trout, and an-

nihilates this wherever they are found in the same lake, in the regions

which are favorable for its thriving, namely, the stiller, shallower,

and thus warmer portions of the same. Syrifjord, at Eingeriket, otiers

a good illustration in this connection. In its tributary, Stenstjord, and
the shallower portions of Tyrifjord itself, the pike rules, and it is a rare

thing to get a trout without much walking. In Holtsfjord branch, on the

contrary, it is much deejier and colder, and in its immediate vicinity

the trout is the presiding fish ; and here it is just as great a rarity to

capture a juke as it is to catch a trout in the other i)laces.

With abundant supply of food the pike grows rapidly, and it may
reach a very considerable size, 12 to 18 kilograms and more. In all

lakes of lower elevation, for instance such as are liable to want supplies

in the great drought of summer, the juke may profitably be cultivated

along with the perch, which is its usual associate wherever it occurs,

and the pike-perch, which is ver}- nearly as voracious a fish of prey. It

spawns from February to midsummer, and is, like the j)receding species,

particularly fruitful ; its own offspring, therefore, constitute a large part

of its food.

The Crawfish, like the pike-perch and the pike, frequents the less ele-

vated watercourses in the eastern portion of the country. Up to a few

years ago it was not found west of the valley of the Glommen, and in this

region not higher than a hundred metres above the sea, in the smaller

and warmer rivulets, brooks, and lakes. In the Glommen jiroper, it is

very' rare and does not extend up to Mjosen, i)robably because of the

greater coldness of the water than in the tributaries. About twenty

years ago it was transported to Stensfjord. It appears that it has not

distributed itself there very much. Although comparatively little dis.

tributed, and thus little known in this country, it is liked by many
where it is found. It might with ease be transported to many localities

on the western low-lying rivers and lakes, and its cultivation and fat-

tening are very easy.

With these I think that the list of fresh-water inhabitants worthy of

cultivation for food ought to end. The fishes belonging to the last-

named principal division (soft-finned), the extensive family of carp-like

fishes, CijjmnidcB, of which many kinds are found in this country, and

among which the bream in particular is the principal one and the most
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Tvddely distributed of the largest of this family, I think do not deserve

especial cultivation, except as food for those previously named, in places

where any of the cyprinoids will thrive. They all stand—at all events

those which are now at all abundant in this country—far below aU of

the previously mentioned in flavor, and are distinguished by an abund-

ance of bones of the finest and most pointed kind, which make it a

troublesome, sometimes painful, matter to eat them. The carp proi^er,

which in more southerly'- countries has been and now is an object of

breeding, is found in only two places with us, where it is introduced,

although it is said that the attempt of its importation in ancient times

was made in many places, but without success. What value the carp

may have as a source of food in comi)arison with the species of fish

named, I cannot decide. I am inclined to believe that it does not much
suri)ass the bream in this respect. Should any one wish to undertake

to cultivate it, places may be found, of course, where this may be done
successfully, but it must take place in waters of entirely different quality

than those in which it is said that such culture was attempted before.

Low-lying warm waters, deep in places, with muddy bottom are their

proper haunts. All carp-fishes are very prolific, and live principally on

vegetables partly rotten. They are thus just suited as food for others

—

carnivorous fishes.

The same reason which appears to disparage undertaking the culture

of any genus or species of the Cyprinhkv* does not, on the contrary,

apply to the Lake (Lota), which is a rather generally favorite food in

the early months of the year wherever it occurs, namely, in all the great

watercourses of Southeastern Norway up to quite a considerable height;

in the Glommen as far as Eoros. This single fresh-wat^r representative

of the cod family is a greedy fish of prey, and is jiossessed of very great

fertility, so that, on the one hand, it is little adapted for the stocking of

waters where other more esteemed si)ecies of fish are bred, while, on the

other hand, its natural fecundity is sufficient to maintain the race in proper

abundance; from which it happens, furthermore, that its haunts have

such an extent that individuals rarely have any particular interest in

their increase. Should we ever x^roceed so far that systematic cultiva-

tion, for the interest of all, of the abundance of fish in the large lakes or

larger diA^sious of our greater water-courses should be practiced, and
should one then ever consider it of interest to increase the supply of this

species of fish, it will be very easy, by hatching out the sijawu, which can
be procured with ease in great quantities, to provide for the develop-

ment of great multitude of young.

It cannot be open to question that one, by artificial hatching, and by
protected rearing in their tender youth of the young thus jiroduced, as

long as the natui'e and mode of life of each particular species of the

* If oue wishes to describe this great family of fishes by the quality most apparent

to people iu general, one should style them the fishes crammed with fine bones and

with insipid flesh.
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cultivated fishes require, will be enabled to increase tlie abundance of

lisli in our lakes and rivers to a very considerable degree. All of these

waters at one time were ranch richer in fish than they now are, and it

is thus a certain thing that, without any care in this direction, they will

supply nourishment for a considerable increase of a number of fishes in

the futiu^e just as well as they have done in the past. But if one enters

into the cultivation of fish, it will be just as unreasonable to stop at

the limits which the natural fruitfulness of the water establishes as it

would little reward the farmer to neglect to increase the natural fruit-

fulness of the soil, esi)ecially as it is just as easy, perhaps much easier,

to pi-oduce an increase of the nourishing capacity of the water as to fur-

nish to the soil the materials which are necessary to increase the crop.

Such an increase of the fertility of the water may be brought about

in many ways. The simplest, as before remarked, will be, along with the

fishes which are the objects of culture, to hatch out, and in the proper

degree rear, other fishes, crustaceans and mollusks, as food for them, to

the extent which i^revailing circumstances in every place will allow; and
these conditions will be found to vary to a considerable extent. Along
with these means one may naturally also employ artificial—if one will

unnatural—food, and therel^y augment the yield in an extraordinarily

high degree ; but the opportunity of procuring this kind of fish-food is

in a still higher degree different from increasing living organisms. I will

therefore, place it out of consideration.

As fish-food are adapted, chiefly

—

Orekjyten, Gorkjyte, Gorkim (Phoxinus aphya), which occurs as far

up as 900 metres above the sea. It may be that it, like the gwiuiad, will

admit of being i)lanted and thrive in still more elevated lakes and brooks

than those in which it occurs now. One thousand two hundred to 1,300

metres above the sea-level should be regarded as the limit of the occur-

rence of the trout, and it is perhaps not impossible to introduce the Orek-

jyten to this height ; ifnot everywhere, at least in certain places, where the

proximity of the '' Snchraiernes'''' is not too great.

It multiplies rapidly, and since it spawns in or after midsummer, its

spawn or young will supply the young cultivated fishes of all kinds at a

time of the year when other spawn and young do not occur. It is at all

times a cherished food for trout. Where this fish will no longer thrive,

on account of the elevation above the sea, one has probably no other

species of fish to j)lant in its place as food for the larger choicer fishes,

except young gwiniad (Sik), as far as these will thrive upwards. The
minnow is regarded in many places in the country, as before intimated,

as injurious, since it is with reason supposed that it destroys the spawn
and young of the choicer fishes in great quantities. Thereby it counter-

acts, just as all other fishes without exception, the natural culture of all

fishes ; but this circumstance wOl, as repeatedly stated, lose all imj^or-

tance when we, as a fundamental condition for fish-culture, begin by con-

stantly providing for such a planting of fully-developed young fishes of
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tlie kinds wliich one prizes as objects of esijecial care, as corresponds

with the existing" nourishing capacity of the water-area. The more min-

nows which under such conditions occur, and the better they thrive, the

more profitable for the development of the species of fish which one de-

sires to produce as the particular fruit of culture.

A species related to this

—

The MoRT {Leuciscus rutilns), occurs in the eastern and southern

portion of the country in nearly all the waters and rivulets with a cur-

rent not too strong and with a muddy bottom, up to a somewhat lower

level than the preceding. It will probably also admit of being planted

in waters more elevated than those in which it is now found. It is, as

the most of the genera belonging to the great cyprinoid family, i)artic-

ularlj' fruitful. It spawns in spring, in April and May. There is no diffi-

culty in the way of its introduction in great numbers, if it be found

necessary in this way to insure that the supply of this food may not di-

minish too much, which may easily occur with merely natural reproduc-

tion, where the spawn as well as the tender young are the defense-

less prey of every fish, small and large, of other and even the same
kind. At a still lower height occurs another cyprinoid

—

Lau or LojE {Alburnus htcidus), which occurs in large lakes and
rivers, but resembles the mort in habits and appearance; the most evi-

dent difference is that it has a yellow iris, while the mort has a red

one. It spawns on grassy bottoms, at the same time as the mort,

and might j^erhaps be introduced to more elevated waters. Both of these

species feed on aquatic plants as well as aquatic insects. It tlirivesthus

in a less degree than other fishes of choicer kinds, if the insect world

yields it nourishment.

The Karudsen {Gyprinus carassius) lives in j^ools and ponds Avith

muddy bottoms, up to a height of 150 to 200 metres above the sea-leveL

It will probably easily admit of being transferred to more elevated j)lacea

in still waters with muddy bottoms. It lives, as the two species pre-

viously named, to a great extent on vegetables, occasionally rotten ones.

It spawns in May and June, and is very fruitful. The Karudsen may
reach a very considerable size, even up to one kilogram, and are then

considered well flavored.

Of the salmon family occur, as before intimated, in the great Scandina-

vian lakes, two species, which may be mentioned.

Slom or ISToRS {Osmerus epcrlanus) and Lake Herring or Sikloje
{Coregonus albula) appear abundant in very numerous schools where

they are found. Both occur in Mjosen, where the last, at the spawning

time in autumn, is now and then caught in great multitudes, many hundred

barrels. In Sweden, also, the nors is caught in great abundance at the

spawning time, which occurs in March to April. The attempt has been

made to introduce the lake-herring into many of our larger lakes, but the

attempts hitherto made have, so far as is known, not succeeded. If suffi-

cient care should be exercised, it might be possible to introduce both
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species to many lakes, and to greater heights than those at which they

now occur ; and they will then, even if one may not wish to use them

as food for mankind, be particularly useful as food for other larger fishes

which persecute them with eagerness.

As being closely related to fishes, must another class of animals which

may serve as nourishment both for larger and smaller fishes not be Teft

out of consideration, namely, frogs and toads. Just as the grown an-

imals are relished by the larger fishes, so are their eggs and tender

young a favored food for smaller fishes of choicer kinds. To transfer

these animals from one water to another will, of course, hardly be suc-

cessful, since they are just as much laud animals as they are water ani-

mals ; but nothing is easier than to transfer their eggs or spawn laid

here and there to basins or waters where it may be of use.

As is seen from the foregoing brief representation, the ability to pro-

cure natural food for the larger fishes is all the greater and easier the

lower the water-basin lies which shall be prepared or preserved for fish-

cnlture. This is a very favorable circumstance, because the lower the

level becomes, the higher the water's average temperature, and the less

uniform the water supply, the more voracious, as it aiiiiears, become the

species of fish which may be made the object of successful culture. Even
the trout becomes in the less elevated warmer waters more of a preda-

cious fish than at greater heights. Whether this is because of the

greater wealth of insect food in the elevated regions than in the waters of

the lowland, or owing to other circumstances, we have as yet scarcely

any certain knowledge or conjecture about j the fact is in the meantime

as stated. A commonly received opinion, especially with regard to the

trout, which, with the exception ofthe red char, is regarded as th e best of all

our fresh-water fishes, perhaps because it is the mostcommon—is at the

same time that fish of the salmon family become all the fatter and more
savory the greater the supply they find of insects, crustaceans, and mol-

lusks. This supply is meanwhile, as experience teaches, very diiferent

in different waters. It shows, therefore, of itself that also in this direction

one ought to provide, as far as possible, for iirocuring himself a supply

of food by stocking the waters in which fish-culture is prosecuted with

the species of these kinds of animals which admit of being transferred

from one place to another.

The same opinion is stated by Prof. G. O. Sars, in a jmze essay on

Norwegian Crustacea, issued as a iiublication of the university in 1865:

" One will be able to form a still clearer idea of the enormous numbers
of these animals if one reflects that tliey, notwithstanding their small

size, constitute the chief food of most fresh-water fishes, a fact which is

sufficiently established by Leydig, who, upon the dissection of very many
different kinds of fresh-water fishes, always found the stomach's con-

tents almost exclusively to consist of entomostraca and copepoda. It is

thus most highly probable that the good quality of fish in different lo-

calities largely depends upon the greater or lesser quantity of these small
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animals, wherefore, even from practical considerations, in tlie artificial

fish-culture so zealously carried on in our time, they certainly ought not

to be left entirely out of consideration. They will especially recommeml
themselves as wholesome and efficient nourishment for the still delicate

young fishes, just as, also, certain species deserve to be planted in larger

fish-ponds. These small animals play a still more imj^ortant role in the

great economy of nature by filling all the stagnant pools and swamps
with their countless multitudes."

The recommendation suggested by the professor concerning the culti-

vation of these crustaceans as food for fish-fry was about the same, prac-

tically, as that attem]3ted by Mr. Sanvedon in the vicinity of Paris in

1864, '65, ^GG, and '67, and has comi)letely answered the purpose.*

The aquatic insects which, after passing through the larval condition

in the water, take on a winged form, it will perhaps be difficult to trans-

port from one place to another ; it will, however, be worth the trouble

to attempt it. The animals of the extensive crustacean or crawfish

family, which live in mud or among the stones at the bottom of the wa-

ter—which by common people are called Grundaat, because they destroy

fishing implements placed on the bottom—easily admit, on the contrary,

of being transported from one bodj^ of water to another; and since they,

with little care, multiply with great rapidity, there will be no difficulty

in making a supply of this nourishment amj^le in the basins which may
serve as abiding places for the younger fishes. Since these basins must
stand empty at certain intervals, it is easy to provide that a new after-

growth of such crustaceans shall take place when the basin again is to

be used, if the quantity of these should be improperly reduced by a pre-

ceding stock of fishes. IIow far the free-swimming crustaceans, which

sometimes occur in countless quantities even in the most elevated

mountain streams and throughout the larger rivers, will admit of being

introduced to waters where they do not occur, is a question well worth

examiuatioD. I have seen the Yormen so full of these animals that it

appeared as if there were one to two animals in each cubic inch of water,

at least nearest the surface.

They think they have discovered in Scotland that the fatness and the

flavor of the fish in certain waters was really to be attributed to a mol-

lusk, a icater-snail, which lives in these waters in great abundance, and
this species of snail has, therefore, already been introduced into this coun-

try, but is hardly distributed as far as it is desirable it should be. The
introduction of these animals into new waters in which they can live is

not difficult, and since their fecundity is very great, a great wealth of

food will very quickly be produced for fish whose cultivation may be

attempted by their introduction.

Of the species of fish which belong as well to salt as to fresh water

there are only three, the salmon {Salmo salar), the sea-trout {Salmo

eriox and trutta), and the eel [Murcena anguilla).

* Bulletin de la Soci6t6 d'Acclimatation, December, 1867.
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The two first-named kinds have been previously so far mentioned that

I shall in this place merely add a few remarks. Both are born in fresh

runnings water, both remain therein during their earlier youth, and go

therefrom to the sea, where they quickly develop, after which they again,

driven by the instinct of reproduction, return to the places where they

were born. Some have thought that this returning, at all events so far

as the salmon are concerned, is also caused by the instinct of freeing

themselves in fresh cold water from certain parasites which infest them
in the sea in summer ; but this appears scarcely probable, since the lake

and river trout are also attacked in summer by similar animals. The re-

turn to fresh water takes place earlier in the case of the salmon than

with the sea-trout, which last, as a rule, first enters the mouths of the

rivers towards autumn. Owing to this circumstance, one has a longer

fishing season for the first than for the last.

It is thought that the salmon and the trout do not agree well, but

conflict with each other about the spawning-places, so that where the

trout appears in any great abundance, particularly the large form, erioae,

there the salmon decreases, and vice versa. It may, however, be some-

what doubtful how far this observation is founded upon any mutual an-

tipathy between the races. It may possibly be based upon other cir-

cumstances; for instance, conditions accidentally more favorable for the

propagation of one species or the other in different years, which plainly

will cause one or the other species to occur in greater comparative

abundance some years after than was the case earlier.

With regard to flavor, the salmon must generally be preferred to the

trout, particularly salmon of the better kinds. It has already been

stated that salmon, like the fresh-water trout, vary considerably in

quality from one place to another ; this is, however, true in a less degree

with the ocean-trout. In the salmon this may be the case even in a

very high degree with fish from adjacent rivers, a phenomenon which
can be explained only by race differences, since fish from the different

rivers get their development in the sea, where both find equal conditions

for thriving and fatness. At Christiansand we have a striking example
of this. While the salmon in Torisdal Eiver is plump and beautiful in

form, bright in color, and must be called excellent in fatness and flavor,

the salmon of Topdal Eiver is thin, dark in color, and can be styled noth-

ing but indifferent or even bad in plumpness and taste.

In regular culture one has it in his power, among fish as \\'ell cattle, to

select the best races which are known, and it seems to be beyond ques-

tion that these, transplanted to a new locality, will retain their pecul-

iarities
;
because, as remarked, the wealth of the sea is everywhere free

for all, and supplies all a like abundance of food. What can produce the
existing great difference in adjacent places is not easy to perceive.

The only mode of explanation seems to be this, that the rivers possess

very different nourishing capacity for the tender young, so that they in

one in a manner are checked, while in the other they thrive greatly.

37 F
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Should this supposition be well founded, which the attempt of a few
years with spawn brought from another place will show, then one should,

in the places which prove to be less favorable, seek to provide the

remedy for the absence of nourishing capacity for the young by direct

feeding, and also constantly renew the race by bringing spawn from
more i)rofitable places.

But even an inferior race of salmon grows much more rapidly than
sea-trout, even the larger form, so that the relation between these with

regard to yearly increase of growth will be not far from the same as

previously pointed out with regard to the relation between salmon and
lake-trout. If, then, the mutual antipathy mentioned between the

salmon and the sea-trout may be only a baseless conjecture, this differ-

ence in growth from year to year, in connection with the salmon's re-

turning to its birthplace earlier in the year, will cause its culture to be-

come much more jirofitable than that of the sea-trout, which requires

just the same labor and outlay for apparatus. It has been jjreviously

stated that salmon-fishing ought to carried on in such a way that one,

at all events after hatching has been prosecuted for three or four years,

will not catch any but grown fish, that is to say, of about 6 kilograms in

weight. The apparatus which will be required for such fishing will be
unserviceable for the capture of sea-trout, which only at a comparatively

advanced age reach such a size. I should, therefore, consider it best to

undertake the culture of only one of the fishes mentioned, and then

preferably the more profitable one—the salmon.

For both these species of fish in question, one is clearly free from all

care with regard to their nourishment, except during their earliest youth.

The wealth of the sea in food which they require is certainly boundless;

at all events, men are able, so far as their insight at present extends, to

do nothing to increase it, even if it should be considered desirable.

As regards the eel, it acts just the reverse of the species previously

mentioned. It is bom, so far as we now know, in salt water alone, and
migrates from this in early youth, when of the size of a coarse darning-

needle, up along the brooks and rivulets to the fresh waters, where it

passes many years of its life. In migrating up into the water-courses

it is not easily stopped by any obstacle ; if the current is stronger than

it can swim against, the young eel takes to the land, and continues its

way in compact columns of many thousands on the moist bank ; it

winds even ui) the trunks of trees in dams, and thus advances where
one would consider it impossible. The migration takes place, as re-

marked, in dense multitudes of many thousands. Whether or not eels

are born in the sea we have no certain knowledge, neither do we know
whether they are also born in fresh water.

The journey of the eel-fry up into the water-courses takes place in

April, May, and June—in different places at different times, probably

according to the condition of the weather. From midsummer and
during autumn, especially during the dark autumn nights, the adult
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eel goes from the fresh waters, where it has passed its preceding life,

down into the sea, as commonly supposed, to propagate its species, and
thereafter does not return to the fresh waters, but continues its life in

the sea, where it is thought to make regular journeys from place to

place. No one has ever come across adult eels migrating upwards from
the sea. What causes this wandering out to the sea no one knows.

The exodus includes both larger and smaller eels at the same time,

which do not appear to be of the same age or degree of maturity, and
so there are found simultaneously in the sea both small and large eels,

as in the fresh waters from which they descend. It is a warm-water fish,

and therefore is seldom found more than 500 feet above the sea-level,

but thrives in all kinds of waters, large and small, with or without afflu-

ents, if they only have a muddy bottom in which they can bury them-

selves in winter.

It lives exclusive^ on animal food—insects, snails, fish, and flesh

of all kinds until and after it has become putrefied. It is easily

caught in many ways ; the easiest, however, appears to be unknown in

this country, at all events it is employed very rarely—namely, to cap-

ture it in so-called eel-traps in its migration towards the sea, which is

universal over all Sweden.

It is considered by many a very well-flavored fish, and commands a

high price. It grows very quickly. While 1,800 young eels are required

to weigh a pound, one-half kilogram, onl}^ 30 yearling go to make up the

same weight. At the age of three or four years the eel reaches a
weight of one kilogram. One can cultivate it by collecting the young
during the migration from the sea, and therewith stocking ponds and
pools, and if one provides for a sux)ply of food, living or dead, they will

grow quickly. The mode of cultivation which, however, will jJresuma-

bly answer the purpose best will be to place the eels which are caught

in the river or the sea, fresh or salt, and which may not have reached a

suitable size, in a separate pond, and then to feed them well with all kinds

of ofifal of flesh and fish, to which there must be easy access ; if it is a

little putrefied it will, as remarked, do no harm. They will then grow
very quickly, and give a good return for their care and food. One must
in the mean time look out that they do not escape from the pond, by sur-

rounding them with an iuclosure which the eel cannot climb over or

creep through ; otberwise they will in the night, during a heavy dew or

rain, leave the pond aud disa[)pear. A belt of loose sand about the

pond will prevent them also from escaping, if it has sufficient breadth. A
pond for such purpose ought to have a muddy bottom and hollows in

the sides in which fish may conceal themselves and find shelter both

in warm aud cold weather; if one can conduct running water through

the pond, it will become so much the more profitable. In an extent of

twenty square meters 150 to 200 eels can be accommodated and thrive

well, if they simply obtain sufficient food.

This fish is well adapted for stocking ice-ponds, which, because of a
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want of a regular water supply or other circumstances, cannot be used for

salmon or sea-trout. There is no difficulty in planting them. The young
eels will be found in all rivulets which proceed from waters wherein the

eel lives, regularly every spring, if one takes the trouble to look for

them in May and June. They migrate, as remarked, not singly, but in

dense masses of many thousands, and can be collected with ease. If it

is necessary to bring them from a very great distance, the transportation

is not difficult. The eel's tenacity to life is known, and they are able to

live many days in water-plants if they are now and then moistened and
kept in a cold i)lace.

IV.

ACQUIRED EXPERIENCE.

In order that one may form an idea by any means clear concerning

what profit he may expect from systematic fish-culture prosecuted

to a different extent in different localities, it is necessary to know the

results which have been reached from such culture in other places. I

shall, therefore, communicate below a few instructive illustrations sought

among a multitude of experiences in different countries and authentic

sources.

In the State of Kew York, in the vicinity of Caledonia, Messrs. Seth

Green, A. S. Collins, and S. M. Spencer, in 1865 to 1866, constructed a

fish-farm nearly three-quarters of a mile (1,200 meters) from the source of

the Caledonia Springs, a brook which originates from springs in the bot-

tom of its bed, and which at the farm conveys a bulk of water of nearly

80 barrels, or about 10,500 liters,* per second, or about 9,000,000 hecto-

liters in twenty-four hours ; a respectable body of water, which is com-

pletely at the disposition of fish-culture. The farm contains an area of

about 20 hectares, which, in a length of about 800 meters, is traversed

by a brook. Since the ground is quite level, there is no overflow

into the brook, whose water, therefore, is perfectly clear; it contains a

small portion of sulphur and chalk, but these must be well adapted to

the fish, since the brook has been renowned for its trout, which are now
numerous in it. The object of the construction of the farm was to rear

trout for sale as food, but circumstances have caused the operations to

involve chieflj^ the bringing in of impregnated eggs, newly-hatched young,

and one to two years' old fish for sale for stocking other lakes, brooks,

and ponds. Many millions of eggs are hatched out annually .t

The selling x^rices are: For a single thousand impregnated eggs, $10;
many thousands and upwards, $5 to $S per thousand ; for newly-hatched

young, $30 per thousand
;
yearlings, $12 per hundred ; fishes two years

old, $25 per hundred, or a little over the price of dead fish for food, l^o

more old fish are kejit and reared than are necessary to procure the de-

* One liter ^:= 1.0362 quarts; one hectoliter= 103.52 quarts.

t Seth Green: Trout Culture, 1870. Leon Soubeiran: Pisciculture dans I'Amerique

du Nord, 1871. Raveret Wattell Progrfes de Pisciculture aux i^tats-Unia, 1873.
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sired quantity of impregnated eggs. If we estimate that only 2,000,006

eggs are sold annually at the lowest price, these yield a gross profit of

$16,000, or $800 per hectare ($80 per rood) of the whole property, which

can only be in part occupied by them for the necessary fish-culture ponds.

Mr. Green states that a pear-shape basin of C.3 meters in length, 1.9

meters in breadth about the middle, and from 0.15 to 0.64 of a meter in

depth, with a capacity about 3.6 cubic meters, and with a water sujjply

of 1.6 liters of filtered spring water per second is quite sufficient for 6,000

to 8,000 young after they are completely hatched, when they begin to

take food of their own accord.

That a similar pear-shape basin of 9i meters in length, 3.15 meters in

breadth at about the middle, and a depth 0.15 to 1.26 meters, with a ca-

pacity about 15i cubic meters, and a water supply of about 37^ liters of

brook water in a second, will be sufficient for 5,000 two-year old fish

;

while a similar basin 15.75 meters long, 9.5 broad about the middle, and
from 0.15 to 1.5 meters deep, with a capacity about 48 cubic meters, and

a supply of running brook-water equal to that of the last smaller basin,

is fully sufficient for 2,000 fish in the third year; observe, under the con-

dition that the temperature of the water is not under 1° (34.25° F.) and

not over 12° R. (59° F). The fish will die if the temperature of the water

rises to 16° R. (68° F.), unless there are cold springs in the bottom of the

basin which will cool off the water. The rule is, the colder the better

down to the limit stated.

The hatching is tlone in a trough 20 feet long, 18 inches broad, and 6

inches deep, which is divided into compartments 18 inches long by cross-

pieces 2 inches high, which are secured to the sides of the trough ; other

such cross-ineces are used at pleasure, or when it is necessary to make
the water deeper. The bottom of the trough is covered with shingle.

The spring water is filtered in a trough 6 feet long, in which are placed,

at an angle of 45°, three to four screens covered with flannel, to give the

greatest possible filtering surface. The loss of eggs in hatching does not

exceed 6 j^er cent.

Later, Mr. Green was appointed superintendent of the fisheries of New
York State, and he constructed a State hatching-house on the same
brook—Caledonia Springs—in which are hatched out and distributed

annually 4,000.000 to 5,000,000 of impregnated eggs and young. *

Count M. de Causans, on the 10th of December, 1858, t the lake be-

* One of the lierriug family, Alosa sapidissima (the shad), wliich in America is very

highly esteemed as an article of food, aud which, like the salmon, spawns in freshwater,

had been for some years almost iished out. Mr. Green has in the later years annually

hatched millions of young of this lish in open water—one year nearly 8,000,000—so that

now the abundance in many places has become just as great as it was a hundred years

ago. The young have been carried from New York State to streams in California,

where they thrive well, although this fish did not before exist on the Pacific coast. A
couple of genera related to this fish are found sporadic on our coast. Would it not

be worth the trouble to attempt the introduction of the dainty shad to our coasts and
rivers ?

t Bulletin de la Soci^t^ d'Acclimatation k Paris.
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longing to him, Saint-Front, in the canton Fay-le-Froidi, department
Haute-Loire, in France, has a surface of fully 30 hectares, a depth of up
to 10 meters, and an elevation of 1,200 meters above the sea. It is fed

partly by numerous springs in the bottom of the lake, partly by brooks

which ilow into it after first traversing the meadows which surround the

lake ; a larger brook. La Gague, carries the water from the lake to the

river Loire. The lake contains trout which are much esteemed, and
which are sold on the spot for 2 francs 50 centimes to 3 francs per half

kilogram = 1 Norwegian pound.

Until 1854 they restricted themselves to liberating in the lake a few
hundred small trout caught in the brooks ; but this autumn they took

pains to procure 30,000 to 40,000 impregnated eggs, which were placed

in an apparatus constructed for the purpose in the lake itself, to be
hatched out. In subsequent years this was annually continued in an
increasing scale, just as persons by cleaiung out the tributary brooks

have attempted the improvement of natural culture. In the space

of the year 1857 by net fishing they took regularly from 25 to 30 kilo-

grams of fish of an average size of 300 grams every time. He can now,

without interfering with the abundance of the fish, sell at least 15,000

kilograms annually, and his manager, Mr. Millet, thinks that one might,

without injury, take 200 kilograms per hectare annually. The lake con-

tains also carp and other cyprinoids, together with an abundance of

minnows and frogs, which serve as food for the trout.

The Marquis de Selve has constructed a fish-cultivating establish-

ment* at Godset Villiers, in the communeCerny, in the department of the

Seine and Oise, near Paris. It consists of a canal with manifold wind-

ings, which in a total extent of 12 kilometers (one Norwegian mile), tra-

verses a nearly horizontal field of 12 hectares, and ends in a larger

basin from 10 to 30 meters in diameter, and is 5 meters deep ; the canal

is 2 meters in breadth, and is fed by water taken from Cerny canal,

which from the basin flows out again into the river Essonne. The
whole inclination from the beginning of the canal to the outlet from the

basin is only 80 centimeters, but the water supply is sufficient to main-

tain a suitably strong current ; ^'arious rather strong springs increase

at many points the water supply, as they furnish the hatching apparatus

with the necessary water for the development of salmon and trout. At
the highest portion of the field are constructed smaller canals for the

rearing of the delicate young until they have reached such a size that they

can be liberated in the larger canals. There is abundance of water

which nourishes an endless multitude of small crustaceans, and the bot-

tom contains lime, which is of great advantage for the development of

the common large crawfish.

In the spring of 1864 was begun a project of digging a couple of kilo-

meters of the large canal to experiment with trout and the common
* Rapport par Ch. Wallut, 15 Mars, 1867, Bulletin de la Soci^t^ d'AccUmatation k

Paris.
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crawfish. Young trout were purchased from a hatching establishment

in Paris ; but even the results reached in a few months determined the

marquis to give his apparatus the full extent intended. In the month

of October, 18G4, therefore, a multitude of workmen engaged in digging

the rest of the 12 kilometers of canal ; in April, 1865, the water began

to traverse the whole length. The expenses of the scheme (the digging,

locks and bridges, buildings, purchase of eggs, fish, crawfish) amounted

to fully 150,000 francs, and the exj)enses of maintaining, for food, watch-

ing, repairs, instruments, &c., must be estimated at about 12,000 francs

per year.

According to the report the establishment was partly three and one-half

years old, and the rearing of crawfish was carried on for the same length

of time. Unfortunately, crawfish grow slowly; it requires eight to

ten years before they can be offered in the market of Paris. In order

to shorten tliis time, 325,000 crawfish of three to four years old were

gradually purchased and liberated in the canal. These have thrived

wonderfully, and will admit of comparison, so far as flavor and size are

concerned, with the best crawfish from Maas Eiver or from Germany.*

They have multiplied^^nd are found of all sizes from one to three years.

The Marquis de Selve estimates the number at 8,000,000 to 10,000,000,

which by no means appears overdrawn. Last year already he sold

many thousand francs worth ; this year he expects to sell over 20,000

francs worth. Since Paris is supplied for the greatest part from Hol-

land and Germany, an interruption may easily occur in the shipping,

and a cessation of nearly twenty-four hours brings up the price to double

or triple what it was. The marquis, who is close by and can obtain in-

stant information, can take advantage of these accidental pauses, and

has therefore constantly a reserve on hand for such fiivorable opportu-

nities. The marquis, however, cherishes no illusions ; as soon as autumn
approaches various sacrifices must still be made. To insure the ability

to deliver a uniform supply he must still for three or four years stock

his canals with crawfish to the amount of 25,000 francs yearly, in order

to be properly furnished with spawners. The profit on these purchased

crabs is only 12 to 15 centimes (2.2 to 2.7 cents) apiece ; when those

born in the establishment are grown, the case becomes entirely different.

There are sold now about 1,000 crawfish daily.

Besides crawfish are cultivated also trout and other salmonoids. The

first planting is nearly three years old. On the 18th of August, 1866,

was caught a splendid trout; it was not weighed to avoid injuring it,

but from its appearance it must have weighed between 2 and 2^ kilo-

grams at the age of 27 to 28 months ; it was sent away living as a pre-

sent because of its size and beauty. Trout 20 to 24 months old weigh

from 500 to 750 grams.

The hatching apparatus is placed in a separate building in connection

* Crabs are almost as necessary a constituent part of a French dinner as meat or

fish ; if not as a dish proper, then as a means of decoration.
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with the smaller canals. Three watchmen with large dogs keep off rob-

bers
; besides, many workmen of different kinds are employed. For

feeding are used two horses weekly at 25 francs apiece, together with

carrots and other vegetables to the amount of 5,000 francs yearly ; each

adult crawfish consumes one gram of tiesh or carrots daily. The marquis
has full confidence that the scheme will pay when it comes into full con-

dition and operation.

Mr. Livingston Stone, in Charlestown, i^Torth America,* arranges from
his own exijerience the following propositions

:

1. Under favorable conditions the increase in weight of a trout in the

third year equals a fifth part of the food it consumes.

2. For a trout of this age the daily ration of flesh or fish offal ought
to be about a hundredth part of its weight.

3. At this age the weight generally doubles in the space of a year.

With care and abundant food one may reach the same result in 6 months.
April to September.

4. All kinds of viscera (lungs, liver, &c.) are adapted for food for

adult trout. During the first C months the cost of the food for the young
is next to nothing.

5. Even in summer, fresh trout, packed in ice and sawdust, may be
shipped a long distance. Thus treated they endure railroad transpor-

tation for a distance of 500 miles (800 kilometers).

The price of trout in the markets in New York varies from 50 cents

to $2.25 (1.80 to 4.50 crowns) per pound.

At many establishments in Auvergne in North France,! the following

results have been reached. Of salmon, trout, and red char have been

hatched out 92 to 98 per cent, of eggs imi)regnated according to Professor

Coste's plan. At the age of 24 to 20 months, trout and red char reach a

length of .25 of a meter and a weight of 200 to 300 grams ; at the age of

three years they reach a length of .30 of a meter and a weight of 500 to

700 grams. Four year olds are .40 of a meter long and weigh from 800 to

1,500 gams. The average loss from different causes is only 5 per cent,

yearly although the temjierature of the water in many places ui summer
now and then rises to 24o C. = 19.2 R. (75.2° F.).

In Bayern various fish-cultural establisments have existed for many
years. One of these founded in Miinchen by a fish dealer, Mr. Kiiffer,

deserves a somewhat detailed descrij^tion, since it is distinguished as

much by the simplicity of its construction and the smallness of the space

on which it is built, as by the profitable results which have been reached.

It is situated in one of the suburbs of Miinchen, and is fed partly by
water from the river Iser, partly from a strong spring which comes up
on the upper side of the river in the establishment itself. Like all springs

* Rapport sur de le progrfes <le la pisciculture Americaiue par Raveret Wattel, 1873.

tTlie following informatiou is drawn fromTrait6 de pisciculture par M. G. BoucLon
Brandely, secretaire du College de France, 1876. (?) The book is tlie result of a

journey made for investigations of the relations with regard to fish -culture in France,

Italy, Switzerland, Austria, Bayern, Belgium, Holland, and England, 1874.
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its temperature is nearly constant, 46.4° Fabr. The water of the Iser,

which is brought in by a Httle canal, has on the contrary a very varia-

ble temperature, and just as variable clearness, as a natural conse-

quence of the extremely changeable climate of Bayern and the river's

risiug in a high, partly snow-clad mountain region, and its course through

easily soluble strata of earth.

The establishment is constructed on a field with little inclination, and
occupies a surface of not over 150 square meters (IJ Ar. =0.15 Maal).

Highest, but lower than the spring, are placed a series of stone troughs

for the salmonoids of different ages, and for the small fishes which are

required for their support, in a series along the wall and covered with a

movable screen, to prevent the light from shining down upon them, and

at the same time to protect the fish against thieves or beasts of prey.

Somewhat lower, different basins are dug out in the bottom for other

salmonoids from two to four years old ; however, with the excei^tion of

one which is intended for the small fry. These water-reservoirs are

constructed in the simplest manner possible. The sides are formed of

planks driven down into the ground; a gate for entrance and exit keeps

the fish confined; and some holes made in the bottom for shelter,

constitute the whole of the internal structure, while the arrangement

is completed by some boards, which partially cover the basins to pro-

duce a little shade and darkness in them. These basins or bowls hare
a size of 18 to 20 square meters and a depth of 45 to 50 centime-

ters. The height of the water varies between 30 and 40 centimeters.

Immediately above the basin intended for the young is a little larger

basin, likewise dug out in the ground, which has been constructed

for a variety of salmon peculiar to the waters of Bayern, the Donau
salmon.* This basin is so constructed that about half of it is under a

httle house, and is there covered by a floor, which can be lifted at

pleasure, to observe the fishes, catch them, or distribute food to them.

In this basin are found only individuals from one to three years old.

The above-mentioned basin for the young differs from the rest only in

having a supply of water-plants as shelter or cover for the young fish.

The bottom in all the rest of the basins is covered with larger and
smaller stones, and care is taken to remove all vegetation as soon as it

shows itself.

All these troughs and reservoirs are filled from the spring. The
troughs receive the spring-water first, and from these it flows down in

the lower basins. The basin for the young is fed, however, directly from

the spring with i:)erfectly pure water, which has not been used before.

The narrowness of the space has made Mr. Kiiffer attempt fish culture

in a manner which comes the closest to stall-feeding. To show this it

* This; tbe liuclio, Salmo hucho, is a variety, wliicli like the Veneru salmou, Salmc

ogla, never leaves fresh water ; it has white flesh and reaches the enormous 8ii:e of 50

kilograms and upwards. It has been attempted to transplant it in this country, but
without success.
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is sufficient to state that iu one of the stone troughs 1.50 meters long,

75 centimeters broad, CO centimeters deep, with a water-supply of .675

cubic meter (== 675 liters) there are six Bonau salmon and common
salmon together, each of which weighs from 10 to 12 kilograms. One
of the Donau salmon measured 1.20 meters. Born in the establishment,

it was at the age of a year placed in this little box, and in eight years

it reached this enormous size. The length of its comrades varied be-

tween 85 and 110 centimeters ; they were likewise born iu the same
establishment. The space was so narrow for them that they for many
years had found it impossible to turn or to move from the place. Their

long-continued captivity had made them just as tame as other house-

hold animals. They were not alarmed when one aiiproached them but

evidently expected food from his hand. Every female of this age and
size lays annually 16,000 to 18,000 eggs.

This is not the only example of the stall-feeding and packing which Mr.

Kiiffer's establishment furnishes. To the fish-hatching structure he has

added an annex in one of the storehouses, where he carries on the fish

trade. The fishes which he sells each day for consumption he keeps

living in stone troughs, or wooden tanks lined with zinc. The reservoirs

are furnished with water from the common water aqueduct of the city,

which does not contain the same water as that with which the fish-cul-

ture establishment is furnished, but which, however, is perfectly serv-

iceable. In a stone trough of the same measure as that which contains

the large salmon there are over 200 trout, weighing from 350 to 450 grams.

All these fish were lively, provided with a good appetite, and were ap-

parently in the best condition. One cannot, however, conclude from

this that such a packing is to be recommended as a rule.

All the salmonoids in Mr. Kiifier's establishment differ in sex and age,

so as to i)revent them from mutually destroying one another. They are

fed with the viscera of the fishes which are sold for consumption in Mr.

Kufifer's storeroom, and in order that they shall never hunger, the food

is supplemented by commoner species of fishes, which he places in the

same basin. Mr. Kiift'er is of the opinion that one must feed to satiety

if one wishes to see the fish develop and thrive. He feeds them, there-

fore, twice in twenty-four hours at least, morning and eveniug. The
fishes which are intended as food for the rest are reared in a separate

basin, where they, as it were, get no other food than what they find in

the water. Those of the fish which live in the same basin with the

fishes whose food they are sooner or later destined to become, livx on

what these waste.

Mr. Kiiffer employs forimpregnation the French, or Mr. Coste's method.

The apparatus for hatching is the same as is used in many other places,

but it is entirely covered, so as to completely exclude the light. Some-

times he is obliged to distribute the eggs iu the basin intended for the

rearing of the young. Under all circumstances he succeeds completely

in the hatching. The loss during the whole hatching season is just as
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little with the eggs which are placed in this basin as with those which

are placed in the apparatus especially constructed for hatching. But
he does not employ the basin for this purpose unless his hatching aj^pa-

ratus becomes too small to accommodate the whole quantity of eggs.

The reservoirs which are to contain crawfish are entirely covered like

the stone troughs, and get the water directly from a spring and from

the river. It is highly amazing to see the enormous quantity which Mr.

Kiiffer has packed together in so small a space. In a division which is

not longer than 2^ meters and 1^ meters broad, there were heaped upon

one another more than 6,000 crawfish. They were so crowded that they

lay in many layers, one above another. They were remarkable for theii*

size and weight ; some weighed 250 grams and upwards. The males

are always separated from the females, and live in a reservoir by them-

selves. Notwithstanding the narrow space and the little care bestowed

upon them, only a very small number die.

In an estabhshment at Salzburg, which is almost as small as Mr. Kiif-

fer's in Miincheu, fishes are fed with minced horse-flesh and the com-

moner kinds of fishes. They feed 30,000 large and small fishes, which

are in the establishment, at a daily expense of 44 cents.

In Amsterdam, where a grand establishment is constructed for fish-

hatching, chiefly for stocking the rivers of Holland with salmonoid

fishes, in the winter of 1873 and 1874, from 250,000 impregnated eggs,

they got 238,000 living j'^oung ; the loss was under 5 per cent. All of

these were Hberated in the rivers Yssel and Vecht. With regard to

the increase of the abundance of fish in the larger rivers by means of

the hatching in this establishment during a few years, it is noticeable

that the state owns 38 fisheries, which are leased, the amount of whose

rental is quite considerable ; thus, for example, share i^To. 2, which be-

fore 1873 had been leased for 10,000 florins yearly, at the auction sale

of leases the same year was rented for 35,000 florins. Share No. 12,

for which previously was given 8,000 florins, was leased for 47,500 florins,

and so on. These figures speak for themselves; ujion the whole, the rent

is more than triple what it was earlier.

As universally applicable results from the observations made, M.
Bouchon Brandely lays down as essential the following rules

:

The depth and extent of the reservoirs and basins ought to vary ac-

cording to the number and age of the fishes which are to live in them.

For trout of two to three years, is required a depth of 60 centimeters

;

for older trout, 1 meter. A greater depth will, of course, do no harm,

but that mentioned is sufficient. For the young, broad trenches of little

depth are better than reservoirs. The bottom should consist of small

stones with water-plants here and there, with the borders planted with

bushes, which hang out over the water, partly to give shade, partly to

supply nourishment, since quantities of insects and larvae will frequent

them and fall into the water, wUere they with greediness will be captured

by the young. The young of different species of fish, even belonging to
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the same genus, ought to be kept separate ; likewise should the young
of the same species and the same age be separated according to size.

The development of diflerent indiAiduals is considerably different in ra-

pidity, and the larger will quickly attack the smaller ifthey live together.

The most important thing to observe in a structure for the culture of

salmonoids is to secure a constant sui)ply of clear water, and the colder

this is the better.

For the rearing of the young newly-hatched is naturally required a

larger place than for their hatching. The larger the place one gives

them, and the purer, the colder the water one has for use, the more cer-

tain is one that they will thrive well, and that the loss at this most sensi-

tive age will become the least possible.

These are a few of a great multitude of examples of more or less suc-

cessful fish culture prosecuted on different scales. That there are plenty

of examples of less successful or even quite unsuccessful culture is self-

evident. Everything depends in this as in all other practical undertak-

ings, on how far one properly appreciates the conditions, and does all

that is necessary in pursuance of them, in order that the affair shall suc-

ceed; if these things are done, the examples mentioned show that the

business can and will yield a good profit. It is particularly the hatching

of the salmonoid fishes that is unsuccessful, and the reason is easily

given. They have partly lacked a sufflcient water supply, but espe-

cially the comparatively low temi)erature of the water in summer, which

is an irremediable condition for the thriving of the salmon.

With regard to the quantity of food that fish require in comparison

with what warm-blooded land animals need, the fish commissioners of

New York state the following

:

" The food consumed is used by all animals chiefly for the produc-

tion of motion and heat, because all animals are physical machines,

which must be furnished with fuel if motion is to be developed, since

they will wear out with friction if this wear and tear is not comi)ensated

for by new nourishment. A man or a horse can only perform his full

quantum of work when his body gets the full nourishment required,

and on the other hand he can not consume the full quantity of nourish-

ment unless he works. The dry-land animals are warm-blooded and

movable ; many of them, in natural state, find their food only by hunt-

ing it ; while fishes are cold-blooded, and although they sometimes un-

dertake long journeys, as a rule they keep themselves still in the same

place. A trout will remain by the week in the same place in a pool or

a hole. A pike will lie still like a sunken stick between the rushes, ex-

cept when it between times plunges oft' after its prey, after which it

usually returns to the same place ; in the possession of all the senses

except hearing, in the fullest development, it resumes its condition

—

that of motionless, sleepless attention.

" The consequence of this is, that while the warm-blooded animals

use a considerable quantity of nourishment to produce the high tern-
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perature of their blood, and compensate for the wear and tear occasioned

by constant motion, the cold-blooded transform nearly all their food to

an increase of their own size, and grow, therefore, in proportion thereto,

without using more than a small quantity for maintaining the low tem-

perature of their bodies, and to compensate for the small wear and tear

occasioned by their little motion. It is therefore a mistake to feed fishes

with the flesh of warm-blooded animals, unless it is entirely worthless

offal, because it is contrary to natural economy. Cattle can be fed up
and fattened only by a liberal use of the natural means of nourishment,

whose i^rocuring demands considerable employment of human labor,

whereby a comparatively large portion is used without corresponding

increase in growth, wkile fish, left to themselves or fed in a i)roper man-

ner, will consume what in itself costs nothing, and what could not in

any manner be utilized. They should, indirectly or directly, be fed

from the water's domain, whose crop practically is left to i^erish, with-

out at jjresent being useful for men. Neither is the flesh of the inhabi-

tants of the water, when it can be obtained, less valuable for men than

that of land animals. Pound for i30und, it contains the same quantity

of nourishment and will sustain human life just as well, while under cer-

tain conditions it is more profitable. It gives the brain and the nerves

phosphorus, which is not contained in all kinds of food, but which is

just as essential to complete health as gluten or starch, while it at the

same time is so much more easily digested than the flesh of land animals

and birds that it is used as a modified form of fasting, and at certain

times of the year is more wholesome than the last-named kinds of food.

A wise economy of the means of nourishment which nature gives will,

therefore, as the population increases, compel us to turn our attention to

the harvest which the water can yield."

Y.

ESTEMATED PROFIT AND THE ECONOMICAL VALUE OF THE WATER-
AREA.

I shall next, with the guidance which the foregoing results of expe-

rience furnishes, attempt to show what i>rofit one may expect from fish

culture in our rivers and lakes, if this business in the future is attended

to with the care which is now bestowed upon the prosecution of an in-

dustry of corresponding importance, and this everywhere in proportion

to the opportunities offered by more or less favorable conditions for the

necessary attention to the business.

From the examj)les cited is seen what also lies in the nature of the

business, that this culture can be carried on in very different ways, alike

by artificial rearing and complete feeding in apparatus and basins spe-

cially constructed therefor through the whole time which intervenes

before the fish can reach the development one desires ; also, by what one

might call perfect stall-feeding, by inconsiderable cleanings out in the
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brooks in which natural spawning occurs, and the formation of spawn-
ing places, at the time when the spawn is mature; by placing eggs
in common boxes in open water, which labors, though somewhat mutu-
ally difierent, must be regarded as of nearly equal importance, and the

least to which can be given the name of fish-culture. Between these

two extremes there will be a great multitude of variations of more or

less extensive cultivation, just as is the case in agriculture, produced
partly by local circumstances, partly by the cultivator's greater or less

ability, information, and aptness. The different waters will, besides, pre-

sent just as great variations in natural fertility as the soil. Some local-

ities will be able to be compared with rich wheat-land, while others can
be considered as only equal to poor oat-land.

It is worth while also to find out a proper middle course which can be
depended upon to yield a probably medium result. As a middle course

for the cultivator's greater or less completeness, I will adopt a natural

lake of such situation that the hatching in a regular apparatus, and the

rearing of the young in separate water-basins through the first summer,

will take place, which will not require greater outlay or labor than

can be accomplished by any, even the most indigent, owner of fishing

waters who interests himself in the business and will attend to it

with the necessary care, at the same time that the natural means of

nourishment are sought to be increased by the culture of commoner
fishes and other aquatic animals which, likewise, any one, even the

poorest fish culturist, can i^erform himself or with the helj) of his half-

grown children.

As a representative of the fishes of medium value, I should select the

fish most widely distiibuted in our country, the common trout, just as

one in agriculture employs barley as a common denominator. The red

char, in places where it can thrive well and reach its best development,

will be the most valuable fish, and rej^resent wheat, just as the pike and
the perch will stand in the series with oats ; both extremes will be cul-

tivated in nearly corresponding quantities, and mutually balance each

other.

The selected representative occurs at all elevations above the sea,

even up to the uppermost limits where fish can live, and is there the only

kind which occurs. It is a rule, which may be regarded as universal,

notwithstanding that, as before remarked, each iiarticular lake may be

considered to have its peculiar variety of trout, in the matter of appear-

ance as well as taste, that the higher the lake lies the better flavored

are the trout which live therein. Thus it is this very species which
should become the object of cultivation above all others ; but against

this the climate opposes, at these heights, great, in many places insur-

mountable, difficulties, as it will be imi)Ossible for people to establish

winter residences at such elevations. It is e\ident, however, that peo-

ple are able to live at considerable heights if they find it profitable there,

especially after they have learned to use peat as fuel. There are besides
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only a few lakes of any extent wliich are worth considering, that lie

higher than the stations where, for a long time, peojile have had dwell-

ings, and have thrived well. When, therefore, at some time the import-

ance of fish-cultnre has become recognized, it will certainly come to

pass that the necessary men for regular cultivation will remove to all

lakes of any importance in elevated districts, so that fish-culture, to the

extent previously supposed will be carried on, even up to the most ele-

vated lakes wliich maybe worth cultivating; because, even if hatching

cannot take place in the lakes themselves, there is nothing to prevent

obtaining satisfactory results by bringing to these lakes the required

stock of young from less elevated localities in which the hatching can

be done with greater ease. Such transportation will, as a rule, be an

easy and simple thing, since it will not be long, and, as a rule, can go on

in such a way that one, as often as he wishes, can look out for the most

thorough renewal of the quantity of water in the vessel in which the

transportation occurs.

The next and most difiBcult question to answer is, how large a plant-

ing of fish may be considered proper under such a mode of cultivation

as previously provided ? With regard to this I shall next consider some
of the previously cited data.

Mr. Seth Green states that two basins with an area, the uppermost of

22.5 and lowermost of 55.8 square meters, and with a capacity of 15.5

and 48 cubic meters, respectively, are sufiicient for 5,000 individuals of

one to two years old, and 2,000 individuals of two to three years old fish,

respectively, with a supply of water through both reservoirs, one after

the other, of 37.0 liters per second/ Since the trout, as a rule, stay on

the bottom, and only rarely distribute themselves at different heights

in the water, the spaciousness of the area is more to be considered than

its cubic contents. To each fish in these basins is thus allotted, respect-

ively, .0045 and .0111 square meter, and cubic space of, respectively, .005

and .024 cubic meter, with 5 and 24 liters of water. For each fish in

the first basin, there is also a surface of, for example, 15 centimeters

long, and 5 centimeters broad, while the fish at this age can have a

length of about 10 and a breadth of about 2 centimeters, more or less ; in

the other basin, each fish has a space of, for example, 20 centimeters in

length and 5.5 centimeters broad, and it will have a length of 15 centi-

meters, and a breadth of 3 centimeters or upwards. One perceives, also,

that fish can live and thrive in a very small space, if the water supply

and the food are sufficient. According to M. Bouchon Brandely's state-

ment, each four-year-old fish has .3 square meter ; it is, for instance, 75

centimeters long and 40 wide, and its size will be about 25 centimeters

long and 5 broad, while to each fish will be allotted a quantity of .3 cu-

bic meter, which equals 300 liters of water. The water supply he does

not mention. The relation concerning the surface and cubic room each

fish ought to have is thus, according to the two statements, considerably

different ; there can be no doubt that the larger it is the better.
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But in open water, where the fish must live on what they find in it in the
form of insects, moUusks, Crustacea, and larger or smaller fishes of other

commoner, chiefly vegetable-eating kinds, probably a considerably

greater surface room and likewise cubic space should be allotted to each
one. Since a natural lake, wherein fish can live in our country in win-

ter, must have a considerably greater depth than the basins indicated, if

one estimate according to the bottom alone, there will arise a much
larger space for each fish ; but this increase cannot be taken into con-

sideration except in so far that the commoner fishes, which live in

schools near the surface of the water, will thereby get the necessary

space. Since I take it for granted that the young are preserved in the

greatest possible degree from enemies in the first year only, as long as

this can be done without considerable expense for building si^ecial breed-

ing ponds, also that one has not the opportunity of procuring other

kinds of reservoirs for young fishes than such as will freeze to the bot-

tom in winter, young fishes must be liberated in the water late in the

autumn when the cold commences—they are then only about one-halfyear

old as developed fish. Because of the small size at this age, I think

that the deaths in the first year become considerably more numerous
than experience has shown them to be under more solicitous care, and
that likewise the loss from year to year will become much greater than
experience has shown it to be with proper care in ponds. I assume,

therefore, that of 1,000 young about one-half year old, which are liberated

in the water one autumn, the next autumn only 700 one and a half

year old fish will live, and of these the following year 550 two and a
half year old fish ; moreover, of these the following year there will be
450 three and a half years old, while the next year will be found only 400

grown fish over four years old, which thus in the fifth year become the

profit of culture. These grown fish I will on the average estimate at a

weight only one kilogram, though, according to experience, the average
will reach a considerably greater weight.

Experience has sufticiently shown that among the fishes, as in other

classes of animals, individuals differ greatly with regard to the rapidity

of growth. But this cannot be taken into consideration ; one will natu-

rally catch and sell the fish which have reached the proper size, 1 kilogram

and upwards, or whatever other size and weight he may find most profit-

able, without the slightest regard to what age the individuals may have

;

it is essential that one can calculate with certainty the chosen size

reached by the corresi)onding ages of the number of fish calculated.

If this size is reached earlier or by a greater number of fish, the profit

will become so much the greater. The thing is, not to calculate the prob-

able profit too high, also the business more profitable than it is likely to

become, and this is perhaps done here as well with regard to the sale

from year to year, which probably is placed at too high a figure, as with

regard to the increase in size and weight of the fishes surviving, which
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is placed likewise at much too little ; both parts in all likelihood ex-

ceed the probability.

For each fish that one Avill calculate to capture in the fifth year of 1

kilogram in weight I assume that one ought to find in the water (450 +
550 + 700+ 1,000) di^ided by 400 = 7 fishes of younger ages, as likely

the fishes of the oldest class, which may be too small, will be compen-

sated for by younger individuals of greater weight from year to year.

II one estimates now for each fish, without regard to age, a surface of

l.o square meters or 1.5 meters long and 1 meter wide, or for each fish

of every age a surface five times as great as M. Bouchon Brandely adopts

for four years old, it should probably be assumed that no crowding can be

expected to take place ; because a lake of the size mentioned may gen-

erally be considered to have an average depth of at least 5 meters ; each

fish, small and great, thus obtains 7.5 cid)ic meters or 7,500 liters (Potter),

or twenty-five times as great cubic space as that considered sufficient

for adult fish by M. Bouchon Brandely. In a water area of 3 hectares,

which equals 30,000 square meters, can also be estimated 20,000 fish of

all ages, and of these one-eighth, or 2,500 adult fishes over four years

old, of a weight of 1 kilogram and upM^ards. There is, as remarked, nat-

urally nothing to prevent taking fish of younger age or smaller size.

Many will perhaps even prefer fish of half this weight. I hold, however,

to the size and age mentioned essentially so as not to estimate the profit

too high and attainable in too sliort a time, at the same time, because ac

the age indicated the fish may be considered fully mature, as after this

age the common trout, which alone I have here in mind, increases more
slowly in size and weight, and also becomes less i)rofitable.

According to the calculated decrease, from year to year, to a number
of 2,500 fishes of over four years old, will correspond a number of the

youngest class of about 0,500 individuals in the first year which must
be liberated in the water to compensate for the decrease of the captured

adult fishes. But it is not enough only to calculate on the hatching out

of this number. The most delicate age from the time the hatching out

can be considered completed with the absorption of the egg-sack until

autumn, is, according to all experience, the most dangerous time for the

young, since the death rate is greatest, and here it is assumed that the

X)onds or basins procured for the rearing of the young during the first

summer are not likely to be of the best kind, and that the attention, at

all events, at the beginning, is incomplete ; as a result of this, the death

rate must be estimated comi)aratively high. If one place this decrease

at about 50 per cent., which will likely be estimating it high enough,

and add at the outside about 10 per cent, for loss during the hatching

itself, there will be required at the highest 10,500 eggs each year for

hatching.

It is probable that this quantity of eggs will yield a larger number of

fish than is necessary for obtaining the stated number of adults ; but
this can likely involve no harm, because if it should be e^ident that the

38 F
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abundauee of fisli "will thereby become too great, either -with regard to

the supply of food or of oxygen, it is an easy matter, by the assistance

of natural means or by the capture of a larger number of fish, to remedy

the difficulty. It will, probably, under all circumstances, be the best to

hatch out a greater quantity of eggs than is actually necessary, if there is

opportunity to retain them, and thereby gain experience as to the water's

nourishing capacity in both directions, because the larger the planting

which can be kept in good condition the greater the profit. To procure

10,500 impregnated eggs, are required female fish of a combined weight of

C to 7 kilograms, and a corresponding number of male fish, weighing

from 2 to 3 kilograms. This quantity of fish, with the appropriate mode
of proceeding, will be easy to procure in a not altogether fished-out lake

of the size mentioned, or even from far-distant lakes, in which case, how-

ever, it must be bought. After the expiration of the second year, at all

events, the lake will jield the desired quantity of eggs from the best de-

veloi)ed of the young first hatched. For the hatching of this quantity of

eggs, is required 3 to 4 square meters of space in a suitable apparatus.

Even if one, besides the fish which may be objects of culture, wishes to

hatch out some gwiniad, chiefly as food for the trout, and therefore in-

creases the size of the hatching ai^paratus to 5 square meters of surface,

the structure can only become inexpensive if no unnecessary luxury

is brought into use in a construction. In case of necessity the hatching

may occur in an open field. #
Besides this hatching apparatus, as remarked, separate places must be

procured for the newly-hatched young. This will, as likewise previously

remarked, everywhere be an easy thing, by the construction of canals

or small ponds or damming up some little creek, which are arranged so

that they may be furnished with water from some brook or spring, or both

together. These ought to be prepared the year before they come into

use, so that they may be sufficiently stocked with water-insects, and
Crustacea. This requires only a few days' work and material of small

cost.

The hatching of the kinds of fishes which may serve as food for the

cultivated fishes proper, and w^hich will thrive in a lake, is not difficult,

since it may take place in the lake itself with very simple and inex-

pensive apparatus, and in a very short time, since their spawning season

is short, and the eggs are hatched in a few days. The collecting of

the necessary quantity of eggs by the use of likewise very simple and
inexpensive arrangements is not at all difficult if the lake only contains

such fish. Xeither is the transportation from other lakes associated

with other difficulties than the transportation of trout eggs; it will

be necessary only a couple of times. Even if this may give rise to any
outlay, it will be just as well invested as the outlay for seed-corn for

fertile soil or the procuring of artificial manure for theland which needs it.

In three hectares of water, should one, from the fifth year, harvest, on

the average, 2,500 adult fishes, of 1 kilogram each, or 2,500 kilograms.
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The i)rice of the kind of fish which I have chiefl}^ in view here, the trout,

was, even thirty or forty years ago, 2.7 cents per mark—which equals one-

fourth of a kilogram—in the mountain regions. In the towns it is now
considerably higher, especially at certain times of the year, and for fresh

fish ; I will, however, place it at 2.7 cents for one-fourth kilogram, which

equals 11 cents per kilogram, notwithstanding that this article has

something near the same nourishment as flesh, and the price of flesh

must be placed at at least double. The value of the mean profit of three

liectares of icater, about 2,500 lilograms, is thus calculated to be $275 an-

mtally, and for each hectare also over $82.50 gross.

If one estimates that the careful cultivation of the water area men-

tioned will demand the same outlay for labor, buildings, and implements

of all kinds as the cultivation of a corresponding area of land, which

ought to be iilacing it more than high enough ; and if one considers,

moreover, that the profit of the first year's harvesting of the water's

natural culture covers the labor necessary for the hatching, rearing, and
care, then Avill, from the fifth year, the proportion between the yield

from fish cultivation and agriculture stand as follows:

In Dr. O. J. Broch's previously-quoted work, "The Kingdom of Nor-

way," which at present may be truly regarded as the most trustworthy

statistical work, the area of the cultivated land is given as 2,700 square

kilometers, or 270,000 hectares, and the value of the products of the

land for the year 18G5 at $13,750,000, or not quite $55 per hectare on
the average. According to what experienced farmers in the most fertile

tracts of our country have stated, this average profit must be consid-

ered a little higher than in reality is the average i^rofit from land of

all qualities ; while, on the other hand, the estimate upon the yield from

fish culture places it lower than it, at all events in many places, may be
made. The proportion between agriculture and fish culture, also, should

be as 2 to 3 in equal areas. But even if it must be admitted that this

estimate is too high, and that some reduction ought to be made, so

much, however, should be considered established, that fish culture will

yield a profit lohich fully equals thatfrom agriculture over equal areas.

As previously stated, nature has allotted to us an area covered with

fresh water, more or less adapted to fish culture, of 7,G00 square kilom-

eters, which equals 700,000 hectares, which, besides, we have it in our

power, with comparatively little expense, to increase considerably, by
overflowing with water, districts which are and always will be worthless

except in so far as they are put to such use. With the estimated yield

per hectare of cultivated water should also—if some time in the per-

haps not too distant future fish culture shall be prosecuted with the

same perseverance and care which are now vainly bestowed on utterly

poor and ungrateful soil, and in the entire extent whereto nature gives

the opportunity—the total profit reach as much as $55,000,000 yearly

and upwards, if the example chosen can be regarded as a proper rep-

resentative of the average yield of lakes at different elevations and in
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different parts of tlie coiiutry. Of this, liowever, there may be doubt,

tliougli one in the lower districts of the country, and in paany places iu

the southern jfud western portion, will have it in his power, iu a very

considerable degree, to increase the yield by the use of othex means of

food for the fish besides living fish and other water-animals, which at

the same time are reared in the waters. It is x>ossible that the yield from

the most elevated lakes, where cultivation to a considerable extent will

be checked bj^ local and climatic conditions which cannot be overcome,

will be so far below the stated average that the greater yield of the lakes

more favorably situated will not counterbalance the reduction in the

total 5'ield hereby caused. So as not to estimate too high, I will, there-

fore, only place the medium yield at half of that previously ealeulated, or

at $27,500,000 annually.

But this is, however, onlj' a jiortiou of the jjrofit which carefully-prose-

cuted fish culture will give ; because the salmon fishery, which I here

only casually and in passing have considered, can—if the opportunity for

the increase of the abundance of this species of fish is unbounded, above

what it is now, at all events to an extent whose measure it is impossible

to indicate, and w^hen the fishery can be prosecuted everywhere along

our wide-stretched coast where fishing apparatus can be idaced, when
the abundance of fish has reached its greatest possible increase—in a

comparativeljr short time by suitable modes of proceeding gain an im-

portance and yield a profit which, in all probability, will not fall below

what the lake fishery alone can yield; and possibly give considerably

greater profit than tins. If one estimate, therefore, the profit of the sal-

mon fishery, like the previously-reduced value of the profit which the fresh

waters probably will be able to produce, w^hen the business at sometime
iu the future receives the attention and the labor w hich it fully deserves,

the probable profit of the cultivation of fishes of the hest hinds, which can

he horn only in fresh water, will he estimated loiv if placed at $55,000,000

gross yearly.

This industry may also reach such a development that its gross yield

may exceed the value of the whole annual import of the country, which
in a good year amounts to the sum mentioned, and considerably surpass

the combined profit of agriculture and grazing, which, according to Dr.

O. J. Broch's tables in the work quoted, amounted in 18G5 to $13,750,000

-f $22,000,000 = $35,750,000.

Thus the matter presents itselfwhen regarded in its entirety and under
the supposition that the w^ork is carried on with the greatest possible

economy in the same manner nearly as the mass of farmers carry on their

work.

I shall next attempt to set forth how fish cidturc appears when it is

considered as a means of industrial speculation, as afield for the employ-

ment of capital, which seeks security and a good interest. In order that

a speculation of this species may give good returns, the business must
be carried on to such an extent that the necessarv assistants can be
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given, as far as possible, contiimous employment thereat, since in tlio

opposite event, by only employing the labor at diiferent times of the year,

it will become nnnecessarily expensive. As such a size I would con-

sider a water area of 30 to 40 hectares, combined in one or separated into

many connected smaller lakes, to be tolerably suitable. I shall select the

smallest size, in order to make the expenses proportionally larger than,

they will be when a larger area can be had for cultivation ; because tlie

expenses increase just as little in this, as in other industries, in propor-

tion to the size of the business. According to the previously-mentioned

data, should, for the stocking of such a lake, according to the same

proportion as estimated earlier, be required yearly 10 x 10,500, which

equals 105,000 impregnated eggs. In order to make the case as unprofi-

table as it is ever likely to be, I will assume that the lake is so depleted

that one in the first year must buy a part of tlie eggs in another place,

that no profit be had before the fifth year after the beginning of the

business; at the same time that the price of the product in distant mar-

kets can be placed at only 3^ cents per one-fourth kilogram, which

equals 13 cents per kilogram, although the price here now is two or three

times that much -, wherewith I shall place the necessary expenses so

high that no doubt can be entertained of their adequacy.

I Mill assume that the business is begun iu the month of September,

since one must be through handling the quantity of eggs which are to

be hatched out, while at this time, also, as a rule, the harvesting of the

water's crop will be past. Hereby the 1st of September becomes the

proper beginning of the year with reference to fish culture. At this time

I calculate as expended

:

For hatching apparatus, building of spawning-

places, and ponds for the young in the coming-

year $412 50

For a dwelling for two laborers' families 825 00

Boats, implements, materials, &c 192 50

Three-fourths of the necessary quantity of eggs,

three-fourths of 105,000 = 80,000, which easily

and once for all can be procured by the pur-

chase of GOkilogramsof living fish in the course

of the summer; price and expenses $2.75 per kil-

ogram 165 00

The outlay at the beginning of the work iu round
numbers $1, 650 00

In the first year I assume to be expended

:

For two permanent workmen , 550 00

Implements and materials 55 00

Loss of interest, 5 per cent, of the previous out-

lay 82 50

687 50
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For the second year:

For two permanent workmen $550. 00

Imi^lements and materials, about 48. 12 5

Loss of interest, 5 per cent, of previous outlay

($2,337.50) 110. 87 5

$715 00

For the third year

:

For two permanent workmen 550. 00

Implements and materials, about 35. 75

Loss of interest, 5 per cent, of previous outlay,

($3,052.50) 152. 02 5

738. 37 5

For the fourth year

:

For two steady w^orkmen 550. 00

Implements and materials, about 42. 02 5

Loss of interest, 5 -per cent, of previous outlay,

($3,790.875) ..... 189. 54 3

782. 16 8

The combined outlay in advance and loss of in-

terest 4, 573. 04 3

or, in round numbers, $4,075, which is to be considered as the fixed cap-

ital invested in the enterprise.

From the fifth year, when the period of preparation may be consid-

ered ended, and when the regular harvesting may first be supposed to

begin—though, as repeatedly remarked previously, there is nothing to

prevent it from beginning earlier, and that possibly with profit—the an-

nual expenses at a very high estimate may be stated at

:

Two permanent workmen $660. 00

Transient labor in summer 330. 00

Implements and materials 165, 00

Stock of ice 137.50

2J per cent, for repairs of buildings and appara-

tus of a value highly estimated at $2,200 ... 55. 00

For x)acking, transfer, and conveniences

for selling, 20 per cent, of the gross profit,

$3,437.50 687. 50

Combined annual expenses $2, 035. 00

Gross profit on 30 hectares equals 2,500 x 10,

which equals 25,000 kilograms x .1375 3, 437. 50

Estimated net profit 1, 402. 50,

which amount {$l,'i02.60), divided hy the sum of $4,675 invested asfixed cap-

ital, gives a yearly interest of 30 per cent.
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But the selling price of the article wliicli is here treated is in the larger

markets considerably higher than is here calculated, and in a business

of the kind which is here in view one must assume that they will look

out to sell in places where a high price can be expected without regard

to a somewhat prolonged transportatiou, which only in a comparatively

small degree will increase the exjDenses of transfer. The article stands,

considered as a delicacy, far above meat in price, and it commands in

Christiania markets 13.75 to 19.25 cents, and often more, per one-fourth

kilogram, which equals 55 to G6 cents per kilogram for Venern salmon,

which, as a rule, stand far below our best kinds of mountain trout in

flavor and value. In France the price varies, according to circumstances

and the season, between 3 and C francs, or 53 cents and $1.10 per one-

half kilogram, which equals $1.10 to $2.20 per kilogram. Nearly the

same price as in France applies in north Germany, and probably also in

England. It will thus be a long time before the price, owing to increased

production, will approach the amount at which it has been j)reviously

estimated, because, in order that this may happen, the i)rices of the

necessaries of life, such as meat, must also fall to half what they now
are.

In the very near future also a higher selling price than that estimated

certainly will be reached, and it can hardly be doubted that the profit

l^reviously calculated upon will be obtained from capital which may be

invested in such industry as is here treated of, even if the yiehl become

considerably less than estimated ; and this so much the more certainly

as the business in the extent contemplated will be able to be carried on

in due time with far smaller outlay than here estimated.

If one consider the estimated profit as a jn^oduct equally of the area

of Avater used and of the capital employed in its utilization, for which

there is probably entire reason, since the water area is the basis of the

possibility of the employment of capital in the industry here in question,

the value of the capital which the water demands will advance in pro-

portion to its extent. In such a division the net profit according to

the estimate established should be $701.25 on 30 hectares, or $23,375

per hectare annually. The ratio of interest to principal, according to

the lawful interest on landed property and fixed possessions, gives this

hectare a capital value of $1G7.50. But notv/ithstanding that the previ-

ously-given calculation is carried out in such a way that the profit arising

therefrom must be regarded as a minimum, I will, however, state that this

must be considered above the average amount, because not all the waters

will possess a like degree of fertility ; neither will they, because of exist-

ing circumstances, be able to be cultivated as completely as stated, partly

because a portion, even if not a large portion, of our fresh waters are

adapted only for the culture of the kinds of fishes which are considered

inferior, whose price must be estimated lower than that of trout or red

char, althougli at present here in the chief city and the adjacent jirovinces

it is often more than double as high as the previous stated price for the
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kinds of fislies mentioned. In order to be sure not to estimate it too

higli, I will therefore reduce the average value per hectare to less than

half of that calculated, and place it at $2.20.

But even if one, moreover, must consider this as a maximum measui'e

for the waters in their totality, it is, in consequence of what has pre-

viously been shown, only a part of the value which must be taken as

the average price when the combined fresh waters shall be taken into con-

sideration. The salmon fishery, which is, as can be seen, smaller or larger

simply as the rivers are smaller or larger which flow directly out into the

sea, must also be brought into consideration. Its yield under thorough

and careful management must, as i)reviously set forth, in the future

be counted upon to reach a value at least equal to that which the inland

fisheries i>roper will give. The proper average value of our rivers and

lakes iu their whole extent will thus amount to at least $440 per hectare,

and, for 700,000 hectares, to a sum of over $334,400,000 at such time when
the people have learned, in some measure, the necessary extent and the

necessary mode of using the source of prosperity which Providence has

allotted to them in the i-ivers and seas. In this way we arrive at the

conclusion, that

—

The economical value of our rivers and Jal^es may he increased in the

future to a total of over $300,000,()00 if the same labor and attention are

hestoiced on their cultivation as are now devoted to agriculture and grazing.

The capital value just estimated for a hectare of water shows what

outlay can be made with profit in order to put in condition our larger

bodies of water for the use of fish-culture alone, by damming up in

I)laces where there may be an opportunity to secure a proper supply

of running water. The share of the profit calculated per hectare is

$33,375 yearly. If one starts from the standpoint, that in the employ-

ment of a sum for procuring a water supply, the half portion of the

yield at the same rate—$33,375 per hectare—ought to give 5 per cent,

interest on the capital invested, and besides 3 per cent, thereof for

the repairs of the necessary dams, about $275 can be invested with

profit per hectare of the water which thereby may be dammed up. If,

for example, by the employment of a capital of $11,000 there can be

dammed up a water area of suitable depth of 40 hectares or upwards,

there will in this event accrue a yearly profit of $935, which sum gives

$550 for the interest of the invested capital and $330 for repairs, and a

surplus of $55 for the increase of the interest or the reduction of the

outlay. The remainder of the invested capital for i\\Q. business of fish-

culture will besides obtain at least 20 per cent., since the outlay in this

case will not need to be greater than for the previously-calculated work

upon 30 hectares of water, or $4,675, to which in this event accrues a

share of $935. If one combined both investments the Avhole amount be-

comes $15,675, on which accrues a profit of $935 plus $550, which equals

$1,485, which is an average of about 10 per cent. If one assume that the

same area of water can be dammed for a smaller sum, for example $5,500,
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wliicli quite frequently ought to be able to be done, the yield will bo

about 15 per cent, at least of the whole investment. If there is an oppor-

tunity to sell the ice which will form on a body of water thus dammed up,

the profit will clearly become very large ', because if one only reckons about

the fourth part of the usuall.y low price, $137.50 per hectare, this gives

85,500 in addition to the income. From this it will be seen that the

time may come when comparativelj" worthless land to a great extent

will be transformed into water-reservoirs, to prosecute fish -culture there

alone.

It is truly beyond all doubt that the i)receding calculations will be

considered exaggerated or untrustworthy, though it must be difficult to

show that the profit is estimated too high in weight or in price, or that

the expenses associated with the business are placed too low in any
direction. The bulk of the whole production alone—on the average of

a value of $82,50 or GOO kilograms of unsortetl salmon and diiferent Icinds

of fresh-water fish per hectare, for 760,000 hectares equals 456,0();),000

kilograms—is so great that its sale for consumption in the interior of

the country and for export to foreign countries may appear to be in no
small degree improbable. Upon closer reflection, however, this improba-

bility ought to disappear.

There is here in question a means of nourishment which, everywhere

in the old and the new world, is placed in the first rank with regard to

flavor just as it approaches the first rank in nourishing value in propor-

tion to its weight. With a full supply thereof at a price which is lower

than that of most other far less esteemed and valuable means of nour-

ishment, it cannot be doubted that it will be used instead of these, to a

very considerable extent, by the whole population of the country of all

classes. How great the consumption will become by its increased use

alone throughout the country it is difficult to say, but it ought, perhaps,

to advance to one-half of a kilogram daily x^er individual among three-

fourths of the poi)ulation. Without regard to its increase through time,

which will be promoted no little by the facilitated access to nourishment

which this business will produce, the consumption within the country

should amount to one hundred and eighty times one and a quarter mill-

ions, which equals 225,000,000 kilograms yearly, or about the half of the

entire production.

That there will be found sale in foreign countries at the price calcu-

lated of what may not be consumed at home, even if very considerably

more than the half may be left for export, there can be no doubt. In

the space of two generations Europe has become always more and more
out of condition to feed its population with its own products. There
have constantly been imported fertilizers and articles of food, especially

grain, in large, steadily increasing quantities from other parts of the

world without this satisfying the constantly growing demand, whose in-

crease, besides, has just as steadily been counteracted by emigration on a

large scale. Besides grain, meat has oflate years been imported in difler-
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ent forms from the most remote regions of the eartli, and most recently ia

the fresli state and in immense quantities, ATithont thereby causing any
trace of a tendency towards a decline of the prices of articles of food,

which, moreover, are advancing just as uniformly as they have been for

the past decade. Under such circumstances there is probably not the

remotest reason for supposing that the articles here treated of, if thej',

as remarked, are brought to market in a perfectly fresh state and at a

lower price than is paid for other articles of food of greatly inferior value,

will be unsalable even if the whole estimated quantity is marketed

abroad. In north Germany alone, which can produce but few fishes of

this kind and quality, there are many millions of people who would pre-

fer them to other food if thej could be had at a reasonable price, which

for these millions means four to five times what is here estimated.

But this transportation in the fresh state to a distant place, which, of

course, is not entirely unknown, but is practiced in a manner which can

give but little security for the perfect preservation of the article duiing

many days or weeks, may perhaps be considered both costly and trouble-

some. In order to remove all uncertainty in this direction, I shall state

that carrying offresh meat from America to England in steamers specially

arranged for the purpose costs 30 shillings sterling per ton; that is,

$7,425 per 1,000 kilograms, or seven-tenths of a cent per kilogram ; an ex-

pense which is nothing in comparison with the increase in the calculated

price which is to be expected in a foreign market. This is the cost of both

transportation and refrigeration, which requires ice bought where it ia

high and the use of machinery during the whole time of transportation^

together with expensive fittings of the rooms wherein the transportation

goes on. The price of refrigeration alone can also not be placed higher

than half—seven-twentieths of a cent per kilogram—which equals one-

fifth of a cent per pound for an average period of about fourteen days.

In all places where fish will be reared, the collection of the necessary

quantity of ice costs nothing, as it will be done by the persons occupied

in the business as a whole, and paid for it by the whole year. Salt is

required for freezing, but it is only changed from a solid, dry body to

pure liquid brine, and as in this form it can be used for all ordinary pur-

poses just as well as in the solid food this article also thus costs noth-

ing. The preserving-house and apparatus for freezing are very simple

things, which can be provided once for all at an expense which must be

a very small fraction of what the arrangement of a ship's room for trans-

iwrtation by refrigeration of fresh meat represents.

The exijenses of freezing fish and their preservation for a long time

in a refrigerator during a transportation of eight to fourteen days in the

frozen state cannot thus possibly be more than the previously-mentioned

cost of transportation across the Atlantic Ocean ; and this expense,

stated to be seven-twentieths of a cent per kilogram, is only a small

fraction of the previouslj'-estimated outlay for preserving, transporta-

tion, and packing, 2'1 cents i)er kilogram.
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The necessary freezing and storing for a long time, and tlie refriger-

ating dnring transportation to places much more distant with the means

of conveyance of the futnre, cannot in any way cause a remarkable in-

crease of price of the product.

There is just as little probability that the increase of the i)opulation

prevaihng in the last decade will in the future become stationary, or in a

remarkable degree decline, as there probably is that the prices of the

necessaries of life in coming time will decline in any especially consider-

able degree in the markets of Europe. But even if such a decline should

take place, even if it, on the average, and for this article especially, should

go down to the half of what may be considered at the i:)resent a low esti-

mate, or from 82J cents to 41^ cents per kilogram, the product in ques-

tion must find a sure sale, since, it with an enormous x>rofit against it,

as was previously brought into consideration, can be sold far below

this price, and thus, as a delicacy of the first class, must become sought

in preference to articles of food of inferior account. In order that the

product which is here in view may lose its rank and value as a delicacy

it must become common every-day fare—that is, be able to be sold at

such a price and in such quantities that the great x)ublic may have the

means and the opportunity to eat it four or five times a week. If one

takes into consideration only a small portion of the population of North

Europe, say 15,000,000 of people, and assumes that these, on the average,

when the article is to be had as cheaply as here estimated, will consume

one-half kilogram twice a week, which is by no means improbable if the

price becomes as stated—less than half the cost of the commonest kind

of meat—for this small fraction of the population of Korth Europe will

be required annually 780,000,000 kilograms at least j that is, one-half
MORE THAN THE WHOLE ESTIMATED PRODUCTION. There is thus Cer-

tainly no reason to fear that the enterprise will fail from want of sale of

the portion of the product which we may be able to offer for sale. The
probability is, on the contrary, that many times the quantity will find

sale at considerably higher iirices than those pre^dously brought to notice,

and this so much more surely since there is every reason to suppose that

at the same time when an increased fish production may be secured

there will be an increase of the population which may be counted on as

consumers on nearlj' the same scale as in recent past time.

With full conviction that the labor bestowed upon the cultivation of

the water will pay well, I advise every one who may have the opportu-

nity, to take hold of this cultivation, and that with full energy; because,

let it be remembered, half or quarter of the work, according to plans

hitherto emjiloyed, and universal Norwegian customs, will give just as

little profit as importance in this as in other directions. Moreover, I

must recommend that this enterprise, with the intervention of legal

provisions, be hedged around just as carefully as any other pursuit of

similar importance—agriculture, grazing, or cultivation of the woods.

So long as the hitherto mentioned license can go on uncensured and un-
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checked, the enterprise here treated of will come into practice only to a

very small extent, and to inappreciably little nse for people in general

;

BECAUSE ONLY BY PERSONAL, OWNERSHIP, INCONTESTABLE AND

FULLY PROTECTED BY LAW, OF THE PROFIT WHICH CAN BE EXPECTED

WILL AFFORD SUFFICIENT ENCOURAGEMENT TO PUT THE ENTERPRISE

IN THE NECESSARY VIGOROUS PRACTICE IN THE EXTENT TO WHICH
OPPORTUNITY IS OFFERED. THE BEST AND LARGEST FIELDS FOR FISH

CULTURE, WHICH TO A GREATER OR LESS EXTENT ARE OWNED IN

PARTNERSHIP, WILL, WITHOUT SUCH PROTECTION OF THE LAW, BE-

COME JUST AS POOR AS THEY AT PRESENT ARE UTTERLY BARREN, BE-

CAUSE NO ENCOURAGEMENT TO ARTIFICIAL AND ENERGETIC CULTURE

WILL THEN EXIST. PRODUCTION WILL THEN, AS HITHERTO, BECOME
DEPENDENT ALONE ON NATURAL CULTURE ; AND THE EXPERIENCE OF

A THOUSAND YEARS HAS CLEARLY SB.OWN that there IS 710 7iatural pro-

duction, however strong and rich this may he, which can stand against the

greed of men, when this is not checked by the ])ersonal consciousness of oion-

ership.



XXIII -WHAT DOES A FISH COST?*

By Christian Wagner.

After the tiny, jelly-like fish, has left its egg it receives nourishment

for several days from the adhering yolk-bag, mostly resting on its side

upon a blade of grass as near as possible to the surface. Thence for-

Tvard, however, it preys on living aquatic animalculae, and though en-

joying a life scarcely perceptible by means of a microscope it soon begins

to hunt for the mite-like water-fleas, the larviDe of gnats, &c. For some

time I have been in the habit of keeping, and not only during the breed-

ing season, small cups and larger dishes for raising different insects,

which facilitate the observations.

The goldfish, carp, tench, &c., are quite voracious when only eight

days old. They consume in three days about as many of these animal-

culse as their own weight. Higher or lower temperatures are at this

time of the greatest influence. The warmer the weather the greater is

the vitality of the fish and the more rapid its growth, if properly fed.

By continued natural feeding the little fish doubles its size in about

eight days, and then, fourteen days old, is looking for larger food, which

now mostly consists of larvte of gnats. The consumption of food equal

to one-third of its own weight per day is still continued ; but the growth

does not progress at the same rate, it only increasing about 100 i^er

cent, in the next fourteen days. A fish of four weeks, with sufficient

food, will, perhaps, in four weeks double its size ; then in eight weeks,

and so forth, at the same ratio, if the winter or other circumstances do

not interfere.

Although our predaceous fish, the so-called winter-fish, as pikes (pike-

perch), trout, &c., down to the little stickleback, sometimes take food in

rather cold weather, the so-called summer-fishes (carp, tench, bream)

eat almost nothing in winter time. The colder it is the slower they

breathe, and though on warm sunny days they occasionally appear near

the surface, they rarely take adequate food. They are always satisfied

with the little nourishment contained in the water, which, by breathing,

is conducted into the stomach—it is true at the expense of their own|

bodies, for in spring-time all these fishes appear more or less emaciated.

Suppose such a fish, one year old, be it summer or winter fish, to have

attained a length of about six centimeters, and to represent, accord-

ing to its weight, a food value of one pfenning [equal to nearly one-

* Trauslated by H. Diebitsch from Deutsche Fisclierei-Zeitung, No. 46, Stettin, No-

vember 12, 1878.
(JQ5



GOG REPORT OF COMMISSIONER OF FISH AND FISHERIES.

fourth of a cent.

—

Teansl.J (fifty of such fishes equal one kilogram),

it has in the coming summer one hundred more warm days for growth.

It may be taken for granted that the fish in these one hundred days, as

in the first year of its existence, will consume every three days as much
food as its own weight, which in the second summer amounts to 33^

times its own weight of feeding matter, worth 33^ pfenninge.

The predaceous fish, as is known, lives on other fishes, eveu of his

own species, if not fed with blood, scraps, &c., and consumes food

matter as valuable or nearly as valuable as itself. In fact, up to the

second summer the fish represents only 10 per cent, of the value of its

feeding expenses, having only attained the weight of 120 grams, and

in the third year, consuming at the same ratio, it costs already 10 mark

(1 mark nearly 24 cents), and so forth.

Proceeding on this undoubtedly correct basis, calculation would finally

arrive to an enormous amount. I shall afterwards give a striking exam-

ple. If the so-called summer-fish in its third year does perhaps not use

up quite 33^ times as much food as its own weight, the winter-fish, on

the contrary, as it keeiis on eating throughout the whole year, consumes

a great deal more.

According to my observations, a three-pound pike prefers a one-pound

inke to a one-fourth pound one, and a pike one-fourth pound in weight

rather takes another one one year old than a smaller fish or an angle-

worm, &c. As a special dainty, the frog may be mentioned. In the

following I shall state facts, and shall prove by figures how dear a fish

can become, though apparently an inexpensive inhabitant of the water.

I had rented a (Grand Ducal) fish-breeding establishment at Varel,

and a friend of mine, Mr. Krommelbein, placed in one of the ponds,

which had proved especially adapted, 2,000 so-called StrecTc-caTj), about

as long as a hand ; these are fit for propagation in the fourth year.

In order to destroy the too great quantity of fry, it is customary to

introduce small pikes ; in this case about 20 were added. As formerly

done, this pond after three years was to be fished in its turn. When
informed by Mr. K., I prepared for the 1,800 carp to be received (10 per

cent, of loss), which, after former experience, ought to have attained the

weight of 1^ pounds each. You will be surprised to hear the result of

the entire proceeding, viz: Two eatable fishes—pike—of 30 pounds*

each, a number of two-year-old carp-fry, t one-year-old pikes without

value, equally small perches, | and many sticklebacks ! The above two

pikes had made such astonishing growth in consequence of the abun-

dant food.

The summer, like the winter, fish of the same age often differ in size

* The pikes introduced -with the Streck-carp must liave been too large, since they

actually eat up the carp.

—

[Editor.]

t The Streck-carp must have deposited eggs. Have none of the originally introduced

carp been caught, from which those two.year old must have been bred?

—

[Editor.]

t Had these also been introduced?

—

[Editor.]
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in the ratio of 1 to 4, according to their feeding. A pike of six years

weiglis on an average about 5 pounds ; but if its nniriment is abundant,

as was tlie case in the carp pond mentioned, a triple weiglit has been ob-

tained. What was the expense for these two pikes ? From former re-

sults we know that the same pond had yielded 3,000 pounds of eatable

fish when stocked with 2,000 carps (without larger pikes), and taking 1

mark as the value of 1 pound, then either of the two pikes costs 100

mark per pound

!

How, during three years, so many enemies to the fry could originate

is the question still to be answered, and the answer is quite simple.

Just as weeds in the field without direct seeding grow in greatest lux-

uriance, so the hosts of unwelcome destroyers originate in the water-

basins. If we, for instance, observe ducks swimming among the deposits

of eggs (either on plants as with summer-fish or on the bare shore with

others), we will see how they carry on their wings the contents of the

water when suddenly frightened, the eggs easily adhering to their feet

and feathers. Eeaching other, perhaps more quiet, water they dive and

get rid of their adhesions, &c. Many kinds of water-fowl, also rats,

frogs, and other animals, thus distribute useful seed, as well as that of

weeds, if this expression be allowed.

Whoever, therefore, wants to breed a certain species of fish, must
know how to calculate and must thoroughly cultivate the water. The
water is like the field ; where there is no cultivation there is no result

in either. My experiences serve me as proofs for the statements made
in 1863 (in Zoolog. Garten zu Fran1xfiirt-am-Main). The area of my prop-

erty, if used for agriculture, would scarcely sux)i)ort a laborer and family,

while by i)isciculture it gives employment to fifteen men, three horses, and
a steam-engine. The profit to myself is much greater than any farmer or

gardener could make of it, for the water is much richer than the field, if

pools are cultivated like land. The field is my school, the water my field

!

CHRISTIAN WAGNER.
OLDENBURa.
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XXIV.-THE PROPAGATION AND DISTKIBUTION OF SHAD IN 1878.

By James W. Milner.

A—STATION ON ALBEMARLE SOU^^D.

Encouraged by the success of the ajiparatus devised by Mr. T. B.

Ferguson, Commissioner of Fisheries of Maryland, for hatching shad in

tidal waters, it was decided that a renewed experiment should be made
in the waters of tlie Southern States with the improved method. The
floating boxes had proved inadequate and unsatisfactory in waters with-

out current.

The region of the numerous fisheries in Albemarle Sound was selected

for the point of operations. These, numbering in all about forty, are

located on the shores of the sound, principally in the northern and
western region and the mouths of the Chowan and Eoanoke Rivers, and
employ seines from five hundred to twenty-five hundred yards in length.

Most of these employ horse-i)Ower for hauling in the seines, although

several are fitted with fine steam-engines. They are considered as an im-

portant part of the plantations and estates upon which they are situated,

and a very considerable amount of cni»ital is invested in the enterprise.

The preparation of the shore alone is an expensive operation, emj)loying

many men, diving experts, and explosives, to clear off the snags, cypress

knees, and stumps which are found in the shallower portions of the

water.
The fishing for shad and alewives or herring oi'diuarily begins in

March and lasts to the 1st of May, the lower fisheries cutting out sev-

eral days before the u])per ones. Fishing is continued from midnight

Sunday evening until midnight Saturday. The fishing in this locality

has hitherto been confined almost exclusively to the seines, although of

late years pound-nets, or "dutch nets," as they are called in this locality,

have been introduced. Pamlico Sound, which is adjacent, is also an
extensive fishing region.

The nets visited by our steamers extended from Colerain, on the Cho-

wan, to Drummond Point, on the northern side of the sound, and to

Jamesville on the Eoanoke, something like thirty fisheries being thus

available.

The barges fitted up and used the previous year by Maryland, con-

taining the improved machinery for shad-hatching, were, with the ma-

chinery, purchased by the United States commission from the Maryland
commission and put in working order. On the 19th day of March the

611
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revenue-steamer Thomas Ewing, Capt. Alvan A. Fengar in command,

by instructions from the Secretary of the Treasury, took the ileet in tow

and carried it as far as Norfolk, Va. One of the barges was left at this

port to be fitted up as a second machinery-scow. A large tug was em-

ployed to tow the three barges through the canals, and they arrived on

March 26 at the headwaters of Albemarle Sound, near the mouth of the

Chowan River, and were anchored in a protected position adjacent to

Avoca, the plantation of the Capehart family, which occuijies an extent

of land lying between the rivers Chowan and Roanoke.

The services of the steamer Lookout, belonging to the Maryland Fish

Commission, had been obtained for the work of the season. She was

sent to I^orfolk in December of 1877, to secure a harbor not liable to

be obstructed by ice at the time she might be needed, and by permis-

sion of the Secretary of the Navy was kept at the navy-yard. She ar-

rived in Albemarle Sound on the 3d of April. She there rendered

efficient service under the direction of Maj. T. B. Ferguson, whose hearty

cooperation and assistance were of great moment to the United States

Fish Commission. Several trips of the Lookout from Avoca to Wash-
ington demonstrated the practicability of carrying eggs and young fish

with perfect safety, so far as the steadiness of the cones before referred

to is concerned. Notwithstanding the roughness of the sea, the gim-

bals in which the cones are suspended insure the horizontal position of

the surface at whatever angle the deck itself may stand.

Major Ferguson's appointment as one of the United States commis-

sioners to the Paris Exhibition made it necessary for him to break up

his connection with the United States Fish Commission about the time

of closing the work on Albemarle Sound.

Very important assistance was also rendered in Albemarle Sound by

a small open steam-launch furnishe<l to the commission by the Secre-

tary of the Navy; indeed, without it, very nuich less would have been

accomplished. A»secoud launch, derived from the same source, was in

use in addition at Havre de Grace.

On the morning of the 28th about eight thousand eggs were taken and

put into some Brackett boxes which we had in our outfit. The large

seines in the vicinity were in full operation, the two nearest us being

those of Avoca Beach and Scotch Hall. These seines were each about

twenty-three or twenty-four hundred yards in length. Both of these

beaches are on the great Capehart plantation. To Dr. W. R. Capehart

and to his father we are indebted for continued aid and active coopera-

tion, which were essential to the success of our work. The previous year,

at an outlay of nearly $650, Dr. Capehart made an experiment with the

floating boxes, but because of the lack of current no adequate results

were obtained. This year fie had a large tank erected, and using one of

our pumps with his steam-engine hatched a large number of shad.

Up the Chowan, within a distance of twelve miles, were three or four

large seines, and along the northern shore of the sound, in the vicinity
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of Edenton, N. C, and Drum Point, were some eiglit'or ten more. At
several of these fisheries steam-engines are used in draAving the seiue to

shore. The catch of shad was quite limited, thirty to one hundred l)eing

near an average haul, while the alewives were very numerous.

On April 1, a general move was made for obtaining shad ova. On this

day two hundred thousand eggs were taken, and from this time on a

considerable number of eggs were obtained up to the 1st of May, the

number reaching 10,387,000. The largest number of eggs taken in any

one night was on the 15th of April, when eighty-two shad were stripped,

affording what were estimated at 1,005,000 eggs. On the 17th fifty-nine

ripe shad were strii)ped, and on the 18th, seventy-six.

A singular fact attending the work of gathering spawn was the con-

centration of the spawning fish upon the Avoca Beach, the one nearest

to our station ; so constant was this that fully four-fifths of the eggs

taken were obtained at this one point, although the fivsheries for twelve

miles up the Chowan, and for fifteen miles along the northern shore,

and five or six miles up the Eoanoke Eiver, were visited. As usual the

bulk of the spawn was taken at night, the largest amount being brought

from the seines coming to shore about an hour after dark; a few are

taken in the morning, but it seems to be the uniform law that scarcely

any are taken after broad daylight. Albemarle Sound proves to be one

of the best localities for shad production that has been tried, as the nu-

merous large seines are continuously hauled from Monday morning

(midnight) to Saturday midnight of each week. There is no tide in the

vicinity, and the hauling is not delayed at any time, as all hours of the

daj^ and night are favorable.

The shipment of fish to remoter points began April 11. Correspond-

ence and a conference with the commissioner of Virginia, Col. Marshall

McDonal, and of North Carolina, Col. L. L. Polk, had resulted in their

assuming the distribution of young fishes to the waters of their States

at a distance from the vicinity. The first shipment was made to ISTotta-

way Mills, Va., into the Nottaway, tributary to the Chowan River, at

that date. From that time to May 2, when this work closed, 4,920,500

young fish were distributed; of these, 2,145,500 were put into the im-

mediate waters ; 1,039,000 were distributed in other waters within the

State, making 3,184,500 young put into the waters of North Carolina;

1,142,000 were sent into Virginia, while in other States 000,000 were

planted. The accompanying tables will show the details of the gather-

ing of eggs and of the distribution of the fish from the Avoca station.

Although in every respect the region of operations was most admira-

bly adapted to furnishing a large number of young shad, it proved to

be rather inaccessible for railroad travel in the distribution of fish.

Two steamboats connect it with Franklin, a point on the Seaboard and

Roanoke Railroad, within the Virginia line, and about seventy miles

distant from our station ; but in shipping fish it was necessary to send

them by the steam-launch to an outside pier where they remained in
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charge of the attCTidants uutil the steamer came. No telegraph com-

munication coukl be had nearer than Franklin.

As already remarked, the seine fisheries of this region are on the most
extensive scale of any locality in the country; although a single seine on
the Potomac exceeds any one on the Albemarle Sound in dimensions,

still the average length of seines in the Albemarle Sound is greater and
there are more of them. The system of fishing is a very good one, most
of the seine proprietors finding it possible to employ the same gang of

hands each succeeding year. This, of course, afiords them the advantage

of a trained and experienced force, which is a matter of much conse-

quence.

At the Scotch Hall fishery on the Capehart plantation, where steam-

engines are used, a system of signals is employed with the steam-whistle,

through which the men are called to any point necessary, and the posi-

tion of the seine can be known by the proprietor, while in his ofiQce or

at his home, by the special signals given at different intervals.

Where the outlay is large and the labor bill great, as it is at these

steam-fisheries, it is found essential to have the material in the outfit of

superior quality, so that there may be little liability of delay through

breakage or accident. A peculiar line is used at these fisheries, imported

from Russia, made expressly for the Eussian navy, and said to be used

only in two or three industries in the United States, one the Albe-

marle Sound fisheries and another in oil-well drilling.

Some of these fisheries have proved very profitable to their owners.

One is referred to, the sum of the profits from which for nine years was
$.55,000. A table showing the catch at Scotch Hall fishery for a series

of years is appended.

Large shoals of rock-fish or striped bass visit the shores later in the

year. A remarkable haul made on one of Dr. Capehart's shores in

1876 yielded 35,000 fish. Many of these weighed 80 and 90 pounds, and

305 of them had a total weight of 23,785 pounds, an average of 65

])Ounds. This year the run of sliad into the sound was very light; only

one haul of consequence was heard of, this Ijeing when 998 were taken

at Avoca Beach on the 17th of April.

It may not be generally known that the waters of Albemarle Sound

are entirely fresh from Roanoke Island to the head of the sound, the

inlets from the sea being so small that very little salt water is intro-

duced; the large rivers emptying into it also prevent the tides from

having much effect upon the water ; Pamhco Sound has a larger area of

salt water.

Early in April it was announced that large hauls of herring were

being made in Pamlico Sound ; about the middle of April large catches

were made at the lower fisheries in Albemarle Sound, and from that

on till the 1st of May the nets were crowded with herring. The run

was unprecedented, the older fishermen asserting that nothing equal to

it had ever occurred; one of the nets of Mr. Peter Warren took at one
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haul 400,000. The northern shore of the sound and the Ohowan Eiver

seemed to be in the direct course of the fish ; later they struck the net

at Avoca Beach ; the best haul made at this i)oint was 105,000. Scotch

Hall, about three miles nearer the mouth of the Koanoke Eiver, did not

seem to be in the range of the fish ; they ascended the Roanoke in much
more moderate numbers, though all that the fishermen desired and
more could be taken. The herring crowded the waters of the sound to

such an extent that they seemed to drive the shad and other fishes

away, and the catch of shad became even smaller than it had been.

The steamers from Franklin came daily freighted with salt and went
back loaded heavily with salted herring; the prices dropped very

rapidly until they were offered in some instances at 50 cents a thousand

at the beach. The women employed to dress the salted herring worked
night and day, and a large increase of the force was made at most fish-

eries. It was impossible in these immense hauls to take care of all of the

fish, and frequently a large surplus was carted away from the beach to

spread on the fields as manure.

No satisfactory theory suggests itself for this immense increase in the

herring. The seines stopped fishing eight or ten days earlier than usual

because of this immense influx of herring, as the prices became lower

for every additional hundred thousand salted.

A change in the run of the shoals of fish at different points, from
year to year, is observed here as it is in many other places and with

other species of fish. It is impossible to say whether this is owing to an
alteration in the contours of the bottom from the heavy storms, or to a

change in the distribution of the food of the fishes, or to a question of

temperature, but it is a fact that certain shores, which in a series of

years have gained notoriety for great yields of fish, subsequently di-

minish in value, and other stations supplant them in this respect.

The facilities for hatching fish which were at our command were, first,

the apparatus first used in the season of 1877, namely, a barge, on the

outside of which levers protruded from air-ports ; from the bows were

suspended buckets, an up-and-down movement being afforded these by
means of eccentrics, which from their irregular form, with one long side

and one short side, produced a sudden drop and a slow rise; this appa-

ratus is the well-kuown invention of Major Ferguson. Cones were ar-

ranged along the sides of the housing which covered the scow; two
large casks were raised on a platform to an elevation higher than the

top of the cones, and were filled by a pump run by the same engine

which propelled the shafting. An improvement was made on the cones

at the suggestion of Mr. F. N. Clark, wliich obviated the continual at-

tention required in skimming off' foul matter, shells of eggs, and the

like, which continually clogged the perforations in the inner rim, and
produced an overflow of eggs and fishes from the cones. By means
of Mr. Clark's contrivance the specific gravity of sound eggs, at a
properly regulated pressure, caused them to remain some distance be-
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low the surface; the refuse matter, including the ISaprolegnia, constant-

ly flowed off. The engine was worked night and day. When the stock

on hand was small the engineers also attended at night to the cylinders

and cones, but during the height of the season, when everything was
filled, night and day attendants were required. Some little difficulty

was at first experienced with the cyUnders in time of storm, a very lit-

tle increase in wind or wave occasioning too much agitation of the water

and eggs within the cylinders, and our first warning of this danger was
the loss of over 300,000 eggs, by a strong wind and sea setting against

the cylinders containing them on one side of the barge. This we were

afterward able to prevent in part by stopping the machinery and allow-

ing the wave alone to give the movement to the eggs within the cylinders.

A screen or breakwater might, however, easily be devised by placing a

frame work outside the cylinders, reaching a little below the water, and

nailing or fastening to it either canvas or thin boards ; not being pre-

pared with this device during the present season, it was thought best to

use the cones to the largest extent before utilizing the cylinders, and some-

times, when bad weather threatened, we took the precaution to remove

the eggs and fish from the cylinders to the cones inside the building, if

any of them happened at the time to be empty, as was exj^lained in my
report of J 877. Very much less loss was experienced by this apparatus

than could be expected from any form of floating box where only side

currents are to be depended on.

Where a continual river current is found, the cheaper floating boxes

may be used quite as efficiently, except for the greater area required

;

but the larger i^ortion of the shad-spawning grounds being within tide-

water and where currents are very slight, the great advantage of this

certain and constant agitation of the water is readily appreciated.

As in all artificial i>ropagation of fishes the i)resence of a skillful expert

is necessary ; trusting the work to beginners and those who have little

experience and ability in fish-hatching will afford as small results as it

does with any other api^aratus.

A small experiment was made with the Chase jar. This Mr. Oren M,

Chase has used at Detroit for the past four years in hatching white-fish.

It was found to work with quite as much efficiency in hatching shad, and

it is quite probable that with some modifications to suit the different con-

ditions of shad-hatching it would be found to excel everything else in the

concentration of space and hatching a very large quantity of eggs in

masses contained in quite small vessels.

A device invented by one of the working members fo the corps, Mr.

W. T. W^roten, also deserves notice. It embodies the principle of the

Chase jar, except that instead of applying the current through a rubber

tube and diffusing it from the center of the vessel it is applied through

vertical funnels or channels on the sides of the vessel, forcing the water

in through a narrow space or slot extending round the bottom. This is

an advantage in the fact that the vessel being made sufficiently small

—
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to contain about fifteen or eighteen quarts—can be carried out in the

boats, and the spawn as soon as it is impregnated and "rises" can be

immediately turned into this bucket, where it can receive much better

care before reaching the hatcliing station, and the vessel can then be

placed where a stream of water can be introduced, and the entire opera-

tion, from the time the eggs are impregnated t<5 tlie time the fish are

taken out, can be carried on in the vessel without transferring or moving

the eggs.

The experimental device of Mr. Wroten is a little crude in its con-

struction, but with another year's use, and the improvements which will

be suggested, it is quite likely to be considered as a valuable acquisition

to the apparatus for fish-hatching.

The Maryland yacht Lookout, which was at the station, had also, on

its forward decks, six cones which were employed in hatching eggs and

in two efforts to transport large quantities of fish to the waters of the

Potomac and streams in Virginia and Maryland.

At Avoca station a few experiments were made in taking herring-

spawn, with very good success ; the variety was the so-called glut or

small-eyed herring, which here runs high up the streams; the larger-

eyed herring remaining down the bay—an instance of opposed habits

in the same si)ecies in different regions, as in the Potomac the so-called

branch herring runs up the streams, and the glut remains in the open

waters. The eggs were handled in precisely the same manner as those

of the shad 5 they had rather a tendency to adhere to the sides of the

pan or whatever they touched, but still with a little pains were washed

free, and were put into the buckets to hatch the same way as the shad.

The young were very minute, and it was impossible to keep them in the

vessels, because they were small enough to shp through 5 the wire-cloth

that we had in use being only twenty-four meshes to the inch.

About the end of Aj)ril the large seines began to cut out, the great

flood of herring making it unprofitable to continue fishing, as the shad

all abandoned the shores.

On the 29th of April, the revenue-cutter E. A. Stevens reported for duty

in affording facilities for our work. As the last seine, the one at Avoca
Beach, which had proved so profitable to our work, was to cut out on

the 1st of Maj', and the steamer Lookout was at hand expecting to carry

back a large stock of fish and eggs to the Potomac Eiver, it was deter-

mined to get rid of all the young fish on hand and have the Stevens tow

the barges as far as Norfolk, if not farther. On the morning of the 2d of

May the barges were tied behind the steamer, and we started down the

Sound, lying over at night in the narrow cut south of the entrance to the

Albemarle and Chesapeake Canal. On the morning of the 4th we reached

the navy-yard at Norfolk, having had some trouble in getting through

the shoal passages and cuts with the long string of barges. We were

tied to the anchor-buoys at the navy-yard, and the steamer retiu^ned to

Albemarle Sound. About four o'clock the same afternoon the revenue-
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cutter Thomas Ewiiic: arrived with instrnctions to take one of the barges

and a steam-launcli to ^a^Te de Grace. Captain Fengar, however, oblig-

ingly consented to take two barges instead of one. The wind rising to a

gale he put ofl' starting until the next morning ; but at an early hour on

the 5th the cutter got under way with the two barges and one launch in

tow; the remaining barge was taken into the dock and tied in one of

the slips at tlie navy-yard.

On the 7tli tlie steam-lannch of the Franklin was sent alongside, Mr.

Kullman, a machinist from the steamer, coming with it to act as engi-

neer; on the evening of this day 1 came on to Washington, leaving the

two barges and the steam-launch to be towed up to Havre de Grace on
the return of the revenue-cutter Ewing. On her second trip this steamer

left Norfolk on the 9th of May and took the remaining barges and the

launch in tow for Havre de Grace. Going up the bay they encountered

a strong wind and sea, and were for a time in considerable danger; at

about midnight the wind rose to quite a gale and the steamer ran into

the Great Wicomico Eiver for harbor; the launch, however, j^arted her

hawsers and went adrift ; as it was impracticable to turn around with

the two scows, she had to drift along until they were anchored, when
the steamer went out and found her after some search and took her into

the harbor.

B.—STATION NEAR HAVRE DE GRACE, MARYLAND.

The barges arrived on the 11th of May at Havre de Grace. I had
been for twenty-four hours awaiting them. They were anchored in the

Narrows in about the same place they were last year.

As we were well supplied with steam-launches and facilities for ob-

taining spawn from the different seines and nets, I concluded that

the steamer Lookout could be best utilized by being sent to the Poto-

mac to work tlie fisheries of that river, as she possessed considerable

capacity in the cones on her forward deck for the care of eggs. Caj)tain

Chester accordingly left with the Lookout on the morning of the 15th

of May.
The first eggs were taken on the 17th of May, tlie number being

25,000; the total number from that day until the 11th of June obtained

at this station was 12,730,000. The greatest number gathered in one

day was ] ,940,000, on the 29th of May, from 97 spawners. On the 27th

65 good spawners, and on the 28th 71 were taken, this period seeming

to be the climax of the spawning season.

The first shipment to a distant stream was made on the 15th of May

—

150,000 shad—to the Tombigbee River in Mississippi. The total number
shipped to other States from this point was 2,535,000 ; the number put

in at this station and in immediate waters, 5,105,000; and the number
put in other streams of Maryland and in the Potomac Ri^er, 1,705,000,

making a total of 9,345,000 fishes.

Mr. Thomas Hughlett, of Easton, Md., State Commissioner of Fish-
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eries, took tlic responsibility of a considerable portion of the State dis-

tribution and ailbrded efTicient aid to onr work.

(".—POTOMAC RIVER STATION.

Captain Chester succeeded in obtaining 1,430,000 eggs on tbe Poto-

mac River, a portion of wliicli were put in the river and two shipments

made to other waters of Virginia. The results of his work are shown
in the tables.

I).—GENERAL RESULTS.

The total number of eggs taken for the year at A^'oca and Havre de
Grace stations, and the Potomac River was 24,o47,000; from these about

14,521,000 lishes were distributed, or about GO per cent., which is of

course small, the losses before the machinery was complete accounting

for most of it.

The success of the work was, however, great enough to meet all spe-

cial requisitions, and it was deemed unnecessary to establish a station at

any point further north. A shipment f)f 150,000 shad was sent on the

1 1th of June to Sacramento River, California, going through with great

success. This is the fourth shipment made to that river by the United
States Commission in co-operation with the State, a previous one in 1871

having been made under the auspices of the State alone.

The results from placing shad into the Sacramento River, where they

had no previous existence, are of the most encouraging character, as

the number of shad taken has increased yearly, so that in the present

year it makes a considerable item in the Sacramento fish market.

The news of continued captures has also been heard from LouisviUe,

Ky., and a few points on the Mississippi River. Shad were taken in the

month of March at Wetumpka, on the Coosa River. The run of shad at

Louisville began about the 1st of May, and closed about the 20th ; the

greatest number being taken between the 10th and 18th, as near as

could be learned by the Fish Commissioner.

TABLES OF SHAD PROPAGATION AND DISTRIBUTION IN 1878.

Becord of shad-hatching oj^eraUons conducted at Avoca, N. C, on Albemarle Sound, from
March 28, 1878, to May 1, 1878, on account of the United States and Maryland Fish Com-
missions.
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Becord of ahad-hatching operations conducted at Avoca, N. C, on Albemarle Sound, from
March 28, 1878, to May 1, 1878—Continued.
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Becord of shad-hatching operations conducted at Havre de Grace, Md., on the Suaquehannm
River, from May 7, 1878, to June VZ, 1878, on account of the United States and Mary-
land Fish Commissions.
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Record of ahad-hutching operation conducted at Havre de Grace, Md., cjr.—Continued.
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Statistics of fisheries at Avoca, N. C.
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Niimher of hauls made during one weeli, 1868, and nmiiber of shad caught.

62i

Date.

ApriJ 6.

Fii'st haul.

Total shad caugLt one week.

920
3D2

1,341
1,678
1, 600

1, 0D2

Second haul. Third haul.

1,330
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XXV.-BIOLOGICAL OBSERVATIONS MADE DURING THE ARTIFI-

CIAL RAISING OF HERRINGS IN THE WESTERN BALTIC.

By Dr. H. A. Meyer.

PEEFACE.

I have published my observations on the spawning-seasou of the her-

ring, on its growth, the influence of the temperature of the water on the

spawn, as well as some other facts relating to the mode of life of the her-

ring, in the Annual Eeport of the Commission for a scientific investigation

of the German seas for 1874-'76, Berlin, 1878.

These investigations I have continued during the years 1877 and 1878,

in the direction pointed out in that report. As it will be some time be-

fore the next report of the commission is published, and as from a prac-

tical point of view it will be of interest to make the newly acquired ex-

perience quickly known, I publish the following preliminary report, con-

taining the more important results of the last two years' observations of

the development of the herring.

I.—INFLUENCE OF THE TEjVIPERATURE ON THE DEVELOPMENT OF THE
EGGS OF THE HERRING IN SPRING.

In the above-mentioned report of the commission, the various experi-

ments are given, which go to prove that very cold water will consider-

ably delay the hatching of the eggs of the autumn herring. It was stiU

an open question whether the same applied to the eggs of those herring

which spawn in spring, which could only be settled by making the neces-

sary experiments. This seemed all the more desirable, as it was a ques-

tion not only of scientific but also of practical interest. If impregnated

eggs of those fish of the herring kind which spawn in spring and summer
can be preserved in a healthy state for a longer time by keeping them
cold, the artificial raising of fish will thereby be benefited, because then

it will become possible to send such eggs to distant countries. As the

time which it takes the summer spawn to develop under ordinary cir-

cumstances is but short, the attempts to import the spawn of valuable

American summer fish have so far not been successful.

* Biolof/ische Beobachtnngen hei KUustUcher Aufzucht des Herings der ivesilichen Ostsee.

Von Dr. H. A. Meyer, Berlin, 1878. Translated bv Herman Jacobson.
629
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I therefore examiued the condition of spring spawn when kept in A'ery

cold water with the following results

:

For this year's experiments I used full-grown fish which had been

caught with hook and line near Bappeln, on the Schlei (Duchy of Schies-

wig), on the 26th of April. Milt and roe were ejected by these fish into

porcelain dishes the verj^ moment they were taken out of the water, with-

out exercising any pressure. The temperature of the water at the time

these fish were caught was 8o.4 0. (47.12° F.), the saltness midway
between the surface and the bottom 1 per cent, (specific gravity=1.0070

at 17'^.5 C.= 03.5° F.). The artificial impregnation was, as in former cases,

accomplished in porcelain dishes, which during the journey to Kiel were

often supplied with fresh sea-water, which was kept at the above-men-

tioned temperature.

The diameter of the eggs, altough they came from different fish, only

varied between 1.22 and 1.37 millimeters. On closer examination it was

found that nearly every egg had been imi>regnated and that their nor-

mal development had begun.

The following experiments were made with these impregnated eggs

:

1. A number of eggs were placed in the open water of the Bay of Kiel,

whose temperature at this time was 11-12° C. (51.8°-53.0° F.), and whose

saltness near the surface was 1.40 per cent. These eggs were left in the

water till the young fish were hatched.

2. Some eggs were likewise hatched in the open water of the Bay of

Kiel, but after having been impregnated, they were from the 2d to the 5th

day after this had taken place put in water whose temperature was only

2° 0. (35.6° F.), in order to learn the influence of cold water on scarcely

developed eggs, and likewise to see what would be the result of suddenly

placing them in colder water.

3. Eggs which for eight days had been in the water of the Bay of

Kiel with a temperature of 11-12° (51.80-53.6° F.), and whose develop-

ment had almost been completed, were suddenly placed in water whose

temperature was only 2° (35.6° F.), in order to ascertain the power of

resistance to cold of eggs which were near being hatched.

4. One-fourth of all the eggs were, immediately on their arrival at Keil,

placed in water whose temperature was only 2° (35.0° F.), where they

were left, to retard their development as much as possible.

5. Finally, some eggs were placed in still colder water, in order to

ascertain the degree of cold which becomes destructive to herring-eggs.

A uniform temperature suitable for these purposes can easily be ob-

tained by using wooden boxes similar to refrigerators, especially if these

boxes are carefully surrounded by non-conductors of heat. The water

used in these experiments was salt water from the Bay of Kiel. In all

the experiments the water was changed once a day and fresh water put

in the vessels after being reduced to the desired degree of coolness.

At as low a temperature as 2° C. (35.6° F.) it seems quite easy, even

without taking any special precautionary measures, to keep herrmg-eggs
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fresh and healthy for a month. Only where a number of eggs had be-

come -pasted together did they begin to mold or rot. Wherever the

eggs lay at the bottom of the vessel in a single layer it would not even

have been necessary to change the water once a day during the normal

period of development.

In artihcial hatching special care should therefore be taken to distrib-

ute the eggs evenly over the vessel. If this is done their sticking to

the bottom is no hinderance, but rather an advantage, as the fine sedi-

ment which forms at the bottom can easily be removed without injuring

the eggs.

In the following review of the results of my five experiments I have

omitted many details, because I would only have to repeat what I have

communicated in former publications.

, Experiment 1.

From the eggs kept in the open water of tbe Bay of Kiel young fish

were hatched in 10 to 11 days.

This agrees with my former statement (Eeport of the Commission for

1877, p. 240) as regards the time required for the development of autumn
eggs in water of the same temperature. These required 11 days at a

temperature of 10° to 11° 0. (;j0°-51.8° F., and spring eggs, which

formed the subject of my present investigation, required abotit the same
time, ha'sang during the first day been in water having a temperature

of 8.4° (47.12° F.), which afterwards was changed to 11° to 12° (51.8°-

53.6° F.).

The young fish after having left the eggs only differed from those

hatched in autumn in being somewhat smaller. Two of the larger ones

were measured with the following results (given in millimeters)

:

Total length.
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Experiment 3.

Placing nearly developed eggs from water having a temperature of

12° (53.6^ F.), into water having a temperature of only 1^ to 2^ (33.8°-

35-6*^ F.), does not injure them.

For this experiniGnt eggs were selected whose embryo if left in water

having a temperature of 11° to 12° (51.80-53.6° F.) would have been

hatched after two days, whilst now, in water having a temperature of

only 2° (35.6° F.) they required twelve days. In comparing this result

with that of the preceding experiment, it appears that further developed

eggs are more retarded by the influence of cold than those whose develop-

ment has not advanced quite so far. In the second experiment the

hatching was only delayed four to five days in spite of their being ex-

posed to cold water for fully three days; whilst in this third exj)eriment

they were delayed twelve days, although the eggs were only exposed to

the cold for two days. The whole time consumed from impregnation to

hatching was, in this experiment, about twenty days.

Experiment 4.

Those ^g^fh which immediately upon their arrival at Kiel were placed

in water having a temperature of 1° to 2° C. (33.8°-35.6 F.) did not

develop as evenly as duriug the first three experiments.

The first young fish left the eggs on the twenty-eighth day after im-

pregnation, the majority between the twenty- ninth and thirty-third day,

and a few even later. If we take into consideration, that during the

first day these eggs had been in warmer water (8°.4 to 12° ^47.12°-

53.6° F.) and that if immediately on being impregnated they had been

placed in water having a temperature of 1° to 2° (33.8°-35.6° F.) their

develox)ment would have been a few days slower, it may well be supposed

that in that case they would have required thirty-three to forty days.

In my former experiments with autumn-eggs a similar delay occurred

at a temperature of 3°.5 C. (38.3° F.). It seems, therefore, that the eggs

of the spring fish differ somewhat in this respect from those of the

autumn-fish. This difference, however, is not marked enough to draw

special conclusions from it. It must be granted that there is a similar

delay caused by cold in both cases.

Experiment 5.

The period of development was by this experiment shown to increase

in length if still colder water was applied. At first, water was used

having a temperature of 0° (32° F.) ; with this temperature, the first

young fish were not hatched till the forty-seventh day, and if we count

in the fii^st day spent in warmer water, still later.

The young fish, however, did not seem to be quite healthy, although

some of them swam about for days in a lively manner. Many retained

a verv noticeable deformity of the back. It could not be ascertained
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whether this was solely caused by the lower temperature; for it is prob-

able that other causes aided iu bringing- about this result, for example,

Iceeping the eggs for more than one and one-half months in small ves-

sels which could not be thoroughly cleaned; the impossibility of keeping

the temperature exactly at 0° (32° F.) ; and, finally, the change of water,

which coidd only be effected once a day. I do not maintain that it is

utterly impossible to produce perfectly healthy fish at a temperature of

Oo (320 Y.), for, iu repeating the experiment with better apparatus, some

of the mistakes of the first experiment might be rectified ; but a renewed
experiment would scarcely seem profitable, because it has been ascer-

tained as a fixed fact that at a temperature of -f 1^ C. (33.8^ F.) the

eggs of the herring develop in a perfectly normal manner, whilst repeated

experiments have shown that this is impossible at a temperature of

only— 0^.8 C. (30.56'^ F.). At this temperature the yolk becomes opaque,

expands, and finally bursts the shell of the egg.

In the water of the Baltic, which is not very salty, the dividing line

lies between + 1^ (33.8^ F.) and — 0'^.8 C. (30.50^ F.); at any rate, very

near to zero.

I have so far not been able to ascertain whether this condition would

remain the same in the water of the iSTorth Sea, which has a greater

degree of saltness, and whose freezing-point is lower.

The fact that the spawn of the herring can stand such a low temper-

ature sufliciently explains why young herrings sometimes make their

appearance in the Schlei immediately after the breaking up of the ice.

They can, without any risk, lay their eggs even in very shallow water,

as no thick cover of ice, which alone might prove dangerous, forms in

spring. Even those eggs which have been laid earliest do not fully

develop until the water has become somewhat warmer. The autumn
herring never spawns in shallow water, but only where there is a cur-

rent. In the Western Baltic, therefore, the young herrings will scarcely

be destroyed by cold. On the otiier hand, it might be of interest to

investigate whether currents coming from the Polar Sea during the

spawning-season of the herring could strike the spawn in northern wat-

ers, for instance, on the coast of Norway. This would furnish an ans^fer

to the mysterious problem why the herrings leave certain coasts which
they had been iu the habit of visiting for many years. The surface

temperature cannot decide the question, but the temperature of the

water at the depth at which the eggs are found.

In the above-mentioned report of the commission (p. 241), I have
mentioned the fact that iu the eggs of the autumn fish the yolk dimin-

ishes in size if the season of development is extended on account of the

cold. But as the autumn eggs used in former experiments differed in

size, and the young fish hatched from them in length, it was impossible

to decide whether those embryos whose time of development had been
prolonged by the cold had akeady increased in length whilst iu the egg.

As the spring eggs used in this year's exi^eriments were aU of the same



634 EEPORT OF COMMISSIONER OF FISH AND FISHERIES.

size, it could be proved that the decrease of the yolk is invariably ac-

companied by an increase of the embryo. The young fish were meas-

ured, with the following result:
Millimeters.

After 7 to S days from the time they left the egg 4.7 to G.O

After 11 to 12 days from the time they left the egg 5.2 to 6.6

After 20 days from the time they left the egg 6.0 to 6.9

After 28 to 35 days from the time they left the egg 6.1 to 7.2

If these results are compared with those which are given m the report

of the commission, for young fish hatched from autumn eggs from Kor-

soer (Denmark), it will be found that these last-mentioned fish were con-

siderably longer. Their length varied between 5.4 millimeters, when the

time of development was shortest, and 8.8 millimeters, when it was longest.

II.—INFLUENCE OF NORTH SEA "WATER ON HERRINGS' EGGS FE03I THE
BALTIC.

In order to ascertain the influence of the water of the Xorth Sea^

—

which contains more salt than that of the Baltic—on the eggs of the

Baltic herring, I took some eggs which had been impregnated, on the

26th of April, at Cappeln, on the Schlei (a fiord of the Baltic), on the

following day to the aquarium of the zoological garden in Hamburg.

The iSTorth Sea water used in this aquarium at this time only contained

3.25 per cent, salt, and its temperature was 12° G. (53.6° F.). Here the

Baltic water was gradually mixed with the North Sea water, so that the

eggs were not exposed to the full degree of saltness till after forty-eight

hours. On the 7th of May the first young fish were observed swimming

about freely, and during the succeeding days they were followed by

others. The time of development was therefore very nearly the same

as in Baltic water of the same temperature. The day when the eggs

were taken to Hamburg was unfortunately very hot, and as the eggs

were not evenly distributed, but were placed several layers deep at the

bottom of the vessel, the larger number of them spoiled. But the fact

that the remaining ones reached their full development about as fast in

the North Sea water as in that of the Baltic, shows that the saltness of

the water does not exercise any very marked influence. There were no

arrangements in the Hamburg aquarium for raising the fish, and this

first experiment therefore only proves that the eggs of the Baltic spring-

herring can develop in the North Sea, leaving it an open question

whether the young fish hatched from these eggs can live and grow to

maturity in tlie North Sea.

III.—RAISING YOUNG HERRINGS FROM ARTIFICIALLY-IjIPEEGNATED

EGGS.

As far as I know, no one has succeeded in artificially raising young

herrings. ]\Iy own numerous experiments in this direction invariably

failed, because the eggs began to mold, and because no suitable food
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for the yoimg- fish could be found. They died, if not sooner, at any rate

after the yolk had been consumed. The growth of the fish could, there-

fore, not be observed in one and the same individual, but had to be esti-

mated aj)proximately from a scries of measurements made on different

fish, which only kept fresh for a short time, and then had to be replaced

by freshly-caught fish of the same size.

In the spring of 1878 1 at length succeeded in raising young fish, reach-

ing a length of 72 millimeters, from eggs which had been used in the

above-mentioned second experiment. My observations confirm, as a gen-

eral rule, the data regarding the growth of the herring given in the report

of the commission. There were, however, some differences in the details

which will jiTStifyme in giving in this place a full report of this experiment.

As has been mentioned before, the eggs were impregnated at Cappeln,

on the Schlei, on the 26th of April. The second, third, and fourth day
after impregnation they were kept in water having a temperature of

only 2° C. (35.6<^ F.); the remaining time they were kept in the open

water of the Bay of Kiel, having a temperature of 11-12° (51.80-53.0°

F.). The entire season of development lasted 14-15 days. A short

time before the young fish escaped from the eggs the dish containing

the eggs was jjlaced in an oval wooden vessel, measuring 135 centime-

ters in length, 95 in breadth, and 77 in height, and holding about 0.7

cnbic meter of water. Half of this water was every day replaced by
fresh water from the bay, which could flow off slowly, but continuously,

through a sponge firmly pressed in a round opening at the bottom of

the vessel. This sponge served as a filter, hindering the animalcules

which serve as food for the larvte of the herring from escaping. During

the course of the summer the temperature of the water on the surface of

the bay increased to 25° C. (77° F.), and in the wooden vessel, which

was generally protected from the light and heat by a wooden lid, to

about 20° (08° F.). The saltness varied between 1.15<|ind 2.20 per cent.

When within two days the greater portion of the eggs had been

hatched, I did not wait any longer for the remaining ones to be hatched.

The number of young fish was anyway very considerable. They always

kept together like a swarm of bees, and when the sun was allowed to

shine on the water they often came to the surface.

After one to two days many of these young fish already showed a con-

siderable increase in length, the largest measuring 9.2 to 9.3 millimeters.

After three days many had lost the umbilical bag entirely and showed a

widely opened mouth. After five days food could be recognized in the

intestinal tract. In some it consisted of a fine-grained greenish mat-

ter, whilst in most it was composed of embryos of gasteropods and
bivalves of the smallest kinds of Rissoa, Uh'(e, Lacuna, TelUna, Cardium,

Mya, which at this season of the year fill the water of the Bay of Kiel

near the sliore. These embryos can easily be distinguished by thfeir

small shell, and swim about in the water in a very lively manner. Those

which were found in the intestinal tract of the larvse of the herrings had
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a leng'tli of 0.11 to 0.16 millimeter. Sometimes 20 were found in one

and the same larva resembling a string- of J&ne beads and filling the

whole space from the month to the " sphincter ani." The copepods, at

first of the ISTauplius kind, were not quite so frequent among the contents

•of the intestinal tube.

When Professor Heusen and I examined some of these larvce on the

10th day after being hatched, we found a small number of colorless and
scarcely visil>le particles of blood.

After the 10th day the number of our young fish, which had so far

enjoyed excellent health, began to diminish in a very noticeable degree.

Finally their number dwindled down so rapidly that I was afraid my
experiment would be brought to a premature close. The fish did not

seem to grow much more in length, although some progress could be no-

ticed in its transformation from a larva to a definite fish shape. But the

length of the largest one on the 4:7th day after impregnation was only

12 millimeters, whilst, according to my observations of young herrings

raised in the open water of the Schlei, it ought to have been about 17

millimeters. An increase of only 3 millimeters during a whole month
could certainly not be called a normal development. The intestinal tube

was nevertheless filled nearly all the time.

Hitherto fresh water had been poured into the oval vessel through a

thick cloth, so as to keep out any enemies of the herring. I now made
a change in this respect, by pouring the fresh water direct into the ves-

sel, hoping thereby to give to the young fish more and more varied food.

I can of course not decide whether the favorable turn which matters

took was owing to this change, but I know of only one cause of the

sudden growth of the fish, namely, the largely increased number of

copepods.

By this increased growth during the third and following months the

artificially hatch^ fish at the end of the fifth month reached exactly the

same size as the herrings of the same age living in the open water of

the Schlei—which I have mentioned in a former report. This was further

corroborated by a number of young herrings raised in the Schlei simul-

taneously with those kept in confinement.



BIOLOGICAL OBSERVATIONS ON THE HERRING. 637

Probably it "was only the want of suitable food, bionglit about by filter-

ing the water through a cloth, which detained a large number of fish from

their normal growth. •The few, however, which passed this ordeal success-

fully showed in the most unmistakable manner that they knew how to

makeup for their involuntary fasting. This is an interesting observation,

because it shows how much the growth of the herring depends on the

quantity of food. A still more striking example of rapid growth was

exhibited hj a few small sprats which were sent to me from Cappeln on

the 20th of August, 1878.*

These fish, measuring 30 to 35 millimeters in length, reached a length of
ggmm

jj^ thirty-five days, whilst they were confined. We, therefore, observe^

in a small fish closely resembling the herring a growth of 25"°^ in thirty-

five days, or 22°^"^ during one month. It is well known that the growth

of all fresh-water food-fish varies very much. But the fact, proved by
actual experience, that salt-water fish, like herrings and sprats, are not

only retarded in their growth by want of sufficient food, but will make
up for lost time as soon as food is more plentiful, must be considered as

another proof that fish of different size may have the same age. This

will be a welcome statement to those who could not make the occurrence

of herrings of all sizes at every season of the year agree with the sup-

position of two, or at most three, spawning-seasons. There is at the

present time scarcely any doubt that the best-fed fish of the autumn
spawning are fully equal in size to fish of the spring spawning—there-

fore 6 months older—which have been retarded in their growth, but that

these last-mentioned fish can at a later time reach the size which belongs

to their age.

It is likewise certain that the food of the herring is, as a rule, more plenti-

ful during some months of the year than during the rest; that, for ex-

ample with us, on the shores of the Bay of Kiel, there is a very noticeable

lack of pelagian animals towards the end of winter. Our herrings, there-

fore, probably grow slower at certain seasons of the year than at others.

All that can be aimed at is, therefore, to ascertain the average growth,

more especially as one year may not resemble the other in this respect.

Although this treatise was to be confined to the growth of the embryo,

I also made a few observations on the growth of the fins, which may
find a place here.

On the 25th day after the fish had left the egg, the dorsal fins began

to appear, and on the 33d day 11 distinct rays could be seen. Six

weeks after the fish had left the egg, the dorsal and caudal fins in fish

measuring 15-19 '"™ had assumed their complete shape ; but in the

former some rays were still wanting, whilst in the latter the smaller half

of the rays was wanting. The anal fin likewise showed a form resem-

bling its definite form very closely. The number of rays in different

fish of the same age varied very considerably. The shape of the pec-

toral fins had not changed much, and did not by any means resemble

* Large numbers of these fish appeared about the same time iu the Bay of Kiel.
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the adult shape. Of the ventral fins there were only very indistinct

indications. After ten days more had elapsed—therefore 7 to 8 weeks

after the fish had left the egg—many of the larva entered the transition

period. They now measured 25 to 28°^°^ in length. This is the same

length as that of the smallest larvae, of the same age, living in the open

water of the Schlei, whilst with the autumn herring the transition period

does not set in until the fish have reached a much larger size. The fish

which had been artificially raised in the Bay of Kiel had, therefore, pre-

served the character of the Schlei spring fisli.

The young herrings of the same size which can now be caught in

large numbers in the Bay of Kiel differ somewhat from the above-

mentioned herrings in the position of their fins, and to some extent re-

semble the autumn herring. They are, therefore, certainly not hatched

from Schlei eggs, but are probably natives of the Bay of Kiel. In my
former reports I had to leave it undecided whether the Bay of Kiel con-

tained spawning-places; but now I can answer this question in the

affirmative.

On the 5th of May, 1878, and dimng the following days, there was ex-

cellent herring-fishing at the mouth of the river Schwentine.

On the 5th and Gth of May only fully-matured fish containing spawn

were caught; on the 7th of May some were caught which had spawned,

and from day to day the number of spent fish increased, until no other

were caught.

Also at the mouth of the canal, near Holtenau, the same large and

full fish were caught.

This confirms a supposition, which I have expressed in another place,

that the spring or coast fish have numerous spawning-places in the

Western Baltic, although none of these spawning-places are of great

importance.

Kiel, September, 1878.



XXVI.-THE PROPAGATION AND GROWTH OF THE HERRING
AND SMALL-HERRING, WITH SPECIAL REGARD TO THE COAST
OF BOHUSLAN.

BY A. V. Ljungman.*

[Translated from the STredish. by Herman Jacobson.

Tlie great importance of the herring-fislieries to the Scandinavian

countries has led to scientific investigations for the purpose of gaining

increased knowledge of all those conditions on which the proper man-

agement and administration of these fisheries depend, and with a view

of making them as productive as possible. The principal results of

these investigations which have been carried on in Norway and Den-

mark have been given from time to time iu the " Tidsshrift, for FisTierV

and the ^'•J^ordish Tidsshrift for FisTcerV; and the author of this little

treatise hopes to give an account of the Swedish investigations as they

are gradually progressing. As such a work may be considerably fur-

thered by observations furnished by those specially interested in the

fisheries, who have special opportunities for observing, I have deter-

mined to follow the example of two former contributors to this journal,

Axel Boeck and G. Winther, and to work ui) historically and system-

atically those portions of the various sciences having a bearing on the

subject towards which important contributions may be expected from a

large class of people outside of scientific circles, and whose more gen-

eral knowledge may be of importance for our fisheries. In order to

enlighten and benefit this class of people, as well as to derive the fullest

possible benefit of their co-operation, it is important that by a short and

clear r6sum6 of what has been done hitherto, they should be enabled to

gain an insight into the condition of our fisheries.

Among the i^hases in the life of our salt-water fish whose knowledge

may be considerably increased by observations and contributions by
the common people, the visible 'phenomena accompanying the propagation

and groicth of the herring occupy an important place. And with the

view of throwing more light on this subject, I wrote this treatise four

years ago, and have now reproduced it, embodying all the results of

recent investigations, especially those of the German Fish Commission.^

* Om sillens och skarpHiUens fortplantvhig och tillvaxt, med se^sldld hdnsyn till Bohualdns

sMrgard. Af A. V. Ljtjngman.—[From "Nordisk Tidsskiift for Fiskeri," 5th year,

part 4, Copenhageu, 1879.]

' Jaki-esbericht del- Commiasion zur vAssenscliaftUchen Untersuchung der deutschen Meere in

Kid, iv-vi. Berlin, 1878.
639
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The coast-lierring living in the Skagerack spawns during spring, in

suitable places on the coast, few of which seem to have been known to

those authors who have written on this subject. The cause of this is

probably found in the circumstance that net-fishing, which is best suited

for catching herrings during the spawning season, is not A^ery common
in Bohusliin, as nets can only in exceptional cases be used in those places

where the herrings spawn. An even sand-bottom, free from rocks

and stones, is very rare on the coast of Bohusliin, and the drag-nets

which are the best for use during the spawning-season cannot easily

be drawn across a rocky bottom, which forms the most suitable spawn-

ing-place. The herrings, however, seem also to st)awn on clayey bot-

toms overgrown with aquatic plants. Good spawning-places are found

quite frequently farther out along the whole coast of Bohusliin, and it

is certain that the herrings, though perhaps not in very large numbers,

spawn in these places every year ; at any rate much more frequently

than was thought formerly, when such an occurrence was considered a

rare exception.^ There has been, even quite recently, a tendency to

underrate the number of our coast-herring which spawn in spring.^

With regard to the nature of the bottom on which the herrings spawn

the observations made by different authors all agree. As suitable bot-

toms we generally find mentioned rocky or stony bottom, sand-bottom,

bottoms overgrown with algse or other aquatic plants, whilst it is gen-

erally denied that herrings can spawn on soft, muddy bottoms without

any vegetation. MitcheJVs assertion, that herrings cannot spawn on sand

bottoms, * may find its cause in the circumstance that the waves stir up

the sand on the more shallow banks near the coast of Scotland, which

would, of course, disturb the eggs ; but his assertion, that the herrings

lay their eggs also on hard, clayey bottom,-^ cannot be properly substan-

tiated. The assertion that the herrings prefer a bottom overgrown by

a " peculiar kind of algse," which "limits the number of their spawning-

places to very few,'' ^ is likewise without proper foundation. Although

the herring is, therefore, not limited in the choice of its spawuing-j)lace,

we cannot agree with Valenciennes, who says that the herring spawns

almost anywhere, in calm weather even out in the open sea.^ It is on

the contrary our opinion that the herring chooses spawning-places which

are not only suitable for hatching the eggs, but also for feeding and pro-

tecting the young fish. The herring prefers calm water during spawn-

2 WiUGHT, W. V. , " HandJingar rorande sillfisJcet i bohuslanska skdrgdrden. Stockholm,

1843, x>.
166.—EcKSTKOM, C. U., Ofversiyt of K<jl. Vetenskaps-Akadcmiens Forhandlin-

gar, I, 1844, p. 26, 82.

—

Holmberg ,A. E., BoJmsliins Mstoria och icskrifning. III.

Utldevalla, 1845, p. 215.—^NiLSSON, S., Skandinavish Fauna. IV. Liand, 1855, p. 509.

^Yhlen, G. v., Nya handlingar rorande sillfisket i bohuslanska skargarden. I. Gote-

borg, 1874, p. 12.

»Tlie herring, its natural history and national importance. Edinburgh, 1864, p. 294.

''The herring, &c., p. 29 and p. 32.

"LOVEN, S., SandUngar rorande silljisket, p. 160.

^ Histoire natiirelJe des poissons, sx, Paris, 1847, pp. 79-80.
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ing, and when spawning in fiords and sounds generally keeps near the

land. The choice between neighboring spawning-places often depends

upon the weather, and it has several times been observed that violent

and continued storms have compelled the herrings to spawn at some

distance from the coast in places which otherwise were not suitable ; as

likewise, that in too cold or too warm weather they seek deeper spawn-

ing-places, for even jirior to spawning they prefer an even temperature.

According to Wcstrom, they also prefer places where there is a current."^

It has also been observed that the older and larger herrings prefer those

spawning-places which are near to the open sea, whilst the smaller and

younger ones go nearer the coast or higher up the fiords.

Besides those herrings which regularly spawn at or near the coast,

there seem to be some which generally spawn in the open sea on banks

suitable for the purpose, located at a sufficient depth to afford pro-

tection against any violent commotion of the waves; and it is an old

conjecture, that those herriugs which during long periods have in large

numbers visited the western coasts of Scandinavia for the puri)ose of

spawning, during the intervals visit such banks in the North Sea.^ As
those portions of the eastern Skagerack near the cost of Bohuslan which

are suitable for spawning are limited in extent, are not very well pro-

tected, and are generally found to have a comparatively small depth, it will

easily be understood why they have not become permanent spawning-

places. The supposition that a large race of herrings spawns there

regularly every year is therefore not in accordance with the actual facts.

Regarding the depth in which the herrings spawn it seems that they

generally prefer a depth of a few fathoms ; more recent observations

have proved, however, that occasionally they may spawn at a very con-

siderable depth (GO to 100 fathoms), and that the eggs may be hatched

there. It is not certain, however, that such a depth is favorable to the

raising of the young flsh.^^ Along the coast ofBohuslan there are prob-

ably few spawning-places deeper than 10 to 15 fathoms^'^, most of them,

especially those higher up the fiords, being only 2 to 5 fathoms deep.

It has long been known and has been mentioned among others by
Pennant and Nacl de la Morimere^ that considerable quantities of fish-

eggs are found floating near the surface of the open sea ; the Dutch fish-

ermen even believe that most of the herrings are raised from such float-

ing masses of fish-eggs ("herring-beds"); but, as we shall endeavor to

prove, this cannot be the case, as the eggs of the herring are heavier

than water and can therefore not float on the surface. In order that

the eggs may be fastened to suitable objects, the spawning process

should go on near the bottom, and these so-caUed "herring-beds" owe
'' Die Fische in den Scheeren von Morko. Berlin, 1835, pp. 216, 22a.

8A. BOECK, "Om Silden og SildefisJcerierne." I. Christiania, 1871, pp. 128-I2d.—Tidsslcrift

for FiskerL VII, p. 'id.—Nordish Tidsshriftfor Fiskeri. II, p. 263-264.

I'H. Kroyer, " Danmarks Fiske." III. Copeuhageu, 1846, p. 163.

i^They are nearly all located near the northern portion of the coast, especially from
the Vader Islands to Koster.

41 F
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their existence probably to some species of codflsli, to judge at least

from the time of the year when they are found.^^

Regarding the spawning-time of our Bohuslan coast herring it has

already been mentioned that it is in spring or from the middle of JMarch

till the middle of May, chiefly in April.^^ It must be supposed, how-

ever, that the larger herrings, especially on the northern coast, occasion-

ally spawn somewhat earlier, sometimes in February, whilston the south-

ern coast the spawning season sometimes lasts till June.^^ Hydrological

conditions, especially the temperature of the water, exercise a consider-

able influence on the time when the spawning-season begins ; it gen-

erally begins earlier on the northern than on the southern coast, on the

outer than on the inner coast ; earlier also after a mild winter and par-

ticularly favorable weather. Cold and especially the formation of ice

seem to have a great influence on the time of the propagation of the

herring.^^ No race of herrings, as far as known, spawns about the time

of the winter solstice, but either so long before this period that the

young fish may grow to some size before the hardest winter weather

sets in, or so long after it that the newly-hatched fish soon meet with

mild weather, or are at least not exx)osed to the dangers consequent

upon the formation of ice. The herrings do therefore not spawn on the

coast of Scandinavia during December and the first half of January,

nor during the latter half of November.^^ It is probable that the spawn-

ing-season of a race of herrings has in course of time been fixed accord-

ing to the varying occurrences of the food required for the young fish,

which chiefly seems to consist of young mollusks and small crustaceans.^^

The spawning-season of the herring in a given locality does doubtless

to some extent depend on the propagation of these small marine animals.

As those herrings which spawn in March and April are generally

larger than those which spawn in May, these latter are probably her-

rings which spawn for the first time.^^ The three-year-old herring, which

^^Verslmj van den Staat der NederlandscheZeevischerijeu over 1860, p. 29— Vitkomsten ver-

kregen uit de journalen der haring-schepen. Berigt bij het komnklijk Meteorologisch In-

stituut over 1860, p. 6-7.

"When speaking of the " spawning-time" of a race of herrings, we always mean the

time when large numhers of fish are spawning ; and no one shouhl he led to consider

another season as the " spawning-time " hecanse hoth before and after that time some

herrings will spawn.
isp. DuBB, " Anteckningar om sillfisket Bohuslan." Kgl. Vetensk. Acad. Handl. f.

ar 1817, pp. 35, 44.

16 Compare Professor KrOyer's excellent remarks (Danmarks Fiske, III, p. 170) re-

garding the influence of the ice on the spawning-time of the herrings in the Baltic.

I'See note 14, as also NiLSSON, "HandUngar rurande sillfisket," p. 56. Ekstrom, "Die

Fische in den Seheeren von Morko," p. 220, 223, and: " Jahresberichi der Commission zur

tvissenschuftUchen UntersucMng der deutschen Mee^-e." IV-VI., pp. 100, 237, 248, 249.

^^Stockholmslans Egl. HusMllnings-Sdllskajys handlingar. VI, Stockholm, 1855, p. 197.—

BOECK, "Om Silden og Sildejiskerierne," p. 15.

'9The same opinion has already been advanced by A. W. Malm in " Goteborga och

Bohuslans Kgl. Rushallninga Sdllskapa handlingar," 1857, p. 21.
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do not finish their spawning in spring, are found early in autumn with

strongly developed sexual organs, and therefore spawn somewhat earlier

than the other herrings of the same age. It is chiefly these herrings,

besides the older and larger ones, which also spawn somewhat earlier on

the outer coast, and which, therefore, are not so frequently caught in

nets, which have given rise to the assertion that autumn or winter

spawning herrings occur on the coast of Bohusliin.^^ The sexual organs

of the herring develop much slower during winter when food is not so

plentiful ; for this reason the spring-spawning herrings have their sexual

organs developed much longer before the spawning-time than is the case

with the autumn-spawning herrings. Whenever, therefore, herrings

are observed during autumn with well-developed, firm and hard roe or

milt, this is a sure indication that the herrrings will soon commence to

spawn. The erroneous oiiinion, which in a similar case has been ad-

vanced by Strom, Malberg, Lybecker, Mlsso7i, Kroyer, Loberg, Axel Boec7{:,

and others, concerning the spawning of the Norwegian summer and
autumn herring ^i, should be a warning example against hasty opinions

based on insufficient observations or data regarding the spawning-sea-

son of the herring.^'^ It is also well known from olden times that the

different age of the herrings has an influence on the varyisg spawning-

season.^^ Nilsson thus reports that the young herrings at Skelderviken

and the coast of North Holland spawn sooner than the old herrings,^*

whilst in the Sound the old herrings, according to Winther, spawn
sooner.^^ It seems that those herrings which spawn during winter and
spring are, in this respect, the very reverse of those which spawn towards

the end of summer and during autumn.

The spawning-time of our Bohusliin coast herrings seems to have re-

mained the same, at least as far as can be judged with any degree of

certainty from the more or less distinct notices regarding these fisheries

in the " Trangrums-acten''^ (law regarding the refuse from train-oil refine-

ries), in the reports of Mr. Clancey, superintendent of herring-fisheries in

20 See my " Preliminar beriittelse for 1874-'75," pp. 10-12.

21 H. Strom, " Physisk og (economist Beskrivelse over Fogderiet Sondnwr." I. Soro, 1762,

p. 303.—C. R. MOLBERG, ''Afhandling om Salivandsfiskerierne i Norge" (Kgl. dauske

Landhunsliolduings-Selskabs Skrifter, iii, Copenliagen, 1790), p. 370.—I. L. Lybecker,
" OmFiskeneog Fiskerierne; AlmitidcUghed samt om Silde-Fiskerie7'>ie i Sardeleshed," Copen-

hagen, 1792, p. 82.

—

Nilsson, " Skandinavisk Fauna," iv, pp. 496,511.

—

Kroyer, ^^ Dan-
marks Fiske," iii, p. 170.—O. N. Loberg, " Xorges Fiskerier," Christiania, 1864, p. 93.

—

BoECK, '' Om Sildcn og Sildefiskerierne," p. 122.—See, also, G. O. Sars, " Indberetrdng

om de i Aarene 1870-'73, anstillede praktisk-videnskahelige Undersogelser" Christiania,

1874, p, 37.

2^ Nearly all similar opinions regarding the spawning-time of the herring and the

small-herring are also based on the erroneous idea that aU successful herring-fisheries

must necessarily be spawning-herring fisheries.

23 See M. E. Block, " Oeconomische Naturgeschichte der Fishce Deutschlands." I. Berlin,

1782, p. 191.

2* Handlingar rorande sUlfisket, pp. 56, 58, 60.

^^Nordiah Tidsskriftfor Fiskeri, iii, p. 12.
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DuWs '^Anteckningar om sillfisketi Bohusldn,''^ ^^ Handlingar rorande

sillJisJcet,''^ and in Ehstrom^s and Malmh treatises.^^

As has been mentioned before, tlie coast of BohUvSlan is at long inter-

vals also Aisited by large numbers of "genuine sea-herrings," whose
spa^Yniug-seasou seems to be towards the end of summer or the first part

of autumn, as far as can be judged from the reports on the herring-fish-

eries during the eighteenth century.*'^ Among these "sea-herrings"

there were found especially on the northern coast a small number of

herrings whose spawning seems to have occurred towards the end of win-

ter or the lieginning of spring,^^ but whose relationship could be ascertained

with a greater d3gree of certainty than even that of the great mass of

herrings. It is highly probable that the herrings in question which

spawn towards the end of winter and generally in the beginning of

spring belong permanently to our coast and to its race of coast-herrings,

and are in fact its largest, strongest, and, with regard to the sexual organs,

earliest developed representatives; it is likewise probable that it is

owing to the sea-herrings coming from the North Sea that so many more

herrings were caught in nets during the last fishery-period than later.

The masses of herrings coming from more distant parts of the ocean

drive those herrings which are nearer the land towards the coast, where

both are caught together. The same takes place, though to a less extent,

with the rich herring-fisheries which occasionally occur in the beginning

of the year, which also explains the prevalent opinion that in these fish-

eries herrings resembling the so-called "old" herrings are caught.^

During the latter part of the last great fishiug-i^eriod no other fully

matured herrings were caught but these last-mentioned ones.

Eegarding the spawning-time of the herring, it should here be men-

tioned that the opinion has been advanced that one and the same her-

ring could spawn more than once a year, and that therefore one and the

same race of herrings had two distinct spaAAming-seasons.^" l*fo con-

^e'^Trangrams-Actcn," Stockholm, 17d4, pp. 76,77,78.-0. C. Cedeestrom, ''Fiskod-

I'mg och Sveriges fiskericr," Stockholm, 1857, p. 215.

—

KgJ. Vet. Akads. liandl., 1817, pp.

35, A^.—Randl. ror siUf., pp. 64, 66, 90, 117, 120, 126.—Nya handl. ror sillf., I, p. is, x.—
Oefvers. af Kgl. Vet. Akads. ForhandL, I, 1844, p. 120. C.N. Ekstrom, '' Praktisk af-

handJing om IdmpUgaste sdttet aft fiska sill, torsk, Idnga, makrile, hummer och ostron,"

Stockholm, 1845, p. 8.—A. W. Malm, ^' Goteborga och Bohusldns Kgl. Hushallnings-

SdlUkaps handlingar," 1856, pp. 9-10; 1857, p. 21.

-"See my " PreUminar heratielse, 1873-74," pp. 19-21, where all the conflicting opin-

ions regarding the sxiawning-time of the so-called " old herring " are for the first time

given in a collected form.

2«NiLSSOX, " Randl. ror. sillf.
,^^ p. 5.5.

—

Skandiiiavisk Fauna, iv, p. 508.

29 See my " Prelim inUr ierdttelse" for 1873-'74, pp. 29-32.

30M. E. Bloch, " Oeconomische XaturgescMchte," i, p. 192.—B. G. E. de La Cepi^de,

" Histoire naturelle des 2>oi9sons," v, Paris, 1803, p. 434.

—

Handlingar rSrande sillfisket, p.

56.—R. Parnell, " Memoirs of the JVernerian Natural Ilistorij Society," \n, Ediubiirg,

1838, p. 319.

—

Evidence on the operation of the acts relating to trawling for herring on the

coasts of Scotland, Edinbnrg, 18G3, p. 30.—A. Russel, " The salmon," Edinburg, 1864,

p. 86,—See also, Kroyer, " Damnarks Fiske," iii, p. 170.—This whole question has al-

ready been discussed more than two centuries ago, as may be seen from Neucrantz,

"De harengo exercitatio medica," Lubecse, 1654, pp. 18, 19.
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vincing proof, however, lias been brought forward for these supposi-

tions, which must rather be considered as unsuccessful attemi^ts to ex-

plain the fact that herrings which spawn at different seasons of the year

occur on the same coast, Avithout having recourse to the supposition that

two different races of herrings live in the same water, exposed to entirely

similar influences.

Another opinion has also been advanced, viz, that the herrings only

spawn every other year. Although it will be difficult to deny the pos-

sibility of such an occurrence, even merely as an exception from the

common rule, or owing to special circumstances, and although it must

be acknowledged that such a supposition affords a very convenient ex-

planation of the relationship and occurrence of the so-called migra-

tory herring {straksillen),^^ it must, on the other hand, not be forgotten

that there is not sufficient proof for the absolute correctness of the sup-

position, and that it brings in its train numerous other difficulties.

Nothing of the kind has ever been noticed in other closely-related spe-

cies of fish, and it seems perfectly clear that we should not look for any

such characteristic in a species of animals whose only shield in the

battle for existence is its fecundity.

In the same way it has also been asserted, in order to prove the occa-

sionally quite frequent occurrence of so-called " migratory herrings," that

the herrings grow so old that through old age they lose the faculty of

propagating the species.^^ But no convincing proof of this assertion

has so far been brought forward, although it ought to have been com-

paratively easy to obtain such proof. It is not known how often the

herring can spawn—in other words, how long it retains and uses its prop-

agating faculty. A Scotch fishery commission has, however, expressed

the opinion that the herring does not live longer than the time occupied

by two to three propagation i)eriods.^

Some time before spawning commences the herrings which have

hitherto lived rather scattered, begin to gather in large masses, which,

with the prmcij)al races of herrings, assume gigantic proi)ortions, and

form so-called "herring-mountains," which gradually approach the places

'iBOECK, " Om. Silden og Sildefiskeriernc," p. 24.—G. O. Saes, " ilorgenhladet," Cliris-

tiauia, January 4, 1872, No. 3.

—

Indbereining omdeiAarene 1870-'73, ansUllede praktislc-

videnskahelige Undereogelser," Christiania, 1874, p. 59.—Compare, also, Loberg's entirely

different explanation in " Jforges Fiskerier," ^]^. 23-24, and my explanation in my "Pre-

Umindr Berdttelse" for 1874-75, p. 11.—Although it is natural to suppose that those

herrings which finish their first spawning very early are so much weakened by it that

they need an extra year to gain sufficient strength for another spawning—an explana-

tion which agrees well with the circumstance that the "migratory herring" is smaller

than the large spawning herring—we must, as long as this supposition lacks sufficient

proof, and as long as the phenomena which shall be explained by it can be explained

in a much less doubtful manner, neverthelesSj reject it.

s^C. U. Ekstrom, Oefvers. af Kgl. Vet. Akads. ForJuindl." i, 1844, p. 2G. Praktisk

afhandling, p. 8.—A. W. Majlm, " Gotcborgs och BohusJdns Kgl. Hushdllnings-Sallska-ps

liandlingar," 1857, p. 20.

—

Lasningfor Fiskare i Bohuslan, Goteberg, 1861, p. 17.

'•''Report of the Royal Commission on the operation of the acts relating to trawling

for herring on the coasts of Scotland, Edinburg, 1863, p. 28.
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where tliey are going to spawn. Occasionally, however, the herrings

arrive at the spawning-places some time before spawning commences

;

during a portion of the great fishing-periods, this seems to have been

the rule, but generally this is not the case, although it happens

that at the beginning of the fisheries herrings are caught which are

far from being ready to spawn. The various individuals composing a

school of herrings do not all get ready for spawning at one and the

same time, so that the spaAvning-season of one school generally extends

over nearly a quarter of a year ; the number of spawning fish is small

at the beginning and at the end, and greatest about the middle of the

spawning-season. It is therefore an old exi^erience, gained during the

great herring-fisheries in the western portion of the North Sea, that in

the beginning the fishermen catch more fat herrings, fewer spawning

herrings, and scarcely any herrings which have done spawing ; that the

number of fat herrings decreases in proportion as the spawning herrings

become more frequent, and that towards the end of the fisheries nearly

exclusively such herrings are caught which have done spawning,

together with a few spawning herrings, but no fat herrings at all. This

last-mentioned kind seems to give way before the spawning herring

—

does therefore not go along to the spawning-place, and is not found there

whilst spawning is going on.

The herring generally takes no food during spawning and imme-

diately previous to it, and as the sexual organs develop at the expense

of fat, the fish are very lean after spawning. During the spawning-

season we therefore find, at least with the sea-herring, only very inconsid-

erable and entirely indeterminable traces offood in its stomach or entrails.

This is not so much the case with the coast-herring, which finds sufficient

food even near the spawning places, and which seems to continue to take

food farther into the spawning-season.

The approach of the herrings to the spawning-places may certainly be

delayed or interrujited by unfavorable weather, but when spawning has

once commenced the herring blindly rushes forward towards its object

without being deterred or hindered by anything ; for instance, the attacks

of fish of prey, &c.

It has also been observed that when the herrings begin to approach

the spawning-places the overwhelming majority are female fish, while

the very reverse is the case towards the end of their visit to the coast

;

and a predominance of male fish is said to be a sure sign that the fish-

eries are approaching their end.^* A short time before the beginning of

the spawning-season smaU quantities of fish composed exclusively of

male fish are caught.

The herrings generally approach the spawning-place at the beginning

of night and leave it early in the morning immediately after having

spawned ; but during the great fisheries it also happens that the her-

s^BOECK, " Om Silden og Sildejiskerierne," p. 26; Tidsskriftfor Fisheri, VII, p. 24.
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riugs come to the spawuiug-places during daytime, and this is said to

take place particularly towards the end of their visit to the coast.^^

Concerning the spawning-process itself, opinions are divided as to

whether it continues uninterruptedly till finished, or (as with the carp)

goes on at intervals, the contents of the sexual organs being emptied

gradually. The latter opinion is advocated by Axel Bocch, who men-

tions a number of very plausible reasons in its favor, which, however,

are not altogether convincing. He even goes so far as to speak of the

importance which this gradual spawning process ought to have for the

fishermen.^^ According to information received from experienced fish-

ermen, two to three weeks would elapse before a school of herrings

had by repeated emissions ejected all the spawn and roe contained

in their sexual organs; but this does by no means prove that every

individual fish spawns at intervals. The fact that the nets sometimes

contain fish whose sexual organs are only half emptied is not a suffi-

cient proof that such fish, if left alone, would have retained the pro-

ducts of their sexual organs till they could find another chance to emit

them.^ It is quite i)robable that miscarriages take place under violent

shocks or when death is threatened. It must also be remembered that

by no means all those herrings which at one and the same time approach

a spawning-place also spawn together, but that a greater or smaller

number come near the coast which are not quite ready for spawning.

This circumstance may have led to erroneous or exaggerated versions

of actual facts. As far as known the spawning iH^ocess of the great

schools of herrings is one continuous act. It is certain that the herring,

when free, does not begin to spawn until the entire contents of the sex-

ual organs are so loose that the least pressure will make them flow out; ^'

and even if there are intervals in the spawning process these intervals

must be very short.

During the spawning process the herrings are packed in a dense mass,

are in constant and violent motion, move their tails rapidly, press and
rub against each other or against the bottom, press against the nets, &c.,

all with the obvious intention to facilitate the emptying of the sexual

organs.^^ It has been observed that during the emission of the milt the

sea-water assumes a whitish color, that a peculiar odor becomes percepti-

ble, and that many scales which have become loose during the process

rise to the surface. In net-fishing it has also been observed that the

35BOECK " Om Silden og Sildejiskerierne," p. 59.

36 Om Silden og Sildefiskerierne, pp. 26, 27.

'' The products of the sexual organs begin to get loose, especially in the male fish,

long before spawning commences. With a practical view Br. Heincke has given an
excellent table of the gradual development of the sexual organs in the '^Jalireshericht

der deiitschen Commission zur wissenschaftlichen Untersuckung der dcutschen Meere," IV-
VI, pp. 68, 69.

38 Professor Hensen, who has observed the spawning of the herring in the Sli-

fiord (Duchy of Schleswig), says that the roe is freely emitted by the female fish while
hurrying to and fro over the spawning-place. {Jahresiericht, IV-VI, p. 26.)
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female fish generally go nearer the bottom than the male tish/^ After

the spawning i^rocess is finished the herring hasten back to the open

sea, but according to observations made in Scotland, they first gather for

a while near the surface in the spawning-place/^ Together with the roe

a sticky slime is emitted, which soon becomes hard in the water, and by
means of which the roe, when it sinks to the bottom, is fastened to rocks,

stones, and aquatic plants ; sometimes the roe even forms large compact

cakes.

As the Skagerack herring spawns during the night, and during the

dark and cold season of the year, the Bohusliin coast offers but few

opportunities for observing the spawning process. This is probably

also the cause of the characteristic ignorance of the spawning process of

the herring displayed by the Bohusliin fishermen. The remarks which

we pi'opose to make on the i^henomena accompanying the spawning of

the herrings are, therefore, principally based on observations made by

fishermen in more favorable localities. For comparison's sake, we will,

however, reproduce here the excellent description of the spawning pro-

cess of the herring given by Gisler, which in some respects must still be

considered the best ofthe kind. Inhis ^^Besl-rifningom Strommings-Fislcets

besTcaJfeuhet, Norrhotten^'' (Description of the Herring-Fisheries in Korrbot-

ten), he thus describes the spawning process of the herring :
*^ " When

the herrings approach the coast in large numbers and emit both roe and

milt, giving a whitish color to the water, the fishermen say that the her-

rings ' are shining.' When this takes i^lace the following may be ob-

served : The herrings which have halted, say about one-eighth of a mile

from the coast, approach the land in large masses, both male and female,

and emit milt and roe. Packed closely together they i)ress forward towards

theland, beat their tails against each other, and cause such violent commo-

tion that many scales are torn oft' and float near the surface of the water

;

a strong and rank odor {odor aphrodisiacus) fills the air, and may be per-

ceived at a great distance. During this time the fish do not heed seines

or nets but press against them. In a few moments, about sunrise, the

roe and milt will give the water a whitish-gray color, extending far out

towards the deep ; as soon as the fish have commenced spawning they

will go out to sea, seeking those places where several currents meet,

ejecting roe and milt all the time, till, when they have reached the deep,

they have grown quite light and empty ; they scarcely return to the

coast that same summer. The roe when emitted is surrounded with a

gluey juice, by which it is fastened to rocks, stones, plants, and fishing

apparatus ; lines which have been left in the water near the bottom are

often covered with roe to the thickness of an inch, and it is quite difli-

cult to scrape it ofi". With regard to its spawning process, the herring

39 Nordish Tidsskrift for Fiskeri, I, p. 38.

*^HuGH Miller, according to W. Brabazon : "The deep sea and coast fisheries of

Ireland. Dublin, 1848, p. 31.—J. G. Bertram :
" The harvest of the sea." London,

1873, p. 170.

^^ Kgl. Svenska Vetenskaps Academiens Handlingar for 1748, IX, p. 113-115.
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bears a strong resemblance to other small fish; bream, perch, crucian,

&c., which also press close against each other and cause a great com-

motion in the water when they spawn. For some days in the begin-

ning of spring only milters are caught, but as soon as spawning com-

mences milters and spawners are caught containing loose milt and roe.

When si)awning is over, both milters and spawners seek the deep."

After the eggs of the herring have been laid and have become impreg-

nated, some time elapses before they are hatched; this time varies accord-

ing to the temperature of the spawning-i^lace. The somewhat conflicting

observations on this subject seem to point to a varying incubation-season

for the different races. G. J. SundevaWs opinion is probably correct, that

''fish do not have a regular hatching-time for their eggs like birds." ^^

This conscientious observer says that on the coast of Stockholmliin, the

eggs of those herrings which spawn there, are generally hatched in about

14 days or a little more, but may, when the temperature of the water is

higher (say upwards of 08° r.),be even hatched in 3 days."*^ Ekstrom
reports that on the coast of Morko hatching takes about 14 days."*^ From
the Sli-fiord, which has been examined by the German Fishery commis-

sion, it is reported that the hatching of the herring eggs during spring-

time, when the temj)erature was, comparatively speaking, high (18 to 2(P
C.=64.4°-68o F.) took only about 8 to 10 days.^^ The same observation

has beenmade by Kroyer regarding the herringson the coast ofDenmark.^

^Stockholms Idns Egl. HushdUnings-iSdUskaps handlingar, VI, Stockholm, 1855, p. 158.

^'^Kgl. Svenslca FetenskapsAcademiensJiandlingai; 1, 1, 1855, p. 17,—See Stockliolms lans

Kgl. HzishdUnnigs-Sallskaps handlingar, VI, p. 195, where it says : The development of

the eggs progresses rapidly. During August they are often hatched in 3, or at most
5-6 days. With a water temperature of 14-15°= 57°-59° F., the eggs have been hatched

in 6-8 days. During May it took 6-8 days to hatch them." These observations have
been repeated by Widegren in his treatise ^' Ndgra ord om silljiske samt om sillens eller

Strommingcna rdtta berednitig till handelsvara" (Kgl. Landirvks Academiens Tidsskrift, X,
Stockholm, 1871.

—

Tidsskrift for Fiskeri, VI, p. 68.

—

Circulare des deutschen Fischerie

Vereins, 1872, IV, p. 106.—United States Commission of Fish and Fisheries. Report for

1873-74 and 1874-75, Washington, 1876, p. 186.—Report on the herring fisheries of Scot-

land. London, 1878, p. 182.)

*^Die Fische in den Scheeren von Morko. Berlin, 1835, p. 221.

^Circulare des deutschen Fischerei-Vereins, 1874, !>. 268. Later Professor Kupffer has

given the followingresults of the above-mentioned comission : ''The roe of the autumn-
herring, with a lower temperature (48.2°-51.8°F.) and a saltness of about 2 per cent.,

develops in exactly the same time and shows the same phenomena as the Sli-sjiring her-

ring with a higher temperature (57.2°-68°F.) and a saltness of only 0.5 per cent.; the
development of the eggs in the Western Baltic goes on independent of the temperature
of the water and its saltness in about 7 days, counting from the time of impregnation;

the majority of the eggs are hatched in 7 days, some of them even in 6 days, although

the hatching of an indeterminable percentage of eggs may be delayed a few days."

(Jahreslericht, IV-VI, p. 31-32).

—

Dr. H. A. Meyer addsthe following information, based
ot) more recent and complete observations :

*' that with a temperature of 38.3°F. the,

development of the egg takes about 40 days, with a temperature of 44.6°-46.4°F. about

^, and with a temperature of B0O-51.8°F. about 11 days; but that the influence of the

Ifemperature on the roe of the spring-herring does not differ from its influence on the

roe of the ajitjjnm-herring."

—

Jahresbe/i-icht, IV-VI, p. 240.)

^Danmarks Fiske, III, p. 170.
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On tlie southern coast of Boliuslan A. W. Malm made observations during

April, 185G, which showed that it took the spring-herrings spawning in

that region about 24 days for the development of the roe ;" and fi'om Nor-

way we have Axel Boeclc's observations, which fully agree with this.^^ In

Scotland the views seem to differ somewhat from ours ; thus Alhnan says,

that the development of the roe of the winter-spawning herring occu-

pies 25 to 30 days,*^ whilst the fishermen say that it generally takes the

roe ofthe summer-herring2 to 3 weeks and that of the winter-herring 4 to 8

weeks to develop f^ Bertram^ hdwever, comi^utes the period necessary for

developing the ogg at 10 weeks.''^

The newly-hatched young herrings vary somewhat in size according to

the size of their progenitors, those on the coast of Stockholm measuring

only 7 millimeters,^^ whilst those on the west coast of Norway reach a

length of 10 millimeters.^^

The newly-born herring with its long and narrow body bears very

little similarity to its progenitors, and therefore has to undergo consid-

erable changes in size and shape until it becomes a genuine herring.^

The tender young herring grows very rapidly ; higher temperature and
the larger quantity of food consequent upon it will accelerate its

developement.

Prof. C. J. Sundevall therefore feels justified, on the ground of his

own and Baron C. J. Cederstrwri's observations, in stating that the

young herring on the coast of Stockholm reach a length of 25 millimeters

in about two months, 36 millimeters in three months, 50 millimeters in

four months, 75 millimeters in one and 125 to 150 millimeters in two
years.^^ Ekstrom says that the young herrings on the coast of Morko

'^''Gotchon/s och Bohmldns Kgl. Hushdllnings-Sdllslcaps handlingar, 185G,p. 10, 11,

—

GiJte-

horgs och Boluisldns fmtna (vertebrates). Goteborg, 1877, j). 579.

*^0m Silden og SUdefiskerierne, p. 12-13.

49 Report of the Royal Commission on tlie operation of the acts relating to trawling

for herring on the coast of Scotland. Edinburg, 1863, p. 24.

60 Evidence of the Royal Commission on the operation of the acts relating to trawling

for herring, p. 21,33, 34.

—

Mitchell, "The herring," p. 340.

—

Bertram, "The Harvest

of the Sea." London, 1873, p. 168.

*i The Harvest of the Sea, p. 171.

—

Buckland finally mentions observations from

Scotland by Captain McDonald, according to which the roe of the herring is hatched

in abont 18 days. (Report on the herring-fisheries of Scotland. London, 1878, p. 162.

''^C. J. Sundevall, "Stockholms Idns Kgl. Hushdlln. Sdllsk. liandl., VI, p. 195.

—

Egl.

Svenslca Vetensk. Acads. Jiandl.,1, 1, 1855, p. 18.—The same observation is found in A.

W. Malm, "Goieiorg's och Bohuslans fauna," -p. 579.

^BoECK, "Om Silden og SUdefiskerierne," p. 13.—According to the observations of the

German Fishery Commission, the length of the newly-hatched herring varies from
5.2-8.8 miUimeters. {Jahresiericht, IV-VI, p, 32, 33, 240-248.

)

5<C. J. Sundevall, "Stockholms lans Egl. Hush. Scillsk. handl," VI, p. 196-197. Kgl.

Sv. Vet. Ak. handl., I, 1, 1855, p. 18-19, 21-22., Plate IV. (Jahrcsiericht der Commission zur

wissenschaftlichen Untersuchung der deutschen Meere, IV-VI, p. 74, 79, 98, 121, 127, 130, 243.)

The overlooking of these facts has doubtless been the cause of several mistakes in

distinguishing young herring from young small herring.
f^ Stockholms Idns Kgl. Hushdlln. Sdllsk. handl, VI, p. 105, 196-197. Kgl. Sv. Vet. Akad.

handl, I, 1, 1855, p. 18-19.
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reacli a length of 25 millimeters in one month, 50 millimeters in about

three months, and 100 millimeters in one year.*^

Professor M'dnter, who has observed the life of the herring on the coast

of Pommerania, thinks that young herrings caught on that coast measur-

ing 5G.7 millimeters were two to three months old.^^ The data furnished

by Professor Kroyer regarding the growth of the young herrings on the

Danish coasts agree entLrely with Ehstroin's observations from the coast of

Sodermanland,^' Professor Nilsson says that the young of the autumn-
spawning herring reach a length of 75 millimeters in May, but that near

the mouth of the Laga Eiver young fish are found at the same season

which were larger and were, therefore, jiresumably a year older,^^ and
that on the coast of Bohusliin, according to assurances given by the

fishermen, the herrings have reached a length of 25 millimeters towards

the end of May, 50 millimeters in August (about the middle of the month),

and next autumn, when the herrings are one and a half years old, 75 to

100 millimeters ;
^^ which observation has later been somewhat modified,

the young herring reaching a length of 75 millimeters during the first

summer, and those small herrings which measured about 100 millimeters

being called "last year's young ones.^^

Young herring begin to appear on the coast of Bohusliin already in

the beginning of May, and with the increasing warmth grow quite

rapidly, measuring G5 to 90 millimeters^^ from the point of the lower jaw
to the root of the tail (a total length, therefore, of 80 to 110 millimeters).

*6i)ie Fischeiri den Scheeren von Miirko, p. 221-222.

67 Archiv fiir Naturgeschichte, XXIX, p. 303.

^Danmarks Fiske, III, p. 170-171.

69 Handlingar rorande silljisket, p. 59.—Professor NiLSSON seems to have forgotten the

8priDg-sj)awning race of herrings {Clupea viajalis, Nilss.), whoso occurrence in this

region cannot have been unknown to him.

The observations of the German Fishery Commission on the young of the autumn-

spawning herring in the western part of the Baltic seem to prove that those fish which
are hatched in autumn reach the same or perhaps even a greater length in one year's

time than those fish which are hatched in spring. {Jahreshericlit, IV-VI, p. 248.)

^Handlingar rorande silljisket, p. 45.

61 Handlingar rorande silljisket, j). 130.

See, also, EkstrOm, "Praktisk afhandling," p. 10, where he says that "in Novem-
ber or December the young fish, then nearly a year old, have reached a length of

75-100 miUimeters."

6*During the latter part of November, 1873, I measured a great many young her-

ring, which had about that time been caught on our northern coast, and found that

the total length of one-year-old fish varied from 78 to 109.5 millimeters. Very numer-

ous and accurate measurements of young herrings, made in the bay of Kiel by the Ger-

man Fishery Commission, from November 14, 1876, to May, 1877, gave the following

minimum of total length, viz : November 14, 84 millimeters ; end of November, 90 milli-

meters; end of December, 100 millimeters; end of January, 110 millimeters; of Feb-

ruary, 114 millimeters; of March, 135 millimeters; andof April, 138 millimeters. (Jah-

resiericht, IV-VI, p. 245.)

Young herring having a total length of 85 to 95 millimeters are, by A. W. MAX.M,

considered to be almost two years old. (Goteborgs och Bohuslansfauna [vertebrates],

Goteborg, 1877, p. 581.)
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By measuring a large number of herrings caught on the coast of Bohus-
lan during the latter part of spring, I have found that the majority of

herrings in that region may, according to their size, be divided into three

groups, namely, 1, those measuring 100 millimeters (total length 120 milli-

meters), which must be considered as one-year-old-fish;^^ 2, those measur-

ing 145 to 150 millimeters (total length 170 to 175 millimeters), which
must be considered as two-year-old-fish ; and 3, those measuring 175

millimeters (total length 200 to 210 millimeters), which are presumably
three years old, and have fuUy-developed sexual organs. Occasionally

I found a fish measuring only 160 millimeters (total length 185 milli-

meters) which had loose roe,^* as well as fish measiu-ing 160 to 170 milli-

meters (total length 185 to 200 millimeters), which could not possibly

have become ready for spawning that same year. Larger fish , measuring

about 200 millimeters (totaj. length 23J centimeters), are probably four

years old.^^ As a considerable portion of the food which the herring

eats and assimilates is directly or indirectly used for the formation ot

the milt and roe, the growth of the herring in size is, of course, a slow

process.*^^ The circumstance that the spawning season of our coast-her-

rings extends over a period of at least several months, causing a consid-

erable difference of age among the young fish, and a difference in their

abiUty to seek and obtain food, with other accidental circumstances,

must be considered as the cause why in one and the same net fish of

every possible size may be caught.*^''

The Bohuslan coast herring seems to spawn for the first time when it

is three years old, although this must by no means be understood as if

all fish born in one and the same year must spawn at that i^articular

^ According to the extensive investigations of tlie German Fishery Commission, the

growth of the young herrings in the southwestern portion of the Baltic is more rapid

during spring than my observations on the coast of Bohuslan have shown it to be.

In the above-mentioned j»art of the Baltic the herring are said to reach a total length

of 130 to 140 millimeters during the first year, i. e. 10 to 20 milluneters more than my
observations showed. {Jalireshericht, IV-VI, p. 246.

)

^^In reproducing my observations (Preliminar herdttelse, 1873-74, p. 35) in the "Jahr-

eshericM der commission zur wissenscha/tUchen Untersuchimg der deutschen Mcere in Kiel"

(IV-VI, J). 247), the circumstance seems to have been overlooked that my measure-

ments do not include the caudal fin, which of course increases the length considerably.

I have in doing so followed the custom of other writers, amongst the rest Axel Boeck,
who does not count in the caudal fin. Modern writers, as well as some of the older

ones, have followed a different course in this respect. Desii'able as uniformity in this

matter would be, the choice must be left to individual opinions ; only for the sake of

avoiding mistakes it should always be mentioned what length is meant, and this has,

unfortunately, not always been done.
65 j^_ \y ^ Malm's observations agree with this, as he says that fish having a total

length of 190 to 220 millimeters *'are presumably in their fourth year," and that fish

measuring 300 millimeters (total length) ''are probably upwards of6 years old" (Fauna,

pp. 573, 577).

^ Judging from the observations of the German Fishery Commission, the later growth
of the herring is not quite so slow as I have mentioned above.

''^See "Preliminar herdttelse," p. 156.
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age, for some do not seem to get ready for spawning till tliey are four

years old.

Opinions liave been very much divided, both among naturalists and

persons engaged in the herring fisheries, as to flie age at which the her-

ring spaionsfor the first time. Professor Nilsson^ on the authority of " in-

telligent fishermen," su])posed that " no kind of fish spawns in its second

year," and that " the herring does not spawn till it is five or six years

old." ^^. Wcstrom, on the other hand, thinks that those herring which

measure about six inches (" counted from the i^oint of the nose to the

caudal fin") are two years old, and that those measuring 10 to 12 inches

are about 4 to 5 years old; and also says that the herrings on the coast

of Bohusliin do not spawn until they have reached a length 7 to 8

inches (total length).'^^ Prof. C. J. Sundevall, who has observed the growth

of the herring on the coast of Stockholm Ian, thinks that they are ready

to spawn when three or three to four years old, when they have reached

a total lengtb of about <S inches or 200 millimeters.™ Axel BoecJc is in-

chned to believe that " the youngest herring which spawns can scarcely

be less than three, and certainly not more than four years old," although

he is not able to give sufficiently strong reasons for his opinion j'^^ he also

says that persons who have long been occupied in fishing have informed

him that the herring, when spawning must be six or six to eight years

old." Prof. 0. 0. Sars seems to have followed Professor Mlsson in

trusting the authorities mentioned by him, and at first fixed the age

when the herring spawns for the first time at four to five, and more re-

cently at five to six years ;'^ although he grants that some favored

indi^dduals which have just reached the age of four years (that is,

" Ghristiania herring " of the preceding summer) may, in exceptional

cases, be ready for spawning whilst of the five-year-old herrings (the

" middle-herring" of the preceding summer) a much larger number have

reached maturity.''*

Of foreign naturalists who have given attention to this question we

^Mandlingar rorande sillfisket, pp. 45, 47, 51, 71.—See, also, the same work, jjp. 59

and 60, where it says " when the herring begins to spawn for the first time, it is at

least 5 to G years old."

^FraltisJc afhandling, j)p. 10, 11.—See, also, the same, p. 5.

"> StocJcholms luns Egl. Rush. Sallsk. handl., VI, pp. 105, 151, 161, 162.

^' Om Silden og SildefisTcerierne, pp. 36, 37.

—

Tidsslcriftfor Fisheri, VII, p. 21.

'''^ Om Silden og SildefisTcerierne, i^p. 36, 37.

—

Tidsslcrift for Fisheri, VII, pp. 20, 21.—In

the " Ghristiania Morgenbladet" of November 5 and November 20, 1872, Boeelc gives a

fall account of the six years' development of the herring furnished him by a man by
the name of Dahl. According to this authority, herrings are on the west coast of Nor-

way called "ITiisse" when 1 year old; " Bladsild" {leaf hevriug), when 2 years old;

" Chrisiiania sild" (Ghristiania herring), when 3 years old ; " Middelsild" (medium her-

ring), when 4 years old; " Kjohnandsild" (merchant's herring), when 5 years old; and
" Vaarsild" (spring herring), when 6 years old ; distinctions which seem to be of very

ancient date in Norway.
''^Indheretningom deiAarene, 1870-73, anstilledepraMisJc-vidensJcabelige Undersogelser, pp.

38, 39, 40.—Recently Collett has expressed the same opinion {Norgea Fiske, Ghristiania,

1875, pp. 191, 192).

''^Indberetning, 1870-73, p. 39.
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must mention A. van LemcenliolJc, who thinks that herring spawn when
only one year old,'^ and Yarrell, who, in accordance with observations

made by himself, maintains that during the first year herrings do not

develop sufficiently to have mature milt or roe."^ We must also men-

tion the British Commission for examining the Scotch legislation regard-

ing the herring seine-fisheries {Play/air, Huxley and Maxwell), which has

shown that oiiinions vary much among Scotch fishermen, some sup-

posing that one, others that three, and others that even seven years

must elaj)se before the herring is ready to spawn. The report of the

commission says: "Xo sufficient proof can be brought forward against

the assertion that the herring reaches its maturity when one year old."

"There is good reason to suppose that the eggs are hatched in at most

two to three weeks after spawning, and that six to seven weeks later

(that is, at most ten weeks after spawning) the young fish have reached

a length of 3 inches." " Since it is well known that young salmon can

leave a river and return to it after twelve months eight to ten times

larger than when they left, and since the herring lives on nearly the

same food as the young salmon, it seems quite i)0ssible that it can also

grow in the same rapid proj^ortion." " Under these circumstances nine

mouths ought to be a sufficiently long time to increase the length of the

herring from 3 to 10 or 11 inches." " It may well be objected, however,

that one cannot draw absolutely certain conclusions regarding the growth

of fish by means of analogy, and it will perhai)S be best to leave it an

open question whether the herring has reached its maturity at the age

of 12, 15, or 18 months, and consider the last mentioned figure as the

maximum."" In North America naturalists seem inclined to the opinion

that the herring, like most other migratory fish, does not reach its matu-

rity till it is three years old.'^^

's Sesde vervolg der hrieven, Delft, 1697, sid. 336-337.

76Britisli Fislies, 3cl edition, I, London, 1859, p. 107.

" Report of the Royal Commission on the operation of the acts relating to trawUng

for herring on the coasts of Scotland. Edinburgh, 1863, p. 27.—Evidence of the Royal

Commission on the operation of the acts relating to trawling for heri'ing on the coasts

of Scotland, pp. 8, 9, 17, 23, 33, 34.—Mitchell, The Herring, pp. 30, MO.—Bertram, The

Harvest of the Sea, pp. 169, 170.

''^M. H. Perley, Reports on the Sea and River Fisheries of New Brunswick. Freder-

icton, 1852, p. 290.—Fourth Annual Report of the Department of Marine and Fisheries.

Ottawa, 1872, Appendices of the fisheries branch, p. 131.

The work of the German Fishery Commission has led to still another view of this

question, according to which the herring reaches its maturity when two years old.

Since it has been ascertained that at the age of one year the herring has a total length of

130-140 millimeters, and that fully-matured herrings have been caught in the western

portion of the Baltic, having a total length of 160-200 millimeters, Dr. H. A. Meyer

felt justified in supposing that the growth of the 60-70 millimeters which were lack-

ing to bring the length to the last mentioned figure and the full development of the

sexual organs would not require more than one year. (Jahreshericht, IV-VI, p. 247.)

If, however, further investigations should confirm this supposition, which is by no

means impossible, I believe, for my part, that such investigations ought to prove that

Buch is the case only with some ofthe fish born during one and the same spawning-season,

but that by far the larger number of these fish only reach their maturity at the age of

three, and perhaps even four, years.
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According to unauimoua testimony, the herring continues to grow

(though slower) long after it has reached maturity, or the faculty of

Ijropagatiug the species; but the assertion that the herring, as well as

other fish, know no other limit of growth but death is probably not well

founded.''' It is not known how old the herring is when it ceases to

grow; but it is reasonable to suppose that it has reached its full growth

at eight years of age.

It is not known to what age the herring can live, but it is not jirob-

able thjit it reaches a very high age. Nor has the assertion been proved

that the herring lives so long that it loses its iiropagating faculty from

old age. Interesting attempts have been made to ascertain the age of

herrings and other fish from the layers composing the scales^" or from

the number of vertebrae in the backbone,''^ and future histological investi-

gations will doubtless throw more light on this subject. It must finally

be mentioned that the above-mentioned Scotch Commission is of opinion

that, owing to the violent persecutions to which the herring is exi)osed,

it will scarcely be possible for it to reach a higher age than three to four

years and live through two to three iiropagating epochs.^^

The Bohusliin coast herring occasionally reaches a length of more than

300 millimeters; but even specimens measuring upwards of 250 milli-

meters are comparatively rare, especially on the southern part of the

coast, probably owing to the fact that fishing is there carried on more

\dgorously. The largest specimen which I obtained measured 322 milli-

meters (370 including the caudal fin), a length which corresponds with

that given by Elcstrom as the maximum length of the Bohusliin herring,^^

and which exceeds that mentioned by later authors. Collett mentions

that the largest herring which he could obtain from the boundary waters

between Norway and Bohusliin had a total length of 3G4 millimeters;^*

and Lundberg, in his treatise on the herring, containing numerous meas-

urements of the herrings in the Eoyal Swedish Museum, says he could

not find any specimen longer than 344 millimeters ; this was one sent

from Stromstad by Baron G. Cederstrom.^^ No large specimens, such as

are occasionally found in the northern iDortion of the North Sea, near the

northern coast of Norway, Iceland, or Northeastern North America, are,

as far as known, ever caught in the Skagerack. Buckland gives 17 inches

'?A. V. Leuwenhock, "Upistolw i)hysioJogicce." Deliihis, 1719, p. 218.

^oA. V. Leuwenhock, '^Epistolw i^hysiologicce," Y)]). 401, 402.—Accordiug to these ac-

counts the hen-iug can reach an age of at least twelve years.

81 H. Hederstrom, "Eon om fiskars dldei-" (Rgl. Vet. Acads. handl., 1759, XX, pp.

222, 329).

^ Report of the Royal Commission on the operation of the acts relating to trawling

for herring, p. 28.

^^Praktisk afhandling, pp. 5, 10.—During the rich herring fisheries in the beginning

of 1878, I observed several herrings having a total length of 375 millimeters, and a

maximum height of 75-85 millimeters.

^ Norges Fiske. Christiania, 1875, p. 192.

^ Bldrag till Eannedommen om strommingen i Stockholms skdrgard. Stockholm, 1875,

pp. 20, 21.
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as the length of the largest herring which, to his knowledge, has ever

been caught on the coasts of Great Britain ;
^^ and from Holland it is re-

ported that the crew of the vessel De DanlchaarJieid, Captain Klaas Dor-

landt, in 57^' 23' N. L., on the 23d October, 1863, caught a herring meas-

uring 485 millimeters in length.''^

For the sake of comparison we will here, after H. Baars, give the

average size of herring caught on the coast of Norway. The average

length of the " great herring" is 350 millimeters; of the "spring-herring,"

300-320; of the "merchants' herring," 250; of the "medium-herring,"

235 ; of the great "Christiania herring," 200; and of the little "Christiauia

herring," 180."'^ According to Collett, however, the average length of

the "great herring" is 330-340 millimeters, and that of the "spring-her-

ring" about 330, whilst three to four year old "summer-herring," which

have not yet sjiawned, often reach a total length of 270 to 280, and
" half-grown two-year-old fish " 170 to 190. The largest specimen of the

" great-herring" kind in the Christiania Museum has a total length of

378 millimeters.''^

Eegarding the propagation and development of the small herring, I

have not been able to find any information in old writers, and my own
observations are still so far from complete that I deem it best to defer

their publication. This I offer in excuse of the brevity of the following

account

:

The fishermen, at least in that part of the coast of BohuslJin where

herring-fisheries are carried on during spring and summer, are well ac-

quainted with the fact that the "small-herring" has fully developed roe

and milt in spring and during the early part of summer, and some fish-

ermen have even observed their young some time after spawning. The

spawning of the " small-herring" may be somewhat delayed or acceler-

ated by the weather, but seems as a general rule not to have undergone

any change with regard to the time when it takes place. In the reports

of P. Clancey, superintendent of herring-fisheries to the Eoyal Board of

Trade, we find the following notice, that on the 11th March 1811, small-

herring containing both milt and roe were caught,^*^ indicating that

spawning would begin at most 3-4 months later. From this circum-

stance we may safely draw the conclusion that it is not necessary to

suppose an advance in time of the spawning-season of the " small-her-

ring," in order to explain the statements of Mlsson, Wilhelm von Wright,

Ekstrbm, A. W. Malm, E. TJggla, as well as the opposing statement of

G. von Yhlcn, probably derived from M. E. BlocWs ichthyology, or fi-om

the supposition that the spawning-season was always contemporaneous

with the fishing-season. The above-mentioned writers take autumn to

*3 Familiar history of British Fishes. London, 1873, p. 122.

87 Verslag van den Staat der Ncderlandsche Zeevisscherijen over 1860, p. 15.

^ Die Fischerci-Industrie Nonvegens. Bergen, 1873, pp. 50, 51, 54.

^ Nm-ges Fiske, i\ 192.

90 G. C. Cederstuom, '' Fiskodling och Sveriges Fiakerier," Stockholm, 1857, p. 215.
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be the spawning-season of the small herring.^^ Mr. G. von Yhlen, su-

perintendent of fisheries, who at first gave the latter part of autumn as

the spawning-season of the small herring has done so in accordance

with the experience of old fishermen, although it is my opinion that

there is no reason why he should admit the spawning during autumn

merely as an exception.^^

Prof. G. J. Smidevall has ascertained that the small-herring on the

coast of Stockholmliin spawn towards the end of June and in July,^

therefore somewhat later than on the coast of Bohusliin. Kroyer re-

ports of his Glupea sprattus, that "they generally spawn in August, but

begin during the latter half, of June, and sometimes continue till Sep-

ember."^* and of Glupea ScJioneveldi, that "in spawners which were caught

early in spring he found the milt strongly developed," ^^ which indicates

an earlier spawning-season for this last-mentioned variety.

The small herring found on the northern coast of Germany (Pommer-

ania, Holstein, East Friesland) is said to spawn in autumn."^ On the

eastern and southern coasts of Great Britain the small herring are re-

ported to spawn twice a year, viz : during summer^'^ and during winter

immediately after new year.^^ The small herring found on the coast of

Iceland spawns during spring.^^

My own observations regarding the spawning-season of the small-her-

ring show that on the middle coast it begins towards the end of May or

early in June. It is probable that the spawning-season begins a little

earlier on the northern and a little later on the southern coast.^°° The
small-herring which are caught in autumn and the beginning of winter

have never very strongly developed milt and roe (a circumstance which

can be fully and extensively proved by the preparation of so-called

^> NtLSSON, " Prodromus ichthyologice Scandlnavicce, Lunda, 1832, p. 22. Skandinavisk

Fauna TV, p. 521.—W. V. Wright, " Handlingar ro7-ande sillfisJcet," pp. 167, 175.

—

Ek-
STROM, " Prakiisk afhandling," pp. 9,103.

—

Ocfvo's. af Egl. Vet, AkaWs. Forliandl, I,

1844, p. 26.—A. W. Malm, " Goteborgs och Bohusldns Kgl. Rushdlln. Sdllsk. handl." for

1856, p. 10, Ldsning for Fiskare i Bohusliin, p. 15.—E. Uggla, " Goteborgs och Bohus-

ldns Egl. Hushlldn Sdllsk. handl. for 1859, Appendix 2, p. 15.—G. VON Yhlen, " Goteborgs

och Bohusldns Kgl. Rushdlln. Sdllsk. Quartalskrift, July 1867, pp. 51, 52, April 1868, p. 45.

^G. VON Yellen, "Goteborgs och Bohusldns Kgl. Hushalln. Sdllsk. Quartalskrift,"

July 1871, p. 52, July 1872, p. 50. Nya Randlingar rorande sillfisket^ I, p. 19. Recently

Dr. A. W. Malm has communicated observations from tho years 1864 and 1865 which
correct his above-mentioned older observations (Fauna, pp. 582, 583).

^Stockholms Idns Kgl. Rushdlln. Sdllsk. Randl., vi, pp. 109, 185-187.

^Danmarks Fiske, iii, -p. 191.

^Danmarks Fiske, ui, p. 201. I have observed similar cases on the coast of Bohusliin.

9GBLOCH, "OeconomischcXaturgeschichte," i, p. 207.—L. Wittmack, Circulare des deutsch-

en Fischeri-Vereins, 1875, p. 119.

s^Yarrell, "British Fishes," 3d ed., i, p. 116.—J. Couch, "ARistory of the Fishes of
the British Islands," IV, London, 1865, p. 110.—E. Holdsworth, "Deep-sea fishing and
fishing-boats," London, 1874, pp. 133-135.

98HOLDSWORTH, "Dcep-sea fishing and fishing-boats," pp. 133-135,

99F. Faber, "Naturgeschichie der Fische Islands," Frankfurt-am-Main, 1829, p. 180.

i<»NrLSS0N, "Skandinavisk Fauna," iv, p. 521.

42 F
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"skinless and boneless anchovies"), but are nevertheless not very thin,

which shows that they cannot have spawned previous to the beginning

of the autumn fisheries. The larger small herring which are caught

during spring and summer are generally thinner and in a poorer con-

dition.i"

Regarding the spawning of the small herring it ought also to be men-

tioned thatMr. HoldsicortJi, who is thoroughly versed in all questions relat-

ing to the British fisheries, in his well known work "Deep-sea fishery and
Fishing-boats" has expressed the supposition that the small herring, Uke

the codfish, the mackerel, and (according to Couch) the pilchard^"^ and
other salt-water fish emit their roe on the surface of the water during

summer generally in the open sea and during winter nearer the coast.^*'

The young of the small herring are said to appear on the northern-

most part of the coast about midsummer or the beginning of July. No
information can be found in any writers on the subject as to how fast

the small herring grows, and how old it is when it spawns for the first

time, '"* and my own observations are not sufficiently advanced to draw

any certain conclusion from them. But as on the 18th of March, 1874, I

received from Kalfsund several small herrings measuring 96-97 milli-

meters (from the point of the lower jaw to the root of the tail) which had
strongly developed sexual organs, and as the majority of those which

I received from Tjorn during the latter part of spring, measured only

100-110 millimeters, it does not seem impossible that the small herring

spawns for the first time when two years old, although this will probably

only occur with some of the descendants of one and the same spawning-

season. It is on the whole more probable that the small herring, like the

herring, does not become capable of spawning till it is three years old.

The largest small herring which I ever obtained on the coast of Bo-

husliin measured 149 (counting in the caudal fin, 172.3) millimeters in

length ; but even specimens measuring 140 millimeters are rare.

For comparison's sake I will, in conclusion, give a few facts concerning

the spawning and growth of some fish which are closely related to the

herring.

The most important of these, the American herring [Alosa prcestabilis

or sapidlssima, the shad), spawns like the salmon, high up the rivers, and

""LoBERG, "Norges Fiskerier, " p. 97.

I'^Fishes of the British Islands, iv, p. 81.

—

Holdsivorth, "Deep-sea fishing and fishiog-

boats," pp. 31, 132.

103K Deep-sea fishing and fishing-boats," p. 135.

^°*A little more than a year ago Dr. A. JV. Malm gave some information on this

point, to the effect that young fish measuring 20-34 millimeters (total length), and

obtained between July 5th and August 15th, are said to be young ones ofthat same year,

whilst young fish measuring 42-57 millimeters (total length) and obtained towards the

end of July or the middle of August, are said to be a little over a year old. (Fauna, pp.

583-585.) According to Dr. Malm's opinion, the small herring, which is only half the

size, may reach about the same length during its first year as the herring which is

twice as large, and whose young measuring 46-49 millimeters are said to be a year old.

(Fauna, pp. 580-581.)
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its spawning is thus described :
" Gathered in dense schools, the spawners

and milters move slowly in a circle, the dorsal fins often protruding above
the surface of the water. Suddenly, as if struck by an electric shock,

they dart off, and immediately roe and milt are expelled in the water.

Wherever there is only one coujile they slowly swim in a circle, the milter

holding his head close to the pectoral fin of the spawner." ^"^ Although
the roe is not loose, it is only a little heavier than the water of the river,

so that by artifical impregnation it can be kept floating in the current;

it also differs fi'om the roe of the herring by being entirely free from any
sticky substance, by which it could be fastened to any object either at the

bottom or near the siu-face. With a water temperature of 24P C. (
75.2° F.)

it is hatched in about 60-70 hours, but when the temperature is lower it

takes longer, requiring about seven days with a temperature of 62.6^-

64^.4 F. ^'^ For a spawning-place the shad prefers either coarse sand or

a bottom with a rich vegetation. ^"^ The Alosa prwstahilis does not reach

its maturity until it is 3-4 years old, although milters which are only 2

years old are said to be able to propagate the species. ^°'' When five

years old they are considered fully grown.^"^

TheAmerican river-herring {Pomolohuspseudoharengus—" the alewife")

seems to reach maturity at the same age as the Alosa prcvstahilis^^'^, but its

roe when ejected is like that of the herring, accompainied by a sticky

slime, by means of which it adheres to any objects found in the spawning-

place ; it is hatched at the usual temperatare in about 70-74 hours.^^^

Our common Alosa finta also spawns up rivers and streams, where it

empties its sexual organs with violent muscular exertions, beating the

water with its tail, so that during quiet evenings or nights the noise of the

spawning may be heard at some distance from the spawning-place."^

105 Report of the Commissioners of Fisheries of Massachusetts, for 1869, p. 17.

—

Slack,

United States Commission Fish and Fisheries, II, report for 1872 and 1873, p. 460.
"'e Report of the Commissioners of Fisheries of Massachusetts, for 1867, p. 36.—United

States Commission, Fish and Fisheries, II, pp. 425, 430.

^"^ Slack, United States Commission, Fish and Fisheries, II, p. 460.

'"»Report of the Commissioners of Fisheries of Massachusetts, for 1867, pp. 23, 40; for

1869, p. 18; for 1870, p. 5; for 1871, p. 12; for 1873, p. 18 ; for 1875, pp. 5, 52.

109 Report of the Commsssioners of Fisheries, of Massachusetts, for 1869, p. 21.

110 Report of the Commissioners of Fisheries of Massachusetts, for 1868, pp. 7, 8, 9,

23; for 1869, pp. 5, 6, 21 ; for 1874, p. 8 ; for 187.5, p. 52.—United States Commission of

Fish and Fisheries, II, pp. LIX-LXI.
111 Report of the Commissioners on Inland Fisheries of Massachusetts, for 1873, pp.

8, 9.

II* Yakrell, "British Fishes," 3d ed., I, p. 130.—KrOyer, "Danmark's Fiske," III,

pp. 317, 318.





XXVII.-THE INTRODUCTION AND CULTURE OF THE CARP IN
CALIFORNIA.

By Egbert A. Poppe.

Oarp culture in California owes its beginning to the efforts made by
the late Mr. J. A. Poppe, of Sonoma, in the year 1872, and ijreviously.

Although yet in its infancy, it promises at an early day to become one

of the great sources of profit for the agriculturist and small farmer of

that State.

The particulars of Mr. Poppe's visit to Germany in 1872, and his re-

turn in the same year with several small carj), which he placed in his

ponds on the "Palpuli Eancho," in Sonoma Valley, are facts well known
to the majority of people interested in the subject in California. To the

readers of the reports of the United States Fish Commission, however,

the circumstances are doubtless vague and uncertain, and it is the pur-

pose of this paper to give whatever information there is at hand con-

cerning Mr. Poppe's trip to Europe, and also to throw some light on the

question as to the time this well-known European wanderer, the carp,

first made its appearance in American waters. The subjoined account

can be relied on as being authentic in every particular, although less

full and exhaustive than it would otherwise have beeu had Mr. Poppe
been spared and given it the care and revision of his long experience.

Concerning Mr. Poppe, it may be said in this connection that he was
thoroughly imbued with the future success of carp culture in California.

He was busy collecting data concerning the carp for publication for a

long time, but his expectations and hopes were cut short by an untimely

death.

The "Palpuli Eancho," where IVIr. Poppe resided, and where the carp

were i)laced on their arrival from Europe, will first demand our atten-

tion. This farm is situated about six miles from Sonoma, in a southerly

direction, and contains 684 acres. Of this, 440 acres is high arable

land, and the remaining 240 acres is marsh, or what is known in Cali-

fornia as "tule" land. Sonoma Creek, quite a large stream, navigable

almost to Sonoma, bounds the '-Palpuli Eancho" on the east, while on

the west there are the foot-hills and small eminences of the Coast Eange.

The name "Palpuli," if universally understood, would afibrd an index

of the character of the farm which bears its name. It signifies " land

of many springs." The number of simngs on this place is truly wonder-

ful. Almost every acre has one or more of them, and in many localities

661
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of a hundred acres there are at least a dozen. They make their appear-

ance on the surface of the ground ; sometimes even they seem to come

out of the soUd rock ; then, after winding through innumerable channels,

find their way into Sonoma Creek. Ko accurate and exhaustive analy-

sis of the water has yet been made to the knowledge of the writer, and

consequently it cannot be stated definitely what its properties are.

Moreover, it is of different degrees of temperature in the different

springs, in some being quite warm {86'^) and in others much less so.

That in the carp ponds has a uniform temperature of 74°. The water,

too, is very soft, and contains the salts of sodium, sulphur, and magne-

sium in solution.

Mr. Poppe has seven ponds on his farm, all artificially constructed, at

a cost of much labor and expense. They follow one another closely,

being separated only by a levee or embankment of 8 or 10 feet. The

first or upper one is perhaps 200 feet above the level of Sonoma Creek,

and is 150 feet square. It covers an area before clothed with springs,

and has an average depth of nearly 5 feet. The embankment at the

lower end is 10 feet wide and about 6 feet high. The general method

employed by Mr. Poppe in making his ponds is substanticiliy as follows:

The area was first definitely determined, and then plowed up with a

strong iron-beam plow as deep as possible. The soil was then removed

with the ordinary road-scrapers, and deposited on the lower end of the

projected pond to serve as a levee. An alternate plowing and scraping

was continued until the necessary depth was obtained. On account of

the presence of the springs, and the consequent accumulation of water,

the labor of construction was oftentimes anything but pleasant. After

the pond was completed, a main channel through the center was dug

out, and an exit under the levee prepared ; a board wall was built on the

inside to prevent the eating out of the embankment by the water. This

was necessary on account of the prevailing west winds driving the water

to the east side, and thus destroying it. The water was then allowed to

rise, and finally passed off through a broad canal to the other side.

Where this last pond terminated the succeeding one began. The land

has a sufficient slope to insure a uniform fall of water from one pond to

the other.

In a similar manner aU the other ponds were constructed. The last

three are by far the largest and most elaborate. In addition to these

just spoken of, which are breeding ponds, &c., there are two others, used

for the temporary reception of the carp prior to their being transported

to other localities. These ponds are a great deal smaller than the oth-

ers, but serve quite as distinct and valuable a purpose. It would not be

convenient to let the water off the large ponds every time a quantity of

the fish were to be sold ; so, on an occasion of this kind, they are taken

from the receiving ponds with little or no trouble and inconvenience.

I have now described tLe carp ponds proper, and yet there remains

one concerning which something should be said. Nearer the foot-hiUs,
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and considerably higher above the level of Sonoma Creek, there is to be

found another pond having a temperature of 86°. The spring which

feeds it is not more than 20 yards from the others, yet there is a differ-

ence of 12° in the temperature. This pond has been devoted to the

raising of gold-fish. They grow remarkably large here, and become very

fat.

A bath-house is near this pond, receiving its water from it. For a

number of years it has been resorted to by invalids and dyspeptics, who,

perhaps, not receiving that rejuvenation promised pilgrims by old Ponce

de Leon from his wonderful fountain of youth in Florida, have yet been

much benefited, and received decided aid from the warm spring of

" Palpuli Eancho."

For a number of years this Eancho has been used as a dairy farm

;

from 1853 to 1875 it was controlled by Mr. Poppe himself, and since

that time it has been leased to a colony of Swiss dairymen. The soil,

however, is admirably adapted for viticulture, as the large vineyard

set out some eight or ten years ago will show.

With this statement of the location and general characteristics of the

farm where the carp were placed upon their arrival, I turn now to a

brief resume of the incidents of Mr. Poppe's voyage to Europe.

Mr. Poppe left Sonoma on the 3d day of May, 1872, and San Fran-

cisco on the 5th for IJfew York, going by way of the isthmus of Pan-

ama. At New York he embarked on one of the German Lloyd steamers

for Bremen, arriving there in the usual time without any noticeable

occurrence. A few days were spent in visiting, after a lapse of thirty-

thi'ee years, the scenes of his boyhood, and in finding some trace of

his former friends and relatives. After spending a week or so in this

manner, Mr. Poppe set out on the important business of his journey,

namely, the procuring of.specimens of the carp.

Until recently it had not been definitely known where Mr. Poppe pro-

cured his fish in Germany, he never having given the exact locality

during his lifetime. Several days after his death, however, a journal

published in Stettin was received by his family which contains the de-

sired information. The writer of the article was a companion of Mr.

Poppe during a part of the journey to the locality. I extract the fol-

lowing from the journal Deutsche Fischerei-Zeitung, December 16, 1879,

page 412 : " The young carp which Mr. Poppe, of Sonoma, Cal., took

with him to America in 1872 were taken from the ponds of a certain

miller of Eeinfeld, Holstein, who followed the business of carp culture.

This city is on the line of the Hamburg-Lubec Eailroad. The writer of

these lines accompanied Mr. Poppe at that time to Eeinfeld."

Here Mr. Popjpe procured 83 carp of various ages and sizes. Three

were very large, two feet or more in length ; the others all the way from

that size to the length of an ordinary steel pen. The large ones, ofcourse,

owing to the imperfect accommodations, were the first to die, while only

thevery smallest endured the long voyage. Thewere placed on a steamer
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for New York, in tin vessels of the capacity of twenty-two gallons each.

These were of different heights, and so arranged in an ascending scale

that the water from the upper vessel flowed into the second, thence

into the third. From the third it was dipped back into the first, and

this process continued throughout the whole voyage. Mr. Poppe had

no assistant, but performed all the labor himself, watching through the

long hours of the night that the comfort of the fish should be enhanced.

On account of the lack of ice on board the steamer, and Mr. Poppe's

consequent inability to keep the water at a sufQciently cool tempera-

ture, many of the fish died on the voyage. One after another was found

dead on the surface and thrown overboard. Upon the arrival of the

steamer near New York, only twenty were alive. A delay of two days

was had in New York Harbor, occasioned by some irregularity in the

quarantine regulations, during which time a dry, stifling wind arose,

and continued with unabated fury the whole of one night. This de-

stroyed twelve more of the carp, and when a landing was effected in

New York there only eight left. These were placed as soon as possible

in hastily extemporized ponds of the Croton Aqueduct Company and

left there for three days to become accustomed to their nati^ e element,

which, except in a highly impure state, and under very peculiar circum-

stances, they had not had since leaving their native land. After mak-

ing all the necessary arrangements with the railroad companies respect-

ing the rapid and careful transit of the fish across the continent, and

not forgetting, in this instance, a large supjily of ice, Mr. Poppe left

New York for San Francisco. In seven days he arrived there with the

whole number, not having lost a single one in traveling a distance of

over three thousand miles. In San Francisco there was another delay,

but on the day following his arrival, being the 5th day of August, 1872,

three months since leaving San Francisco, he landed his five puny, and
almost dead, carp in his ponds in Sonoma Yalley. Two fish died in San

Francisco, and one on the sloop to Sonoma, leaving five as the number
safely lauded. These were x)laced in one of the ponds already described,

and formed the numbers from which all the others sprang.

At the time the carp were placed in the ponds, in August, 1872, they

were in a very i^recarious condition; the journey, if continued but a

little while longer, would certainly have killed them. They were about

as large as an ordinary steel pen, being the very smallest of the 83

with which Mr. Poppe started from Europe. In the May following, the

original five had increased to 16 inches in length, and the young
fish had increased to over three thousand. Since that time the in-

crease has been very rapid, but the sales have kept pace with it, so

tliat no overstocking has as yet taken place. The spawning season

takes place late in the spring—in the months of April and May. The
exact time, of course, is uncertain with them, because observations of

the fish in the ponds cannot be very accurate. The spawTi of the origi-

nal five carp, in May following their arrival (as was said before), num-
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bered 3,000. Their growth and development, also, was proportionately

rapid. The original carp (two only of which now remain) measure over

two feet in length and weigh in the neighborhood of fifteen pounds.

The young have been known to increase rapidly also, in one year reach-

ing a length of 12 inches and weighing from six to eight pounds.

The young of the carp have been sold to farmers throughout Califor-

nia and adjacent States, and some have been shipped even to the Sand-

wich Islands and Central America. Sonoma County, California, where
Mr. Poppe resided, has been pretty well stocked with them. Among
others who are engaged in the business of carp culture in this county

may be mentioned Mr. Levi Davis, of Forestvillej Mr. William Ste-

phens, Sebastopol ; Sylvester Scott, Cloverdale ; J. A. Kleiser, Clover-

dale ; Mr. Field, Petaluma ; H. T. Holmes, Santa Eosa ; A. V. Lamotte,

Sonoma, and others. Mr. Lamotte, by the way, is the superintendent

of the "Lenni Fish Association," a society composed principally of San
Francisco gentlemen, who have a great desire to encourage fish culture

in California. At the first opportunity I shall ask Mr. Lamotte to pre-

pare an outline of the labor of his society for publication in tlie forth-

coming report of the commission.

The southern portion of the State is likewise well supplied with this

fish. Shipments have been made to San Bernardino, Los Angeles, and
adjacent counties. From all these localities come reports of the success

of the undertaking. The shipment to the Sandwich Islands was to a

Mr. Charles E. Bishop, a resident of Honolulu, who has extensive

grounds and numerous lakelets on his premises for their reception.

Mr. Bishop has not yet written concerning them, and consequently I

am unable to say what success has attended their introduction there.

Mr. Levi Davis, of Forestville, I believe has sold some of the young of

his carp, but in what quantity and for what price I am unable to say.

He has occasionally, also, written for the California press an account

of his labors.

The carp on Mr. Poppe's farm are usually, and indeed almost wholly,

fed with the curd from the dairy. They have, however, repeatedly

shown a fondness for barley, wheat, beans, corn, pease, and coagulated

blood. Mr. Poppe was accustomed to say " they would eat anything a

hog would." In most ponds they find much of their food on tlie bot-

tom, such as vegetable matter, fungus, and other substances. The item

of expense for food is at most very small where the carp are on a farm,

for almost anything will do that perhaps but for their presence would
go to waste.

As to the probable extent to which carp-culture may be carried in

California, and what its probable success wiU be, no one of course can
be able to say. That it can become profitable, I have not the least

doubt. The carp, more than any other fish common to us here in the ex-

treme west, is hardy, i^rolific, and does excellently in our waters. It canbe
raised with much less trouble and expense than any other, and is as
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good if not better than any. In the southern portion of the State,

which seems destined to become the principal part thereof, it is already

introduced, and, relying on the evidence furnished us by those who are

engaged in its culture, tlie business has already become of more than

transitory importance. There are hundreds of acres of marsh and waste

lands in Cahfornia which by a little labor could be prepared for the cul-

ture of the carp. An acre devoted to this puri^ose is the most profita-

ble investment a farmer could make. Any one making the experimetit

will acknowledge beyond a doubt that the money necessary was never

invested to better purpose. Besides supplying the market, there is a

delicious dish for home consumption.

A prominent writer on viticulture in California is devoting his best

efforts towards cultivating a taste for the pure native wines of our

State, and tearing down, if possible, the barriers which have impeded

its introduction in the East and elsewhere. I myself am acquainted

with a noted divine who has labored unceasingly to destroy the demand
for whisky, by cidtlvating a more refined taste for pure native wine. If

he can introduce and establish the use of the latter, in moderation, he

will be doing a service to his fellow-man. Similarly, anything that tends

to man's comfort should be encouraged. If the consumption of carp is

calculated to increase man's happiness, let us encourage it by all means.

In addition to all this, I have said nothing concerning the beautifying

of our otherwise beautiful landscapes by the establishment of ponds

aU over the State. They certainly add a charm and freshness, and

make the desert and barren meadow " blossom like the rose."



XXVIII.-ON CARP CULTURE, CHIEFLY IN ITS RELATION TO
AGRICULTURE.*

By Eben-Bauditten.

[Read at a meeting of the Prussian Fishery-Association at Elbing, July, 1877. ]

Wliilst our farmers are making the greatest exertions to increase the

productiveness of their lands by labor, intelligence, and cai^ital, they
generally neglect the sheets of water found in their possession, and it is

high time that attention is given to the waters. Carp-culture may be
considered as one of the principal means of making the water produc-

tive.

In early spring, when all nature awakes from her winter sleep, the

carp becomes a source of income to the farmer by the sale of fish two,

three, and more years old. In autumn, when the farmer is depressed

by cares and anxieties because the summer has brought too much rain

or too great heat, so that he has not even been able to work his fields

in a rational manner, the carp, which is not influenced by the above-

mentioned extremes of the weather, will be the principal source of

income.

Whilst it requires a vast amount of care and labor to procure the

quantity of feed which the cattle need during seven months of winter,

the carp, so to speak, sleeps all through winter, and may therefore weU
be termed the best domestic animal.

Carp-culture, i. e., the raising of carp, must be strictly distinguished

from the Iceeping of carp when young carj) are procured from i^isci-

cultural establishments. Kearly every farm will offer the necessary

conditions for keeping carp, while carp-culture requires a number of

ponds, e. g., the pond for the young fry, the pond for the larger (the

growing) carp, and the pond for wintering the carp. On this last-

mentioned pond the success of the carp-culture mainly depends ; whilst

the ponds for the young and the growing carp may be shallow, the

wintering-pond should be 8 to 12 feet deep, and should have some flow-

ing water even during the severest cold. If the current is so strong

that the water is always more or less in motion, the wintering-pond

need not be quite so deep.

If these conditions cannot be fulfilled, the winteriug-i)ond will never

afford absolute security, and the result will therefore be doubtful. In

* Ueber Karpfenzucht, hauptsachlich mit Bezug auf unsere Landwirthschaft. [From the
" Deutsche Fischerei-Zeitung," Vol. II, No. 14, Stettin, April 8, 1879.] Translated by

Herman Jaeobson.
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such a case it will be advisable to abandon carp-cnltnre and confine

one's self to the keeping of caqi. We meet with similar cases in agri-

culture. Many farmers, e. g., wiU be prevented from raising lambs by
local causes, while the keeping of a flock of sheep may be profitable.

If a farmer, therefore, has no wintering-pond, but several small sheets of

water which have water all during the summer, he will do best in stock-

ing his ponds (no matter what their size may be) with three-year-old

carp and a few pikes, at the rate of about 100 to 300 pounds of carp,

(no individual fish to weigh less than one-half pound,) to the acre. The
growth and health of the fish depends on the character of the bottom

and of the water ; and in this respect carp greatly resemble the prod-

ucts of the soil.

Any pond, no matter whether large or small, which is a few feet deep

and whose water does not contain too much iron, will in autumn yield a

rich crop of carx) from those which have been placed in it in spring.

But where the circumstances are more favorable, and where wintering-

ponds permit the raising of carp one, two, and three years old, carp-

culture may be carried on successfully. The first pond required is the

hatching-pond, " Streichteichy It should not be too large, from one-

quarter to two acres, and in it should be placed two or three spawners

and one or two milters, to which should be added a one-year-old milter

weighing at least one-half j^ound. The water should be two to four

feet deep in the middle of the pond, and the northern and eastern banks
should be wide, shallow, and well protected, exposed to the warm rays

of the sun ; it wiU be well to have some reeds and grasses grow in the

pond. In our province (Prussia) the carj) generally spawn for the first

time at the end of May. In warm weather they spawn a second, third,

and fourth time at short intervals ; and it may be observed, every time,

that the older fry make room for the younger in the warm and shallow

water, and go into deeper water, until they are again driven into deeper

waters by the succeeding fry.

Small hatching-ponds are preferable to large ones for, 1st, a small

pond will generally be more sheltered; 2d, in large ponds the wind cre-

ates larger waves, which frequently cast the spawn on the shore, where

it dries ui) when the water recedes ', 3d, smaU sheets of water can be

better protected from overflowing in violent rain-storms ; 4th, large ponds

will offer greater attractions to the numerous enemies of the carp, e. g.^

the eagles, the herons, ducks, crows, «&c., not to mention the otter, which

is a well-known robber of fish-ponds.

The larger the sheet of water the more difficult will it be to protect

the fish against the ravages of birds. The herons are particularly fond

of the young fry of the carp, but a careful huntsman will soon be able

to keep them, as well as the ducks, away by shooting a number. The

eagles and the crows should be caught in traps ; but the most danger-

ous enemy of the carp is the small diver, Fodiceps minor ^ all the more so

as it is quite difficult to get a shot at him, especially in ponds where
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there are many reeds. In the stomach of such a diver which had been

caught about the end of June last year there were found a large num-

ber of young carp about an inch in length. At such a tender age they

fall a prey to this dangerous bird, which, in spite of its small size, may
cause a total failure of the carp-fisheries. This spring, when the reeds

were not as yet covering the banks, 5 divers were shot on a pond of

about 8 acres near Bauditten, but 8 escaped and could neither be caught

nor shot. Their nests, which are very hard to find, were destroyed sev-

eral times, and 121 eggs were taken ; still they did not cease to build

nests and lay eggs.

If every one of these 4 pair hatches 8 young ones, there will be—the

old birds included—40 divers. And if every one of these destroy 100

young carp a day, this will make 4,000 a day, or nearly 30,000 a week.

Wherever, therefore, no other cause can be assigned why a hatching-

pond has proved a failure, the sui)position Hes very near that divers or

other aquatic birds were the cause.

The frogs also must be kept away from the ponds as much as possi-

ble. This is best done by drawing their spawn ashore with rakes, and

then either burying it or letting it dry. The greatest possible calm

should prevail in and about such a pond ; no cattle should graze near

it, it should contain no pike, and the water should be of equal depth aU
the year round. After having hatched carp for several years, a farmer

will have fish one, two, and three years old, which must be kept sep-

arate, carefuUy arranged according to years. For if small fish are in

the same pond with larger fish, the smaller ones will suffer. If a small

fish, e. g.f catches a worm, the larger fish will immediately take it away

;

one begrudges it to the other just as it is among men, and the weaker

has always to give way to the stronger.

If the hatching ponds contain much food, i. €., if they have good
water, a clayey and rich bottom, and are not too much crowded with

fish, the carp will under favorable conditions weigh ui)wards of two

pounds in the autumn of the third year. The number and nature of the

ponds will plainly indicate whether carp should be kept a fourth year.

In the ponds for the growing carp the pike forms an important ele-

ment. The common idea that it makes the lazy carp move about, and
thus gives them the necessary exercise, is certainly erroneous; but the

pike certainly prevents the carps in these ponds from spawning, which

would only do harm, and destroys useless fish, e. g., bleaks and crucians,

which only take the food fi-om the carp. In the hatching-ponds, how-

ever, the pike is a dangerous enemy.

Time will not allow me to speak of the cheapest and best way of

arranging the ponds, which will go hand in hand with the cultivation

of fields and meadows, and I will therefore close with a few remarks on

the different varieties of the carp. The following must be distinguished

:

1. The "carp proper," Udelkarpfen. (So called to distinguish it from

the crucian.)
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2. The Boliemian " mirror-carp," >Spie/7e?fcarp/en.

3. The Bohemian " leather-carj)," Lederlcarpfen.

The Bohemian " mirror-carj^ " has been described as a somewhat infe-

rior fish in an otherwise excellent book; but most critics, even in

Silesia, agree that it is a very fine fish, growing quicker, having a more
delicious flavor, and a much hardier nature than the " carp proper."

This has been i)roved by actual experiments here in Bauditten. After

several vain attempts to transplant the "mirror-carp" to Bauditten

from Pardubitz, in Bohemia, a number of these fish have at last safely

arrived here, and last year spawned for the first time. Their rapid

growth was quite remarkable, for in autumn these young carp meas-

ured already 8| to 9 inches in length, and when compared this spring

with the other carj) had grown much faster.

I must finally refer in a few words to one of the most beautiful and

I)erhaps most i)rofitable fish, which may likewise be raised in cari)-ponds,

viz, the "gold-orfe," Goldorfe. Its back is scarlet, whilst the belly and
the sides have a silver color. After many experiments we have this

year at last succeeded in raising some of these valuable fish in Bauditten.

It grows as fast as the carp, is as peaceful a fish, of a hardier nature

than the carp, knows how to avoid its enemies, and always keeps near

the surface, thus forming a brilliant ornament of any pond. Its flavor

must be very delicious, as it is served on the imperial table as a special

delicacy on the birthday of the emperor.



XXIX.-ON THE CARP PONDS OF NETHER LUSATIA.^

By Dr. Edm. Veckkxstedt.

jSTetber Lusatia, though not adornetl with great landscape beauty nor

blessed by nature with a rich and fertile soil, still presents many remark-

able and attractive features. There, on the upper and middle course

of the river Spree, only a few miles from the capital city of the Ger-

man Empire, a strange people has preserved its nationality. Even to-

day the nimble Wendiu passes us with foreign salutation in fantastic

attire. Our ponds and canals show many an idyllic picture, and the

l^roud high trees are ornaments to our parks such as are rarely found in

artificial gardens.

The industry of Nether Lusatia, too, has been more and more devel-

oped every year. Our ponds not only enliven and beautify the laud-

scape but their object is essentially practical. Carp-breeding here has

obtained great results. In Hamburg, to mention one instance, the carp

of the " Spreewald " has outrivaled the Bohemian carp.

Cottbus is the place of meeting for the so-called " Carp Exchange."

Every year, on the first Monday of the Cottbus fall market, a busy life

develops in the Hotel Ansorge there. The fish-dealers from Halle,

Leipsic, Dresden, Magdeburg, Posen—who name all the places and call

all the names'?—among them representatives of such firms as Kaumann,
Berlin, F. J. Meyers,Hamburg, the carp-king Fritsche, &g., have ar-

rived I'rom all parts of the compass to wait for the carp-harons. With
this name the first-class breeders are designated, as Mende-Dobrilugk,

who uudisputedly raises the lg.rgest carps
; von Lowenstein and Faber,

with a product of G-800 hundred-weight each ; Berger-Peitz, with at

least 2,000 hundred-weight, &c. These gentlemen meet in a separate

room as Fischcreiverein, with the expert Mr. von Treskow as their

president, to discuss the questions of the day and to determine approxi-

mately the price to be asked for the carps. After this business is

finished the sale-contracts proper are made.

The weight of the carps from Upper and Nether Lusatia, represented

in Cottbus by their breeders, amounts to 8-10,000 hundred-weight; the

number of fishes to 2-300,000.

This simple fact alone might occasion a comparison with the results

of the artificial fish-breeding, for which so Wtich. interest is shown. It

is known that since the publications of Professor Coste, of the College

* Die Gartenlaube, 1877, No. 45. An den Karpfenteichen der Niederlausitz. Dr.

Edm. Veckenstedt.
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(le France, fish-cultare has received much attentiou, and though the

splendid success—promising to populate rivers, lakes, and ponds with

fishes—has only to a small degree been attained for France, yet the

Hiiningen Muster Anstalt, established by the French Government, dili-

gently continues its labors under the direction of German officers and
the Deutsche Fischerei- Verein, endeavors to develop in all circles of our

population a greater interest in the progress of fish-culture.

Whether the successes will correspond to the expectations, time only

can show. So far the artificial breeding of noble fishes {Edeljische) only

can be considered successful; but it seems that the Salmonidw alone,

though quite a desirable enrichment of our rivers, will scarcely ever

constitute a cheap food for the people. The Fischerei- Verein will have

to direct its attention especially to the reform of the laws ; for in the

fish trade a good many things still depend on the option of the individ-

ual. So, for instance, many eels are at present confiscated in Berlin for

the lack of lawful size, while in Pomerania, whence 90 per cent, of all

the eels in the Berlin market come, the same size of fish is not only

considered marketable, but iron eel-traps are rented to anybody for a

few cents for catching the fish under the ice, where of course no dis-

crimination can be made as to size.

We will now return to Nether Lusatia and rejoice at the results of the

natural fish-breeding, which, quietly and without noise, like everything

truly good, in its own way has reached its present height. How many
prejudices had to be removed, how many notions to be contended with,

how many experiences to be collected before Lusatia could succeed in

securing for its cultur-Fisch, the carp, the market over all Germany.

Let us now go to these ponds and take a glance at the breeding and

capturing. The ponds, about seventy in number, have a surface of about

5,000 Morgen (3,500 acres), and yield at present 2,000 hundred weight

per year.

Now we will look at one of the small ponds, a so-called Streichteich.

In this a definite number of milts and roes (males and females) deposit

their spawn. Here especial care is required in the management of the

pond-bottom, which, by antecedent cultivation, is fertilized and has its

acids neutralized. It is desirable to have the pond sheltered against the

noxious influence of the wind ; then it must be kept absolutely free from

pikes, and it is of advantage that its water in great part is derived directly

from the heavens, for the Hbnmelsteiche are usually the best Streichteiche.

If now the bottom was not too poor, and if wind and weather were not

unfavorable, next spring the strong fry will be transferred into the

StrecMeich, for in fall time this movement is rather dangerous, as young

carps will never endure U|e dangers of winter when in their transfer

their scales are injured. This StrecMeich must be rich in nourishment,

so that the fish grow rapidly to be fit for the Ahioachsteich.

In many cases, however, the fishes have to be placed into a StrecTc-

teich of the second order because their growth was insufficient. The



ON THE CAKP-PONDS OF NETHER LUSATIA. 673

Abioachsfeich coutaias all the ijonds the greatest water-surface, and

ouly 25-40 carps per Morgeu (two-thirds of an acre) are admitted, to

which one-tweutieth of other fishes are added. In this pond the pike

plays its principal part. It is, as is generally known, the factotum of the

carp-pond. Even if it is legendary that the pike forces the lazy carps

to locomotion, so as to give them better appetite, yet it is indispensable

for the destruction of wild fishes, &c.

As nearly all creatures have to endure the severest diseases in their

youth, so also the carp has to overcome its greatest dangers up to the

day it is admitted to the Abwachsteich. Here external enemies are rarely

dangerous, though otter and sea-eagle claim their victims; yet fishes of

prey do not injure it, and swan, ice-bird, ducks and divers, frogs and

toads are ouly dangerous to the spawn and fry.

Diseases, too, occur mostly with young carps only; polypes render

the fish unfit for its full development ; tape-worms constrict its intes-

tines, make it lean, and finally kill it ; lice torment it, and produce

dropsy. But the water itself may become noxious: its inlet and outlet

must be accurately regulated ; a ditch carrying bad water to the pond,

its sudden rising after a thunderstorm, a lightning-stroke, &c., have

often done considerable damage to the breed.

Yet nov/ the autumn day has come on which the capture of the mar-

ketable carp begins, and we go to the Tevfelsteich near Peitz, the largest

of the estate. Three weeks before this day the outflow from this pond
commenced. All the time the greatest quiet has to reign at the places

deepened for the catching, because otherwise the carps, sensitive to

sound and timid, would not descend the deep ditches leading to the

places of capture, which would render the operation slow and more

difficult.

On the day of the fishing itself the drivers begin to wade along the

ditches with loud noise, until the fishes are collected at the place of

capture, which has an extent of about one Morgen. Then the ditches

are closed with (stell) nets and the catching begins. Two Watnetze^

handled by three fishermen, yield about 100 hundred-weight at every

draw. The fishes are carried to the scale and spread upon platforms.

Pikes, Karamchen, Schleien, are picked out, and the small Barsche

(perches?) used for manuring fields and meadows.
Four practiced hands throw the carps from the platforms upon the

scale, and when it indicates one hundred-weight the fishes are rapidly

transferred to a hogshead standing upon a wagon ; three filled hogs-

heads make a load. In sharpest trot the horses hasten to the Rammer-
(jrahen (hammer-ditch), where the fishes are loaded into Drohel. Drohel

are perforated covered boats, the surface of which is even with that of

the water ; they contain, on an average, 25 hundred-weight, and are

shipped by hardy sailors to the Schicielochsee. There the fishes are

transferred into larger Brobels, containing about 100 hundred-weight

;

lu tow of freight-boats they reach Berlin in about one week ; Hamburg,
43 F
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Magdeburg, &c., however, not before four or five weeks. All this time

the greatest attention is necessary. The journey to and through Berlin

is dangerous on account of the water being either too low or too high,

and, besides, every evening the whole transport has to be carefully ex-

amined and every single sick or dead fish to be removed ; and it occa-

sionally happens that some Drobel go to pieces.

These astonishing results of the natural fish-breeding are the more to

be appreciated the more laboriously they are obtained (the manager

of the Peitz pond, for instance, spends about 100,000 marks), yet Lusa-

tia shows still better results from the ponds devoted to the raising of

goldfish. Most interesting are those obtained by Mr. Eckart in Liibin-

chen, the well-known breeder of the great Madile-mardne. His splendidly

watered ponds, at present celebrated for the lacustrine pile-dwellings

found there, contain in all their brilliancy the goldfish and Orfe, the

trout and Elritze, the leather-carp and Mardne; and when now the Ameri-

cans are enabled to breed the most valuable of all Mardnes, the Mardne

of the Madiie Lake, it is the merit of Mr. Eckart, who was the first to

send embryonized Mardne eggs across the Atlantic Ocean. Constant

study and continued experiments were necessary for his eminent suc-

cess, and if we want to stock our rivers, lakes, ponds, or aquaria with

numerous and different species of fish we will have to work incessantly,

for the conditions most favorable to the several species have in great

part 3'«t to ha found out.



XXX.-THE CARP-FISHERIES IN THE PEITZ LAKES.^

That "carp in beer" is a favorite dish in Berlin is sufQciently proved

by the fact that about 500,000 pounds of this fish are annually consumed
in this city. It will therefore not be out of place to give a brief account

of the famous Peitz Lakes in Lower Lusatia, which mainly supply Ber-

lin with carj), and which were well known even in the time of Frederick

the Great.-

The Ural-Baltic plateau, which includes a portion of Lusatia, contains

a very large number of lakes and ponds. Of these the Peitz Lakes

are the most important. These lakes, 76 in number, and forming a

water area of almost 5,000 acres, are a royal domain, and are at pres-

ent rented to Mr. Th. Berger. They produce a very large number ot

caries, and the annual fishing days in October, especially that of the

Devil's Lake, having an area of about 900 acres, formi* important and
interesting events, genuine popular holidays, not only for the inhabi-

tants of Peitz and the surrounding country and the people of the neigh-

boring city of Cottbus, but, because easy of access, likewise to many
inhabitants of the capital. It must, however, be borne in mind that

these great fisheries, and each one of the 60,000 or 70,000 carps caught

during this season, have a previous history extending over a period ot

about four years; for those well-fed, golden-scaled government fish,

resembling each other in size and shape as much as eggs, have not

sprung into existence suddenly like the armed men who rose from the

dragon-seed sowed by Cadmus, but it required great work and care and
trouble to develop them so far; and in order to understand all this we
shall have to become acquainted with the details of this industry, and
gain some entirely new ideas with regard to the carp and its life. We
here see not a fish rapidly parting the waves with its fins, and in undis-

turbed liberty now diving into the deep, now rising to the surface,

always timid and flying from the terrible iish of prey, but a well-cared-

for domestic animal, constantly guarded by and accustomed to human
beings; a very x>eaceful, phlegmatic animal, with a predilection for

muddy bottoms and slow-flowing water, growing more comfortable and
gentle in its ways by its "education," which has been going on for gen-

erations, all this tending to make the fish fat and comfortable looking,

and giving to its flesh a most delicious flavor.

The life of the carp, which really may be termed a "jolly sort of im-

* Die Karpfenfischerei in den Peitzer Teichen. From a Berlin daily paper. Trans-

lated by H. Jacobson.
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prisonment," commences in the hatcMng-ponds, varying in size from

one to ten acres, in wbicli as many as 20 pair of well-developed milters

and spawners are placed in spring, there to spawn under the genial rays

of the sun. It is characteristic of the slow nature of the carp not to do

this spawning business at once like other fish, and so far all attempts

at artificial impregnation have failed. But if the water during the

spawning season has been kept at an even height, and the frogs do not

devour too many eggs, young carps are produced in great numbers, as

they are very prolific, one pair alone iDroducing several hundred thou-

sand eggs, from which, even under the most unfavorable circumstances,

about 25,000 young fish may be counted on. During their earliest

infancy these fish live on infusoria, as their little mouths will not allow

any other food to pass. The summer goes by, the new year comes in,

and in spring the little one-year-old carps—which at this age are very

suitable for the parlor aquarium—are placed in larger ponds (generally

covering an area of 30 acres each) at the rate of ,300 to GOO fish per acre.

-Mter they have stayed in these ponds a year, the fish (now two years

old) are placed in still larger ponds (generally covering an area of 400

acres each) at the rate of 180 to 360 per acre. After another year has

passed, the fish (now three years old) are placed in the large ponds

(generally aboi^t 900 acres each), in which they stay another year, and

reach an average weight of 2} to 3} pounds, and thus attain their

maturity.

Loneliness i)roduees melancholy, and in order that the carp may not

load a too idyllic sort of dream-life after lea\iug those ponds where

they spent their first two summers, and which are absolutely free from

fish of prey, quite a large number of other considerably smaller fish,

such as tench, crucians, pike, and even perch—which have been

S])ecially raised for this purpose in separate ponds—are during the third

year placed in the same ponds with them. These fish give the cari)

some idea of life in the great world, and by their constant attacks,

which, however, are generally harndess, bring a little life into the quiet

society of philosophers, and, to some extent, act the part of shepherd

dogs. But there are other enemies of the carp which tend to make the

carp livelier, remindnig us of those persons in "Gulliver's Travels" who
liad constantly to use rattles to rouse the Lilliputians from their day-

dreams; and these are otters, herons, wild ducks and geese, fish-hawks,

and human beings—poachers, who rob the ponds during the night.

Thus the day of harvest comes at last. Three weeks beforehand they

begin to let the water flow off, and the carps gradually gather in the

<leep ruts or holes of the bottom. On the morning of the great fishing-

(Iny they are driven into a basin about the size of an acre and about

oiie meter deep. This is done by the fishermen, who, armed with purse-

i^ets, wade, often with half their bodies in the muddy water, and, shout-

ing and yelling, drive the fish before them. Slowly the great mass of

ii.-h comes rolling on, making the water of a dark, muddy color, and
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throwing great quautities of mud-like clouds in the air. Xo one could

tell that these are cari), for the dark, round backs, which in innumera-

ble places become visible amoug the seething mud and water, rather

resemble eels or similar tish. The whole spectacle, which is quiet in

the beginning, reminding one of the driving of a flock of geese or a

drove of sheep, gradually becomes quite exciting, especially toward the

end, where from G0,000 to 70,000 pounds of carps are crowded together

in a narrow space scarcely 20 paces square. Two simple nets are never-

theless sufficient to close up the two channels leading into the basin,

which now resembles a caldron full of boiling mud and water. In this

turmoil the pikes fare worst, for some of the carps, which, like tame

steers, seem in the last moment to remember that after all they i)ossess

considerable strength of muscle, are continually dealing powerful blows

with their tails, which the sensitive and cowardly pikes cannot stand

very well, so they endeavor as much as possible to crowd into a distant

corner. Now the fishing itself commences, and a number of men with

two drag-nets, each holding about 5,000 pounds of fish, slowly haul that

quantity on shore, llere everything is activity and bustle. Under an

open shed we see. a large pair of scales with a 100-pound weight. The
carps are uninterruptedly brought up from the pond in immense buckets,

each carried by two stout men, and throAvn on boards by the side of

the scales. With lightning-like rapidity, one fish after another is seized

by men standing there for the purpose, counting "one, two, three,

four * * * " until the scales are evenly balanced. Thiity-one to thirty-

three fish generally make the hundred pounds. The full scale is then

immediately seized by two men, while an empty one is being tilled, and

the fish are placed in large casks on one of the many wagons which

hold at a short distance. As soon as the three casks, which every

wagon holds, are filled, the wagon is rajjidly driven along the turnpike,

near which the whole transaction takes place, to the Hammer Canal,

distant about one kilometer (3,280.709 feet), where the fish are immedi-

ately placed in the holds of boats, which contain w^ater. Each of these

boats carries 2,500 pounds of fish.

Thus the cari)s are within a few minutes transferred five times, with-

out having suffered in the least. Near the scales stands, in his rubber

overcoat, a note-book in his hand, Mr. Fritsche, from Frankfort-on-

the-Oder, a well known fish-dealer, called the "carp-king," and, with

Mr. Berger's agent, calmly notes down the number of fish to every hun-

dred pounds, while Mr. Berger himself is busy arranging things, giving

orders, and satisfying the many private buyers, male and female, young
and old, farmers and town-people, who have come with bags, sacks, and

baskets to buy single fish or small quantities up to 200 pounds. Mr.

Berger also attends to the iDickiug out of other fish, such as tench, pike,

perch, &c., which have been caught in the net. A large quantity of

still smaller fish, so-called "spoon-fish," because they have to be eaten

with a sx)Oon, are likewise brought u^) in these nets, many of them
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almost masbed by tlie lieavy weiglit of tbe carps, and dead a few min-

utes after tbey bave left tbe water. Tbese are tbrown in large baskets

and are viewed witb eager and longing glances by tbe many poor peo[)Je

standing round, wbo bere, for a few cents, migbt procure more tliau one

good meal, and net Mr. Berger i:)erbaps $24 extra. But woe be unto

Mm if be sbould dare to sell tbese fisb ; tbe inexorable police-officers

would at once refer bim to a paragrapb of tbe fisbery law, according to

wbicb tbese fisb dare not be sold, as not baving tbe required size.

Meanwbile tbe bour of noon comes, and tbe ardently longed-for luncb

time, doubly welcome on account of tbe pouring rain and tbe cold, is

fast approacbing, and Mr. Berger invites bis guests to bis bouse near by.

Among tbem we see, besides some landed proprietors from tbe neigb-

borbood, men of inexbaustible good bumor and unlimited capacity of

stomacb, tbe well linoAvn Lusatian anthropologist and reporter of tbe

Gartenlauhe, Dr. Veckenstadt. In tbe bospitable mansion we are

regaled with tbe products of tbe cbase, snipes, reed-birds, ducks, par-

tridges, «S:c., and one of tbe epicurians present makes tbe remark,

wbicb may be taken to beart by all good housewives, tbat tbe liesb of

the pike becomes infinitely more delicious if it has lain in brine for

twenty-four hours. The fishermen and drivers are meanwbile taking

their lunch in tbe sheds near tbe ponds, and after a short pause the

work begins anew untU late at night, when about 60,000 pounds of

carps have passed through the bands of tbe weighers. As regards the

further transportation of the carps, which are the property of Mr. Frit-

sche the moment tbey leave the scales, tbey first go to the Schwieloch

Lake, reaching it in five to fourteen days, going through the Hammer
Canals, the Spree, and tbe Spreewald. The difficulties of their route are

considerable, for the water is often so low that the boats have to be

placed on rollers and conveyed for short distances in this manner.

Arrived at the Schwieloch Lake, the fish are transferred to larger boats,

each holding about 10,000 pounds, and, placed in the care of reliable

persons, they go down the Spree to Berlin, which place they generally

reach after eight days, or they go still further to Hamburg, where they

get after a journey of four to five weeks, and other places. The total

annual rent of the domain is $12,870; the expenses for salaries, wages,

wagons, &c., amount to about $7,150; so that Mr. Berger must make at

least $20,000 just to meet his expenses. But it is said that he makes

a little more

!



XXXI.-MR. CHRISTIAN WAGNER'S ESTABLISHMENT FOR RAIS-

ING GOLDFISH, AT OLDENBURG, GERMANY.*

The two most important establishments for raising goldfish in Ger-

many and Austria are the one belonging to Baron Max de Washington,

of Poels, near Wildon, Styria, and the one belonging to Mr. Christian

Wagner, of Oldenburg, of which we intend to give a brief description.

As the method followed in Oldenburg cannot be understood without

some knowledge of the location of the establishment, we must mention

that its 120 ponds are all close together, and with their dikes, &c., cover

about 12 acres of bog-land near the river Huute. The water, however,

does not come direct from this river, but j^artly from an artificial stream

or canal which on two sides forms the boundary of the establishment,

partly from a neighboring factory, and from the ponds themselve. As
glance at the accompanying diagram will best show what may be called

the veins, arteries, and other vital organs of the establishment.

We intend first to show the manner in which the three channels which

supply the water are used. The water which comes from the artificial

stream G is, by means of the injector F, pumped into the open channel a,

and after it has flowed through some or all of the ponds to the right and

left it goes through wooden pipes into the ejecting-canals c, on each

side, and eventually returns to the stream by way of the main ejecting-

canal h.

In order to furnish the necessary insect life to the water which has thus

circulated through a i:)ortion of the establishment, it is led by a very

circuitous route before it again reaches the injector, and mingles freely

with the main stream of the river, which is fed by the drains from the

neighboring meadow-lands.

The water from the factory (which recently has proved very injurious)

is collected in the reservoir E, and from there flows through subterra-

nean i^ipes (indicated by dotted lines) into the channel a, which feeds the

hatching-ponds B, and then goes into the flat " coloring-pond" D. After

having mingled with the spring-water of these ponds it leaves the estab-

lishment, either through pipes laid in the dike of the pond, marked D,

or through the main ejecting-canal h. Its temperature (sometimes as

high as 100° Fahrenheit) cannot be regulated by Mr. Wagner as well

as that of the water which is pumped in, and which, during the warm
season, is sometimes raised to a temx)erature of 123° by means of the

steam from a 10-horse-power engine.

^ "Die GoldJischzUchterei von Christian Wagner zu Ohleniury." [From "Dcutsclie
Fischerei-ZeituBg," second year, No. 29, Stettin, Jiily22, 1879.] Translated by Her-
man Jacobson.
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The water whicli comes from springs at tlie bottom of tlie pouds is

cliiefly used for supplying- tlie different spawuiug-ponds, marked A, and

the ponds for hardening the skin of the lishes {'' Hautlidrtungs-TeicW^),

PLAN OF THE OLDENBURG ESTAULISHiffiNT FOR HATCIIIMG GOLDFISH.

A, A, A. Spawniuf; ponds. B. Rearing ponds. C. Ponds for skinhardeniug (?). D. Shallow

coloring pond. E. Keservoir. F. Injector and niacliinoliousc (contains an engine of ten-horse

power, which is connected with a machine of three-horse power). G. Artificial stieam or canal.

a. Open supply pipes. 6. Principal discharging canal, c. Waste-pipe leading into A. d. Eel

pond, e, e. Tool-houses.
l^'. B. The dotted Hues, as also the short parallel lines, indicate covered pipes.

marked C, for although the spawniug-ponds are, by subterranean pipes,

connected both with the reservoir and with the hatching-ponds near the
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macliine-liouse, these pipes are but rarely used. In case of necessity,

i. e. when the stagnating spawning-ponds require it, a movable wooden

pipe is used, through which the water of the stream is pumped into

every pond whose water needs stirring up. On its way the water be-

comes completely satiirated with oxygen, and its effect on mature fish is

so quick that they often commence to spa^vn within an hour from the

introduction of the fresh water.

As the bottom of the dikes is composed of very porous soil, the water

goes from one pond to the other, and the depth of water is about the

same in all the ponds, any superfluous water being led out through the

channels c into the main outlet-canal h.

Although at times the depth of water in the ponds is only ^ foot, the

average depth is about 2 feet, increasing to 4 feet near the outlets. The
extent of surface is of greater importance than the depth of water, the

average surface of each i)ond being about 228 square yards.

The bottom of the i)onds is purposely left uneven, and is here and
there overgrown with aquatic jjlants, on which the goldfish love to de-

posit their eggs.

The dikes between the ponds are generally 6 feet high, while the outer

dikes are 8 feet high, 10 feet broad at the base, and 3-4 feet at the top.

As the incline is therefore very gradual, and as the grass tends to keep

the soil together, the bottom of the dike, though i)orous, is nevertheless

firm.

The chief results of Mr. Wagner's cultivation of goldfish during sev-

eral successive seasons are as follows : Many fish commence to color at

the end of the first year ; they are large enough to be sold for aquaria in

the autumn of the second year, and they may be made to spawn two or

three times a year, as a large number reach their maturity when only

twelve months old.

By good feeding and frequent redistribution of the female fish (not

allowing the same males and females to be together any very consider-

able length of time), and by an occasional airing of the water as de-

scribed above, it has become possible to fix the time of spawning to the

very day, and to raise a large number of young fish from comparatively

few spawners. Under favorable circumstances the first young fish are

raised in March or April, and by adopting the above-mentioned meas-

ures a second set of young fish may be raised in July or even earlier,

and a third in August or the beginning of September.

It is but natural that fish cannot spawn so often during one season

and at so early an age without many of them becoming prematurely

barren. These barren fish, which can easily be recognized by a sunken
appearance of the parts back of the ventral fin, must of course be sepa-

rated from the others. They can only be sold as ornamental fish. Even
if the spawning process is not hurried too much, it is an exception if a
fish is used for spawning more than three years.

Mr. Wagner's average spawning stock amounts to about 3,000 fish,
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whicli are continually improved by the introduction of Italian and

Portuguese fish, and by adding the finest specimens which he raises

every year.

Of fancy fish his ponds contain, besides a few peculiarly colored speci-

mens, the "dolphin," the "head," the "double tail" or "narwhal," and

the " telescope-fish." Whenever Mr. Wagner wishes to produce some

new fish, he maizes some of these monstrosities interbreed, and thus

obtains novel specimens.

Although there is no fixed rule, the proportion of females to males in

the spawning-ponds is generally as 2 to 1 ; in sorting them great atten-

tion must be paid to their quality, age, &c.

It is likewise important, not only with regard to the old but also to

the young fish, that (excepting the winter months) they are i>roperly

sorted and distributed, so that fish of the same size are put together,

and that sufficient and suitable insect food is supplied for those ponds

in which the fish are placed when coming from the spawning-ponds. In

order to secure this food the fish are generally placed in ponds which

have laid dry for seven or eight weeks; and if it should happen that one

or the other of these ponds has less food than usual, it can easily be

supplied from one of the neighboring jionds, or in case of necessity from

the artificial stream G by ai^plying a double hand-pump.

On this stream depends the supply of water for the twenty hatching-

ponds near the machine-house; the suction-pipe of the injector rises

or descends according to the depth in which infusoria and other insects

are found in the stream. In calm weather they are generally found at

or near the surface, and farther down during windy weather. Their

exact place of sojourn can always be ascertained by dii>ping a glass

cylinder vertically into the stream, and by observing their position in

the column of water.

The insects, however, are not alive when they become food for the

fish. Before they reach the twenty ponds they have been killed by the

heat of the water—which in summer is often raised to a temperature of

100° Fahrenheit by steam from the boiler. Not satisfied with the eflect

of the heat—in high temperature fish breathe oftener and consequently

take in more food—and this system of what may be called "condensed

insect-feeding," Mr. Wagner finds it beneficial to supplement this nat-

ural food from time to time with artificial food, using for this purpose

blood, small pieces of meat, and occasionally barley which has com-

menced to germinate (refuse from breweries). This food is not cooked,

but simply thrown into the ponds (the blood in small lumps) wherever

the water is shallow.

The results of this Oldenburg feeding system, as regards the growth

of the fish, are as follows : Some of them double their weight in a week's

time, and under ordinary circumstances the young fish have reached a

length of 1:^ to 2i| inches in autumn. When properly colored the largest

are then sold as "glass-fish." Most of them, however, do not reach a

salable size till the end of the second summer.
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The artificial coloring of the fish is just as important as their artificial

feeding, and much time and money has been consumed in experiment-

ing until satisfactory results have been obtained. The Oldenburg

ponds are very favorably' located with regard to the coloring process,

for of the three principal ingredients, viz, iron, lime, and tan, the first

mentioned is found in considerable quantities, both in the soil and in

the water; nevertheless it is not sufficient, and has to be artificially

increased from time to time.

The German national colors are in great demand, and a fish which

was originally red and white can by proper treatment be transformed

into an " imperial fish," exhibiting the national colors, viz, black, white,

and red. In spite of the greatest care it will happen that fish are not

sufficiently colored when they have reached the size of "glass-fish";

they are then transferred to the large shallow pond D, where they are

more exposed to the rays of the sun, which possess a strong coloring

power, but are not without danger to the fish, as they often kill them
suddenly if the bottom is too bright and shadeless.

In order to make the fish less tender for handling and transferring

to the aquaria they are generally for a time i)laced in the so-called

" skin-hardening " ponds, marked C. The peat bottom of these ponds

contains little or no sand or clay, but a great deal of iron. The water,

likewise, contains much iron ; and in jjonds of this kind the adding of

lime tends to harden the skin of the fish. This method of hardening

the skin has made the former slow and wearisome acclimatizing process

almost superfluous. By applying lime the same result is obtained with

young eels, which are kept in the pond marked d, and are also sold for

aquaria. These eels are obtained from neighboring waters, into which

they come from the Hunte when they ascend that river in May.
By this simple method the goldfish become so hardened that they can

be easily handled witiiout suliering injury. Their future welfare (when
kept in glasses or aquaria) of course depends on the character of the

water and the food. Mr. Wagner recommends spring or pump water,

and wherever this cannot be obtained river-water. Eain-water he con-

siders utterly useless. When the goldfish are kept in glasses or smaU
aquaria animal food is almost exclusively recommended by Mr. Wagner;
e. g., meat, raw or cooked, scraped very fine, worms, insects, larvae, ant-

eggs, &c. The aquaria should also contain a few aquatic plants at

which the fish may nibble. Too much food is injurious, especially in

winter, when scarcely any food is required. Mr. Wagner considers it

less injurious to give no food for a whole month than too much food.

As a rule, no more food should be given than can be at once consumed
by the fish.

Before Mr. Wagner ships fish to any considerable distance he lets

them fast for a week, and in this way prevents, as far as possible, the

water from becoming impure during the journey. The vessel which is

generally used for transporting goldfish is an oval tub with a perforated
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'bmig at the top. As this tub is not completely filled with water, a cer-

tain degree of motion keeps the water jjure and fresh, and in favorable

weather—cold weather is the best:—fish have successfully been sent to

Denmark, ' Eussia, England, Southern Italy, America, &c., without a

change of water. The journeys are generally not very long, as most of

the fish are sold in Germany and Austria. The risk and the difficulties

of transportation are therefore considerably diminished.

The price of fish of course varies according to age, size, color, and

kind. The most expensive fish are the so-called "telescope-fish," which

are sold at $7.14 to $21.42 a pair ; next come the " dolphins " and " heads,"

which sell at $11.90 a pair ; then the " double-tail" or "narwhal," which

are sold at $4.76 to $2.85 a pair 5 and finally those fish which are valued

on account of their j)eculiar coloring ; these are sold at $2.30 to $23.80

a hundred.

In order to keep up with the constantly growing demand, Mr. Wag-
ner has been obliged to increase and enlarge his ponds fi'om time to

time, and a number of ponds which were originally destined for carps

have been appropriated for goldfish. In 1874 Mr. Wagner had 56 i^onds

and raised 99,500 fish ; in 1876 he raised 170,000 (50,000 of which he ex-

changed for imported fish) ; and in 1877-'78 he hsul 120 ponds and an-

nually raised 300,000 fish.

That the Cyprinus auratus does not bear its name invain, but produces

a golden harvest for its cultivator, is sufficiently proved by the fact that

Mr. Wagner has been obliged to constantly enlarge his establishment.

At the present time he employs a bookkeeper, a night watchman, an

attendant, and fifteen laborers (not counting the men employed in the

Berlin salesrooms), all of whom earn a good living, while his own an-

nual profits are very considerable. The same area used for agricultural

purjjoses would scarcely feed a single family.



XXXII -A REPORT ON THE HISTORY AND PRESENT CONDITION
OF THE SHORE COD-FISHERIES OF CAPE ANN, MASS., TO-
GETHER WITH NOTES ON THE NATURAL HISTORY AND ARTI-
FICIAL PROPAGATION OF THE SPECIES.

By R. E. Earll.

A.—INTRODUCTIOK

The recent inquiry into the decrease of the food-fishes of the east

coast of the United States by the United States Commission of Fish

and Fisheries, under the direction of the commissioner, Prof. Spencer

F. Baird, has led to the establishment of temj^orary stations at different

points along the coast, where special attention has been given to the study

of the more important species for the purpose of gathering definite in-

formation of their relative numbers past and present, their geographi-

cal distribution, and their habits. Of late the commercial importance

of what might be styled the great ocean fisheries, together with the

complicated questions that are continually arising between our own
government and our more northern neighbor regarding them, has led

Professor Baird to give particular attention to this subject, with a view

to becoming more thoroughly acquainted, not only with the habits and

movements of these species, but also the methods emjjloyed in their cap-

ture and the extent and money-value of the fisheries.

With this end in view, he selected Gloucester, Mass., as the most suit-

able location for the Commission in 1878, where he arrived with his

assistants early in July, and at once began the investigation of the sub-

ject. During the summer much valuable information was gathered

relating to the extent of the fisheries, and many observations were made
on the natural history of the difierent species. However, as this was

not the spawning season for the difierent members of the cod family,

the only obtainable information on the habits of the fish during this

period was from the fishermen, who are usually not considered very

accurate scientific observers.

After a careful consideration of the subject, it was decided to continue

the station through the winter, in order to study the natural history of

the sj^awuing fish, that visit the shore in immense numbers at this time,

and also to make experiments with the eggs of the cod and other species,

with a view to their artificial propagation. Accordingly^, the late James

W. ]\Iilner, deputy commissioner, proceeded to Gloucester, to take

charge of the work and to i)repare a report on the whole subject. Mr.
6d5
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Milner arrived late in August, and remained until the preliminaries

were arranged and the first eggs had been taken, when the sickness that

has so recently resulted in his death compelled him to leave for the

South, in order to avoid the cold and stormy weather of the New Eng-

land sea-coast. The loss of so enthusiastic and experienced a worker,

whose efficient labors have aided greatly in bringing the United States

to the front in all subjects relating to fish-culture, was a severe blow to

the Gloucester work ; had he been permitted to remain, the results would

doubtless have been more thoroughly satisfactory.

Owing to the absence of Mr. Milner, the writer has been requested to

prepare a report from hurried notes made during the winter. Much of

the data has been obtained from personal observations and experiments,

either in the hatchery, or at the various fish-wharves, or during visits to

the difi'erent fishing-grounds in the fishing-schooners of the harbor.

Much valuable information has also been obtained from the older and

more experienced fishermen and from the files of the local papers. In

all cases, however, care has been taken to avoid the accei^tance of any

statements and opinions without being fully convinced of their correct-

ness, and due allowance has been made for the lack of careful and accu-

rate observations on the x)art of those interviewed. Many questions

requiring much more careful inquiry than we were able to make still

remain unsolved, and many points have been wholly omitted in the

report for want of sufficient evidence either to disprove or confirm them.

The report, then, especially in the portions relating to the natural

history and artificial propagation, must be considered as merely paving

the way for a more careful and extended study of the subject.

B.—THE SHORE FISHERIES.

1.—OEIGIN OF THE COD FISHERIES OF CAFE ANN.

Of the many diiferent fisheries in the IJnited States yielding remuner-

ative emi)loyment to large numbers of men, the cod-fisheries of 'New

England'are the most important and extensive. Dating back as they

do even beyond the earliest permanent settlement of the country, and

being to the struggling colonists often the only unfailing source of sup-

ply, they were at this time of vital importance to the people. In fact,

the presence of these fish in the waters of :N"ew England had much to do

with hastening the settlement of the country, and it was doubtless the

knowledge of their abundance that led the merchants of the Old World

to send their first vessels to our shores.

The following facts, gathered largely from Babson's History of Glou-

cester and the files of the Cape Ann Advertiser, give briefly the

origin of the Cape Ann fisheries and a glance at their condition at inter-

vals to the present time. Apparently the first that was known of the

presence of the codfish in this locality was in 1602, when Bartholomew

Gosnold, in the ship Concord, while on a voyage of discovery to Amer-
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ica, reached the coast of Maine, and sailing southward passed " the

mighty headland, which, on account of the great numbers of cod-fish with

which the voyagers 'pestered their ships there', then received the name

of Cape Cod." From this date foreign merchants, principally those of

England, fitted out fishing-vessels for America, these visiting points on

the coast of Maine, and meeting with varying success. In 1022 these

parties, having found the expenses of the enterprise greater than the

catch of fish would warrant, began to devise methods of lessening them.

They soon decided upon a plan whereby the vessels should take out a

number of men in addition to their regular crews, these to assist in

taking the fish, and to be landed on the shore after the trips were secured,

where they were to remain during the rest of the year to clear the soil

and engage in agricultural j)ursuits, living chiefly on the natural products

of the land ; and to devote their time during the fishing season to load-

ing the vessels that were to be sent yearly to the little colony. Accord-

ingly, in 1023, a ship left Dorchester, England, and proceeded to the

usual fishing-grounds, coming later into Massachusetts Bay, where she

secured the balance of her trip, and, after leaving fourteen men at Cape
Ann with suitable provisions, sailed for Europe. The same year a i)at-

ent of the land was granted to the New Plymouth colony, who in 1024

built a fishing-stage at Cape Ann, the Dorchester fishermen arranging

to share the patent with them. The following year a man was sent

from Plymouth to build salt-pans at this place, but, the fisheries proving

uuremunerative, were abandoned by both parties, and the colony was
broken up, a x>art of the Dorchester men returning to England while

the remainder removed to Salem.

The next fishing interests at Cape Ann were in 1039, when the gen-

eral court passed an act for the encouragement of Mr. Maurice Thomson
and others, i^roviding for the establishment of a fishery plantation, and
granting certain exemptions to fishery establishments, in order to en-

courage the colonists to engage more extensively in the cai)ture of the

different species. This seemed to have a beneficial influence on the

fishing interests of the section, and they gradually grew into a more
flourishing condition. But it was not until the beginning of the last cen-

tury that these fisheries assumed important proportions, and then, for the

first time, ship-building was extensively carried on, and Cape Ann sent

a large fleet to Cape Sable and Sable Island forcod-fisb. In 1741

Gloucester owned about 70 sail, and at the beginning of the Eevolu-

tionary War she had 80 sail engaged largely in the bank-fisheries,

with nearly twice as many chebacco boats fishing along the shore. The
effect of the war, together with the small catch of the vessels, resulted

disastrously to the fishing interests, and at the beginning of the present

century the fleet had dwindled down to 8 sail of more than 30 tons. But
while the bank or offshore fleet had been so reduced the smaller crafts

had continued to increase, and there were at this time fully 200 chebacco

boats, aggregating about 3,000 tons, fishing on the inshore grounds.
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In 1819 the fisheries were in such a state of depression that Congress
passed "the bounty act" for their encouragement. This seemed to put
new Ufe into the business, and in 1825 over 150 sail fitted out for the

different banks, and by 1847 the fleet had been increased to 287 sail,

with an aggregate of 12,354 tons, or an average of 43 tons, carpenters'

measurement, to the vessel. The Cape Ann fishermen first visited the

famous George's Bank fishing-gTounds about 1830, and by 1850 this

locality had become a favorite resort for both the cod and halibut fleets.

In the spring of 1879 there were 39 fishing-firms at Gloucester, and
378 fishing-vessels of over 5 tons burden sailing from the harbor. Of
this fleet 174 sail visited the distant banks for cod, 44 engaged exclu-

sively in the halibut fisheries, GQ Avere provided with purse-seines for

catching mackerel, 8 fished for both cod and halibut, 78 fished along

the shore for cod, pollock, haddock, hake, and cusk, and the remaining

8 sailed about in search of squid to supply the bank cod-fishermen with

bait. Of the 174 offshore cod-fishermen, 130 went to George's and
Brown's Banks, and the remainder to La Have, Quereau, Western and
Grand Banks. In addition to the above the other towns of the vicinity

had each smaU fleets engaged in some branch of the fisheries ; so that

the total number of fishing-vessels belonging to Cape Ann at this time

reached upward of 415 sail.

Thus the fisheries of Cape Ann have been continuously prosecuted

for two hundred and forty years. Small at first, they have met with

varying success, reaching their lowest ebb about the year 1800, since

which time they have gradually grown in importance, until to-day Cai)e

Ann is the center of the marine fisheries of America 5 and Gloucester,

which from its excellent natural advantages early became x)romiuent,

has continually strengthened itself, until it has come to be the great

fishery metropolis of the country; and is now, by the aid of laws and
business customs, which tend to transfer the business from the fisher-

men to the capitalists and from the smaller to the larger dealers, grad-

ually absorbing the fishing interests of the State.

With this large fleet engaged in the various branches of the fisheries,

and visiting so many different localities, the quantity of fish landed in

Gloucester is enormous ; the cod fish alone for the year ending June 30,

1879, reaching 36,665,020 pounds of cured fish, which, at the low average

of three cents per pound, would have a total value of about $1,100,000,

This quantity of cured fish represents not far from 91,650,000 pounds of

round fish, or, on the supposition that the fish average 15 pounds each,

over 6,100,000 cod in number. These figures, though not absolutely cor-

rect, probably vary but little either way from the actual number landed

in Gloucester during the year mentioned. The data from which the cal-

culations have been made were taken partly from the weekly reports of

the Cape Ann Advertiser and partly from notes made during my stay

in Gloucester.
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In looking over the liistory of the fisheries, we find that when the

. banlv-lisheries liave i^rosi^ered the shore-fisheries have been neglected,

but when for any reason the bank-fisheries have been unprofitable the

fishermen have resorted to their boats and small vessels for a livelihood.

Thus, in 1804, when the bank fleet had been reduced to 8 saO, the shore

crafts numbered nearly 200; but when in 1847 the off shore vessels

had increased to 287, the chebacco boats numbered scarcely 35, these

fishing during a portion of the season only.

We are told that the chebacco boat originated with the fishermen of

Cape Ann, and that it derived its name from a river on the north side of

the cape, where it was first extensively built. These boats were usually

of about 15 tons burden, rigged with two masts but no bowsprit, and

had a small forecastle or " cuddy" forward, afibrding sleeping and cook-

ing accommodations for the four or five men that constituted the crew.

The fishermen often ventured fifteen to thirty miles from harbor in them,

remaining four or five days before returning to land their catch.

The first small boats extensively used were known as the Hampton
boats, from the village where they were first built. These are still used

by many of the shore-fishermen of Maine and Massachusetts. They

are open lap-streak boats varying from 12 to 20 feet in length, i)ropelled

either by oars or by means of two sprit-sails ; the masts being movable

so that they can be placed in the bottom of the boat when not in use.

The common fishing-dory, now so extensively employed, was little

used for fishing purposes prior to 1825. It seems to have had its origin

with the boat-builders of Salisbury, Mass., about 1775, being long used

as a river-boat, and for lightering purx)oses, before its seaworthiness be-

came known. It is a flat-bottom, lap-streak boat, with sharp, i)rojecting

bow, V shaped i^rojecting stern, and flaring sides, having an average

length of 13 to 15 feet on the water-line. Occasionally it is propelled

by means of a small sail, but oars are more frequently used by the shore-

fishermen.

As early as 1828, a few " pinkies," and " square-stern " vessels of 30

to GO tons burden engaged occasionally in the shore-fisheries, but it was
not until 1843, when the halibut-fisheries began to require this class of

vessels, that any extensive winter fishing was carried on. These vessels,

after finishing their season^s work in the halibut fisheries, began to fish

along the shore during the pleasant weather, and it was in this way
that the winter shore-fisheries originated. This class of vessels rapidly

increased in number, and by 1855 had nearly supplanted the smaller

chebacco-boats, though it was not till 1870, or later, that the shore-fish-

eries began to assume their present important proportions. In the

spring of 1879 fully 100 vessels ranging from 10 to 60 tons, with 90 ad-

ditional dories, engaged in these fisheries, and the fleet landed during

the year ending June 30, about 14,475,000 pounds of round cod-fish,

besides a great quantity of haddock, pollock, and hake.

44 F
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fisheries are soon at their height. The vessels are usually provided with

dories, taking from three to twelve each according to the size of their

crews. Such fishermen as are unable to ship on the vesselsnow row or sail

out in boats. These often endure great hardships, as the wind may rise

suddenly and drive them out to sea giving them a hard pull of hours

before they can regain the shore, while an occasional unfortunate fails

to return.

The pasture-school is composed of fish averaging probably between 12

and 14 j^ouuds, some being much larger while others are quite small.

In the faUs of 1877 and 1878 the fishing was unusually good until the

first of January, the average daily catch per man often reaching 800

to 900 pounds, while an active fisherman at times caught nearly twice

that quantity.

At the present time there are but few towns on the north side of the

cape extensively engaged in the shore-fisheries, and for this reason little

is definitely known about the first appearance of the Ipswich Bay school

of cod-fish in that locality. We cannot even feel certain of the month
when they reach the grounds, as the fishermen have many and conflict-

ing opinions on the subject. From the best obtainable information it

seems probable that cod have visited these waters regularly for many
years, and that they were formerly taken in considerable numbers by
the boat-fishermen of the section who rowed out from the shore in i^leas-

ant weather during the winter months. But for a number of years

these grounds were nearly deserted, and it was not until 1877-78 that

the shore-fishermen of Gloucester and Swampscott learned their value.

In January, 1879, after the fish had left " the pastiu-e " several vessels

sailed for Ipswich Bay, where they found the cod remarkably plenty,

returning in a short time with unusually large fares. The news spread

rapidly and soon aU the shore fleet were in the bay, while vessels of 60

to 70 tons abandoned the other fisheries and fitted out for this locality.

Vessels from other towns along the shore soon joined the fleet, and by

the middle of February 104 sail, with upwards of 600 men, were fishing

within a radius of five or six miles, and 20,000 to 25,000 pounds of round

fish were sometimes taken in a day by the crew of a single schooner.

The above number of vessels was reached only during the height of

the season, and several causes operated to reduce the fleet so that at

times it was quite small. But allowing an average of 45 sail during the

entire four months, each vessel carrying six dories, the trawls averaging

800 hooks each, and we have the enormous number of 216,000 baited

hooks spread out upon the sandy bottom to tempt the spawning-fish.

It is not surprising, therefore, that the catch reached fuUy 11,250,000

pounds on this little patch of ground between the first of Febraary and

the last of May.

Fishermen are agreed that the individuals comi)Osing this school

averaged larger than those of any school that had previously visited the

shore. There were almost no small ones among them, the great bulk
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this seemingly accidental variation, that gives every gradation to either

extreme, there is a more constant difference in both form and color, due

perhaps to the peculiar habits and surroundings of the individual. This

difference is so noticeable that the fishermen can easily distinguish the

one from the other, and they have come to call the one a school-fish in

distinction from the other, which they call a shore -fish or "ground-

tender." •

The school-fish are supposed to be constantly on the move, remaining

usually in the deep water, where they are very active in the jmrsuit of

their prey, consuming such quantities as to keep them in excellent flesh.

Such fish are usually very shapely, with small and very distinct dark

spots on a light background, and seem to have the head quite small in

proportion to the body. On the whole, they are just such fish as would

be expected from continued acti"vdty and good living. On the other

hand, the shore-fish, or " ground-tenders," live constantly among the

rocks and sea-weeds along the shore, where the water is less pure and

the food less abundant. They seem to lead solitary lives during a greater

part of the year, being scattered along different portions of the coast,

living upon the little rocky spots, where they feed ujion such animals as

they chance to find ; or at times entering the shoaler water among the

sea-weeds, where they feed upon the mollusks and articulates that are

often so abundant in such localities. They are generally in poorer flesh

than the school-fish, having a relati\'ely larger head in proi)ortion to

thek bulk, with larger and less distinct spots on a darker background.

In addition to these large fish, that for some reason seem to j)refer the

shore as a feeding-ground, there are many young and immature that

have not yet joined the school-fish in their migrations. These fish are

the sole dependence of the boat-fishermen in summer, or from June to

November, and one must know the grounds pretty thoroughly, and row
about from one feeding spot to another, in order to secure any consider-

able number of them. Diuing the months of June, July, and August,

the fishing is quite limited, being confined to a few boat-fishermen who
row or sail out daily with hand-hues, returning in the afternoon with

from 150 to 300 pounds, which they usually sell at fair prices to supply

the fresh-fish trade.

Early in the fall the spawning instincts of the fish cause them to grad-

ually gather from the different i)arts of the shore to special rocky
grounds, where they remain until they have deposited their eggs. At
such times, being more numerous in these localities, the fishing becomes
more profitable, so that many small vessels and a larger number of boats

frequent these grounds, and by the middle of October the daily catch

reaches about 400 pounds per man.
Thus far the catch has been composed almost wholly of the young and

shore fish
; but about the 1st of November the fall school of spawning-

fish, known as the " pasture-school," makes its appearance. All the

smaller vessels and boats are now pressed into service, and the winter



692 EEPOKT OF COMMISSIONER OF FISH AND FISHEEIES.

2.—CHARACTER OF THE FISHING-GROUNDS.

Cape Ann is a prominent headland, dividing the waters of Ipswich

Bay on the north from those of Massachusetts Bay on the south. Xext to

Maine, it has the most bokl and rocky shores on the coast ofNew England,

and its rugged granite walls rising to a considerable height above the

water, present an inhospitable appearance to the ai)proaching mariner.

This granite ridge, of which the Cape is a part, extends some distance

from the shore, forming an irregular ocean-bed ; and continuing south-

ward, is broken up into a large number of small rocky islands and

sunken ledges, separated by deeper channels.

Among these islands and ledges the shore cod, and other species, find

a favorite feeding-ground, and the school-fish, though seldom venturing

among the innermost islands, come yearly in great numbers to the larger

outer ridges where they remain during several months for the purpose

of spawning. It is here that the shore-fishermen of Cape Ann find

their best fishing during the fall and early winter ; the fish being known

as the " pasture-school," from the grounds where they are most frequently

taken.

Farther east, at a distance of 15 to 20 miles from the shore, and sep-

arated from the foregoing by a wide channel of clay and mud, is a ridge

of groimd about 20 miles long, known as Stellwagen or Middle Bank.

This bank lies at the entrance to Massachusetts Bay, between Cape

Ann and Cape Cod, with an average depth of 15 to 18 fathoms. The

fishermen often resort to this locality when the fish are approaching or

leaving the coast, and frequently find good fishing for several weeks.

To the north of the cape is Ipswich Bay, with its low sandy beach

and level bottom sinking very gradually until a depth of 25 to 30 fath-

oms is reached at a distance of several miles from land. The floor of

this bay is a vast sandy waste, with only here and there a patch of clay

or rocks, the whole supporting but a small amount of animal life, and

this limited to a few species. It is essentially a spawning rather than

a feeding ground of the cod, and large schools visit the bay for this

purpose during the winter, remaining as late as June. The fishermen

are just beginning to learn the value of this ground, and in the spring

of 1879 over 11,000,000 pounds of round fish were taken, mostly by the

Cape Ann fleet.

Farther to the eastward, and extending some distance in a northerly

direction, is Jefifry's Bank. This ground is frequently visited by the

shore-vessels during certain seasons of the year, and good fares are

often secured. It seems more of a feeding-ground for the fish than

Stellwagen Bank, and the fishing often lasts dimng a longer period.

3.—DIFFERENT SCHOOLS.

In examining the cod-fish landed from time to time, one cannot but

notice the great individual variation in the species. But in addition to
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being of uniformly large size with a few very large. Of over 5,000, se-

lected without regard to size at different times during the season, the

average weight was 20^ pounds.

Fishing contmued good in Ipswich Bay until the first of June when
the school left the shore, being perhaps hurried in their movements by
a large school of dog-fish {Squalus americanus) that made their ap-

pearance in the bay about this time.

After the school-fish leave the shore in summer the fishermen frequent-

ly resort to the outer grounds, such as Jeffry's and Stellwagen Banks,

when they often secure good fares from what they suppose to be a new
school that visit these gTounds for the purpose of feeding. We have

had little ojiportunity for examining these fish, but there seems a strong

probability that they belong to the school that have just left the shore,

and that they remain on these grounds for a few days or weeks on their

way to deeper water.

4.—METHODS OF CAPTUEE.

Two methods only are extensively used by the cod-fishermen of Cape
Ann. Hand-lines have been used from the earliest times, and are still

exclusively employed on the rocky ledges duruig the stay of the " pas-

ture-school " in the fall and early winter. A visit to the harbor at mid-

night in November, when the fall fishing is at its height, cannot but im-

press one with the loneliness of the scene, for all is quiet and the region

seems thoroughly deserted. But two hours later the rumbling of wheels

and the shrill cry of the baitman cause a great and sudden change, for

if the fisherman is behind time he frequently finds that all of the "si>er-

Mng " have been sold. With the first cry of the baitman, lights may be

seen in the hands of the fishermen as they emerge from the cabins of the

different schooners, and soon the didl thud of oars is heard and boats

approach fi'om various quarters, while men and boys come straggling-

down the different lanes and by-paths from their homes on shore. The
night of the fisherman is over. He secures his bait and returns to his

vessel, where the other members of the crew are just beginning the w ork

of the day. Soon the measured stroke of the windlass and the hoisting

of sails are heard and the fleet is "under way."

K it is calm in the harbor, as it often is at this early hour, one or two

boats are " hoisted out," and with lines fast-ened to the vessel's bow they

tow her toward the outer harbor, where her sails catch the breeze and

she is off" for the fishing-grounds. The boats are now " paid astern," and

the rowers join the other members of the crew, who have assembled in

the forecastle to eat their morning meal from their jirivate lunch-baskets,

all going to the common reservoir for their mug of hot coffee that has

been prepared by the schooner's cook. Brealdast over, each gathers his

gear in convenient shape, and after filling his bucket with bait, lounges

about waiting for the day. The vessel aims to reach the ground just be-

fore light, and at the fii'st sight of his land-marks or cross-bearings the
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captain brings his vessel upon some little spot of ground known to be a

favorite resort of the cod. Each crew strives to be first on the ground,

which is a small rocky ridge five or six miles east-southeast of Eastern

Point, with an average depth of 25 to 30 fathoms. After the anchor

has been tlropped the jib and foresail are "taken in" and the dories are

lowered from the vessel's deck. Soon the men, following each other

in rapid succession, are off for their favorite spots, the captain and cook,

or at times only the latter, remaining to care for the vessel and fish over

the rail. It is indeed a lively scene, with 150 dories and upwards of 40

larger crafts, each striving for the best berth on a little ridge of ground
not over 50 by 90 rods in extent.

When the desired knob has been reached, the killick is dropped, and
the fisherman seats himself upon the middle thwart with his face toward

the stern, his lines and gaff by his side, and his bucket of bait before

him. A fisherman uses two lines, each having two hooks, the leads

varying in weight from three to five x>ounds, according to the depth of

water and the strength of the tide. The hooks are now baited, from

three to six sperling being strung on each, and a line is thrown over on
either side, being allowed to run out until the lead reaches the bottom

when it is " seized up" five or six feet, so that the lower hook just clears

the rocks, with the upper one a foot or two above. The lines are now
fastened to the inner braces of the boat, and with one in either hand
the fisherman sits expectant, slowly moving his arms back and forth in

his endeavor to induce the fish to bite. On hooking a fish, he generally

stands in the boat, facing the line, which he proceeds to haid quite

rapidly until the fish is at the surface, when with one hand he holds the

line, and with the other reaches for his gaff" to Uft the fish into the boat.

The best fishing usually occurs in the early morning, though the hour

may vary and even come in the afternoon ; but by one or two o'clock

the flag is set in the rigging of the vessel as a signal for the boats to re-

turn, and as they come alongside, the fish are pitched into the common
pile on deck, after which they are " hoisted in," and the vessel starts

for home in order to market her catch before dark.

The quantity of fish taken daily varies greatly, being dependent upon
the dexterity of the fisherman, the abundance of fish, and the quality

and kind of bait used. The largest hand-line catch in a day, as far as

we can learn, was secured off Pigeon Cove in the winter of 1877-'78,

when a fisherman landed 2,200 pounds of round fish. About the same
time two men, fisliing from one boat in the same locality, landed 3,900

pounds ; while two other boats with similar crews fell only 100 pounds
behind them.*

The method of trawling originated with the fishermen of this region,

lU'obably with those of Marblehead, about twenty-five years ago, and
has since come into general favor. This method is used almost exclu-

sively when fishing where the bottom is smooth ; though it cannot be

*Cape Ann Adv ertiser

,
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employed ou very rougli ground, as the trawl becomes fastened among
the rocks, and is often lost together with all the fish that are on it. The

trawl consists of a long rope to which are fastened, at intervals of four

to seven feet, smaller lines called " gangings," each bearing a baited hook

at its free extremity. These gangings are from two to four feet in length,

and number from four or five hundred to even fifteen or sixteen hundred,

according to the length of the ground-line. The trawl has an anchor,

weighing from 8 to IG pounds, at either end to hold it in position, while

buoys, connected Avith these by means of small ropes, float at the sur-

face to mark their exact location. When using trawls the vessel usually

carries a dory for each member of the crew save the captain and cook.

On reaching the grounds these boats are " paid astern, " and as the

vessel sails at right angles to the wind, they are dropped in regular order,

each being separated from the other by 30 to CO rods. Each man now
takes his position in the stern of his boat, and, after throwing out the

buoy and line and lowering the anchor to the bottom, slowly pays out

the trawl as the wind and tide carry him along. When all the trawl is

out the second anchor, with another buoy and line, is dropped, and the

man is picked up by the vessel. In case neither wind nor tide carry

the boat along with suflBcient rapiditj", the fisherman sculls with one

hand while with the other he pays out the trawl ; or, where two go in

the same boat, one usually rows so that the trawl may be set in any
direction regardless of the winds or tides. Thus we have lines often a

mile in length stretched out upon the ocean's bottom, with hooks at regu-

lar intervals of five or six feet, and the cod cannot pass without being

tempted to take the bait. The trawls are sometimes left in the water

only a few hours, but more frequently they remain over night, and are

often taken uj) well filled with fish. In hauling, the fisherman fir^t rows

to his buoy, and pulls up the anchor with one end of the trawl attached.

He then takes his position in the bow of the dory with a trawl-tub be-

fore him, into which he coils the trawl as it comes from the water, using

his gaff to take the market fish into the boat, and " cutting away " all

large but worthless fish, such as sharks and skates.

Another method of fishing with the trawl, known as " underrunning,"

requires a second buoy-line attached to a small weight on the end of the

trawl, the other line being fastened to the larger anchor only. By means
of this second line the trawl is brought to the surface, while the anchor

remains on the bottom to mark its original i)Osition. In underrunning,

the man stands, as before, in the bow of the. dory with a bucket of bait

in place of the trawl-tub, merely passing the trawl over the bow of the

boat and again into the water on the opposite side, saving such fish as

are found and re-bating any hooks that may require it. This method is

often employed for two reasons : first, because it retains for a man his

old " berth" where fish may be plenty 5 and, second, from the fact that

in this way the hooks are kept almost constantly in the water, so that

no opportunities for fishing are lost.
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When trawlers are numerous and there is a disposition to dishonesty

or " mooning," as the fishermen style it, which consists in taking the fish

from the trawls belonging to another vessel under the cover of darkness,

each vessel usually anchors near her own trawls in the evening ; but

ordinarily, when near home, or during stormy weather, the vessels

seek shelter in the Imrbor for the night, starting out in time to reach

their grounds at early dawn. Great quantities of fish are often taken

on a single trawl, and when a dory has been filled she hoists her signal,

and a boat is sent out fix)m the vessel to lighten her. The largest catch

by any shore-vessel during the winter of 1878-'79 was made by the

schooner George A. Upton, of Gloucester, from Ipswich Bay. This ves-

sel landed an equivalent of 5o,90G i)ounds of round fish as the result of

two and one-half days' fishing with eight dories, the trawls averaging

900 hooks each, selling her trip for $569.56.

The method of catching cod with gill-nets, though so successfully

used by the fishermen of Norway, has never been adopted by the fisher-

men of our coast. Knowing of the profits derived from the use of their

nets by these foreign fishermen. Professor Baird, who is ever anxious to

introduce among the Americans any methods that will result to their

advantage in the prosecution of the fisheries, decided to make experi-

ments with them at Cape Ann, with a view to their introduction among
our shore cod-fishermen. Accordingly he secured from parties in Norway

a set of these nets and forwarded them to Gloucester, to be thoroughly

tested by the employes of the Commission at that place. They reached

the hatchery when the pasture-school was on the shore, and were set

on the favorite fishing-grounds a number of times. But the strength

of the twine had probably been affected in transit, and the nets proved

far too frail. The strong tide and rough water caused them to catch

among the rocks, where they were badlj" damaged; while numerous

holes indicated clearly that large fish had torn their way through the

nets, only such being retained as had become completely rolled up in

the twine. The nets were always taken from the water in bad order;

but the capture of 800 pounds on one occasion, even under these circum-

stances, seemed to indicate that nets of sufficient strength might be

used to good advantage, at least, on the smooth fishing-grounds along

the coast.
5.—THE BUT QUESTION.

With so large a fleet engaged wholly in hand-Uning and trawling, the

question of obtaining and preserving bait is of the utmost importance

to the fisherman, and on its abundance or scarcity depends largely the

success or failure of his season's work. Cod-fish, though having the

habit of snapping at, and at times swallowing, anything that may come

in their way, are on the whole quite dainty fish, and when one expects

to be successful in catching them for profit, he must have not only a

good quality of bait, but also a kind that the fish are known to prefer.

So peculiar are the fish in this particular, that the fishermen have differ-
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ent names for the various schools, derived from the kind of bait on

which they live during the fishing season. We often hear them speak

of the clam-school, the herring-school, and the squid-school ; and when

securing bait they will at times pay exorbitant prices for that kind on

which the fish are known to be feeding, rather than take an equally

good quality of another kind at much lower rates. Thus, when the fish

are feeding on squid {Ommastrephes illecebrosa) the fishermen secure

squid if i>ossible ; the same is also true of the herring [Clupea liarengus),

the capelin {Mallotus vill08us)y and other species. But while it is un-

doubtedly true that during the feeding season the fish take the hook

more readily when baited with that particular species that they chance

to be pui"suing, and while they always i)refer fresh to salt bait, yet we
think the fishermen in error when they apply the rule with the same

fixedness to the schools of spawning fish, and that the shore-fishermen

often lose both time and money by so doing. It is quite interesting to

watch the effect of this idea upon the shore-fishermen ; for they seem

fully convinced that, when one kind of bait has been successfully used,

it is utter folly to attempt the use of any other kind. Thus in the winter

of 1878-'79, when sperling (young herring) became scarce, the fleet

waited fully two weeks, hoping that more might be obtained before they

would supply themselves with either frozen herring or clams.

In the winter of 1877-'7S the first vessels resorting to Ipswich Bay
for cod chanced to be fishing with clams, and, as a result, clams were

used by nearly the entire fleet, though frozen herring could be more

easily obtained, and were cheaper. Again, in the winter of 1878-'79, the

first vessels resorting to the above locality used frozen herring, and the

results obtained were entirely satisfactory. Frozen herring were at

once announced as tJie bait, and fishermen i^rovided themselves with

these only. A few, however, acting on the experience of the previous

season, had contracted for clams in advance, and were obliged to use

them. These unfortunates, for such they felt themselves to be, fre-

quently received expressions of symi)athy from the other fishermen, and

it was the general belief that their catch was much smaller than it

would otherwise have been. A comparison of the quantity of fish landed

by one of these vessels with that of a vessel of equal size using frozen

herring, showed that the bait had little effect on the catch, the trips

averaging about the same in size, sometimes favoring the one and again

the other vessel. Later in the season, when frozen herring could not be

obtained, the vessels went south for fresh herring and alewives (Pomo-

lohus vernalis and P. (estivalls), and it was not uncommon for them at

times to refuse the herring, and to spend several weeks in search of ale-

wives, or again to refuse the alewives and search for herring.

The principal kinds of bait used in the cod-fisheries are clams {Mya

arenaria), sperling or young herring, fresh and frozen herring {Clupea

harengus), fresh and salt squid {Ommastrephes illecehrosa), fresh and salt

menhaden {Brevoortia tyrannus), capelin {Mallotus villosus), and alewives
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{Pomolobus vernalis and P. cestivalis). The shore-fishermen of Cape Ann
use principally clams, frozen and fresh herring (including Sperling), and
alewives.

Clams are used principally during the summer months and at other

times when bait is scarce. They occur in considerable numbers in most

of the muddy flats along the shore between tide-marks, being small and
scattering near the line of high-water, but gradually "increasing in both

size and number as the low-water line is neared. To these flats the fish-

ermen resort with their clam-forks and baskets during the hours of low-

water. When they are ijlenty, an energetic worker can dig from seven

to nine bushels at a single tide, these making nearly two-thirds of a bar-

rel of bait ; but in the vicinity of Gloucester the flats have been dug over

so frequently that clams are becoming scarce, and the fishermen are often

obliged to buy their supply from other places, at an average price of four

or five dollars a barrel.

The Sperling, now so extensively used by the shore-line fishermen,

average from five to six inches in length. They make their appearance

in these waters about the middle of September, remaining until driven

off by the coldness of the water late in December. We are told that

they were first used for bait by the Swampscott fishermen about 1840,

and that the demand did not become general until 1806. The supjjly

now comes wholly from Ipswich Bay, where for the past two years the

fish have been unusually abundant. They are taken wholly at night,

within a short distance of the shore, by means of dip-nets. The men
visit the grounds in 20-foot dories, made expressly for the purpose, and

as soon as it becomes dark a torch is placed in the bow, and two men
row the boat rapidly through the water, while the third stands ready to

secure the fish as they are attracted by the light and gather in little

bunches, keeping just in front of the boat. A good dipper will often

catch, half a bucket of them at a single dip. It usually takes but a short

time to secure all that can be sold, when the boat returns to the shore,

where a wagon is in readiness to carry the fish to market. Ninety men
were engaged in this work during the winter of 1878-'79, landing and

marketing about 7,000 barrels of sperling, at an average price of $3 per

barrel. During the season six men landed nearly a thousand barrels,

while a single crew of three men caught 20 barrels in one night.

The fishermen buy only enough bait to last them through the day,

getting a fresh supply each morning, as the fish soon become soft, and

when in this condition will not stay on the hook. For this reason they

are not suitable bait for the trawl, and cannot be used in the offshore

fisheries.

Frozen herring usually make their appearance in the Cape Ann
markets about the middle or last of December, from which time they are

extensively used as bait by all of the fishermen until April, when the

weather becomes so warm that they cannot be obtained. The supply

comes largely from the coasts of Nova Scotia and Newfoundland, where
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the fish are abundant during the greater part of the winter. Many of

the larger Cape Ann vessels engage in the frozen-herring trade during

these months, visiting those points where the herring chance to be most

abundant, and bringing large trips to the principal New England mar-

kets. Formerly they supplied themselves with nets for catching their

own fish, and took full crews of fishermen to assist in the work, but of

late they often find it cheaper to buy the fish of the natives, in which

case they carry only enough men to work the vessel on the passage.

The herring are first frozen on the shore, after which they are thrown,

with a little straw, into the hold, and at times even the cabin of the ves-

sel is filled, the crew living in the forecastle. A vessel thus loaded car-

ries from three to four hundred thousand fish. If the trip is to be sold

to the fishermen, the vessel is anchored in the middle of the harbor, and

a flag set in the rigging as a signal that bait may be obtained. The fish-

ing-vessels are brought alongside of the " baiter " and the herring are

counted out, and quickly transferred by the crews to beds of straw or

canvas, where they remain in good condition until such time as they

are needed. The jirice varies from 25 cents to $1 i)er hundred, the aver-

age being a trifle under 50 cents. The fish have an average length of

nearly 12 inches. In prei)aring them for bait, they are first slivered,

and the head and tail thrown away, after which the balance is cut so as to

make about six baits. A vessel carrying eight dories and fishing with

trawls requires from eight to twelve hundred herring for a day's fishing.

After the season for frozen herring is over, the fishermen often find

great difficulty in securing bait of any kind. In the spring of 1879

shore-fishing was ahnost wholly suspended for several weeks on this ac-

count. About the 1st of May a small school of herring made their ap-

pearance in the locality, and the water was soon filled with nets for their

capture, but the supply was so small as to atibrd relief to only a few of

the smaller boats. Later mackerel were i^urchased from the market-

fleet when they were cheap, but the price was generally so high that

the fishermen could not aflbrd to use them. Again, from the lOtk of

May until the 1st of June almost no bait could be found in the locality,

and the shore-fishing by the small boats was practically suspended.

The larger vessels started out to seek it elsewhere, and were often obliged

to go as far as Greenport, Long Island, before a supply could be ob-

tained. In this way two weeks were often spent in getting enough for

three or four days' fishing. The ofl'shore fleets were also seriously hin-

dered in their work by the scarcity of bait, and usually spent much more

time in search of it than they did on the fishing-grounds.

While the season of 1879 has been an exceptional one, owing to the

absence of the menhaden [Brevoortia tyrannus) from the Gulf of Maine,

yet the question of the bait supply has for years been growing more

serious, and the difiiculty of obtaining it has been constantly increasing.

The expense has also been proportionately increased, until it now seri-

ously reduces the i^rofits of the business.
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Professor Baird on learning of this difficulty began a series of experi-

ments to throw light on the subject. For this purpose he caused a

refrigerator, with a capacity of fuUy a ton, to be placed in the laboratory

of the United States Fish Commission at Provincetown, Mass., where

by the use of salt and ice he easily obtained a temperature of 18° F.,

and found no difficulty in keeping fish for any desirable period. He now
suggests a way out of the bait difficulty by the building of large refrig-

erators in the principal fishing-towns along the coast ; these to be filled

when bait is plenty and cheap, and the supply to be kept until such time

as it may become scarce. He also suggests the use of small refrigerators

in the holds of the fishing-vessels, and thinks that by this means bait

can be kept as long as desired and as cheaply as by the present method.

The time has undoubtedly come when this question should receive

the serious attention of the fishery capitalists of New England, and it

only remains for some one actually engaged in the fisheries, or for some

enterprising capitalist, to act upon these suggestions in order to bring

the plan into general favor.

6.—DISPOSITION MADE OF THE FISH.

The two principal markets for the shore fishermen of Cape Ann are

Boston and Gloucester. The former uses the bulk of the fresh haddock,

while the latter buys most of the cod, hake, pollock, and cusk.

In former years it was the custom in all of the fishing-towns along the

coast for the fishermen to cure their own catch or to land the fish at the

wharf of some shoresman who would "make" them at his leisure, charg-

ing from G to 8J ^er cent, of their value for his labor. In either case the

fish would not be sold till late in the fall, and it was often nearly spring

before the fisherman received any money for his season's work. Being

usually a man of small means he had no money to carry himself and fam-

ily through the season, and he was obliged to arrange with the merchant

to supply him with goods until the fish could be caught, cured, and sold.

In this way the merchant's bills came to have a value largely dependent

upon the abundance and price of fish, and, if the season was a poor one,

the accounts were often worthless. To protect himself against such

losses the merchant came to charge exorbitant prices for his goods, and

mutual dissatisfaction w^as the result.

Many of the towns still do business in this way, but a few have

adopted the cash system. Gloucester was among the first to adopt

this method, and in this way drew a large number of fishermen into the

town, and greatly increased the size of her fleet. The Cape Ann cod-

fishermen now receive their money as soon as the fish are landed and

weighed, and thus many of the evils of the credit system are overcoma

In addition to .this, there is usually so much comj)etition that a fisher-

man can secure good prices for his catch, and can sell in any way that

he thinks most i^rofitable. Early in the fall, when fish are scarce, he

usually sells his fish round, but later in the season he often finds it to
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his advantage to " gut" or even split them before selling. The average

price paid for cod during the winter of 1878-'79 was $1 per hundred
pounds for round, $1.25 for gutted, and $2 for split fish.

The method of dressing is often quite interesting to the stranger, as

the work is carried on with great rapidity. A single dressing-gang con-

sists of three men, each performing a particular jiart of the work. After

the fish have been weighed and i)itched into a tub—usually half of a

hogshead—the "header," armed with a sharp and pointed knife, seizes

the fish by the mouth with his left hand, and rests its back upon the

edge of the tub. He then, with one stroke of the knife, severs the at-

tachment between the gill-covering and the belly, and inserting it in

the opening thus made, slits the abdomen to the vent. He then makes
a cut on either side of the head at the base of the skull, and while its

back still rests on the edge of the tub, and his left hand holds its head,

he places his right hand upon the body of the fish, and throws his

weight upon it, separating the backbone from the skull and tearing the

head from the body, cutting away any flesh that tends to hold them to-

gether. The fish is now allowed to fall back into the tub, when the
" gutter" seizes it and removes the viscera, transferring the livers to

one barrel at his side, and the ovaries to another, allowing the re-

mainder to drop down at his feet or to fall back into the tub. He then

throws it upon a table, where the "splitter" places its back against a

little strip of wood to keej) it from slipping, and holding the fish open
with his left hand, takes a splitting-knife in his right and cuts along

the left side of the backbone to the base of the tail. The fish now lies

open on the table, when with a hard stroke of the knife he severs the

backbone near its middle, and catching the end thus freed, lifts it slowly,

and following along its side with his knife quickly cuts it from the body,

sliding the fish from the table into a tub of water, where it is washed
before going to the salt-house. Three men will usually dress from two
to four thousand pounds jjer hour, the quantity varying with the size of

the fish. When a large quantity is to be dressed, or when dressing on

board a vessel, a double gang of seven men is usually employed, the

extra man, called the idler, pitching the fish into the tubs and drawing

the water to wash them after they have been split.

Two methods are employed in curing the fish. By the first they are

placed in butts, with a quantity of salt, and covered with the strongest

pickle. Here they must remain for about two weeks in order to become
thoroughly " struck," after which they may be placed on the flakes, when,

after one or two days' drying, they are ready for the market, though still

quite damp and full of salt. This method is emi)loyed only on shore,

and such fish are known as i^ickle-cured fish, being inferior in quality to

the kench-cured fish, though they find a ready market in all the inland

towns.

In " kenching," the fish are salted in f>iles, either in the hold of a vessel

or on the floor of a fish-house. Each fish is placed back downward, so
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that, as tlie salt is dissolved by the moisture from the body, the pickle

will pass into the flesh and thoroughly preserve it. When properly

salted, fish may be kept in kench for fully a year, though they are sel-

dom allowed to remain more than four or five months, as they are liable

to grow strong and musty. To prepare these fish for market, they are

first thoroughly washed and scrubbed, and then placed on the flakes,

where they are allowed to remain until dry.

A new brand of fish, known as the boneless cod, has been introduced

within the last few years, and is meeting with a ready sale. By this

method pickle-cured fish of different species are taken to the boning-

room, where men and boys are employed in stripping off the skin, cut-

ting out the fins and bones, and cutting the flesh into convenient shape

for i)acking in small boxes for the retail trade.

A large number of observations have been made to ascertain the exact

loss in weight of different members of the cod family from the time they

leave the water until ready for market. From these it is found that

the pickle-cured cod loses from GO to 66 per 'cent. ; the haddock, 62.3

;

the pollock, 59.8 ; the hake, 55.5 ; and the cusk, 50.5. The additional

loss of the cod in boning is 21.9 per cent. The details of the above are

given in Tables V to XII, inclusive.

In addition to the market-cured fish, that represents the principal

value of the cod, other parts of the fish are often saved. Indeed, but

little of either the weight or bulk of the fish is thrown away. When
considered separately, any one of these parts has a value seemingly

insignificant for the individual; but when taken collectively, they have

an importance that cannot be neglected in estimating the money value

of the cod-fisheries.

The livers, from which both medicinal and tanners' oils are made, are,

next to the cured fish, the most valuable. These are always saved by

the fishermen, and bring from 8 to 15 cents per gaUon, according to the

season when the fish are taken. They are in the best condition from

July to September, when a thousand pounds of round fish will furnish

four or five gallons, yielding from eight to ten quarts of oil, and are

poorest from January to May, when only two and three-fourths gallons,

yielding but four or five quarts of oil, can be obtained from a like quan-

tity of fish. The livers are .usually boiled in large kettles, and the oil

thus freed rises to the surface, when it is dipped off and put into barrels

for the market. In the bank-fisheries each vessel is provided with butts,

where the livers are kept until the oil has been separated by partial

decomposition and the natural heat of the sun. This method is known

as sun-trying. Much of the oil from the livers of the shore-fish is used

for medicinal purposes, and in the crude state brings about 50 cents per

gaUon, while the sun-tried oil is sold as tanners' oil, at from 26 to 55

cents per gallon.

The ovaries or eggs of the fish come next in importance. During

"war times" these brought from $8 to $12 per barrel, and found a ready
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sale, even at these prices, for use as bait in the sardine fisheries of

France. At that time all the fishermen made a practice of saving them

when they could be obtained. Of late, owing to a number of different

causes, the price has declined, and during the winter of 1878-'79 the

fishermen have received only $1.25 for them in a fresh state, and the

price when cured for exportation averaged only $3 per barrel. For this

reason most of the offshore fishermen refused to save them, and the

quantity landed in Gloucester was a trifle under 1,800 barrels, these

being mostly brought in by the shore fishermen. A fair average yield

during the winter, or from September to April, is about one barrel to

every 4,000 pounds of fish ; at other seasons they cannot be obtained.

The sounds or air-bladders of the fish have recently become quite val-

uable, and are now frequently saved. They are prepared for the market

in different ways, depending upon the use for which they are intended.

By far the greater part are dried, and sold to factories in the locaUty,

together with soimds of the hake, where they are made into marketable

gelatine and used principally in clarifying beer. Some are also put upon

the market as cooking gelatine, while others are made into glue. Sounds

are also extensively eaten, and are by some considered a great luxury.

When put up for this purpose they are i>ickled and mixed with the

tongues of the fish, and in this condition bring from $8 to $12 per

barrel.

In the offshore fisheries the sounds usually become the i^roperty of

the vessel's cook, who cuts them from the bone and prepares them for

market during his leisure hours. On shore this work is usually done

by men and boys, who cut and scrape them for a certain part—usually

one-third to one-half of their value.

From Capt. J. W. Collins, of Gloucester, we have the following facts

relating to sounds and the sound trade : One thousand pounds of round

cod yield from nine to ten pounds of sounds ; these, when scraped, weigh

about 6J, and after salting, 5| pounds. It requires four pounds of

green sounds to make one j)ound of dried. The price paid during the

year 1879 for dried sounds was from 22 to 35 cents, the prices received

by the fishermen being as follows:
Cents.

Grand Bank sounds, pickled, per pound , . . . . 3|

George's Bank sounds, pickled, per pound 4^

Shore sounds, green, per x^ound 5

Cod tongues are also saved, and find a ready sale in the retail markets,

at from 8 to 15 cents per pound. On the offshore vessels these are often

cut from the fish iis soon as they are taken from the water, the fisher-

men keeping account of the number of fish caught in this way, and at

night each brings his dish of tongues to the captain, who, after counting

and crediting them to the fisherman, emiities them into the common pile,

when they become a part of the general stock and are sold at from 2

to 5 cents per pound. On shore they are cut out by boys and men, each
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person having lialf of all he gets. Aij average yield is about five pounds
to a thousand pounds of round fish.

Again, the skins, bones and fins, that come from the places where

boneless fish are prepared, usually bring when dehvered at the factories

an average price of $1 to $2 per wagon-load. I am told that these make
the finest quality of isinglass.

The above are the only jjroducts that have a market value as mer-

chandise, but in addition many poor people resort to the dressing-

wharves during the winter season and cut out the cheeks of the fii>h,

the process being known to the fishermen as " scalping." These are con-

sidered very fine eating, and many j)eople are in this way suppUed with

excellent food, who would be compelled to go without in case they had

to purchase. That which now remains after all these difi'erent parts have

been saved is usually thrown into the sea, though at times the farmers

cart it away to manure their land.

Thus we see that though small for the individual, when considered

collectively these minor i)roducts have an enormous value for the cod-

fisheries of the country. But barring those which, though useful, have

no market value, and considering the marketable ones only, we find that

in the shore-fisheries, when aU of the above-mentioned parts are saved,

they represent a value equal to 14^ per cent, of the total value of the fish

as it comes from the water.

0.—KATUEAL HISTORY OF THE COD.

1.—GEOGRAPHICAL DISTRIBUTION.

The cod-fish has perhaps a wider range than any other of our impor-

tant food-fishes. On the east coast of America it is found from the

polar regions on the north to Cape Hatteras on the south, occurring in

vast numbers in the vicinity of Labrador and IsTewfoundland and on the

noted fishing-banks lying to the south and west. On the west coast a

closely-related species occurs, and the cod-fisheries of the Pacific are

being rapidly developed. In the Old World the cod has a wide geo-

graphical range, and is very abundant in some localities, the cod-fisheries

of Norway being among the most extensive in existence.

It is not our purpose, however, to go into any general discussion of

the natural history of the cod, but merely to treat of the subject with

special reference to the species as found in the waters of Northern Mas-

sachusetts, where it occurs in greater «Dr less numbers, from the shore

line to a depth of 90 or 100 fathoms, on all of the rocky spots and ledges,

during the entire year. It is also frequently found on sand and clay,

but seldom, if ever, remains on muddy bottoms. Cod are most plenty

in this locality from November to June, when they visit the shore for the

l)urpose of spawning, during which time they usually remain in from 15

to 40 fathoms of water.
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2.—CHAEACTEEISTICS OP THE COD.

Cod-fisli are gregarious iu their habits, going in schools of greater or

less size, and are governed in their movements by the presence or ab-

sence of food, the spawning instinct, and the temperature of the water.

"When migrating, the schools are quite dense, though by no means like

schools of menhaden or mackerel. But when they reach the feeding

gTOund they seem to distribute themselves over a large area, though

more or less grouped together in little bunches. This is particularly

noticeable on the shore, when the fish are moving about in search of

food, and the fisherman soon catches up all that chance to be on one

patch of rocks, and must then row to another in order to find a new
supply. The same thing is seen on western banks, where a vessel

usually carries dories to distribute her crew over different parts of the

ground, and often, by setting her trawls in one locality for a day or two,

seems to catch up all of the fish, and must then " shift her berth." Fish-

ermen also cite many instances where the fishing is excellent on a few,,

particular, well-defined spots on different parts of the ground, while

almost no fish can be taken in other places.

During the spawning season this tendency to become scattered is less

noticeable, for the instincts of the fish seem to bring them uearer

together, and great numbers are often taken in one particular locality.

Even here, however, the tendency to separate into groups occurs, for

some boats find good fishing while others, but a few rods away, catch

almost nothing; and in trawling, some parts of the line have a fish on

nearly every hook, while other parts take only a scattering one.

In schooling, both sexes are always found together, whether it be on

the spawning or feeding ground or on the journey; but the relative

numbers of each seem to vary greatly, and we have been able to dis-

cover no invariable rule whereby one can predict with certainty the sex

that will first appear, or that which will be most abundant at any given

time during the season. The fishermen have a commonly accepted tra-

dition that in the spawning schools the females always come first and

the males later, but this theory is not supported by facts. Observations

were frequently made on the relative numbers of the two sexes landed

by the shore-fishermen between September, 1878, and July, 1879. The
results showed that during the early fall, or before the school-fish had

made their appearance, the fish were nearly equally divided between

males and females—first the one and then the otherbeing more abundant.

When the school-fish first reached the shore early in November the males

were a trifle more plenty than the females for about a week, but from

that date until they left the grounds the females were taken in gTcater

numbers, sometimes in the proportion of two to one, and at others in

nearly equal quantities. In the Ipswich Baj'^ school during the first two

or three days in February there were ten males to one female; by the

middle of the month the females composed about 40 per cent, of the

45 F
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catch, and from this date until the 1st of June* the males numbered two
to one. From reliable fishermen we learned that the same was true of
the fish on the offshore banks, and that, though varying greatly in their

relative numbers, both males and females were always present.

There is usually a great difference in the size of the individuals taken
by the fishermen on the shore feeding-grounds in a single day, for the

young and "ground-tenders" remain on these rocky ledges during the

entire year, and late in the season the school-fish come in upon the same
grounds and are naturally taken with them. But when the school-fish

visit a locality not frequented by the young, as they do in Ipswich Bay,
there is a noticeable absence of immature fish, and the catch is composed
almost wholly of individuals of large size. Thus, in the winter of lS78-'79

many trips of from twenty-five to forty thousand pounds were landed
ivith scarcely a small fish among them, while vessels fishing only a few
miles distant found young fish plenty, and there were occasional instances

where such vessels caught only small ones. Again, though the school-fish

may differ considerably in size, we have not found one, thought to belong

to their number, that had not reached maturity. Indications strongly

favor the idea that the young remain separate from the school-fish dur-

ing the first few years of their lives, and we are led to beheve that,

though they are often taken together, the occurrence is accidental and
the young will not follow the old in their migrations until they reach

maturity, though after this point is reached they seem to mingle freely

without regard to age.

The cod-fish sometimes make long journeys from one bank to another,

and, indeed, from one region to a very distant one. It is, of coiu"se,

nearly impossible to trace their movements at such times, and one can

usually only guess at the place from whence they come or the distance

traveled.

During the winter of 1877-78 an unusually large school visited the

coast of the United States. At this time cod were more plenty along

the shores of Xew England than for many years. Among the fish cap-

tured at Cape Ann and other points were quite a number with peculiar

hooks fastened in their mouths. These hooks gave a clew to the move-
ments of the fish, for they differed from any in use by the American
fishermen, and proved identical with those used by French trawl-fisher-

men on the Grand Banks, and indicated that the fish must at some time

have been in that locality, as the hooks probably came from no other

place. If the above be granted as proven, the fish must have traveled

a distance of five to eight hundred miles at least, and, as a portion of

the school continued well to the southward, some individuals must have
journeyed much farther. Most of the schools that visit the shore have
no such tag or mark whereby their former locality may be learned.

They are thought to come directly in fi-om the deep water and to depart

by the same route, but where they spend the summer months is not

known.
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Cod-fish are probably governed iu their movemeuts by the abuudauce

and migrations of food, the spawning instinct, and the temperature of

the water, though the last named seems to exert but little influence. It

is generally acknowledged by the flsliermeu that during the feeding

season fish are plenty only Avhere food exists in considerable quantity,

and that after •• cleaning up ' one part of the liank they go to another.

They also folktw schools of bait for long distances, living upon them
until they are broken up or entirely destroyed. Thus they often follow

the capelin (jlFaUotus I'illosiis) into the shoal water, and even drive im-

mense numbers of them upon the shore.

The spawning instinct seems to exert a decided influence upon the

movements of the fish, for we find them visiting the same locality year

after year during the spawning season, often remaining for several

months at a time. The fish that visit the waters of Cape Ann during

the winter, doubtless come in for the purj)Ose of spawning rather than
for food. This seems clear from the fact that they do not arrive when
bait is most plenty, nor do they follow any species to the shore. On the

contrary, the i^asture-school usually arrives about three weeks after the

large herring have left the coast, and remains on the south side of Cape
Ann, while Sperling are abundant in Ipswich Bay. The Ipswich school

is also the largest after the sperliug have been driven away by the cold

weather, and remains on the sand-flats, which supply almost no food.

From these fiicts we are led to believe that food has little influence upon
the movements of the fish during the spawning season.

The instinct that leads the spawning fish to seek the shoal water in

such great numbers is certainly a wise one, for they generally select

spawning-grounds where the tide runs strong and the water is rough,

and the large number of individuals is absolutely necessary, that the

water may be filled with germs for their successful impregnation. If,

instead of schooling in such numbers during this period, they remained

scattered over a large area, almost no eggs would be fertilized.

Again, while food is not essential to the spawning fish, it is of vital

importance to the young, and it seems a wise provision that these should

be brought into being where food is abundant, rather than that they

should be hatched in mid-ocean, where almost no suitable food exists.

Cod-fish live at a depth varying from a few feet to over 100 fathoms.

They have occasionally been seen schooling or feeding at the surface on

the fishing-banks and on the coast of Labrador. In February, 1879,

there was good fishing in three fathoms of water within a few rods of

the shore in Ipswich Bay ; while in May of the same year large num-
bers were taken in 110 fathoms from "the channel" near Clark's Bank.

They seem to prefer a depth of less than 70, and by far the greater

uum1)ers are caught in from 18 to 40 fathoms.

In moving from one bank to another, where the intervening depth is

much greater, it seems probable that, instead of following the bottom,

they swim in a horizontal plane, following a stratum of nearly imiform
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density and temperature. The fisliermen of Cape Ann have often caught

them with 70 to 80 fathoms of line, between Brown's and George's

Banks, where the soundiug-hne indicated a much greater depth. The
finding of X)ebbles and small stones in their stomachs is not an uncom-

mon occurrence. The fishermen regard these as an unfailing sign that

the fish have either just arrived or are about to leave the bank. These

stones may play no small part in adjusting the specific gravity of the

fish to that of the stratum of water in which they are to move.

There seems to be a tendency for the large fish to remain in deeper water

or nearer the bottom than the small, and usually beyond a certain depth

;

the deeper one fishes the larger the fish. Formerly, in hand-lining from

deck on the banks, the vessels often anchored in 80 or even 00 fathoms, and

the catch averaged over two-thirds large; but in hand-lining from dories

they seldom fish in over 50 and usually less than 35 fathoms, as they

find it difficult to handle so much line, and the catch runs about two-

thirds small. The same is true in fishing at different depths at the same

time and in the same place. Thus, of two men fishing side by side from

the deck of a vessel, the one with his hook on the bottom will catch much
larger fish than the other who lets his line but part way down. Larger

fish are also taken on the trawl than on the hand-line, for the former

lies constantly on the bottom, while the latter may be raised to any dis-

tance above it.

The size of the species varies greatly with the diiferent individuals.

The boat fisherman visiting the rocks and ledges along the shore in sum-

mer catches fish weighing from 2 to GO pounds, the average being a trifle

under 9 pounds. The school-fish run larger, those on the south side of

the cape, in the fall of 1878, averaging about 12, and those in Ipswich

Bay, later in the season, fully 20f pounds. Probably the latter were

the largest as a school that have ever visited the shore. On George's

Bank, where the largest cod-fish are taken, trips are sometimes landed

where the average weight wauld be fully -40 i)ounds round, but such

cases are exceptional. The largest specimen that we have seen was taken

by the schooner Northern Eagle, Capt. George H. Martin, in Ipswich

Bay, March 10, 1879, and is now in the collectious of the National Mu-

seum. It measured 5 feet and 2 inches, and weighed 99 i pounds when

landed, probably weighing fully 105 pounds when taken from the water.

We have also authentic record of a specimen captiu^ed off Cape Cod
in February, 1878, that weighed 107 pounds after being eviscerated,

which is equivalent to over 125 i)Ounds round. Other instances have

been recorded in the local ])npers in the vicinity of Cape Ann, from

time to time, where cod of unusually large size have been taken ; and

the Cape Ann Advertiser has very recently noted the capture of one

weighing 180 pounds by a vessel belonging to Newburyport, Mass.

Whether this was the actual weight or an estimate we have not learned.

Of the many specimens weighed and examined during our stay in

Gloucester the average weight of the females exceeded that of the males
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by nearly 2i poimds—a differeuce ouly partially accounted for by tlie

presence of the eggs. Whether this would be true for other localities or

for other years is not known.

The general form of the different indi\'iduals varies but slightly, though

there is considerable difference in their relative proportions. No exter-

nal character has been noticed whereby the sexes can be distinguished,

and even the most trained observer cannot separate them when green

until they have been opened. The difference in the relative proportions

is considerable, and the length is not a reliable indication of weight.

Some fish are short and thick while others are long and slender. Table

1^0. TV gives the measurements and weights of a number of fish of dif-

ferent sizes, and shows fully the extent of this variation.

The difference in the shape of the shore and school fish seems largely

the result of food and habits. The school-fish, moving about in pursuit

of food, becomes thick and plump, so that the head appears small in pro-

portion to the body, while the shore-fish, subsisting on such food as can

be found on the rocks, grows thin and gaunt, giving its head a larger

relative size.

There is a remarkable variation in the color of different individuals of

the species. This is doubtless due to surrounding circumstances, or to

the character of the bottom on which they live, and to the age of the fish.

The young when first hatched are nearly colorless, with the exception

of a few dark star-shaped pigment cells, most noticeable in the eyes, and
sparingly scattered over the whole surface of the body. These increase

rapidly in number during the first few days on certain portions of the

body, giving the little fish a very peculiar banded appearance. At the

age of six months they are still quite transparent, and the upper parts

are well covered with minute black dots, more prominent along either

side of the dorsal fins, and gradually shading off into lighter underneath,

with the belly nearly white. At this time the fish have a peculiar golden

tinge, deepest along the back and sides. Traces of the dark bands still

remain, but these are more noticeable on account of the intervening

lighter spaces, that seem to extend irregularly downward and backward,

giving the fish a blotched or mottled appearance. Gradually the young
fish living along the shore come to resemble more nearly the adult in

the relative size and distribution of the spots, until at the age of twelve

to eighteen months there is a marked similarity between them. But the

young continue to live among the rocks and ledges covered with algae,

and soon begin to show a reddish tinge; this increasing and varying

with the individual, often giving the fish a deep red color. These red

fish are known to the fishermen as rock-cod, from the bottom on which

they are taken. They are usually small, having a weight of ouly a few

pounds, but some retain the color until they are of large size, and one

specimen was seen during the summer of 1878 weighing 46 pounds.

The ordinary shore-fish or ground-tender is quite dark, with the belly of

a dirty ash, and the sx^ots usually large and indistinct on a dark back-
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ground. The regular scliool-fisb, on the contrary, is very light, with
smaller and more distinct spots on a lighter background, and has the

belly nearly white. Specimens of cod have also been seen in which the

whole upper surface of the body was of a uniform straw or lemon color,

gradually shading into lighter underneath. A fine specimen of the

above was secured in the summer of 1878, and is now in the National

Museum.
3.—FOOD OF THE COD.

A list of the stomach contents of the cod would be of little value,

except in throwing light on the food that the fish seem to prefer, by
showing the relative quantities of the different kinds. A full list, in-

cluding everything that has been found in the species, would be very

long, and embrace nearly everything, whether organic or inorganic, that

chanced to come in its way. Any bright or curious object often attracts

its attention, and is very likely to be swallowed by it. Thus knives,

nippers, and even vegetables lost or thrown from the vessel are fi'equeutly

found in the stomachs of the fish when they are being dressed. Stones,

too, are not uncommon at times, and over a pound has been taken from

a single fish. The list of fishes, articulates, and molhisks seems only

limited by the size of the indi'dduals or their ability to escape. But
while such a variety of food is found in the cod, its principal food is

limited to a few species of fish and a small number of mollusks. Among
the former the more important are the herring [Clupea harengus), capelin

{Mallotus I'illosus), laut {Ammodrjtes americanus), and a few otiiers. It

often follows these fish in their migrations, feeding upon and destroying

great numbers of them, and at times shows great dexterity in their cap-

ture. I am told that in the spring of 1879 an immense school of herring

made their appearance on and moved slowly across George's Bank, and
that with them came the largest school of cod that has been seen in

that locality for a long time. The cod remained constantly among the

herring, so that, when the latter had passed the fishing fleet, the ves-

sels were obliged to weigh anchor and follow them in order to secure the

cod. The cod also drive the capelin into the shoal water, and even upon
the shores of Newfoundland and Labrador, in immense numbers, and,

when they have reached the shallow bays, fishermen report the water as

fairly white from their splasjiings in their active and eager pursuit of

their prey. Among mollusks, squid [Ommastreplies iUecehrosa) and
the common bank-clams are their principal food, the former being pre-

ferred to any other species, and the latter often occurring in such quan-

tities in the stomachs of the fish that the French fishermen on Grand
Banks frequently catch a large part of their trip on bait secured in this

way.

During the spawning season the cod-fish cease to search for food, and
give less attention to feeding than at other times, though they will

usually take the bait when placed before them. That they do not

search for food is shown by the fact . that the pasture-school remained
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within a few miles of a large school of Sperling without being drawn
after them; and that the Ipswich Bay school was largest after the
Sperling had left the coast, and remained for a number of mouths
on sandy wastes which supported only three species of invertebrates,

Buccinum 2indatum, Fitsus sp., and Asterias vulgaris, in any consid-

erable abundance. The examination of the stomachs of several hun-

dred individuals showed four-fifths of all to be entirely empty, while a

greater part of the remainder contained only bait picked from the trawls

of the fishermen. A small number contained fish of one or more species

that had probably been captured in the locality, while a few scattering

invertebrates were found. Of the species mentioned as abundant on
the grounds, not a star-fish and but two shells of one species and one
of the other were found. But it was clearly shown that the fish would
not refuse food, for often the stomachs were well filled with bait picked

from the trawl before the fish were hooked. From 10 to 15 pieces

were frequently found, and in one case 18 were counted.

The females when fully ripe seemed less willing to feed than at other

times, and few were caught with the moving hand-lines ; but when the

trawl was used, thus leaving the bait motionless on the bottom for hours

at a time, they were induced to bite, and many were taken with the &ggfi

running from them. Eipe males seemed to bite readily at any time.

The young fish, as has been remarked, seems to spend the first three

or four years of its life in shoal water, among the rocks and algse. Here
its food consists at first of the minutest forms, and later principally of

small Crustacea, though it often picks up mollusks and worms, and even
enters the harbors in summer, where it remains about the wharves,
picking up bits of refuse thrown from the fish-houses. The young fish

were so plenty in Gloucester Harbor during the summer of 1879 that
boys often caught 25 or 30 of them in an hour with hook and line.

4.—ENEMIES OF THE COD.

The cod-fish seems to have few enemies. Among fishes its principal

enemy is the dog-fish {Squahts acanthias). These fish make their ap-
pearance in large schools on the shores of Northern Massachusetts early
in May, where they remain until September, moving about from one
locality to another, and driving everything before them. They are
probably the most pugnacious of any species in the waters of New En-
gland, and cod, as well as other fish, are often brought to market bear-
ing marks of their sharp teeth and horny spines. The arrival of a school
of dog fish in any locality is the signal for all other species to leave; and
in this way the work of the fisherman is often suddenly terminated.

Halibut {Hipjmglossus vulgaris) are also regarded by the fishermen as
enemies of the cod, and many cases are cited where, in former years,
they drove them from the fishing banks. In fact, thirty or forty years
ago, when the halibut were very abundant in Massachusetts Bay and
in the waters about Cape Ann, but had no market value, they interfered
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greatly with the work of the fishermen, and often good cod-fishing was
spoiled by their sudden appearance. At the present time halibut oc-

cur in much smaller numbers on these grounds, and no such difficulty

is noticeable. Indeed, it is found that cod occur in greater or less num-
bers with the halibut on the outer banks, where they seem to live peace-
ably together ; and we are led to believe that it was the abundance of
the halibut in former times, when they literally covered the ground,
rather than any hostilities l)eween the species, that drove the cod from
the banks.

Just how the large cod is affected by the presence of the pollock

(PoUacliws carhonarhis) we are unable to say, but the young living near

the shore finds in them its most deadly enemy. Young pollock are ex-

ceedingly abundant all along the shore during a greater part of the

year, often moving in large schools as well as singly, and frequently

many barrels are taken in a single day in each of the many traps along

the coast. They are especially abundant in the waters off Cape Ann,
and being exceedingly voracious, attack and devour almost any small

fish that comes in theii- way. TTe have often watched their movements
in the clear water of Gloucesrer Harbor, and noted the sudden dispers-

ion of a school of several hundred young cod of six months' growth

at the approach of a single pollock seven or eight inches in length.

These little fish show great fear of them, and usually remain near the

long kelps and sea-weeds that are growing on the piling of the wharves,

and at once dart in among these for protection at the first approach of

the pollock, reappearing very cautiously only after the lapse of several

minutes. At times a poUock succeeds in approaching unnoticed, when
it suddenly darts into the midst of the school and seizes one of the lit-

tle fish as its prey. Even when of equal size the cod exhibit the same

fear, and on putting several of each about ten inches in length into a

large tank of water, the cod sought refuge beneath some strips of board

that were stretched across one corner, while the pollock swam about

freely in the water. On being driven from their hiding place they soon

returned, and it was not until the poUock were taken out that they

would freely venture from their hiding place.

5.—REPRODUCTION.

Evidence is not wanting to show that cod spawn every year, and that

they deposit the entire number of eggs in the ovaries each season. We
have examined hundreds of specimens and have failed to find a single

instance where the condition of the ovaries did not clearly indicate, to

our minds at least, that such was the case. During the first of the sea-

son no mature fish were found in which eggs were not present, though
they often varied greatly in development from very small to nearly ripe.

Again, later in the season, no spent fish were seen with any eggs remain-

ing in the ovaries ; and no fish were found during the spawning period

in which the condition of the ovaries did not indicate that the eggs were



COD-FISHERIES OF CAPE ANN. 713

gradually maturing, and Tvould be deposited before the close of the sea-

son.

The eggs contained in the ovaries are sei:)arated into little irregular

conical clusters, each connected with the general mass by a slender

thread that expands into a delicate membrane containing minute and
diffusely branched blood-vessels. This membrane incloses each of the

eggs, and the blood-vessels supply the nutrition so necessary to their

future growth and development. As the eggs mature they gradually

increase in size, until, when ripe, they become detached from the mem-
brane, and pass down through secondary channels into one main chan-

nel leading to the genital opening of the female.

The first ripe female seen during the season of 1878-'79 was found in

a lot of fish landed from the shore-fish or ground-tenders September 2.

The eggs were noticed to be running from this fish as it lay upon the

floor of the fish-house. On opening it was found that it had just begun
spawning, for a few eggs only, perhaps five per cent, of the entire num-
ber, were transparent, and a small number of these had separated from
the membrane and fallen into the channels leading to the genital open-

ing, while the great bulk were far less mature and represented almost
every stage of development from green to ripe.

From this date ripe fish, both males and females, were occasionally

taken, though they did not become abundant until the middle of Octo-

ber. Early in November, when the school-fish made their api')earance

on the south side of Cape Ann, the individuals varied greatly in their

spawning condition ; some were quite ripe and had already thrown a
portion of their eggs, while others were so green as to indicate that they

would not spawn for several months at least, though in nearly all the

eggs had begun to enlarge. By the 1st of December fully 50 per cent,

of the catch had commenced spawning, but when driven away, probably

by the unusually heavy storms, in January, a few were not quite ripe,

and the majority had not thrown all their eggs.

About the 1st of February the fish in Ipswich Bay were found to aver-

age fully 90 per cent, males, with the spermaries mostly well developed.

At this time there was a great variation in the ovaries of the females ; of

these not more than one in ten had spawned, while fully GO per cent,

were still green. By the middle of the month the females numbered
about 40 per cent., though over half had not commenced to spawn. On
March 13, 300 fish from this school were opened, with the following re-

sults : 14 per cent, were spent males ; 53 per cent, were ripe males ; 6 per

cent, were spent females ; 14 per cent, were females in various stages of

spawning, and 11 per cent, were green females. May 10, fully half of the

females had not finished spa^uTiing, and an occasional green one was
noticed. Even in June, when the fish left the coast, a very few, though
ripe, had not finished throwing their eggs.

The results of the above observation prove not only interesting, but
surprising, for we find the cod-fish spawning during nine consecutive
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montlis ill the same locality, a period far exceeding that required by any
other species of ^rhich we have any knowledge.

This fact can be more easily understood when we remember that the

individuals do not deposit all their eggs in a single day or week, but

probably continue the operation of spawning over fully two months.

That this is true there can be little doubt, for when the females first

begin to throw their eggs only a very small percentage of the whole
number are ripe, while the balance show every gradation to the perfectly

gTeen and immature. By frequent examination of individuals in more
advanced stages, it is found that the eggs gradually continue to increase

in size as they mature, and that as fast as they become detached from

the membrane they i)ass down through the channels to the opening, and
are excluded from the body, either by the will of the parent or by in-

ternal pressure caused by the increasing size of the eggs, to make room
for others. It would be impossible for a fish to retain all or even a small

part of its eggs in the roe-bags until the last had matured, for the in-

crease during the development is very great, and the eggs would come
to have a bulk greater than the entire stomach cavity of the fish. The
products of the ovaries of a 75-pound fish, after imj^regnation, would
weigh about 45 pounds and measui'e nearly 7 gallons, equal to over half

of either the weight or bulk of the fish.

Another proof that the cod-fish deposits its eggs gradually during a

long period is seen in the fact that few can be taken fi'om the fish at any

one time. In '• stripping the fish," at the hatchery iii Gloucester, it was
found that only one quart, or less than 400,000 eggs, could be taken

from a 21-pound fish in a single day. Allowing the ovaries of this fish

to contain 2,700,000 eggs, and the time of spawning to be two months,

the fish must deposit in the natural way 337,500, or nearly a quart, each

week.

But by the artificial method, where strong external pressure is applied,

many more eggs are probably secured at once than would be naturally

thrown by the fish. Thus the fish must either gradually deposit more or

less eggs each day, during the entire spawning season, or it must deposit

at intervals separated by only a day or two at most.

The schools move about but little diuing the spawning season, except

when driven away by enemies or by violent storms. After they reach

the waters of Cape Ann, fishing continues best in the same localities and

even upon the same spots until they leave. The individuals, too, seem

to move about but little among themselves. When the female becomes

rix)e she remains quietly near the bottom, while the male, a little more

active, often swims higher up. This is indicated by the fact that much
greater numbers of spawning females are taken with the trawl lying di-

rectly on the bottom than with the hand-line a httle way above it, while

the males are taken on one as readily as on the other.

It may not be impossible that the eggs are fertilized while floating

about in the water some minutes after exclusion, and that the strong
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tides usually found ou the spawning-grounds play an important part in

distributing the germs, thus making the chances of impregnation more

favorable. Indeed it may be possible, and, if the spaTming goes on

gradually for several months, seems not improbable, that the immediate

presence of the opposite sexes during the act of spawning is not neces-

sary, but rather that the eggs are fertilized mainly by accidental con-

tact. Observations would seem to strengthen the probabilities of this

theory ; for, if the fish went in pairs, they would often be taken on

adjoining hooks of the trawl, or one on either hook of the hand-line.

Such is not usually the case, however, but on the contrary several of the

same sex are more frequently taken together.

The eggs have a specific gravity of 1.020 to 1.025, as indicated by the

fact that they float in salt water and sink rapidly in fresh. The oldest

fishermen had not the slightest knowledge of this fact, but held to the

idea that the females deposited their eggs on the rocks, where they

were visited and impregnated by the males, and left to become the food

of the various animals so abundant in such localities. They had at

times noticed the little transparent globular bodies in the water, but it

had never occurred to them that they were the eggs of any fish. They
may be found at the surface in common with eggs of the pollock, had-

dock, and probably other species of the cod family, when the sea is

smooth ] but when the water becomes rough they are carried to a depth

of several fathoms by the current, though the tendency is to remain

near the surface.

There are many ways in which these eggs may be destroyed. The
principal loss is probably the result of non-imiiregnation, for unless they

come in contact with the milt of the male very soon after being thrown

from the parent they lose their vitality. Again, being subject to the

winds and tides, they are often carried long distances from the spawning-

grounds into the little bays and coves, and are driven upon the shores

in immense numbers, or left dry by the tides, where they soon die from

exposure to the atmosphere, or diuing the cold winter weather are in-

stantly destroyed by freezing. Ipswich Bay, the most extensive spawn-

ing-ground in the locality, is especially unfortunate in this particular,

for the heavy storms from the north and east tend to drive them upon

the shore, and each breaker as it rolls in upon the beach must carry with

it many millions of eggs.

But such impregnated eggs as escape destruction upon the shores are

subjected to the ravages of.the myriads of hungry animals living about

the rocks and coves, and many are consumed. One day in January we
introduced a jelly-fish or medusid, having a diameter of but IJ inches,

into a tray of eggs in the hatching-room, and in less than five minutes

it had fastened 70 eggs to its tentacles, often loading them so heavily

that they were severed from the body by the weight or resistance of the

eggs as they were dragged through the water.

By the aid of a microscope, numbers of vorticelU were found ux^ou them,
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in oue case 4G being counted on a single egg-, and in addition a peculiar

formation, tliought to be minute algte, was often noticed. Just what
influence these latter would exert, or whether they would occur in the

clear water outside the harbor, is not known. Thus, owing to the many
different circumstances that tend to destroy the eggs, probably but a
very small number out of a million are successfully hatched, and of the

young fish but few reach maturity.

To overcome these difidculties nature has made the cod one of the most
prolific of the ocean fishes, and we find not only thousands but millions

of eggs in a single female. All members of this family contain large

numbers of eggs, but the cod-fish is the most prolific of aU.

The exact number varies greatly with the individual, being dependent
largely upon its size and age. To ascertain the number for the differ-

ent sizes, a series of six fish was taken representing various stages of

growth from 21 to 75 pounds, and the eggs were estimated. Care was
exercised that all should be green, so that no eggs should have been
thrown, and that they might be of nearly equal size. The ovaries were
taken from the fish and accurately weighed j after which small quan-

tities were taken from different parts of each and weighed on delicately-

adjusted scales, and these carefully counted. With this data it was
easy to ascertain approximately the number for each fish.

The results obtained are given in Table Ko. I, appended to this article,

showing a 21-pouud fish to have 2,700,000, and a 75-pound one, 9,100,000.

The largest number of eggs found in the pollock was 4,029,200, and in

the haddock 1,840,000. These facts are given in detail in Tables II

and III.

When the eggs are first seen in the fish they are so small as to be

hardly distinguishable, but they continue to increase in size until matu-

rity, and, after impregnation, have a diameter, depending upon the size

of the parent, varying from one-nineteenth to one-seventeenth of an inch.

A 5 to 8 pound fish has eggs of the smaller size, while a 25-pound one

has them between an eighteenth and a seventeenth.

From weighing and measuring known quantities it is found that one

pound avoirdupois will contain about 190,000 of the smaller size, or that

1,000,000 eggs well drained wHl weigh about 5 pounds. Again, by as-

suming one-nineteenth of an inch as the standard, or by precipitating a

known quantity in chromic acid and measuring, we find one quart, or

57f cubic inches, to contain a little less than 400,000, or that 1,000,000

will measure between 2i and 3 quarts. .

With these facts in mind, it will be an easy matter to estimate the

quantity of eggs taken for hatching purposes during any given season.

When the Httle fish first break through the shell of the egg that con-

fines them the fetal curve or crook is stiU quite noticeable, but they soon

straighten, and are then about five-sixteenths of an inch in length. At
this time the yolk-sack, situated well forward, is quite large, but so

transparent as to escape the notice of the ordinary observer. This is
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gradnally absorbed, disappearing wholly in about ten to fifteen days,

and the little fish begins to move about "with a peculiar serpentine mo-

tion, at times darting quite rapidly, and then remaining motionless, as

if resting from its exertions. It now begins its independent existence,

and moves about more frequently, apparently in search of food. From
this date it is impossible to follow them, for none have been confined,

and it is only by catching large numbers at different seasons and care-

fully recording their weights and measurements that one is enabled to

judge of their growth. The habits of the species, that cause them to

live near the shore for the first few years, furnish excellent opportuni-

ties for such observations, and many were examined during our stay at

Cape Ann.

At the outset the problem becomes difficult, in that the spawning

period, instead of being limited to a few weeks, as is the case with most

species, extends over fully three-fourths of the year, and the difficulty is

greatly increased by special causes that affect the rate of growth of indi-

viduals hatched at the same time.

The results were what might be expected ; for a table of measurements,

made late in June, gave an almost continuous series, with only one or

two breaks, that could with certainty be taken to represent the non-

spawning period of the fish. But though the gaps were so completely

closed by the extremes in variation, which seemed to cause even an

overlapping, making the last hatched of one season smaller than the

first hatched of the next succeeding, yet there was a tendency for the

greater number of individuals to be thrown into groups at intervals in

the series, these seeming to represent the height of the spawning season

for the different years. The break was distinct between the smallest

and those of a year earlier, so that, taking the height of the spawning

season on the south side of the cape to be December, the large number
of young fry ranging from Ih to 3 inches must have been hatched the

previous winter, an.d were consequently about six months old. The
large number of individuals having a length of 9 to 13 inches indicated

the normal growth of those hatched a year earlier, or fish of eighteen

months to be 10 to 11 inches, and their weight 7 to 8 ounces. The next

group, or the fish thought to be thirty months old, measured from 17 to

18 inches, with an average weight of 2 to 2| pounds. The fish now be-

gin to increase more in weight than in length, soon appearing in the

markets as " scrod," and by the following summer measure about 22

inches and weigh from 4 to 5 pounds.

Beyond this period nothing can be determined, for the variation, con-

stantly growing greater, now gives every size and weight, with no indi-

cation of breaks in the series.

Bat enough has been learned, if the above be correct, to show that the

male reaches maturity at three and the female at four years; for the

smallest ripe male noticed during the season of 1878-'79 weighed 3J and
the smallest ripe female 5 pounds.
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D.—HATCHING OPERATIONS.

1.—OBJECTS OF THE WORK.

Fish-culture, iu its crudest forms, was first employed by the Eomans
and Chinese many hundred years ago; but the fish-culture of the present

day, by which such excellent results are being obtained, is a science of

recent growth, and it is only within the past few years that it has as-

sumed a thoroughly in'actical aspect. Its present condition is the residt

of a continued series of experiments that have given a degree of success

far beyond what its most enthusiastic workers had dared to expect.

The present shad-hatching apparatus, that seems so near perfection,

is an excellent example ; for in this case, though the progress has been

rapid, the crude apparatus of a few years ago has been replaced by the

new only after the most careful experiments with the eggs of the species.

So with other fresh-water and anadromous species ; the improved appa-

ratus for successfully hatching them is the result of many experiments

and observations.

But, while the above species have been the subjects of careful study,

the important marine food-fishes, such as the cod, halibut, and sea-her-

ring, have remained unnoticed. The great importance of these fisheries

has led Professor Baird to consider carefully the question of the artificial

propagation of several of the principal species, and, after studying the

habits and food of the fish for ^ some time, he decided to inaugurate a

series of experiments to ascertain what could be accomplished in this

direction.

Accordingly, a hatching station was established at Gloucester iu the

fall of 1878 for the piui)Ose of experimenting with the eggs of the cod,

iu order to learn how and in what numbers they might be obtained, the

kind of apparatus necessary for successfully hatching them, and to what

extent artificial propagation might be made practicable. The chief aim

was then to study exj^erimentally the whole subject of hatching in its

relations to the cod-fish and its eggs, to pave the way for future work,

rather than to go into any extensive work for the immediate propaga-

tion of the species.

2.—PREPARATIONS FOR HATCH IN'O.

The late James TT. Milner, deputy commissiouer, arrived early in the

faU to take charge of the experiments, and Mr. Prank N. Clark, a pro-

fessional fish-culturist in the employ of the Commission, came soon after

to personally superintend the work in the hatching-room. Mr. Milner

remained long enough to see the preliminary apparatus and machinery

placed in position and the first eggs taken, when he was obliged to

return to Washington on account of his serious sickness. A little later

Mr. Clark was called away to look after the interests of the Commission

in another State, and Capt. H. C. Chester superintended the work iu the

hatchery during the remainder of the season.
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The buildiug occupied by tlie Commission during the summer as a

scientific station was considered suitable, and was retained for the work.

It is situated at a prominent point, on the southwest side of the harbor,

on a substantial wharf, with 4 to 6 feet of water at mean low tide. The
outer end of the building was set off as a hatching-room, the remainder

of the lower jiart being used as a store-house, while the upper part an-

swered the purpose of an office and laboratory.

A 4-inch pipe was laid from the hatching-room to a point in the har-

bor at the end of the wharf, and sunk below low-water mark. The

outer end of this pipe was fastened to the piling of the wharf, and in-

cased in a box with wire-cloth openings to keep out the animal hfe of

the harbor. The inner end communicated with two 300-galIon tanks,

placed in an elevated position in the center of the room, to be used as

reservoirs for the salt water. These reservoirs were tapped from be-

neath by smaller pipes that extended along the. walls of the building,

at a height of 4 or 5 feet, with faucets at short intervals, from which

the water was supplied to the eggs by means of rubber tubing. In one

end of the room was an 8-horse-power steam-engine, for working the

I)ump that brought the water from the harbor to the reservou's in a con-

stant stream, the quantity being regulated by the outflow.

It was of course unknown what hatching-ai)paratus could be success-

fully used, as no eggs of the cod had ever been artificially hatched j and

indeed it was not then quite clear to the minds of those in charge to

which of the three classes, sinking, floating, or adhesive, the eggs of

the cod belonged. Cones similar to those used in shad-hatching (figured

in the Eeport of the Commissioner of Fish and Fisheries for lS73-'74 and

1874-'75, p. 376) were selected as likely to give the best results, put up

along the sides of the hatching-room, and connected with the faucets

by the rubber tubing.

The above constituted the original apparatus of the hatchery, and

when it had been properly arranged Mr. Milner turned his attention to

the methods for securing the supply of fish and eggs. For this purpose

he selected a 5-ton schooner and a 14-foot open market-boat for visiting

the fishing-grounds, and, in addition, a small well boat in which the fish

could be brought alive to the hatchery. A little later it was found

desu^able to build large live-boxes for confining the green fish until they

should ripen.

These live-boxes were 12 to 14 feet long, 6 feet deep, and 5 feet wide,

made of pine lumber, with 2-kich spaces between the narrow boards, to

admit a fresh supply of water to the fish. When finished they were

anchored hi the harbor beside the wharf, where they remained through-

out the season.

3.—MANNER OF PROCURING EGGS.

The supx^ly of eggs was obtained in several different ways during the

winter.
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The first method employed was to send men to the fish-wharves daily

to examine the fish landed and to take the eggs from any ripe females

that might be found. This practice was soon given up, as the fish had
usually been dead some hours when they were landed, owing to the dis-

tance of the fishing-grounds from the harbor, and the eggs had so nearly

lost their vitahty that they could not be impregnated. Only an occa-

sional lot of fish were found whose eggs could be saved, and few good

ones were obtained in this way.

A second method, by which the men went daily in the schooner to the

fishing-grounds to take eggs from such ripe fish as they might catch,

was pushed vigorously at first. In this case hand-lines were used, as

the bottom was too rocky for trawling, and the catch was composed

largely of green fish, so that few eggs were obtained.

A third method, which was merely a repetition of the second on a larger

scale, was more successful in that more fish were taken, and consequently

more rij)e ones found. The ijlan was to utilize the catch of the fisher-

men by putting spawn-takers on several of the regnilar fishing-schooners

to examine each fish as it came from the water, or as soon as it was

brought to the vessel, and to bring the ripe eggs to the hatchery in

pans taken out for the purpose. This method was followed during a

greater part of the time, and some good eggs were obtained in this way.

But here as in the former case hand-lines were used, and spawning fish

were not taken in very large numbers. A visit to the fishing-grounds,

where trawls were used, later in the season, fully convinced us that as

many eggs could be obtained in this way as might be needed, for on a

four days' trip to Ii)swich Bay, in February, many millions might easily

have been secured.

The finding of so many green fish led to the building of the live-boxes

at the hatchery, and when these were ready the schooner visited the

fishing-grounds daily and brought her catch alive to harbor in the little

well-boat, transferring the fish at once to the live-boxes, where they

were to remain until they should ripen. These live-cars proved a great

success, for the fish kept well and ripened rapidly. In this way many
live fish were kept convenient to the hatchery, where they could be

carefully watched, and the eggs secured as soon as they had ripened.

This method entirely overcame the difficulties of bringing the eggs long

distances and of properly caring for them until they could be transferred

to the hatching apparatus, and the live-cars soon came to furnish nearly

all the eggs.

4.—HATCHING OPERATIONS.

Two spawn-takers visited the live-cars at intervals of one to three

days, one taking out the fish with a dip-net, while the other examined

them carefully, by pressing gently on the abdomen, to see if they were

ripe. If green, they were transferred to an empty live-box floating be-

side the other; but when a ripe fish was found it was confined in a dip-
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net and returned to the water until one of the opposite sex could be-

secured. Thus all the fish were examined regidaily every second or

third day, and when ripe ones were found they were carried to the

hatchery, where the eggs were taken and impregnated.

In " stripping" the fish the spawn-taker usually held its head firmly

in his left hand, with its back against his body and its left side upper-

most, and, owing to its size and .strength, a second party generally held

the tail and helped to keep the fish in position, while the spawn-taker,

with his right hand, gently pressed the eggs or milt from the abdomen
into a large pan placed just beneath to receive them.

The methods employed in impregnating the eggs were similar to those

in use with eggs of the shad. They were usually taken in a i)an having

a little water in the bottom and the milt at once added, after which they

were "brought up" in the usual way, by slowly adding water at inter-

vals till the pan was nearly full.

It was found desirable to leave the eggs with the milt for fully half an

hour before dipping them out, and at times it took even longer for them

to become well hardened. Several other ways for impregnating the

eggs were tried, such as taking them in a damp pan and introducing

the milt directly upon them before adding the water ; and of putting

the milt in the water first, and the eggs later ; and again, of introducing

the two at the same time ; but these seemed no improvement ujjon the

ordinary method.

The first good eggs were taken November 13, and when placed in the

cones were found to remain constantly at the surface of the water, where

they soon clogged the screen through which the waste water made its

escape, causing the cones to overflow, and the eggs to be carried over

the toj) with the water. The plan of introducing the water at the top

and allowing it to escape at the bottom was equally unsuccessful, for

the downward current carried many of the eggs with it, thus clogging

the screen as efl'ectually as in the former case. The cones in their orig-

inal condition were thus rendered useless, and the question of so modi-

fying them as to make them answer the purpose, or of the invention of

new apparatus, at once became a very important one ; and one difficulty

after another had to be overcome before any degree of success could be

expected.

Mr. Milner remained long enough, before leaving for the South, to

witness this stage of the difficulty, and was the first to suggest an alter-

ation in the apparatus. This consisted in a modification of the inverted

cone, so that the water should be introduced through a twisted tube at

the apex, thus giving it a spiral motion as it ascended, while the outflow

was in the form of a circle surrounding and just above the inflow, in a
line with the sides of the cone. On testing, this apparatus was found
to clog equally with the other, and was soon abandoned.

In one end of the room was a Clark hatching-trough that had been

used in hatching eggs of the herring. This consisted of a long trough
40 F
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about 12 inclies square, w itli iiuiueious parliiious dividhig it into a uum-
ber of compartments. The wliole was placed at au incline, so that the

overflow of water from one compartment would run into the next lower

through a little groove at the top of the partition. Mr. Clark introduced

into each compartment a small wooden box with a wire-cloth bottom,

each to be placed at an angle with the bottom of the trough, with its

lower end under the little spout .that conducted the waste-water fi^om

the compartment above. With the box thus placed in a compartment

filled with water, the stream that was kept constantly running would
fall into its deepest part, and in this way create considerable current in

the water, the surplus gradually passing out through the bottom and up
around the sides on its way to the next compartment.

"When the cod-fish eggs were introduced into these boxes they were

found to have an excellent motion ; but of the great amount of harbor

sediment and mud in the water much was retained in the boxes by the

wire screens and gradually collected on the eggs, causing them to sink

to the bottom, where they soon died. This apparatus, though seemingly

all that could be desired with clean water, was rendered useless by the

fine dirt that could not be kept out.

The writer suggested a modification of the copper cone, so that the

water should escape near the top through an intermittent siphon, the

end of which should be incased in a large wh-e-cloth bag, to weaken the

strength of the current where it met the screen, and cause any eggs that

might be held agaiust the bag while the water was running to fall away
when it stopped. This apparatus, like that of Mr. Clark, was rendered

useless by the sediment in the water ; and in addition, there seemed to

be a corrosion of the copper, due to the action of the salt-water, that

proved injurious to the eggs.

The Ferguson bucket, which consists of a cylinder of sheet-iron, with

a wbe-cloth bottom, getting a circulation of water by means of a slow

rise and Cjuick drop when partially immersed, was tried, with only indif-

ferent results.

Captain Chester was at this time devising an apparatus which should

not only give a certain change to the water, but also partially keep

the sediment from the eggs. This apparatus is known as the Chester

bucket. It consists of a tin cylinder 18 inches in diameter and 24 inches

deep, with four rectangular openings, each 2J inches wide, extending

from near the bottom to within 5 inches of the top. These and the bot-

tom of the cylinder are covered with wire-cloth, to prevent the eggs from

escaping and the dirt from entering.

On the outside of the cylinder, along one side of either opening, are

placed strips or pockets of tin, at an angle with the side, and extending

partially over the openings, so that the adjacent pockets face in opposite

directions. As the cylinder rotates on its axis, the water is forced in at

the two opposite openings and out at the others.

Beneath the wire-cloth bottom are four more strips of tin, radiating
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from the center, and placed at such an angle that the rotation of the cyl-

inder forces the water against them, and up through the bottom. The
whole is placed in a trough nearly filled with constantly-changing

water, and sunk to such a depth that the water nearly fills it. The
cylinder turns on a pivot, the power being applied from the engine by
means of shafting, to a horizontal arm firmly fixed to its axis, and is

kept constantly turning back and forth through an arc of 90"^, thus

keeping the water changing, and giving the eggs a tendency toward the

top center.

When this apparatus had been thoroughly tested, and found to give

good results, the cones were taken down, and water-tight troughs placed

along the sides of the hatching-room to receive the Chester buckets,

and from this date the hatching operations were conducted with a fair

degree of success; and while, with jiure water, the modified Clark trough

or some equally simple apparatus might give excellent results, yet to

Captain Chester belongs the credit of having i)artially overcome the ex-

isting difficulties, and of inventing the first ajiparatus successfully used

in hatching floating eggs.

The time required for the development of the egg.s of the cod-fish, after

they are thrown from the parent, varies greatly, being dependent largely

upon the temperature of the surrounding water. Of those taken Novem-
ber 13, the first hatched in 13 days ; while of those taken December 17,

the last did not hatch until February 5, thus requiring 51 days
;
giving

a elitference of 38 days for eggs taken within little over a month of each

other. The period of 51 days represents an extreme case, and the cir-

cumstances may be worthy of consideration. These eggs, as above

stated, were taken December 17 from four fish apparently in good con-

dition, and placed in a bucket in the hatchery. January 28, the bucket

was thought to contain too many eggs, and a few were taken out and
placed in a floating box, with wire-cloth bottom, anchored in the harbor.

The difference in temperature of the water in the two places averaged

from one to two degrees.

Of those remaining in the building, the first hatched January 17, and
the last on the 23d, making a variation of 6 days.

On January 25, the first fish were noticed from the harbor lot, and from

that time they continued to hatch slowly until February 3, when not

more than 10 per cent, were out, and 2 days later, when the first fish

were 11 days old, and the eggs 51 days from the parent, a few still re-

mained unhatched.

The variation of 11 days for eggs treated in exactly the same man-
ner, suggests the idea that other elements than temperature may enter

in to hasten or retard development. One cause, namely, that of the con-

dition of the eggs when thrown from the parent, may considerably afl'ect

this period.

We find with the cod, as with other species, that the first fish hatched

from a given lot of eggs always seem weak and immature j and again,
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that the hist are usually in the same couditiou. The first are perhaps

from eggs that for some reason have remained in the parent after they

should have been thrown; the great majority of healthy fish coming later

probably represent eggs in their normal couditiou ; and the ^eak ones

hatching last may be from eggs, that, though not thoroughly matured
when taken, had just reached that stage where impregnation became
possible. The time elapsing after the eggs leave the fish before they

come in contact with the milt may also affect the time of hatching.

Experiments in these lines would be of practical importance in deter-

mining how many good eggs could be taken from the fish at one time

;

how often eggs might be taken from the same individual, and, also, the

most desirable time for applying the milt.

A table of temperature observations, showing the condition of both

air and water at the first high and low water after 7 a. m., will be found

further on. The temperature of the water in the hatchery was always

from one to two degrees higher, being raised a little in passing through

the pipes. From this table we find that the average time requiied for

hatching eggs, iu water of different temperatures^ was as follows

:

Days.

In water having an average temijerature of 45° F. 13

In water having an average temperature of 41© F , 16

In water having an average temperature of 38° F 20

In water having an average temperature of 36° F 24

In water having an average temperature of 34° F 31

In water having an average temperature of 33° F 34

In water having an average temperature of 31° F 50

The water of the harbor reached, and remained for a number of days,

at a temperature of 30°, but the eggs in the floating box remained unin-

jured, even though the little fish in them were well advanced, while the

large cod iu the live-boxes within a few feet of them were all frozen to

death.

Several attempts were made to hasten the development of the egg,

by raising the temperature of the water by means of steam-pipes. The
time of hatching was frequently shortened in this way, but in all cases

the fish seemed premature and soon died. The failure in these experi-

ments may be due to the crude apparatus that could not be regulated so

as to keep the temi)erature constant and avoid fluctuations. These dif-

ficulties overcome, it seems not at all improbable that the process of

hatching could be materially shortened, and the fish gradually accus-

tomed to cooler water until the natural temperature of the harbor should

be reached, when they could be put out.

The problem of hastening or retarding development in the egg is a

very important one. Fish-culturists have given some attention to the

subject, but none have yet succeeded in the invention of apparatus by

which the water can be kept constantly at any given temperature.

Eipe fish were found nearly every time the live-boxes were overhauled,
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from Kovember 13 to early in January, wlieu the fish were frozen.

Forty-three females were " stripped " during the season, and the milt

from GO males was used in fertilizing their eggs. The total number of

eggs secured in this way was about nine and one-quarter millions.

It may be a matter of some surprise that so few eggs should be ob-

tained from so large a number of fish ; but it must be remembered that

the eggs ripen slowly through a period of six to ten weeks at least,

and that but few can be secured at any one time. Probably not over

200,000 can be taken from a 10-pound fish in a day, while 400,000 would

be a large average for a fish of 20 pounds weight. After the fish were

once " stripped" they were allowed to die, as the primary object of the

experiments was methods, rather than quantities of eggs. In this way
the great bulk and number of eggs were not secured ; but when the work
shall be resumed for the purpose of increasing the food supply, we see

no reason why these spawning fish may not, by exercising care, be
" stripped" over and over again until all or at least a greater part of the

eggs have been secured, the fish being returned to the live-boxes after each

operation. Still the supply of spawning fish seems limited only by the

size of the live-cars, and the above method may not become necessary.

About the 1st of January the weather became quite cold, and the tem-

perature of the water on the night of the 3d, for the first time during the

winter, fell to 30^. On the morning of the 4th, when the spawn-takers

visited the live-cars, they found that all the fish had been frozen to death,

and, on examination, considerable ice was noticed in their stomachs. At
this time the more important points about the ti^eatment of the eggs

having been learned, and the practicability of artificial j)ropagation fully

established, it was thought unnecessary to secure a new stock of fish for

the live-cars, and it was decided to discontinue operations until such

time as they could be resumed on a steamer constructed especially for

the purpose. By this means the harbor sediment can be avoided, and

the fish followed to any locality where they chance to be most plenty.

The number of fish hatched during the experiments was not far fi'om

1,550,000. At first, while the apparatus remained so imperfect, the loss

was great, and nearly or in some cases quite all of the first few lots of

eggs were killed. But with the introduction of new methods one diffi-

culty after another was overcome, and the percentage of loss was gradu-

ally reduced. The manner of caring for the eggs while hatching soon

came to be better understood, and this too had a decidedly beneficial

effect ; so that, barring the loss resulting from impure water, there was
a constant gain in the percentage hatched, and the loss during the last

of the season did not exceed 40, and was frequently not over 30 per cent.

When first hatched, the little fish remain nearly moti^iless, or, at

times, indulge in the same spasmodic efforts so noticeable when freeing

themselves from the eggs. In a day or two they become more active,

darting about for short distances in the water, with a peculiar motion

and considerable rapidity. In a few days they begin to absorb the
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yolk-sacks, and seeiii quite vigorous, while the i>igment-cells iucrease

rapidly, giving them considerable color. When they had reached this

stage, they were usually taken to the outer harbor and liberated, to be-

come accustomed to their future surroundings before the yolk-sacks

were absorbed, thus giving them the opportunity of seeking their natu-

ral food when the first instincts of hunger should lead them to desire it.

The young cod seem more hardy than those of most other species, and

may be kept for a considerable length of time with small loss. In one

case fully 50 were put in an 8-ounce bottle and kept in a room at a tem-

perature of 50^ F., without change of water, for four days, before the

first ones died. Earlj'' in January a number were sent by express to

Professor Baird in Washington, where they arrived in good condition,

with no care on the way except that given by the baggage-master on

the train.

5.--DIFFICULTIES ENCOUl^TERED.

The difficulty of suitable api^aratus for hatching the eggs has been

fully described. This consisted not only in the invention of something

suitable for floating eggs, but an apparatus that could be used in im-

pure water. These requirements, after several unsuccessful attempts,

were at last met, and the difficulty partially overcome by the introduc-

tion of the Chester bucket.

The greatest source of annoyance, and one that could not be w^holly

overcome, was the abundance of the harbor sediment or dirt in the

water. The trouble from this source was due largely to location. The

hatchery was situated at a point of the harbor, with the main channel

on one side, and on the other a large cove, into which the refuse of much

of the business portion of the city found its way through the street gut-

ters and sewers. The location of the hatchery was then unfortunate, in

that it occupied a position where the main current caused by the 11-foot

tide, on its passage in and out from the cove, brought a greater part of

the dirt and filth of the city directly beneath and beside the wharf,

where much of it was pumped up through the pipes into the hatching-

room, and found its way to the eggs.

In addition to this, the violent storms caused a heavy undertow to roll

in from seaward, and to stir up the mud from the bottom and sides of

the harbor, so that at low tide the water was often quite thick. This sed-

iment of course passed up through the pipes, and often resulted in great

injury to the eggs. It was not uufrequently the case that a lot of eggs

would continue in good condition until the fish were nearly ready to

hatch, when a heavy storm would roil the water, and cause the dirt to

collect on tUtem to such an extent as to give them a dull brownish color,

and from its weight sink them to the bottom, where they soon died.

Every precautioii was taken to thoroughly cleanse the water from these

impurities before it came in contact with the eggs. Large flannel fil-

ters were introduced, and all the water made to run through several of"
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them oil its way to the reservoirs. During stormy weather, when tho

bottom mud was stirred up, the water was often i)a.ssed through six or

seven of these filters, but even then the finer sediment could not be kept
back. Frequently the dirt was pumped up in such quantities as to so

completely clog the filters that the water would not go through them,
and at such times they had to be replavced ])y clean ones every few min-
utes during the hours of low water. Other methods of filtering were
also tried with no better success.

The new Fish Commission steamer, built expressly for this work from
a special appropriation of Congress, will entirely do away with this diffi-

culty resulting from impure water, as she can be safely anchored in the

deep water of the outer harbor where no sediment is found.

The corroding action of the salt-water upon the copper and tin of

which the apparatus was made, was also the source of considerable

trouble. The copper cones were rendered useless on this account, and
tin was often eaten entirely through in a few days. This difficulty was
partially overcome by thoroughly painting the cones with asphalt, but
even then the tin would rust so badly as to seriously injure the eggs.

All trouble from this source can be easily avoided in future by making
the apparatus of wood or some metal that is not acted ujion by the salt-

water. Indeed, nickel wire-cloth was used during the latter part of the

season for the bottoms of the buckets, and found to answer the purpose

admirably.

The fact that the cod cannot live in water colder than 30"^ F. presents

another difficulty, for it is of the utmost importance that a large supply

of fish be kept constantly in the live-boxes ; and, as the water at the

surface of the harbor may reach this temperature at any time for several

months during mid -whiter, the fish are liable to be frozen. But with a
steamer anchored in several fathoms of water in the outer harbor, the

live-cars by her side could, at the approach of cold weather, be weighted
and sunk to the bottom until the weather should become warmer.

G.—EXPERI3IENTS WITH EGGS OF OTHER SPECIES.

While the primary object of the station at Gloucester was for the

study of the cod, the question of the reproduction of several other im-

portant species received considerable attention, and much valuable

information was gathered. Among these species were the haddock
{Melanogrammus ceglefijius)^ the pollock {Pollaehins carhonarius), and the

herring {Chipea harcngits).

a. Herring.

Herring visit difierent parts of the coast from Cape Cod to Labi^ador

at various seasons of the year for the purjiose of spawning or feeding,

and are abundant in some localities during a greater x)art of the summer.
In the winter the herring-fisheries of Newfoundland and Xova Scotia

are very extensive ; and formerly the spring herring-fisheries of the
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Magdalen Islands drew a large fleet to that region. The fall fishing is

most extensive in the vicinity of Wood Island (near Portland, Me.), and
on the south side of Cape Ann, where herring "strili:e in" along the

shore in immense schools, about the middle or last of September, for the

purpose of spawning. At such times small vessels, from almost every
fishing town Ijetween Cape Cod and Eastport, visit these localities with
gill-nets, and the fish are sometimes taken in such numbers as to sink

the net. At "Wood Island alone, in the fall of 1879, the herring fleet

numbered over 150 sail.

While preparing for the cod work at the hatchery a small school of

spawning-fish arrived in the vicinity of Gloucester Harbor, and it was
decided to make experiments with their eggs. Accordingly, the Fish

Commission boats were provided with nets, and, for about two weeks
beginning with October 12, visited the spawning-grounds daily, settmg
their nets in the evening and fishing them over at intervals through the

night. Eipe males were always plenty, and 50 spawning females were
sometimes taken in a single night. Many thousands of eggs were se-

cured in this way, and after impregnation were taken to the building,

where large numbers were successfully hatched.

The eggs of this species are adhesive, and when thrown into the water

by the fish fasten themselves to the first hard substance with which they

come in contact, this being usually the algae or the rocky bottom. On
account of their adhesiveness, when taken from the fish for hatching pur-

poses, they must at once be brought in contact with that particular ob-

ject on which they are to remain till hatched, as when they have become
fastened to any substance it is impossible to remove them without in-

jury. For the purpose of bringing them from the fishing-grounds, a wa-

ter-tight egg-box was made, with slits or grooves in the sides, to receive

movable panes of glass, and keep them in x)osition until they could be

transferred to the apparatus in the hatchery.

As soon as the fish were taken from the water the eggs were pressed

from them upon these panes of glass, and, after the milt had been ap-

plied, were quickly spread over tlie surface by means of a feather. The
glasses were then placed in position in the egg-box and the water was
changed at short intervals until they arrived at the hatchery.

A Clark hatching-trough (described on page 37) was arranged with
grooves on the sides of the compartments to receive the glasses of eggs,

these being three-fourths of an inch apart and placed at an angle with
the i^erpeudicular. The glasses were so arranged that every alternate

one should rest on the bottom, with the others half an inch above, so

that the water must pass over the top of the first pane, under the second,

over the third, &c., on its waj' through the trough, thus giving a con-

stant stream over each pane. A few eggs were taken on wire cloth

and others on mosquito netting, but the former rusted so badly as to in-

jure the eggs and the latter collected such quantities of sediment from
the water that the results were far from satisfactory. Those taken on
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the glass did much better, as the eggs conld he washed with a camel's

hair brush or a feather, and thus kept passably clean.

The development of the eggs was quite marked, and the line of the

fish could be distinguished at the end of the third day ; the eye could

be seen on the fifth, and on the sixth a very slight motion was notice-

able. The average time in hatching was about twelve and the shortest

ten days.

The greatest difficulty encountered in this as in other cases was from

the impure water; but, even under these circumstances, a good many
were hatched, and the experiments proved conclusively that the artifi-

cial propagation of the species would be an easy matter if at any time it

should be thought desirable.

h. PoUocl:

Large pollock are absent from the waters of Cape Ann from the mid-

dle of January till early in May, the small ones leaving earlier in the

fall and returning in April, The young may be taken almost anywhere

along the shore, but the large fish seem to confine themselves to defi-

nite localities ; and though not particularly abundant during the sum-

mer at Cape Ann, it is a favorite spawning-ground for the species, and

during this period large schools visit this shore.

They begin to grow plenty about the first of October, and by the last

of the month are so numerous as to greatly annoy the cod-fishermen by
taking the hook before it can get to the bottom.

During this season some of the smaller vessels fish exclusively for pol-

lock, "seizing" up their lines a number of fathoms from the bottom, and
at times the fish bite as fast as the fishermen can haul them. Early in

I^fovember, a crew of four men landed 10,420 pounds, or about 1,100 fish,

the result of less than two days' fishing. Owing to a foolish prejudice,

the price is always low, at times being less than 30 cents per 100 pounds.

The average weight of the fish is about 9 or 10 pounds, and during the

spawning season the sexes are taken in about equal numbers.

They seem to spawn while swimming about in the water, and their

eggs, being buoyant, are found at the surface with those of the cod; but

they may easily be distinguished from the latter by their smaller size.

The first ripe female was seen at the fish-wharves October 23. Novem-
ber 11, a few good eggs were taken, and, after impregnation, found to

have a diameter of one twenty-fifth of an inch. They were placed in an
aquarium at the hatchery, and within forty-eight hours the fish could

be distinctly seen, though no pigment cells were visible. This proved

that the development of the eggs after leaving the parent was quite

rapid, and indicated that they would hatch in five or six days at most,

with water of the ordinary temperature.

At the time of taking these eggs no suitable apparatus had been

arranged, and we did not succeed in hatching them; and as no others

were obtained during the season positive statements cannot be made
j



730 REPORT OF COMMISSIONER OF FISH AND FISHERIES.

but tlie eggs were well advanced before tbey died, and careful observa.

tions up to this point fiilly convinced us that these eggs are as hardy as

those of the cod, and that they maybe successfully hatched by a similar

method.

Table III gives the result of our computation of the number of eggs
in individuals of different size, from which it will be seen that a 23J-
pound fish has over 4,000,000 of eggs, while a 13-pound one has 2,500,000.

c. Haddock.

It is not many years since haddock were very little sought in the

markets, and the price averaged only one cent each ; but the method of

smoking them, introduced into this country by the Scotch, has greatly

increased the demand, and now a ready sale can be found for any quan-

tity at good figures. At the present time a large fleet of Gloucester

and Portland vessels are engaged in this fishery during the winter

months, visiting George's and other offshore banks, and localities fur-

ther north where the fish are abundant at this season. The vessels are

each provided with trawls, and a single crew have been known to take

nearly 20,000 pounds in a day.

The fish usually remain on these offshore banks till the winter is

over, and they do not reach Cape Ann until just before the spawning
season, which for this species begins about the middle of April and
continues during nearly three months, the height of the season being

in May.

In the spring of 1879 it is thought that two schools visited this coast,

the first, composed of fish of large size, arriving early in April and
leaving by the middle of May ; and the other, composed of smaller fish,

reaching the grounds about the 20th of May and leaving gradually after

the 1st of July, a few remaining during the greater part of the summer.

When the fishing first began, the fish were several miles from the shore,

but they continued to " work in," until there was good fishing at the

mouth of the harbor for several days, after which they seemed to move
back again, and toward the close of the season remained on muddy
bottom, when trawls were extensively used in their capture.

Early in May haddock were so plenty that one man caught 1,881

pounds in one day with hand-lines, and about the same time many dif-

ferent fishermen secured over 1,000 pounds. The males were usually a

trifle more abundant, though at times the females composed fully half

of the catch. The latter average larger than the former, and some days

there would be a difference of two pounds in favor of the female.

The first ripe females were noticed on the 23d of April, and in the

middle of July an occasional fish had not finished spawning. The first

eggs were secured May 5, and others were taken at intervals to June 2,

the total quantity being about 250,000. The method of impregnation

was similar to that used for egga of the cod, and the size of the eggs

was one-nineteenth of an inch. Though the number contained in the
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larger individuals of the species reaches over 1,800,000 (see Table II),

the quantity obtained for hatching purposes at any one time was quite

small as compared with the number taken from the cod or the pollock,

and the quantity of milt in the male fish was very much less than in

either of the other species.

Different methods were employed in hatching the eggs ; among oth-

ers the Clark trough, and a floating box with wire-cloth bottom placed

in the harbor beside the wharf. Those placed in the former were in-

jured by dirt, but the floating box was more successful, and of the eggs

placed in this a number were hatched. The line of the fish could be

seen when the eggs were three days old, and in five days the fish was
fully formed, though no motion could be detected. The shortest time

required for hatching was eight, and the average nine days.

7.—CONCLUSIONS.

Up to the time of the establishment of the hatchery at Gloucester,

so far as we know, no attempt had been made to impregnate and hatch

floating eggs, and the whole subject involving the artificial j^ropagation

of so many important species had received little attention from the fish-

culturists of the world.

The results of the experiments, during the three or four months of the

winter of 1878-'79, were all that had been expected, and gave methods
that will be of the greatest value for future extensive work. The prin-

cipal points involved in hatching this class of eggs are now fairly under-

stood, and most of the difficulties in the way of success have been met
and overcome.

That the artificial propagation of the species is not only possible but
practicable is proven by the fact that, under the most unfavorable cir-

cumstances, a small party succeeded in hatching over a million and a
half of young cod during a short season ; and that the loss of eggs in

hatching was reduced from 100 to only 30 per cent, in about two mouths.
With apparatus made of suitable material, and placed on the new

steamer now being built for the purpose, we see no reason why the work
may not be carried on with the utmost success. At Gloucester the
steamer can be safely anchored in the deep water of the outer harbor,

away from all dirt and sediment, and can, if necessary, be moved to any
other place where the fish chance to be more plenty.

With other species hatched by the Commission the great difiiculty has
been to secure the spawning-fish, from which the supply of eggs could

be obtained. This has required a large force of men kept constantly on
the fishing-grounds, and even then the quantity of eggs taken has usually

been below the desired number, so that the hatching operations have
often been limited by the number of eggs that could be secui^ed. Again,
with most species the spawning season for any particular locality lasts

but a few weeks at most, and the loss of time occasioned jjy storms and
other causes frequently interferes greatly with the success of the work.
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With the cod the case is wholly different, for fish are plenty on the

Kew England coast during most of the year, and the spawning season

at Cape Ann lasts during eight or nine months.

The supply of spawning-fish can be obtained with little difficulty by
a single crew, and brought to the harbor alive from any locality desired

by means of an ordinary market well-smack.

These fish can be transferred to the live-cars convenient to the hatch-

ery, to remain until such time as they may ripen. Thus the live-cars can

be made a source of almost constant supply, and the hatching operations

can be vigorously pushed during fully half the year; while the number
of fish that can be hatched seems limited only by the capacity of the

hatchery, and hundreds of millions of eggs can easily be secured in a

single season.

jThe young fry seem quite hardy, and can be kept confined a consid-

erable time and transported long distances with small loss; so that it

will be an easy matter to carry them to the more southern waters before

turning them loose in the sea. In this way it is thought that the

range of the commercial fisheries may be somewhat extended, and a

large class of people, both fishermen and consumers, greatly benefited.

When the subject is regarded from the above standpoint, it is clear that

the artificial propagation of the cod, as well as that of several other

species, will remove the possibility of the extermination of these spe-

cies from over-fishing; for the ovaries of 25 good-sized cod-fish, if all

the eggs were hatched, would furnish more fish in number than are

taken by the combined fleets of cod-fishermen from all the different

fishing-ports of the United States during the most prosperous season.

Smithsonian Institution, February 1, 1880.

E.—APPE^^DIX.

Table I.—Shoicing the nuniber of eggs in cod-fisli of different sizes.

Number.
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Table II.—Shoiving the number of eggs in haddooh of different sizes.

Number.

1
2
3
4
5
6
7

In.
28*
26*
26'

24
22

20i

Lis. Oz,
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Table IV.

—

Showing the variation in weight of cod-fi^h of rarions lengths—Contimie,d.

FEilALES.

Condition of ovaries. Condition of ovaries. tLai

In.

19m
21
22i

23
23
23
26

27i
28
29
30
30
30

30i
31
31

31i
31J
31i
32
33
33

33i
34

SmnU
Very small

.

Very small.
do

Very small.
do ...

Medium
do ....

Very small.

Small
"Well developed

.

SmaU

Small...

Medium

.

Lbs.

10
11
11
12
12

12i

l7l.

34
34
34*
3ui
36

36i
37
39
39
39i
39*
40
40
40
40
41
41

41J
43
44

44J
45

48J
50i
57i

Verv small

.

Small

Small . .

.

Medium .

Small . .

.

do .

Medium ,

Small . .

.

do .

do .

Medium

.

Medium
Well developed

.

do

Eipe.

"Well developed

.

SmaU
Eipe
SmaU

Lbs.
14

17J
11

14i
16

16i
14
18

21i
18i
20
16

17J
20i
23

23J
32
27
29^

31i
35
39
31
45}
64

Table V.

—

Showing the loss in weight of cod from the round to the market-dried fish.'

Number.
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Table VI.—Showing the loss in weight of "Georges cod" in curing, after beiug split and
salted on the vessel.*
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Table X.—Showing the loss in weight of haddock from the round to the marTcet-dried fish.

Number.
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XXXIII -REPORT OF OPERATIONS AT THE UNITED STATES
SALMON-HATCHING STATION ON THE M'CLOUD RIVER, CAL-
IFORNIA, IN 1878.*

By Livingston Stone.

Charlestown, ]Sr. H.

December 31, 1878.

Prof. Spencer F. Baird,

United States Commissioner:

Sir : I beg leave to report as follows : The winter of 1877-'78 was aji

extremely rainy one, and in this section of California it rained almost

incessantly from the 6th of January till the end of February. In con-

sequence of these rains the McCloud Eiver rose to an uniirecedented

height, and swept down through the caiion which incloses it with terrible

volume and velocity. When it was 14 feet 9 inches above the summer
level, it was just even with the floor of the fishery mess-house. From
that time till the waters began to subside the fishery buildings were in

great danger. The excessive rise in the river brought down drift-wood

that had been undisturbed for years, and in immense quantities. This

drift-wood coming down with great force in the swift current and com-

posed sometimes of the trunks of huge trees, endangered the buildings

to a most serious degree. The water was not high enough to carry away
the buildings by the mere force of the current, although it was in itself

very powerful, but the momentum of the drift-wood was sufiicient to

carry everything before it.

During all the time of the high water, the men in charge, viz, Myron
Green, Patrick Eiley, and J. A. Richardson, together with four or five

Indians who helped them, worked with great resolution and courage.

During the whole of two days and one night they were in the water,

sometimes up to their necks, and often in danger of their lives, guiding

the drift-wood so that it would pass through the fishery premises with

the least danger. They worked so persistently and skillfully that the

houses were saved, but everything else was swept away. All the fences,'

flumes, chicken-coops, door-steps, h'atching-troughs, filtering-tanks,

eveything that was on the ground that would float, were carried ott'. The
whole of the interior of the hatching-house was cleared out and left as

clean as the dry bed of a river, which indeed it literally became. The
damage done to the fishery was so considerable that I applied to the

* The species referred to in tlio accompanying rejiort is the Qniunat or California

Bahnon

—

Salmo quinnat.

741
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United States Commissioner of Fish and Fislieries for a sum of money
for tlie purpose of making repairs. This being furnished out of the de-

ficiency appropriation voted by Congress in the spring of 1878 for the

propagation of food fishes, I went to the McCloud Eiver in May and im-

mediately entered upon the work of putting the fishery in repair. There

was an immense deal of work to be accomplished to set things to rights,

and to get the place ready for the season's operations in hatching salmon-

eggs. The main things to be done were to place the old buildings as they

were before the freshet, to build a new building to serve both for a dwell-

ing-house and a post-office, to replace the fences and flumes, to build the

spawning-house and the corrals for the parent salmon, to repair the

current wheel and the two flat-boats that it rested on and to put them

in place in the river, to build a solid wall of rock from the high land to

the river to protect the buildings against the force of the current in

future floods, to build the rack, «&c., and to reconstruct almost the whole

of the interior of the lower j)art of the hatching-house, every portion of

which was swept away so clean that not a single thing was left in it, not

even the heavy grindstone. In order to make as rapid progress as pos-

sible, I put on a large force of men at once, and began work simultane-

ously on several of the undertakings just mentioned. The getting out

of the timbers for the buildings, for the hatching-house floor, for the

fences, and for general purposes, occupied the time of most of the men
for two or three weeks. As we have no horses at the fishery, it becomes

necessary to cut our timbers somewhere on the river above us. The first

year that we settled here we found enough suitable trees close by, but

each subsequent year we have had to go higher and higher up the river,

tUl this year we found it necessary to go nearly four miles up to find

such timbers as we required. This involved the consumption of a good

deal of time, not only in getting the timber but especially in floating it

down to the fishery, the river being tortuous in its course and very rapid.

It was over a month before all the timbers were delivered at the places

where they were wanted, and if it had not been for the very efiQcient

help of the Indians, who seemed as ^uuch at home in the water as on

the land, we probably should not have succeeded in getting the logs

down the river at all. As soon as the timbers were ready, we built the

bridge and rack across the river to obstruct the ascent of the salmon.

The demand for California salmon-eggs being now very large, I wished

to take ten million eggs or more this season, and was, consequently,

'anxious to get the rack in as soon as possible. The water was still much
higher than usual, and the dif&citilt undertaking of bridging the stream

was made still more difficult this year by the high water. By the 10th

of July, however, it was accomplished, and the river was closed to the

upward migration of the salmon. I was the more willing to close the

stream as early as this because vast numbers of full-grown salmon, taking

advantage of the high water in the Sacramento Eiver, had escaped the
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nets of the Sacramento fishermen and bad already fally stocked the

ui)per waters of the McCload with spawning fish.

The bridge and rack were hardly completed before the salmon in im-

mense quantities made one of those fierce raids on the rack which I

have described in previous reports. For two or three hours thousands

of them threw themselves against the rack with all their strength in

their fierce but useless attempts to effect a breach in the dam. Finally,

finding their efibrts ineffectual, they desisted and fell back into the deep
pools below.

In the mean time, while the dam was being built, work had progressed

very satisfactorily in other directions. On the 20th of June, by the aid

of a Spanish windlass, we returned the current wheel and boats to the

river. By the 10th of July the post-oflBce building was finished, and the

fences, flumes, doorsteps, and most of the smaller thiugs that had been
injured or destroyed had been repaired or restored. By the 1st ofAugust
the west i)iazza of the large dwelling-house was finished, together with

an additional room. All the buildings had been whitewashed or painted.

The large corral for confining the spawning fish was put in jdace at the

fishing-ground, the solid water-wall of rock to protect the fishery-build-

ings against future floods was nearly finished, the first line of troughs in

the hatching-house was laid, the current-wheel and flatboats put in com-

plete repair, the i^acking-boxes were made, and a new fishing-boat had
been built.

During the first twenty days of August we gave our attention chiefly

to finishing up the hatching-house and hatching apparatus, building

the spawning-house at the fishing-ground, making the smaller nets to

catch and confine the parent salmon in while taking the eggs, and in

general to perfecting every x^art of the preparations for taking eggs

;

and I may add here that never since the United States Fish Commission
began work on the McCloud River have the appointments of the fishery

and all the arrangements for carrying on operations here been so com-

plete and entirely satisfactory. From the bridge and rack, which are the

first steps taken towards securing the season's supply of salmon-eggs,

to the minutest points connected with the taking and hatching of the

eggs, there was hardly a thing left to be wished for, thanks to the liberal

allowance made by the United States Fish Commissioner of Fish and
Fisheries for the operations of this station.

On the 20th of August we took the first eggs of the season, number-
ing 30,000, and from that time till the 5th of October, when the last ice-

car was loaded with salmon-eggs for their eastern destinations, our

time was taken up with spawning the salmon, taking care of the eggs,

preparing the moss for i)acking, and making the crates for shipping the

eggs in.

Having now given a general resume of the work which was done at

the McCloud Fishery in the season of 1878, I will mention a few inci-

dents which came under my observation, some of which may be worth
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recording, and, as they are mostly disconnected, I will take tliem up in

the order in which they occurred.

On the 19th of May, when I arrived at the fishery, the country looked

magnificently. All the foliage was fresh and green, owing to the recent

heavy rains. Azalias, roses, the beautiful golden poppies of this

region, with a thousand other gorgeous California flowers, were in bloom
in vast profusion; and so thoroughly saturated with water was the

earth, from the excessive rainfall of the winter, that it was long after

the usual time when the desiccating influence of the dry season began
to show its withering effect upon the vegetation.

On Sunday, May 26, an incident occurred which, though resulting in

nothing of importance, seems to illustrate the uncertainty with which
life in remote and unsettled regions like this is accompanied. About
midnight we were awakened by the dogs barking violently in the di-

rection of the hill behind the house. Upon sending them out to see

what was the matter, they went about ten rods to some thick brush,

and retiu'ued yelping. At the same time we could distinctly hear

stones being thrown at them. It was dark. There was only one man
in the house besides myself, and we only had one gun between us.

With the exception of the hostler at the stage station, a mile distant,

there was not a white man within three miles. We were in a coun-

try which we knew was often frequented by desperadoes, and where

the stage has been robbed six times in a month, and where murders

are not of unfrequent occurrence. It might be only one or two burg-

lars in the bushes, but how did we know that they were not a gang
of cut-throats who were taking advantage of our weakness to over-

power us, and secure the money which is supposed to be at a govern-

ment station like this. It was impossible to help thinking that if that

were the case, how easy it would be for a few determined men to set fire

to the buildings, and then to pick us ofl", one by one, as we endeavored

to escape. That has been the fate of a great many jjersons in unsettled

portions of California, and why should it not be ours ? I follow out this

line of thought merely to illustrate the uncertainty which attends this

sort of life. In point of fact the only result was that we remained awake

the rest of the night, and in the morning we saw where the men, who-

ever they were, had thrown the rocks at the dogs. That was all.

A very natural sequel to this incident took place just a week later,

and also illustrates the uncertainty which I have just mentioned. About
nine o'clock one evening we heard a great deal of noise, accompanied

with some quarrelling among the Indians about a quarter of a mile

below the house. The noise continuing, two of our men started down
the road to see what the matter was, and on arriving at the fishery sta-

ble found one or two men engaged in robbing a teamster who was stop-

ping there over night. One or two shots were fired by our party, but

the robbers escaped. We found, however, that the rascals had not only

robbed the teamster of his money, but had taken from his wagon twenty
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demijohns of whisky, which they had distributed indiscriminately among
the Indians. The residt was such as no one can reaUze who has not

been in an Indian country. The Indians were all more or less intoxi-

cated, were very noisy and quarrelsome, and were inciting each other

to make a descent on the fishery, and, as they exjiressed it, "to sweep

it clean with the ground." Our men, in the highest degree indignant at

this outrageous villany of the robbers, armed themselves for the occa-

sion and determined to give chase to them that very night. They found

them about daylight at an Indian lodge, and placing the muzzles of

their revolvers close to the robbers' heads, they captured them without

resistance. One is now in the State's prison, the evidence against him
being conclusive. The other was discharged for want of sufficient proof

of his guilt. This fiu'nishes another instance of our insecurity. It is

true it resulted in nothing, but had the Indians been sufficiently intoxi-

cated or sufficiently bold to make an attack on the fishery that night,

they could have carried everything before them.

On the 21st of June a post-office was established at the fishery, which
I named Baird, after Professor Baird, United States Commissioner of

Fish and Fisheries.

During the first week in July an Indian named Chicken Charlie called

on me and said his father was going to die soon, and he wanted a coffin

made. We made the coffin, and after a while, when they supposed the

Indian was dead, they put him in the coffin and proceeded to bury him

;

but before they had finished burying him he came to life again, and they

took him out and waited a while longer. The next time he really died,

and the following day he was buried over again.

As soon as the dam was completed across the river, the salmon showed
signs of being very thick in the river below. On the 11th of July we
made a haul with the seine, which confirmed our impressions of the

abundance of the salmon, the number taken at this haul being nearly a

thousand. About this time the Indians employed at the fishery did

some very fine work under water in repairing the rack. We discovered

one day that the salmon, by their violent and repeated attacl^s on the

dam, had at last forced a passage-way underneath the rack and were
escaping, I immediately put three Indians on the break to repair it.

The water was very cold and very swift, and it would have been ex-

tremely difficult for white men, unless experienced divers, to do the

work; but the Indians, diving down to the bottom of the river and
bracing their feet against the dam to resist the force of the current,

worked with great skill and perfect self-possession, although remaining
sometimes a very unpleasantly long time under water. I will add
here that. the assistance of the Indians during the work which we have
to do in the water is perfectly invaluable. I do not know how we
should get along without them, particularly as the snow-water of the

McCloud is so cold that white men cannot stay in it any great length of

time. The Indians will remain in it till they get so cold that they build
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a fire "when they come out of the water to warm themselves by, as I have

often seen them, when the surrounding air is ah^eady at 130° Fahrenheit

from the natural heat of the sun.

Salmon-jumiying.—Soon after the salmon were shut off from ascending

the river, I frequently took a boat and went out into the river below the

dam to watch the salmon jumping. On the 21st of July I counted 75 a

minute (4,500 an hour) jumping in a space iierhaps a hundred yards

long by thirty yards wide. On the 28th of July I counted 100 a minute

(6,000 an hour). On the 31st of July I counted 145 a minute (8,700 an

hour). This is the largest number of salmon that I have ever seen

jumping in the McCloud Eiver in a minute.

Heat of the sun.—For some unknown reason there are usually one or

two days, but no more, during the summer when it is exceptionally hot

in the sun. In 1875 this peculiar day came on the 22d of July, when

the temperature was 153'^ in the sun. This year it came on the 26th of

July. The thermometer on that day in the sun at 4 o'clock i>. m. rose

to 1490.

The eclipse of the sun.—On the 29th of July an eclipse of the sun took

place. I had told the Indians two months before that it was going to

happen, and from that time till the day of the eclipse they came to me
every little while to inquire how many days before the " grizzly bear

would eat the sun," that being their explanation of the darkening of

the sun at an eclipse. When the day arrived, twenty or thirty of them

came to the fishery and looked at the sun with the greatest interest

through pieces of smoked glass which we prepared for them, and which

enabled them to watch the progress of the eclipse much better than they

could do in their own way, which is by observing the reflection of the

sun in the water. It is a great mystery to them how the white man is

able to predict so long beforehand the coming of the " grizzly bear

that eats the sun."

On the 25th of March, 1876, an eclipse of the sun occurred, and, at the

height of the obscuration, an otter came out of the water in front of the

house, looked around, and disappeared. Tbe Indians remembered it,

and kept on the watch for the otter during the eclipse this year (1878).

No otter came ; but it was a singular fact that the next day an otter

—

the only one we saw during the season—swam down past the house and

back again, and disappeared. I think that the Indions who saw these

otters will always think that an otter, as well as a grizzly bear, is re-

quired to accomplish an eclipse of the sun.

The Indian scare.—On the 21st of July an Indian m^senger came in

great haste from Copper City, on Pitt Eiver, about eight miles from the

fishery, with a letter from the superintendent of the silver mines there,

stating that alarming rumors had reached that place about large num-

bers of northern Indians having been seen on the McCloud, and that the

people there had heard that the Indians were meditating an attack on

their settlement, and asking if we knew anything about it. About the
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same time we read in the i)apers tliat the Pit Eiver Indians had been

making" hostile demonstrations on their river. Our McClond Eiver In-

dians, wlio by this time had heard of the alarm at Copper City, were

very much excited. We wrote back to the superintendent thatwethought
there was nothing in it, and that there was no danger. The next morn-

ing, however, an Indian squaw told us that the Yreka and Ui)per Sac-

ramento Indians were coming down to the McCloud to kill the McCloud
Indians and what white men there were on the river, meaning ourselves

at the fishery. We heard farther that Outlaw Dick, who murdered

George Crooks here in 1873, and Captain Alexander, an Indian of very

warlike disposition, had urged the northern Indians at a recent council

to make a descent upon the McCloud and "clean out," as they expressed

it, all the white men and McCloud Indians on the river. To add to the

excitement, a Piute chief had visited our Indians the past week to stir

them up to make war on the whites.

Three days after, a McCloud Indian came down in hot haste from Alex-

ander's camp and told our Indians that Alexanderhad gone north to "call"

his Indians, and that they would be down next month to make war on

the McClouds. Some of our Indians were very much alarmed, and for

several days a good deal dejected over this news, and they told us stories

of ancient fights that they had had with the northern Indians, and how
the Modocs and Yreka Indians had made war on them and burned their

children and carried off their squaws. All this occurred just at the time

when the SanFrancisco papers were full of the murders and depredations

of the Oregon Indians, and we began to think that there might be some-

thing serious in the excitement in our neighborhood. At all events, as

we had only one rifle at the fishery I thought it prudent to be at least

better armed, and accordiugly telegraphed for arms and ammunition.

The excitement, however, gradually died away. The Piute chief re-

turned to his own tribe ; the Oregon Indians began to surrender and
come in to deliver themselves up to the soldiers ; the McCloud Indians

recovered from their alarm, and about three weeks after the first excite-

ment they informed me that Captain Alexander and his Indians had
changed their minds and were not coming. This was the end of our In-

dian scare, and after this we thought nothing more about it. We might
nothave been in any danger whatever. It is very likely that we were not,

and yet when a few white men are in an Indian country where the In-

dians outnumber them ten to one, as in our case, their very helplessness

creates a feeling of uneasiness if there is only the slightest susiiicion of

danger. We did not know that we were in great danger, but we knew
that if we were, with but one rifle among us, we were perfectly i^owerless

to avert it ; and that reflection was an unpleasant one in itself.

Hot weather.—Between the 8th and 14th of August, inclusive, we
had a hot week, during which the heat was so continuous and excessive

that I think it is worth mentioning. The temperature on those days at

3 o'clock iQ the shade was as follows : August 8, 102° ; August 9, 108°;
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August 10, 110°
J
August 11, llOOj August 12, 112o,- August 13, 106°;

August 14, 102O.

I will also call attention liere to tlie striking contrast between the

temperature of the air and that of the water. On the 11th of August
the air in the sun was 134°, and the water was 60°, consequently when
our men went into the water to work on that and similar days, they ex-

perienced a change of temperature of 74°. This is very trying to the

health, and some who have worked here in the water have suffered

very severely from the effects of it.

Boily water.—About the 10th of August we noticed that the river

water was beginning to be turbid, and to look in color like the Missouri

at Omaha. This created no alarm, because we had often noticed, after

very hot days, that the McCloud water was turbid, the cause being that

the unusual heat melts an unusual amount of snow on Mount Shasta,

which swells the smaller streams at the head of the river and roils the

water. The turbidness of the water, however, continued for several

days and increased every day till, on the 15th of August, the water

was so muddy that one could not see more than 18 inches below the

surface. Then we began to think that there might be some other cause

for it than melting snows, and horrible visions of Chinamen mining at

the head waters of the McCloud arose in our minds. Every other good

salmon-spawning river in California has been spoiled or nearly spoiled

for the salmon by mining operations, and to think of the McCloud, the

last hope of the Sacramento salmon being ruined in the same way was
intolerable. The universal sentiment at the fishery was that if our sus-

picions were true, " the Chinese must go," and it would not have been

difficult to find men enough to carry the decree into execution.

On Saturday, August 17, 1 decided if the water did not become clearer

to send an exj)edition uj) the river to ascertain the cause of its turbid-

ness. On Monday, however, it began to get a little clearer, and con-

tinued to grow clearer till the 24th of August, when it was about as

clear as usual. In the mean time I discovered the cause of the turbid-

ness, which proved to be a very peculiar one at the same time that it

entirely relieved the Chinamen from our very unjust suspicions. We
discovered that when there is an unusual amount of melting snow on

Mount Shasta, the water seeks a new channel through what is generally

in summer a dry gulch. This gulch, called Mud Creek, is comjiosed of

fine, white, ashy earth, and when the melting snows on Shasta overflow

into it, they carry vast quantities of whitish mud into the McCloud.

This is what made the river so roily ; and the reason that it continued

roily so much longer than usual was because there was more snow than

usual on Shasta, and the heat for a week was very excessive.

TJw salmon.—The salmon, as before remarked, were found to be ex-

tremely abundant below the dam, and as soon as it was finished they

gathered there in vast numbers. Indeed they were more numerous
than I have ever known them to be before at that time, ^dz, the first half
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of July. This abundance of salmon continued through the season. At
first they were very small, smaller than we have ever known them to

be before, but about the 13tli of August a new run came up of very

large fish. This run with the earlier run of small ones made the river

swarm with salmon. " I have never seen anything like it anywhere, not

even on the tributaries of the Columbia. On the afternoon of the 15th

of August there was a space in the river below the rack about 50 feet

wide aud 80 feet long where, if a person could have balanced himself,

he could actually have walked anywhere on the backs of the salmon,

they were so thick. I have often heard "travelers make this remark

about salmon in small streams, so I know that it is not an uncommon
thing in streams below a certain size, but to see salmon as thick as this

in a river of so great volume as the McCloud must, I think, be a rare

sight. About this time I kept a patrol on the bridge every moment,

night and day, aud this precaution, though an expensive one, was well

rewarded, for this vast number of salmon continually striking the bridge

with sledge-hammer blows wei^e sure, in the course of time, to displace

something aud effect a passage through to the upper side, and when one

did succeed in getting through, the others would follow with surprising

rapidity one after another, like a flock of sheep going through a break

in a fence. If they were not watched a hundred or even a thousand

could easily slip through unobserved, but by the aid of the patrol, who
was always provided with material for repairing the dam, a breach tv^as

discovered as soon as it was made, and was repaired as soon as it was
discovered. This swarm of salmon just alluded to remained at the

bridge and kept up the attack at one point or another for three days,

and then fell back to the jjools below, where, with occasional renewals of

their attacks, they remained until they were caught in the seine.

The sjiaicning season.—The spawning season began the 20th of

August, with the taking of 30,000 eggs from seven fish. Every haul of

the net brought an enormous quantity of salmon. Without our trying

to capture many, the net would frequently bring in a thousand at a haul.

We found very few rii^e fish, however, until the 28th of August, when
the spawning season set in in good earnest, and from this date to the

last day of taking eggs the yield was very large and remarkably regular.

This leads me to say that the most extraordinary feature about the

fishing season this year was that the salmon in the river did not seem
to be diminished any by our constant seining. We made enormous
hauls with the net every day, spawned a large number of salmon, and
gave a large number to the Indians for their winter supply, but always

the next day the spawning salmon seemed to be as thick as ever. This

abundance of the salmon was a daily surprise to us. Every day we
were regularly, though agreeably, disappointed. It was three weeks

before we made any impression on the spawners in the river. At last,

about the 15th of September, the females with spawn began to fall off a

little, but only a little. We had enough eggs by this time, however, and
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stopped fisliing on the IStli of September, not because of auy scarcity

of salmon, but because we did not Avant auy more eggs. We bad in the

hatching-house on the evening of that day 12,240,000 sabnou eggs, ac-

cording to our recorded count, though without doubt over 14,000,000 in

reality, as our method of counting purposely leaves a large outside mar-

gin for emergencies. Had we continued to fish and take eggs till the

close of the fishing season, we could probably have taken 18,000,000 eggs,

and i^erhaps more.

It is a fact worth noticing here, that the salmon were smaller this year

than usual, the eggs were smaller, and the number of eggs to the fish

was smaller. I doubt if the female salmon which we spawned averaged

for the season over nine or nine and a half pounds, while in pre\aous

years they have averaged twelve or fourteen pounds. Sometimes we
spawned twenty salmon in succession, of which not more than three out

of the twenty would vary a half a pound from seven pounds. The
weights of the salmon which we tagged and set free, given in the table

below, are a fair samj)le of the weights of the females for the whole sea-

son.

TaMe showing the weight of several McCIoud Biver salmon ivhich were tagged ivith a silver

tag and turned loose in the river in Septeniber, 1878.
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Indians down the river for this purpose. By going over the lish with

boats, by throwing in rocks, by stirring up the holes with long poles, by

floating down trees and brush over them, we have usually succeeded in

driving back the fish that have gone doion the river from the fishing-

ground. This, however, did not enable us to get at the fish that went

tip the river and that lay in the rapids, and i^articularly in the deep

holes betweeil the seining-grounds and the bridge above. Here vast

quantities of salmon collected, which we had never hitherto been able

satisfactorily to reach. This year I accomplished it in this way : I had

several Indians go up to the bridge armed with long poles. At a given

signal three Indians jumped into the foaming rapids below the bridge,

and by splashing the water with their arms and limbs and making as

much of a disturbance in the water as ijossible did everything they could

to frighten the salmon out of the rapids. On reaching the deep holes,

where the fish lay collected by hundreds and perhaps thousands, the

Indians dove down in the very midst of the swarms of salmon, and,

stirring them up with their long looles, succeeded in driving them out.

In order to co-operate most effectively with the Indian divers, I had the

seiuing-boat, with the boatmen all ready in it, stationed just at the point

where the boat starts across the river with the net. On the beach also,

where the net is drawn in, the fishermen were stationed at the ropes,

seven men at the lower rope, and four men at the uiiper one, ready to

Ijull in the seine at the proj)er moment. On the other side of the river,

nearly opposite the fishing-boat, was stationed a boatman with a second

boat, whose duty it was when the net was payed out to pull down close

to the opposite shore where the net itself could not reach, in order to

prevent the salmon from skulking there away from the seine. Still lower

down on each side of the river were men stationed on the banks to

throw rocks into the rapids below, with the intention of driving the fish

out of the rapids into the net.

On these occasions the hauling of the seine was quite an exciting event.

The Indian swimmers, their dark heads just showing above the white

foam, screaming and shouting in the icy waters and brandishing their

long poles, came down the rapids at great speed, disapi)earing entirely

now and then as they dove down into a deep hole. As soon as they

approached within about four rods of the fishing-skiff', the boat shot out

from the shore, the second boat man braced himself and his oars for a

quick pull down along the bank. The man at the stern of the first boat

began paying out the seine, the fishermen on the beach gathered at their

respective ropes, the men on shore began throwing rocks in the rapids,

and in a few moments the net was drawn to the beach with an enormous
mass of struggling, writhing salmon, often weighing in the aggregate

not less than four or five tons. Then the fishermen sprang into the water

and examined the fish, taking the ripe ones to the corral and throwing

the unripe ones back into the river until the net was emptied. Then aU
was quiet again and the men i^roceeded to take the eggs from the ripe

fish which they had captured.
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I ought to add here that the water is too cold for white men to endure

swimming and diving and remaining in it as long as is necessary to

drive the salmon from the rapids. Indeed, the mere work of examining

and spawning the salmon is altogether too severe an exposure for white

men, and almost every one of my men gets more or less prostrated with

sickness the lirst week of the spawning season. And it is not to be

wondered at, for we run the seine every night until twelve o'clock, and
the water and night air are sometimes 80° colder than where the men
have been accustomed to work during the day. For instance, after

hewing timbers or building a corral in a sun temperature of 130° in the

daytime, they will frequently work in the water and night air in the

evening in a temperature of 50°, their clothes wet through all the time.

Here the difference in temperature is just 80°. This is obviously ex-

ceedingly trying to the most robust constitution, and the result always

is that most of the men get sick the first week, though it is also true

they usually rally—that is, those who can stand it fd; all—and are all on

duty the next week, attacking their work with renewed zeal and vigor.

The actual spawning of the salmon this year was conducted on the

same general plan as last year, except that I made arrangements for

doing the work somewhat more systematically, and on a scale corre-

sponding to the great number of eggs which we hoj^ed to take, and
which we actually did take. I think other salmon breeders will be in-

clined to smile an incredulous smile when I say that we fi'equeutly took

fi'om 700,000 to 900,000 eggs and upwards in one day before four o'clock

in the afternoon. Yet this my men actually accomplished several times.

The physical exertion requked to do it is enormous.

On the evening of the 18th day of September all the eggs were taken

and placed in the hatching-houses in good order, the whole work of the

spawning season having been done this year, notwithstanding the large

number of eggs taken, more smoothly and easily than ever before.

Maturing and hatching the eggs.—The maturing and hatching of the

eggs also passed off more smoothly this year than usual. No disasters

or drawbacks occurred during the whole season that I remember.

Everything worked well, and when the time came for shipping the eggs,

there were as fine a lot in the hatching-houses as was ever collected

together. There was not an egg shipped, that I am aware of, that had
been in the least degree injured by fungus, sediment, insufflcient air, or

any other cause whatever. All were in a perfect condition of health

and vitality.

In confirmation of the above statement I quote below from some of

the letters which I received from consignees of the eggs concerning the

condition of the eggs on arrival at their destinations.
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Madison, Wis., Becemher 20, 1878.

Dear Sir: Your receipt for freight on California salmon eggs re-

ceived tins day.

The eggs icere very fine; hatched out beautifully.

Yery truly yours,

WILLIAM WELCH,
President Wisconsin Fish Commission.

L. Stone.

Mount Carroll, Carroll County, Illinois,

October IG, 1878.

Pear Sir: The two crates of California salmon eggs, of which you
notified me from California, reached me on the 14th instant. They are

in fine condition, only about 3 per cent, being found faulty.

Yery truly yours,

SAJVIUEL PEESTON.
Livingston Stone, Esq.

Gloucester, Mass., October 18, 1878.

My Dear Sir : My man writes me of the safe arrival of the salmon

eggs in good condition. Out of the lot of 250,000 he picked out 0,000

bad eggs, 2-^^ per cent.

Yours, very respectfully,

FEANK N. CLARK.
Livingston Stone.

Saint Paul, Minn., October 28, 1878.

Dear Sir : The California salmon eggs from McCloud River came to

us in the evening of the 14th, and I am glad to say they open np in bet-

ter order than any we have ever received before. The iDacking and car-

riage were a complete success, and up to this time the loss has not been

over 5 per cent.

Yery respectfully,

R. O. SWEEPS'.
Hon. S. F. Baird,

United States Fish Commissioner, Smithsonian Institute,

Washington, D. C.

Pembroke, Me., October 8, 1878.

Dear Sir : I received the case of salmon eggs that you shipped to

me. The eggs were in good condition, there being only 823 dead eggs,

which is a small j)ercentage.

Yours, respectfully,

LORENZO S. BAILEY.
Livingston Stone.

48 F
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Trenton, K J., October 14, 1878.

Dear Sir : In accordance with your request of September 23, you
are informed that the shipment of salmon eggs for the State of New
Jersey, and others (total, 475,000), was received in due time, and that

the condition of the eggs on arrival was most excellent.

Very respectfully,

E. J. ANDEESON,
Commissioner of Fisheries of New Jersey.

Livingston Stone, Esq.

EocHESTER, N. Y., October 8, 1878.

Dear Sir : The eggs arrived at destination October 4. They tvere

in very good condition. The first time going over them 4,945 were picked

out. They are looking well.

Yours,

SETH GEEEN.
Livingston Stone.

Elgin, III., October 12, 1878.

Dear Sir : The California salmon eggs came in excellent shape.

Very truly,

W. A. PEATT.
Livingston Stone.

Plymouth, K H., October 8, 1878.

Dear Sir : The eggs arrived here at noon the 7th, in good condition.

Yours, &c.,

A. H. POWEES.
Livingston Stone.

Council Bluffs, Iowa, October 17, 1878.

Dear Sir : The 50,000 California salmon eggs shipped me per ex-

press were duly received on the 14th instant, and in unpacking the same

I find them in excellent condition.

Yours, respectfully,

WM. A. MYNSTEE.
Livingston Stone.

The only large loss experienced in the shipment of the eggs this year

was in the case of a lot of 500,000 consigned to Hon. Samuel Wilmot,

Newcastle, Ontario, Canada. These, as Mr. Wilmot's letters which fol-

low will show, were almost a total loss. There cannot be much doubt

that the injury to the eggs occurred on the express car between Chicago
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and Newcastle. As Mr. Wilmot's eggs were handled at the McClond
Eiver fishery in precisely the same way, were packed in the same way,

were shipped in the same way, and, in short, received precisely the same
treatment that the other eggs received, from the time of their leaving

the parent fish on the McCloud till they were unloaded from the ice-car

at Chicago, and as all the other eggs went safely, it does not seem pos-

sible that the injury to the eggs could have occurred west of Chicago,

because if it had, the same disastrous agency which destroyed his eggs

must inevitably have affected some of the other eggs, which was not the

case. It will also be seen from Mr. Wilmot's letters that the injury could

not well have occurred after the eggs reached Newcastle. The obvious

inference then is that the mischief must have taken place between Chi-

cago and Newcastle.

Newcastle, October 9, 1878.

Prof. Spencer F. Bated,

United States Commissioner of Fisheries, tf'C, Gloucester^ Mass.:

Dear Sir : 1 hasten to inform you, as mentioned in my telegram of

yesterday, of the loss of the California eggs that you were kind enough
to have sent to me from the McCloud Eiver. The real cause of their

death I cannot fully comprehend, but I am inclined to believe that they

must have got overheated on the road.

I got a letter from Mr. Stone in September, stating that half a million

of eggs would be sent me, and that they would be shipped on or about

28th September, from Redding to Chicago in a refrigerator-car, thence

by express to their destination, and that the express company would
notify me by telegram when the eggs left Chicago. I also got a postal

card from Mr. Stone, dated 23d September, notifying me that 5 per cent.

more than the number of eggs ordered would be added to the shipment.

The express agent here, on the morning of the oth instant, informed

me that five crates of eggs had arrived by the morning train and that

they were at his office. (This was the first and only notice I received of

their coming since receipt of Mr. Stone's letters.) I immediately sent

my assistantsTor them, giving them instructions to handle them carefully

and walk the horses slowly from the office to the fishery (about a mile)

;

in the mean time I had my men clean out the hatching-troughs, through
which a full flow of water had been running for some time, and also

rinse off the trays, to be in readiness for the coming eggs. I was pres-

ent at this time, and when the eggs arrived I saw them carefully taken

off' the wagon and carried to the end of the fishery. I then opened the

first crate myself. Before doing so I examined the manner in which it

was arranged, which was most satisfactory. The outer covering of the

inner boxes was well packed with fern leaves, and there was a center

chamber dividing the two inner boxes, in which a quantity of fresh ice

still remained. This ice must have been put in only a short time before,

as some of the pieces were quite large and almost filled up the entire

width of the chamber.
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Before opening the inner boxes containing the eggs, I pushed a ther-

mometer into the fine moss round and about the eggs, to ascertain its

temperature, so that no sudden change would be made in unpacking

the ova. The moss gave a record of 54°
; the air inside and outside the

buikling (itwas a dark, cloudy day) gave a record of54° also. I then tried

the water in the stream and in the hatching-troughs, and found it, after

several trials, to show 53° to 53i°. This being so very favorable, I set

to work with the most satisfactory anticipations for success.

To make matters as equal as possible, I also sprinkled water on the

inner boxes containing the eggs before unscrewing the slats, and al-

lowed the water to percolate through the moss and amongst the eggs.

The ova was then taken out by gently lifting each layer with the muslin

cloth under them, and immersing the eggs slowly in the hatching-

troughs ; these were 12 feet long, 13 inches wide, 5 inches deep, with a

full flow of water running constantly through them; in opening out the

eggs, my assistant, who has been with me several years, drew my at-

tention to the eggs, or the embryo inside, beginning to tu^rn a whitish

color ; this I noticed clearly. In opening and removing the moss, they

presented a healthy appearance, with the usual dark, red color, but al-

most immediately began to show a faint oi)aque white streak along the

back of the embryo ; some showed it more than others. We got through

with the operation of unpacking on the evening of Saturday. Some of

the eggs were placed loosely on the bottom of the troughs, with a couple

of inches of water running over them; others were placed on hatching-

trays. A very few, indeed, in removing gave evidence of life or motion

inside. I picked out a few dozen that showed life and put them by

themselves ; these turned out in the course of a few hours just the same

as the others, with the opaque white line. As I had a similar loss the

previous season, I concluded there was no hope for their safety. I ex-

amined the troughs and trays after night, and found the lines of mor-

tality more x)lainly visible, and on Sunday morning I concluded the re-

sult to be almost a total loss. To-day, whilst writing, I can notice a few

eggs here and there yet looking as if they were all right, but I fear the

white fever, not the yeJlorc, has struck them, with no hope of recovery.

Every day since Saturday I have picked out a dozen or so that I hoped

were healthy, as they gave some signs of life, and i^nt them carefully

by themselves, but with the same result—a few hours afterwards, death

—

and to-day I fear we shall have none left.

jSTow, the question arises, what has caused this mortality ? Has it

occurred with other lots sent elsewhere ! Or am I alone the unfortunate

one 1 I hojie the latter may be the case, as it would be sad, indeed, if a

similar fate has befallen all the rest. I am very anxious to learn the fate

of the other shipments, and will be i^leased to hear from you concerning

them. Whether the cause of death took place before reaching Chicago,

in the refrigerator-car, or since their redistribution there, I caunot say.

The facts are, however, just as I have related, and I feel very sad at the
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loss, as I had contemplated sending a number of tLe eggs to our estab-

lishment on the Saguenay Eiver, 300 miles below Quebec, from which

place I distributed some thousands of the California fry, two years ago.

I am very fearful now that my exi)ectations in reference to the Cali-

fornia egg enterprise will be wholly frustrated.

The first lot of eggs I got from you x^revious to last fall came to hand
in the best possible shajje, not more than 2 i)er cent, or 3 per cent, being-

lost till time of hatching out. How matters have turned out wrong
since I cannot tell. T may, however, state my belief that last year's

loss was undoubtedly from overheating on the road, as the moss and

eggs were steaming hot when they were opened. This year's shipment

did not show that state of things on arrival here. Yet the overheating

may have taken place before reaching Chicago, and the replenishment

of ice may have cooled them oft", but the stroke of death did not culmi-

nate till the Oldening out and exposure to the air and water here.

The risnERiEs, Newcastle, Ont.,

November 9, 1878.

Livingston Stone, Esq.,

Assistant United States Commissioner of Fisheries, &c.,

Charleston, N. H.

:

Dear Mr. Stone : I received your favor of 4th instant, in reference

to the California eggs which you were kind enough to forward (from

your establishment on the McCloud Eiver) ^to me in October last, and I

can assure you that no one can feel more disappointed than I do at the

loss of them, for I had set my mind upon going largely into the rearing

of these Pacific salmon. However, the misfortune occurred in losing

them all save about 1,000, and the question now to be solved is, how did

the calamity happen? What was the cause of it?

You ask me certain questions concerning the death of the eggs. These

I will answer seriatim, and if, from the replies I give you, you can form

any correct idea why the loss should have occurred, no one will be more

j)leased than myself, as it will not only "solve the mystery, but will also

probably give a clew whereby similar disasters may be jDreveuted in the

future in connection with getting Calilbrnia ova from you.

I wrote Professor Baird on the 9th October, giving him particulars

of the loss, &c. In all probability he lias sent you the letter or a copy

of it. I will, however, recapitulate a portion of it by saying, "that I

got a letter from you in September saving that half a milhon of eggs

would be shipped to me on or about 2Sth September," and that, when
they arrived at Chicago, the express agent there would notify me by

telegram when they would be exjiressed from that place. I also got a

postal card from you, dated 25th September, that 5 per cent, more than

the original number would be shij^iied. To make- matters short in this

letter, I have concluded to send you a copy of that portion of the letter
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referring to the loss, written on 9tli October to Professor Baird, in

which the particulars are minutely given. (See copy attached hereto.)

You will observe in it that I did not receive any notice from the express

comi)any at Chicago when the eggs were sent on from there. My first

knowledge of the ova after your letter and postal card was from the

express agent here sending word to me that five crates of salmon had

arrived. This notice was on Saturday morning, the 5th October. 1 will

now take up your questions.

Question. At what hour did the eggs arrive at j^ewcastle?

Answer. The express train from the West arrives at 9.25 a. m.; and

very shortlj^ after this time I was notified of the arrival of the eggs.

Question 2. What express company delivered them ?

Answer. The Canadian and American Express Company.

Question 3. Was there ice on top ofthe crates and in the ice-chambers?

Answer. 1 am not aware of any ice being ow top of the crates and

think there was not, but there was ice in the ice-chambers of the crates.

Question 4. Was the express-car warm in which they were brought to

Newcastle ?

Answer. This I cannot answer, nor can the agent here tell me, as the

cars only stop a moment or so at the station, and no observation was

taken at the time.

Question 5. How long after arrival at Newcastle were they unpacked?

Answer. The unpacking- commenced between 10 and 11 o'clock a. m.,

and the work was completed about 4 p. m.

Question 6. Were they likely to grow cooler or warmer in the place

where they were kept at Newcastle before unpacking ?

Answer. There could be only a very little change, as the day was a

very dark, lowery one and pretty cool, the thermometer inside and out-

side the building ranging at 54°; there were no fires on the premises,

neither was there sunshine.

Question 7. Did the eggs appear to be dead on being opened, or was

it after they were placed in the water that they showed that they were

spoiled?

Answer. At the first glance, when moss and muslin were removed,

the eggs looked bright and red, but upon close examination life and

motion were only noticed in a few, and my assistant (who has been en-

gaged in the general work in connection with fish hatching, &c., in the

establishment for several years) drew my attention to this, stating at

the same time that he was fearful that they were going to turn out as

those did last year, as he could see a faint wldtish line along the em-

bryos in the eggs. I noticed this also. This gave us cause to take

extra care in unpacking. A thermometer was put amongst the moss

between the layers, which gave a temperatui-e of 54"^. The water in the

troughs stood at 53° to 53p, and the air outside and inside the building

was 54°. These were very favorable circumstances, and each of us began

to remove the eggs, first sprinkling water over the moss in the boxes,
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then gently removing the upper layer ofmoss with the miisliu, and lifting

up the eggs with the inuslin underneath them, and carefully immersing

the eggs in the trough inunediately alongside the packing boxes, so that

in each case the eggs in the muslin cloth were not carried beyond 3 or

4 feet before immersing in the water. It was observable that little or

no life was noticed by movement of the embryos as is usually the case

when handling them, but the faint opaque white line became more ap-

parent when placed in the water. I took part personally with my men
in opening two of the crates, noting the above particulars. The oi^ening

of the other three crates was performed by my assistants in the same

manner and with precisely the same results.

Question 8. Did all the crates open just alike, or were some in worse

condition than others "?

Answer. There was no perceptible difference in the crates. My as-

sistant thought one slightly better looking, but in the end all proved

alike.

Question 9. Did any of the eggs appear to have hatched. on the way?

Answer. I may say, no. There were, however, just half a dozen or

so that gave signs of premature hatching, but the number was so trifling

as hardly to deserve notice.

Having answered your queries as clearly as I possibly can, I hope you

may glean something from them that may give a clew to the loss. I

must say that I cannot imagine the real cause. What strikes me with

great surprise, is hoAV it was that all the other consignments turned out

so well and mine so badly. The inference would be that the difficulty

must have taken place at Chicago in reshipping, or on the road from

that place to this. From what I can learn, the time taken between

Chicago and here by express is about 48 hours. At what time the eggs

reached Chicago from Sacramento I have not precisely learned, but I

think I saw some notice of the arrival of a car load of California eggs

at that place about the 2d or 3d of October. If this were the case, and

it was the same shipment by which mine came, no time would have been

lost between Chicago and here for their carriage.

The next question arises, how many transhipments were there be-

tween the places, and could injmy have been caused whilst transhipping?

Not getting any bill of lading of their shipment at Chicago or upon

their arrival here, I cannot particularly answer this ; but there would

no doubt be a transhipment at Detroit from the American road to the

Canadian or Great Western Eailway to reach Hamilton and Toronto.

At Toronto there would be another transhipment from the Great West-

ern line to the Grand Trunk Eailway in order to reach Newcastle. This

would make tivo changes of cars (or three if a change was made at Ham-
ilton for Toronto), with new express carriers at each change, and from

the great monopoly of the express company, and consequent careless-

ness of many of its employes, roughness of handling the crates, on

account of their size and weight, might be the cause of injury, or heated
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cars (though this could not be the case, as there was plenty of ice in

the chambers). It may be that these crates have been tumbled out of

the cars like cord-wood, or barrels of pork, or crates of hardware, and

the eggs became injured by concussion in falling, and thus killiug them.

Yet I am doubtful whether this theory will hold good, as it is perfectly

astonishing the knocking about that eggs sometimes get and yet receive

no injury. If the injury did take place from the last-mentioned cause, it

would be imi)ossible to find out where the blame was to be placed, from

the many changes in transhipment and no one in particular looking

after them. In opening some of the crates the layers were very much
displaced, some being quite to one side, as if forced there b}" some pres-

sure or shock. There were no labels or directions on the crates giving

special instructions for " careful handling," or "keeping this side up
with care," so that they may have been carried in the cars or in ex-

press wagons on their " sides" or " ends." There was a painted address

on each, Sam Wilmof^ Netccastlc, Ont, 105,000 fish-eggs.

As you will find in my note to Professor Baird (copy herewith), the

crates were brought from the village of Newcastle, which is about three-

quarters of a mile from the fishery, in my own wagon, walking the team
all the way 5 they were unloaded in my i)resence and under my direc-

tions, with every possible care. I opened two of them myself and
helped remove the eggs, as described, taking, as far as my experience

and judgment were concerned, every precaution to prevent any possible

injury to the ova
;
yet the consequences have been as related. I was

not present at the opening and laying down of the three last crates,

being called away to make the customs entries, &c. My assistants, how-

ever, followed the same course I did with the first crates. About G p.

m. my head man informed me that he was afraid the eggs would all be

bad ; when I saw them a couple of hours later I came to the same con-

clusion. On the following morning (Sunday) I saw the white mark on

almost every Qg'^. Now and then an QQg was noticed with the embryo
in it alive, giving rapid, jerky-like motions; these few were picked out

and put by themselves, but they died too. During the following few

days the men kept close watch and were constantly looking out to find

any eggs that might prove sound ; and out of the whole half million we
managed to get between one and two thousand that had not succumbed

to the malady, or whatever else you may call it; these few hatched out

in about five or six days after, and we have them yet (looking well) as

the last remnant of the Livingstone consignment.

In connection with the history of these five large crates^ and the one

large crate of last year, it is strange that they should all have gone in a

somewhat similar way, whilst the former smaller packages of 10,000 and

50,000 in previous years all came to hand in the very best of condition; in

fact, the loss in them was extremely trifling. ISTone of these latter-men-

tioned good consignments hatched out for five or six weeks after being

laid down. In the crate of the fall of 1877 there was not one good egg.
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These, witlioiit doubt, were killed from overheating, as the moss and
eggs when oxjeued were steaming liot. The five crates this fall did not

X)resent this steaming or overheated appearance uj)on opening, yet this

opaque white line became visible almost immediately after opening and
being put in the troughs, and the one or two thousand that we saved

or picked out from the lot, hatched out in a few days after. This, to a

certain extent, would show that they must have had more than ordinary

warmth for their safety 5 otherwise they would not have hatched out so

prematurely.

In order to get every good or apparently living c^g from the large

mass on the trays and in the troughs, we kept them on hand as long as

we could, in fact till they became unijleasant to the smell ; but during

this time there was no growth of fungus or byssus upon them. The
embryo or young fry inside (which was quite visible in all of the eggs)

turned that pallid or opaque white color which always denotes death.

I sent a lot of the eggs to Professor Baird that he might examine them

;

I did not hear of the result.

I have packed and unpacked a very great many fish eggs, sometimes

with losses, but as a rule pretty successfully. The loss with these five

crates I must confess upsets me ; the more so, when you report all the

other consignments as unusually good. This being the case, my lot must
have come to grief in some one of the following ways, presuming they

arrived all safe at Chicago

:

1st. By detention or injury received at Chicago before transhipment.

2d. By overheating or exposure, or both, in transitu here.

3d. By rough, improper handling of the crates in transhipment from

place to place and on the cars.

There was one thing which struck my attention in opening the first

crate, namely, the perfect state the ice was in in the ice chambers, the

appearance almost denoting that it had only just been jiut there; the

pieces of ice were large, almost filling up the chamber ; in others it was
not so apparent. I was under the impression at first that forty-eight hours

on an express car would have almost melted any ice put in at Chicago,

yet the weather was cool in the beginning of October, and the ferns in

the boxes may have kej^t the ice in the good condition in which it came
here.

I must congratulate you upon your success in procuring the immense
number of eggs you did this season—some 12,000,000, I believe—and I

have much pleasure in acquainting you of my success at the several

establishments under my control, the returns from my assistants showing
up to the present time upwards of 8,000,000 of salmon eggs laid down.
The salmon, trout, and white-fish season being now in its jirime, and
being busily engaged in collecting the eggs, I cannot yet tell you the

result ; but I am fearful, the weather having been so very unfavorable,

we shall not secure the supply we should like to get.

Let me hear from you, not only on this uni)leasant subject of the loss
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of eggs, but on any other kindred matter in fish culture, in all of which
you are so thoroughly conversant.

Excuse my very long and somewhat prosy Letter, but when details

are to be given, both time and paper must be sacrificed.

Believe me to be yours, very truly,

SAMUEL WILMOT,
Superintendent Fish Culturefor Canada.

I may mention here that the supi^lementary hatching-house did ex-

cellent service in helping us to eke out the quota of eggs for the two ice-

cars. For illustration, all the eggs going into the first car had to be
taken within a period of about a week, because those that were taken
before that were in danger of being too far advanced to go in the car,

and those taken after that were likely to be not far enough advanced.

The supplementary hatching-house, which matured the eggs eight days
quicker than the regular hatching-house, by virtue of its warmer water-

supply, here came very conveniently to our aid by furnishing the ad-

ditional half million eggs just when they were wanted.

On the 3d of October the balance of the eggs were sufficiently matured
to load the second car. About two millions and a half (2,500,000) stiU

remained in the hatching-house after both the cars were loaded and sent

off. These were afterward hatched by Mr. Myron Oreen and Mr. James
Eichardson and placed by them in excellent order in the McCloud, Pit,

and Little Sacramento Elvers, all tributaries of the Sacramento.

PacMmj and sJiipplng the eggs.—The packing and shipping of the eggs,

as well as the taking, maturing, and hatching of the eggs, passed off

more smoothly this year than usual. The packing was done with mar-

velous rapidity and reflects great credit on all concerned in it, particu-

larly Mr. James Eichardson and Mr. Patrick Eiley, who placed the lay-

ers of eggs in the boxes. Had not the character of the packing, as shown
by the way in which the boxes finally opened, been made the subject of

unusual commendation from the parties who were engaged in unpacking

the eggs at their destination, I should hardly venture to say how rap-

idly they were packed, lest it might be thought to imply undue haste or

want of care. I will, however, under the circumstances, state that the

eggs were actually packed at the rate of half a million an hour, and I

wiU add my own testimony also, i hat I never saw eggs packed with more
care, fidelity, and pains, the rapidity with which the work was dispatched

being wholly the result of experience and skill and the enthusiasm with

which everyone employed did the part of the work which fell to his share.

The manner of packing the eggs was in general the same as last year,

the only difference being that this year the packing-boxes were made an
inch larger both in length and width in order to give more room for the

eggs. I, however, took especial pains this year to send large measure,

in most instances giving from 5 per cent, to 50 pev cent, more than were

ordered.
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One circumstance must be mentioned here which, though at first it

seems unimportant enough, wouhl be attended with the most serious con-

sequences if not provided against. I refer to the diminution of the moss

supply. Little by little, each year for seven years, we have encroached

upon the supply of moss within our reach. This year we had to go away
beyond the Sierra Nevada range to the sage-brush region of Shasta Val-

ley to get our moss, and I am informed by the moss-gatherers that even

that source of sui^i^ly is now exhausted. To a New Englander, at least,

the question of the moss-supi)ly would seem trivial enough, and if, as is

very unlikely, ho coidd not get moss within a mile he would be willing

to go two miles for it if necessary. But the question is not so easily

settled in a dry country like California, and it is undoubtedly a fact that

there is not within a hundred miles of the United States fishery on the

McCloud Eiver an accessible spot where moss can be obtained next year

in any considerable qaantity. It may, therefore, become necessary next

year to meet the subject in some new manner, probably by shipjDiug the

moss from the Eastern States or Oregon, or sending an expedition to

the neighborhood of Lake Tahoe for it, a distance by the traveled route

of about five hundred miles.

I will close this report by making a crude statement of the work which

was done at the fishery the last forty days preceding the loading of the

second car on the 5th day of October. During this time we caught and

examined, one by one, nearly 200,000 salmon. We took and impregnated

at least 14,000,000 eggs. We went over almost daily the 14,000,000

eggs and picked out the dead ones. We washed and picked over, almost

sprig by sprig, 220 bushels of moss. Our Indians collected and brought

in on their backs four tons of ferns for outside packing, sometimes going

two miles to get them, and we packed and crated, and loaded into the

car at Eedding eight or nine million salmon eggs, in addition to making
new wire trays, packing-boxes, &c., «&c., and doing the thousand little

things which are constantly coming uj) to be done at a place like the

fishery. All this work required an average of ten white men and twenty

Indians for the forty days referred to.

Supplementary to this report will be found the following tables

:

(1.) Table showing the observations taken of wind, weather, and tem-

perature for the season of 1878.

(2.) Table showing the daily number of salmon eggs taken and sal-

mon spawned.

(3.) Table showing the weights of salmon spawned.

(4.) Table showing the distribution of the eggs.

(5.) Catalogue of collection made for the Smithsonian Institution.

LIVINGSTON STONE.
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Table I.

—

Table of temperatures taken at the United States salmon-breeding station, McGloud
Miver, California, during the season of 1878.

Month.

May 20.

21.

22.
23.

24.
25.
26.
27.
28.

29.
30.

31.

June 1-

3.

4.

5.

6.

7.

8.

9.

10.
11.

12.

13.
14.
15.

16.
17.

18.

19.

20.
21.

22.

23.
24.
25.

26.

27.
28.

29.

30.

July 1.

2.
3'

4.

5.

6.

7.

8.

9.

10.,

11.
12.

13.
14.

15.
16.
17.

18.

19.

20.
21.
22.

23.

24.
25.
26.
27.

28.

29.

Air.

Shade.
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Table I.

—

Table of temperatures, cj-c.—Contiuued.

Month.

July 30.

31.

Ang. 1.

3!

4.
5.

6.

7.

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Sept. 1

2
3

4
5
6
7

Oct.

9..

10..

11..

12..

13..

14..

15..

16..

17..

18..

19..

20.,

21.
22 ,

23
24.

25.
26.

27.
28.

29.
30.
1.

2.

3.

4.

5.

6.

7.

Shade.

104
98
99
100
97
95
91
98
97
102
108
110
110
112
106
102
98
94
93

102
99
109
109
107
96
98
97
99
100
97
99
97

76
72
76
76
85
86
92
96
94
92
98
79
73
56
52
60
84
90
96
96
92
100

79

Sun.

124
116
115
118
114
112
108
121
120
126
128
128
134
133
132
122
121
110
96

120
116
108
80

102
104
114
121
119
118
105
122
118
126
117
114
108
109
120
114
108
104

M3
"a S3

82
72
80
81
90
93
101
108
111
103
112
79
81
56
52
60
98
102
110
106
111
115

52

108
86
101
86

"Water.

60
59^
60
60
60
60
59
59
59
59
60
60
60
60
59
59i
58
58
58
59
57
57
574
57
58
58
59
60
60
60
59
59
58
58
58
58
58
58

55
54
54
55
55
55
55
55
55
54
64
53
54
52
51
51
53
54
54
54

53i
54

59
59
59
59
59
59
58
58
58
58
59
59
60
61
61
59
58
58
58
59
56
57
56^
56"

57
57
58
59
59
59
59
58
58
58
57*
58
58

Wind.

NE.
N.
E.
NE.
SW.
sw.
SW.
SW.
SW.
SW.
N.
NE.
NE.
SW.
s.

s.

N.&S.
NE.
NE.
N.

S.

SW.

56
56
56
56
^6
55

NE.
SW.
SW.
SW.
NE.
NE.

SW.
N.
N.
N.
N.
N.
N.
N.
N.
N.
N.
SE.

Weather.

SE.

N.
N.
N.
N.
N.
N.
N.
N.
N.
N.
SW.

Clear.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Light clouds.
Cloudy.

Do".

Fair.
Light clouds.
Hazy and smoky.

Clear.
Cloudy.
Light clouds.
Clear.

Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Fair.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Cloudy.
Dof

Fair.
Do.
Do.
Do.

Fine.
Do.
Do.
Do.

Cloudy.
Do.

Bain.
Do.
Do.

Fair.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Cloudy.
Fine.
Cloudy.
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Taule I.

—

Taile of temperatures, c^-c.—Continued.
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Table III.

—

Tahle showini/ the. ivcights of salmon spawned on various days at the United
States salmon-hreedin(j station, McCloiid River, California, during the season of 1878.

[The Salmon were weighed after the eggs had been taken from them.]

AUGUST 28, 1879.
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SEPTEMBEE 9, 1878.
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Table V,

—

Catalogue of Natural History Collection made for the Smith-

sonian Institution in 1878, hy Livingston Stone.

4750 to 500° are all from McCloud Eiver, California.

4750. Trout. September, 1878.

478°. Trout. September, 1878.

479°. Salmon skiu. September, 1878.

480°. Salmon skin. September, 1878.

481°. Trout. September, 1878.

4820. Trout. September, 1878.

483°. Salmon skin. September, 1878.

484°. Trout. September, 1878.

485°. Trout. September, 1878.

4860. Salmon skin. September, 1878.

487°. Salmon skin. September, 1878.

489°. Trout. September, 1878.

490°. Trout. September, 1878.

492°. Salmon skiu. September, 1878.

4930. Trout. September, 1878.

494°. Salmon skin. September, 1878.

495°. Trout. September, 1878.

496°. Trout. September, 1878.

497°. Trout. September, 1878.

498°. Salmon skin. September, 1878.

499°. Trout. September, 1878.

500°. Eat. September, 1878.

570. Trout. McCloud River, California. July 1, 1878.

571. Trout. McCloud River, California. July 1, 1878.

572. Troig. McCloud River, California. July 3, 1878.

573. Trout. McCloud River, California. July 0, 1878.

574. Trout. McCloud River, California. June 30, 1878.

575. Trout. McCloud River, California. June 27, 1878.

576. Trout. McCloud River, California. June 30, 1878.

577. Trout. McCloud River, California. June 27, 1878.

578. Trout. Dolly Yarden (Indian, Wye-dai-deek-it). McCloud Riv-

er, California. July 6, 1878.

579. Salmon skin (female). McCloud River, California. July 14, 1878.

580. Trout. McCloud River, California. July 3, 1878.

581. Sacramento Pike. McCloud River, Cal. July 6, 1878.

582. Trout. McCloud River, California. July 14, 1878.

583. Trout. McCloud River, California. July 14, 1878.

584. Trout. Dolly Vardeu (Indian, Wye-dai-deek-it). McCloud River,

California. July 14, 1878.

585 to 591. Salmon skins. (Males, 585, 586, 587, 588, 589, 590). Mc-

Cloud River, Cal. July 15, 1878.

591 to 596. Salmon skins (females). McCloud Eiver, California. July

15, 1878.

49 F
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596. Trout. McCloud Eiver, California. July 15, 1878.

597. Trout. McCloud Eiver. July 15, 1878.

598. Trout. McCloud Eiver, California. July 15, 1878.

599 to 601. Salmon skins (males;. McCloud Eiver, California. July

16, 1878.

601 to 611. Salmon skins (females). McCloud Eiver, California. July

16, 1878.

Jar ISTo. 1. Two Dolly Vardens. Clackamas Eiver, Oregon. Winter

1877 and 1878.

Jar No. 2. Two Trout, oneDoUy Yarden. McCloud Eiver, California.

July, 1878.

Jar No. 3. Five Trout, one Dolly Varden, one Snake. McCloud Eiv-

er, California. July, 1878.

Jar No. 4. Birds. McCloud and Pitt Elvers, California.

611. Trout. McCloud Eiver, California. August 17, 1878.

013 and 611. Trout. McCloud Eiver, California. August 19, 1878.

615 and 016. Trout. . Dolly Varden (Indian, Wye-dai-deek-it). Mc-

Cloud Eiver, California. August 15, 1878.

617. Trout. Dolly Yarden. (Wye-dai-deek-it). McCloud Eiver, Cali-

fornia. September 1, 1878.

618, 619, 620, 621. Trout. McCloud Eiver, Cal. August 23 and 26,

1878.

622, 623. Salmon lieads (male). McCloud Eiver, California. Sep-

tember 3, 1878.

621, 625. Salmon skins (females). McCloud Eiver, California. Sep-

tember 3, 1878.

627, 628, 629, 630, 631, 632, 633, 634. Trout. McCloud Eiver, Califor-

nia. August, 1878.



XXXIV -REPORT OF SALMON-HATCHING OPERATIONS IN 1878,

AT THE CLACKAMAS HATCHERY.

By W, F. Hubbard.

Clackamas Hatchery, Oregon, February 4, 1879.

To Professor Spencer F. Baird,

United States Fish Commissioner :

I beg to report to you as follows : The first spawn of last season was
taken September 5, 1878, when we took the spawn from one female

salmon, the first one we had caught that was ripe. The next was taken

September 7, when we took two females. In spawning the fish, some-

times one male would answer for one female ; but we almost always used

two, and sometimes three. When fishing, we always caught more males

than females.

September 9 took the spawn from 4 females.

September 10 took the spawn from 5 females.

September 11 took the spawn from 7 females.

September 13 took the spawn from 12 females.

September 14 took the spawn from 23 females.

September 15 took the spawn from 22 females.

September IG took the spawn from 19 females.

September 17 took the spawn from 32 females.

September 18 took the spawn from 27 females.

September 19 took the spawn from 38 females.

September 20 took the spawn from 36 females.

September 21 took the spawn from 43 females.

September 22 took the spawn from 35 females.

September 23 took the spawn from 32 females.

September 24 took the spawn from 20 females.

September 25 took the spawn from 27 females.

September 20 took the spawn from 31 females.

September 27 took the spawn from 24 females.

September 28 took the spawn from 21 females.

September 29 the river began to rise, caused by heavy rains, and we
were not able to do any fishing, although we took the spawn from four

fish which we had in pens built for the purpose of keeping the fish.

September 30 we took the spawn from three fish from the pens.
771
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The river was still rising, and on the night of the 30th it washed away
the rack, allowing all the fish that were below to go up the river. After

that the river stayed high for two or three days, and when it got low
enongh for us to fish again all the fish were gone.

The number of eggs taken was 2,081,000.

The number of females spawned was 478.

There were more than twice as many males caught as there were fe-

males.

November 7 the dam which supplies the hatching-house with water
broke, and we were obliged to take the eggs and young fish out of the

house. The company has two flat-boats here, and we fastened them to-

gether and made a place between them for the eggs and fish. On the

same day we turned into the river 300,000 young fish.

December 9 the river began rising again, and the current was so

strong that it killed a good many of the fish, and we saw something
must be done or we would lose them all. By this time we had had a

good deal of rain, and all the small streams were full of water and we
were able to turn the water from one of them, which has plenty of water

in the winter, but is nearly dry in the summer, into the hatching-house,

and once more the fish were put back into the house ; at this time the

eggs were nearly all hatched.

December 24 Captain Ainsworth took 3,000 young salmon, which were
placed in a land-locked lake in Washington Territory.

December 26 000,000 young fish were turned into the river and Cleer

Creek, a stream which runs into the Clackamas below the hatchery.

December 27 150,000 young fish were turned into the river at different

points.

January 2, 1879, the last of the young fish were out, 150,000, which

were also put in the Clackamas at different points up and down the

river.

The total number of fish turned out is estimated at 1,203,000.

The large number of eggs and fish lost is attributed to having to

move them from the hatching-house to the river and back, and also to

the high-water while they were in the river, which killed a great many,

At the time the rack went out there were a great many fish below it

and had it remained two or three weeks longer, we should iirobably have

taken another million of eggs.

Respectfully forwarded.

W. F. HUBBAED,
Assistant SiiperintcncJent.

J. G. MEGLER,
Secretary 0. & TF. F. P. Go.



XXXV.-REPORT OF SALMON-HATCHING OPERATIONS ON ROGUE
RIVER, OREGON, 1877-78.

By K. B. Pratt.

Mr. Livingston Stone :

Dear Sir : In accordance with your request, I will endeavor to give

you a report of tlie proceedings at the salmon hatchery at EUensbm^gh,
Oregon, mouth of Eogue Eiver.

During the summer of 1877, Mr. E. D. Hume, who had just comi)leted

a salmon cannerj" at Ellensburgh, ^dsited the United States fishery on
the McCloud Eiver, California, and examined the hatching-house and
the work being done there, and decided he would have a hatchery of his

own upon Eogue Eiver, iu order to keep ui? the supply of salmon in

that stream.

For nearly twenty years salmon had been taken in large numbers and
salted, ansl there was a visible decrease in the number of fish returning

to the river each year.

On returning to Ellensburgh, in September, Mr. Hume set about put-

ting up a hatching-house, building it only a short distance from the

mouth of the river. About 250 salmon were placed in a fresh-water

pond, which had been dug close by the hatching-house, there to be kept

until they were ready to si^awu, but as there was an insufficient supply

of water in the pond, many of the fish died, so that by ^he time they

commenced spawning there were only about 100 left. Of these, 57

were females, from which about 215,000 eggs were taken. Just be-

fore spawning time a large cage, with three comx)artments, was built

and sunk in the j)ond ; then the pond was dragged with a net, and the

fish j)laced in the largest comi)artment of the cage. From there the fish

were caught in dip-nets and examined each day, the ripe females put in

one division of the cage, and the ripe males in another. Mr. Hume's
idea was to handle the fish as carefully as possible when spawning tliem,

and to at once return them to the river, so that they could return to salt

water as soon as they chose. With this idea in view, a contrivance for

holding the fish while spawning was made, consisting of two pieces of

light board fastened together on one side with hinges, and straps ex-

tending around the other side at the ends. In this the females were

placed on their backs, the straps extending around the shoulders and
tail, and v\'ith a little care they could not escape. The males were held

by one of the men in his arms; so the necessity for taking the fish by
773
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the gills was avoided. As soon as the fish were spawned they were

marked by cnttiug a piece from the dorsal fin, and immediately returned

to the river, most of them swimming off quite vigorously. The first eggs

were taken on November 23, and the last on December 12. The hatch-

ing-house was supplied with water from a small stream that was con-

stantly roiled up by the cattle and horses running loose over the countiy,

and then the heavy rains swelled the stream to an unnatural size, and

leaves, twigs, and mud would be swept down into the tank and choke

n]) the flannel screens, so that it was necessary to clean them every few

minutes,, and a watchman was kept on duty all night to see that there

was a good supply of water running through the trough all the time.

The temperature of the water was sometimes as low as 38°, ranging

from that up to 54°, averaging about 47°. The eggs were from 23 to 27

days in showing the eye spots, and from 5G to GO days in hatching, a few

not hatching tiU C4 days old. After keeping the young fry from three

to four weeks they were taken up the river and placed in some small

creeks 1^, C, and 12 miles from the mouth of the river. Owing to the

difificulty in keeping a pure supply of water running through the trough,

and many other adverse conditions, there was a large loss in hatching

the eggs, probably 30 per cent.

Again, in transporting the young fry up the river to the small creeks

where they were planted there was a considerable loss, owing to the

overcrowding in the tubs and pails in which they were carried. How-

ever, at least 100,000 healthy young fry were planted in the streams, and

probably many of those that were thought to be sufibcated revived after

being turned into the stream, for some were seen to swim oft' after a few

minutes.



XXXVI.-REPORT ON AN ATTEMPT TO COLLECT EGGS OF SEBAGO
SALMON IN 1878.

By Charles G. Atkests.

1.—HABITAT OF SEBAGO SALMON.

Within tlie limits of tlie State of Maine there are known to be four

distinct localities inhabited from olden times by fresh-water salmon, com-

monly called " landlocked salmon." The first of these districts is in the

valley of the Saint Croix Eiver, mainly in Grand Lake and connecting

waters, on the west branch or Schoodic Eiver, whence the name " Schoodic

salmon." The second is Eeed's Pond, Union Eiver, Hancock County;

the third is Sebec Lake and vicinity, tributary to the Penobscot ; and
the fourth is Sebago Lake and vicinity, tributary to the Presurapscot

Eiver.

Lake Sebago, the principal haunt of the salmon in this district, is

the second largest body of fresh water in Maine. It has an area of

about sixty square miles. Its depth is known to exceed 100 feet, and
is reported to be in places not less tliau 400 feet deep. Its shores are

for the most part sandy, but in some places gravelly and stony, and in

a few places the solid ledge comes down steeply to the water's edge. A
large portion of the country draining into the lake is also sandy and
gravelly, and the streams are generally clear, though considerably dis-

colored by peat swamps.

Though in the midst of a country long since settled, the immediate

shores of the lake are almost wholly clothed with forests of recent growth,

their sterile character forbidding any extensive attempt at farming.

Sebago Lake discharges its waters into the Presumxiscot Eiver, which

empties into Casco Bay near Portland. The entire length of this river

is about twenty-two miles. It descends rapidly, having a total faU of

247 feet between the lake and the sea, yet in its natural condition there

was no imi^ediraent to the free passage of fish up and down. There were

many rapids which were doiTbtless resorted to by spawning salmon. For

many years, however, the river has been obstructed by many high mill-

dams, which have entirely prevented the ascent of fish. The descent is

of course still open, and the fresh-water salmon are occasionally taken

on all parts of the river.

The principal affluent of Sebago Lake is Songo Eiver, which drains

the country lying to the north. Songo Eiver itself is very short, form-

ing merely the connecting link between Sebago Lake and an extensive

chain of ponds (so called) above. In a straight line the distance from
775
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the lake to the first pond (Brandy Pond) is not over three miles. By
the course of the river, which is sinuous to an extraordinary degree, the

distance may be twice or thrice as great. A short distance below Brandy

Pond the river is crossed by a dam and lock to improve the navigation,

which is pursued not only by freight boats, which formerly ran by canal

to Portland, but now only across the lake to a station of the Portland

and Ogdensburgh Eailroad, but also by steamers conveying i^assengers

as far as Bridgton, on Long Pond. Immediately below this lock the

Sougo receives its main affluent. Crooked Eiver, a stream that rises

nearly forty miles to the northward and follows a very sinuous course

from a country of granite hills down through sandy and gravelly inter-

vals.

The Songo itself affords no spawning-ground for the salmon, almost

its whole sluggish course being through a low-lying country, and the

entire fall, except at the lock, being but a few inches. The Crooked

Eiver, however, is rapid through its whole course, except where here

and there interrupted by dams and mill-ponds. In old times, doubtless,

the whole length of this stream formed the breeding-grounds of the

salmon. At present only that portion is accessible which lies below

the village of Edes Falls, not exceeding, probably, six miles in length.

There are, however, in this short distance, many gravelly rapids where

the salmon spawn.

Besides Songo Eiver there is but one other stream known to be a

breeding-ground for the salmon inhabiting Sebago Lake, namely, North-

west Eiver. Mr. Buck visited this stream in Ii^ovember and found it

accessible to fish for only about a mile from the lake, a mill-dam inter-

cepting further progress. At that time the stream was about 20 feet

wide and 18 inches deep, with a moderate current.

It is also currently reported that the salmon spawn on gravelly bars

and beaches in the lake itself. This is not improbable, though Mr. Buck

explored Sandy Beach, which is singled out by report as the special

place for this sort of work, without finding any indications of fish hav-

ing resorted to it in 1878.

Besides Sebago Lake itself, the same variety of salmon inhabit Long

Pond, the most considerable body of water drained by Songo Eiver,

eleven miles long but quite narrow, having an area of nine or ten square

miles. The principal breeding-ground of the Long Pond salmon is Bear

Brook, which comes in from the north near the village of Harrison.

Doubtless other streams were once frequented by them, but not in recent

years.

2.—CHAEACTEEISTICS OP SEBAGO SALMOK

First of all the Sebago salmon are distinguished from the sea-going

salmon on the one hand, and from the Schoodic and Sebec salmon on the

other, by their size. As exhibiting the result of my own observation in

18G7 and such researches as I was able to make at that time, I extract



COLLECTION OF EGGS OF SEBAGO SALMON. 777

the following from the Maine Fisheries Eeport for 18G7 : "The average

of those taken in the fall is, for the males, 5 pounds ; for the females, a

little more than three pounds. A female 25 inches long Aveighs 5 pounds,

a male of the same length weighs 7 pouuds. Of two males 29 inches

long, one weighed 9 pouuds 14 ounces, the other 11 pounds 4 ouu(^s.

Some extreme weights may be given. One was taken the past season

(1867) at Edes Falls that dressed Hi pounds. The largest on record

was caught hy Mr. Sawyer, of Eaymond. Its weight was 17J pounds,

and is vouched for by Franklin Sawyer, esq., of Portland. These old

fish are seldom caught with the hook, and of those taken in the spring

and summer, when they are in season, the average weight would be less

than indicated by the above." I have been told of stilUargei- specimens

having been takeu, but am unable now to give any authority. Thus it

will be seen that the Sebago salmon average about one-third the size of

the sea-going Atlantic salmon and twice the size of the Schoodic salmon.

I am aware that from the naturalist's stand^joint the matter of size is

not important, yet with the fish-culturist it is of the very first moment.

It is not, perhaps, a very reUable characteristic, being so much influ-

enced often by the character of the range and feeding-ground, but in

the present case there are reasons for thiuking that the Sebago salmon

have inherited a tendency to rapid growth and the attainment of a

large size not possessed by those of the Schoodic Lakes ; for not alone

in the Sebago Lake and the Sango and Crooked Rivers are fish of such

large size found. Those of Long Pond are little, if any, inferior in this

respect to those of the Sebago, though Long Pond is a much smaller

body of water than several of the Schoodic Lakes, and is notkuown to

offer in depth, in the character of the water, or in food, any special ad-

vantages.

In form and color the Sebago salmon approach more nearly to the sea

salmon than do the Schoodic or the Sebec fish. In the breeding season

the males are much brighter colored and the hook on the lower jaw is

more developed. The males, at least, judging from the few specimens

measured, are stouter in j)roportion to their length than any other

salmon I have ever examiued. The single specimen mentioned above as

weighing 11^ iiounds was 29 inches long. An average Penobscot male

salmon of an equal weight would have been 32 inches long.

The habits of the Sebago salmon are identical, so far as observed, with

those of other fresh-water salmon. They dwell and feed in the lakes,

occasionally running into the larger streams after food, and at S[)awning

time, which begins the last of October, they seek the gravelly rapids of

the streams and there excavate nests, in which they deposit their eggs.

The old fish abstain from food at spawning time, but young males are

taken with eggs in their mouths and stomachs. The males are found

frequenting the spawning-beds when only G inches long, retaining still

the dark bars and red spots on the sides, and these little fish yield milt

abundantly. The females, however, are not found till well grown up.
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At tlie feeding season both sexes take bait and rise to tbe fly, and are

talien in Songo and Crooked Eivers and in Sebago Lake. In Long
Pond they are never taken except at the spawning season, while ascend-

ing the stream or near its month.

3.—FORMER EFFORTS AT CULTIVATION.

But very httle has been done in this dh^ection. I myself visited Bear
Brook in 1867 and secured about 8,000 eggs, but, being an utter novice

in the art, succeeded in impregnating but a very small percentage, and
nothing practical ever came of them. Shortly after that Mr. A. B.

Crockett, of K^orway, and a Mr. Holmes, associated with him, secured

small quantities of spawn several seasons in succession, but with what
result is unknown. In 1870 Mr. Brackett, of the Massachusetts com-

mission, visited Songo Lock and obtained a number of large fish, which
he transported alive to Winchester, Mass., and from these were obtained

several thousand eggs.

Several years later Mr. Joseph R. Dillingham, of Songo Lock, began
to take spawn of these tish for the Maine commission. He followed it

up for several years, but never with any great degree of success.

4.—ORGANIZATION OF OPERATIONS IN 1878.

It was evidently very desirable to cultivate on a large scale a variety

of salmon of such sui)erior character. Previous attempts had been on a

small scale, and had not demonstrated the existence of great numbers
of breeding fish, but there were not wanting reasons for believing that

only efficient means of cax^ture were wanting to develop an amjjle supi^ly.

It was finally arranged between the Commissioners of Fisheries of the

United States and of the State of Maine that at their joint expense a

new attempt should be made by a i)arty well fitted out with all the ap-

pliances deemed necessary to a thorough trial of the locality. The
management of the affair was placed in mj^ hands. I selected Mr. Harry
H. Buck, of Orland, to conduct the experiment, my own presence during

the spawning season being imi^racticable.

On the 11th of August I visited the locality with Mr. Buck for the

purpose of selecting sites for fishing and for developing the eggs, and
deciding other general questions. There seemed to be no doubt, taking

all the testimony at our command, that the most j^romising site for fish-

ing operations was at Songo Lock, and it was decided to construct here,

at the junction of the Songo and Crooked Rivers, a set of pounds, on
the principle of an ordinary fish-weir, of fine-meshed nets suspended on
si akes and weighted at the bottom by chains. The main net was to cross

the mouth of the Crooked River and intercept the ascent of fish and
lead them into the pounds, which were built immediately below the

Songo dam, aside from the current of Crooked River, and supplied with

Songo water. The best e\adence we could collect assured us that there
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was uo i)robability of sucli a rise of eitlier river as would endanger our

work. Should tbey stand and prove as efficient as we hoped, we should

be in position to take almost every fish that entered the river, for all the

spawning- ground lay above our nets.

No little difficulty was exjierienced in fixing upon a convenient site

/or a hatching-house. Mr. Joseph E. Dillingham, whose premises were

occupied, had a very good hatching-house of small size fed by a small

spring brook, but our anticipations were so great that his supi)ly of

water appeared insufficient. After a deal of searching we finally, a few

weeks later, found an admirable site at the outlet of Trickey's Pond, a

short distance to the westward from the lock.

5.—THE SEASON'S WOEK.

Mr. Buck returned to the scene of operations on the 22d of August
with a sui)ply of api^aratus, and immediately set about the construction

of the works. The main net was sufficiently advanced to prevent fish

passing up by us on September 12, the date when, we had been assured,

the fish invariably made their ajipearauce here. We were ardently ex-

pecting to see great numbers of them in the lock, where they can always

be seen if present, and where many of them, it is said, always turn aside

from Crooked Eiver ; but neither on the 12th nor for many days after-

wards did any salmon make their a^jpearance. Mr. Buck's diary shows
that the first one was taken in the pounds September 20. From this

date they continued to straggle in, one or two at a time, at intervals,

until the large number of 15 were secured. Of these, nine were males

and six were females. This was the entire catch.

But meanwhile disasters had occurred. On October 24 a freshet oc-

curred which bore down our net until the top line was three feet under
water. Some salmon undoubtedly passed by at that time. The net

was again in complete order on the 27th, and so remained until Novem-
ber 24, when the river had again risen to such a height and brought

down such an accumulation of leaves, brush, trees, and logs as to com-

IDletely wreck the net. It was again rei^aired and kept in position until

December 1, when it became evident that it was a hopeless case, and
the enterprise was brought to a close.

Among the reasons for our fiiilure, I place, first, an absolute dearth

of fish ; second, the inability of our fixtures to withstand the freshets.

The result of Mr. Buck's observations and other testimony collected

satisfies me that there was really a very small number of fish in the

river that season. The net was in place and efficient until October 24,

nearly six weeks after the date when we were warned to expect the ad-

vent of the salmon, and during that time neither did they come into our

inclosures, nor did they enter Sougo Lock, nor did they accumulate in

any considerable numbers below our barrier. Had there been many
fish in the river they surely could have been seen. The fatal gap of two
or three days after October 24 doubtless allowed some salmon to pass,
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but I tliiuk not a very great number. It cannot be silpposed that all

the breeding salmon passed up in that brief space so early in the season.

Yet during a whole month thereafter the net continued in ijlace and
still no great number of fish to be seen anywhere ; and during the whole
season but two fish were seen in the lock, where they were wont to be
taken plentifully. Evidently this was a year of scarcity.

The freshets demonstrated the insufficiency of our fixtures. Had there

been no greater rise of water than testimony led us to expect, our barrier

would have remained secure to the season's close. But the season's ex-

perience has given us new light on this point, and in future it would be
unwise to risk the result of a season's work on the chance of such fixtures

being able to stand in the current of Crooked Eiver.

I do not doubt that some efficient means of taking Sebago salmon in

Songo or Crooked Kiver could be devised after jiossibly some more un-

successful experimenting 5 but unless there were some better reason

than now exists with myself to expect a good run of fish, the prospect

of success would hardly justify the risk.

In conclusion, I will merely add that I made several visits to the

scene of operations early in the season, and myself fixed upon the main
points in the schedule for operations. The plans formed were well car-

ried out by Mr. Buck and his assistants, and such matters as were left to

his discretion were judiciously managed.
I present Mr. Buck's diary and weather record, which will be found

to contain many interesting details.

G.—H. H. BUCK'S DIAEY AT SONGO LOCK, 1878.

August 22, 1878.—Commenced working on behalf of Sebago salmon-

breeding establishment. Took from Penobscot establishment about

726 feet of chain, 570 pounds of netting, corks, 1 car for transportation

of fish alive, 1 punt, 1 pair oars, trays for eggs, 1 shovel, 1 hoe, and 2

net-bows.

August 23.—Proceeded to Portland on steamer City of Eichmond.
August 24.—Through courtesy of J. Hamilton, superintendent of the

Portland and Ogdensburgh Eailroad, was enabled to get everything to

foot of Sebago Lake. As the steamer could not delay, left the freight,

and arrived at Songo Lock at 3 p. m.
August 25.—Think the water below the lock is more than a foot lower

than upon the 14th. It is reported to have fallen f inch per day lately.

Above the lock it is apparently at the same height as upon the llth.

Selected as a permanent mark to which to refer tjie height of water

above the lock the lowest block of granite in the upper end of the wing
at the north end of the dam. Selected as a water-mark below the dam
the top of the largest of a groui) of stones on the east side of Songo
Eiver, below the junction.

August 26.—Made partial survey of the premises, and sent sketch to

Mr. Atkins. Freight came to hand, with exception of one tent.
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August 27.—Stowed away the car ; went to Naples village for sundries,

and caulked and puttied punt.

August 28.—Commenced clearing bottom of the stream.

August 29.—Continued clearing bottom of the stream.

August 30.—Continued clearing and cut stakes.

August 31.—Continued cutting stakes.

September 2.—Continued clearing stream.

September 3.—Continued clearing stream. Mr. Atkins came, and we
visited brook 1^ miles to westward ; found no water.

Septemher 4.—Went to Mr. Dillingham's hatching-house ; found but

very little water running ; commenced setting stakes.

September 5.—Continued setting stakes.

September 6, 7, 8.—Absent on trip to Boston.

September 9.—Eeturned from Boston ; find water still falling. Mr.

Mitchell reports having seen two salmon up in Crooked Eiver.

Sex)teynJ)er 10, 11, 12.—Worked getting net across Crooked Eiver, as-

sisted by Dillingham and Mitchell. Afternoon of 12th got so far arranged

that I think no fish can pass.

September 17.—Completed arrangement of trap on lower side of main

pound.

September 19.—This morning found in the trap two brook-trout, weigh-

ing about 2 pounds and ^ pound, respectively, four or five suckers, one

bream.

September 20.—Found in the trap this morning one land-locked salmon

20 inches long, apparently a female, not in very good condition 5 one

brook-trout, about 1^ pounds, apparently a female, as was also the one

taken yesterday.

September 21.—Steamer Mount Pleasant stopped running to-day;

water is so low that she cannot pass the lock. Went to Andrew Gray's

brook ; found no good site for a hatching-house.

September 22.—Took from trap this morning five brook-trout weighing

2 pounds and less; saved two of them, think one of each sex; returned

three to the stream, one above net, two below.

September 27.—Two brook-trout this morning, one of each sex.

September 28.—One brook-trout this morning.

September 29.—Took from trap six brook-trout, two fine ones weighing

4 pounds each, I should think. Called four of the fish males, two fe-

males. One of the latter got meshed in the dip-net, and was hurt con-

siderably, so killed her. Found she was very full of eggs, and there

was apparently nothing in her stomach.

September 30.—Took four brook-trout this morning ; saved all.

October 1.—Took four brook-trout ; saved three of them. Perry Harri-

man came this afternoon.

October 2.—One small brook-trout this morning. Having heard sev-

eral times that Crooked Eiver was full of salmon above our net, to-day
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got J. B. Mitchell to go up and. explore. He reports having seen two

brook-trout and large numbers of suckers, but no salmon.

October 2.—Sam. Shane reported thousands of salmon in a deep place

below the lock ; went down there and saw five large fish, four of which

I think were salmon. Took two brook-trout from trap at 9 p. m.

October 3.—Took two male brook-trout this morning. One of them

had the peculiar formation of lower jaw indicative of male fish, well

developed 5 the first instance I have noticed this season. Large numbers

of fish being reported in the river below the nets, went down this after-

noon and explored. Looked very carefully the entire length of the river

and saw six salmon. For the first two miles had a favorable chance to

see them, as the weather was calm and bright. Took one male brook-

trout at 9.30 1). m, ; think he would weigh nearly 4 pounds.

October 4.—Got the outside pound completed to-day.

October 8.—Took one small brook-trout this evening.

October 9.—Took one male brook-trout this evening.

October 11.—Took two male salmon this morning, length 19 inches;

also one fine brook-trout.

October 12.—One female salmon in morning ; one male and one female

salmon at 9 p. m.

October 13.—Went to the trap about 2 a. m., and took out two male

and one female brook-trout. At 9 p. m. got one female salmon 17 inches

long. Heavy shower last night ; did not raise the water any ; continued

to fiill to day.

October 14.—Two female Salmo fontinalis this morning, and two of

the same at 10 p. m.

October 15.—One male Sahno sebago this morning.

October 18.—This morning found that some one had been trying to

destroy the nets. The new net across Crooked River was cut or torn in

several places, and the poles and stakes which sai)ported it disarranged.

The net above it used for stopping leaves was dragged out and very

badly torn, then thrown back into the water. An attempt had also been

made to let the fish out of the inclosure.

October 19.—One eel about 24 inches long.

October 20.—At 10 a. m. one female Sahno sebago. Perry thought it

would weigh 10 pounds.

October 22.—Three female and one male Sahno fontinalis.

October 23.—One male salmon ; three female brook-trout.

October 24.—One male brook-trout in evening. Last night we had a

very heavy storm of wind and rain, and this morning Perry made the

usual round and thought everything was in proper condition. Found
that Crooked Eiver had risen 4 inches. During the forenoon it con-

tinued rising and was very thick with brown earthy matter
;
probably

immense numbers of leaves came with it below the surface. Our plans

with regard to the direction of the current were found wrong. Instead

of rushing on and expending its force in the cove (on the north of the
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lock), turned and ran down tiirougliout the entire length of our net.

The net for leaves was not, therefore, in position to get more than half

that came, and they wxut into the main net in large quantities. We
also supposed there would be an eddy at the east end of the main net,

and so had not braced it very securely upon the lower side. About

noon we noticed the leaf-net had partly discharged its contents into

the main net, and that the braces upon the lower side of the latter were

beginning to give way. Immediately got all the spare line to be had

and stayed the hedge to the shore as thoroughly as possible, but could

not save it, and by 10 o'clock p. m. it was pretty thoroughly wrecked.

To prevent a recurrence of the accident, think it will be necessary to

have two strong nets for leaves and a windlass upon the bank for draw-

ing them alternately. Songo Eiver, above the dam, has risen 4 inches,

and its flow through the lock and our inclosures east of lock amounts

to nothing in checking the force of Crooked River at the main net.

October 25.—Water continued to rise in Crooked Eiver and reached its

height at evening. Did not rise any more above the dam. Our main

net seems to be whole and in position, except that the top line is about

3 feet under water—its whole length nearly. There has been no outward

current (or, at most, very little) through our traps since the first of the

rise.

October 26.—Eepairs progressing rapidly as possible under the direc-

tion of Perry Harriman. I have been unwell and not able to work for

several days.

October 27.—Got the main net in place again to-night; found one or

two small holes, but it was not much damaged.
November 1.—Swept the main pound to-day for the purpose of turning

the brook-trout up into Crooked Eiver. We should have had forty-five

on hand, but only found six, and could not account for their disax)pear-

ance otherwise than by supposing that they went out when the attempt

was made to release the fish. The record showed that ten salmon had
been taken, but we found thirteen in the pound.

November 3.—Found one salmon in the trap this morning. Have not

been able to see any fish from the pier for several days. Eeports have

come in of Crooked Eiver being " full of them," and Perry Harriman
and Dillingham went up to-day, but did not see any.

November 9.—Have seen no fish for a week. The three females in the

pound have begun to spawn at its lower side, or at least the fish are doing

a good deal of work there. There has been ice in Crooked Eiver all of

the past week, and more or less on all of our nets.

November 12.—One male salmon last night.

November 14.—To-day went up by laud to Edes's Falls and examined
Crooked Eiver pretty thoroughly for fish and their work ; saw fifteen

salmon and forty-two nests or ridds. I think most of them were made
this year j many of the nests seemed to be in an unfinished state, as
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thougli the fish had been speared before completing them ; fonud two
boats arranged for spearing.

November 15.—Went to Sandy Beach and Northwest Eiver; saw no

fish ; saw no sign of fish having spawned at Sandy Beach. There is a

small brook at the north extremity which is said to have been dry pre-

vious to the recent rains. A native said he had not seen any fish there^

this fall ; subsequently, Sam. Nason said only brook-trout were speared

there. Explored Northwest Eiver from the mill to the lake ; saw 10

nests apparently made by land-locked salmon. At this time, in i^laces

where there is a moderate current, the stream is about 20 feet wide and
has an average depth of 18 inches. When the mill is running, the stream

is raised about 6 inches ; in time of freshet the volume is more than

double
;
judge the distance from the mill to the lake by stream to be

about one mile ; direct line, one-half that distance.

Novemher IG.—Visited the old mouth of Songo Eiver ; saw no signs

of fish having been there. There was no current coming from it, and
the water thereabouts is very shoal.

November 19.—A man on the canal-boat said the net had been cut near

the bottom, and we pulled it up and examined it to-day; found it in

good condition. Took one small brook-trout this afternoon—a male

with milt.

November 20.—Took one male salmon to-night ; was in bad condition

;

evidently had been struck with spear
;
gave some milt.

November 24.—Wet and rainy weather has kept Crooked Eiver grad-

ually rising for several days past. We have kept the nets in good con-

dition, but last night leaves, pine foliage, and drift and brush of all

kinds began to accumulate in the upper net. We went out about mid-

night and drew it up, cleared and returned it, but to no i^urpose. We
left it about 3 a. m., and by daylight it was full again and badly wrecked.

We cleared it the best we could and secured the main hedge as thor-

oughly as possible.

November 25.—Water continued rising, and this morning the whole of

our works except the main pound and upper trap were completely

wrecked. Do not think any arrangement of nets of ordinary strength

could have been kept in place. Passed the day clearing the wreck

;

could not get the main net, but cleared away stakes, braces, &c., so that

we hope it has gone nearly to bottom.

June 25, 1880.—After the wrecking of the works above described, we
cleared out two or three boat-loads ofbrush, drift-wood, &c., and got every-

thing in place again about the 27th of November, and kept on exploring

the river for fish and watching the traps until December 1, when word

came to abandon the enterprise, and we stored everything with Dilliug-

ham. (The apparatus was afterwards transported to Bucksport.)

At Trickey's Pond we left a small house, 11 by 15 feet, on the land of

L. L. Crockett, and he says it may stand there without paying rent.

Before we began to get any fish, I feared that we should not find it
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wortli while to open the hatching-house. Wrote to Mr. Atkins and re-

ceived orders to take eggs when we had caught hfteen female lish.

As the season advanced found we were not likely to get that number,
and the few on hand were allowed to deposit their eggs in our inclosure

just east of Songo Lock.

The following table shows the length and weight of the spent fish

released December 1

:

Males.
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7.—OBSERYATIONS ON TEMPERATURE AKD WEATHER AT SONGO LOCK, &c.-Cont'd.

Temperature.

Date.

a s

C3 A

Son go Crooked
River River
water, water.

a a a I a

"Wind. Other plienomena.

Oct 1

2
3
4
5

6
7

16
17
18
19
20
21
22
23

24
25
26
27
28
29
30
31

Nov. 1

2

3

4

48 70
46 68
57
51
40

67
68

I

65
72 64

61 62 1 56
I

60

49
39
42

1
46

61 62
62 63
63 64
62 63

48

66 64

50

36

59

54
I
53
52
50
50

54
I

50
48
47
46
40
45
45
40
34
32
32
32
32
32
33
34
36
33
32
32

39

33

Light southwest .

Fresh southwest

.

Light northerly.

.

Southerly and westerly,
light.

Northeast veering to west.
Southerly

Westerly

Strong northerly
Light southerly
Northeast
Strong noithwest
Westerly a. m.: southerly

p. m.

Fresh southwest

.

Southerly
Southerly
Southwest

Easterly

Strong northeast.

Strong northerly.

Southeasterly

.

Westerly
Northerly
Northerly
Northerly
Northerly
Strong northerly

.

36

Light southerly.

Northerly .

Light southerly

.

Light southerly.

Clear.
Clear ; foggv morning.
Clear.
Clear.
Cle.ir.

Light rain ; clearing at night.
Clear; cloudy evening.
Clear ; cloudy morning.
Cloudingup towards night; thun-
der shower in evening.

Clear.

Clear.
Cloudy a. ni. ; rainy p. m.
Clear.
Clear.

Clear in a. rn. ; <^louils and rain In

p. m.
Clear weather.
Clear ; foggy forenoon.
Cloudy. ^

Cloudy.
Clear.
Clear,
Clear.
Cloudy ; commenced raining at 6

p. m.
Cloudy.
Clear.
Clear.
Cloudy.
Clear.
Clear.
Rainy.
Clear.

Clear.
Clear.
Cloudy, -with .spits of snow.
Clear.
J-inch snow neaily last night.
Clear a. m. ; clondy p. m.
Snow in a. m.

Clear.
Clear.

Clear.
Clear.
Clear.
Clear.

Easterly .

.

Northerly.
Northwest
Easterlj' .

.

Rainy.
Clear.
Clondy.
^Elainy.

Cloudy, with showers; 1/g-inch

I

rain last night and today.
Northerly

|

Cloudy.
Northerly " Commenced snowing and raining

I

middle of p. m.
Southerly Cloudy and wet.
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General aummary of observations on temperature at Songo Lock, Me., from August 26 to

November 28, 1878, meluaive.





XXXVII -REPORT ON THE COLLECTION AND DISTRIBUTION
SCHOODIC SALMON EGGS IN 1878-79.

By Charles G. Atkins.

1.

—

Preparations.

The preparations for the capture of the breeding fish this year were

almost identical with those of the year before, and the work proceeded

on the old basis until late in the season, when we were comi)elled to

resort to new expedients, which will be detailed below.

For the incubation of the eggs more extensive preparations were

made. The ill-success of many of the lots of eggs sent out the previous

season warned me not to depend on the old hatching-house, which evi-

dently did not command water enough in a dry winter to forward two
millions of eggs and nourish them i)roperly. It was not easy to find

a satisftictory remedy. The water of the old hatching-house was spring

water. There were numerous other small springs in the neighborhood,

but none of those yet discovered could be led into the old hatching-

house, and no one of them afibrded alone water enough to supply a half

million of eggs. Grand Lake Stream affords water of the very best

quality, but unfortunately the facilities for using it are very poor. At
the dam which commands the outlet of Grand Lake there is, in the

spring of the year, a head of perhaps 6 feet, but in the fall, sometimes

less than 2 feet, and any hatching-house located low enough to take

this water in without artificial raising, at a low stage of the stream,

would infallibly be flooded at time of freshet. Nearly equal and gen-

erally similar disadvantages attached to every site along the stream.

It was, however, finally decided to put in a temj)orary hatching-house

on the west bank of the stream at the first fall below the dam. Even
here we had a fall of but little more than 10 feet, and liability to flooding

by spring freshets, but the facilities for taking our supply of water from
the stream were better than at the dam ; and it was hoped that every

year we should have the distribution of the eggs completed and the old

hatching-house free for the reception of the 25 per cent., reserved for the

stream, before the spring freshets should come.

The new hatching-house was a very humble structure, only 20 feet by
10; but there were placed in it three troughs, each 17 inches deep,

which had an aggregate capacity of nearly a million of eggs. Wire
789
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trays were employed about 12 inches square, nested in frames carrying

20 trays per frame—the identical apparatus used at this establishment

in 1875 and yearly since. The water was taken from the open stream

through a covered plank conduit, with the expectation that very pure

water would thus be secured. It was afterwards found that the little

brook tliat flows from the old hatching-house through a swampy piece

of laud discharged its waters into the stream above the new house in

such a way that, instead of mingling at once with the water from the

lake, they crept down along the shore almost by themselves, as far as

the hatching-house. It thus came about that whenever the brook was

in flood its turbid waters crowded the pure water of the lake away from

the conduit, and took entire possession of the hatching-troughs, making a

very dirty jjiece of work of it. It is not known that any harm resulted

beyond the extra work involved in cleaning up and the unpleasant ap-

pearance of the fixtures. But steps have been taken to avoid such an

occurrence in future by continuing the conduit out under the water of

the stream far enough from shore to avoid receiving any part of the

brook water. It will be seen that this new hatching-house, though of

the greatest service as supplementary to the old one, could not wholly

take the place of the latter, which alone afforded facilities for hatching

out the reserve for the stream. I therefore turned my attention to the im-

provement of the old house. In the first place, it appeared advisable tO'

secure, if possible, better aeration of the water ; for this end the situa-

tion was a very unfavorable one. The spring issued from a gravelly bank,

at an elevation scarcely above the level of a large swamp, through which

the overflow oozed away. We had the year before cut a wide and deep-

ditch, nearly half a mile long, for the outflow, so that there was no

longer danger of the house being flooded by fjseshets, but this did not

enable us to lower the Roughs from their original elevation. We could

not curb the spring and thus raise a head, because of the danger that

the water would then find a new outlet through the loose gravel and be

lost to us altogether. The available head was thus scarcely a foot. The

best that could be done was to construct above the hatching-house a

narrow, circuitous tlrain or canal, about 10 feet wide and nearly 70 feet

long, through which the water should flow with a surface air-exposure

of about 140 square feet, before entei-ing the hatching-house ; to have aU

the overflows and passages, from canal to feeder and from feeder to

hatching-trough, at the surface rather than submerged ; and to intro-

duce in all the troughs occasional dams which should bring all the water

repeatedly to the surface and expose it to the air in wide and shallow

currents.

Careful search also revealed a very considerable leak around one end

of the hatching-house dam. This was finally, though not without some

difficulty, completely stopped. No other change of importance was made
in the general hatching arrangements.

The summer, and more especially the early autumn, were rather dry
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seasons, and both the lake and the springs were at a low stage. A
careful measurement of the amount flowing through the troughs at

the old hatching-house indicated" but a trifle over four gallons per min-

ute on the 23d of August, 4.164 gallons per minute on the 28th of Sep-

tember ; on the 9th of November, after the leaks were stopped, this had

risen to 8.4-7 gallons per minute ; on the IGth of November, to 12.86 gal-

lons per minute.

2.

—

Fishing and spawning.

The progress of the season's work is sufficiently portrayed by the fol-

lowing extracts from my note book, and interpolations.

August 23, 1878.—All reports agree in representing the fishing last

spring and early summer to have been uncommonly fine. Fish were

plenty, and of ituwonted size and fatness. At the dam all the gates

are now open, and a lot of logs fill the large pools below our works

and partially obstructs its outlet. Consequently the water at our catch-

ing and spawning ground is unwontedly high (not high in lake, how-

ever). At the dam, in the n^jper end of the sluice-gate-way, that is, on

the upper edge of the rollway, the water is 10 inches deep. At our

gauge, on the pier above the dam, the water stands at 2 feet 2 inches

exactly, mth calm air and still water.

September 28.—Arrived yesterday from Bucksport (second visit). The
nets were put across the stream and the head of the tannery canal about

the middle of this month.

September 29.—The water being very clear and air still, I looked care-

fully all along the lower side of the dam, but not a single Schoodic sal-

mon was in sight. I went up to the pier where the water gauge is, but

saw nothing there. I think that evidently the fish are coming in slower

than last year. On October 6, 1877, 1 found them very plenty below the

dam, but then several hundred had been put in from the canal by Mr.

Munson. The water is some lower than last year (nearly 3 inches lower

than October 8, 1877), and only one gate is now open instead of three at

that time. Water has fallen nearly 5 inches since August 23.

Verified the elevation of the water gauge on the pier above the dam,

and found it to agree exactly with the position laid down in Mr. Buck's

notes last fall ; that is, the 4-feet mark is on a level with the lower side

of a drill hole on the south face of a large bowlder, lying in the water

near the east shore, " about 225 feet above the dam."

October 1.—Again carefully looked about the dam, but saw no Schoodic

salmon. Have not seen one since I came here.

October 31.—Fish have begun to descend below the dam, and nightly

come down to our net. Munson thinks them very plenty in lake, from

what he has seen above the dam and been told by boatmen. He saw

some work in the gravel by fish at the head'bf our ma n lead on the 28th,

but not much done yet.

November 1.—I see three nests begun at head of our main lead, but
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none elsewhere. Got all ready for the capture of fish. Shall not begin

sweeping yet. Fish captured every night after this date. See appended
" Statement of Fishing."

November 4.—Don't see any new nests above the dam yet ; but the

old ones, three, are enlarged every night. Ko new work of consequence

in the main lead. I saw yesterday four or five nests in three feet of

water, along the west side of the pool below the dam, in precisely the

position where I saw them last year.

November 6.—At 8 p.m. I explored the main lead and two first

pounds, and found not a single salmon ; never knew such a thing before

;

yet quite a number are just above the gate. Varnum counted 10 there.

I think they are mostly males.

November 7.—Scarcely any more spawning operations in our main

lead. Two partially-made nests in pound C, our principal inclosure.

Above the dam I can count, close together, 13 nests, most of them

pretty complete ; these are in the swift water above the sluice-gate.

Began taking spawn this afternoon, and find very few ripe females, only

8 out of 54. Total catch of fish to thLs date, 246, of which 54 are females.

We found among the salmon one gravid female togue—the first time

such an event has occurred at this establishment. Her spawn was milted

with salmon milt, but all afterwards perished without giving any certain

indication as to the cause.

To prevent the fish stealing their nests in the swift water above the

gate, I propose to surround this spot on the upper side by a drop-net,

and put in some small pounds to enti ap any fish that may venture upon

the forbidden grounds. This was put in operation the next day, and

from I^ovember 10 to 17 over 500 salmon were captured on this spot

and idaced below the dam. Though sharply followed up, the fish succeeded

in doing a great deal of nest-digging there. The first nests dug were

completely obscured by new ones. Further, quite a number of fish are

spawning above all our nets, especially at a gravelly shallow on the site

of an old coffer-dam, about 300 feet above the main dam. In former

years there has always been some spawning above the dam, but never

to an extent approaching their present operations. I atti-ibute their

behavior this year to the low stage of the water, which has never been

equalled at this date in any year within my experience. To get below

the dam, the fish must pass through the sluice-gate, adowu an inclined

" roUway " about 40 feet long. At the head of this rollway the water is

about 10 inches deep, but it flattens out to less than 3 inches at the

lower end, so that a fish of ordinary size cannot go down without rub-

bing upon the plank flooring of the rollway and being pushed partly

out of water, to which they appear to be much averse.

November 16.—So many fish are beginning to spawn above the dam,

that to-day we put in a set of pounds at the old coffer dam, entirely

closing the stream at that point. This evening fish are entering our

new pounds in great numbers.
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The fish are remarkably backward in development. Of 385 females

examined up to this date, only 139 (36 per cent.) have yielded spawn.

To-day we found among the fish caught last night at our lower works

7 ripe females and 50 unripe.

November 17.—Very good success with our new trap at the coffer-dam.

We find in it this morning 113 female fish and 36 males. Ninety-seven

females and 54 males were also taken last night at the lower pounds,

making a total of 300 fish last night—all Schoodic salmon. The

weather was clear and calm.

I think, however, that the new trap is somewhat defective in form,

especially at the entrance, and that many fish, after once entering the

first pound, find their way out again. Some also broke through the net

last night, and so escaped. All the fish captured here this morning

taken in a salmon-car to the lower pounds, by ckagging the car through

the sluice at the dam.

At one o'clock to-day, the sun shining, I saw two female fish in the

act of spawning close above the dam, turning on their sides and flap-

ping after their usual manner, with no male in sight. Two hours later

I find the same two and one other female spawning near, and still no

males near. I made these observations very carefully, and have no doubt

of their entire accuracy. There is no sort of difficulty in distinguish-

ing the sexes. I have often watched them on the same spot.

November 18.—Another clear and calm night has given us 246 fish,

of which 187 were taken in the new trap. The majority of the females

handled to-day are pronounced unripe. All the eggs taken previous to

this date have been placed in the old hatching-house, and 155,000 eggs

are now there. To-day we place 67,000 in the new house.

November 19.—Last night was stormy, with sleet and snow, and much
westerly and northerly wind, which continued all night. Total catch of

Schoodic salmon, 201 ; three-quarters females.

JVovember 20.—Last night the wind was very light, and varied from

northeast to northwest ; cloudy and clear by turns through the night

;

288 fish caught, of which 271 came from the upper trap.

November 21.—A rainy evening and fresh northerly wind, clearing at

midnight, brought us in last night 187 fish.

November 22, a. m.—Clear and calm last night, and we took 306 fish;

the best catch of the season.

In the appended tabular record of fishing will be found notes on the

weather of each night during the fishing season. So far as the indica-

tions go, they seem to be in favor of the conclusion that stormy weather

deters the fish from running.

Among the fish handled to-day was one small one, 12 inches long and

weighing 11 ounces. This is an unusual size, of which a few are taken

each year. Only two of them have been seen this fall. One of the

largest of the females handled to-day, a full and ripe fish, measured 22

inches in length, weighed before spawning 4 pounds 1 ounce, and yielded
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15 ounces spawn. I think this a small yield of spawn for so large a fish.

Another female to-day, 19 inches long, weighing 2 pounds 1 ounce after

spawning, gave 14 ounces spawn, which counted out 2,068 eggs. The
average yield is much less than this. Up to this date we have taken

450,000 eggs from 386 female fish, an average of 1,166 per fish. This is

a much higher average than any preceding year, the fish averaging

larger than usual. There is always a slight uncertainty in the estimates

of the number of eggs, but the error from this source is probably not

over 5 per cent.

The backwardness of the fish this season is more evident now than
ever. Less than half of our female fish have yielded their eggs, and the

number of eggs taken is less than ever before at this date. We have,

however, over 500 gravid fish on hand, besides the catch of the last two

•nights.

November 22, p. ni.—On examining the fish taken during the last two
nights, we find 241 ripe out of 406 females. They add 243,000 to our

stock of eggs, and will add 25,000 more on second handUng.

November 25.—The catch of fish has fallen ofi' rapidly since the 22d.

Only 38 taken last night. Evidently the season is drawing to a close.

To-day's work adds 445,000 to our stock of eggs, and brings the total

thus far up to 1,170,000, with some hundreds of females yet on hand
;

948,000 are now deposited in the new hatching-house, and the remainder

wiU be jilaced in the old house.

To-day we have taken 445,000 eggs. This unusual feat was accom-

plished by six men working all day, without weighing or measuring any
of the fish handled. That gives an average of 74,000 as a day's work
for a man, or, say, 7,400 per hour. This would be accounted very slow

progress with sea-going salmon, either of the Atlantic or Pacific. But
the Schoodic salmon are among the least prolific of fishes, and to get

the eggs taken to-day we had to handle over a thousand salmon. The
work of putting the eggs in the trays took over four hours in addition.

1 find that the best working party at the spawning-shed consists of five

or six persons—one to dip the fish and pass them to the spawn -takers,

one to keep the tally, three to take spawn, and, i)erhaps, one more to

wash and care for the eggs. In addition to these, it will require one

man to carry the eggs to the hatching-house, and another to place them
in the troughs, and, if the fish are weighed and measured, another man
will be required for this. The weighing and measuring have been done

this year, as usual, every day except when the work pressed too much.

The general results are tabulated below.

December 3.—This afternoon we began sending off the iDarent fish. Up
to this date all caught have been kept in our inclosures. All unripe, and
all awaiting manipulation, were kept in the inclosure below the spawn-

ing-shed. After the final manipulation they were placed in a roomy in-

closure above the spawning-shed. Having now, as is supposed, taken

aU the fish possible for this season, there is no objection to setting the
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old fish free in the lake. With the purpose of securing them as far

as possible from destruction, and aflbrding the best facilities for feed-

ing and recovering their condition, wa take them in salmon-cars from a

mile and a half to two miles up the lake and there set them free. The

cars used are fishing "dories" sunk in the water, with grated apertures

at either end, the same used on the Penobscot. From one to two hun-

dred of these Schoodic salmon can be transported in one of them at each

trii3. The weather, fortunately, has been mild for several weeks; othei'-

wise we might be unable to force our way far up the lake by reason of ice.

JDecemhcr 4.—To-day we finished taking spawn by giving the final

manipulation to the last fish. We have taken in all 1,723,000 eggs.

Becemher C.—All the nets and chains were taken out of the water to-

day, except a net to guard the passage of the dam by any returning fish.

Grand Lake is not yet frozen over. Big Lake and the other lower

lakes are also open, and the steamer continues to run between this

stream and Princeton. Ordinarily the lower lakes close about the 18th

of November ; and this year there have been two interruptions to navi-

gation. On the night of November 15 those lakes froze ov^er and so

remained for a week, and once since then they have been frozen over

for a single day.

Becemher 9.—Last night the thermometer dropped to 12° P., and

ice formed on Grand Lake as far as we can see from the outlet. Within

six days the temperature of the water in the new hatching-house has

fallen from 40° to 32^ P., and we do not expect to see it often above

340 until spring opens.

A good many of the fish that we carried up the lake have come back

and got into the canal, and others are hanging about near the dam, just

above the net set to intercept their descent. I think they are nearly all

males; I looked carefully at about 50 of them and do not see one that I

think is a female.

Becetnher 11.—A warm rain, with a southeast wind, breaks up the ice

in Grand Lake and carries off the snow. There is quite a flood in the

brook at the old hatching-house and the water rises to within 3 inches

of the tops of the hatching-troughs. A good deal of sediment is depos-

ited in the troughs and on the eggs in both houses, but they can be

easily cleansed by the careful hands of Mr. Munson. Grand Lake has

risen to 3 feet 6^ inches on our gauge ; it has been steadily rising since

November 10, when it stood at 1 foot 9 inches.

December 13.—The last of our nets removed from the water to-day.

No fish to be seen about the dam, and I think most of them have re-

turned to the lake.

December 14.—The wind blew strongly from the northeast throughout

last night, and the lake being open, and the temperature low (15° P.),

the rapidl3-formihg ice-crystals were driven down to the dam, where

they were piled up in a mass that clogged the gates and came near

being the cause of a serious calamity. At 6.30 a. m. it was discovered
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that the water hi the stream was very low ; that it had actually ceased

to flow iuto the hatching-house, and that from the hatchiug-troughs

themselves it had leaked away, till they were only half full and half the

eggs were in the air. The air of the hatching-house was far below the

freezing point. Ice coated the frames, and the upper layers of eggs in

several of the Irames appeared to be frozen. The situation was alarm-

ing. The greatest exertions were made to free the gates of the dam
from the ice blockade, and in half an hour we had the satisfaction of

seeing the water flowing through the hatching-troughs as usual. An
examination into the condition of the eggs a few hours later dispelled

our fears. l^Tot more than a hundred were killed. I suppose that those

which appeared to be frozen on the first examination were merely en-

cased in ice, or possibly the outer shell was frozen, the interior of the

egg remaining untouched. At any rate, they all thawed out without

loss, except the few mentioned. These losses were confined to the outer

edges of the upper and more exposed trays. It would probably have

taken some hours longer for the freezing temiierature to have pene-

trated to the interior of the frames of eggs (each frame held 20 shallow

trays piled one above another). Had the stoppage of water continued

for six or eight hours, I question Avhether the loss from freezing woidd

have been much more serious than the injury that would have resulted

from confining the eggs for the same length of time in a trough filled

with stagnant water. It is therefore doubtful whether, even in this cold

house, there would be any advantage in a tight trough. In a house

kept always above 32° F. in temperature, I think a leaky trough would,

without doubt, be the safest, and I would advise that pains be taken to

provide some small leak, so that in case of stoppage of the water the

troughs may be drained and the eggs left exposed to the air. In a cov-

ered trough drying would proceed xevy slowly, and the eggs would be

in no way harmed by contact with air, so long as they neither froze nor

died. Such an occurrence as the clogging of the gates of the dam by

ice can only occur when the lake is open, and at the same time a very

strong wind accompanies extreme cold, a conjunction of circumstances

not likel^i to come about very often.

3.

—

The development of the eggs.

As soon as the lots of eggs successively reached a stage of develop-

ment, suitable for the determination between impregnated and non-

impregnated, they were subjected to a close scrutiny to determine their

condition in this respect. In working upon smaller lots, a sample, num-

bering 20, taken at random from the eggs as they lay upon the trays,

was placed in a shallow testing-box, perforated with 20 holes. Hplding

this up so that a strong light shone up through the bottom, we could

see the condition of the eggs with great distinctness. Several trials were

made with each lot, not less than 100 eggs being examined in any lot,

except in case of some experiments embracing- less than 100 eggs in
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all. Ill the larger lots, however, this was fouud to be too tedious a

j)rocess, and resort was had to another. A whole tray ol eggs was held

vi}) to a window so as to throw a strong light upon the under side, and

all tlie eggs were so lighted up as to make their condition plainly dis-

cernible. A whole row, or two or three whole rows, next to the frame,

were critically examined and the unimpreguated counted. Each row

being known to contain on an average 40 eggs, the ratio of impregnation

was speedily arrived at. In this way, in the largest lots, 2,000 and more

were examined, and it is believed that the result obtained must be very

nearly correct. The result of the examination was fairly satisfactory,

but did not indicate so good a ratio of impregnation as I had hoped.

Exclusive of the experimental lots, it ranged from 74 to 93 per cent.,

and averaged, by careful computation, 90.1 per cent. At Bucksport, in

former seasons, with sea-going salmon, an average of 96 to 98 per cent,

was attained. The reason for the inferior result at Grand Lake Stream

is not apparent, but is most likely connected with these too-well attested

phenomena: first, that the Schoodic salmon, far more than the Penobscot

salmon, are subject to diseases wliich affect the eggs before they are laid,

so that often a large percentage, and sometimes the entire litter, is

damaged past all remedy when laid ; second, that unlike the Penobscot

salmon, the Schoodic fish often came into our hands while yet unripe,

and therefore liable to be prematurely pressed.

The percentage of non-impregnation would account for a loss of

172,300 eggs. The shrinkage up to the time of dividing and shipping

the eggs was 253,000, as deduced from the number shipped and turned

out to hatch. Probably the actual deaths were not far from the latter

number. Aside from the ordinary pickings of white eggs, there were

some entire lots which iierished. These were all experimental lots ex-

cept in one instance. A lot taken on the 28th of November, number-

ing 103,000, was a total loss. There was nothing unusual in the appear-

ance of these eggs until December 14, when it was observed that there

were small circular white spots in a great many of the eggs ; these were

near the embryonic disk in all cases, and in most cases directly over it,

moving about with the disk as if attached to the yolk. At this date,

the eggs of the embryonic disk were just beginning to expand. In a

few days it was observed that the lines showing the i)rogress of the

growth of the embryo were less regular in this than in other lots. If al-

lowed to remain in the water, the white spots enlarged and the eggs soon

decayed. They were, therefore, picked out as fast as they a])i)eared, the

examinations being made every three days. From 1,000 to 8,000 were

taken out at a picking, and on one day the number rose to 15,000. By-

the 9th day of February 80,000 had been taken out, one by one. They
were then removed to the new hatching-house, when, in the month of

March, about 5,000 of them hatched into weak fish. Unfortunately, the

record does not throw any light upon the causes that led to this failure,

but I have a suspicion that the eggs were kept too long in contact with
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the milt, whicli I have found is sometimes fatal. The eggs and milt

were this season kept in contact much longer than I have ever practiced

before, with the hope that a more complete impregnation would thereby

be secured. The latter object was not attained, and I now believe that

a minute is as good as an hour of contact. With the above-named

exceptions the eggs were to all appearance a healthy lot, and the ship-

ments were made in a very hopeful spirit.

The water in the new hatching-house fell, during the month of Novem*-

ber, from 48° F. to 38°. December 1 4 it stood at 32°, and thenceforward

through the winter between 32° and 33o. The development of the eggs

placed therein was, therefore, very slow. The water of the old hatch-

ing-house, however, was about as warm as usual, ranging from 44° to 38°

in December, from 41° to 39° in January, 39° to 37° in February, 39° to

38° ill March, 38° to 34° in April. The eggs placed in this house early

in the spawning season came forward rapidly, and were ready for ship-

ment early in February. It was decided to take the 25 per cent, reserve

out of these, and, therefore, but 150,000 of them were shipped. These

were sent to Connecticut, Massachusetts, and Kew Hampshire, Febru-

ary 10 and 11. The remainder of the shipments were made from the

eggs that passed the winter in the cold water of the new hatching-house,

and so much colder was the water and so much more backward the de-

velopment of these eggs than I had anticipated, that not until April did

they reach the state at which I thought it safe to pack them up.

4.

—

Division and shipment.

There were left at time of shipment, as nearly as could be estimated,

1,470,000 eggs ; 370,000 of these were retained for hatching, and the

balance, 1,100,000 were sent away—616,000 on account of the United

States Fish Commission, and 484,000 on account of the States of Massa-

chusetts, Connecticut, and New Hampshire. The distribution is given

more in detail in Table IV.

It has been the practice, rarely omitted at this establishment, to

remove the unfertilized eggs from each lot before packing it np. At
the stage suitable for packing, the unfertilized eggs are very tender, and

a moderate agitation suffices to turn most of them white, when they can

be easily removed. This was generally done at the time of packing,

but in some cases a few days before. The packing-boxes used this year

were from If to 3J inches deep. The eggs were, as usual, enveloped

in mosquito-netting, between layers of wet sphagnous moss. Between

the packing-boxes and the outer cases was a space of about 3 inches,

filled with chaft", dry moss, or sawdust. The cases generally left Grand
Lake Stream in the afternoon, and were carried on sleds to Princeton,

where they passed the first night. The second day they went to Calais,

and there passed another night. The third day (two days from starting)

they took the railroad train at St. Stephen, ]Sr. B., and from this point

the journey was generally uninterrupted.
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The eggs endured the journey in most excellent condition, and very

encouraging reports were received from most of the consignees. Out of

thirty lots shipped, sixteen were reported as arriving in "good" con-

dition; three, "very good"; one, "splendid"; one, "excellent, and very

superior"; only four were reported in inferior condition. The promise

of an unusually successful issue was very flattering, but it was only

partially fulfilled.

5.

—

Hatching and planting.

The eggs tlia t were reserved at Grand Lake Stream suffered least loss

in hatching. Out of 370,000 but 22,000 were lost, and had the unfertil-

ized been all removed, as in the case of those shipped, the loss would

have been much less. The young fish were apparently healthy and
vigorous. They were, as usual, set free the last of April and early in

May, in the shallow waters around the shores of Grand Lake, and a few

in Grand Lake Stream.

Next best were the eggs that were hatched at other points in New
England. The poorest results were obtained from the eggs that were

shipped to the farthest points. The total number of fish planted is

reported at 1,145,065; this indicates a total loss of 324,335 after shipment,

which, considering tlie careful removal of the unimpregnated eggs, is

not quite satisfactory. I am disposed to locate in the Grand Lake
establishment the causes which led to the greater part of this loss.

Though unable to point them out with certainty, I think I am on their

track and shall be able to ferret them out. The details of the distribu-

tion of the young fish are given in Table V. In the other tables, not yet

referred to, will be found records of temperature, of fishing, of spawning
operations, and of measurement of the parent fish.
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Table VI.

—

Observations on temperature and weather at Grand Lake Stream, 1878 and 1879.

Temperature.

Date. "Wind. Other phenomena.

39 70
, 59i,

60
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Table VI.

—

Ohsercations on temperature and iveather, tfc.—Continued.

Date, Wind. Other phenomena.

N. to ITW., light; dying away in

p. m.
Clear iu morning, but soon cloudy,
and cloudy rest of day till sun-
set; after that clear.

Cloudy all day: slight rain in
1 evening.

Southerly ; light to gentle ! Cloudy, with occa.sional light rain.
NW. to W., light

I

Clear.'

.. NE., light; increasing at evening.

36
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Table VI.

—

Observations on temperature and weather, cfc.—Continued.

6

8
12
18
12

12"

16
I 12— 4— 7

8

I

18
—10
!—10
—16
20— 1
2'

—20
9

11
6

26
7

27
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Table VI.

—

Observations on temperature and tveather, tj-c.—Coutiuued.

Date.

1879.

Mar.

10
11
12
13
14

15
16
17
18
19
20
21
22
23
24
25
26

. 27
28
29
30
31

Apr. 1

Temperature.
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Table VI.

—

Observations on temp^ature and weather, 4'-c.—Couclufled.
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XXXVIII.-DO THE SPAWNING SALMON ASCENDING THE SACRA-
MENTO RIVER ALL DIE WITHOUT RETURNING TO SEA?

By Horace D. Dunn.

[Witli notes by Livingston Stone.]

A.

[Communication from San Francisco, Cal., Sejitember 26, 1876.

Prof. Spencer F. Baird,

Assistant Secretary Smithsonian Institution^ Washington, B. C.

:

Sir : I am the author of the article lately x)ublished in the San Fran-

cisco Bulletin on fish-culture, which was sent to you by B. S. Bedding,

esq., fish-commissioner of the State of California. Mr. Bedding has

kindly loaned me his copy of the United States Fish Commission Beport,

1872-'73, and at his suggestion I write you. I have been a resident ot

California since January, 1850, and during the last ten years have taken

great interest in its fisheries. As a consequence I have been much in-

terested in the article of Mr. Livingston Stone on the Sacramento salmon

in the report. In some particulars my experience differs from that of

Mr. Stone, and on this account Mr. Bedding has asked me to write to

you.

On page 180, Mr. Stone states that all the Sacramento salmon die

after spawning. No doubt great numbers do, but a very large portion

of the run return to sea again, as before the close season between

August 1, and November 1, was established it was a common occurrence

to find spent salmon in market between the dates named. These salmon

were very much emaciated, had no scales, and varied in color from a

rusty black on the backs to a faded brown on the belly. Some were of

a dirty white color all over, as if they had been parboiled.

In regard to the quality of the Sacrameitto salmon, I think they com-

Ijare favorably with those caught in Maine. The mode of treatment

here of salmon is simply barbarous. The fish are caught in drift-nets

in the Sacramento Biver, near Bio Vista, about eighty miles from this

city. They, as a rule, lie in a boat for several hours exposed to the

sun before being brought to the steamer's wharf. There they lie in large

heaps for several hours more, and are dragged on board and put in large

heaps again. At Sen Francisco the fish are dragged ashore and roughly

thrown into wagons, and on arrival at the markets experience the same
treatment again ; as a consequence, the salmon have been dried and
heated and much bruised before they are sold to the consumer, and their

815
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flavor and iirmuess of meat much impaired. Treat the Maine salmon in

tfee same way and its best qualities would be gone.

Our salmon do take bait readily in the salt water at the mouths of rivers

and creeks, and in the bays along the coast. At such places fly-fishing

is generally not successful.

I have had several conversations with Mr. Eedding about his obser-

vations of the San Joaquin salmon and of your desire to procure a

species of salmon that can be successfully introduced into the waters of

the States south of the Potomac. It seems to me that the San Joaquin

salmon will not be as good for such purpose as the salmon which fre-

quent the rivers which empty direct into the Pacific along the California

coast from Monterey north. This last variety makes its appearance at

the mouths of the coast streams from the middle of October to Novem-
ber, awaiting the annual winter rains to swell the streams, up which

they go to their spawning-beds. The spawning takes place in December
and January, the spent fish returning to the ocean in February and

March. These fish, in good condition, have been caught weighing 25

pounds. As salmon spawn at set times, regardless of change of loca-

tion, the coast species would arrive in the rivers of the Southern States

when the streams would be swollen with winter rains, the water of a

low temperature, and such enemies as blue-fish, Spanish mackerel, &c.,

withdrawn to warmer waters near the Florida coast. The rivers, also,

being higher than in summer, would, with the colder weather, insure

the salmon a better chance for successful spawning than would be the

case with the San Joaquin salmon, which would be iu the rivers in Au-
gust and September, and easily caught, which is not desired until the

rivers become fully stocked.

I would also call your attention to a fish commonly called salmon-

trout, which visits our coast rivers about the same time the salmon do,

probably two weeks later. This fish is trout-shaped, being longer and
rounder than the salmon, and of proportionately less weight. This fish

spawns as late as February, and possibly early iu March, after which

they return to the mouths of the streams and to the ocean in the early

part of April. They have been caught weighing 20 i^ounds, from 8 to

10 pounds being a common weight. I think this variety would do well

if introduced into Virginia and the two Carolinas. They are a very

game fish, flesh before spawning a faint cream-color, changing to white

when returning to sea. A 7-pound fish in good condition measured 31^

inches long, while the largest run to about 40 inches. This variety of

fish stock the coast streams, where the mountain trout have been com-

pletely fished out. They are, however, fast disappearing under the

effects of netting, giant-powder, and spearing, and promise to become
extinct within the next ten years unless i)rotected by law from such

dangers.

Apologizing for so long and disjointed a letter, I remain your obedient

servant,

HORACE D. DUNN.
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7

B.

[Notes on letter of Mr. Horace D. Dunn to Prof. Spencer F. Baird, dated San Fran-

cisco, September 2G, 1876. By Livingston Stone.]

In the first part of liis letter Mr. Dunn says that on page 180, United

States Fish Commission Report, 1872 and 1873, Mr. Stone states that "all

the Sacramento salmon die after spawning," and critijcises this-statement

as follows

:

" No doubt that great numbers do, but a very large portion of the run

return to sea again, as before the close season between August 1, and

November 1, was established it Avas a common occurrence to find spent

salmon in market between the dates named."

Now, Mr. Dunn, undoubtedly without designing to, has misquoted

what I said. By referring to pS^ge 180, of the report referred, to, it will

be seen that I did not say that all the Sacramento salmon die after

sjiawning, but limited my statement to the salnion of the McCloud
Eiver. Indeed, in reference to the Salmo quinnat dying in the California

rivers I took particular care in my report to say that my remarks ap-

plied only to the salmon of the McCloud and ui)per tributaries, because

these salmon I was familiar with, while I was not familiar with the habits

of the Sacramento salmon of other portions of the river. The exact

words of the statement on page 180, of the report are as follows:

"Soon after this they (the salmon) become foul, diseased, and very

much emaciated, and in the McCloud River, at least, they die a short

time after spawning."

This statement I am prepared to support by evidence collected since

that time, and by the testimony of many others who have had oppor-

tunities of observing the McCloud River salmon with particular refer-

ence to this i3ecunarity.

The fact further mentioned by Mr. Dunn in confirmation of his state-

ment that spent salmon were frequently seen in San Francisco in the

fall is no evidence in regard to the McCloud River salmon, for no sal-

mon in any stage were ever sent from this river to the San Francisco

market, while it is a fact within my own knowledge that spent salmon
were formerly sent to market from the vicinity of Cloverdale and also

from Tehama. My own opinion on the subject, confirmed by five sea-

sons' observation on the McCloud River, is that the Sacramento salmon

which spawn near the sea are, many of them, able to return to the salt

water, but that the salmon which spawn as far away from the ocean

as the McCloud River and upper tributaries of the Sacramento are

too much exhausted after spawning to find their way back to the sea

alive.

The remarks of Mr. Dunn, farther on in his letter, in regard to the

quahty of the flesh of the Sacramento salmon, and also in regard to

taking them with a hook and line, I entirely agree with and approve of.

I do not, however, attach as much importance as Mr. Dunn does to the

52 F
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distinction which he makes between the coast salmon of California and
the San Joaquin salmon. He says that the coast variety is better than

the San Joaquin fish for introducing into the Atlantic rivers of the

South, because they spawn in December and January, which would be

more favorable months for the salmon to ascend the rivers in.

Kow, I am inclined to think that the coast fish are the same variety

as the San Joaquin fish, and that salmon do not spawn at set times, re-

gardless of change of location, as Mr. Dunn asserts.

On the contrary, I think that the spawning season is a mere accident of

place, and that if the California coast salmon should be introduced into

the Atlantic rivers they would adopt a time for spawning suited to their

new location which would be entirely independent of the season at which

their progenitors spawned on the Pacific coast, and consequently it would

make no difference as far as the favorableness of their spawning season

was concerned whether it was the coast salmon or the San Joaquin salmon

that were introduced.

The suggestions in regard to the introduction of the California sal-

mon-trout into Eastern waters, with which Mr. Dunn closes his letter,

is, I think, a very valuable one. This fish, the local name of which is

salmon-trout, is a large and excellent variety, and is certainly fast dis-

appearing. If it is not i)racticable at present to transport any of them
to the Atlantic States, some effort ought to be made at once to, at least,

l^rotect and increase them where they are.

In conclusion I take the liberty to say that Mr. Dunn's contributions

on fish-culture to the newsi)apeTs have been of a high order of merit,

and rank among the best specimens of newspaper literature on the

subject.

LIYINGSTON STONE.



XXXIX.-PRESENT STAGE OF THE SALMON EXPERIMENT IN
TASMANIA.

By Morton Allport, F. L. S., F. Z. S., &c.
(Read November 12, 1877.)

[Papers and proceedings and report of The Royal Society of Tasmania, for 1877,

pp. 109 to 114.]

Though grilse weighing from 3 to 7 i^oiitids have, during the last four

years, been taken in the Derwent, how is it that no mature salmon—that

is, fish weighing from 15 to 30 pounds, have been captured ? This is a

question frequently asked both here and in the neighboring colonies,

but it will be necessary before attempting to answer it to refer to what is

known of the early life-history of the salmon in Europe and Tasmania.

It has been calculated by able British authorities that in specially

good salmon rivers, such as the Tay in Scotland, not more than one egg

in every 1,500 deposited ever becomes a salmon, the diminution in num-
ber taking place chiefly during the earlier stages of life, and especially

during the journej^ of the smolt to the sea, and the first few weeks of

their residence there, though even the grilse appear liable to have their

number considerably decreased by the attacks of marine enemies before

their return as veritable salmon.

The limited number of mature salmon we can yet have in the Der-

went might, therefore, alone account for their non-cai)ture, but we must
add to that disadvantage the want of adequate appliances to ensnare

large-sized fish. The chance of taking one with the rod is infinitesimal

while the fish are scarce, the fishermen scarcer, food very abundant, and
the difficulties with which the angler in the Upper Derwent has to con-

tend great. The one or two fine-meshed seine nets worked down the

river, though well adapted to scrape out smolt, are quite unfitted for the

capture of salmon, as they are shot so as to leave a considerable space

between the net and the shore, and take so long to haul that the wary
old salmon would, before the end of the net reached the land, pass round

one or the other, and so escape.

The majority of the 18 or 20 grilse caught have been taken in an

ordinary grab-all net, having a mesh of such a size that only the fish of

from 3 to 5 pounds weight can mesh themselves, and no larger salmon

is at all likely to be taken by the same net, as in this method of fishing

it is essential that the fish should be able to get the gill covers through

the mesh, or by backing it can at once free itself. If a grab-all net,

having a mesh of two and a half inches from knot to laiot, was used,
819
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the chance of catching a mature sahnon would be largely increased, i^ro-

vided only such mature salmon are there to be caught, which has yet to

be proved.

We know that in our own waters the capture of sea-going salmonoids

was at first, that is in the year 1869, confined to a few sniolts only, and
these were taken in the small meshed seines after strong freshets had come
down the Derwent in the end of October and the beginning of Novem-
ber. In subsequent years, and always in the same months, many of

these fish came to the hands of the salmon commissioners till the river

was very properly closed to the seine-nets above Hobart Town, and
many more of the same fish were doubtless taken of which the com-

missioners knew nothing. The capture of these smolts was in several

seasons followed by the taking in December, January, and February, of

salmonoids intermediate in size between smolts and grilse—that is, weigh-

ing from three-quarters ofa pound to one pound and a half—and it was one

of these fish taken in December, 1869, of which Dr. Giinther wrote that it

presented all the characteristics usually found in the true salmon {Salmo

salar).

Time passed on and one grilse was taken 'in December, 1873, followed

by two or three others in subsequent years, and in the beginning of

January, 1876, between two or three hundred of the salmonoids inter-

mediate between smolts and grilse were talcen at a few hauls of the

seine-nets on the open sea beaches, some distance below Hobart Town,
since which the river has been wisely closed still lower down.

Eight of the last-mentioned fish, taken at random, were carefully ex-

amined and dissected, and of these eight, six jjroved to be unmistakably

true salmon {Salmo salar), while the remaining two exhibited character-

istics common to both the true salmon and the salmon trout {Salmo

tnitta), so that their species could not be positively determined. We
next come to the comparatively frequent capture of grilse this season in

one place, and by one small net ill-suited for the purpose. And so far

therefore, the sequence of events has been marvelously regular, and ex-

actly what was to be exj)ected if all went well. Yet it is not absolutely

certain that this regular sequence will be followed by the crowning tri-

umph in the shape of the captui'e of a 30-iJound salmon, though the

probabilities are greatly in favor of such a capture being soon made if

proper means are used to effect it.

It is certain, from the life history of our salmonoids, as already detailed,

that the smolts descending the Derwent find ample food and sufticiently

salt water in the estuary immediately below Hobart Town to carry them
on to the stage referred to as intermediate between smolts and grilse,

after which stage we altogether lose sight of these fish for a time, dur-

ing which they jirobably go with the floods of autumn and farther out

on to the open coast, for when we next see them it is as grilse in early

spring (August and September), and they then appear to be working
theii" way up the Derwent estuary and following the myriads of indige-
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nous small fry, whicli are then constantly hatching out. As the female

of these grilse taken in earlj^ autumn invariably exhibit the ova consid-

erably more matured than when taken in the spring, there can be no

doubt that they are finding their way to the fresh-water spawning-beds,

and would reach them in the early floods of winter, though among the

wealth of suitable streams running througli scores of miles of uninhab-

ited, mountainous, and inhospitable country we have never yet (except,

perhaps, in one instance) been able to ascertain the exact locality of such

spawning-beds.

It is quite jjossible that the grilse after spawning, and on its return

with the last of the winter floods to salt water, requires some greater

change and a longer journej^ seawards than when it was passing from

the smolt to the grilse stage. And, if so, it may have to encounter more

formidable marine enemies than on its first journey, or some unfavora-

ble physical features of our coast of which we, as yet, know nothing.

Unfortunately, the most scientific ichthyologists and the most practical

fishermen are still equally ignorant of the precise habits of the mature

salmon when at sea, and exj)erience can alone prove whether the final

stage is to be successfully reached, and, if so, when f

During the last few years, and since the commencement of the salmon

exijeriment, large numbers of specimens of our coast fish have been

forwarded to and examined by Dr. Albert Gunther, of the British

Museum, whose determination of the species proves that many of our

fish are not merely representatives of but identical with British forms,

such, for instance, as the John Dory {Zeus faher), the horse-mackerel

{Trachurus trachurus), the dog-fish {Acanthias vulgaris), the sprat {Clu-

pea sprattus), and the conger [Conger vulgaris). And this fact goes far

to show that there can be no vast difference between the physical fea-

ture? of the Tasmanian and British coasts.

If, therefore, there is any truth in the doctrine of natural selection and

survival of the fittest, we may rest assured that as the grilse are rapidly

increasing in number, some few out of the thousands sent time after

time to sea will be able to adapt themselves to their altered circum-

stances, escape their foes, and find their way back as salmon. After

the second migration is accomjilished, the increased speed and cunning

of the fish will materially improve its chance of successfully overcom-

ing tlie dangers of all subsequent journeys.

For each of the grilse which have been taken in one minute spot of

the wide estuary of the Derwent, by a net ill-suited for the purpose,

there must be hundreds, and more probably thousands, passing of

which we hear and see nothing; and if this is true of the grilse after the

manifold risks to which they have been exposed on our coasts, what
must be the number of smolts that have passed down the Derwent, and

what the still greater luimber of fry in the eailier parr stage on the

gravelly rapids of some tributary or tributaries of the Upper Derwent ?

Can we set such numbers down at less than hundreds of thousands ?
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And yet, marvelous to relate, not one single parr has yet been seen (so

far as tlie salmon commissioners are aware) in the fresli waters of the

Derwent or any of its tributaries ; and this is more amazing, because

these fish talte the worm or artificial fly with the greatest readiness, and
would have been almost certain to make their presence known to any
angler in their immediate neighborhood.

A writer in Queensland, a few months ago, also referred to this extraor-

dinary absence of the parrs, and used it as a powerful argument against

there being any salmon in Tasmania; but he went rather too far, and
used the same argument to prove that the migratory salmonoids, which

he admitted were taken in the Lower Derwent, were only salmon trout,

ignoring the fact that the parrs of the salmon trout (identical in appear-

ance and habits with those of the salmon) were equally remarkable for

their api^arent absence. If amongst the dozens of suitable tributaries

of the Upper Derwent we are unable to find a trace of these hundreds

of thousands of salmon parrs, which it is imi)ossible to doubt must be

there, we need scarcely be surprised at our inability to light upon the

mere handful of mature salmon which we are yet likely to have in the

wide waters of the deep Derwent estuary. Some day an errant fisher-

man on one of the small streams about or beyond the lakes, such as the

Clarence, the Pine, the Nive, or the Cuvier, where nobody ever thinks

of fishing now, will probably drop on such myriads of these parrs as will

enlighten us as to the supj^ly of grilse below, and the knowledge so

gained may lead to the obtaining fresh suftplies of ova for the stocking of

our Northern and Western rivers, because the parrs never move far from

the original spawning-place before assuming the smolt dress ; and their

detection would enable us in the following winter to watch for and take

the parent fish on their certain return to the same spawning-beds.

Before concludmg, it may be as well to refer to the one instance in

which it is just possible we have hit. upon the spawning-bed of a true

salmon. In the early part of the past winter a paii? of large fish were

observed spawning in the Plenty, and were netted by the bailiff" in

charge at the ponds after the bulk of the ova were deposited.

The female, after having parted with the greater part of her ova,

weighed more than twenty pounds, and the male weighed nearly nine-

teen pounds. Mr. Eead, one of the salmon commissioners, examined

these fish carefully, and both he and the bailiff are of opinion, from the

external appearance of the fish, that they were true salmon, or at any

rate belonged to one of the two migratory species.

After stripping the remaining ova (almost one thousand in number)

from the female and applying the artificial process of imiiregnation, both

fish were returned to the river.

Subsequently a few of the naturally-deposited ova were, with judi-

cious forethought, taken from the rid, placed in one of our hatching-

boxes mentioned, and then kept carefully separated from other ova.

The artificially-impregnated ova failed, but that so, prudently taken
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from the rid has liatclied out ; and an examination of both the eggs and

the newly-hatched fry has very materially strengthened the impression

in my mind that these fish were salmon, for the eggs were not only larger

than any we have yet taken in the colony, but had exactly the pink

tinge which characterized the salmon eggs received from England. The

umbihcal sac attached to the newly-hatched" fry is longer in proportion

to the width than that of the trout, and this was a marked peculiarity

in the fry hatched from the imj)orted salmon eggs. It is quite true that

there is considerable diversity both in the size and color of the egg& of

the brown trout {Salmofario) ; but the size of the eggs in that species

by no means depends upon the size of the fish, as large eggs are often

found in small fish ; and no cause can yet be assigned for this diversity

in size, but the difference in color clearly depends on the quality of the

fish, the red-fleshed fish invariably producing red eggs, and the white-

fleshed fish the pale straw-colored eggs. As an actual fact, none of the

originally imported salmon-trout or trout eggs approached in size either

these eggs taken from the rid in the Plenty or the imported salmon

eggs ; and very great interest will therefore attach to the subsequent

stages of the fry now hatched, because, if they are true emigrants, that

fact must be made manifest when the deciduous silvery scales which first

hide the parr marks are put on, and the young fish assume the smolt

stage, though it may even then (as long since pointed out) be difficult,

if not imi30ssible, to determine accurately to which of the two migratory

species the smolts may belong.

A few days after the foregoing was written, namely, on the 15th day

of October last, a strong freshet came down the Plenty, during which a

school of about a dozen salmonoids found their way into the water-

course which supplies the j^onds, being evidently bound seaward. Mr.

Read was so much struck with the difference between these fish and
trout- fry of the same size that he preserved two of them in spirits and

forwarded them to me for examination. Externally, both fish x>i"esented

the characteristics of true salmon, and upon dissection the number of

pyloric appendages was found to be sixty-two in one and sixty-five in

the other—numbers which prove these specimens to have been salmon

and not salmon-trout. This capture, therefore, lends additional force to

the presumption that the 20-pound fish taken in the Plenty was a salmon.





XL-CORRESPONDENCE CONNECTED WITH THE TRANSMISSION
OF EGGS OF THE QUINNAT SALMON AND WHITEFISH TO AUS-
TRALIA AND NEW ZEALAND, 1877, 1878, AND PRIOR YEARS.*

AUSTEALIA.

Sir Samuel Wilson to the Melbourne Argus, publislied November 30, 1877.

SiE. : The shipment of salmon ova which I received from California

by way of Auckland arrived in very good condition. Only about 6 j)er

cent, had perished during the voyage, and as there had been two trans-

shipments, this was a very small proportion of loss. On the arrival of

the ova at Sydney, they were taken out of the ice-house on board the

San Francisco mail-steamer and transferred to the City of Adelaide.

The ova were packed in layers in a box or ice chest, about 3 feet by

4 feet, and about 2 feet in depth. They were placed between two pieces

of thinly-woven cotton stuff, about 7,000 in each layer, and a layer of

moss about 2 inches deep between each two layers, and also above and

below the eggs. Six inches of ice was placed over the ova, and the bot-

tom was pierced with holes to allow the escape of water from the melt-

ing ice. The ice was renewed every 12 hours on the voyage from Syd-

ney to Melboiu-ne. The box had an inner lining, inclosing about 4

inches of sawdust to act as a non-conductor, and which answered the

object sufficiently well.'

The weak points in the packing were the use of cotton stuff, which

rots and gets mouldy, while the moss remains green and fresh, and also

that the ova were too closely packed together. For a short voyage this

matters httle, but in a long distance the difference is great, as when one

egg loses vitality it soon decays, and the byssus, or fungus, which quickly

forms, attacks all the ova within reach, which adhere to each other, and

although little altered in appearance these ova invariably perish in the

hatching.

On the arrival of the ova at Sandridge they were removed, and taken

by train and wagon, well packed on an elastic cushion of straw, and

opened at the spring on Ercildoune estate, where the hatching-boxes

were ready for their reception. On the pads covering the ice being

taken off, a layer of moss, fresh and green as if newly gathered, was to

be seen covering the ova. On this being removed, the eggs were visible

* For the purpose of completing the record, begun in tlie report for 1875-'76, vol. 4,

I give some letters relating to seudinga prior to 1877.—S. F. B.
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through the thin net-like web which covered them, and at once it was

evident, to my great dehght, that they were in splendid preservation,

and far advanced in hatching, the eyes of the young fish being clearly

visible. With little loss of time the ova were transferred to the gravel

of the hatching-boxes, which had been prepared with great care, by be-

ing screened to insure a uniform size, and by boiling to destroy insect

germs which might be injurious to the ova. All were got into the

hatching-boxes the same evening, except one layer of about 7,000,

which were left under the ice till next morning. About G per cent, of

dead eggs were taken out at once, but many were adhering in clusters,

most of which I knew could not live, but which looked healthy enough

at the time.

The next morning over 100 young salmon were hatched, and they

were lively little fellows even at that early stage of their existence.

When touched with a feather they would start off and swim round in a

cu'cle, and settle down again amongst the gravel. On the remainder of

the ova being transferred to the hatching-boxes several of the young

fish were found to have hatched out during the night, and during the .

day 400 or 500 made their appearance.

Tlie ovum of the American salmon is larger than that of the British

species. It measures almost exactly a quarter of an inch in diameter.

It is of a transparent pink color, and is nearly globular, being slightly

elongated. The young fish is about an inch long, and it has attached to

it the umbilical sac containing the yolk of the egg, which is a clean

transparent red color, and seems quite as large as the egg from which

it has emerged. This sac contains the food of the young salmon for

three or four weeks, and is gradually absorbed, becoming smaller as the

young fish grows.

The hatching process is effected simply by placing the ova on a layer

of gravel, over Avhich a stream of water is allowed to run. The temper-

ature of the water is a most important point, and I selected a spring

from its being of a uniform degree of cold and from its freedom from

sediment, which by settling on the egg interferes with the supply of

oxygen necessary for its vivification. As the supply from the spring is

limited, being only four or five pints per minute, I had a pipe laid down
from the creek supi^lying two filters which are used to increase the sup-

ply. The water from the pipe can be shut off entirely when its tem-

perature is too high,' but for so far the difference has not been great be-

tween the water from it and that of the spring. The permanent tem-

perature of the spring is 55° and the pipe supply has risen on hot days

to 02°, but the young fish did not seem to suffer in the slightest, and

those in the warmest water are further advanced. The hatching went

on favorably, but a large number of the eggs arrived at a certain stage

and failed to produce live fish. Sometimes after a struggle the head

would appear, and the little creature would ijerish in the effort to emerge

from the shell. In others, after the eyes were plainly visible, the living
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principle became extinguished, as sllo^vu by the ovum becoming white

or opaque. The fish which were hatched, however, were stroug and

healthy. For a time the dead eggs picked out were over 3,000 a day,

and luospects wer.e rather gloomy, but circumstances proved that it

was more from the conditions to which the ova had been subjected be-

fore their arrival that the losses were attributable than to then- treat-

ment after landing.

The total shipment was supposed to be 50,000 ova, but from a rough

count the number received was estimated at 55,000. When the eggs

were opened, one layer of about 7,000 ova was put in each box. The

combined stream runs through the boxes from one to eight, the first

boxes getting the fresh, cool water, and having the best chance, the

water heating 2° in passing through the boxes in hot weather. When
the hatching was nearly finished, a very marked difference was observ-

able in the nuuiber hatched in each box. Ko. 1 had only about 1,000

live fish out of 7,000 eggs. These eggs were on the top nearest the

ice. The next layer in No. 2 had probably 3,000 fish out of 7,000 ova.

No. 3 was the best .of all, and there were probably 0,000 live fish out of

7,000 ova. Nos. 4, 5, and G were pretty equal, and hatched over 50 per

cent. The eggs in No. 7 hatched out much earlier, but the percentage

of loss was above the average. No. 8 opened a day later, and the lowest

layer of eggs hatched out very quickly, having the warmest water, and

produced probably 5,000 fish.

It will thus be seen that the diflerent lots of eggs, when treated

exactly in the same way, varied very materially in the number hatched,

showing that the causes of this dift'ereuce were to be looked for in the

treatment of the ova when first taken, or in the mode of packing, rather

than in their management after their arrival in Australia.

After the young fish were fairly hatched but few losses occurred,

probably not 50 in the whole number. Of the ova, only about 500

remained t'o hatch on the 24th, and that day, although the hottest of

the season, did not appear to injure the alcvins, as the young fish at this

stage are called. The number of live fish is now about 28,000, which is

a not unsuccessful result. Had the ova arrived a week earlier, probably

three-fourths, could have been saved. If they had been a week later,

probably they would have been a mass of putrefaction from the fish

hatching out, as happened with the first lot of .20,000 California ova

which I had brought over three years ago.

Success in most things is the result of good arrangements, made with

a thorough knowledge of the subject, and combined with favorable

circumstances, where these are beyond control. The result in this case

shows what a narrow line may lie between success and failure.

The question now becomes, What is it best to do with these 28,000

young salmon ? While they are in the alevin stage the losses are com-

paratively shght, little feeding is required, and they only require to be

kept from enemies and allowed a good sujjply of cool water. When the
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sac is absorbed they become perfect salmon in miniature, but with a
different coat, and can do well for themselves in the open river, being

quick and active in eluding their enemies. In my opinion they cannot,

then, be too soon turned out into suitable streams.

The streams really well suited to the salmon in Victoria are few in

number, and are only to be found on the slopes running to tlie soutliern

coast from the Cape Otway or the Gipps Land Eanges. The Snowy
Eiver and the Gellibrand Eiver are probably the two best for this pur-

pose, but the rivers running through the Gipps Land Lakes into the

sea may probably suit the Californian salmon, which can bear higher

temperature in the waters and seas which it frequents than the species

found in more northerly latitudes, and I am not unhopeful that even the

Yarra, and the headwaters of the streams south of Mount Macedon, may
be found not entirely unfitted for the purpose.

But it will be asked. How are the young salmon to get from Ercildoune

to the Gellibrand, to the Snowy River, or even to the Yarra"? This dif-

ficulty has been solved by actual experiment. By the aid of ice to keep
down the temperature, and a force-pump to aerate the water and main-
tain the needful supply of oxygen (without which no life can exist,

whether of vegetable or animal nature), the fish can be carried for 24

hours or more with every chance of success. The Yarra, or the creek

at Wooliug, near Macedon, is within six or seven hours' traveling. The
Gellibrand River is within 18 hours, as I have proved by carrying

successfully a few young trout and salmon from Tasmauian ova with a

very small percentage of loss. The Gipps Land Rivers are further

away, but with a steamer like the Victoria, within 25 hours the feat

might be accomplished, and the experiment, which has been successful

so far, might be carried to a successful result, or, at any rate, as far as

human enterprise might conduce to that end. Would it be too much to

to ask that the government steamer Victoria should be allowed to convey
a portion of these young salmon to the Snowy River and the Gipps
Land Lakes?

Since writing the above I have heard from Ercildoune, and the report

is—During the last 24 hours six ova have died, and seven alevins. The
fish are beginning to develop the gregarious instinct, and are collecting

in large crowds, and continue to do well.

I remain, &c.,

SAMUEL WILSON.
Oakleigh Hall,

JEast St. Kilda, Melbourne.

Editorial of Melbourne Argus of December 1, 1877.

The suggestion with which Sir Samuel Wilson closed his very interest-

ing letter in our yesterday's issue on the subject of the introduction of

the salmon into the colony—viz, that the government should give the
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services of the Victoria to complete the work ah^eady so far advanced

—

is emineutly reasonable. AVhen private liberality and enterprise have

done so much towards the conferring of a great benefit upon the

country, it would be churlish to a degree if the state were to refuse to

assist in the little that still remains to be done. Sir Samuel imported

the ova at his own cost, and hatched them out in his own hatching-

boxes, and it only now remains to transport the 28,000 infant salmon

tjj.at form the magnificent residt of his labor and outlay to waters suit-

able for their growth and increase. The Victoria could not be more

usefully employed than on this errand. It would only be a matter of

20 or 30 tons of coal, and some extra wages. Probably £100 would

cover the whole cost. Further, if there is anything that the railway

department can do to further the distribution of the young fish, that

also should be done, promptly and cheerfully. When the history of

fish acclimatization in Victoria comes to be written, there will be several

of our older colonists who will be entitled to warm commendation for

their exertions in the cause. About twenty-one years ago Mr. Edward
Wilson showed what could be done in the matter by transferring the

cod from an affluent of the Murray into an affluent of the Yarra, thus

giving this noble fish an entirely new habitat of great extent. A little

later Mr. Learmonth introduced the same fish into Lake Burrumbeet.

J. C. Firth to tJie Melbourne Argus of January 9, 1878.

Sir: My attention has been drawn to a letter appearing in your

issue of November 30 from Sir Samuel Wilson, detailing his operations

relating to the hatching of some 50,000 salmon ova recently received in

Victoria from California. Every one will be pleased at so successful a

result, and grateful to Sir S. Wilson for the care he has taken with so

valuable a consignment after it reached his hands.

It is, however, I think, to be regretted that Sir S. Wilson, through

inadvertence or some other cause, omitted to state to whom the colony

of Victoria is indebted for so great a boon as the Californian salmon.

As I have had opportunities of becoming acquainted with the matter,

I will, with your permission, supply the information so innocently omit-

ted by Sir S. Wilson.

In June last Sir Samuel applied to me to i^rocure 50,000 salmon ova

from California. I informed him that, though almost too late, I would

wiite the Hon'. Spencer F. Baird, chief of the United States Fish Com-

mission at Washington, by the next mail.

I wrote jVIr. Baird,' acquainting him with Sir S. Wilson's request, and

asked him, if j)ossible, to confer a lasting obligation on the colony of

Victoria by sending 50,000 salmon ova. In due course,- Mr. Baird

courteously replied, acceding to the request, should the lateness of the

order i^ermit of its execution. By next mail I conveyed this intimation
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to Sir S. Wilson. On November 2, 1877, the mail-steamer brought the

50,000 salmon ova for Victoria.

It will be seen that this noble gift' of salmon is due to the generous

good-will of the peoi)le of the United States, directed by the high-minded

and courteous chief of their Fish Commission, the Hon. Spencer F. Baird.

Xo charge whatever is made beyond the cost of transport and packing,

and even this has not yet been made. When we consider that the

United States has constructed expensive fish-breeding establishmeuts

on the M'Cloud and other rivers, which are kept up by large annual ajj-

propriations by the Legislature of the United States, for the purpose of

stocking their own rivers with fish, the noble generosity of their gifts

of salmon ova to iSTew Zealand and Victoria, the colonies of a foreign

nation, will be fully api)reciated, and I trust you will pardon me for

thus supplementing Sir S. Wilson's letter.

I regret, also, that Sir S. Wilson should have felt it necessary to com-

plain of the imperfect manner in which the ova had been packed in

California. This packing had been done by the ofiicers of the Fish Com-
mission at the M'Cloud Eiver, whose exx)erience ought to have enabled .

them to iiack the ova in such a manner as to secure success. That they

have done so is evident from the fact that about 95 per cent, of the ova

arrived in good condition. Sir S. Wilson will, I think, regret that in

this instance he " looked a gift-horse in the mouth," and found nothing

worth a complaint even then.

Eegarding Sir S. Wilson's statement that this consignment of ova

narrowly escaped destruction, because in about two days after arrival

most of them hatched, I may say that during the last three years the

United States Fish Commission have presented one million salmon ova

to this colony, the whole of which have been distributed throughout the

colony by me, one-third of which I have personally i^laced in the hatching-

boxes and shingle-beds of this part of the colony, and in every instance

I have noticed that two days after the removal of the ova from the low

temperature secured by the ice the retardation ceased, and within forty-

eight hours of the increase of temperature from 35<^ Fahrenheit to 60° or

65° the hatching process was nearly completed.

I regret, also, that Sir S. Wilson has published no acknowledgment

to Mr. A. S. Webster, of Sydney, a gentleman whom I had requested

to see the ova transferred from the Californian steamer to the first Mel-

bourne steamer in case no person had been sent by Sir S. Wilson to

take charge in Sydney. To the admirable manner in which Mr. Web-
ster carried out my instructions the safe arrival of the ova in Melbourne

is largely due. To the agents in California, the proprietors, captain,

and officers of the California mail-steamer City of Sydney, in my ca-

pacity of president of the Auckland Acclimatization Society I have for-

warded and published the thanks of the Auckland council. I have on

this and all similar occasions taken care that the services of every

helper in this good work have been duly recognized and published, not
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merely on the ground of policy, to secure future co-operation, but be-

cause they have well deserved recognition. Of my own humble services

I say nothing beyond this, that the cost of transit from San Francisco,

cost of ice, ova, and ice-chests, provided in Auckland, have been de-

frayed by me, which I pray you to i)ermit me through your columns to

present to the peoi)le of Victoria as my contribution to the great work

of introducing salmon into your noble colony.

I am, &c.,

J. 0. FIETH.
Auckland, Becemh. 27.

Sir Samuel Wilson to S. F. Baird.

Ercildoune, Burrumbeet, March 16, 1878.

Sir : I have learned from Mr. Firth, the president of the Auckland
Acclimatization Society, that 50,000 salmon ova which were received by
me from IS'ew Zealand have been supplied by the liberality and generosity

of the United States Government, and I now, on behalf of myself, who
carried out the experiment to a successful result, and on behalf of the

colony of Victoria, which will, I hope, benefit greatly by the acclimati-

zation of such a valuable fish as the salmon, beg to offer my best thanks

for the very valuable consignment of ova, and for your care and trouble

in sending them so safely.

I have to request that you will convey to the Government of the United

States the warm appreciation by the i)eople of Victoria of the noble and

generous spirit which prompts them to support so liberally an estab-

lishment calculated to do so much good to the human race. On behalf

of this colony I tender them my most hearty thanks.

It will interest you to know that the ova arrived, after their long voy-

age and transshipment at various ports, with a loss of only G per cent.,

and out of 50,000 about 28,000 were hatched successfully. The bulk of

these were distributed safely in all the rivers and streams likely to suit

them in the colony, and, from their capability of resisting high tempera-

tures, they promise to succeed admirably, so far as can be judged at

present. The next report of the zoological and acclimatization society

will contain a report of the experiment, and I shall do myself the honor

of sending you a copy.

I should much like to introduce here some of your Salmo fontinalis and
Coregonus albus, if the ova are procurable. I observe that the latter has

not hitherto succeeded in New Zealand.

I have just received a small quantity of English salmon ova {Sahiio,

salar), which, I hope, will succeed as well as your S. quinnat.

I have the honor to be your obedient servant,

SAML. WILSON.
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Sir Samuel Wilson to S. F. Baird.

Oakleigh HAI.L, East St. Kilda,
Victoria, Australia, July 22, 1878.

Dear Sir: I have the pleasure of ackuowledging the receipt of

your letter of 24th May, and have to offer my best thanks for your con-

tinued kind offers of salmon ova for this colony. I have been making
inquiries as to the temperatures of the waters of the Murray River,

which is the largest stream in Australia, and from what I can gather it

will, I think, be found suitable to the Californian salmon. To be success-

ful, the thing should be done on a large scale, and not less than 500,000

or 1,000,000 ova obtained for it. As the undertaking would benefit three

colonies it should be a joint affair, and would be rather too heavy for

any individual to attempt to carry through. I intend to propose the

matter to the governments of the three colonies interested, and hope
that it may be taken up by them.

Eegarding the Salmo fontinalis ova, which you so kindly offer to send,

the best way will be to place them in a boj: similar to those in which
the salmon ova were sent here, but smaller, with a supply of ice inside

the box. The case shonld be sent in the ice-house of a steamer to Lon-

don or Liverpool, thence by rail to London, to be placed in an ice-house

till forwarded by the Peninsula and Oriental Company's steamer in their

ice-house, or by one of the new fast line of steamers to Melbourne. This

will obviate the dangers of freezing in crossing the Continent.

Be so good as to consign the eggs to Messrs. Eobert Brooks & Co.,

Cornhill, London, who will follow instructions and forward them to me.

They will also attend to their forwarding from Liverpool should there

be no steamers direct to London. Should there be no ice-house, a large

box of ice would do very well instead as far as England, as the weather

is then cold.

You do not mention the Coregonus albus, which is a very desirable fish

to acclimatize, but which may need lower temjieratures than our waters

here.

I have the pleasure to inform you that the council of the Zoological

and Acclimatization Society have, in token of their appreciation of your

very valuable services to the cause of acclimatization, awarded to you
their silver medal, of which you will have official notice from the secre-

tary.

I shall send you a report of the different attempts that have been

made to introduce the salmon here, which will ajii^ear in the next volume
of the society's proceedings, now in the press.

The shipment of English salmon ova by the Chimborazo was almost

a complete failure. I received three boxes containing about 1,700 ova,

but two of these only produced one live fish. The third box con-

tained fine, large pink ova, but there were only 320 in it, and of these

200 looked well, and 150 live fish were hatched. From some cause they
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all died but 32, which are still alive aud doing well. The remainder,

about 52,000, that went on to New Zealand, were nearly all bad, but a

few hundred were hatched. I have not heard how many survived. The
English trout ova, by the same shipment, came to New Zealand in good
order, but they are the large species Salmofario misonii, of Giiuther, and
prove too large for many of our streams. We want here your smaller

variety—the 8. fontinalis or the 8. fario gamiardi—the "burn trout" of

the Highlands of Scotland.

I cannot close this letter without again expressing my admiration of

the generosity and public spirit, in a cosmopolitan sense, which is dis-

played in the kind manner in which you, as the representative of the

United States, have so freely supx)lied ova of your valuable fish for the

purpose of stocking the waters of Australia and other countries, and I

only wish that we had something of equal value to offer in return.

Pray accept my best thanks on behalf of the colony, which is greatly

indebted to you,

And believe me to be, yours, very truly, «

SAM'L WILSON.

P. S.—Any expenditure incurred I shall be happy to liquidate on hear-

ing the amount.

S. W.

NEW ZEALAND.

J. C. Firth to 8. F. Baird.

Auckland, Axwil 11, 1877.

Dear Sir : I have duly received your valued favors of December 21

and 19th January, and have read their contents with a great deal of

pleasure.

I thank you for your cordial and generous offer to sujiply a further

quantity of salmon ova, if necessary, under certain conditions detailed

in your letter of January 19.

I have now the pleasure to inform you that the council of Auckland
Acclimatization Society, of which society themembershave done me the

honor to elect me president for the current year, are desirous of obtain-

ing a further supply of salmon ova on terms of your letter before cited,*

and I have the honor to ask you to be good enough to cause to be for-

warded tons at the proper time, through our agents, Messrs. Cross & Co.,

of San Francisco, 200,000 salmon ova.

E. J. Creighton, esq., New Zealand agent in San Francisco, will also

interest himself in seeing that every facility be offered by the mail steamer.

About a month ago I located the last batch of young salmon for the

season.

* Payment of actual espeaaes of obtaining and forwarding eggs.—S. F. Baird..

53 F
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As you may perhaps feel a little interest in knowing what sort of a

country it is that you are so much benefiting, I inclose you a copy of the

account of my last " salmon excursion."

I am, dear sir, yours sincerely,

J. C. FIETH,
President of the AucMand Acclimatization Society.

Hon. Spencer F. Baird,

Chief Commissioner of United States Fisheries.

Same to the same.

Auckland, New Zealand, Octoher 24, 1877.

Dear Sir : I am duly in receipt of your favor of August 6, and thank

you for your kind accession to my requests on behalf of the Victoria

and Canterbury societies so far as circumstances will permit.

I am pleased to have to report that in one of the rivers, the Eai)urapu,

in the shingle-beds of which I last year placed a large number of the

salmon ova you so kindly sent, a great success has been achieved ; large

numbers of young salmon 5 inches in length being reported as swarm-

ing in the river for miles.

I am, dear sir, your obedient servant,

J. C. FIETH.
Hon. Spencer F. Baird,

Commissioner United States Fish Commission^ Washington.

Robert Houghton to S. F. Baird.

San Francisco, Novemher 1, 1877.

Hon. Professor Baird, Washington

:

Dear Sir : I have to thank you for the shipment of 500,000 salmon

eggs to New Zealand, per Cross & Co., San Francisco, on the 10th

ultimo. Fortunately the shipment was successful, Mr. Hooper, of Cross

& Co., having attended to the matter personally, as, owing to misdirec-

tion, Mr. Stone's letter to me did not reach me until yesterday, when,

ha\iug been told about it, I applied x^ersonally at the post-o£6ce. No
doubt the delay was occasioned by Cross & Co.'s business troubles

—

that firm having more pressing matters to attend to.

On the 24th ultimo, Mr. Pratt, secretary to Mr. Stone, called upon me
and informed me of the shipment ; he also gave me memorandum of

account and receipt of payment for $750, being $1.50 per 1,000, as no-

tified by you in previous correspondence.* At Mr. Pratt's suggestion,

* Thia amount represented the supposed extra expense to tlie United States of ob-

taining, developing, amd packing the eggs for shiiJiueut, the condition of the dona-

tion.—S. F. Baikd,
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in tlie absence of Mr. Stone, I paid tlie money into Myron Green's pub-

lic account with the Capital Banlc, Sacramento, and notified him of the

fact. I did so because I was anxious to save expense to the acclima-

tization societies necessarily incurred by remitting to Washington, and

because Mr. Pratt assured me that it would be equally agreeable to the

United States fish commissioners, who otherwise might be called upon

to transmit an equal amount from the Capital.

I trust this explanation may be satisfactory.

The shipment was carefully packed in ice in a refrigerator, and as the

commander of the City of Sidney had taken two parcels of eggs previ-

ously, no doubt every pains will be taken to have it landed in good con-

dition. Besides, he was promised a bonus by Mr. Hooper.

I regret exceedingly that the white fish ova, shipped last season,

failed, not through any want of care or attention here, but on the other

side. A portion of the first shipment was hatched out at Christchurch,

but, through want of proper j^recaution, they were swept out of the

breeding-ponds one night by a heavy rainfall. The second parcel went

safe, having been three weeks in ice in San Francisco. They were

landed in good condition in Auckland, were sent a tedious coasting

voyage of 700 miles, and landed sound at Invercargill, but, the small

steamer intended to take the eggs to their ultimate destination having

been wrecked, they all died from exposure. This experiment, however,

clearly demonstrates that whitefish eggs may be sent to l!^ew Zealand

under unfavorable conditions, and with care be hatched out. I should

be extremely desirous of seeing another attemj^t made, leaving the eggs

at Auckland on the arrival of the steamer, where the exx)eriment would

have a better chance of succeeding.

The salmon are thriving admirably.

I remain, yours, very sincerely,

EOBEET HOUGHTON.

[Telegram.]

Livingston Stone to S. F. Baird.

Charleston, N. H., January 28, 1878.

Keceived $750 for New Zealand salmon eggs, and $25 from Stone &
Hooper for 10,000 salmon eggs which went to France.

L. STONE.

James Hector to S. F. Baird.

Colonial Museum of New Zealand,
Wellington, December 13, 1877.

Dear Professor Baird : You will be glad to learn that the last

shipment of salmon ova, which reached us in the beginning of Novem-
ber, has been a most comj^lete success.
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The boxes were distributed as suggested in my letter of tbe 28tli of

July, and from the eight centers over forty distinct river systems have

been successfully stocked. From all quarters the most favorable reports

have come in, generally to the effect that 90 per cent, of the ova produced

strong fish that survived the early stages ; even rivers in the King or

rebel Maori country have been stocked, and the natives take a great

interest in i^rotecting the fish. Only in one case—Dunedin—is there a

report of mortality among the young fish, the reason of which is not

stated.

It must be satisfactory to you that your simple and inexpensive ar-

rangements have produced such good results, considering the large sums

and the many years (sixteen) that liave been spent in the endeavor to

introduce Salmo solar into this colony and Tasmania, as yet without any

certainty of success.

Everything is now ready for the whitefish ova, which I hope will

arrive next month. They are all to be placed in Le Dun Lake.

I remain, yours, very sincerely,

JAMES HECTOE.
Professor Baird,

Washington.

J. C. Firth to S. F. Baird.

Auckland, December 17, 1877.

Prof. S. F. Baird :

At request of Government of New Zealand, 1 inform you I have suc-

cessfully distributed throughout colony 500,000 salmon eggs. Thanks

to care of gentlemen in charge, eggs arrived in splendid condition.

Had insulated chests and tons of ice in readiness; by working through

night on arrival of steamer had all placed on board ; each j)rovided with

arrangement for drainage and ventilation ; one-half by rail across island

by steamers to the south ; remainder by steamer to east coast ; 50,000

to Sir Samuel Wilson for Victoria. From Nelson, Greymouth, Welling-

ton, Napier, Christchurch, Dunedin, Invercargill, and Victoria 95 per

cent, hatched. 100,000 by government apportioned Auckland ; 10,000

at our establishment near city ; 40,000 on shingle in country of Maori

King. At request of most powerful supporters, Punier, where last year

placed a large number ; 50,000 i^laced in Mangakahia Elver—fine river

for salmon, through wooded country, cold waterfrom high ranges, through

little falls, long rapids, deep pools ; ova placed on shingle. Disappointed

that order for Auckland and Canterbury (250,000) overlooked.

J. C. FIETH.
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T. F. Cheeseman to S. F. Baird.

Auckland Accleviatization Society,

AucMand, December 17, 1877.

Dear Sir : I forwarded a short note by last mail ackuowledging the

safe receptiou of tlie cousigumeut of salmon ova so liberally forwarded

by tlie United States Fisli Commission, and conveying our best thanks

for the same. I have now the pleasure of informing you that the ova

have turned out even better than those sent last year, the hatching hav-

ing been in every way successful. Our share of the cousignment was
divided into three portions ; the first, containing about 40,000 eggs, was
taken to the upper part of the Puniu Eiver, an affluent of the Waipa,

which is the princiijal tributary of the Waikato Eiver. It is estimated

that 38,000 healthy young fish have been hatched out in this locality.

Another lot of 50,000 was placed in the Northern Wairoa Kiver, and has

hatched out almost as well as the Puniu portion. The remaining 10,000

have been treated at our fish-house near Auckland, where we have now
shghtly over 9,000 healthy young fish.

You will have doubtless received particulars from Dr. Hector respect-

ing the ova sent to the southern provinces. I beheve that the result

there is also very encouraging.

I can now only again express our sense of the jjieep obligations under

which you have placed us, and beg to remain,

Yours, obediently,

T. F. CHEESEMAN,
Secretary.

Professor Baird,

Commissioner of Fish and Fisheries, Washington.

J. C. Firth to 8. F. Baird.

AuCEXAND, December 17, 1877.
Hon. Spencer F. Baird,

Chief of the United States Fish Commission, Washington :

Dear Sir : I have great pleasure in informing you that, at the request

of the Government of New Zealand, I have successfully distributed

throughout this colony the 500,000 salmon ova so generously presented

by the United States Fish Commission to New Zealand. The boxes of

ova arrived at this port, thanks to the care of the gentleman in charge

of your establishment at the McCloud Eiver, in splendid condition. The
circumstance of the ova boxes being stripped from their crates in San
Francisco, to get them into the steamer's ice-house, renders it necessary

to ftrovide each ota box with chests properly insulated. All these,

together with some tons of ice I had in readiness, and by working
through the night on the arrival of the mail steamer, I had all safely

inclosed in the insulators, each provided with a simple arrangement for
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drainage and ventilation. I dispatched one-halfby rail across the island,

thence by steamer to their respective destinations south. Two days

after I dispatched the remainder by steamer down the east coast. I also

dispatched the 50,000 to Sir Samuel Wilson for Victoria. I have since

received advices that each parcel had arrived in perfect safety and con-

dition at its destination, viz : Nelson, Greymouth, Wellington, aSTapier,

Christ Church, Dunedin, Invercargill, and Victoria ; and that about 95

per cent, had hatched into healthy fry. The 100,000 ova apportioned

by government to Auckland I then located ; hatching out about 10,000

at our fish establishment near this city ; 40,000 I placed in a fine shingle

river in the country of the Maori King, at the request of his most pow-

erful supporter. This river (Puniu) is a tributary of the Waikato

Eiver, where I had last year placed a large number of salmon ova and

fry. The remainder (50,000) I placed in the Maugakahia Eiver, which

I think a fine river for salmon, flowing, as it does, through a wooded

country, fed by streams from high ranges, with clear, bright, cold water

rippling over shingle beds, rushing over little falls, now dashing through

a long rapid, and anon loitering in deep and placid pools. Backed by

a party of strong and willing hands, after a most toilsome, but exciting

and pleasurable, ascent uj) this beautiful river, I placed the ova, securely

guarded from all their enemies, in the shingle beds of the river. I was a

httle disappointed that our order for Auckland and Canterbury (250,000)

had been overlooked, but I doubt not you had good reason for doing so.

Tours, truly,

J. C. FIETH.

P. S.—Excuse this scrawl, as it is written on the desk of a small river

steamer by which I am conveying 8,000 fine, healthy salmon fry up

river.—J. C. P.

Same to the same.

Auckland, February 4, 1878.

Dear Sir : Since my letter of January, I have been greatly pleased

to learn that the whole of the last shipment of ova—500,000 to New
Zealand, 50,000 to Victoria—have been located in both colonies with

great success.

I am so impressed with the genuine international courtesy displayed

by you in sending about a million salmon ova to New Zealand, the gen-

erous gift of the United States to the colony of New Zealand—a de-

pendency of a foreign nation—that I have written to the colonial secre-

tary, the Hon. Colonel Whitmore, asking him to bring your goodness

under the notice of his excellency the Marquis of Normanby, governor

of New Zealand, with the view of asking the imperial secretary for the

colonies, the Earl Caernarvon, to convey the thanks of the colony to

the Government of the United States for their munificent gift of salmon

ova to New Zealand. In due course you will probably hear more of it.
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The 50,000 ova you were good enough to forward to Victoria came

duly to hand, and were forwarded by me in insulating cases (your own
boxes being stripped of all covering to get them into the steamer's ice-

house at San Francisco). By means of abundant supplies of ice and the

precautions I had taken, and with the assistance of Mr. A. S. Webster,

of Sydney, the ova arrived in perfect order at Melbourne, where they

were taken charge of by Sir Samuel Wilson, the gentleman who was to

bear the whole cost of the experiment.

Judge of my surx)rise at reading in the Argus, the leading journal of

Victoria, a letter n-om Sir S. Wilson, in which he ignores you, Mr. Web-

ster, and myself. I inclose you this letter and my reply to it.

Sir S. Wilson is, I believe, annoyed at his having overlooked your

services, or at my having called attention to it. It does not matter

which, as you will jn-obably receive proper acknowledgments by the

same mail in which this letter goes in.

Having distributed nearly the whole of the ova you have so kindly

sent, at my own jiersonal cost, and with an infinite deal of pleasure to

myself, and my third term of office expiring on March 5 next, I shall

not have another opportunity of oflicially communicating with you. You
may rest assured of my warm sympathy for you in your great and good

enter] )rise.

I am. dear sir, yours,

J. 0. FIRTH.

The Hon. Spencer F. Bated,

Chief of Fish Commission^ Washingtoji, D. G.

B. J. Creighton to S. F. Baird.

San Francisco, Gal., February 5, 1878.

Dear Sir : In reply to your inquiries regarding the shipment of

salmon ova from San Francisco to New Zealand and Australia, I regret

that I am unable to give you the details as fully as I could wish, owing

to my inability to follow it throughout.

The City of Sydney, with 500,000 eggs from McCloud River, sailed

hence October 10, 1877, at noon. The eggs were deposited in an ice-

chest made specially for the purpose by the Auckland, New Zealand,

Acclimatization Society ; but it was found after the ship sailed that the

waste of ice was so great it would hardly last the voyage ; and Cap-

tain Dearborn took the boxes out and deposited them in the ship's

ice-house, surrounded by ice, wiiere they remained the residue of the

voyage. I attribute the success of the shix)meut in great measure to

Captain Dearborn's care. It Avas impossil^le to pack the eggs in the

ship's ice-house at the outset as they arrived too late ; the ice-house

was full before they were put on board.



840 EEPORT OF COMMISSIONER OF FISH AND FISHERIES.

Arrived at Houolulu October 18, where there was several hours' de-

tention ; arrived at Auckland November 3, Here the eggs were trans-

shipped, save the parcel of 50,000 for Victoria to the order of Sir Samuel

Wilson, which remained on board. The City of Sydney arrived at

Sydney on the 8th of November, and here a transshipment took jjlace,

the eggs for Melbourne being transferred by a steamer sailing for that

port. I am not aware what detention took place in Sydney, but the

voyage would be about thirty hours or two days. At all events the eggs

were properly cared for, and arrived at their ultimate destination in

sound condition, for I observed fi'om a Victoria newspaper that they

had been hatched out successfully. This, I should say, is the longest

voyage yet made by California salmon eggs which preserved their

vitality.

Eevertiug to the New Zealand shii)ment, I inclose extract from Auck-

land Weekly News, November 20, 1877, which fully explains the prep-

arations made for the transportation of the eggs in ice to the various

parts of the colony. Captain Dearborn informed me that the transship-

ment and repacking were accomplished inside of two hours, and the eggs

sent across the isthmus, seven miles by the railroad, to the steamer on

the western harbor sailing for southern ports. The ordinary time of the

coasting steamers (writing from memory) is: To Nelson from Ouehunga,

the port of departure, 2 days ; Nelson to Wellington, 24 hours ; Nelson

to Greymouth, 1 to 2 days; Wellington to Napier, about 30 hours;

Wellington to Canterbury, 1 day; Canterbury to Dunedin, 1 day;

Dunedin to Southland, about 24 hours.

I give the time approximately ; it certainly was not under this. It

should be borne in mind that the eggs passed through the tropics and

arrived in New Zealand and Australia at midsummer, when the heat is

great. The distribution in New Zealand was specially trying, owing to

the frequent transshipment and handling. For example, the consign-

ment of 50,000 eggs for Freymouth would be landed at Nelson and

transshipped to another steamer going down the coast. As the English

mail was forward, little or no detention would occur at Nelson, but there

is always a weather risk on the west coast of the middle island. How
that matter was I am unable to say.

Again, the consignment of 50,000 for Napier would be landed at Wel-

lington, put on board a government steamer, and carried north along

the east coast, the steamboat traffic being chiefly on the west coast of

the north island. No time would be lost, however, on this line. A
further transshipment for Southland would take place at Dunedin, the

larger class of boats not going so far south as Foveaux Strait. It was

on this section that the whitefish eggs i^erished.

As I remarked at the outset, I am unable to follow this distribution

closely. I infer from what Captain Dearborn tells me, and a note from

Mr. Firth, that the original programme was carried out, and as I have

not heard any reference to failure or miscarriage I have confidence in
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stating that the distribution was successfnl. The eggs have hatched

out beautifully, and every i^romise is given that the noble streams of

New Zealand will be stocked with California salmon, thanks to your

kind co-operation and the liberality of the United States Fish Commis-

sion.

Several years ago Scotch salmon were hatched out in Otago, but the

experiment was considered a failure as none of the fish returned, wjiereas

salmon-trout became plentiful, having been introduced at the same time.

By last mail I observe a statement to the effect that two of the Scotch

colonists of Otago had seen a salmon in the shallows of a Southland

river recently, from which it is i^resumed that the fish are returning.

Should any further evidence be given on this point I shall apprise you

of it, as it is one of very great interest in the practical work of acclima-

tizing food fish.

Kelating to the shipment of whitefish last year, I need hardly par-

ticularize. They arrived in New Zealand in good order, and a iwrtion

of the eggs were hatched out in Canterbury, having been transshipped

at Auckland, but were lost owing to ignorance regarding their habits,

as the little fellows get up and swim the moment they are hatched out.

The remainder were lost through a series of misadventures, and gener-

ally from want of prei^aredness. Great care was taken at this side, the

second shipment having been nearly three weeks in the Pacific Com-

pany's ice-house here, and besides being packed in ice were frequently

drenched with water of the temperature of the eggs. The boxes were

occasionally turned while in the ice-house. This relieved the pressure

on the lower layers. I received most valuable assistance from Mr. Wood-
bury, foreman of the State fish-hatching establishment, San Leandro,

to whom the credit of x)reserving the eggs is wholly due.

The shipment of 500,000 whitefish eggs for New Zealand this season

fortunately went by the City of Sidney, Captain Dearborn. The crates

were opened and the eggs examined in the ice-house by Mr. Woodbury
and myself, and were in good condition 5 whereas a shipment from Mr.

Clarke, ixxcked in the same way, for the California and Nevada State

fish commission, was baked. The cause was overcare in the exx)ress car.

The eggs were kept near the stove, whereas it should be generally known
that they cannot be kept too cool in transit across the continent.

We unscrewed the lids, ascertained the temperature, and gave them
a good drenching ; then replaced the lids and packed them in ice. Two
days afterwards I had the boxes surrounded by ice, and saw them placed

in the ship's ice-house, to prevent the possibility of an accident. I put

two tons of ice on board for the shii)'s use, packed in the Auckland So-

ciety's ice-chest, to avoid disturbing the eggs as much as possible. I can

only hope that they will arrive safe.

I informed the New Zealand Government by cable of the consignment,

and wrote the colonial secretary and Mr. Firth fully on the subject, giv-

ing the latter valuable hints regarding the mode of hatching and feed-
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ing the young fish from Mr. Woodbury. I also arranged for a telegram

to Canterbury and Otago, informmg them that 50,000 eggs were at each

of their disposal if prepared to receive them ; but requested Mr. Firth

to hatch all out in Auckland if there was the slightest risk of losing any.

The steamer sailed on January 21, at 11 p. m., and will probably make
a short run. I shall advise you of the result. Apologizing for this ram-

bling letter,

I am yours, very truly,

EOBT. J. CEEIGHTON.
Prof. Spencer F. Baird,

Washington, D. C.

Extractsfrom the Fifteenth Annual Report of the Canterbury Acclimatiza-

tion Society for 1878.*

" In February the society received 20,000 ova of the whitefish {Gore-

gonus albus) through the 'New Zealand Government from America, but
we regret to state that only 12 were hatched, out of which only 8 sur-

vived. These were taken to Lake Coleridge and liberated in a small

tributary by the chairman. Sir J. Cracroft Wilson.
" The 240 young salmon remaining in the fish-house from last season

were liberated in the river Heathcote by the chairman, and during the

year reports have been received of salmon having been seen and caught,

and little doubt remains about their success, some having been taken

12 and 14 inches in length, and sold among some trout."

" Correspondence with agents and others in America have been insti-

tuted, whereby the society may anticii)ate the arrival of a variety of

suitable game and fish from California and the Eastern States, as also

seeds of the sugar maple and other useful and ornamental trees. The
hearty thanks of the society are due to Prof. S. Baird, Commissioner of

American Fisheries, and also to Livingstone Stone, esq., for the great

interest taken in furthering the wishes of the society. E. Creighton,

esq., of San Francisco, had also taken a great interest in procuring

'prame chickens 'for the society, but owing to circumstances his at-

tempts have proved unsuccessful. But steps have been taken which

may prove a success next season ; our thanks, therefore, are due to him
for what he has done."

From the Report of ths Auckland Acclimatization Society for 1877-'78.

Salmon.—At the last annual meeting the council were instructed to

make arrangements for a further supi)ly of Californian salmon ova, and

*The
I
Fifteentli Annual Report

|
of

|
Canterbury

|
Acclimatization Society,

|
as

adopted at the annual meeting of the society,
|
held at

|
the Commercial Hotel, Cathe-

dral Square,
|
Christchurch, N. Z.,

|
together with

|
the rules and list of subscribers.

I

—
I

Christchurch:
|
Printed at the "Press" office, Cashel street.

|
1879. (8vo pam-

phlet, pp. 16.)
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accordingly one of their first acts was to forward to the United States

Fish Commission an order for 200,00Q ova, 50,000 of which were after-

wards reserved for the Canterbury Society. Subsequently Sir Samuel

Wilson, of Melbourne, asked that 50,000 should be obtained for Vic-

toria; and the order was consequently increased by that number. A
most courteous reply was received from Professor Baird, promising that

the ova should be forwarded, if the usual appropriations were made by

Congress ; but in the mean time the IsTew Zealand Government deter-

mined to introduce a consignment of 500,000 to be divided among the

various acclimatization societies in the colony. The result was that

the Fish Commission forwarded the government order, together with

the 50,000 for Victoria, the share of the Auckland Society of the half-

million ova being fixed at 100,000. As in previous years, the consign-

ment was supplied by the McCloud Eiver establishment. Excellently

packed there, it was conveyed to San Francisco, and shipj)ed by the

Pacific Mail Company's steamer City of Sydney, arriving in Auckland

in the best possible condition.

In anticipation of the arrival of the ova, the government had made
arrangements with the president—Mr. J. C. Firth—to superintend the

transshipment of the i)ortions intended for the Southern Provinces.

Under his instructions, double boxes, with the interspaces fiUed with

sawdust, and furnished with ice-racks at the top, were prepared
;
and

on arrival of the City of Sydney, the ova boxes were rapidly transferred

from the steamer's ice-house to these cases, and then shipped south by

the steamers Eotorua and Wanaka—arriving at their final destination

in superb order.

The disposition of the 100,000 ova retained in Auckland was as fol-

lows : 10,000 were placed in the hatching-boxes in the Domain ; 40,000

were then taken by Mr. Firth to the Puniu Eiver, at the special invita-

tion of the ISTgatimaniapoto chieftain Eewi, and safely deposited there.

Eeturning from thence, Mr. Fu-th then conveyed the balance (50,000) to

the Mangakahia Eiver, the chief affluent of the i^orthern Wairoa. In

this stream the ova were also very successfully placed. In all the local-

ities the hatching was very satisfactory. In the Domain 9,000 fish

were hatched out of the 10,000 ova deposited ; and although it was im-

possible to ascertain the exact proportion of fish produced at the

Puniu and Mangakahia, the result was evidently not far different. In

every respect the consignment must be considered as being most suc-

cessful.

The council have now to tender the warmest thanks of the society

—

or, to speak more correctly, of the whole community—to the United

States Fish Commission for their liberality in presenting the ova. Dur-

ing this season and the two preceding ones, nearly a million of salmon

eggs have been forwarded to ISTew Zealand, for no portion of which has

any charge been made, save the actual expenses of packing and transit

to San Francisco, &c. This alone would be a gift of no inconsiderable
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magnitude; but "svhen, in addition, it is considered llo^y great are the

benetits in an economic point of view that must result li-om the successful

establishment of so valuable a food-lish as the salmon in our rivers, it

is difficult to estimate the extent of our obligations to Professor Uaird

and his coadjutors on the Fish Commission, or to x)lace too high a value

on their active and zealous co-operation.

In the next place, special acknowledgments are due to Mr. J. 0. Firth,

the president of the society. TTpon this gentleman de^'olved the whole

of the arrangements for the reception of the ova and the transshii)ment

of the portions intended for the Southern Provinces and Australia.

Special expeditions were also made by him to the Puuiu and IMauga-

kahia Eivers, for the purpose of depositing the ova; and he has person-

ally attended to the distribution of the fry hatched in the Domain lish-

house. The entire cost of the transit of the ova from San Francisco,

and its distribution throughout the colony, together with that of the

journeys alluded to and all other expenses connected with the Auck-

land portion, have been also defrayed by Mr. Firth, so that the consign-

ment has been absolutely without cost to the society. The council are

con\inced that but for Mr. Firth's energetic labors and careful oversight

the enterprise could not have resulted in so satisfactory a manner.

Thanks are also due to the following gentlemen, many of whom have

afforded valuable assistance: To Messrs. Cross & Co., Mr. Edwin
Hooper, and Mr. E. J. Creighton, who attended to the shipment of the

ova at San Francisco; to the Pacific Mail and Union Steamship Com-
panies, who very liberally made no charge for freight ; to Captain Dear-

born and the officers of the City of Sydney, for the care bestowed on the

ova during the voyage to Auckland ; to Captains Kennedy and Mac-

Gillivray, with their chief officers, Messrs. Cromarty and Gerrard, for

similar attentions on board the Eotorua and Wanaka; to Mr. G. S.

Cooper, under colonial secretary, who afforded valuable assistance in

many ways ; to ]Mr. W. Seed, the secretary to the customs, who kindly

gTanted the use of a steam-launch to convey the ova foi" the Mangakahia

Eiver ; to Mr. A. V. Macdonald, the railway officials, and the Waikato

Steam Navigation Company, who gave every assistance in their power

towards the conveyance of the Waikato portion of the consignment,

making no charge for transit; to the i^roprietors of the steamers Dur-

ham and Euby, for the free conveyance of the young salmon to the

Thames Eiver ; to Messrs. J. H. Smith, Tremain ; A. Kay, E. IMitch-

elson, Uloth ; INIajor Jackson, Cowan; D. McGregor, H. Wilson, J. Wil-

son, Waymouth; Captain Lowrie, and many others, for their hearty

assistance in contributing to the success of the enterprise.

A pleasing feature, and one worthy of record, is the great interest

taken in salmon importation by many of the Maories. It has already

been mentioned that a share of the ova was forwarded to the Puniu
Eiver at the special invitation of the eminent Kgatimaniapoto chieftain,

Eewi, not very long ago engaged in open warfare against the Euiopean
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settlers. Xot only did Eewi, together with his kinsman Te Puke, afford

every assistance during tlie work of depositing the ova, and most hos-

pitably entertain the party at his settlement, but he has also taken the

young fish under his special protection, giving orders that if any should

be caught in the Maorie eel-weirs or fishing-nets they shall be immedi-

ately restored to the water. Similarly the well-known northern chief,

Tirarau, rendered considerable assistance to Mr. Firth while conveying

tlie ]\rangakahia portion of the consignment.

With reference to the salmon importation of 1876, it is satisfactory to

report that young fish have been repeatedly seen. In August last,

numbers of fry, about five inches in length, were noticed in the Eapur-

ax:)u .stream, an affluent of the Upper Thames ; and only a short time

ago comparatively large fish, undoubtedly salmon, were observed at

Omahu, on the Thames Eiver itself.

WiiiTEFiSH {Core(jonm albus).—A box of ova of this valuable lake

fish, taken from a large consignment received by the government from

the United States Fish Commission, was placed in the hands of the so-

ciety for treatment, but unfortunately jiroved a complete failure, only

nine fish hatching, and of these all but two died shortly afterwards.

The council trust that a future attempt will be more successful, as it Ls

a fish that would probably do well in Lake Taupo, and possibly also in

Tarawera and other of our lakes.

Beook teout {Salmofontinalhs).—Mr. T. Eussell, who has done, and

is doing, so much for acclimatization in Xew Zealand, has, through his

agent, Mr. Hugh Craig, of San Francisco, forwarded to the society a

box of 5,000 ova of this little trout, said to be one of tbe best of the

Western American species, both as an article of food and as affording

capital sport to the fly-fisher. The box did not arrive in as good condi-

tion as could have beeen desired ; but nevertheless 400 young fish were

successfully hatched. They have since been liberated, half the number
in a tributary of the Waikato near Cambridge, and the remainder in the

upper part of the Kaukapakapa stream, Kaipara district.

Catfish {Pimelodus Cafus).—Two consignments of this well-known

fish have also been introduced from America by Mr. T. Eussell. In all,

140 li%Tiig fish arrived, which have been lil>erated in St. John's Lake.

Of late years considerable attention has been i^aid to the distribution of

this species in the United States. It is said to do well in small lakes,

ponds, mill-dams, and e^en swamps ; to be good eating, easily caught

by hook and line, and to be not destructive to the young of other fish.

It should here be mentioned that the entire cost of these importations

is borne by Mr. Eussell, who has certainly earned the warmest thanks

of the society for the services he has so unostentatiously rendered to the

colony.
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From a New Zealand xmper, puhUslied totvard the close of the year 1877.

ACCLIMATIZING SALMON.

Our readers are already aware that some montlis ago the Auckland
Acclimatization Society requested the United States Fish Commissioners

to be good enough to forward 200,000 salmon ova from their establish-

ment on the McCloud Eiver, California, to aid in stocking the rivers in

this province. Subsequently the Canterbury Acclimatization Society,

and Sir Samuel Wilson on behalf of the Victorian Acclimatization So-

ciety, requested the Auckland society to obtain 50,000 ova for each

applicant. By the August mail, Mr. J. C. Firth, president of the

Auckland society, received a letter from the Hon. Spencer F. Baird,

chief commissioner, in which he very courteously offered to supply the

number of ova wanted should the supply of eggs be sufficient to warrant

it. After that the New Zealand Government requested Mr. Baird to

dispatch 500,000 salmon ova for i!Tew Zealand. These are expected by
the mail steamer to-day. By Parliamentary papers we observe they

are intended to be distributed as follows: Auckland, 100,000 ; Napier,

50,000; Nelson, 50,000; Greymouth, 50,000; Wellington, 50,000; Christ-

church, 50,000 ; Dunedin, 50,000 ; and Makarewa (Southland), 100,000.

In reference to the distribution of the coming ova, Mr. Firth has re-

ceived the following letter from the colonial secretary's ofiice

:

"Colonial Secretary's Office,
^^ Wellington, 11th October, 1877.

"Sir: I have the honor, by direction of the colonial secretary, to in-

form you that Professor Baird was, on the 28tli July last, requested to

be good enough to have the next shipment of salmon ova packed, if

possible, in cases containing 50,000 each, of which two cases are intended

for your society. This shiiiment may be expected to arrive by the next,

or at latest the following, San Francisco mail, and I am to request that

you will be prepared to receive it immediately on arrival of the steamer

at Auckland. I inclose a copy of the papers which have been laid be-

fore Parliament on the subject generally, for the information of your

society. ' Should it appear to you that any additional expenditure for

supx)ly of ice, or on any other account, to insure the chance of success

for the shipments to southern societies, I am directed to request that

you will kindly make such arrangements and incur such expenditiu'e on

behalf of the government as may, in your judgment, appear necessary

to attain the object in view.

"I have, &c.,

"G. S. COOPER.
"J. C. Firth, Esq.,

^'-President of the Acclimatization Society, Auckland.^''

Mr. Firth, who was busily engaged in making preparations for the

reception, preservation, and safe distribution of the 300,000 ova for
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Auckland, Canterbury, and Victoria, when tlie above letter came to

liaud, at once heartily acceded to the request of the colonial secretary.

His great experience enabled him to make the necessary xDreparations

which, under ordinary circumstances, secure success. It must be under-

stood that the ova boxes are transmitted from San Francisco in the ice-

house of the mail steamer, b^^ which means the hatching- of the ova is

retarded. If the ice were to run short during the voyage, or the boxes

to be exj)osed to the sun for even a short time after leaving the mail

steamer, the retarding effects of the cold would be destroyed, and under

the influence of the high temperature here premature hatching would

take place in the boxes, and the whole experiment prove a disastrous

failure. The ova boxes, as we have stated, are simi^ly placed in the

ice-house of the steamer on being sent from San Francisco, and on

arrival here it is necessary that a separate case be provided for each

box of ova to safely convey the ova to their destination. These cases

were made in accordance with the plan which Mr. Firth's experience

has shown him to obtain the largest measure of success. A large num-
ber of boxes have been j)repared for the immediate reception of the ova

on its arrival here. Each of these boxes is provided with an internal

division, which admits of packing three inches of sawdust between the

outside of the case and the internal division. In the open inner space

is placed the ova box, which is protected from the heat on the sides by
the sawdust, and on the top of the ova box is placed about five inches

of ice to keep the ova cool and moist, and in the bottom are i^erforations

for carrying away the water from the melting ice. The ice thus placed

on the top of the ova is protected from the heat by pads containing a

thick i>acking of sawdust. The ova box having been placed in i)osition,

the ice on top and the sawdust pads on the top of the ice, the lid of the

outer case is then closed and securely fastened, which makes the affair

complete. By a very sim^^le arrangement the two very necessary

requisites—ventilation and drainage—are i^rovided. It is perhaps

necessary to say that not only has increase of temperature to be i)ro-

vided against, but also any risk of concussion must as far as possible

be avoided. To secure this latter, a simple and effective means of car-

rying the boxes has been designed by Mr. Firth, which will prevent any
concussion during the transference from ship to wharf, in their final

transport down the sides of the ravines or up the shingle-beds of the

rivers to their final destination. Mr. Firth also provided a number of

boxes to contain a reserve supply of ice to guard against the exhaustion

of ice in the ova-boxes. These boxes are constructed so that there is a

three-inch space between the inner and outer boxes iiacked with saw-

dust. The inner box is then filled with ice, and covered with a sawdust

pad, as in the case of the ova-boxes. The box-lid is then closed and

fastened, and there is very little doubt that the ice so stored will be

available in case of need.

Mr. Firth's experience warrants him in thinking that the most sue-
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cessful way of hatcliing out ova is the natural process on the shingle-

beds of rivers. In confirmation of this, Mr. Firth has received intelli-

gence of the salmon having been seen in the various rivers in which ovb
was placed, but the experiment made in the Eapurapu River, one of the

upper branches of the Thames, is the most successful and interesting.

In that river, for miles above and below the i)oint where Mr. Firtli de-

I)Osited the ova upon the shingle-bed last November, swarms of young
salmon have been seen five inches long. There can be very little doubt

that the great experiment now being undertaken will, with previous

efibrts, successfully establish the king of fish in the rivers of this colony.

After transmitting each box to Victoria and the south, Mr. Firth will

take 40,000 ova to the Upper Puniu. Eewi, the Ngatimaniapoto chief,

having some time ago requested Mr. Firth to meet him in the King
Country to see if any of the rivers were suitable for salmon, Mr. Firth

accordingly went up and selected the Puniu as one of the most suitable

of the Waikato system of rivers. A parcel will also be taken to the

Upper Thames. A box will also be hatched in the society's hatching-

boxes in the domain, and the remainder will be placed by Mr. Firth in

the Mangakahia River and another stream which fall into the Northern

Wairoa. These northern rivers have been selected by Mr. Firth during

his recent visit to that part of the country. It is hardly necessary to

add that the society are satisfied that the only proper way to secure

success in the important experiments is to concentrate their operations

upon the three most important river systems in this province—Waikato,

the Thames, and the Northern Wairoa—rather than by placing small

quantities in the innumerable creeks all over the country. If success is

achieved, every suitable stream in the country can be stocked at leisure

without difficulty from one or other of the rivers named. The future im-

portance of the salmon-fishing industry, the foundation of which Mr.

Firth and the Acclimatization Society are now laying, can hardly be

estimated.

When the steamer arrived it was found that a less quantity of ova

was on board than was exj)ected. There were eleven boxes of salmon

ova, containing, it was estimated, about 550,000, which are distributed

as follows: For Auckland, 100,000; for Napier, 50,000; for Nelson,

50,000; for Greymouth, 50,000; for WeUington, 50,000; for Canterbury,

50,000; for Dunedin, 50,000; for Southland, 100,000 ; for Victoria, 50,000.

No time will be lost in distributing through the Auckland streams and
rivers the proportion assigned to this district. Mr. J. C. Firth, who con-

tinues to be so energetic in this kind of public usefulness, left on Wed-
nesday morning for Te Awamutu, in which neighborhood some of the

eggs are to be deposited. It is intended to deposit 30,000 in the Puniu.

There will be deposited some 50,000 at various points in the upper waters

of the Waikato, and the remainder, about 20,000, in the Rapurapu, one

of the tributaries of the Upper Thames. It is satisfactory to be able to

state that the ova have arrived in excellent condition, and for this re-
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suit thanks are due to Professor Spencer Baird, chief of the Fish Com-
mission of the United States, and to Mr. Livingstone Stone, the com-

missioner for the Pacific States, who bestowed the greatest pains in

packing the consignment for shipment.

Eohert Houghton to S. F. Baird..

San Francisco, September 11, 1878.

Dear Sir : I have just received a letter from the New Zealand Gov-

ernment, in reply to a communication from me, in which they state that

they will take one million whitefish ova on the terms stated by Mr.

Clark, namely, 60 cents per 1,000 f. o. b. at San Francisco, and that Mr.

Clark undertakes personally to superintend the shipment at that port,

provided his actual expenses across the continent are defrayed jointly

by the State fish commissioners of California and Nevada and New
Zealand. In my letter to the government, however, I inclosed express

charges which they appear to have overlooked in their letter to me, but

this item should be included in the bUl by Mr. Clark, to whom I send a

copy of the letter.

I have forwarded your note of acknowledgment of remittance from

the colony. ''

I am, dear sir, very truly yours,

EOBT. HOUGHTON.
Prof. Spencer F. Baird, &c.

8. a Farr to S. F. Baird.

Canterbury Acclimatization Society,

Ghristchurchj September 13, 1878.

The Hon. Spencer F. Baird,
United States Commissioner Fish and Fisheries^ Washington :

Dear Sir : We are very anxious to introduce into Canterbury some
of the most useful game and insectivorous birds from America, and it

was resolved at the last meeting of council that I should communicate
with you upon the subject, and feeling assured that you will help us in

the matter I take the liberty of asking you to kindly inform us which
are the best, with something of their habits, best season for i^rocuring

them, and probable cost delivered on steamer at San Francisco. I am
convinced this will be an intrusion upon your valuable and much occu-

pied time, which I trust you will pardon.

I am also directed to inquire if you could secure for us in the season

100,000 ova of the silver trout % K so, at what cost delivered on board

steamer at 'Frisco.

You will, I have no doubt, be pleased to hear that the salmon are doing

54 F
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well with us, especially so in one of our rivers, Waimakiriri, some having
been taken 9 and 10 inches in length, and, of course, returned to their

natural element to mature.

Here permit me to offer a suggestion in repacking of ova. It occurred

to me, when unpacking the ova received from the Fish Commission, that

an undue pressure presented itself in the center of each box, at which

place the greatest loss was experienced, the ova being compressed thus

[drawing], and void of any appearance of \itality, while those protected

somewhat by the sides of the box from like pressure were all right. To
prevent such a disaster, I thought if small twigs or laths, about the

same substance as the ova is, in diameter, were'laid crosswise, so as to

divide the box into compartments, and thus support the screen and
moss, might probably prevent it. [Drawing.]

I have taken part in unpacking the ova received by us, and have no-

ticed the same thing in each case ; therefore venture the suggestion.

In reference to the packing, I consider (with the exception of the

above mentioned) nothing could have been more systematic or precisely

executed, hence the success.

Apologizing for thus imposing upon you, I am, dear sir, yours faith-

fully,

S. C. FAKR,
•«^ Honorable Secretary.

Christchurch Acclimatization Society.

An adjourned meeting of this society was held yesterday afternoon

at the Gardens. Present, Hon J. T. Peacock, chairman ; Drs. Nedwill

and Powell, Messrs. Hill, Boys, Carrick, Jameson, honorable treasurer;

Farr, honorable secretary ; Johnstone, Foreday, Haumer, and Blackis-

ton.

The secretary said since last meeting he had received £20 from the

Auckland society, balance of the £70 refund on account of the Califor-

nia salmon ova.

A telegram was read from Dr. Hector, requesting that the majority of

the whitefish might be sent to Lake Coleridge as soon as they were fit

for carriage, a few to be kept by the society for experimental purposes.

The curator, who was present, said that only about half a dozen of

the fish were now alive. He had put some muslin in the boxes to re-

tain the food ; this had caused the boxes to overflow, and the fish had
been thrown on to the floor of the breeding-house.

A very general regret was ex^Dressed that such a mishap should have

occiured, and which had all the appearance of having resulted from

very great carelessness.

The secretary was instructed to telegraph the fact to Dr. Hector.

In reply to Mr. Boys, the secretary said about 200 of these fish had
been hatched out.
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Robert Creighton to 8. F. Baird.

San Francisco, Cal., Junuary 15, 1878.

S. F. Baird :

Thauks for tlic contribution of food-fish for New Zealand. I have

forwarded your letters and telegrams to government, at New Zealand.

Clark shipped ova on the 11th, and to-night they have arrived and are

on the City of Sydney, and will sail to-morrow, 21st of January. I have

sent a cablegram to the Government of New Zealand. Shipment of sal-

mon arrived safely and have proved a great success. I think New Zea-

land is now fully stocked with salmon, at least to such an extent as to

render further shipments of ova unnecessary for some time to come.

Small parcels of eastern trout have been sent from time to time and

have been successful. I attach greater importance to whitetish than

any other, because of delicacy of flesh and commercial value. New
Zealand is a country of lakes and rivers ijeculiarly adapted for white-

fish. I hope that this consignment will survive better than last year.

EOBT. CEEIGHTON.

Robert Creighton to S. F. Baird.

[Telegram.]

San Francisco, Cal., January 19, 1878.

S.F. Baird:

Whitefish eggs arrived in good order. Shipped per steamer City of

Sydney. Sails 21st instant,

CREIGHTON.

James Sector to S. F. Baird.

Colonial Museum of New Zealand,
Wellington, April 27, 1878.

My Dear Professor Baird : I have been away for the last two
months and find that you have not been informed of the result of the

whitefish shipment of January last, which reached Auckland on the

15th February. I inclose a copy of my report to government, of 8th

March, which you should have received by last mail. You will see that

the experiment has been so far successful as to prove that these fish can

be introduced with proper care into the most distant part of the col-

ony. The partial failure must be attributed to some error during the

transit. If due to overpacking with moss, as suggested by some, I

don't see how any could have survived. On looking through the pa-

X)ers I find that Mr. Creighton states, as follows

:

" The entire shipment of whitefish ova for California and Nevada^

from Northville, Michigan, jjacked i)recisely as those for New Zealand.
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by Mr. Clark, and coming in the same car, were spoiled in transit ; on
being opened by Mr, Woodbury and myself tliey stunk and were putrid.

They had been placed near the stove by the express agent to prevent

them freezing. Ours had been less considerately treated and arrived

(in 'Frisco) sound and lively, as I had proof, every box having been

opened and examined by Mr. Woodbury in my presence. We then as-

certained their temperature and gave them a drenching with water at a sim-

ilar heat, screwed them up, reversed their position, and placed them upon
and under ice in the Pacific Mail Company's ice-house."

It is evident, therefore, that the ova were all right so far; whether the

treatment I have underlined was judicious you will be able to judge.

My own impression is that the mischief commenced toward this end of

the journey. Don't you think it would be better to pack them in tin

boxes inside the wood ? The wood boxes were quite sodden and rotting,

and four of them had the lids loose. The holes, top and bottom, seem
also a mistake, as they i)romote drainage of the melting ice-water

through the ova and may cause them to hatch. Holes on side and bot-

tom would be better. Also, I would suggest that each piece of screen

carrying ova should be stitched on a light frame resting on corner-

pieces, so as to take the weight off the bottom layers and to prevent sag-

ging in the central part. But I hope to get authority to ask you to

repeat the experiment, when I will write all my suggestions at length.

The shipment of S. salar from Great Britain has been again a failure.

Fifty thousand ova were packed in fifty-six boxes ! Most of them seem
not to have been impregnated, and at most only a few hundred hatched

out. This is a great contrast to the success of the California salmon.

Yours, very truly,

JAMES HECTOE.
Prof. Spencer F. Baird,

Washington.

J. a Firth to S. F. Baird.

Auckland, K Z., May 2, 1878.

Dear Sir : I regret to have to inform you that the half million white-

fish ova which you were good enough to transmit to this colony, and the

transshii^ment of which at this port the New Zealand Government in-

trusted to me, have turned out badly so far as yet known. I think,

probably, that the ova and moss were too much compressed—the moss

being very hard and the netting adhering, the ova presenting the ap-

pearance of having been crushed. In the box left at Auckland all but

30 ova were dead, and these only appear to have escaped by reason of

there being less pressure at the sides than elsewhere. Mr. Creighton,

our secretary, appears to have taken every precaution to secure success.

Captain Dearborn, of the City of Sydney, Halifax mail line, and his ofi&-
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cors, did all in tlieir power to secure success. The goverujiieiit of this

colony will doubtless furnish you with full particulars.

Of the 30 only 9 hatched ; 6 of these died immediately ; 2 died yes-

terday—only one remaining alive.

You will be glad to learn those fine healthy salmon from your ova

have been seen a week ago, about 15 to 18 inches long, in the river

Thames, not fiir from the point where I j)laced them two years ago.

I am, dear sir, yoiu-s truly,

J. C. FIRTH,
President A. A. Society.

I send newspaper witli account of whitefish.

W. M. Evarts to S. F. Baird.

DEPART3IENT OF STATE,

Washington, B. C, Aiwil 20, 1878.

Spencer F. Baird, Esq.,

Commissioner, &c., Washington, D. C. :

Sir : I inclose herewith for your information copy of a note of the

18th instant, from the British minister at this capital, and of its inclo-

sures, relating to the manner of the shipment under your direction of

salmon ova to New Zealand.

I am, sir, your obedient servant,

WM. M. EVARTS.

Sir Edward Thornton to W. M. Evarts.

Washington, D. C, April 18, 1878.

Sir : In compliance with an instruction which I have received from

the Earl of Derby, I have the honor to inform you that the governor of

New Zealand, at the instance of his ministers, has requested that the

thanks of the colony may be conveyed to the Government of the United

States for the very handsome and enective manner in which salmon ova

have been shij^ped to New Zealand by the Fishery Commission of the

United States, under the direction of the chief Commissioner, the hon-

orable Spencer F. Baird.

I have the honor to transmit herewith copy of the dispatch and of its

inclosure upon this subject from the governor of New Zealand to the

secretary of state for the colonies.

I have, &c.,

EDWD. THORNTON.
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The Marquis ofNormanhy to the Earl of Carnarvon.

Wellington, February 1, 1878.

My Lord : I bave tlie honor to inclose a memorandum wliicli I have

received from my government, by which yon will see that they are

anxious to convey the thanks of this colony to the Government of the

United States for the very handsome and effective manner in which sal-

mon ova has been shipped to this colony by the Fishery Commission

of the United States, under the direction of the chief Commissioner, the

honorable Spencer F. Baird.

I venture also to express a hope on my own part that your lordship

will see no objection to adopt the course proposed by my government,

as I think that the action of the American Government has evinced such

a feeling of friendship and generosity towards New Zealand in a mat-

ter in which deep interest is taken as to demand a special mark of

acknowledgment and thanks on the part of this colony.

I have, &c.,
NORMAKBY.

G. 8. Whitmore to the Governor of New Zealand.

MEMORANDUIVI FOR HIS EXCELLENCY.

Ministers desire respectfully to inform his excellency the governor

that the half million salmon ova which arrived by the mail steamer

from San Francisco in November last have been successfully hatched

and distributed to the various rivers in the colony, and that, by infor-

mation which has reached the government from various directions, it has

been demonstrated that owing to the extreme care with which the ova

was packed in America the very satisfactory result of about 95 per cent.

of live fish has been obtained.

In addition to the half million sent at the request of the government

an equal quantity has been sent to the various acclimatization societies

in the colony, and this handsome gift of salmon ova has been made to the

colony without charge, except cost"\)f packing and transit, by the Fish

Commission of the United States, under the direction of the Hon.

Spencer F. Baird, as chief commissioner.

Ministers venture to think that so generous an action on the part of a

foreign nation is worthy of being acknowledged in a special manner

;

they would therefore respectfully ask his excellency to bring the matter

under the notice of Her Majesty's Government, through the secretary of

state for the colonies, in the hope that Her Majesty's Government will

permit a communication to be made to the Government of the United

States of the thanks of the colonj^ of New Zealand for the generous and

valuable gift of a milhon salmon ova to the colony.

C. S. WHITMOEE.
Wellington, February 1, 1878.
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8. F. Balrd to Wm. M. JEvarts.

United States Commission, Fish and Fisiieries,

WasMngto7i, April 23, 1878.

Sir : I have the honor to acknowledge the receipt of your letter of the

20th of April, with the inclosures, and, of course, feel much gratified at

the appreciation manifested by the Government of New Zealand and

the Foreign Office in Loudon of the efforts made by the United States

Fish Commission to supply desirable food fishes to a sister country.

1 have the honor to be, very respectfully, your obedient servant,

SPEi^CEK F. BAIRD,
Commissioner.

Hon. William M. Evarts,
Secretary of State.

The following is the substance of an official document relative to the

introduction of Quinnat salmon, published by the New Zealand Gov-
ernment in 1878. Although its substance is contained iu the preceding

correspondence, it embraces many facts relative to the California salmon

of much interest, and worthy of reproduction.

H.—11.

California Salmon and Whitefish Ova, (Papers Relative to
the Introduction of).

Presented to botli Houses of the General Assembly by command of His Excellency.

No. 1.

TJie Under-Secretary to the Hon. Spencer Baird.

Wellington, 31«^ May^ 1877.

Sir : With reference to the offer which you kindly made in your let-

ter of the 7 th ultimo, addressed to Dr. Hector, I have the honor to re-

quest that arrangements may be made for the transmission to this col-

ony during next season of 500,000 of the ova of the Californian salmon,

and 250,000 of the ova of lake whitefish {Coregonus alhus).

I have, &c.,

G. S. COOPER.
Professor Baird,

Commissioner United States Fisheries Commission^ Washington,
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No. 2.

Dr. Hector to Professor Baird.

WELLiNaTON, 28th July, 1877.

Dear Sir: I am directed by governmeut to ask you to be good
enough to have the next shipments of salmon ova packed, if i^ossible, in

cases containing 50,000 ova each, in order to facilitate their transit to

the different districts throughout the colony.

The government proposes to distribute the ova as follows :

Auckland 2

Napier 1

Nelson 1

Greymouth 1

Wellington 1

Christchurch 1

Dunedin 1

Makarewa 2

10= 600,000
I have, &c.,

JAMES HEOTOE.
The Hon. Spencer F. Baird.

No. 3.

Professor S. F. Baird to tlie Hon. tJie Colonial Secretary.

Washington, 10th July, 1877.

Sir : I have the honor to acknowledge the receipt of your letter of

the 31st of May, asking for 500,000 eggs of the Cahfornia salmon and

250,000 of the whiteflsh, to be sent to New Zealand during the present

year.

This request I shall take pleasure in supplying, and in the meantime
beg to be advised of the proper address of the packages, and whether

they shall be subdivided into smaller quantities. Of course I can only

promise them conditionally—in the event of nothing imtoward haj>pen-

ing to the fisheries.

I have, &c.,

SPENCER F. BAIED.
The Hon. the Colonlal Secretary.
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Ko. 4.

Mr. W. Arthur to the Son. the Golonial Secretary.

DUNEDIN, 2Mh September, 1877.

Sir : The Acclimatization Society of Otago bad intended j)rocuring a

supply of American whitefish ova this season from the States.

In the course of our inquiries, however, we were informed that the

Colonial Government of New Zealand had already taken uj) the matter,

and were going to import a variety of the ova of Salmonidiv, and that

a portion was to be forwarded to Otago.

Under these circumstances, the society will gladly await the govern-

ment experiment, and give any assistance in its power to secure success,

and

I have, &c.,

W. AETHUE,
Acting Secretary Otago Acclimatization Society.

The Hon. the Colonial Secretary.

No. 5.

Circular.

To the Secretary of Acclimatization Society:

Sir : I have the honor, by direction of the colonial secretary, to Inform

you that Professor Baird was, on the 28th of July last, requested to be

good enough to have the next shipment of salmon ova packed, if possi-

ble, in cases containing 50,000 ova each, of which case is intended

for your society.

This shipment may be expected to arrive by the next, or, at latest, the

following San Francisco mail, and I am to request that you will be pre-

pared to receive it immediately on arrival of the steamer at .

I inclose a copy of the papers which have been laid before Parliament

on the subject generally, for the information of your society.

To Mr. Firth :

Should it apj)ear to you that any additional expenditure for supplying

of ice, or any other account, is required to insure the chance of success

for the shipments to southern societies, I am directed to request that

you will kindly make such arrangements, and incur such expenditure

on behalf of the government as may in your judgment appear neces-

sary to attain the object in view.

I have, &c.,

G. S. COOPEE.
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No. 6.

Mr. J. C. FirtJi to the Under Secretary.

[Telegram.]

Auckland, 2d November.

Preparations for safe distribution of salmon ova completed. Shall

send ova-boxes and ice-chests for Xelson or Greymouth, Wellington, and
Christchurch per Wanaka ; those for Napier, Dunedin, and Invercar-

gill per Rotorua. Make prior arrangements for forwarding ova for In-

vercargill from Dunedin if mail arrives to-morrow. I wish to convey

to King country and Upper Thames. Pray ask minister to authorize of

running of locomotive to Newcastle on Sunday morning.

No. 7.

Mr. Frederick Huddlestone to the Under Secretary.

Nelson, 16^/^ October, 1877.

Sir : I have the honor to acknowledge the receipt of your letter of

the llth instant, wherein you inform me that a shipment of 50,000 sal-

mon ova may be expected by the Nelson Acclimatization Society by the

next or, at the latest, the following San Francisco mail.

In reply, I have to request that you will be good enough to convey

the thanks of this society to the government, and inform the Hon. the

Colonial Secretary that the ponds will be ready for the reception of the

ova before the arrival of the next mail, and every care will be taken to

hatch the fish.

I have, &c.,

FEEDEEICK HUDDLESTONE,
Hon. Secretary Nelson Acclimatization Society.

The Under Secretary,
Colonial Secretary's Office, Wellington.

No. 8.

Mr. James Payne to the Son. the Colonial Secretary.

Greymouth, 2Uh October, 1877.

Sir : I have the honor to acknowledge receipt of your letter of date

and number as per margin, and to inform you that this society will have

all its hatching-boxes and ponds in i^erfect readiness to receive the sal-

mon ova on its arrival.

The boxes have been cleaned from all trout, and are available at any

moment.
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I am further directed by this society to request that its claims for por-

tion of the whitefish to arrive be recognized, and that you will be good

enough to put such upon record.

This society' acknowledge with deep gratitude the attention of the

government in securing salmon ova for it.

I have, &c.,
JAMES rAY:N"E,

Hon. Secretary Grey District Acclimatization Society.

The Hon. the Colonial Secretary.

No. 9.

Mr. S. C. Farr to the Ron. the Colonial Secretary.

Christchurch, 18th October, 1877.

Dear Sir : I beg leave to acknowledge receipt of yours of the 12th

instant, covering papers for our information, for which receive our most

sincere thanks.

I have, &;c.,

S. C. FARE.
The Hon. the Colonial Secretary.

No. 10.

Mr. W. Arthur to the Hon. the Colonial Secretary.

DuNEDiN, 1st November, 1877.

Sir : I have the honor to acknowledge your letter of 11th ultimo, re-

garding a box of American salmon ova to arrive soon. In reply, I have

to state that the Otago Society has given the necessary instructions to

Mr. Deans, the curator, to make his preparations for accommodating

50,000 ova in our hatching-boxes.

I have, &c.,

W. AETHUE,
Acting Secretary Otago Acclimatization Society.

The Hon. the Colonial Secretary.

No. 11.

Mr. Henry Howard to the Under Secretary.

Salmon Ponds, Wallacetown, 20th October, 1877.

Sir : I have the honor to acknowledge the receipt of your letter of the

11th instant, informing me of the expected arrival of salmon ova, and to

inform you that everything is ready for its reception.
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I should feel thankful if the government could girve such directions to

the railway authorities at luvercargill as would prevent any unnecessary

delay in its transit from Bluff to the Makarewa station.

I have, &c.,

The Under Secretary, Wellington.
HENRY HOWARD.

No. 12.

Tlie Under Secretary to Mr. Henry Howard.

Sir : With reference to your letter of the 20th instant, relative to

preparations being made for the reception of salmon ova at the Maka-
rewa ponds, I am directed to inform you that the railway authorities

have been instructed to give you every facility in the transit of the ova

from the bluft" to its destination.

You had better place yourself in communication with the station-

master at the bluff on the subject.

I have, &c., G. S. COOPER.

No. 13.

The Hon. Matliew Holmes^ 31. L. C, to the Hon. the Colonial Secretary.

Wellington, November 2, 1877.

Sir : On behalf of the Oamaru Acclimatization Society I beg to thank

you for the manner in which you were i3rej)ared to meet their applica-

tion for salmon ova for that district, and am sorry to find that all the

shipment now on its way from San Francisco was promised before my
application was made.

As further shipments are to follow, I now beg to apply for two cases

salmon and two cases whitefish ova, out of the first shipment to arrive

from America, for the Oamaru Acclimatization Society.

I may state that suitable provision has been made to receive and hatch

the ova, and that Mr. Y'oung (one of the most successful in this line)

has undertaken to conduct the experiment.

I have, &c.,

MATHEW HOLMES.
The Hon. the Colonial Secretary.

No. 14.

Mr. J. C. Firth to the Under Secretary.

[Telegram.]

Auckland, November 6, 1877.

I have shipped per Rotorua, sailing this evening, one case of fifty

thousand salmon ova to Williams, Naj)ier, with one chest of ice in re-
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serve. Same quantity ova and two chests reserve ice eacli to Travers,

Wellington, Farr, Cliristcliurcli, Perkins, Invercargill, and have wired

advice of shii3ment to each party. Did Greymouth ova arrive ?

J. C. FIETH.

No. 15.

Mr. J. C. Firth to the Under Secretary.

AuciCLAND, JSfovemher 20, 1877.

Sib : I perceive by yonr telegram of yesterday that some misappre-

hension exists as to the quantity and distribution of the salmon ova re-

ceived by the November mail-steamer.

By way of putting the matter fully before you, I may state that in an-

swer to my letter of 11th of April to the Hon. S. F. Baird that gentleman

arranged to send 200,000 ova for the Auckland Acclimatization Society,

and, in answer to a subsequent request of mine, a further shipment of

50,000 for the Canterbury Society, and 50,000 for the Victorian Society.

On receiving your letter of the 11th October, asking me to receive and
provide for the safe distribution of the 500,000 salmon ova the New Zea-

land Government were expecting to arrive by steamer on November 3,

or at latest by next mail-steamer, and, knowing that the ova-boxes are

shipped from their crates in San Francisco so that they may be placed

in the steamer's ice-house, I immediately set to work to provide a double

chest (the interspace i^acked with sawdust) for each ova-box expected

(16 in number), with the necessary ice-boxes for a reserve of ice. I had
provided also 2 tons of ice as a first installment, if the whole 800,000 ova

arrived. These preparations were fully completed on November 2, when
the mail-steamer arrived at Auckland. On her arrival I found that 11

boxes only had arrived, consigned on ship's manifest to Auckland Accli-

matization Society. I could learn nothing of any for the New Zealand

Government.

I had a staff of 8 men on the wharf, but the difficulty of getting the

ova-boxes out of the ice-house, where they lay imbedded in tons of ice,

was so great that I had not comiileted the packing of the 11 boxes till

5 o'clock on the morning of the 3d November, though I and my men had
been hard at work all through the night.

Not wishing to disapi^oint the more suitable localities in the south, I

arranged to ship some of the Auckland ova to Christchurch (in addition

to their own parcel), to Dunedin, to Invercargill, and Naj^ier, to be re-

turned to us on receipt by government of the ova ordered by them. I

therefore placed on board the Wanaka steamship, before 7 o'clock a. m.,

November 3, 4 boxes with reserves of ice for the three places first named,
intending to ship to Napier by the Eotorua on the Cth. When on my
return from Onehunga, the secretary of our society, having obtained his

advices, waited upon me with a letter from Messrs. Cross & Co., our San
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Francisco agents, advising shipping 11 boxes salmon ova for the Auck-

land Acclimatization Society, and inclosing press copy of a letter from

Professor Baird's deputy at Eedding, in which there fortunately hap-

pened to be a copy of the names of places to which the 10 boxes were to

be sent—identical with Dr. Hector's list of 28th July, 1877—embodied

in the Parliamentary papers you sent to me (with one for the Victorian

Society). I then found that for some reason or other the United States

Fish Commissioners had not forwarded the Auckland and Can
bury orders. I at once telegraphed Captain McGillivray, of the Wanaki
steamship, to deliver the two boxes marked " Christchurch " to Nelson

and Greymouth. On the Gth I dispatched i^er Eotorua

:

1 box to Napier,
]

1 box to Wellington, i „^.^, „ . ,

-, , ^ r^i • X , \ y With 7 ice-boxes m reserve.
1 box to Christchurch,

\

1 box to Invercargill, \

Per Wanaka

—

1 box to Nelson (as above), "}

1 box to Greymouth (as above), i

1 box to Dunedin,
j

1 box to Invercargill, ^

With 5 boxes ice in reserve.

Leaving for Auckland ^ and -^ for Victoria Society (not included in

government order.)

Having made every arrangement at great expense and much personal

inconvenience for the safe reception and proper dispersion of the full

quantity of 800,000 ova, I must confess to a little disappointment at be-

ing therefore rendered unable to stock the Auckland rivers to the num-
ber and extent I had intended.

Since the arrival of the mail steamer on November 2, I have been

actively engaged in carrying out the work you intrusted to me, of pack-

ing and transshiiiping the ova to southern ports, and in i)lacing the

Auckland portions in the King country to the south, and in the Wairoa
Eiver and its tributaries to the north.

From telegrams I have received, I am pleased to think that the work,

arduous though it has been, has not been in vain.

Pray pardon the length of this letter, as I could not i)ermit any mis-

apprehension as to the proper disposal of the ova to exist in your mind
without endeavouring to remove it.

I have, i&c,

J. C. FIETH,
President of the AucMand Acclimatization Society.

G. S. Cooper, Esq.,

Under Secretary^ Wellington.
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No. 10.

Mr. J. C. Firih to the Under Secretary.

Auckland, 21st January, 1878.

Sir : I beg to inform you that I liave successfully deposited the 100,000

salmon ova placed at the disposal of the Auckland Acclimatization So-

ciety, as follows

:

40,000 in the Puniu River, in the King country, the chief Rewi Mania-

poto co-operating with me and assisting me.

8,000 in the river Thames.

7,000 in a small stream near the chief Tirarau's settlement, Wairoa
North.

7,000 in the Mangakahia Eiver, near the Hikurangi stream.

36,000 in the Mangakahia River, near Te Wero's settlement.

About 95 per cent, of these hatched out, and, though the occurrence

of a fresh in the Mangakahia River interfered somewhat with the suc-

cess of the enterijrise, I have no doubt that a very fair measure of suc-

cess has been attained.

I inclose (1) duplicate receipt from Mr. Myron Green for $750, paid by
Mr. Creighton to United States Fish Commission, for package and transit

charges of 500,000 salmon ova, and (2) letter from Prof. Spencer F. Baird

confirming same. For this sum Mr. Creighton drew upon me, which I

honored, and was subsequently refunded a like amount by the Treasury

at Wellington, £101: Is. M.
I have to thank you for the very efficient aid you have rendered me

in the distribution of the half million ova.

I have, &c., J. C. FIRTH.

G. S. Cooper, Esq.,

Under Secretary, Wellington.

No. 17.

Fredericlc Ruddleston, Esq., to the Hon. the Colonial Secretary.

Nelson, 7th January, 1878.

Sir : I have the honor to report for the information of the government
the success that has so far attended the introduction of American salmon
ova into the rivers of this district.

The ova arrived from San Francisco on the evening of Sunday, the 4th

of November. On Monday morning I opened the box said to contain

50,000. I found eight layers, each about a quart, and packed between
a thin material like scrim, and each layer separated by moss. I caused
all the dead eggs to be picked out (about 1,500). The sound ones were
then put into the hatching ponds, and the ponds covered with boards to

protect the eggs from the sun. On Friday, the 9th November, the first fish
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made its appearance, and by Monday, the lOth, all were hatclied out,

with the exception of about 1,000 bad eggs. They were thus left undis-

turbed until the Sth December, when, finding they had begun to feed, I

caught about half of them and turned them into the Wairoa Eiver, close

by the railway bridge. On the following Saturday, 15th December, the

remainder were caught and placed into two large tin-lined cases and sent

by rail to Fox Hill, from which place they were taken by spring convey-

ances over Spooner's Eange, a distance of about fourteen miles, and
placed into the Motueka Eiver, with a loss only of about fifteen on the

road.

I estimate the total number turned out at about 25,000, and the bad ova
at about 2,500. It will thus be seen that the box contained little more
than half the estimated quantity, viz, 50,000.

The ova was certainly most carefully and beautifully packed, and the

arrangements for supi^lying ice were exceedingly good. Great credit is

due to the shippers, and it would be well if Dr. Buckland and others in

England interested in the acclimatization of fish would take a lesson in

packing ova from our American friends.

In conclusion, I hope the government will continue the good work so

well commenced until salmon is established in New Zealand waters

beyond a doubt and our rivers well stocked.

I have, &c., FEEDEEICK HUDDLESTONE,
Hon. Secretary Nelson Acclimatization Society.

The Hon. the Colonial Secretary.

.No. 18.

Mr. W. Arthur to the Hon. the Colonial Secretary.

DuNEDiN, IQtli Decemher, 1877.

Sir : I have the honor to inform you that the box of American salmon
ova (supposed 50,000) arrived here safely by the Taupo on the 7th, and
contents transferred to the breeding boxes of the Otago Acclimatization

Society with as little delay as possible. The supply of ice was not ex-

hausted, and the ova were in very good condition, only four or five per

cent, having gone bad. I am sorry, however, to say that after being-

four days in the hatching-boxes many of them died, but others are

healthy, and some are hatching out.

The society will be glad to hear soon as to when the supi)ly of white-

fish ova may be expected for our lakes. Our accommodation is limited,

and besides the salmon ova we have a great number of young trout

recently hatched out still in the hatching-boxes.

I have, &c., W. AETHUE,
Acting Secretary Otago Acclimatisation Society.

The Hon. the Colonial SECRETAiiY.
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Ko. 19.

The Hon. J. A. B. Menzies to the Hon. the Colonial Secretary.

Wyndham, 25f/i January, 1878.

Sm : I bare the honor to iDform you that Mr. Howard reports that he

has placed the following numbers of California salmon fry in the rivers

named

:

In the Oreti 35, 000

In the Waipahi 10, 000

In the Makarewa 18, 000

Total 63, 000

He retains for the present about 800 fry in the ponds. Mr. Howard
remarks that only 25,000 fry were available from the ova contained in

the second box he received, that box, as you may remember, having been

transshipped in Auckland, by mistake, to the Eotorua, whereby it reached

the ponds above a week later than the other box, the hatching of the

ova of which seems to have j)roduced 80 per cent, of fry.

Mr. Howard also says " the young fish are exceedingly healthy and
strong, and the arrangements for the transport of the ova from America,

though simple, were almost perfect."

Have you any intelligence of the dispatch of the Enghsh salmon ova

ordered ?

I have, &c.,

J. A. E. MENZIES,
Chairman of Commissioners of Salmon Ponds.

The Hon. the Colonial Secretary.

No. 20.

Tlie Hon. the Colonial Secretary to His Excellency the Governor.

Wellington, 1st February, 1878.

Ministers desire respectfully to inform his excellency the governor

that the half million salmon ova which arrived by the mail steamer from

San Francisco in November last have been successfully hatched and dis-

tributed to the different rivers of the colony, and that, by information that

has reached the government from various directions, it has been demon-
strated that owing to the extreme care with which the ova were packed

in America the very satisfactory result of about 95 -per cent, of the fish

has been obtained.

In addition to the half million sent at the request of the government,

an equal quantity has been sent to the various acclimatization societies

in the colony, and this handsome gift of salmon ova has been made to

the colony without charge, except cost of package and transit, by the

55 F »
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Fish Commission of the United States, under the direction of the Hon.
Spencer F. Baird, as Chief Commissioner.

Ministers venture to think that so generous an action on the part of a

foreign nation is worthy of being acknowledged in a special manner.

They would, therefore, respectfully ask his excellency to bring the matter

under the notice of Her Majesty's Government, through the secretary of

state for the colonies, in the hope that Her Majesty's Government will

permit a communication to be made to the Government of the United

States of the thanks of the colony of E"ew Zealand for the generous and
valuable gift of a million salmon ova to the colony.

I have, &c.,

His Excellency the Governor.

G. S. WHITMOEE,
Colonial Secretary.

E"o. 21.

The Hon. the Colonial Secretary to Mr. J. C. Firth.

Wellington, Gth December^ 1877.

Sir : Eeferring to the correspondence which has taken place on the

subject of the salmon ova supphed by the American Fish Commissioner,

and which reached New Zealand by the November mail, I have the

honor to inform you that communications have been received from all

the acclimatization societies to which consignments were sent, stating

that the importation seems likely to turn out perfectly successful.

It gives me great pleasure to offer you the thanks of the government

for the readiness with which you undertook the arduous task of attend-

ing to the shipment on its arrival and for the judicious arrangements

you made for the distribution of the portions assigned to southern socie-

ties. There can be no doubt that to those arrangements is largely

attributable the success which has attended the experiment.

I have, &c.,

G. S. WHITMORE.
J. 0. Firth, Esq., AucMand.

No. 22.

Mr. J. C. Firth to the Ron. the Colonial Secretary.

Auckland, 11th February, 1878.

Sir : I have the honor to thank you for your letter of 6th December
last, conveying the thanks of the government to me for my services in

distributiDg the salmon ova recently presented to this colony by the

United States Government.
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I have also to thank you for bringing under the notice of his excellency

the governor the act of genuine international courtesy displayed by the

Government of the United States in the noble gift of one million salmon

ova to the colony of New Zealand, and for the information that his ex-

cellency has communicated with the secretary of state for the colonies,

requesting that the Government of the United States may be thanked

on behalf of this colony.

I have, &c.,

J. 0. FIETH.
TEe Hon. the Colonial Secretary.

No. 23.

Mr. E. J. Creighton to the Son. the Colonial Secretary.

San Francisco, Cal., 19^7* January, 1878.

Sir : I have the honor to inform you that I have consigned to your

government from the United States Fish Commission, per favor of Pro-

fessor Baird, 500,000 whitefish eggs, which I hope will arrive in good

condition and hatch out. I inclose Professor Baird's letters and tele-

grams to me on this subject ; also, telegrams from and to Mr. Clark,

deputy fish commissioner at Northville, Mich. In further explanation,

however, I may state that I wrote to Professor Baird on this subject

several months ago, and expressed a desire of obtaining, if possible,

another supply of whitefish eggs for the colony, in consequence of the

failure of previous shipments. I explained to him the geographical

position of the leading settlements, and the risk of failure in distributing

the ova on arrival about midsummer along such an extended seaboard,

and he promised that the next consignment would be left to my discre-

tion in that regard.

Accordingly I have written to J. C. Firth, esq., president of the Auck-

land Acclimatization Society, requesting him to take charge of at least

250,000 eggs, and hatch out the same in the breeding ponds at Auck-

land, from which stock the North Island lakes should be supplied. It

is necessary that there should be running water. I should be gratified

if, in addition to Lake Taupo and other lakes on the line of the Waikato,

the Wairarapa could be speedily stocked with this valuable fish. The
lesser lakes could be attended to subsequently.

I have likewise telegraphed to the Christchurch and Dunedin Accli-

matization Societies, requesting them to put themselves in communica-

tion with you ; but I am of the opinion that only these leading societies,

and perhaps Nelson, should be supplied with eggs, and these only if,

upon examination in Auckland, the eggs could fairly stand the journey.

In any contingency, or if there should be a doubt of the eggs spoiling,

I should recommend that the entire consignment should be hatched at

Auckland, and the young fish thence distributed over the colony. But
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as there is always a reasonable feeling of pride in such matters, the so-

cieties named are entitled to the utmost consideration consistent with

the preservation of this valuable contribution to the food fish of the

colony. One hundred thousand eggs might be shii^ped to Canterbury,

100,000 to Dunedin, and 50,000 to Nelson. This would dispose of the

entire shipment, which is in ten (50,000) boxes.

In this connection I have consulted several gentlemen experienced in

the American fisheries, and they unhesitatingly j)lace whitefish as the

most valuable of all fresh-water fish, ranking as a food fish above aU
other varieties. They are prolific, grow to a large size, and are equally

good for food fresh or salted. Should they be successfully acclimatized

in ISTew Zealand, the colony will derive an immense return for the small

outlay incident to introducing them.

I have taken advantage of the refrigerator-box of the Auckland So-

ciety, in which the late consignment of salmon ova were shipped, and
filled it with ice in lieu of the ship's ice-house, which Captain Dearbour
has placed at my disposal for the whitefish. This will economize ice

and give a more reasonable certainty of the consignment arriving safely.

I may here state that Captain Dearbour, of the City of Sydney, takes a

very deep interest in this work of acclimatization, and, I think, deserves

some recognition by the government.

I have also consulted Mr. Bedding, Fish Commissioner for California,

from whom, and his Deputy, Mr. Woodbury, I have received every pos-

sible aid. I need not, however, encumber this communication by inclos-

ing my correspondence with these gentlemen.

The fact that I received intimation of this shipment by telegram on

the 5th instant compelled me to wire a message through by cable to pre-

vent the possibility of the consignment failing for want of preparedness

on arrival. It was addressed to the i^remier. As I was not in funds to

meet this and other disbursements on account of the colony, I have drawn
for the amount, as per vouchers and statement of account annexed, which

please honor. I also inclose statement of account from Mr. Clark, to

whom you will be good enough to remit the amount by return mail, ap-

prising me of the fact. You will observe what Professor Baird states

upon this subject—and I would respectfully suggest that the government
convey to him an expression of their appreciation of the interest he has

taken in the acclimatizing of food fish in IiTew Zealand.

I have acted in this matter without instructions, but in the belief that

my conduct will meet with your approval.

I would suggest, in conclusion, that tbe government in future would
prevent risk of loss by apprizing me when they order fish eggs from the

United States Commission. I had no knowledge of the last order for

salmon until after the ship sailed, and it was by a mere accident that the

entire consignment was not left behind.

I have, &c., ROBT. J. CREIGHTON.
The Hon. the Colonial Secretary,

Wellington.
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[luclosiire 1 in No. 23.]

Professor Baird to Rohert J. Creighton, Esq.

Washington, 5th January, 1878.

Sir : Mindful of tlie desire of Kew Zealand to obtain an additional

supply of wliitefisli eggs, I arranged with Mr. F. IST. Clark, of ITortliville,

Mich., for half a million, and to bring them forward to a proper stage for

shipment. I am informed that the eggs are now ready, and he has been

instructed to forward them to you at once. They are to be j)ut up in ten

packets of 50,000 each, so as to be more conveniently divided.

It may be well for you to confer with Mr. B. B. Eedding, Commissioner

for California, in regard to the proper treatment of these eggs. They
are not quite so far advanced as those of last year.

Mr. Clark's charge for these eggs is $1 per thousand, or $500 for the

lot, exclusive, I presume, of packing and exijressage. If you have not

this amount on hand you can collect it at your earliest convenience from

the colony and send it direct to Mr. Clark. My own appropriation did

not permit me to incur so large an expense during the present season.

It is possible that for greater security the eggs may be shii^ped in two
lots at intervals of two or three days, so that if one is lost the other may
not be.

Presuming that you have ample instructions from iN'ew Zealand as to

the distribution of these eggs, and leaving it to you to attend to their

specific assignment,

I have, &c.,

SPENOEE F. BAIED,
Commissioner.

E. J. Creighton, Esq.,

Agent for New Zealand^ San Francisco, Cal.

[Inclosure 2 in No. 23.]

Mr, E. J. Creighton to Professor Baird.

San Francisco, 15th January, 1878.

Sir : Accept my best thanks for yoiu* letters and telegrams, and the

valuable contributions of food-fish for New Zealand which you have
been good enough to make on behalf of the United States Fish Com-
mission.

I have forwarded your letters and telegrams to the New Zealand Gov-
ernment, which wiU not fail to appreciate your kindness. Mr. Clark

telegraphed me of the departure of the ova from North^ille on the 11th,

and I expect their arrival to-night or to-morrow. I have made arrange-

ment for their shipment per City of Sydney, which sails for New Zea-

land and Australia on the 21st instant, and have apprised the govern-

ment by cablegram of the consignment. Mr. Clark's bill for the eggs
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will be forwarded to the colony, and a remittance direct made by the

government. I shall write to him to that effect. If I had been in

funds, I should have had pleasure in paying the amount at once.

I am happy to say that the shipment of salmon ova arrived at its

destination safely, and has proved a great success. I think New Zea-

land is now fully stocked with salmon, at least to such an extent as to

render farther shipment for some time to come unnecessary. Small

parcels of eastern trout have been sent and are successful ; but I attach

greater importance to the acclimatization of whitefish than to all the

others, as well from the delicacy of the flesh as from its commercial

value. New Zealand is a country of lakes and rivers peculiarly adax)ted

for it. I can only exi)ress a hope that this consignment may fare better

than the consignment of last year.

I have, &c.,

EOBEET J. CEEIGHTON.
Prof. S. F. Baird, Washington.

[Inclosure 3 in No. 23.]

Mr. Franh N'. Clark to Mr. R. J. CreigJiton.

NoRTHViLLE, MiCH., 11th January, 1878.

Sir : I have this day shipped you two crates (500,000) of whitefish

eggs for your government, and telegraphed you to that effect. Please

have your government report condition upon opening of the same, to me.

I have, &c.,
FEANK K CLAEK.

[Inclosnre 4 in No. 23. ]

Mr. B. J. Creighton to Mr. F. N. GlarTc.

San Francisco, Cal., 20th January, 1878.

Sir : I have pleasure in acknowledging the safe arrival of ten boxes

whitefish eggs for New Zealand from your fish-hatching house. They

arrived early Friday, and were opened and examined by Mr. Woodbury,

foreman of the State hatching house, San Leandro. They are in good

condition, and promise to arrive safely at their destination. I have had

them packed in ice in the ice-chest of the mail steamship City of Syd-

ney, which sails on the 21st. They will remain in ice all the voyage, and

be hatched out prompt on arrival.

I regret that the consignment to the State Fish Commissioners of Cali-

fornia and Nevada was valueless, as on opening them they were all found

to be dead and stinking. They had been placed near the stove in transit

;

hence the total failure of the shipment. As it is impossible to freeze

fish-eggs in the express car, owing to the fact that a stove is always kept

alight, I should suggest that in future consignments instructions be
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given tbat they be kept as cool as possible. The instriictious ou the

commissioner's crate not to let the eggs get below zero appears to have

been literally followed. The sawdust packing was at blood-heat when
opened by Mr. Woodbury. To the absense of this special instruction I

attribute the safe arrival of the New Zealand consignment, and a parcel

of trout from Wisconsin.

I forward Professor Baird's letter to the Kew Zealand Government, in

which he intimates that your charges for the eggs would be $1 per thou-

sand and packing. You did not send me an account, but I presume this

to be correct. The communication with the colony is monthly. I have

requested the New Zealand Government to transmit the amount direct to

you, and inform me of the fact. I likewise forward your letter to me
with a request that the government should report the condition of the

eggs nx)on opening the same.

I can only express the hope that the consignment may arrive at its des-

tination in as prime condition as it leaves San Francisco.

I have, «&c.,

EOBT. J. CEEIGHTOK
F. N. Clark, Esq.,

United States Fish Commissioner, Iforthville, Mich.

No. 24.

Mr. E. J. Creighton to the Hon. the Colonial Secretary.

San Francisco, January 20, 1878.

Sir: I have the honor to state, in reference to my previous letter,

that I have had a conversation with the members of the State Fish

Commission, and learned several facts of great practical value in refer-

ence to the propagation of whitefish, which 1 have embodied in a letter

to Mr. Firth, of Auckland, in the belief that the Aucldand Acclimatiza-

tion Society will -have the task of hatching out the bulk, if not all, the

whitefish eggs. I am unable to copy the letter in time for this mail.

Should the suggestions given therein be acted upon, I have no doubt of

the success of the experiment.

I have further to request that you will cause the request in Mr.

Clark's letter to be attended to. As Mr. Clark did not send any state-

ment of account, I infer that the $1 per 1,000 mentioned by Professor

Baird covers cost of package. It may not be the case, however. If so,

$500 is due the Fish Commission at Northville, and should be remitted.

I have sent two tons of ice—not three, as I originally intended. I think

two tons will be ample. I may mention that I received very great as-

sistance from Mr. W^oodbury, who came a long distance twice in very
inclement weather, to examine and repack, after drenching the eggs
with water at i)roper temperature. I should be pleased if the govern-

ment would authorize me to thank him for his gratuitous help.
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The accoinpanymg telegrams and correspondence give the history of
the transaction. It will be observed from my reply to Mr. Clark that
the New Zealand shipment was fortunate in not sharing the same fate

as those consigned to the State Fish Commissioners of California at

Nevada, which perished by the way.

I have, &c.,

EOBT. J. CEEIGHTON.
The Hon. the Colonial Secretary,

Wellington^ N. Z.

No. 25.

Mr. J. G. Firth- to the Under Secretary.

[Telegram.]

Auckland, February 15, 1878.

Mail steamer arrived last night at seven o'clock. I shipped on board
Hawea eight boxes containing your hundred thousand whitefish ova

—

packed ice in two insulating chests with hundred weight ice in reserve.

Hawea cleared wharf at half-past eight. Owing to having no informa-

tion of dimensions of ova boxes, I could not pack the remaining two
boxes containing one hundred thousand ova. These I forward per

Eotorua. Creighton sends full instructions, which I will wire you to-day

for information of Southern Society. Creighton's exertions well deserve

the thanks of the government.
J. C. FIETH.

G. S. Cooper, Esq.,

Under Secretary.

No. 26.

Mr. J. C. Firth to the Under-Secretary.

Auckland, April 19, 1878.

Sir : I have this day forwarded one box whitefish ova said to contain

50,000 ova, properly packed in ice in insulating box, and one box con-

taining ice in reserve. I inclose Mr. Creighton's instructions. Having
fully acquainted you of all matters relating to this shipment of white-

fish ova, it is not necessary for me to enter into any recapitulations.

My account for cost incurred will be forwarded to you shortly.

I have, &c.,

J. C. FIETH.
G. S. Cooper, Esq.,

Under-Secretary, Wellington.

(Note.—This box was forwarded from Wellington to A. M. Johnson,

Christchurch, on 22d AprU.—J. H.)
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[Inclosure in No. 26. ]

Mr. Creighton to Mr. J. C. Firth.

San Francisco, 20^/i January, 1878.

My Dear Sir : Since I wrote to you re wliiteflsh, as per inclosure, I

have learned some facts which are of interest relative to the artificial

hatching of them, from the State Fish Commissioner (Mr. Eedding),

and the foreman (Mr. Woodbury), which you should know.

1st. Mr. Eedding declares that it is almost essential that they should

be hatched out at the first iDoint of landing, owing to their delicacy.

They will thrive anywhere if the water is deep enough, their food being

small Crustacea adhering to rocks in fresh water lakes, having a current

running through them. They should have a sandy and gravelly bottom.

2d. They are much more difficult to manage than salmon, and, until

recently, little was known of their habits. They lose their sacks in ten

days at a temperature of 35^, and earlier at a higher temperature. It

will be necessary to feed them three days afterwards, or perhaps earlier,

if they are to be transported any distance. The Fish Commissioners of

Wisconsin discovered this year that whitefish could be fed with blood

for an indefinite period, and in the San Leandro hatching establishment,

and at Lake Chabot in this State, the same experiment has been tried

with success. Mr. Woodbury, therefore, suggests that you keep twenty

of the fish in the hatching trough and feed them with blood, which can

be squirted into the water with a syringe and thoroughly mixed. This

would serve a double purpose. It would establish as a fact what is

now experiment, that whitefish may be fed upon coagulated blood, and

also give you a pei;pianent stock for purposes of spawning, by which

your society might derive no little profit. The Fish Commissioners

here are very anxious in regard to this matter, and I would be glad

if you could give it a fair trial and report the result. As fish culture is

now becoming a leading industry, the economic side of the question will

readily suggest itself to your mind.

3d. Whitefish, as soon as hatched out, rise and swim, unlike trout

and salmon, which lie dormant. The little fellows are, therefore, carried

down the trough with the current, and, unless fine wire screens are

placed across it to intercei3t them, they are almost certain to be lost. It

was in this way, I suspect, the Christchurch Society lost their whitefish,

and not by a fresh during the night, as reported. No. 18 mesh (eighteen)

will keep them in. They should have as much back-water as possible

to swim in. In ten days, as I have said, they lose their sack, at a tem-

perature of 35°, but, as they may lose it earlier, it is necessary that a

register of the daily temperature of the water be kept, and food be fur-

nished as above described.

4th. In the interest of science and acclimatization, should any por-

tion of these eggs be sent south, I have to request that you communi-
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cate these facts to the persons in charge of them for their guidance.

One way and other I have written a decent vohime in this connection,

and cannot possibly duplicate or quadruple these notes, which are in

the rough. I have not written on this subject to the government, which
must depend upon your society and similar bodies for the propagation

and distribution of the whitefish.

I may remark here that the acclimatization of whitefish is in its in-

fancy, and much has yet to be learned regarding it. It was thought,

less than four years ago, that the eggs could not be sent across this

continent. Several parcels failed, but at length a few were hatched
and placed in Lake Tahoe, in the north. This was less than three

years ago, and now the fishes which come to the sandy, pebbly banks
on the Californian side of the lake are being netted and sent to Virginia

City Market. They spawn, it is beheved, the third year. Last year

ten men and two teams were employed by the lake commissioners to

cut a road several miles through the snow to place whitefish in another

Northern California lake, and Lake Tulare in the south, warmer than
Taupo, and about as large, has been stocked. The entire shipment of

whitefish ova for California and Nevada, from ISTorthville, Mich., packed
precisely as those for New Zealand by Mr. Clark, and coming in the

same car, were spoiled in transit. On being opened by Mr. Woodbury
and myself they stank and were putrid. They had been placed near

the stove by the express agents to prevent their freezing. Ours had
been less considerately treated, and arrived sound and lively, as I had
proof, every box having been opened and examined by Mr. Woodbury
in my presence. We then ascertained their temperature, and gave
them a drenching with water at a similar heat ; screwed them up, re-

versed their position, placed them upon and surrounded them with ice

in the Pacific Company's ice-houses. I telegraphed to Mr. Woodbmy,
and brought him twice fi'om a considerable distance, by road and rail,

in extremely wet weather, to assist me, and as it was a labor of love, I

am anxious that he should, at least, have honorable mention. I should

also remark that Woodbury has invented a hatching basket, in which

30,000 salmon eggs may be hatched with certainty. It occupies about

two feet square, and would, I think, be a great assistance to you. I

don't know the price, but it is trifling, and I thought I would mention
it to you. If I can get one by next steamer, I will send it down.
Perhaps it would not be trespassing too much upon your kindness to

ask the secretary of your society to make copies of this letter, or so

much of it as may be necessary for their guidance, and forward one to

the Christchurch, Duuedin, and Nelson societies ; or send one to the

government requesting them to communicate the same to those bodies.

I dare say I have nearly wearied you, but I know your enthusiastic

love for acclimatizing such natural products as animals and fishes as

may be useful to man, and therefore presume ui^on your time and pa-

tience. I forgot to say that whitefish take bait. They should be closely
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protected for, at least, four years. The wire screen referred to in para-

graph 3 shonld be higher than the water to prevent loss of fish by
overflow.

I have, &c., "

EOBT. J. CEEIGHTOK

No. 27.

Mr. J. C. Firth to the Under-Secretary.

[Telegram.]

AuCKLAJSTD, 16th February, 1878.

Since writing last I find I can push on preparations at the hatching-

house, and will therefore take charge of one box. The other goes on

by Eotorua.
J. C. FIETH.

G. S. COOPEE,
Under-Secretary.

No. 28.

Mr. J. G. Firth to the Under-Secretary.

Auckland, 18^/i February, 1878.

Sir : Whitefish ova turned out very badly in the box you wished me
to take charge of. All destroyed but thirty. Some of these died in

hatching, others died soon after. Two fish living ; eight ova yet to

hatch. Cause of destruction, too many in one box and too much com-

pression. Shall I forward the second box or open it here?

J. 0. FIETH.
G. S. Cooper, Esq.,

Under-Secretary.

No. 29.

The Son. the Colonial Secretary to James Hector, M. D.

Wellington, 15th February, 1878.

Sir : As you are already aware, a shipment of 250,000 whitefish ova

sent from San Francisco by the United States Fishery Commission has

arrived by the City of Sydney at Auckland, and has been transshij^ped

with the mail on board the Hawea.
I should be much obliged if you would hold yourself in readiness to

take charge of the ova on arrival here, and to proceed with them to the

Bluff, and superintend their deposition in Lake Te Anau, taking with

you, if necessary, an assistant from the staff' of the museum.
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The necessary instructions have been sent to the railway officers at

•Invercargill to co-ojierate with you, and rendering every assistance in

the transport of the ova.

I have, &c.,

G. S. WHITMORE.
James Hector, M. D., F. E. S., C. M. G.,

No. 30.

James Sector^ Esq., M. B., to the Eon. tlie Colonial Secretary.

Wellington, 31arch 5, 1878.

Sir : I have the honor to report that, in accordance with your instruc-

tions, I have distributed the cases of whitefish ova received by the last

San Francisco mail in the following manner

:

Eight boxes, each containing 50,000 ova, were received in Wellington

by the steamship Ilawea on the 19th ultimo, packed in two large ice-

chests, two boxes having been left in Auckland. The four ova-boxes

half fiUed each chest, the space above being tilled with broken ice and
non-conducting pads. The chests stood on the fore-hatch, which is a

convenient and safe position, but liable to the objection that the ova-

boxes have to be moved at every port, and that they might be influenced

by the vibration of the steam-winch. '

At Lyttelton one chest was opened, and two of the small ova-boxes

were left with Mr. G. S. Farr, honorary secretary to the Christchurch

Acclimatization Society. I should state that one of these boxes had the

cover loose. The space in that chest was filled up with ice and blanket-

ing, and at Port Chalmers it was delivered, with the two remaining

ova-boxes, to Mr. Arthur, of the Otago Acclimatization Society, with

instructions to hand one of them to Mr. Connell, or his agent, for the

Oamaru Acclimatization Society, on application.

The other chest and the spare ice, of which I got a fresh supply at

Dunedin, were then transshipj)ed to the steamship Wanganui, the sail-

ing of which had been delayed twenty-four hours through the liberality

of the owners—Messrs. Houghton & Co. Notice having been previously

given, a special train was awaiting my arrival at the Bluff, but the

steamer being later than was expected there was a little delay at Inver-

cargill, so that it was not until 1 o'clock p. m. that we reached the El-

bow.

The two chests, one containing the spare ice, and the other the ova,

weighing about 600 pounds, were transferred to an American wagon
with leather braces, and, having covered them with blankets and our

tent, a start was made at 2.30 p. m.
The arrangements for the conveyance of the ova from the Elbow to

Lake Te Anau, upon which the success of the experiment so much de-

pended, had been made by Captain Hankinson with great judgment.
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Traveling at about 4 miles an hour, by sundown we reached Centre

Hill Station, and halted to rest two hours, until the moon rose. At 11

p. m. we again started, guided by Mr. Connor—the road, and especially

the fords, being difficult to find in the dark. By daylight the first ford

of the Mararoa Eiver was reached, and we again halted for an hour, and
repacked the chest containing the ova, filling it up with all the ice that

was left, and leaving the spare ice-chest, and so lightening the load.

At 11 a. m., on the 23d, we arrived at Messrs. Hankinson's Station and
obtained fresh horses, and by 3 p. m. the most difficult part of the road,

which is that crossing the mountains bounding the east side of the lake,

had been overcome, and the journey safely accomplished. By previous

arrangement the hatching-troughs had been prepared by Mr. F. Han-
kinson, so that with his assistance no time was lost in unpacking the

ova, and by 6 p. m. the operation was completed and the result of the

experiment ascertained. I regret to say that this was not very satis-

factory, as out of the four boxes of ova three were almost completely

destroyed by the growth of white fungus, and the.young fish, which had
evidently been hatched out for some time, were reduced to a pulpy jelly.

In the fourth box, in which there was only a slight growth of fungus, a

considerable number of the ova were found in sound condition, and
hatched out rapidly as they were transferred to the trough. The trough

was not placed actually in the lake, but in a small stream fed by a spring

close to the shore, the temperature of the water being a little below 50°

Fahr. After completing the arrangements I returned to Messrs. Han-
kinson's Station, leaving Mr. Burton, taxidermist to the Colonial Museum,
in charge of the young fish, with instructions to camp beside them, and
tend them until they were sufficiently advanced to turn out in the lake.

I should state that the supply of ice proved to be quite sufficient, more
than 50 pounds being left In the ice-chest at the end of the journey.

The reason of the failure of the ova was evidently defective treatment

during some part of the long journey from Lake Michigan. Each box
contained four layers of eggs placed between layers of gauze-net and
moss. The ova-boxes, which were 11 inches square by 5 inches deep,

had several holes bored in both top and bottom, and the only sound ova
were in the top layers, and out of reach of these holes. I may state that

this was also found to be the case in one out of the two boxes left at

Dunedin, the other being a total failure.

At Christchurch, also, a few sound ova were found in a similar posi-

tion in one of the boxes.

I am inclined to think that the ova-boxes, when placed in the ice-

chests, should have been surrounded with ice instead of having it only
on the top, as, if great care was not taken to cool the ice-chests thor-

oughly before the ova-boxes were i)laced in them, it is obvious that the

temperature of the ova-boxes would be at first considerably raised, while

at the same time the water of the melting ice would drip through the

holes and saturate the contents, and so cause the ova to hatch.
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Tlie white fungus growiiluwliicli was found so abundantly in most of

the boxes seemed to spring from that portion of the moss in contact

with the layers of dead fish; but one of the boxes was nearly free from

it, excei)t in the bottom layers, and in that the moss was green and
springy. It is probable, therefore, that the decay of the moss and the

growth of the fungus commenced after the hatching out and death of

the young fish, and was not the cause of the failure. From the circum-

stances that the other boxes which were opened at Christchurch and
Dunedin were in the same condition, it is to be concluded that the fail-

ure of those taken to the Te Anau Lake was not due to the long and
rough land journey to which they were subjected, so that with the ex-

perience now gained, and with some modification of the method adopted

in packing the ova-boxes, so that they may be thoroughly surrounded

with ice, I feel confident that future consignments can be safely conveyed

to our large Alpine lakes, where they have the best chance of thriving.

The ova that escaped destruction were those which were protected from

the drip of the melting, ice, and were therefore comparatively dry, and

in such a position that they were at the same time kept at a low tem-

perature by the ice resting immediately above them. It did not appear

to me that too much moss had been i)laced in the boxes, which has been

suggested as a reason for the failure, but, when the fungus had grown,

the moss was necessarily crushed into less space and formed into a sod-

den mass. At the same time I would recommend that in future experi-

ments the gauze on which the eggs are spread should be stretched on

light frames supported at proper intervals by intermediate corner pieces

;

but these and other suggestions I will defer for another report upon the

subject, after conferring with Mr. Firth at Auckland.

The experiment on this occasion has been so far successful that a few

hundred fish, at least, wiU be turned out in Te Anau Lake, and I have

recommended that the fish hatched in Dunedin, of which there are about

a thousand, should be sent to the Wanaka Lake, and the small number
(about a dozen) obtained at Christchurch to Lake Coleridge.

I have, &c.,
JAMES HECTOR.

The Hon. the Colonial Secretary,
Wellington.

[luclosure 1 in No. 30.]

Mr. 8. Serhert Cox to Dr. Hector.

Te Anau, February 20, 1878.

Sir : You will be pleased to hear that the whitefish are doing very-

well. They are all hatched out and are feeding well on the blood which

they are having given them.

But very few have died, and, if cold be an essential to their existence,
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it has been cold enough to-day for almost anything. Burton says he
would be afraid to turn the fish into the lagoon now, as the distance is

rather far, so they will, I presume, be let loose in the lake about Satur-

day, if it is calm enough.

I have, &c., S. HEEBERT COX.

[Inclosure 2 in No. 30.]

Mr. W. Arthur to Br. Hector.

Acclimatization Society,

Dunedin, 10th July, 1878.

Sir : You will be sorry to hear that our American whitefish experi-

ment has failed. I suppose we had about 1,000 young fish which throve

very well at the breeding-ponds. The last I know of them is that Deans
started with the whole lot for the Wanaka before they had reached that

age and size which, in conversation with you, we all agreed to be most
prudent before turning them out. He got as far as the Teviot, but they

had nearly all died or escaped during the night into a creek where the

cans were put. Both Maitland and I knew nothing about it until Deans
returned, or we should certainly never have sanctioned so rash a step.

I hope those in the Te Anau will get on better, and be the means of

stocking our deep lakes.

I have, «&c., W. ARTHUR, Secretarfl.

No. 31.

Mr. A. M. Johnson to the Son. the Ministerfor Public Works.

alvierican whitefish.

Teoutdale Farm, Opawa,
Christchurch, Qth February, 1878.

Sir : If you should receive any whitefish oVa, will you kindly consider

my aj)plication for a portion.

I have every facility for fish culture, and have this season hatched out

about 70,000 ova (English trout and American salmon).

My establishment being a private one, I am not in receipt of public

moneys in the shape of subscriptions, licenses, and fines, like the various

acclimatization societies, although I have to compete with them in the

sale of young fish for stocking purposes ; therefore, I trust you will see

that I have an equal, if not a greater, claim on your consideration.

I may also add that the Enghsh brown trout, English perch, and the

American brook-trout {Salmo fontinaUs) were first introduced into New
Zealand at my exj)ense.

I have, &c.,

A. M. JOHNSON.
The Hon. the Minister for Public Works.
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No. 32.

Mr. A. M. Johnson to the Hon. the Colonial Secretary.

Teoutdale Farm, Opawa,
Christchurch, 23d A;pril, 1878.

Sir : The wliitefish ova received to-day by the Eotorua I regret to

report as all hopelessly bad, with the exception of three.

From the appearance of the ova the failure most probably arises from

the eggs having been obtained too long, or kept without ice before the

starting of the steamer.

It is quite possible that a further supply might be obtained this sea-

son, if instructions are sent by the outgoing mail so that the order could

reach the collector direct from San Francisco. The actual cost of eggs

in America is not much. I have had out many lots of trout ova, and
seldom i^aid more than $4 per thousand.

With a view to increasing the chances of success in future similar

shipments, I would suggest that the lids of the ova boxes be screwed

down instead of nailed, a larger number of holes made in the lid, and

the inside of the boxes slightly burnt.

Again thanking you for your kindness in forwarding me the ova,

I have, &c.,

A. M. JOHNSOI!^.

The Hon. the Colonial Secretary, Wellington.

No. 33.

Sir J. Cracroft Wilson to Mr. S. C. Farr.

Cashmere, 2d April, 1878.

Sir : I have the honor to report the following circumstances in con-

nection with the fry of the whitefish :

On the 26th of February you reported that you had opened the two

boxes supposed to contain 20,000 whitefish ova, a present from the

United States Fish Commission to the Government of Ne.w Zealand; that

there were a few of the ova hatching out, but that the majority of

them had hatched on the voyage from San Francisco or Auckland, the

fry from which were dead. Finally, about 20 eggs produced fry in the

hatching-boxes of the society. Two of these died previous to Sunday,

the 17th of March. On that day, in consequence of a hot wind from the

northwest raising the temjierature of the water to 62° Fahr., six more
died, and it was evident the remaining twelve would not survive such

hot weather.

On Wednesday afternoon, the 20th of March, I started, according to

promise, by the 4.20 p. m. train for Coalgate station, taking with me an

American vehicle, a pair of horses, two servants, one small fish-can,
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with an aerating ball and tube, containing the twelve surviving fish,

two large fish-cans filled with fresh artesian-well water, a four-gallon

block-tin bucket, and G packets, each containing ten ounces muriate of

iinimonia, and G packets, each containing ten ounces of niter, prepared for

the trip by Dr. Macdonald, of Lyttelton. The whole party was franked

by the general government, and the thanks of the society are due to all

the railway authorities in Christchurch.

Haviug taken up my i^ositiou in the guard's van with one servant,

nine parts of water were placed in the four-gallon bucket, and three

packets of muriate of ammonia and three packets of niter being added,

the mixture was well stirred. The thermometer was then placed in it,

and it fell, in a short space of time, to 34° Fahr. The thermometerhaving

been withdrawn, the can containing the fish was placed in the bucket.

The servant kept continually aerating the water in the fish-can, and

thus, without changing the water or interfering with the mixture, we
arrived at Coalgate station at 7.15 p. m., the temperature of the mixture

during the journey never having exceeded 38°.

After giving the fry fresh water and preparing the freezing mixture

as before, four of us started in the American trap, Mr. James Mcllraith

having kindly volunteered to accomjiany and show me the new road,

which skirts the swamp known by the name of Dr. TurnbuU. We, how-

ever, lost our way, and nearly two hours of our valuable time. As we were

approaching the hotel at Windwhistle, we were joined, according to ap-

pointment, by Mr. F. E. Upton, who, on horseback, piloted us to Snow-

den, the residence of Mr. W. Gerard, where we arrived between eleven

and twelve o'clock, midnight.

Haviug partaken of some refreshments and given the fry fresh water,

we were supplied with another pair of horses by Mr. Gerard. Mr. LTpton

having taken Mr. Mcllraith's place in the vehicle, we continued our

journey towards Mr. Cotton's house, on the border of Lake Coleridge,

which we reached about 3 o'clock a. m.

Owing to a cold northwesterly wind which had prevailed all night,

there was a considerable surf rolling onto the shores of the lake. We
therefore thought it advisable to liberate the fry in a small rivulet about

two hundred yards from the lake. Previously to liberating them we
took the can into a stable, lighted a candle, and satisfied ourselves that

not one of them was dead or injured. We then retraced our steps to

Snowden, and took possession of our beds about 5 a. m. Thursday, 21st

March.

Lamentable as is the outcome of this handsome present from the

American Fish Commission, I congratulate the Canterbury Acclitimasa-

tion Society on the fact that nothing was left undone to insure success.

Ice was prepared according to Dr. Hector's instructions, and taken by
you on board the steamer Avhich conveyed the boxes of ova to Canter-

bury, but it is evident that the ice, en roiite from San Francisco or Auck-

land, must have failed, and the ova hatched out only to die.

56 F
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In conclusion, I cannot help making a few observations. The fry of

the American whitefish are evidently more delicate than the fry of any
other fish known to me, and I am persuaded that not a fry would have

reached Lake Coleridge ahve had it not been for the freezing mixtures

and the great cold we experienced after reaching Windwhistle.

It is greatly to be desired that all the parties to whom the boxes of

this consignment of ova were trusted should write detailed reports as

to results, which reports, if printed and circidated, might help us to dis-

cover some means of rearing to maturity these far-famed fish.

One thing is very certain, that they cannot succeed in any place in

New Zealand not situated in the mountains.

TrustiDg that the council will admit that I have faithfully fulfilled the

promises which I made to them respecting these fish, and that the Gov-

ernment of New Zealand will be satisfied with the endeavors of our so-

ciety,

I have, &c.,

J. ORACEOFT WILSON,
Chairman.

S. C. Fare, Esq.,

Secretary Canterbury Acclimatization Society, Christclmrcli.

No. 34.

Mr. B. J. Creigliton to the Hon. the Colonial Secretary.

San Francisco, Gal., l^tli Fehruary, 1878.

Sir: I inclose herewith letter from Mr. Clark, of Michigan, relative to

the shiijment of whitefish eggs per City of Sydney, for New Zealand.

From it I gather that the charge for the eggs and packing, as per Pro-

fessor Baird's letter, will be $500, at $1 per thousand, which amount you

will be good enough to cause to be forwarded to Mr. Clark.

I hoi^e the consignment arrived in good order, and has been hatched

out and distributed successfully. Whitefish is more highly esteemed

than salmon where it is known. It is difficult to acclimatize it, but

should the colony succeed, it will add a valuable food fish to its other

attractions for settlement, and solve a difficult problem for scientists.

Professor Baird has written to me for the history of salmon acclima-

tization in New Zealand, so far as the California salmon is concerned,

and I was only able to make a very fragmentary report in relation to

the last shipment. He is solicitous of obtaining full iuformation for his

annual report to Congress, and lays great stress upon the New Zealand

experiments, similar shijiments to Germany having entirely failed. I

have, therefore, to request that you will cause a report to be forwarded

to me, supplemental to that made by me, showing the date of arrival of

the eggs at the several ports of the colony ; by what conveyance, and

the time occui^ied in transshipping and handling them j how packed dur-
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ing tlie coasting voyage
;
proportion of eggs hatched out in each prov-

ince, and how the young fish were distributed. I approximated the

time on the coasting voyage, but I was ignorant of the success, if

any, except in Auckland, the newspapers of which contained a general

statement that the eggs distributed by Mr. Firth had hatched out. I

trust this information will be supphed by return mail. It may not be

too late for Professor Baird's report, and will complete my otherwise

imperfect one.

I observe by the London Times, that Sir Julius Yogel sent out a con-

signment of salmon ova from England, per steamer Chimborazo, via

Melbourne.

The result of this experiment will be of great interest to the United

States Fish Commission, and to the California State Fish Commission,

to both of which Kew Zealand is under great and lasting obligations.

I would, therefore, esteem it a favor if you would advise me, in due

course, of the success had in introducing British salmon, and the rela-

tive cost of the two sources of acclimatization.

As the Sacramento salmon may now be said to be introduced perma-

nently into IsTew Zealand, details regarding its habits, &c., will be inter-

esting and of value to the colony. I therefore append extracts from the

biennial report of the California fisheries commissioners, presented to

the State legislature recently, bearing upon the point. It will be seen

that it possesses many special advantages over the British salmon, and
for commercial and food purposes is decidedly superior. On economic

grounds alone, the acclimatization of this excellent food fish is an event

of very great importance." I likewise extract the passages relating to

whitefish and catfish (the latter introduced, I understand, by Mr. Thomas
Eussel, C. M. G).

I have, &c.,

E. J. CEEIGHTOK

[Inclosure in No. 34.]

Extractfrom Biennial Report of tJie California State Fisheries Commis-
sioners, 187G-'77.

Salmon (Salmo quinnat).

1. Before the discovery of the gold mines in California, nearly all of

the tributaries of the Sacramento and San Joaquin Elvers were the spawn-

ing beds of the salmon. Soon after mining commenced the sediment

deposited by gold washing covered the gravel bottoms of the streams.

The fish found no proper place on which to deposit its eggs, and after

three or four years became extinct in those tributaries. The instinct of

the fish leads it to return from the ocean to the stream in which it was
born for the purposes of reproduction. If this place, for any reason, is

rendered unfit, it will not seek a new and aj^proi^riate place. In 1850
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the salmon resorted iu vast numbers to the Feather, Tuba, American,

Mokolumne, and Tuokimne Elvers for purposes of spawning, and many
places, such as Salmon Falls, on the American, were named from the

abundance of these fish. On the Tuba Elver, as late as 1853, the miners

obtained a large supply of food from this source. At the present time

no salmon enter these streams. It would be safe to estimate that one-

half the streams in this State to which salmon formerly resorted for

spawning, have, for this purpose, been destroyed by mining. As min-

ing is the more important industry, of course, for this evil there is no

remedy other than by artificial means to increase the supply in those

tributaries that are still the resort of these fish. The i^rmcipal spawning

grounds remaining are the McCloud, Klamath, Little Sacramento, and
Pit Elvers in the northern part of the State, and the San Joaquin and
Merced in the southern. The short streams entering into the ocean

from the coast range of mountains from Point Conception, in latitude

34"^ 20' north to the boundary of Oregon, are also spawning grounds for

salmon. The fish of the coast streams deposit their eggs in January

and February, during the winter rains, when the streams are full, while

the salmon of the tributaries of the Sacramento and San Joaquin spawn
in August and September, when the water is at its lowest stage. The
salmon of the short coast rivers do not average as large as the Sacra-

mento salmon, but they are probably the same fish, with habits modified

to suit the streams to which they resort.

2. The Salmo quinnat readily adapts Itself to a life in freshwater, and re-

produces its kind where it has no opportunity to go to the ocean. When
the dams were constructed on the small streams rhat go to make the

reservoirs of San Andreas and Pillarcitos—which supply the city of San

Francisco with water—as also when the dam was constructed on the

San Leandro, to suj^ply the city of Oakland, the young of the salmon

that had spawned the year previous to the erection of these dams re-

mained in the reservoirs and grew to weigh, frequently, as much as ten

pounds ; these rejoroduced until the reservoirs have been stocked. As
the supply of fish Increased the quantities of food lessened, so that the

salmon have gradually decreased in weight until now, after nine years,

they do not average more than two pounds. From the fact that, when
food was in abundance, they grew to weigh from eight to twelve pounds,

and that, as they increased in numbers, they averaged less in size, but

still continued to spawn and produce young fish, it would seem that the

Sacramento salmon may be successfully Introduced into large lakes in

the interior of the continent, where, in consequence of dams or other

obstructions, they would be prevented from reaching the ocean. The

history of this fish in these small reservoirs shows that all that is requi-

site for their successful Increase is the abundant supply of food, to be

found in large bodies of fresh water. Salmon, fully mature, weighing

two pounds, and filled with ripe eggs, were taken, in September, 1877,

in the waters of San Leandro reservoir. These fish were hatched in the
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stream wliich supplies the reservoir, and by no possibility have ever

been to the ocean. The San Leandro is a coast stream, not exceeding

fifteen miles in length, and empties into the Bay of San Francisco. It

contains water in the winter and spring, at which time, before the reser-

voir was constructed, the salmon sought its sources for the pur^jose of

spawning. There was never sufficient water in the months of August
or September to permit the fish to reach their spawning grounds. After

the construction of the reservoir, large numbers of the salmon that came
in fi'om the ocean in January and February were caught at the foot of

the dam and transported alive and placed in the reservoir above. The
descendents of these fish thus detained in fresh water and not iJermitted

to go to the ocean, have so far modified the habits of their ancestors

that they now spawn in September, instead of in January and February.

Inasmuch as these fish spawn in the McCloud, in the headwaters of the

Sacramento, and at the sources of the San Joaquin, in the Sierra Nevada,

in September, and in short coast range rivers in January and February,

and as, when changed to other waters, their eggs rij)en at a time when
the conditions of their new homes are most favorable for reproduction,

they show a plastic adaptability, looking to their future distribution, of

much iiractical, as well as scientific, importance.

3. The statistics hereafter given of the temiDcrature of the water

through which the Sacramento and San Joaquin salmon pass to reach

their spawning grounds, show that they swim for hundreds of miles

through the second hottest valley in the United States, during the

hottest portion of the year, where the mean temperatiu'e of the air is

92° Fahr., and of the water 75°. These statistics have been obtained

from the record kept by the Central Pacific Eailroad Company, and are

for the months ofAugust and September of the years 1875-'76-'77. They
are ofimportance as showing that the Sacramento salmon will enter rivers

for spawning pm^poses where the water is so warm that the eastern

salmon (Salmo salar), if it were to meet it, would turn back to the ocean.

They are also of importance as illustrating the probabihty that there

are many streams on the Atlantic coast, from the Potomac to the Eio

Grande, into which this fish could be successfully introduced.

4. Mr. Livingston Stone, deputy United States fish commissioner,

in charge of the government hatching establishment on the McCloud
Eiver, reports ofiicially that in his opinion, all of the salmon of that

river die after depositing their spawn. This is possibly true j but it does

not account for the fact that in the spawning season the McCloud con-

tains grilse and fish evidently three, four, and five years old, unless

we are to imagine that some salmon, after being hatched and going to •

the ocean, remain there two, three, or more years without returning to

the parent stream for purposes of spawning. Beyond doubt the salmon

that spawn in the coast streams go back to the ocean, as they are fre-

quently taken in the lagoons at the mouths of these rivers on their

return. Somewhere on the tributaries of the Sacramento or San Joaquin,
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there are salmon that do not die after the act of spawning, for they are

frequently taken in the nets of the fishermen in the brackish waters at

Collins^ille and Eio Vista on their return from their spawning grounds.

If it were a fact that the Sacramento salmon so widely differed from

other fish that it spawned but once and then died, it would detract from

its value. This subject is one of importance, but at present the facts

are so obscure that we have made considerable effort to obtain the

opinions and the result of the observations of the men who are practi-

cally engaged in the taking of salmon in the Sacramento Eiver.

5. The following, from the letter of a fisherman who has pursued the

business of taking salmon for the San Francisco market during more

than fifteen years, gives some facts and his theory, based on his obser-

vations. In reply to an inquiry on the subject, he says: "As to the

return of the seed salmon to the sea after depositing the spawn, I am
inclined to the opinion of Mr. Stone, so far as the greater i)art of the

female fish is concerned. I think very few of these, but many, though

not all of the males, return. I should judge that 5 per cent, of females

and 20 per cent, of males might be an approximation. I express this

opinion diffidently. It is based on the style of fish caught in the lower

part of the river (from Sacramento to Collinsville). After about the

20th of September, of the fish then dropping down, the nets catch but

few, for the reason that the net is drifting with the current and the fish

are doing the same thing, and in consequence, as a rule, the two do not

come together, and the greater part of the return fish escape. When
the run is upward, the net drifts with the current, and the fish swim

against it, and the rule is reversed. The percentage named above is

not that of return fish caught, but of fish that I estimate may have re-

turned, judging by the very few return fish that are caught. It is

a very cloudy subject to all fishermen. I have heard, perhaps, a thou-

sand discussions on the river, at aU times of day and night, at the head

of the ' drift,' among men of the largest experience—men right in the

teeth of the business—men born to a boat and net, and grown gray and

grizzled in their use—upon the point you raise, and the average conclu-

sion always was that nobody quite knew how it was. Of one thing I

am convinced, to wit, that return fish need no protection from the drift-

ing gill net. Not one fish in ten could be caught in that way. No such

thing as a run of salmon down the riA^er ever occurs. The normal posi-

tion of salmon is head to the current. Though drifting with the current,

his head is toward it. In the light (or darkness) of these facts, you

see how difficult it is to say, positively, what proportion of these

fish that have dehvered seed retui^n to the ocean. No man can

say positively that the mass do not return. That some return is be-

yond doubt of a reasonable nature. K they all perish, it is certain

that many survive long enough to reach the fishing grounds lying

in the bays nearest the ocean. But I fail to see why the value of

the California salmon is affected by the fact (if it is a fact) that the
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fish never spawn but once. I have a theory of the salmon of this river.

It may not be scientific, but it is mine, and I can give reasons for it.

It is this : The female salmon seldom or never spawns but once. The
exceptions to the rule, if any, are few, and the second product of these

exceptions is found in a salmon differing slightly from the mass of fish

found in the river. A goodly, though not the larger, part of the male

salmon that have assisted in reproduction return to the ocean, and
'live long and grow broad,' and return to the river many times. On
their return these fish constitute that class far above the average size.

They reach 30, 40, 50, and even a greater number of pounds in weight,

while the average weight tor which our meshes are sized is from 16 to

20 pounds. The female spawn is not ripe for delivery, nor the male fish

sufficiently mature for milting, until they have made repeated trips be-

tween the ocean and the river. The yearly broods return periodically

and in reg ular cycles ; the youngest fishes arrive earliest in the season,

which begins about the 1st of November, and do not x^enetrate far the

fij?st time. In the order of their birth, the other broods arrive and return

to the sea until in August and September, the great seed run, consist-

ing of mature fish, always on time, always urgent in their movements
and purposes, passes up to the headwaters. Salmon of different ages

are always coming in and going out to sea. The older the fish the

longer his stay in fresh water. The younger the fish (after he once

leaves for the ocean) the more of flirting about the bays and brackish

water near the mouths of the river, with short excursions ux) the river.

The foregoing is the outline of a theory, though it is deriv^ed from, and

apparently justified by, known truths in the history of the Sacramento

salmon during the last twenty years. I believe it to be correct ; that is

to say, that in any year representatives of the brood of any other year

not yet extinct enter the river, and that not one-fifth of the fish that

enter the river in any given year go to the headwaters that year, but

that*more than four-fifths return to the ocean, and, consequently, that

of all the fish that come into the river each year, but one-fifth go to the

headwaters for puri^oses of reproduction."

6. The habits of the Sacramento salmon, while on their spawning

grounds in the McCloud Eiver, have been closely observed by Deputy

United States Fish Commissioner Livingston Stone, and the result of

his investigations has been jjublished by Congress in the report of the

United States Fish Commissioner, Spencer F. Baird. ButTittle is known
of their habits while in the ocean. They probably feed on shoals not

many miles from the shore. They are occasionally taken in the nets of

fishermen in the ocean not far fi-om Golden Gate. Many grilse, and a

few mature fish, make their api)earance in the Bay of San Francisco

in December, and remain several weeks feeding upon smelts and other

small fish. During this period thousands are taken with hook and

bait on lines from the Oakland pier and other wharves. Many more

are also taken in the nets of fishermen. After leaving the salt water



888 REPORT OF COMMISSIONER OF FISH AND FISHERIES.

of the bay, tliey go to the brackish waters, where the currents of the

Sacramento and San Joaquin meet the tide from the ocean. After

entering the fresh water of the river they cease to feed. Ko food has

ever been found in all the tens of thousands caught in the Sacra-

mento. As it is of importance to obtain a knowledge of the habits

of the salmon while it remains at the mouths of the rivers, playing back
and forth between brackish and fresh water, before it makes its long and
perilous journey to the head of the stream, we select from our corre-

spondence extracts from a letter from Mr. Samuel N. Norton, of Rio

Vista. Mr. Norton is a practical fisherman of many years' exj^erience,

and the record of his close observation is of much value. He says: " I

will give you a synopsis of one year's trip with the salmon, showing the

general habits of the fish in all years while remaining in or passing

through that part of the Sacramento River lying between its mouths
and the point where the Feather River empties into it. For this pur-

pose the Georgian Slough, the Three-mile Slough around the head of

Sherman Island, the San Joaquin River between these sloughs and the

bay, and the Montezuma Slough leading into the northern arm of Suisun

Bay from the Sacramento River, are considered as mouths of the river,

with like functions and processes as the main trunk of the river. In-

deed, some of the best fishing ground, at certain seasons, is found in

the Montezuma, Three-mile, and San Joaquin. To commence with an
anachronism, the spring run begins in the fall! In November and De-

cember a very few small (as fishermen use the word—say twelve or

fourteen pounds each) bright salmon appear in the river, and if no rains

occur, or only slight rains, an increase in their numbers is noticed, yet

they are always very scarce in those months. There are never enough
to half supply the local demand of the San Francisco and other home
markets. At first, in November, we pick up occasionally on their return,

the last dregs of the old seed run which occurred diuing August and
September. These are usually male fish, very dark, ill-conditioned,

lank-jawed, disconsolate looking fellows, who through misfortune, in-

competency, or other cause—to me not more than presumable—seemed to

have failed in their mission up the river, or to have fallen into disgrace.

The last of these soon disappear. The bright ones are the avant cou-

riers of the great sjtring run, which thus, as I said, begins in the faU.

With the first heavy rains the fish that have penetrated the river recede,

or, as we say, back down before the thick muddy stream, retreat to tide-

water in the bays, and remain there reconnoitering and waiting a steady

river current. Now is the time for good fishing in the bay and just in

the mouths of the river. The fish are not very plentiful, but none being-

caught within the river proper, there is a great demand and great price

against a small area of fishing ground, where all that had before pene-

trated the river are now concentrated. When the river becomes steady,

that is, neither rising nor falling, the fish start up again, no matter how
high the water may be, and by the varying moods of the river in sudden
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rise or fall, is the spring run mainly governed. Sudden rise or fall alike

will check them. Thus it often happens that for many weeks the fish

will be taken in numbers at Benicia and Collinsville, in smaller numbers

at Eio Vista, and none at all farther up. Again, there have been sea-

sons when a steady nin commenced in the early part of January, and

by an almost uniform rate of increase reached its culmination in May.

But this is exceptional. The spring run may be stated as commencing

in November and ending in July, and having its greatest strength in

May. Under the most favorable conditions the months of November

and December might be classed ' very scarce ;
' January and February,

'scarce;' March, 'not scarce;' April 'plenty;' May, 'very plenty;'

June, 'not scarce;' July, 'scarce.' Under unfavorable conditions,

November, December, January, and February would have almost none

at all ; March, ' scarce ;
' April, ' not scarce ;

' May, ' plenty ;
' June,

'scarce;' July, 'almost none at all.' In defining the terms here

adopted, let them be applied to the product of the labor of

two men with their boat and net per day : 'Almost none at all,

would mean two fish per week; ' very scarce,' two fish per day; ' scarce,'

six fish per day ; ' not scarce,' eighteen per day ;
' plenty,' thirty-six per

day ; ' very plenty,' seventy-two per day.' There are times in the height

of the run when a greater number than is here named might be caught

with ease ; but these are exceptional. In the great run three years ago,

three hundred salmon per day might be caught with ease; but in no

other year, since the Anglo-American occui)ation. has there been such,

a run. It must not be understood that salmon can be caught at all times

by fishing for them, even in the most limited numbers above stated-

There are times when one could not be caught in a month, if life were

at stake u]3on it. I only intend to give a fair idea of the average

business. You will readily deduce from it that there are not more than

two months, during the spring run, when fish can be caught in excess

of the demand for home consumption. After the subsidence of the

spring run, in July, they are often found in great numbers near the con-

fluence of the Feather Kiver with the Sacramento. They have a taste

for variety, it would seem, and the marked difference between the cool,

muddy water of the former, and the warmer, limpid, and clear stream

of the latter, affords them great satisfaction. During the first half of

August, the mature seed fish start for the spawning grounds. All

along the line, from the ocean to the most advanced posts along the

river, the word (if fishes have words—if not, then wag) is onward and
upward. They are on business, and on time ; they do not shy much,

nor stoj) for trifles ; they rush at a drifting gill-net determined to do or

die, and, of course, generally die if the net is sound. The run of August
and September, I have before described. As for the few belated fellows

that are about in October, they might as well be caught as not—and so,

my year is out."

7. At the time our last report was made, IMr. Charles Crocker had
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requested us to cause to be hatched, at his expense, and placed in

streams that do not reach the ocean, a half million of Sacramento salmon.

One-half of these we determined to put in Kern Eiver, which empties

into Buena Vista and Tulare Lakes, and the other half in the Truckee

Eiver, which empties into Pyramid Lake, in the State of Nevada. The
quarter of a million of eggs sent to Kern Eiver, where their hatching

was to be completed, unfortunately were lost. At the point of the river

selected for hatching the water contains too much alkali, it is supposed,

and all the eggs died within twenty-four hours from the time they were
placed in the hatching troughs. The other quarter of a million, sent to

the Truckee, were successfully hatched out and turned into that stream.

They will go to Pyramid Lake the present season. They should return

during the summer of 1878, and we are confident they will be taken in

the Truckee weighing five or six pounds. Pyramid Lake is a body of

water forty miles long, and averaging ten miles in width, and has no
outlet. It contains an abundance of food. This experiment will dem-
onstrate how large the Sacramento salmon will grow, with plenty of

food, when confined entirely to fresh water.

8. Since the orgo.nization of the commission, we have caused to be
hatched and placed in the streams of this State 8,350,000 young salmon.

These include 1,000,000 paid for in 1875, and presented by Ex-Governor
Leland Stanford. As the salmon is our most important food-fish, we
deemed it of the most importance to keep up the supply. The numbers
of fishermen are yearly increasing, as are also the numbers of persons

who are consuming the fish. As railroad facilities are increased, and
reach new points, the market becomes extended. The sea-lions and
seals at the outlet of the bay, being preserved and protected by law, are

also increasing. They now number thousands, and as each requires

from ten to thirty pounds of fish daily, it was a serious question whether

we could keep up the supply by the addition of 2^ millions artificially

hatched each year. Since our last report, a salmon "cannery" has been

established on the Sacramento, at Collinsville, and another opposite the

city of Sacramento. This Collinsville canning establishment reports as

having canned this year 8,542 cases, of four dozen cans in a case, equiva-

lent to 31,168 fish, weighing 540,688 pounds.

Under the enlightened superintendence of Prof. Spencer F. Baird,

United States Fish Commissioner, the Sacramento salmon is being widely

distributed to streams throughout the United States. The government

establishment on the McCloud Eiver annually hatches from six to ten

million eggs. These are distributed to all States having appropriate

waters, whose legislatures have appointed fish commissioners. From
this source the State of Cahfornia has received, as a donation, a half

million fish each year since ] 874. In addition, we have expended a large

l)art of our api^ropriation annually, in payment for the hatching of one

or two million young fish, which, through the kindness of Professor

Baird, have been furnished at the actual cost of hatching. The intro-
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duction of more than 8,000,000 young salmon into the headwaters of the

Sacramento, since the organization of the commission, in addition to the

natural increase, has had the effect to keep up the supply, and to reduce

the local market price of these iish. It is reported that the " cannery"

at Collinsville has purchased all the salmon it could consume during the

past season at from 25 to 40 cents each.

9. Over-fishing, the absence of any close season, and no effort at arti-

ficial increase, has at last had an effect on the salmon of the Columbia

Eiver, in Oregon, and complaint is made that this river, once thought

inexhaustible, has begun to fail in its accustomed supply. This decrease

has been so marked during the season, that the "canners" have been

compelled to pay from 30 to 50 cents each for salmon. In the absence

of legislation, the canning comj^anies on this river have subscribed

$20,000, vrhich has been placed under the control of Mr. Livingston

Stone, deputy United States Fish Commissioner, to be expended in ar-

tificial hatching, and restocking that stream. Fortunately, intelligent

legislation in California made iJrovision for continuing the supply of fish

in the Sacramento before there was any marked decrease by over-fish-

ing. It is not disputed that the salmon were more numerous in the

Sacramento before their sj)awning gTOunds on the American, Yuba,

Feather, and other rivers had been destroyed by mining. After the fish

were destroyed in these tributaries, the suj)ply of the State had to come

from the other tributaries of the Sacramento and San Joaquin, on which

there was no mining, and these latter streams furnished the normal sup-

ply. Before these became exhausted, the natural increase was supple-

mented by artificial hatching.

10. In this connection a fact, of much jjractical as well as scientific

importance, may be stated as showing the advantages in numbers to

be obtained by artificial hatching in comparison with the increase, by
natural methods. In 1876, Mr. Myron Green, foreman for Mr. Living-

ston Stone, United States deputy fish commissioner, at the McCloud
Eiver, having observed in the river a favorite gravel bed where many
salmon were depositing their eggs, carefully dug up the gravel and

several thousand eggs. He separated the eggs from the gravel, and

placed the former, after counting them, in the hatching-boxes. After

twenty-four hours, he found large numbers of these eggs turning white,

showing that the milt had failed to come in contact with the eggs. After

throwing out all the eggs not found to be fecund, there were left 8 per

cent, of the whole number gathered, which were found to be fertile.

When the eggs and milt are artificially brought in contact out of the

water, it would be carelessness or inexiDerience that would prevent 95

per cent, of the eggs from being fertilized.

11. The following tables wiU show the number and weight of salmon

transported on the railroads and steamboats from the Sacramento and

San Joaquin Elvers to the cities of San Francisco and Stockton, from

points on the river below the cities of Sacramento and Stockton, from
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1st November, 1874, to 1st August, 1876 ; and from 1st November, 1876,

to 1st August, 1877. They do not include the catch of the fisheries at

Tehama or near the mouth of the Feather Eiver, nor do they inckide the

fish taken on the upper waters of the Sacramento and San Joaquin, nor
the salmon brought to market by fishermen in their own boats ; there-

fore, to the totals should be added, at least, 25 i^er cent., to show an
api^roximation of the actual catch.

12. In our last report, after adding 25 per cent, to the statements of

the catch which we obtained, we showed the total weight as transported

from the same places, from 1st November, 1874, to 1st August, 1875,

to be 5,098,781 pounds. Adding the same percentage to the totals in

the above tables, and they show the catch from 1st November, 1875, to

1st August, 187G,to be 5,311,423 pounds; and from 1st November, 1876,

to 1st August, 1877, 6,493,563 pounds.

13. This shows a gain of more than a million pounds in the legal

catch over any year since the organization of the commission, and may
be ascribed to the fact that our waters are now beginning to feel the

beneficial effects of the millions of salmon hatched artifici.illy and turned

into the headwaters. We have no means of ascertaining the weight of

fish taken out of season, but estimate that between 1st August and 1st

November of this year, not less than 2,000,000 pounds were taken in

defiance of law.

CLOSE SEASON FOE SALMON.

14. We are informed that a determined effot will be made to induce

the legislature to alter the time of the close season, so that fishing for

salmon may be permitted in August and September, and that the close

season may be changed from these months to July. With this objeet

in view, it is reported that the proprietors of the present "canneries,"

and caj)italists, who have in contemjilation the construction of other
" canneries," have been obtaining the evidence of fishermen, to present

to the legislature to show that July is the proper month when fishing

should not be permitted.

15. As we have shown, in Jidy the spring run of fish has about

ceased and the fall run but commencing. It is one of the months when
fish are most scarce. To permit unlimited fishing during all the months
in the year except July, would have the efl'ect of exhausting our rivers

of salmon within ten years. It is a simj)le i^roposition that if some of

the ripe fish are not permitted to reach their spawning-grounds, they

cannot reproduce naturally, neither can the United States nor the State

obtain eggs from which to restock the river by artificial hatching. One
of the fishermen who was approached with the object of obtaining his

testimony in favor of a change to July, wrote to the commissioners, 30th

September, as foUows : " The close season should never, on any possible

pretense or persuasion, be pressed outside the months of August and
September to give opportunity for fishing in those months. Eight there
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is the life of the matter. The regularity, multitudes, and urgency of the

seed run, the consequent ease and certainty of the catch, the fine

weather for work, all present a weighty temptation to both catcher and
canner." The object of a close season is, that some of the fish may be

permitted to reach the headwaters to spawn. If they are not allowed

to do so the race will soon be extinct. Cupidity and desire for imme-

diate profit should not be permitted to influence legislation with the ul-

timate result of the extinction of the last fish. The interest of the pub-

lic is that the fi^h be continued in the river. A change in the law that

will omit August and September from the close season cannot but result

in material and permanent injury.

TEMPERATURE OF AIR AND WATER.

16. The following statistics will be found of much importance. They
exhibit the temperature of the water and air at two stations, each on

the Sacramento and San Joaquin Eivers, taken for three years during

the months the great army of salmon are passing up to their spawning-

grounds. They will show conclusively that the Sacramento salmon lives

for weeks, if not months, in water much warmer than any other fish of

the same family. They also show the strong ijrobability that these fish

may be successfully introduced into rivers ui still lower latitudes than

those of which they are native—without doubt into the waters that flow

into the Gulf of Mexico, and with many i^rospects of success into the

rivers of Europe emptying into the Mediterranean.
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ILLEGAL FISHING.

17. There is a prevalent opinion throughout the States that it is the

especial duty of the fish commissioners to act as local police in each

neighborhood and prevent violations of the law in relation to fishing

during the close season. Much time is consumed in answering questions

on this subject and informing correspondents by letter that it is the duty

of every citizen to see that the law is obeyed. We believe the law which

prohibits the catching or having in possession salmon from 1st August

to 1st November has been more extensively violated during the present

year than ever before. It is true the fish are not sold openly in the city

markets, but we are informed that the fishermen have erected salting

establishments and smoke-houses in various by-places in the sloughs

between the Sacramento and San Joaquin, where the work of salting

and smoking has been prosecuted more extensively than in any previous

year. We learned that the canning establishment of Messrs. Emersen

Corville & Co., at Collinsville, only made a pretense of ceasing work on

the 1st of August, and that they secretly persisted in violating the law.

We caused them to be arrested and fined, upon which they quit work

and promised hereafter to obey the law. The canning establishment

near Sacramento was also reported as at work during the close season.

The proprietors have been indicted by the grand jury of Sacramento, and

will be fined, if found guilty, during the next term of court. It is well

known that salmon, during the spawning season, are unfit for food. The

fish canned, salted, or smoked at this period, if consumed or sold, will

have the efi'ect of giving the Sacramento salmon a bad reputation in the

market. For this reason the "canners" on the Columbia Eiver cease

work on the 1st of August in their own interest and without any re-

quirement of law. It is useless for the State to hatch fish and turn them

into the river if there is no time in the year when they are permitted to

reach their spawning grounds for purposes of reproduction. It would

seem that when the State expends money in filling the river with valua-

ble fish for the benefit of the public, and especially for the benefit of fish-

ermen, that there should be sufficient intelligence and public spirit

among local officers and the fishermen themselves to see the law obeyed

and give the fish an opportunity to keep up the supply. If the commis-

sioners are to expend the appropriation in prosecuting violations of the

law, there will be no money to pay for the hatching of additional fish.

Many of the fishermen acknowledge the justice and ultimate benefit of

an observance of the law and obey it, but very i^roperly complain that

their work ceases, while those who violate it reap a greater benefit.

18. The following extracts from a letter received by the commissioners

from a, fisherman who has followed the business of catching salmon on

the Sacramento and San Joaquin for the San Francisco market during

twenty years will illustrate that, at least, the more intelligent and

thoughtful of these men acknowledge the necessity of an observance of
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tlie law. His letter also gives facts of importance as to the habits of

the Sacramcuto salmon. Writing from Eio Vista, August 17, 1877, he

says: "I understand the ' cannery ' has shut down, but the greed for

salmon is so great I would not trust them without watching. As to the

fishermen, they will be salting them all along the banks of the Sacrar

mento and Lower San Joaquin (as far up as the mouth of the Moke-

lumne) unless special means are taken to iDrevent it. The Three-mile

Slough, leading from one river to the other, around the head of Sherman
Island, is also fine fishing ground, and more retired from jjubhc obser-

vation than any other. Many of the fishermen started off with their

tanks, &c., the very day the 'cannery' was reported to have stoi)ped.

Many of them are energetic, restless men, and the idea of doing some-

thing sly or contrary to law gives zest to their labor. Eight here, where

I write, a few boards have been thrown up shed-fashion by a party I

need not now name. You may well believe salted salmon will be under

it if some stranger does not prevent it. You may rest assured that the

people who reside here will not be known as the initial instruments in

imnishing any one for the violation of the sahnon laws, although there

are many who feel it ought to be respected. No doubt public feeling

and x)ractice will occuj)y about the same status at Collinsville and wher-

ever salmon fishing is a business. As I wrote to you the other day, now
(August) is the time to protect the salmon. In review of long experi-

ence and observation I opine that of all the salmon passing in the

months of August; September, and October, more than 90 per cent, pass

between August 10 and October 1. The seed run is always on time, not

being Hke the spring run, accelerated or retarded by the different moods

of the river, caused by the winter and spring rains. If, during the last-

named period (August 10 to October 1) the law was rigidly enforced,

you would find seed enough for home use and a good part of all creation

besides. Indeed, I think that one mouth out of the thickest of them,

say August 20 to September 20, would be quite sufficient, and therein I

differ with you in opinion, no doubt. But you have not, perhaps, ob-

served in person, as I have, the multitudes and urgency of the run at

that time ; and this is almost uniform—it has not varied in time ten days

in twenty years. Kow, during the period of four or six weeks, the

State, in view of the magnitude of the producing interest involved, ought

surely to provide, beyond peradventure, for the enforcement of the law.

The statute names the taking or £)ossession of salmon a crime, but in

the i)ublic mind this crime is only an illegal act. You cannot force

sentiment by act of the legislature. The absence of sentiment excuses

the citizens' apathy, and between ignorance and cupidity the salmon

will suffer unless special agents of the State do for the public what the

public have not yet quite learned they ought to do for themselves.

Strangers are the best agents for this business. Citizens Uving in a

fishing neighborhood do not feel like subjecting themselves to the enmity

and revenge of a rough class by complaint. And, again, in this salting
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business, the criminal acts are beyond observation, except by exi)ress

intention, as the fish are caught chiefly in the night, and the salteries

are usually situated away from XJublic highways and thoroughfares."

19. We have expended a part of the appropriation in prosecuting of-

fenders against the law, but the field is so large and the profit so great

that but little good has been accomplished. The more fish hatched and
placed in the river the more numerous the fishermen, and the greater,

apparently, the desire to make a profit from a violation of the law. As
has been stated, unless the fish are allowed, in their season, to reach

their spawning grounds, the rivers will be exhausted. Until the fisher-

men realize that the object of the law in creating a close season is the

perpetuation and increase of the numbers of fish the law will continue

to be violated. We see no remedy at present except, hereafter, to de-

vote a larger portion of the appropriation in preventing illegal fishing

and in prosecuting offenders against the law. This will require the use

of a part of the appropriation which should be devoted to increasing the

number of fish placed in the river. If it is expected that the commis-

sion shall employ special means to enforce an observance of the law, and*

also employ attorneys to prosecute offenders, it is necessary that the ap-

propriation should be increased. It is not now sufticient for these pur-

poses, and also for the hatching of any large quantity of salmon with,

which to keep pace with the increased fishing and the increasing num-
bers of sea-lions. We have consulted with many of the fishermen, and
they admit that the law creating a close season should be obeyed, pro-

vided all be made to obey it. It is but proper to say, however, that

they at the same time urge that the close season for salmon (August 1

to November 1) is too long a period. In correspondence with one of

these men, who has made a business of fishing for salmon on the Sacra-

mento and San Joaquin for many years past, as to the necessity for an
observance of the law, he says: "I do not wish to be known as urging
the enforcement of the law, or as a special informer against any party

who has violated it. My reasons for this reservation affect alike my own
peace and safety and that of many persons whom I know have no worse
intention than to earn a living and obey the law, provided that others

less honest are prevented from violating it with impunity. Your idea

of a i^atrol boat, or boats with officers, is the correct one, and I firmly

believe that if by this or other means the prohibition were strictly main-

tained from Benicia upward, wherever there are i^ractical fishing grounds,
during the period of one month at the right time, that the perpetuation

of salmon in our rivers would be abundantly secured. Between the 10th

of August and 1st of October more than 90 per cent, of the seed run
passes, and has not fidled to pass during twenty years of my observa-

tion. If the whole of the seed run is not wanted for seed, they ought
not to be so used, for the fish is just as good food then as at any other

time, only the wastage is something more, the spawn beiug larger. On
the Columbia Eiver I understand that the fall run is almost or quite

57 F
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worthless. Not so on the Sacramento. Well, we may be proud of our

liver ; it is the paradise of the salmon, and they seem determined to

resist the devils—who also seem determined to drive them out—better

than could be expected ; but they will need help in the future. The
nets for taking them are being multiplied and improved. The fishing

grounds are better known than formerly. Such obstructions as snags

in the river bottom are less common—many of them having been broken

off or taken up by the nets and put out of the waj', or covered by sedi-

ment, so that a wider and longer sweep may be taken by the drifting

net. Altogether, the salmon is sure to be exterminated, fight he ever

so persistently, unless we help him. Surely the State can afford to guard

him effectually one month in the year. The cupidity of the fish specu-

lator, who only cares for the greatest number of cases he can pack and
ship, should not be allowed to influence the statement of that time. Let

it be somewhere between the 10th of August and the 1st of October.

By the way, it seems to me that at the extreme upper waters, on the

spawning grounds, the fish should be protected during thek" entire stay,

excepting as needed solely for the purpose of artificial hatching. But
of this you are a better judge than I can be."

20. While not agreeing with this intelligent fisherman as to the pro-

priety of shortening the close season, we fully concur as to the absolute

necessity of a patrol to prevent unlawful fishing while the salmon are

passing up to their spawning grounds. We also concur in his sugges-

tion that the salmon should be protected on their breeding beds. The

most important spawning ground left in this State is the McCloud Kiver,

in Shasta County. Its banks are mainly composed of lava and lime-

stone, and, so far as known, they contain no mines. By some inadvert-

ence or intentional mauii^ulation, this county was exempted from the

law creating a close season for salmon, and the fish are persistently taken

in this county for market while in the act of reproduction on their

spawning beds. We respectfully urge that Shasta County be reincor-

porated in the law, and that no salmon be allowed to be taken there

during the close season except for purposes of artificial propagation.

21. The Chinese and others continue to use nets of a mesh much finer

than is allowed by law, and the young of all kinds of salt-water fish that

spawn in the bays and estuaries are persistently caught, dried, and

shipped to China. The records of the custom-house show that there

were shii)ped to China, from San Francisco, during the year ending 1st

July, 1877, dried fish and dried shell-fish valued at $293,971.

22. We have caused several arrests to be made for violations of this

law, but it is impossible for the commissioners to act as local police on

all parts of the bay and rivers, and we see no remedy except in increas-

ing the penalties for violations of the law, involving even, if necessary,

the destruction of the nets, when used out of season. Unless in some

way the wise provisions of the statute are compelled to be observed, we
can see no reason why our present abundance of fish will not decrease,
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as tliey have decreased in other States, in consequence of the disregard

ofwise enactments made for their preservation and increase. Ordinarily,

salmon should reach their spawning grounds on the McCloud and Little

Sacramento by the 20th of August. As will be seen by the statistics

heretofore stated, the catch was never so great as during the past fishing

season. At the commencement of the close season, 1st August, the river

was tilled with fish, yet they were not permitted to reach their spawning

places. Mr. Myron Green, the deputy in charge of the United States

tish-hatching establishment on the McCloud, reported, 15th September,

that there were ten salmon in the McCloud in 1876 to one in 1877. Up
to that time but 5,000,000 eggs had been taken, while nearly 10,000,000

had been taken in a corresponding j)eriod in 1876. The fish were, in the

Lower Sacramento, more numerous than ever before, but they were

caught, canned, salted, and smoked, in defiance of the law. It is esti-

mated that the " canneries " took 50,000 after the 1st of August, and

that there were salted and smoked on the banks of the sloughs and other

by-places at least 100,000 more. If this is to continue, the government

hatching-works will have to be removed to the Columbia, and we will

be compelled to import eggs from some other State, even to keep vq) a

j)artial supply of salmon in the Sacramento Eiver.

23. In addition to making the penalties more severe for violations of

the law, we would recommend that the law be so amended that it shall

be made a misdemeanor to fish for salmon with nets or traps between

sunset on Saturday and sunrise on Monday of each week. This would

give the salmon the freedom of the river one day in the week, do no

injury to the fisherman, and go far towards continuing the supply in our

rivers.

WHITEFISH {Coregonus alba).

24. In January last we received from the United States Fish Commis-

sioner a donation of 300,000 eggs of the whitefish. These were success-

fully hatched under the superintendence of Mr. J. G. Woodbury, at the

State hatching-house at Berkeley, and the young fish were distributed

as follows : 75,000 in Donner Lake ; 50,000 in Sereno and other lakes

near the Summit, in Placer County ; and 175,000 in Lake Tahoe. In-

eluding 25,000 placed in Clear Lake in 1873, and 25,000 in Tulare Lake

in 1875, there have been planted in the waters of this State 350,000 of

these valuable food-fish. We believe they have lived in Clear Lake,

also in Tulare. It was reported in a Lake County paper that a white-

fish was taken in Clear Lake on 10th April, 1876, which measured a foot

in length. We have no positive information that they have found a con-

genial home in Tulare Lake, but have heard reports that a few have

been seen. As these fish can only be taken with a net, and as these are

rarely used on these lakes, their waters will have an opportunity to be-

come fully stocked before they are extensively fished. There can hardly

be any doubt but they will succeed in Tahoe and other lakes near the

summit of the Sierra—the climate, water, and food being not dissimilar
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to those of Lake« Michigan, Huron, and Superior, in which they are

indigenous. These fish live upon small Crustacea, found on the rocky

and gravel bottoms of lakes. They grow to weigh an average of one

and a half pounds, and constitute the most important food-fish of the

people living near the great lakes. Professor Baird, in his report to

Congress, says :
'^ Few fishee of North America will better repay efforts

for their multiplication." We are promised a further supply of eggs

during the present winter, and shall continue receiving eggs, and hatch-

ing and distributing these fish to all the mountain lakes that are acces-

sible during the winter months.

CATFISH {Pimelodiis cattus).

25. The seventy-four Schuylkill catfish imported in 1874, and placed

in lakes near Saeramento, have increased to a vast extent. They already

furnish an important addition to the fish food supply of the city of Sac-

ramento and vicinity. From the increase we have distributed 8,400 to

appropriate waters, in the counties of ISapa, Monterey, Los Angeles,

Fresno, Tulare, Santa Cruz, Shasta, Solano, Alameda, San Diego, Yolo,

Santa Barbara, and Siskiyou. These, should they thrive and increase

as they have in Sacramento, will furnish an abundance of valuable food

in the warm waters of the lakes and sloughs of the interior, and replace

the bony and worthless chubs and suckers that now inhabit these places.

It may be proper to call attention to the fact that these fish have be-

come so numerous in the lakes near Sacramento that they can now be

obtained in any quantity for stocking other appropriate waters in any

part of the State.

^o. 35.

Dr. Hector to Professor Baird {April 27, 1878).

[See page 851.]

No. 36.

Mr. R. J. Creighton to the Hon. the Colonial Secretary.

San Francisco, Cal., April 15, 1878.

Sir : I have receive<l the inclosed letter from Mr. Clark, and in reply

explained that the Government of New Zealand had not put me in funds

to meet the payment of $500, but that I had forwarded his claim and
a reply could not possibly be expected before the incoming mail arrived.

I trust this matter will have been attended to. I regret to learn through

the newspapers that the last shipment of whitefish failed. I think it

was unfortunate that an attempt was not made to hatch them out in

Auckland. In all probability sufiQcient would have been saved to stock

the lakes. All experts here declare that the eggs should be hatched out

where the ship first touches. The young fish can be fe<i on blood and
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taken anywhere over the country. It i.s a mistake to suppose that white-

fish will not thrive in Taupo or Waikare. They are thriving in Lake

Tulare, Southern California, the water of which is at least of as high a

temperature as either of the Auckland lakes ; and they thrive at San

Leandro, Alameda County, which is quite as warm as the central heat

of the North Island. There should be no local jealousy or feeling in a

great national enterprise like acclimatizing food-fish, and I cannot divest

myself of the idea that the order of the government for the distribution

of eggs after such a perilous journey was given with the view of concil-

iating local opinions. Doubtless it would be very agreeable for gentle-

men in every important section of the country to have an opportunity

of hatching out these fish, and watching over them until their waters

had been fairly stocked, but the risk of failure is too great. The accli-

matization of whitetish is still a difficult problem. Their acclimzatiation

in New Zealand would be a feat, apart from its economic results, of which

the country might well be proud.

Should the government resolve upon testing the experiment next year,

I will take precautions against failure such as the fish -packing establish-

ments of the Union suggest.

I have, &c., EOBT. J. CREIGHTON.
The Hon. the Colonial Secretary,

Wellington, N. Z.

No. 37.

The Hon. the Colonial Secretary to Prof. 8. F. Baird.

Wellington, 20th June, 1878.

Sir : Mr. Creighton informs government that the sum of $500 is due

on account of the transshipment of whitefish ova, and the mattjer is also

referred to in your letter to Mr. Creighton, of January 5th, but no ac-

count has been sent for the amount. Mr. Creighton, in his letter to the

government, states: "Mr. Clark did not send any accounts; so I infer

that the $1 })er thousand mentioned by Professor Baird covers the cost

of package. This may not be the case^ however, and if so, $500 is due

to the fish commission in Northville."

Under the circumstances it is desirable that the payment should be

made through you, and I beg, therefore, to inclose bill of exchange for

the amount, $500, with a voucher form, and request that you will be

good enough to pay the money and procure a receipt from the person

to whom the money is due* as it is not clear if " Mr. Clark " and the fish

commission in Northville are one and the same.

Apologizing for having to trouble you in this matter,

I have, &c., G. S. WHITMORB.
Prof. Spencer F. Baird,

Washington, D. C, U. 8.
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No. 38.

The Under Colonial Secretary to B. J. Creighton, esq., San Francisco.

Wellington, 20th June, 1878.

Sir : I have the honor, by direction of the colonial secretary, to ac-

knowledge the receipt of your letter of the 15th April, in which you

inclose one from Mr. F. N. Clark, of Northville, and ask that a sum of

$500 may be remitted to that gentleman.

As you name no one in your letter, and as it is not clear on what ac-

count and for what service the $500 is claimed, the government have, in

order to avoid any possible mistake, remitted the money to Professor

Baird in a letter, a copy of which is inclosed for your information.

I have, &c.,

G. S. COOPER.

No. 39.

Mr. J. G. Firth to the Hon. the Colonial Secretary.

Auckland, 7th June, 1878.

Sir : Eeferring to your letter of 11th October, 1877, asking me to un-

dertake the transshipment of half a million salmon ova, expected by

the next San Francisco mail steamer from Professor Baird, ofthe United

States Fish Commission, and authorizing me to incur the necessary ex-

penditure to insure the success of the importation, and having now
received final accounts, I have the honor to inform you that the total

expenditure incurred in this behalf has amounted to the sum of £195

17s., minus £22 5s., cost of sending ova to Sir Samuel Wilson = £173 12s.

These charges are heavy, but I am happy to learn from various sources

that perfect success has been obtained, which would not have been se-

cured under a less liberal expenditure.

Having taken the keenest possible interest in the great work of estab-

lishing American salmon in this colony from the first, my personal serv-

ices have been most cheerfully rendered, and I beg you will permit me
to present the above sum of £173 12s. as my contribution to the good

work of introducing so valuable a food-fish in New Zealand.

I have further the honor to inform you that I have frequent reports of

the success of the experiment, young salmon in various stages being re-

ported to me as seen in nearly all the rivers in this provincial district, in

which I placed the ova or fry.

I have, &c.,

J. C. FIRTH.
The Hon. the Colonial Secretary, Wellington.
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No. 40.

The Ron. the Colonial Secretary to Mr. J. C. Firth.

Colonial Seciietaby*'s Office,

Wellington, 20th June, 1878.

Sir : I hare the honor to acknowledge the receipt of your letter of

the 7th instant, reporting the perfect success which has so far attended

the last importation of salmon ova from America, and informing me that

your total expenses in connection with the ova amounted to £173 12,?.,

which sum you desire to present as your contribution to the good work
of introducing so valuable a food-fish into New Zealand.

I can only again tender you my thanks on behalf of the government

for your very successful exertions in this cause, and, at the same time,

say that while they regret your refusal to allow them to reimburse you
for the expenditure you have incurred, the government feel that the col-

ony is deeply indebted to you for your generous aid in the introduction

of American salmon.

I have, &c., G. S. WHITMOEE.
J. C. Firth, Esq., Auckland.

No. 41.

Professor Baird to Dr. Hector.

United States Commission Fish and Fisheries,

Washington, 12th June, 1878.

Dear Dr. Hector. Yours of the 27th April is to hand. I had been

prepared for the account of the failure of the whitefish eggs, having

been previously advised to that effect.

If you wish to renew the experiment this year, I will send Mr. Clark

through to San Francisco in charge. He can then see that they are

properly packed in the vessel.

If you want any more salmon eggs, let me know in time.

I have, &c.,

SPENCER F. BAIED,

Dr. James Hector,
Wellington, N. Z.

Commissioner.

No. 42.

Extract from private letter from Mr. R. J. Creighton to the Hon. James
Macandrew.

Mr. Clark made a proposal to me, which I consider highly favorable

to the colony, and I promised to submit it, which I do through you. It
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is this : " He is willing, if an order be received by him for several million

whitefish eggs, jointly from the New Zealand Government and the State

fish commissioners of California and Nevada, to furnish the eggs,

carefully j^acked, at*65 cents per 1,000, and further, to insure their safe

delivery at San Francisco for shipment to the colony and deposit in our

lakes and rivers here ; he would come across the continent in charge,

on receiving his traveling expenses to and fro, asking nothing whatever

for his time—this extra to be borne proportionately by the colony and

California and Nevada." I think the proposal is an extremely liberal

one. New Zealand might procure 1,000,000 whitefish eggs in this way
for a trifliug sum, under conditions which would insure the absolute suc-

cess of the exi^eriment. I have no doubt I could arrange matters with

the fish commissioners of these States. I should state that Mr. Clark

explained that to insure success the order for the eggs should be in by
October, or early in November. The order passing through Professor

Baird, came at a time when the eggs were in a too advanced state. The
ova should have been packed at least a month earlier. As it was, the

Pacific coast shipment all went back en route, and I saved our lot by
the best of good luck.

No. 43.

The Hon. the Minister for Public Works to Mr. R. J. Creighton.

Public Works Office,

Wellington, New Zealand, nth August, 1878.

Dear Sir : Eeferring to your j)rivate letter to me of 8th July, in

which you inform me that Mr. Clark has offered to supply whitefish ova

at 65 cents per 1,000 f. o. b. at San Francisco, and that Mr. Clark un-

dertakes personally to superintend the shipment at that port provided

his actual expenses across the continent are defrayed jointly by the

State fish commissioners of California, Nevada, and this colony.

The Government of New Zealand will be glad to be a party to this

arrangement, and wiU take 1,000,000 ova on these terms.

If Mr. Clark will forward his account along with the ova, the amount
will be remitted to him in due course.

Thanking you for the interest and trouble which you have taken in

this matter,

I have, &c.,

J. MACANDREW.
E. J. Creighton, Esq.,

Evening Post Office, San Francisco.
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No. 44.

Professor Baird to the Hon. the Colonial Secretary.

United States CoaniiissioN Fish and Fisheries,

Gloucester, Mass., 2dth July, 1878.

Dear Sir : I have the honor to acknowledge the receipt of your let-

ter of the 20th of June with the accompanying check for £104 3s. 4:d.,

being the amount of indebtedness to Mr. N. W. Clark for eggs of white-

fish furnished by him at my request for the use of the New Zealand

Government. The charge was for the cost of collecting and keeping in

the hatching-house one month, so as to bring forward the embryo, and

for packing and shijiping ; and of course the price of one dollar per

thousand was merely nominal.

I greatly regret that, after all, the eggs arrived in an unsatisfactory

condition ; but, if you desire to renew the order, I think I can promise

better results.

I have sent the account to Mr. Frank N. Clark, a son of the deceased N.

W. Clark, for his signature, and on receiving it wiU forward it promptly

to you.

I have, &c.,

SPENCER F. BATED,
Commissioner.

The Hon. the Colonial Secretary,
Wellington, N'. Z.

No. 45.

The Hon. the Colonial Secretary to Prof. Spencer F. Baird.

Colonial Secretary's Office,

WeUingto7i, 21st October, 1878.

Sir: I have the honor to acknowledge the receipt of your letter of

the 29th July, and to thaak you for your offer to endeavor to procure a

better result than was before obtained should this government think fit

to renew the order for whitefish ova.

An order for 1,000,000 ova had been sent to Mr. Clark through Mr.

Creighton, an old New Zealand colonist who is settled in San Francisco,

before your letter arrived, and it will, therefore, be unnecessary that

the government of this colony should avail itself of your kind offer to

send a shipment of ova this season.

I have, &c.,

G. S. WHITMOEE.





XLI.-CORRESPONDENCE CONNECTED WITH THE TRANSMISSION

OF EGGS OF THE QUINNAT SALMON AND OTHER SALMONIDil

TO EUROPEAN COUNTRIES IN 1878 AND PRIOR YEARS.

GERMANY.

E. BarteU to S. F. Baird.

Imperial German Commission for the
Centennial Exhibition,

German Pavilion, Centennial Grounds,
Philadelphia, October 19, 1876.

Professor Baird,

United States Building

:

Sir : I have the honor to inform you that the Prussian minister of

the agricultural department has notified me by a cable telegram that

he accepts, with his greatest thanks, your very kind offer for sending

eggs of the Californian salmon to Prussia, and he begs you to forward

these eggs to the address of the " Fischzucht-Anstalt, Hameln, Province

Hannover."

I am, yours, very respectfully,

H. BARTELS.

H. Bartels to S. F. Baird.

Imperial German Commission for the
Centennial Exhibition,

German Pavilion, Centennial Grounds,
Philadelphia, December 23, 1876.

In reply to your valued favor of the 22d instant, I beg leave to inform

you that, about the forwarding of salmon eggs to Germany, it will be

the best you write officially to his excellency the Prussian minister of

the agricultural department. Dr. Friedenthal, in Berlin, who will give

the necessary information to Hameln.

For losing no time any more I have already communicated to the

minister your very kind offer, so that the necessary information can be
given to the agency in Bremen for accepting and forwarding the eggs

immediately on their arrival in Bremen ; therefore it will be sufiicient if

you will be kind enough as to inform the minister when you send the

eggs and by what steamer thev will be shipped.
907
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I shall leave here next week and shall give me the honor to call on
your ofl&ce in Washington, where I have business for some days.

I am, yours very respectfully,

H. BARTELS.
Prof. Spencer F. Baird,

Washington, D. G.

Closing this letter I have received a letter from the minister, Excellenz

Friedenthal, who informs me that he has communicated to the magistrate

of Hameln, Hannover, your kind offer. Will you please inform the

magristat at Hameln when the salmon eggs will be shipped and by
what steamer.

Yours, H. B.

The German Minister to S. F. Baird.

Imperial German Legation,

Washington, 21st ilarch, 1877.

Sir : In the letter you directed on the 6th of February last to the

minister of the agricultural department of Prussia, you were kind

enough to offer to Dr. Friedenthal some eggs of the California salmon,

provided Congress would continue the appropriations, and that the

Prussian department would pay the cost of packing and shijiment.

Dr. Friedenthal has now requested me to express to you his warmest
thanks for this kind offer, and to beg you that, if possible, 50,000 embryo-

nated eggs of the California salmon may at the proper time of this year be

forwarded to the " Fischzucht-Anstalt in Hameln, Proviuz Hannover."

I beg you, sir, to be kind enough to inform me if, and when, such

transportation would be possible, and to inform me also of the expenses

aforesaid, in order to be restituted by this legation.

Accept, sir, the renewed assurances of my high consideration.

SCHLOEZEE,
German Minister.

Prof. Spencer F. Baird.

H. E. Rockwell to the German 3Iinister.

Washington, D. C, Alarch 22, 1877.

Sir : I have the honor to acknowledge, in behalf of Professor Baird,

who is temporarily absent from the city, the receipt of your letter of the

21st, and to say that a memorandum has been made of the request con-

tained therein for 50,000 eggs of the Californian salmon.

On the return of Professor Baird you will doubtless receive a suitable

response to your communication.

RespectfuUy, H. E. KOCKWELL,
Secretary.

r>aron Schloezer,
German Ministerf^WasMtigton, I>. C.
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Fred Mather to St. F. Baird.

Steamer Odee, in North Sea,

Octoher 23, 1878.

My Dear Professor : Last evening at seven I delivered thie« boxes

of eggs to tlie agent of the N. G. Lloyds at Southampton for Paris.

They were in perfect condition, but I regret that I did not put a caution

in each box concerning the temperature.

The eggs were down to 42°, and if they plunge them into water from

15° to 20O higher it may be fatal.

I wrote a caution to Mr. Wattel by mail but fear that the eggs may
reach him first. The other eggs are in equally good order.

I telegraphed Dr. Finsch from Southampton, as per request by letter

from him received there, " all good."

Package for Southport sent with request to divide with Mr. Moore. I

repacked those in moss and don't know condition. Also for the aqua-

rium, two MenopOTTia, present from Blackford; five horse-feet (all I could

get), and three tortoises, Fmys pictu and Pseudernys rugosa, all alive.

I find such good accommodations for soles in the Oder that I had a

plan to leave Bremen on the 27th and return in her to Southampton

November 5, but Dr. Finsch says that Mr. von Behr wants me to go to

Hameln on Weser. Still I may do it if time and soles permit.

Very truly,

FEED MATHER.
Prof. S. F. Baird,

Washington, D. C.

Fred Mather to 8. F. Baird.

Bremen, Germany, October 24, 1878.

My Dear Professor : I arrived at Bremerhaven at 9 a. m. and de-

livered 100,000 eggs for Holland to Mr. Garrell on telegram order from

Mr. Heck, whom Mr. Bottemanne informed me by letter, received at

Southampton, would me^t me. He will arrive at night.

Dr. Finsch and Director Haack met me. The eggs were in si)lendid

condition, and people have flocked to see them. To-morrow I go to

Hameln with eggs, and hope to sail for England on Saturday or Sunday
next. I have not get given up the hope of getting back in the Oder,

but will go to Cunard ofiice, London, to see Mr. Franklyn or learn if he

is in Liverpool.

Will keep you advised of all movements, and if soles are not ready

will come back in Oder without waiting, as last year's experience in that

line was bad.

Very truly, yours,
FRED MATHER.

Prof. S. F. Baird,

Washington, D. C.
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Extractfrom the Weser Zeitung of October 25, 1878.

[Translation.]

When we made a detailed report relative to the first transport of Cal-

ifornia Salmon eggs to Europe last year (No. 11062 and 11063, 1st and
2d November, 1877), we unfortunately could record but a partial suc-

cess: of 300,000 eggs, only 25,000 arrived in a perfect state. This

was the lot brought ov^er in the chest constructed by Mr. Mather, and
described in last year's report. The rest of the eggs, which had been
packed in moss and gauze, which Mr. Mather was not authorized to

repack after his plan, were all spoiled, as, in consequence of the heat

produced by the decay of the moss, all the eggs had been hatched. In

spite of this failure, the problem of transporting salmon eggs over great

distances has been brilliantly solved. The second transport of 250,000

California saknon eggs, which arrived to-day, in the Lloyd steamer
Oder, Captain Leist, has confirmed the views formerly expressed. The
eggs, just arrived, like last year's, come from the United States breed-

ing establishment on the McCloud River, in California, about 200 miles

from Sacramento. They left the latter city in an ice-car of the Pacific

Eailroad, September 28, and on reaching Chicago were taken in charge

by Mr. Mather, who was commissioned to escort the sending to Europe.

Mr. Mather rej)acked the eggs in his chests, which had been improved
since last year, and embarked on board the Oder, which, after a quick

and pleasant passage, arrived in the Weser this morning at about nine

o'clock. Mr. Mather was received by Mr. Finsch, who has repeatedly

represented the German Society of Fish-breeders, also by Mr. Haack, di-

rector of the Imperial Fishbreeding Establishment, in Hiiniugen, both

congratulating Mr. Mather most sincerely and heartily upon his brill-

iant success, which was immediately announced by telegTaph to the

highly-deserving president of the society, Herr von Behr-Schmol-

dow. According to the orders of the managers of the society, 45,000

eggs will be transferred to Hiiningen, to go eventually to the Rhine

;

115,000 to the renowned breeding estabhshment of Mayor Schuster,

near Freiburg (Baden), for the Rhine and Danube; 2,000 to Bonn and

Miinden (Hannover) -, 30,000 to the establishment in Hameln, for the

Weser, and 58,000 have been sent off to Berlin this evening, where they

are to be subdivided among various smaller estabhshments, under the

management of the well-known fish-breeder. Max von dem Borne; the

Mark, part of Silesia, Saxony, and Mecklenburg being the recipients.

Besides the eggs intended for Germany, Mr. Mather brought over 100,000

for Holland, 100,000 for France, and 15,000 for England ; all of which

arrived in an equally good condition, the loss amounting to scarcely ^

per cent. ; that is no more than would be the case in breeding establish-

ments. After this success there is no longer a doubt that salmon eggs

can be carried just as well to Australia. The California salmon {Salmo
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quinnat) is a different species from ours, and shows its peculiarity in its

development. It has been previously remarked that the young fish,

though only just hatched, possesses much more vitality than our salmon.

It is more vigorous, lively, and voracious than ours. It is then not as-

tonishing that the Californians developed themselves very well in Hiin-

ingen, and grew with surprising rapidity. The little one-year-old fishes

which Director Haack keeps in a pond for the sake of observation and

study are already a span long, quick and lively, whose well-being in our

rivers is not to be doubted. A considerable number have been trans-

ferred to the Ehine, Danube, and Weser. The new sending will now
supply our rivers with the stranger in much greater quantities, and we
owe this to the society of fish-breeders, whose beneficent efforts deserve

a much more lively sympathy, as also to Prof. Spencer F. Baird, in

Washington, the Commissioner ofFish and Fisheries of the United States,

who presented to the society, and consequently to Germany, this valua-

ble sendinff.

Deutsche Fischerei- Verein to S. F. Baird.

BerliNj December Idj 1878.

Dear Sie : We cannot allow our seventh circular of 1878 to cross the

Atlantic without offering our special tribute of thanks to that kind friend

in America who has enabled us to proclaim in Mr. Haack's report (No.

11) that the introduction of Salmo quinnat into German waters and

its domestication may henceforth be considered as in a manner accom-

plished. Be pleased, therefore, to accept our renewed assiu'ance that we
are fully alive to a sense of your unvaryiiig and helpful courtesy.

Mr. Mather's skill has again obtained a signal triumph. Veryfew losses

occurred on the road. We may confidently hope that a few weeks hence

nearly a quarter of a million young Californiau salmon will be lustily

permeating the various river highways of this country. The Danube

and its tributaries have claimed our special attention, inasmuch as they

possess no migratory salmon and seemed to wait for the arrival of one

so constituted as the quinnat.

We should hail the day, dear sir, when we might be permitted to offer

you, for the benefit of American rivers or lakes, any inhabitants of our

waters unknown beyond the ocean.

You will receive copies of a prospectus lately published for the inter-

national fishery exhibition of 1880, to which we beg to draw your very

especial attention. As we said in our November circular, when forming

the scheme of that exhibition, we reckoned chiefly upon the willingness

of America to send specimens of that gigantic progress which piscicult-

ure and other cognate matters have there achieved.
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Thanking you again and again, we remain, dear sir, yours very sin-

cerely,

The committee of the Deutsche Fischerei-Verein

:

VON BEHE. O. HERMES.
G. VON BUNSEN. P. MAGNUS.
W. PETEES. L. WITTMACK.
MAECAED. FASTENAU.
V. BAUMBACH. FINNOE.
F. JAGOE. GEEIFF.
E. FEIEDEL.

FEANCE.

Society cPAcclimatation to *?'. F. Baird.

(Cable message received at Halifax, October 9, 1877.)

Commissioner Fisheries,

Halifax, N'. 8.

Envoyez oeufs,

SOCIETJS D'ACCLIMATATION.
11 Paris.

Drouyn de Lltuys to 8. F. Baird.

Society d'Acclimatation,

Paris, le 19 octobre, 1877.

Monsieur : La society d'accl^matation a regu avec la plus vive recon-

naissance Poffre si g^ndreuse contenue dans votre lettre du 20 septembre
dernier et je m'empresse d'etre aupr^s de tous, en cette circonstance,

l'int«rpr^te de tous ses remerciements.

I/introduction du saumon de Californie dans beaucoup de nos rivieres

aurait une trop haute importance ccouomique pour que la societe d'accli-

matation ne soit pas fort heureuse de pouvoir en tenter I'utile essai.

Un de nos agents sera charge d'aller recevoir les ceufs, dont vous avez

bien voulu nous annoncer, par le telegraphe, la prochaine arrivee a
Southampton. Ces oeufs serout confies aux soins des personnes les plus

comp^tentes, et rien ne sera neglig^ en vue de mener a bonne fin la tres-

interessante experience qu'il va nous etre permis d'entreprendre, grace

^ la libdralite du gouvernement des Etats-Unis.

Veuillez agr^er. Monsieur, I'assurance de mes sentiments de haute
consideration.

Le President,

DEOUYN DE LHUYS.
Monsieur Spencer F. Baird,

Halifax, Nova Scotia.
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Baveret-Wattel to iS. F. Baird.

Soci:6t6 d'Acclimatation,

Paris, October 29, 1878.

Monsieur : J'ai la satisfaction de vous informer que nous verrons de

recevoir, dans les meilleures conditions possibles, le gen^reux envoi que

vous avez bien voulu nous faire encore, d'oeufs de saumon de Californie.

Ces ceufs out imm^diatement 6t6 confi6s'4 ceux de nos societaires la

plus en situation de leur donner de bons soines, et une large part a ete

reservee an ministere des travaux publics (service des peches) ; le bon
6tat dans lequel ils nous sont iiarvenus nous donne tout lieu d'esi)erer

une reussite complete.

En vous r6iteraut I'expression de la reconnaissance de la societ(5 pour

votre concours si bienveillant, je vous prie, monsieur, d'agreer la nou-

velle assurance de mes sentiments les plus respectueux et devoues.

Le s6cr6taire des seances,

EAVERET-WATTEL.
Hon. Spencer F. Baird,

President de la commission des pecheries nationales

a Washington, JEtats-TJnis.

Louis de Bebian to Fred Mather.*

COMPAGNIE GeNERALE TRANSATLANTIQUE,
55 Broadicay, Neio YorJc, February 13, 1878.

Dear Sir : Tour favor of 11th at hand. I shall be pleased to take the

case of salmon eggs free of charge to Havre. The steamer will sail early

in the morning of the 20th, therefore case must be here on the 19th.

Mark case to the consigner's address in Havre, and send it to me with

all charges prepaid. There is an ice-box on our steamer belonging to i^arty

who ship " fresh beef" and I will endeavor to get him to allow me to

j)ut the case in there, where no doubt it will be in good condition on its

arrival in Havre. Mark case distinctly and notify me of its shipment to

me, and I will send receipt to you and consignee in Havre.

Yours truly,

LOUIS DE BEBIAK
Mr. Fred Mather,

271 High Street, Newarli, N. J.

P. S.—If case is destined for Paris we can notify our agent in Havre
to forward, you guaranteeing charges between Havre and Paris in

case receiver refuses.

*ln connection with a proposed sending of eggs of land-locked salmon.

58 F
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THE NETHERLANDS.

H. Gaccmx to S. F. Baird.

Netherlands Aimerican Steam Navigation Company,
27 South William Street, New York, August 31, 1877.

Spencer F. Baird, Esq.,

United States Commission Fish and Fisheries,

Halifax, Nova Scotia :

Dear Sir : In reply to your esteemed favor of the 27tli instant, I beg
to inform yon that the steamers of onr line are appointed to leave this

port for Rotterdam as follows : Steamship Rotterdam, September 13
;

steamshii) W. A. Scholten, September 27; steamship Maas, October 11

;

steamship P. Caland, October 25 ; steamship Schiedam, November 1.

There is no direct steamshij) communication between New York and
Amsterdam.
Thanking you for your courtesy to our government, I remain, with

great respect, yours, very truly,

H. CAZAUX.

G. J. Bottemanne to S. F. Baird.

Bergen-op-Zoom, 7 Novemler, 1877.

Dear Sir : Inclosed you will receive the report of the assistant di-

rector of the zo(31ogical garden at Amsterdam to me about the S. quinnat

eggs you presented to our government. I am very sorry that it is such a

total failure. The chief of the department (finance), whom I hold my
commission under, has taken the necessary steps already, by his colleague

of the interior, to make a proper acknowledgment to the United States

Commission for the truly magnificent donation.

Mr. Mather had telegraphed from New York "the starting ; this enabled

me to prepare in time. The 23d I wired to Southampton, in order tio

know the quantum Mr. Mather was bringing (your letter of the 9th of

October only reached me the 2Gth), and received an answer on the 24th.

Having no time to spare to run over to Bremerhaven, I had arranged

with Dr. Westerman, the managing director of the zoological garden,

that the asst. director should go to take charge of the eggs at Bremer-

haven. In the gardens, I may say, all were in high glee. Mr. Noord-

hoch Hegt telegraphed the time of his arrival, and so the whole board of

directors was present in the breeding-house, to be driven off in less than

no time as soon as the first box was opened, by the terrible smell ; it

was really a pity. As the report is pretty exhaustive, I will say nothing

more here.

When going to Amsterdam, to make my arrangements for the eggs, I

touched at Leiden, and got from Professor Buys (secretary of the board
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of commissioners of the sea fisheries) all the yearly reports since 1870,

which I forwarded to your address in Washington by bookpost in the

latter days of October lost, and I will take care to send the same every

year as soon as published, whi(;h is commonly not before September;

rather late. At the same time I forwarded two pamphlets of Mr. de

Bont, one French, one Dutch. This gentleman, v»ho belongs to the

board of directors of the zoological garden, is amateur pisciculturist,

has always superintended the fish-breeding establishment, and is lately

very successful.

In our rivers we find in the fall, September and November, the salmon

almost and entirely ready to spawn, but at the same time there are in

September commonly a few, later on more, and now nothing else but

heavy salmon, averaging about 25 pounds, which we call " winter sal-

mon ; " in England, I believe, "fresh run salmon." The ovary in those sal-

mon are so minute that they were formerly entirely overlooked, and so

this salmon was declared to be sterile. When I investigated our rivers

in 18G9 and 1870 with Mr. Pollen, we found this to be not so. We gath-

ered the roe and milt for a period of more than a year, and so we got

the successive development from the winter up to the spawning salmon

;

and this i^roved that the winter salmon was not sterile. We proved

also that the Salmo hamatus was nothing else but the male Salmo salar

in breeding time, and that the gray and dark colored red-spotted one

was nothing but the female in the same condition. After spawning she

became just as silvery as a spring salmon and the male lost his hook be-

fore he died. Up till now it is still an open question " what makes the

winter salmon come into the river the same time the others come into

spawn ? " She is not ready to do so before next fall, and in the spring

there is caught once in a while a salmon with worms hanging out of his

head, emaciated, and in terribly poor condition : a fish that in good con-

dition would weigh 25 pounds does not weigh more than 11 or 12 pounds

;

the body, always broader than the gills, is so much shrunk that the

gills protrude considerably. Almost invariably are those that have been

so-called winter salmon, drifting seaward, which is proven by the fact

that the first caught are always higli up in the river and later on in the

tideway, but we never catch many, and in later years but few. Now, as

to what winter salmon is, I gave the following exi)lanation

:

The salmon is bound to come into the rivers for reproduction, but if

they all came at the same time, viz, in the fall, being all in neaxly the

same state of development, they would altogether reach to nearly the

same height in the river and be comj)elled to spawn there and then. Of
course there was not place enough for the whole lot, so the one would

root up the nest of the other, and it would be a wonder if the whole

progeny was not destroyed. aSTo, says mother nature, not so. You go

so much earlier in the river; and you so much; that leaves you time to

go so much farther, and in this way you will all find a good place to

spawn, and so you will find sx)awniug-beds all along the Ehiue up to
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Schaffhausen. Now this looked to me a very good solution of the ques-

tiou, but what in the case ? At Basel we find just as well and at the

same time the salmon in i)rime spawning condition and the winter sal-

mon
; this upsets my whole theory, unless I am able to prove that the

salmon caught in spawning condition at Basel has been a round year in

the river, which is not probable and which I don't believe, as being in

too good condition for that. If you have an opinion about this I will

be very glad to know it.

Oyster culture is taking here such a swing that it is becoming a na-

tional interest. The board has proposed to exhibit next year in Pa,ris.

As soon as the decision is known I will let you know. I think to go there

anyhow. Whenever you come across, either to France or England, try

to stop here too. When arriving in England, by leaving London via

Queensborough-Flushing for the Continent, it takes about eight hours to

cross the North Sea, and from Flushing one hour per rail to get here,

and from here you are within 25 minutes on the route Amsterdam,
Brussels, or Paris.

Offering you my sincere thanks for your great liberality in sending the

eggs,

I remain, dear sir, yours respectfully,

C. J. BOTTEMANNE, M. D.,

Superintendent of Fisheries^ Netherlands.

Prof. Spencer F. Baird,

United States Commissioner Fish and Fisheries,

Washington, D. G.

Report on the salmon eggs sent hy the United States Government to the

Netherlands.*

On the 24th October, Mr. Bottemanne, superintendent of fisheries in

the Netherlands, wired to us that the steamer Mosel, with destination

for Bremerhaveu, has arrived at Southampton, and that Mr. Fred Ma-
ther had under his care four crates, with one hundred thousand eggs.

At the same time Mr. Bottemanne sent us a letter to Mr. Fred Mather,

to authorize the undersigned to receive the above salmon eggs.

Immediately we made here all preparations to jjlace the eggs on ar-

rival, and I went to Bremerhaveu to receive them. I waited there for

the steamer bringing down the passengers from the Mosel, and the 2Cth

October, about eleven o'clock in the forenoon, I met Mr. Mather and
received the four crates destined for the Netherlands. I found there

Messrs. Dr. Haack, director of the Imiierial German Institution at

Hiinningen ; Dr. Finch, director of the museum in • Bremen ; Mr.

Schiever, superintendent of the breeding station at Hameln. They all,

came for the same purpose. We agreed to move the crates unopened,

"* Made by tlie KoningUjk Zoologisch Genootschap Natura Artis Magistra, Amster-

dam.
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and, not to lose a moment, to start immediately. We had them landed

and brought to the railway station at Geestemunde.

While waiting there for the custom-house officers and the starting of

the train, we perceived that a milky stuff of a nasty smell was running

out of the crates. We took the precaution to buy a hundred weight of

ice to keep them cool, but it proved useless.

On arriving at Bremen, we agreed, by general consult, and as there was
some time left before any of us could start for our different destinations,

to open one of the crates and the interior boxes. We did so at the sta-

tion, and found the first crate for the J^^etherlands all spoiled, except in

a corner where there were a few eggs in aj)parently good condition.

All the interior, however, was heated up to about 70° or 80° Fah.

There were a few edosions with some of the fish still alive. The whole,

however, gave the impression that the enterprise had failed, the fault

being the packing, which, perhajis quite sufficient for a short journey

of a few days, was not adequate to a transport of three or four weeks.

As the only direct train to go to Amsterdam started at one o'clock at

night, I resolved to let my four crates quiet and proceed with them im-

mediately in order not to lose 24 hours, as I could reach Amsterdam
next morning. Mr. Schiever did the same and left the same night to

liis destination close to Hanover. Dr. Haack, who had to go further,

resolved to remain in Bremen for the night and we proceeded together

to a hotel, where he opened his crates. The contents proved to be in

much the same condition as those of the crate opened at the railway

station, the heat of the boxes' interior being 80° Fah. The best eggs

were taken out of the box and put seiiarate, and it took about four hours

to do one crate.

It seems that Mr. Fred Mather had received orders to leave the sal-

mon eggs quiet and not open them at all, as the gentleman who sent

them off from California expected they would arrive safe in Europe. It

is to be regretted that this was the case. Mr. Mather had opened one

case in New York, and took the trouble to bring over the contents in a

case of his own construction. The result was truly magnificent—out of

25,000 eggs, shipped in New York, only about 400 were lost. Through
the arrangement with slides, the eggs lay in single layers and could be

taken out very easily and cleaned, there being some space left at the top

and the bottom. Ice could be brought close to the eggs Avithout touch-

ing them, and the mean temperature was kept without much trouble at

from 41° to 45° Fah. As I have said, the success was wonderful and the

arrangement was perfect, without incurring much extra cost. As these

eggs belonged to the lot for Hiinningen, Director Haack had the means
of putting the eggs saved from the crates in a few trays, which were
empty in the above named box. What will be the result of these I can-

not say here, but I have no doubt Director Haack will report on them
later
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With my four crates I proceeded further to Amsterdam where I ar-

rived 27th October, just 24 hours after receiving them in Bremerhaven.

What I expected proved true; the contents were all spoiled through

heat generated in the interior. The thin pieces of white cloth where

the eggs lay between were so rotten that they could not be taken up,

but broke on being touched. A few of the eggs in some of the corners

were still in what seemed a sound condition ; the great mass was a white

rotten mess with a very offensive smell. We tried to save the best

and let them cool off slowly and put them afterward in water. Some
eclosions followed, even at the moment the eggs were uncovered, but

most of the apparently good eggs burst on being touched ; a few hun-

dred only came in the water, but those were all dead next day, except

two or three eclosions which died also shortly afterwards.

It is very much to be regretted that this most liberal trial of the

United States Government to enrich our European rivers with some of

the valuable j)roducts of their waters has this time failed. For many
reasons it is to be hoped that the Government will repeat this trial once

more next year, and that they may have occasion to make use of this

intelligent case of Mr. Fred Mathers. I have not the least doubt that

if he can make use of the boxes with slides, as used by him this time

for a small number of eggs trusted to his care, success must follow for

any number, and a great boon will be bestowed on Europe for the intro-

duction of a new population on many of its rivers.

Amsterdam, 28th October, 1877.

J. NOOEDHOCH HEGT,
^

Adj. Director of the Boyal Zoological Society.

The Minister of the Netherlands to S. F. Baird.

Netherlands Legation,

Washington^ January 28, 1878.

Sir : I have the honor to transmit to you the thanks of the Govern-

ment of the Netherlands for the valuable gift of 100,000 eggs of the

California salmon, made last year by you to Mr. Bottemanne, commis-

sioner of fisheries on the Scheldt and the waters of Iceland, and to ex-

press the hope that, though the hatching of these eggs in Holland has

not succeeded, through various causes relating, as it is believed, to the

packing and handling of this collection on the sea voyage, this circum-

stance may not prevent you from having the experiment made again

this year under more favorable auspices.

I have the honor to be, sir, your obedient servant,

VON PESTEL,
Minister Resident of the Netherlands.

Prof. Spencer F. Bai-rd,

Commissioner Fish and Fisheries,

Smithsonian Institution, Washington.
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C. J. Bottemanne to 8. F. Boird.

Bergen-op-Zoom, September 4, 1878.

Prof. Spencer F. Bated,

Washington, D. C, TJ. 8. A.

:

Dear Sir : Tour favor came to hand in due time, and beg to inform

you that the sailing days of the Rotterdam steamers where the eggs

may go by are, September 28, Schiedam ; October 19, Scholten ; No-

vember 9, Caland. Between each of those is a smaller steamer, but

neither of those have a proper ice-house, so they are of no use.

The captains of the Scholten and Caland I'll give instructions to before

they leave. I missed the captain of the Schiedam at Eotterdam, but

111 write to him. I have not seen the accommodation on board the

Schiedam, but the directors say she has the best of the three ; still the

place on board the other two is in my opinion well suited, too.

The captains will be instructed that in case you give them instructions,

they have to obey yours punctually without taking any regard of mine.

In case neither of those dates of departure suit, and there is a

steamer for Bremerhaven leaving at better time, having proper accom-

modation for the eggs, you are free to ship thereby on my account. In

this case it will be necessary that you provide them with instructions. If

you can manage to ship by the Rotterdam line I think we have better

chance of success, as the captains of those steamers, if on no other ac-

count, will take an interest in the afiair on my account. The directors,

too, are interested, so it seems, as they are willing to dehver the eggs at

Eotterdam free of cost. One of the directors, Mr. Plate, is in !N"ew York
now ; a very nice gentleman he is.

I am convinced that the whole trouble of last year was nothing else

but that the eggs have not been kept cool enough and so come out too

soon.

If you can do me the favor please advise them a couple of days before

the departure of the steamer where the eggs are to go by, as it will give

me a chance to await the arrival of the ships in port.

The New York address of the company is Punch, Edye & Co., 27

South William street.

Oyster culture is quite a success this year. The catch of spat on the

tiles and shells is very plentiful ; the season for it is ended just now. It

is really worth the while seeing, aud whenever you come to this side of

the water be sure not to miss it. Of course as long as I am here, I am
at your disposal.

With kind regards, I remain, dear sir, your obedient servant,

C. J. BOTTEMANNE,
8u]^erintendent of Fisheries.
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G. J. Bottemanne to 8. F. Baird.

Beegen-op-Zoom, October 30, 1878.

Dear Sir : October 20 I dispatclied a letter to Soutliampton,

addressed to Mr. Mather, care of the agents of the Bremen Lloyd

steamer Oder, begging to wire me his arrival there. For what rea-

son I don't know, but I did not get a message. As you know in

country i)laces, newspapers are behind, and so I knew only the 23d the

Oder arrived the day before in England. Immediately I wired to Am-
sterdam, not being able to go myself, and Mr. N. Hegt, the same gentle-

man who went for the eggs last year, started in the afternoon for Bremen,

but failed to meet Mr. Mather. He got the eggs and started with them
with the first train, and arrived in Amsterdam at noon October 26,

where I met him in the Zoo, and unpacked the eggs. They looked very

healthy.

The number in the three boxes we made 85,000, out of which we picked

that day and the next morning, 3,000 bad ones, and so we had Sunday
morning 82,000 on the trays, splendid looking. Towards evening, when
I had to leave for home, I looked them over and found about 70 bad ones

more. I did not hear since from Amsterdam, but if anything was wrong

they would have written or telegraphed, so I conclude all is going

right.

As things stand now we may consider the transport as a splendid

success, and I am very much obliged for your kindness and the trouble

taken. Of course in due time you will receive an official acknowledg-

ment.

Mr. Hegt not meeting Mr. Mather, leaves me in the dark about the

costs, and not having any address of Mr. Mather in Germany Iam obliged

to address you about this. Please let me know at your earUest conven-

ience and I'll remit by post-of&ce order.

I remain, dear sir, yours, very truly,

c. J. bottema:n^ne,
Swperintetident of Fisheries.

C. J. Bottemanne to 8. F. Baird.

Bergen-op-Zoom, 27 Janvier^ 1879.

Dear Sir : Your favor of November 12, 1878, duly received. I am
sorry I had to delay the answer so long, but different reasons prompted

me thereto.

On the arrival of the eggs, which I found to be irregular in size, their

temperature was 8°, the water 12^ Celsius ; slowly we rose the temper-

ature of the eggs up to the water.

They came out very kregular, the first about the middle of IS^ovem-

ber and the last had not absorbed their sack a week ago.

In the first time we lost many by smothering, not being able to get
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their head out of the shell. When the head came first it was all right,

but if the sack biu-st through the little fellow seemed to have not power
enough to clear the shell. The first impression was the shell was hard-

ened somehow so they did not open far enough to admit an easy exit,

but afterwards I felt inclined to believe it was weakness ofthe fry caused

by the comparatively high temperature of the water, the weather being

very mild at the time.

The eggs that came out later, when the temperature of the water had
gone down considerable, we had less trouble with, till it gradually left

off entirely. After all were out, the loss in fish became small, going

down to ten and less per day. By sharp watching many were saved

by helping them out of the shell when this burst.

I had a.good deal hvmting round to find a suitable place to deposit the

fry. December 26, 1 fixed the place for the first lot of 10,000. January 4,

when 1 came with them, the river had only risen about 15 feet ; still the

place held good and the water was pretty clear; had gone down already

about 3 feet.

The transport took place in tin cans of one-half meter diameter and
about one meter high. In the middle of the Slanting top is a large

round hole fitted with an inverted cover. The bottom of this cover and
the slanting top of the can are perforated with small holes. In the top

are fastened three tubes, 1 inch diameter, reaching about half way down
the can. In one of them, reaching down farther and by netting i)revent-

ing the fry of getting in, is a tin pump screwed in. Once in a while this

pump is applied ; the water runs in the middle cover and on the top of

the can, is prevented from running off by the sides ofthe can being run up
as high as the cover, and so the water runs through the little openings

back in the can, which is only filled half with water and is aerated in

this style.

In the front of the can is, a little under half the height, a top-screw

;

this serves to change the temperature of the water in the can, if neces-

sary. The water out of the river is put on the top, where it leaks through,

while at the same time the water in the tin can runs off by taking the

screw out.

The 10,000 fish were put in five cans at 6 a. m., and we had them in

the river in a shoal, gravelly place at 1 p. m., with the loss of not a
single oue. Temperature of the cans 4Jo, river 0° Celsius. January

11, 20,000 made the same trip in C cans under a sharp frost. The cans

were covered with straw and a basket and had hot-water stoves between
them in the cars ; and by transporting them to the river, temperature
l^o, river 1^° Cels. Had to chop a hole in the ice to get the fry in.

Loss, a dozen. January 18, about 20,000 went the same way, also in 6

cans; the weather thawing, no stoves used; river full of floating ice;

temperature cans and river alike, 1^°; loss a couple. Eiver gone down
considerable—about 5 feet. The place of deposit of these 50,000 was
in the river Maas, opposite the city of Yenlo, in Limburg, Netherlands,
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near the railway bridge. After the first lot was put iu, they have been

noticed many days.

I selected that river because salmon is almost extinct and very bad
for seining, having a clear gravel bottom, with very shoal water almost

thje year round, only in open winter or the spring a sudden rise two or

three, and is even then not half as muddy as the Ehine.

In Gelderlaud, near Apeldoorn, I found a splendid brook with a fall

at the end of three or four meters. No mills on, nor fish in it, only some

sticklebacks, and teeming with food.

A few ponds were dug in the lower ground aside of the brook, which

were fed by a screen and pipe through the dike. On the 7th of Janu-

ary, 5,600 were put in the ponds; sharp frost ; northeast gale
5 two and

one-half hours by rail, one-half by cart. In the cart only with a couple

of hot-water stoves with them. Loss, ten in the two cans; i)umps

frozen. The fish cannot get away. There is plenty of pure spring-water

and plenty of food. I i)ut them there to see how they will thrive in

captivity. In the Zoo at Amsterdam are left now 1,000 to be kept

there and fed, and 4,000 which I intended to place in the ponds of the

Loo, near Apeldoorn, the Kiug's summer residence and his favorite

jAsbce. He is principally there. The fry would have been put in long

since, but first his marriage, and now the death of our very much
lamented Prince Henri, i)revented me to ask his permission.

You see thus we have not been doing so bad after all ; out of the sound

eggs iiacked out (82,000 we put on the trays) I have got about 62,000

try deposited. Of miimprcgnated eggs we found only a covple; of twin

fish and crooked-backs about 300, and a few with water bellies. Size of

the fry 26-30 days after birth, 4 and 4^- centimeters, quite a lot of them.

I suppose it is settled now that eels are oviparous and not viviparous.

Can you give me anything about Professor Packard finding the sperma^

tozoa *? Was the eel caught in fresh or salt water ? What success you

have got with your cod-fish hatching ? Somebody has told me the S.

quinnat does not go to sea, but stays always in the rivers. What is the

temperature of the water on the breeding places in McCloud River,

California "?

Did Mr. Livingston Stone find out something about the so-called winter

Milmon I wrote about to you last year?

The American oyster is taking in England so much that our mer-

chants had to come down in price, although our oyster is much superior

to the American; ours sell for £4 or £5 sterling per 1,000.

I am afraid a great many will have been killed by the frost we have

had. Theromometer now at since yesterday. Barometer stationary

at 775, noon. From yesterday has slowly risen. Wind light, east; ex-

pect more frost yet.

If the English demand for American oysters keeps up, you had better

ylook out, otherwise you'll be out before long. The French is a bad, poor
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tbing, and the Portuguese is iio oyster at all. I prefer our mussel to

either of them.

I hope you will have this iu hand before the meeting in February of

the Fishcultural Society.

With kind regards, yours truly,

C. J. BOTTEMANNE,
Superintendent of Fisheries.

Official report on California salmon hrcd in the zoological gardens at Amsterdam for the

Netherlands Governmen t.

EGGS LOST.

Date.

1878.

October 26
28
29
30
31

November 1

2

3
4

5
6
7
8
9
10
11
12

Temperature
of water.



924 EEPOET OF COMMISSIONER OF FISH AND FISHERIES.

FKT DEPOSITED.

1879—January 4. Maas, near Venio, Limburg 10, 000
January 8. Zwaanspriug, Geklevland 6, 000
January 11. Maas, near Venlo, Limburg 20, 000
January IS. Maas, near Yenlo, Limburg 20, 000

• 56, 000
EECAPITULATION.

Eggs received 85, 000

Eggs lost 22,497
Fry lost 1,410
ErV deposited 56,000
Fry kept for the Loo 4,000
Fry to be kept in the Zoological Garden 1, 093

Total 85,000

November 10. The first fish broke shell.

November 20. Last fish out shell.

The few fry that died between November 10 and November 26 are put

in with those of November 27.

BergenopZoom, January 28, 1879.

C. J. BOTTEMANNE,
Superintendent of Fisheries.



XLII -SUMMARY OF REPORTS FOR 1878, BY STATE FISH COM-

MISSIONERS RESPECTING THE INCREASE OF FOOD FISHES
BY ARTIFICIAL PROPAGATION.*

MAINE.

Atlantic salmon.—The results of our salmon planting have been most

satisfactoryj as exhibited on the Penobscot, Androscoggin, St. Croix,

and Medomac. On the Penobscot the yield has been very large. Per-

haps no better summary can be given than the paragraph we here quote

from the Bangor Commercial

:

" The salmon fishers must now cease their fishing, as the close time

for this season commenced to-day. The run has, in the main, been quite

large. There was a time early in the season when they reached the

remarkably low j)rice of 8 cents a x>ound at Bucksport, but, as a rule,

the prices have been good. A good deal of money is brought to the

Penobscot Yalley by this important industry."—July 15.

Since July the number of salmon on the east andwest branches has been

reported to us as very large by the river drivers. Parties of excursion-

ists have likewise rei)resented young salmon as being very numerous, and

annoying much by their numbers, and rising to their flies when fishing

for trout. On the St. Croix the yield was large for that river. It may
be remembered that in 1873 we transported 10,000 salmon fry to

Vanceboro, which we turned into the St. Croix at that place. In 1874,

50,000 salmon ova were hatched for us in the hatching-house of the

Dobsis club, and turned into the St. Croix tributaries. We think the

inference is fairly deduced that these contributions have materially

added to the stock of the river. On the Androscoggin a good many
salmon have been taken the last two or three years. Mr. Ambrose T.

Storer, the fish warden at Brunswick, writes under date of August 25,

1878 : " I have tried to ascertain the number of salmon caught on the

Kennebec, but was unable to learn the exact number, but think it

larger than usual. Mr. Trott caught seven in one day. I don't know
how many have been caught in the small rivers tributary to the Andros-

coggin, but on this river the number caught by our fishermen was four-

teen, which is more than has been caught before for some years. I

* The report of the commissioners of New Hampshire for 1878 contains an excellent

summary of general results of fish culture by the States, from which numerous extracts

have been made and inserted under their respective headings. The selections for

this article have been made by Mr. C. W. Smiley.
925
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have been lioping to see the fishway completed." Another gentleman

writes : " Brunswick, July 6, 1878. I have the pleasure of informing

you that a fine large salmon has been the admiration of many of our

citizens, playing around above the falls near the short bridge. He was
so tame that some one undertook to catch him by a spear or hook, and

by that means wounded him, so that he was this morning found dead.

Of course no one knows who did it, but it was learned with manifold re-

gret though his existence establishes the fact that we have young
salmon in our river. Now, if we had good fishways in good condi-

tion on our falls, there is no doubt but that we would have a plenty of

these beautiful fish in our river." Still another, under date of July,

1878, says :
" Can anything be done by us to enable you to have our

fishways made more practicable 1

"

On the Medomac, " large salmon have been seen jumping in the basin,

above the dam, where such a sight has not been witnessed before for

forty years." (Twelfth report of the commissioners of fisheries of the

State of Maine, for the year 1878, p. 8-9.)

Alewives.—We transported seventy alewives in cans from Bucksport

to Enfield, part way by wagon and the rest by railroad, on the 17th of

May. The 10th of September the first school of young fry were seen on

their way down to the Penobscot ; two other schools followed at inter-

vals of a few days. These fish, it is estimated, will make their first

return from the ocean in two years. (Twelfth report of the commis-

sioners of fisheries of the State of Maine, 1878, p. 17.)

We quote from several of their recent reports, as follows

:

Maine says :
" The salmon fisheries of the State have been largely

productive, tliat of the Penobscot being reported as greater than for the

last twenty-five years. The take of alewives in those parts of the State

where fivshways have been x^rovided and the fish protected was likewise

very large and remunerative. The most gratifying feature of this year's

experience is the wide interest awakened in the State in fish culture

among all classes, as evidenced in the extensive demand for brook-

trout, land-locked salmon, and black bass to stock waters for j)rivate

enterprises, as well as for towns and counties. The black bass we apply

in all cases as an antidote to the worthless pickerel. It costs more to

feed a pickerel than any other fish ; it costs more to make a pound of

i:)ickerel than a pound of any other fish ; the pickerel consumes every-

thing that swims or that it can swallow j it is very destructive to young

water-fowl.

" For the last four or five years large numbers of young salmon have

made their appearance in the Penobscot Eiver below Bangor. Ev^en

the Kenduskeag Eiver, below Morse & Co.'s mill, has been full of them.

Large numbers have been taken this year below the dam of the Holly

Water-Works, at Treat's Falls, and in Barr's Brook, by both men and boys.

In dipping for smelts in Brewer, sixty young salmon were picked from

among the captured smelts in the course of two hours and returned to
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the water. They were recognized by an intelligent bystander and their

distinctive marks pointed out, when all parties immediately took a deep

interest in protecting them. One man, in fishing for suckers in the

Kenduskeag, with coarse line and baited hook sunk on the bottom,

caught sixteen young salmon in two hours, and carefully returned them

to the water again. The Bangor Commercial says :
' On visiting his

weir yesterday in Marsh Eiver, Mr. Eeuben Hopkins found one hundred

and forty young salmon in it, varying from 8 inches to 1 foot. He
turned them all loose in the river. We learn that these young salmon

are found in all the weirs in the river in large numbers.'

"The salmon fishery of the Penobscot is estimated to be the largest for

many years, so much beyond the x>roduct of years past as to leave no

doubt in the minds of the most incredulous that the work of restoration

by planting and protection is an entire and unmistakable success. Many
of the salmon were of very large size.

" Of one of the large fishes the following paragraph, cut from the Bel-

fast Journal, will be read with interest, as conveying some important

facts in relation to their growth and habits :
' In our issue of May 3,

we made mention of a very large salmon caught at Cajie Jellison, Stock-

ton, by Josiah Parsons, and purchased by Frank Collins, of this city.

The fish measured 50 inches in length and weighed thirty-three and one-

half pounds. Attached to the fish was a metallic tag, numbered 1019,

indicating that it was one liberated from theBucksport breeding works.

The tag was forwarded to Mr. Atkins, the superintendent of the works,

who keeps a record of all fish used for spawning pur^joses and then lib-

erated. We now chronicle the record of the fish as learned from a letter

from Mr. Atkins to Mr. Collins. He writes that the salmon was Kbera-

ted at Bucksport, November 10, 1875. It was a female fish, 39^ inches

in length, and yielded five pounds and six ounces of spawn, or about

16,000 eggs. After si)awning it weighed sixteen pounds. He judges

that in the preceding May (1875) the fish weighed twenty-five pounds;

thus the fish in two years had grown nearly an additional foot in length

and eight and a half pounds in weight. One important fact in the habits

of the salmon has been demonstrated by the use of these tags, and that

is that the fish, after it becomes large, does not visit the river every

year, as was formerly supposed, but only every second year. Those
liberated in the Penobscot in 1873 were caught again in 1875, and those

let loose in 1875 are now being caught. One dollar premium is paid for

every tag thus found. Among others of the large fish, one was taken

at Veazie, by Mr. Albert Spencer, weighing 38 pounds. The salmon

presented by our worthy mayor. Dr. A. C. Hamlin, to Mayor Prince, of

Boston, and which was captured at Sandy Point on the Penobscot, was
said to have weighed forty pounds when first taken. A very good run

of salmon has visited the St. Croix the last year. ' (New Hampshire
fish commission report for 1878, pp. 25, 26, 27.)

"In 1873 some thousands of young salmon were turned loose by us in
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the St. Croix at Vanceborougli. In 1874, 50,000 fry were hatclied and
turned into Dobsis stream for us by tlie courtesy of tlie Hon. Harvey
Jewell, of the Dobsis club. The inference is but fair that these contri-

butions to the stock of the river had a marked influence in adding to

the number that constituted the good run of this year." (N&w Hamp-
shire fish commission report, 1878, i>. 27.)

NEW HAMPSHIRE.

Atlantic salmon.—More salmon were seen during the summer at Amos-
keag Falls than were noted in the fish-way at Lawrence ; and a pair of

very large ones, estimated by Mr. Kidder at sixteen or seventeen pounds
each, were seen about September 1, and a similar pair were seen by Mr.
Powers, jumping the falls above the hatching-house, September 15. (Re-

port of the fish commissioners of New Hampshire, 1879, p. 4.)

"Atlantic salmon, 7 inches long, of the planting of 1870, were so plen-

tiful up to about the middle of August that it was impossible to fish

without frequently hooking them. Mr. R. R. Holmes actually hooked
three at one cast, and remarked that the river was alive with them. In
August they began to disappear, and at this date very few are seen.

On the 6th of November I dipped up a small Atlantic salmon, about 3

inches long, at the outlet of the hatching-house brook, which nuist have
resulted from last year's run of salmon in this river, as there has been

no plant since 1876, which, as above stated, have grown to the length

of 7 inches." (Report of the fish commissioners, New Hampshire, 1879,

p. 11.)

Quinnat salmon.—"The California salmon fry turned into the river in

1878 were very numerous up to the last of July, and had grown to the

length of about 3 inches. On the 20th of June they were so plenty as

to be seen in numbers in any locality near the hatching-house." Report,

p. 11.)

Salmonida;.—"L. D. Butler, of Woodbine, writes March 23, 1877:
' The California salmon, planted in our streams last February a yeift" ago,

are now from 7 to 9 inches long. One of the former i)lant was caught
that weighed one and a half pounds.'

"A. A. Mosher, of Spirit Lake, writes March 13, 1877: 'The fish you
sent us last year are doing wonderfully well. They are now about 7

inches long and take to these waters.'

" Large numbers of letters and newspaper paragraphs of this kind
are in the possession of the commissioners, and these are given only as

samples, while great numbers of people have given testimony as to hav-

ing seen and caught the young fish.

"Mr. E. Bush, station agent, reports the catching of a dozen salmon,

weighing two and a half pounds each, in the North Fork of the Ma-
quoketa.

"The principal of the high school at Marion reports catching a half

dozen, weighing from one and a half to two pounds each.
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"Dr. French reports having seen one at Davenport that would weigh,

two and three-fonrths pounds.
" George Brown caught two in Wapsic that would weigh one and as

half pounds each.

" Mrs. n. Ruble has in her pond at North McGregor a number of

Penobscot salmon, three years old, some individuals of which will, it is

estimated, weigh ten pounds. They have never been out of the pond

they are now in, and, notwithstanding their confinement in fresh water,

are jierfectly healthy and hearty, and as fine a sight as it is possible to

conceive of." (New Hampshire fish commissioners' report, 1878, p. 31.)

"As the salmon did not loiter, but passed quickly over, it is fair to

conclude that hundreds passed up unnoticed ; and this conclusion is con-

firmed by well-authenticated reports of the large number seen at Man-

chester as well as all along the Pemigewasset.

"Mr. Tomkinson, of Livermore Falls, counted twenty ascending the

rapids in about two hours. Indeed, so common a thing was it to see

them scaling the falls, that the White Mountain stage frequently stopped

on the bridge to allow the passengers to see them. Mr. White, of Bos-

ton, who spent the summer at the Profile House, reports having seen, in

one pool, thirteen large salmon from 2J to 3 feet long.

"The report shows that forty-seven salmon were found in the fish-way
during an examination of thirty minutes a day for twenty-eight days.

If we assume the running time at twelve hours a day, the total number

that passed over would be in this proportion, 47 by 24=1,128 salmon,

to which must be added a certain number that passed over in October.

Taking the weights as roughly estimated, we may say that about one in

seven were rather small fish, of about eight pounds ; one in seven were

large fish, of fifteen pounds or more -, and the great majority, or five in

seven, were medium salmon, of ten or twelve pounds.

" The following table will show the dates at which the batches of

parrs were put in the river and their respective ages up to the spring of

1877:

Put in the river.

Spring 1872, 16,000 parrs

.

Spring 1873, 185,000 parrs .

Spring 1875, 230,000 parrs .

Spring 1876, 400,000 parrs .

1873, spring.

1 year old..

1874, spring. ' 1875, spring.

2 years old.
1 year old .

3 years old.

2 years old.

1876, spring.

4 years old .

.

3 years old .

.

1 year old. ..

1877, spring.

5 years old.

4 years old.

2 years old.
1 year old.

" The few salmon of fifteen to eighteen pounds that ran up may have

been of the batch of 1872 ; the smallest, of six and eight pounds (includ-

ing those of the October run) may have been late or under-fed fish.

Evidently the bulk of the salmon were of the plant of 1873, because the

sixteen thousand parrs put in the year previous could not by any calcu-

lation have furnished one-fifth of the adult salmon that returned in 1877.'^

59 F
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" Plymouth,' February 22, 1878.
*' Samitel Webber, Esq.

:

" Dear Sir : It is with pleasure that I answer your inquiries in regard

to the salmon that came up the Pemigewasset Eiver this season. And
at the same time allow me to congratulate you ui^on the complete suc-

cess that has attended the labors of the Massachusetts and IS^ew Hamp-
shire commissioners in thek attempts to restock our beautiful river with

the king of fish, the JSalino solar.

"The work is no longer an experiment, but an assured success, as not

a single salmon has been seen in the Pemigewasset until this year since

the erection of the dam at Lawrence some thirty years ago. That they

have returned this year in large numbers is beyond a doubt. And this fact

must be a source of congratulation to the gentlemen who had charge of

the work of transferring the young fry from the hatching house at Win-
chester to the headwaters of the Pemigewasset and Baker's Rivers, as they

no doubt will remember the discouragement and even ridicule they met
with from the time they would leave Winchester until the cans were

emptied into the river. It is impossible to say at what time the first

salmon made their appearance at Livermore's Falls, as no one was look-

ing for them.
" On my return from New Brunswick the last of June, I learned that the

salmon were passing the fish-way at Lawrence. I immediately requested

the Messrs. Tompkinsou, at the falls, to watch for them. The first one

was seen about the 1st of July. It was a full-grown fish about 3 feet

in length, and for several weeks following there was hardly a day but

what they could be seen in their endeavors to pass over the falls. I

have counted from eight to ten in an hour, but do not think they were

different fish, for it was very seldom that one would pass the rapids at

the first attempt. Many of them would make leaps of 10 to 15 feet and

pass up, but if they fell short of that they would be carried back into

the pool below. It is impossible to say how many j)assed the falls, but

there must have been some hundreds. They were seen all along the

river as far up as the Woodstock dam, but as far as I can learn, and I

have made careful inquiries, none have been sent above that point.

The young salmon went many miles above there this season.

" Full-grown fish, that is, from 2 to 3 feet in length, were seen by

many from the bridge in this village during July, and at the falls as

late as November.
"There must be more stringent measures taken to prevent the de-

struction of the small salmon by fishermen, as they were taken by hun-

dreds this season.

"I remain, respectfully, yours,
"E. B. HODGE."

We have given Mr. Hodge's letter exactly as received, but other ad-

vices lead us to believe that the heavy rains of the first week of Sep-

tember, 1877, carried away so large a part of the dam at Woodstock as
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to give a free passage to the large salmon, thus allowiug them to ascend

the river nearly to the Profile House, as stated in the report of the

Massachusetts commissioners.

Mr. Tompkinson's letter is interesting as giving positive details of his

observations, and from it we quote as follows

:

"The first of our seeing the salmon go up through the Livermore

Falls was in the early part of July, 1877, when our attention was called

by Mr. Hodge to see if we could see auy salmon going up the falls.

The first day we saw seven, at four different times during the day,

stopping only about ten to twenty minutes each time. This was the

first day we began to look for them. We reported the same to every

one that came along. Almost every day afterward, for about six or

seven weeks, there were salmon seen. The largest number in one day

(seen by my brother) was twenty. I myself saw five go up in forty-five

minutes. We never lost much time in watching for them, as we could

not afford to lose any time, for we have so much work on hand. I saw

eleven on another day in about two hours. On another day my brother

saw seventeen in about two hours. We never stopped a whole day to

watch at one time, but state what we have seen. The above were seen

about the 20th of July. The largest one my brother saw was nearly 3

feet long, and he was within 8 feet of it when he saw it. * * *

" Yours, most truly,

"J.E.TOMKINSON."

We must now go back a little in our dates to connect the thread of

our story. Early in June we were notified by Mr. Brackett, of the Mas-

sachusetts fish commission, that salmon were passing up the fish-way at

Lawrence.

The dam at Lowell had recently been rebuilt, discarding the old fish-

way, but running the north end of the dam on to a gently-sloping ledge

in such a manner that it only needed to take off one flash-board to leave

an easy passage 10 feet wide, with 12 or 16 inches depth of water, over

a fall of about the same height, and the fish found no difficulty in passing

it ; so that on the 13th of June we were notified by Mr. Kidder, the keeper

of the gates and locks of the Amoskeag Company at Manchester, that

he had secured for us the first salmon seen at Amoskeag Falls for thirty

years. We had requested Mr. Kidder to look out for the first fish that

came up and let us know, and he had done so literally. The fish was a

male, apparently of four years of age, two feet four inches in length and

a half inch in depth, and weighed eight pounds and five ounces.

Mr. Kidder unintentionally transgressed the law in .his anxiety to

l)lease the commissioners, but his fine was settled by his many friends

in. Manchester, and the salmon that followed were allowed to pass "free

of toll." Within a week from the capture of this first one a report was

brought us by Conductor Colby, of the Concord Railroad, of a large

salmon having been seen at the mouth of Martin's Brook, four miles
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above Manchester; and almost dailj' after that date we heard of them
farther and farther up the Men-imack Kiver. (New Hampshire fish

commission, 1878, pp. 6, 7, 8, 9, 10.)

" In addition to the above record there was a full run of salmon,
which commenced October 11 and ended October 30. These fish, so
far as seen in the way, were from six to ten pounds in weight. Much
larger ones may have passed over, as Mr. R. R. Holmes saw one 3 feet

long near the hatching-house, at Plymouth, the 1st of November." (New
Hampshire fish commission report, p. 6, 1878.)

MASSACHUSETTS.

Schoodic salmon.—Some of the land-locked salmon received from Maine
were turned into Halfway Pond in Plymouth. The returns received from
many of those who had charge of these fish are very favorable. It is

qiute certain that they are well established in Halfway Pond. And in

Mystic Pond, situated in Medford and Winchester, where they were first

introduced, they are appearing in considerable numbers. On the 11th

of September a land-locked salmon, 22^ and a half inches long and
weighing three and one-quarter pounds, was caught in Lower Mystic

Pond by a boy while fishing for i^erch. The boy, not knowing what it

was, sold it to J. P. Richardson, of Medford, who forwarded it to the

commissioners for identification. A careful inspection of the pond, made
in October, showed quite a large school of them, weighing from two to

eight pounds each, at the mouth of one of the streams entering the

pond. The large fish are probably the Sebago salmon, put in about six

years ago. One of the persons making the inspection hooked one of

them ; but, being in a small cloth canoe, barely large enough to carry

one person, and having the fish on a light fly- rod, he found it impossible

to get him into the boat; and, in attempting to reach the shore, the sal-

mon recovered himself, and with a sudden leap left hook, line, boat, and
fisherman behind him. (Thirteenth annual report of the commissioners

of inland fisheries for the year ending September 30, 1878. 8vo. pamph.,

Boston, 1879, paper, p. 13.)

Atlantic salmon.—Our experience with young salmon in the Merrimack
shows pretty conclusively that they do not go down to the sea until the

third year. The salmon put in the river in 1876 have been carefully

watched, and were found to be very numerous all along the river, espe-

cially near the mouths of trout brooks, showing no disposition to change
their quarters un til about the middle of last August, when they began
slowly to move downstream, (p. 18.)

Atlantic salmon, 7 inches long, of the planting of 1876, were so plenti-

ful up to about the middle of August, that it was impossible to fish with-

out frequently hooking them. Mr. R. R. Holmes actually hooked three

at one cast, and remarked that the river was alive with them. In Au-
gust they began to disappear, and at this date very few are seen. On
the 6th of November I dipped up a small Atlantic salmon, about 3 inches
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long, at the outlet of the hatching-house brook, which must have re-

sulted from last year's run of salmon in this riverj as there has been no

plant since 1876, which, as before stated, have grown to the length of 7

inches, {p. 19.)

Quinnat salmon.—The Californiasalmon -fry turned into the Merrimack

Eiver in 1878 were very numerous up to the last of July, and had grown

to the length of about 3 inches. On the 20th of June they were so plenty

as to be seen in numbers in any locality near the hatching-house, (p.

19.)

Condensed report of Thomas S, Holmes, offish found in the Lawrence fish-

icay from May 1 to August 1, 1877.

May 31. Two salmon, 12 to 18 pounds each.

June 2. Two large shad.

3. Three large shad.

4. Oue salmon, 12 to 18 pounds.

10. Two 12-pound salmon.

11. One 8-pound salmon.

12. Two 6 to 8 pound salmon.

13. One 10-pound salmon,

14. One 8-pound salmon.

15. One 8-pound salmon.

16. One 10-pound salmon.

19. One 18-pound salmon.

20. Oue salmon.

22. One 8-pouud salmon.

23. Three 12-i)onnd salmon.

25. One 10-pound salmon.

26. One 12-pound salmon,

28. Two 8-pound salmon.

29. One 10-pound salmon.

July ]. One 12-pound salmon.

2. Two 10 or 12 pound salmon.

3. Two 10 or 12 pound salmon.

4. Four 10 to 15 pound salmon.

6. Five 8 to 18 pound salmon.

7. One salmon.

9. One 12-pound salmon.

12. One 8-pound salmon.

From this to the 23d no salmon.

23. Three 8 to 12 pound salmon.

30. Two large salmon.

(Extract from the twelfth report of the fish commissioners of the State
of Connecticut, 1878, pp. 10, 11.)
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State of Massachusetts,
Department of Inland Fisheries,

Winchester^ Mass., October 12, 1877.

My Dear Hudson : The rise in the river has brought another run
of salmon, which are now passing over the fishway at Lawrence. There
seems to be no end to our success on the Merrimack.

Yours, with sincere regard,

B. A. BEAOKETT.

RHODE ISLAND.

Atlantic salmon.—We have to report that a good many salmon have
been taken in the past two years that we have record of, and no doubt
many more unreported.

The largest weighed ten pounds, and was taken at the foot of the falls,

at Pawtucket, last June. Smaller ones were taken in the Pawtuxet,
between the first dam and Pontiac, and a number near Westerly, below
the first dam on the Pawcatuck ; none larger than two and one-half

pounds. (Eighth report of the fish commissioners of the State Of Rhode
Island, 1878, p. 4.)

CONNECTICUT.

Atlantic salmon.—Under date of June 18, 1878, Mr. D. W. Clark writes

from Saybrook, Conn.

:

" The first salmon caught this season was taken in a gill-net, April 30,

and weighed 12 pounds. From that time to May 25 salmon were
cought more or less nearly every day. Since May 25 they have been
more scattering, so that from that date to June 18 but three have been

taken. The above number does not include any that the pounds have
liberated when caught, but those only which have gone to market.

" The average weight of those caught has been about fourteen pounds.
The whole number taken up to this date in the towns of Saybrook and
Westbrook is forty-five, of which three-quarters were caught by gill-nets

on the river and one-quarter in seines on the river and pounds on Long
Island Sound."

Under date of July 12, 1878, Mr. Clark again writes :

"I give you full results of the season of 1878. The salmon caught by
the pounds and put back into the water may be given as about twelve,

and the whole number caught by pounds as about thirty. In the river

the salmon caught by gill-nets were almost all taken while the water was
thick with mud in freshet. Experience this season proves that the gill-

nets are not sufficiently strong for taking salmon, nor are they of the

right-sized mesh. The fishermen found many.torn places in the nets,

which had the appearance of being caused by salmon. When these iish

are caught the nets are hanging slack in the wat^r and the fish are caught

by many folds of twine. But when the current is strong and the meshes
are all drawn the salmon easily break through.
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"I have been unable to obtain the number of salmon caught by gill-

nets in Lyme, but the dealers estimate them from seventy-five to a

hundred."

The commissioners have authentic evidence that the greater portion

of the salmon caught were sent out of the State. Not less than three

hundred and twenty-two were sent to the New York markets, and they

are reported as weighing about twelve pouuds apiece on an average, and

to be superior to every other salmon in the market. From all the facts

which the commissioners have been able to gather, they feel no hesitation

in asserting that oxerJive hundred full-grown marketable fish were caught

in and near the river during the past season, and with the exception of

the few reported as returned to the water from the pounds, every one of

them was destroyed ; a most lamentable example of reckless improvidence

and wastefulness. (Thirteenth report of the commissioners on fisheries of

the State of Connecticut, 1879, pp. 5, 6.)

About a dozen salmon, weighing each from nine to eighteen pounds,

have been taken in the Connecticut River or the pounds west of its

mouth during the past season, but no information has been given your

commissioners of even one having succeeded in passing above Portland.

Great numbers of the young, from one to three years old, in good con-

dition, have been seen in different parts of the river and some have beea

taken, specimens of which have been sent to your commissioners*

(Page 10.)

NEW YORK.

Deposit, October 26, 1877.

Trout, &G.

Seth Green, Esq.

:

Dear Sir : Yours of the 15th instant received. I have not had an

opportunity to observe the condition of the brook trout placed near the

head of the Oquago Creek, but those we placed in a little tributary

near this place are doing well, and there are no reasons to doubt that

the others are doing equally well. They were about 3 or 4 inches long

when I saw them. The trout placed in the lake two years ago and last

spring have not been heard from. I do not think there has been any

fishing specially for them. There is no reason why they may not do

well, as the water, depth, and bottom are adapted to that kind of fish.

The black and the rock bass put in the lake six years ago last spring

have increased wonderfully. A great many fine bass have been caught

this fall, ranging from one-half to three pounds six ounces, the largest

that has been taken. There will be fine fishing next year. A few have

been taken in the Delaware ; they probably came from the lake, as they

were caught below the mouth of the outlet. We have succeeded in hav-

ing a law passed removing the eel-weirs, which will make it an object

to stock the river. I think it would be advisable to place a quantity of

young bass in the river at this point this coming winter and spring; it

would be better to place them in after the spring ice-freshet, if possible,
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as they would not then be liable to be driven down the stream and killed

"by the ice-jams. The west branch of our river is equally as good as the

waters in the main river at Port Jervis, where large quantities have been

taken in the last three months. I should be pleased to hear from you,

if you have any advice or suggestion. I shall take the first opportunity

to examine into the condition of the trout in the creek, and will inform

you if I find anything new.

Yours, respectfully,

F. STUEDEYAXT, M. D.

(Tenth annual report of the New York commissioners of fisheries, 1877,

p. 45.)

COOPERSTOWN, October 20, 1877.

Friend Green :

Dear Sir : Mr. Jarvis informed me that you would like to know
about the fish we put into the streams and lakes. The salmon-trout are

increasing very fiist. One man took in one day, a-trolliug, seven trout,

the smallest weighing two pounds, the largest six pounds. Another man
caught eight, and had a number of more near the boat, all in the same
day. This was in June ; and hundreds of smaller size were seen. The
brook trout are all right and are doing well ; also black bass. One man
took four at once catch, and lost a number of more. We shall want
some more whiteflsh and trout this winter. Hoping this will find you
well, I remain as ever,

Your friend,

A. W. THAYER.
'(New Y'ork fishery commissioners' report, 1877, p. 47.)

Corning, N. Y., October 20, 1877.

:Seth Green, Esq.:

Dear Sir : Yours received, and in reply I would say the trout re-

ceived from you are doing nicely in all the streams, and we expect to

have fine trouting in this section again. The black bass are multiplying

very fast in the Chemung Eiver, and fine strings are taken below the

dams here. The State dam is 8 feet high, and proves an obstacle that

a fishway would overcome. The canal will probably be abandoned in

another year ; if not, the canal commissioners will be required to comply

with the law.

Yours, respectfully,

J. H. WAY.
(New York fishery commissioners' report, 1877, p. 4G.)

Black Bass.

Oswego, October 16, 1877.

Seth Green, Esq.:

Dear Sir: Your postal card of the 15th instant, making inquiries as

to what has been heard from the fish shipped us from the New York
State hatching-house received, and I reply that the Susquehanna River

stocked with black bass seems to be well stocked. There were a few
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caught last year, but this year, I presume, there has been taken tons of

them in the river within eight miles each way of this place. It does not

seem possible that the fish put in here could have produced as many
fish as there seems to be in the river. There seems to be no end to the

bass. 1 have only been out once this year, and then a gentleman and

myself caught 35, several of which would weigh at least two pounds each.

There have several been caught that weighed as high as three pounds

and over.

As to the trout in the small streams, I cannot tell what they will come

to yet, as it has not been long enough yet.

Yours, respectfully,

BARNEY M. STEBBINS.

(Tenth annual report New York fishery commissioners, 1877, p. 47.)

Atlantic salmon.

"Peekskill, K Y., March 11, 1878.

" I wish to mention the capture of a salmon, a true Salmo salar, in

the Hudson, about two miles north of our village. It was taken on the

flats this morning, near the mouth of Snake Hole Creek, just below

lona Island, in an ordinary seine, while its captors were hauling for

perch and other small fish. It measured 33 inches in length and
weighed but 8J pounds, being in very poor condition, and presenting

the appearance of having recently spawned. Small fish of this species

have been taken through the ice during the past winter in T-nets, but

nothing approached this in size. I regret my inability to forward you
the fish, but it was disjDosed of before I saw it. Am I justified in sup-

posing it to be one of the fry introduced into the upper part of our

rivers a few years since*?"

This confirms the observations of Mr. Atkins, that the salmon which
spawn in the fall and winter of each year return to the salt water the

year following, and again return to the fresh water the next year ; so

that while one stock of spawners will ascend the rivers in the even

years, as in 1874, 1876, 1878, «&c., another body of fish comes up in 1875,

1877, 1879, &c. (New Hampshire fish commission report, 1878, p. 29.)

Shad.—Forest and Stream says :
'' Syracuse papers of the 10th instant

are congratulating Mr. Seth G-reen upon accumulating evidence of his

success in cultivating shad in Lake Ontario. Very recently a fine male
shad, weighing five and a half pounds, was caught in a gill-net, six or

seven miles out in Lake Ontario, off Port Ontario, at the mouth of Sal-

mon River. The fish is the largest of its kind yet caught in the lakes,

and is one of those placed in its waters by Mr. Green in the year 1872.

The attempt to introduce this fish in fresh water was an exi)eriment. It

is now no longer in the list of experiments, but a matter of certainty.

The fish have been caught at various points on the lake ever since the

fry were put in, and appear to grow as rapidly and possess all the quali-

ties of the shad that are caught from salt water. (New Hampshire fish

commission report, 1878, p. 29.)
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NEW JEESEY.

Atlantic Salmon.—No attempt has been made to capture any adnlt

salmon which may have returned to our river, and it was not expected
that they would make their reappearance until four or five years after

they were placed in the stream. In the spring and summer of 1877,

however, six or seven fish were taken in shad nets at different points on
the river. They were medium-sized fish, averaging about ten pounds,

but had evidently been to the sea and had returned to the river to de-

posit their eggs. This was deemed highly encouraging, and the next

season was looked forward to with much anxiety by those who were in-

terested in fish culture and who appreciated the immense imj)ortance of

the success of the efforts to establish this valuable fish in the rivers of

the State. On the 5th of April, in the present year, a magnificent sal-

mon was taken in the Delaware River, within two miles of Trenton.

This fish, which was three feet five inches in length and weighed twenty-

three and a quarter pounds, came into the hands of the commissioners

and was by them forwarded to Prof. Spencer F. Baird, at Washington,
who addressed the following letter to one of the commissioners :

" United States Commission Fish and Fisheries,

'^Washington, D. C, April 11, 1878.

"Dear Sir: You have rendered the United States Fish Commission
a very great service by sending on the specimen of Delaware salmon as

advised in yours of the 6th of April. It reached me in good condition

Tuesday, and I have already had the pleasure of exhibiting it to the

President, and the greater part of his Cabinet, and a number of members
of Congress who are interested in such matters, and who came to wit-

ness the realization of the efforts made toward stocking the Delaware
with this noble fish. I shall have a plaster cast made, colored from nature,

and the specimen itself will be prepared and kept in alcohol in a jar of suit-

able size. I am waiting the result of a conference of some experienced

salmon fishermen as to whether this is to considered as a fresh-run fish

from the sea, or a fish that has been in the river all winter, as is quite

frequently the habit of salmon. The slight development of the hook of

the jaw is rather an indication of the former supposition.

"From the size of the fish, I incline to refer it to ihe lot of Ehine
salmon of which about 500,000 eggs were imported in 1873, but which,

owing to the uaprecedented heat of the weather in Germany and on

board the vessel, arrived in poor condition, only about 5,000 surviving,

and being hatched out at Dr. Slack's place at Bloomsbury. These were

introduced into the Musconetcong, and doubtless made their way to the

sea. A fish of this weight would require five years for its growth.
" I hope you will continue to gather all the data possible in regard to

the occurrence of salmon in the Delaware, and that you may be able to

detect among them some of the California salmon, which should be mak-
ing their appearance.
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" 1 am happy thus to open a comnQunication with yourself as one of

the commissioners of New Jersey, and shall take pleasure in acting with

you in the promotion of the common work of stocking our rivers with

useful food-fish.

Yours, truly,

"Spencer F. Baird,
" United States Commissioner of Fish and Fisheries.

"To E. J. Anderson,
" Commissioner of Fisheries^ State of New Jersey.^'

During the shad season, which closed below Trenton June 10, and
above Trenton June 15, 1878, a number of salmon were taken by shad
fishermen at different points on the Delaware. It has been impossible

to procure information of all that were taken, but a sufficient number
were reported to warrant the assertion that from fifty to one hundred
were taken before June 10. All of those reported to the commissioners

were larger fish than any of those taken in the preceding year, and
ranged in weight from 12 to 29 pounds, only two or three weighing less

than 15 pounds. After the shad season closed and the nets were taken

from the water, there was nothing to interrupt the progress of the

salmon from the sea to the headwaters of the stream, and doubtless

many passed up and deposited their eggs, since the commissioners are

informed of a number of large ones having been seen at different points

in the river between Trenton and Port Jervis.

In the Raritan River, one large fish was taken near Few Brunswick
in the summer of 1878; but none have been reported as yet from the

Passaic and Hackensack Rivers.

The facts above stated concerning the presence of salmon in the Dela-

ware were deemed to go far toward demonstrating the success of the

efforts to convert that river into a salmon stream. (Report of the

commissioners of fisheries of the State of New Jersey, 1878, pp. 15,

16, 17.)

New Jersey makes a very favorable report of the general progress of

fish culture. Shad are increasing in numbers, and very greatly in size

and quality; and salmon have made their appearance in the Delaware,

as mentioned by the Maryland commissioners, nine haying been taken

this year, though their report does not say whether they were Penobscot
or California salmon, both of which have been planted. Two were taken

at Newcastle in May ; two at Riverton in May ; one between Borden-
town and Trenton in May ; two at the Delaware Water Gap in October;

one in October at Carpenter's Point, the extreme northwest corner of
New Jersey, and one in the Bushkill in November. The fisherman

who took the two at the Gap was ignorant of the species till informed

by Mr. A. A. Anderson. The taking of the five last mentioned, in the

fall, and so far up stream, some sixty or one hundred miles above tide,

shows that they were seeking spawning-grounds at the headwaters of

the river, andj if of the California variety, except the last, at the usual
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season of their spawning. Whether others have been taken by persona
ignorant of their kind, we know not. It is fair to suppose, however,
that not all those that returiiecl from the sea were taken. Many, meas-
uring from to 12 inches, have also been caught the past season with

the hook.

The commissioners also report an enormous increase from the black

bass that they have previously distributed in various waters, and ex-

ecllout fishing obtained from this soiuce. They have distributed nearly

10,000 of these fish this year, besides 4,230,000 shad-fry, 400,000 smelts,

and 250,000 California salmon, and are now earnestly at work on fish-

ways. (New Hampshire fish commission report, 1878, pp. 29, 30.)

PENNSYLYANIA.

Atlantic salmon.—The Free Press, of Easton, Pa., under date ofNovem-
ber 10, 1877, says:

"We referred briefly yesterday to a salmon being captured in the

Bushkill, and have since verified the report.

"The fish was discovered in Groetzinger's mill-race, on the Bushkill,

at the foot of Fourth street, ant^ts unusual size immediately attracted

the attention of a number of people, who resorted to various devices for

its capture. Hooks and lines were used, and it was hooked but broke

loose. It was also shot with bird-shot. This did not kill it. It was
finally shot with a rifle by a young man named James Young, the

bullet passing into its body and stomach just at the junction of the head
and body, and the strange fish was secured. Mr. Young presented his

prize to his uncle, Mr. J. E. Stair, and it was very generally believed to

be a salmon. Mr. Stair appreciated its important bearing on certain

mooted points of the history and habits of this fish, and, in the interest

of fish culture, thoughtfully placed it at the disposal of Fish Commis-
sioner Howard J. Eeeder.

"The point at issue with scientific men, referring to salmon, is whether

this fish placed in rivers as far south as the Delaware and Susquehanna
will, with the instinct, of their class, return to the grounds where they

were hatched, and as nothing but experiment will prove this, the im-

portance of all evidence bearing upon the controversy will be realized.

At different tiiyes during the past four years a great many thousand

salmon eggs and salmon fry have been dejiosited in the Bushkill and
Delaware Eivets, under the supervision of Commissioner Eeeder, and
at various times reports have been circulated of salmon of considerable

size being caught at Bordentown, Trenton, Carpenter's Point, and other

points on the Delaware, ranging from five to eight pounds weight ; but,

unfortunately, these have fallen into the hands that did not perceive

anything in the fact beyond the table, and their evidence was lost to

the scientific world. But this fish is a fact, and in oflicial hands will be

irrefutable evidence that the stocking of our rivers with the most valu-

able fish in the world is not visionary, but practicable." (Eeport fish

commissioners Pennsylvania, 1878, p. 9.)
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MARYLAi^D.

Atlantic mhnon.—We were not Lopeful of any results from the intro-

duction of the salmon of Maine, as it has been known only in the coldest

waters. We, therefore, devoted our attention rather to the salmon of

the Pacific slope, which, on the contrary, were known to ascend rivers

in which the Avater at times reached a very high temperature. Contrary

to our expectations, the true salmon have returned to the Delaware

River in some abundance, a great many adults having been taken during

the last two years in this river. On the night of the 11th of May Mr.

Frank Farr, one of the gillers of Havre de Grace, who had been in the

habit of furnishing us with the ripe shad taken in his gill-net, secured

the first adult Atlantic salmon of which we have any record taken in

Maryland waters. This fish was a female, measuring .3 feet 4^ inches,

and weighing about seventeen pounds, fresh run from the sea.

The fish was captured oft" Spesutie Island, having been entangled in

the gni-net, which was much torn ; and Mr. Parr, who captured it, is

confident that at least one other fish accompanied the one taken, but

made its escape.

The gillers are in the habit of having their nets much torn by stur-

geon, and no doubt have attributed to them many casualties which may
have been occasioned by salmon. (Report Fish Commissioners Mary-

land, 1879, p. xiv.)

VIRGINIA.

Salmon.—"To us in Maryland of more importance is the reappearance

in the Delaware of salmon of both varieties, the Sahno salar, of the

J^orth Atlantic, and the 8almo quinnat, of the Pacific. I have received

authenticated accounts of the cajjtiire of one weighing eight and a half

pounds, at Newcastle ; one weighing eight and a quarter x>ounds, at

Riverton ; and one weighing nine pounds, taken between Bordentown

and Trenton ; and have myself seen a large female Penobscot salmon,

with the mature eggs running from her, which was taken at Easton in

the act of spawning.; and there have been several others reported, even

weighing as high as twenty pounds. These indications of the success-

ful introduction of salmon into the Delaware, commenced two years prior

to the establishment of a fish commission in Maryland, strengthen our

hopes and confidence in the result of our efforts. More important to us

still than the accumulated evidences of the laws which govern the mi-

grations of the salmon are the proofs which have been added during the

year that these laws are as surely applicable to the migrations of the

shad." We cannot spare space to quote further from the very full and
interesting report of Major Ferguson, and can only say that the hatch-

ing-house at Druid Hill Park is working very successfuDy on salmon and
trout, while outside the commissioners are devoting their chief attention

to shad and smelts, with every i>rospect of success, which another year

will manifest in all probability.
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Commissioner Moseley, of Virginia, says: "In the fall of 1876, our
limited means being devoted to trout and land-locked salmon, we turned
over the State's quota of California eggs to the Maryland commission.
In return, that commission hatched and deposited, of young salmon, dur-

ing the winter of 1876-77, in the Shenandoah, 78,400 ; in Occoquan,

16,000 ; and in Goose Creek, Loudoun, 32,000. Besides, a very large

portion of the above hatch was deposited in other tributaries of the Po-
tomac,- in the fish of which stream the people of this State have a com-
mon interest. It is no longer deemed a problem that this salmon will

flourish in our waters and return by instinct to the stream in which it

spent its infancy. Several have been caught in the Delaware and Sus-

quehanna Rivers, the first streams in which they were placed, weighing
from ten to fifteen pounds. In May last a fish weighing four pounds
was caught in James Eiver, at Bosher's Dam, nine miles above Rich-

mond. The fisherman, never having seen such a fish before, brought it

to Manchester, where gentlemen familiar with the Salmonidce recognized

it as one of that family. No doubt it was a California grilse, one of the lot

put in James Eiver in 1874-'75, at Lynchburg, by Dr. Robertson, which
had straggled back before its time. It is probable that more of them
may make their appearance next spring. Of the large number of these

fish placed in James River by the commission, in the winter of 1875-'76,

we hear that early in April last several were caught, from nine to ten

inches long, twelve miles above Norfolk. They were said to be moving
in solid column and with great rapidity oceanward, and only the few

that fell out of line were captured in fyke-nets." (New Hampshire Re-

port 1878, pp. 27, 28, 29.)

MISSISSIPPI VALLEY.

8had.^-The report of Kentucky has not yet come to hand, but the re-

port of Iowa states that " shad were caught at several places on the

Ohio River, the most notable case being at Louisville, Ky., where the

catch during the run was reported at from forty to one hundred per

day." This was in May and June, 1877, and a letter from Prof. Spencer

F. Baird, United States Commissioner, to Forest and Stream, vouches

for the fact that " a specimen sent him was the genuine white shad."

Other letters to Forest and Stream state that 600 genuine Atlantic

shad were caught at Louisville during the season, and trace them to the

young fry i)lanted, in behalf of the United States Fish Commission, by

Seth Green in 1872, viz : 30,000 in the Alleghany River, at Salamanca,

N. Y., and 25,000 in the Mississippi River, near Saint Paul ; and 200,000

planted by the United States Commissioner in July, 1872, also at Sala-

manca. '' In 1873, 100,000 shad-fry were placed in Greenbrier and New
Rivers, in Virginia, and about 55,000 in the Monongahela, in Pennsylva-

nia, and the Wabash, in Indiana ; and these may or may not have con-

tributed toward the supply met with at Louisville. The latter is pos-
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sible, if the assumption of a four years' period is correct. K five years

are required, then we must look to the stock of 200,000 iu 1872 exclu-

sively." (^ew Hampshire Fish Commissiou Report, 1878, p. 33.)

CALIFORNIA.

" Shad, in their season, are becoming quite numerous in the Sacra-

mento River. The experiment of their importation to this coast has re-

sulted satisfactorily. The river is of proper temperature, and furnishes

an abundance of food for the young fish before they go to the ocean.

There can be no doubt that the first shad brought from the Hudson
River in 1871 have been to the ocean, returned and spawned. No shad

were placed in this river during the years 1874 and 1875
;
yet shad two

years old were quite numerous this year, and they must have been the

product of the first importation.

" It may be safely asserted that we now have shad born iu the Sacra-

mento. As it is illegal to take this fish prior to December of this year,

probably there has been no systematic fishing for them, yet numbers
have been accidentally caught in traps and nets

;
probably not less than

1,000 were thus taken during the winter and spring of 1877." (New
Hampshire Fish Commissioner Report, 1878, p. 35.)





XLIII.-CHEAP FIXTURES FOR THE HATCHING OF SALMON.

By Chas. G. Atkins.

1.—SCOPE OF THE PAPER.

I,^ is proposed to limit this paper to the consideration of the construction,

fitting, and management of the simplest houses and apparatus suitable for

the hatching and rearing of salmon up to the complete absorption of the

yolk sack, that being the time when it is customary to turn the young fish

out to shift for themselves; and it is hoped that the instructions given -will

be so plain and yet so complete that a person previously entirely ignorant

of the whole business can without further direction set up an efficient

establishment. No attempt will be made to explain the construction of

the more elaborate devices that have lately come into so general use, since

these devices have for their main purpose the saving of space in establish-

ments where large quantities of eggs are to be developed up to the shipping

point, and few or none to be hatched out ; though some of these are also

available for hatching, and to a certain extent for the rearing of the young
fish.

For the most part the same apparatus and management are applicable

to Atlantic and land-locked salmon, Pacific salmon, and brook trout. The
Atlantic and land-locked salmon, both in the egg and in the sack stage,

are so closely alike as to be practically indistinguishable. Indeed, the

latest conclusion of special students of the Salmonicke is that they all belong

to the same species, Salmo solar. Be this as it may, their habits and re-

quirements during these early stages are, so far as known, identical. On
these fish my personal observations have been mostly made, and to them,

therefore, the instructions of this paper may be considered as more especially

applicable. Yet the difference between the treatment they require and
that applicable to Pacific salmon is so slight that all the rules laid down
may, it is believed, with perfect safety be followed in the management of

the latter, except in certain minutiae, which depend mainly on the greater

size and hardihood of the Pacific salmon, partly on their adaptation

to warmer water, and when not specially mentioned will readily suggest

themselves to the common sense of the operator. Similar observations

may be made with reference to the brook trout. The same apparatus,

with some possible change in management, will answer also the very best

purpose in the hatching of lake trout.

60 F 945
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2.—WATER.

The first thing to be sought is an ample supply of wholesome water, on

a site where it can be brought completely under control and the requisite

fall secured. In this matter there is quite a range of choice. The very

best is the water from a stream fed by a clean lake taken a short distance

below the outlet of the lake, with an intervening rapid. Such water is

commonly quite even in volume and temperature, and comparatively free

from sediment and harmful impregnations. It is cold in winter and warms

up slowly in spring, giving assurance of a slow and normal development,

which is more conducive to health and vigor than a very rapid development.

The passage down a rapid, though by no means an essential point, will

further improve this water by charging it highly with air. After this, I

would choose the water of a brook that is fed largely by springs, so as to

insure constancy in the supply and some moderation of the temperature on

warm days; but it is better to have the water flow a long distance in an

open channel before using, and, if possible, over a rough and descending

bed, that it may be well aerated, and in cold weather somewhat cooled

down from the temperature with which it springs from the ground.

Thirdly, choose pure spring water ; but in all cases where this is necessary

provide a cooling and aerating pond, that you may have the original warmth

of the water subdued by the cold of the air before it reaches the hatching

troughs, and that it may absorb more or less air by its wide surface.

Lastly, choose ordinary river or brook water, as clean as possible. These

kinds are considered inferior to spring water by reason of their liability to

floods, drought, muddiness and foulness of otlier sorts, and in cold climates

to anchor ice. The water of a stream that has its source in a not very

distant lake or spring is not considered orcUnary^ river or brook water,

but is advanced thereby into the first or second rank. Between these

different sorts there is of course an infinite number of gradations. If lake

water cannot be obtained, it would be of some advantage to have a supply

of both spring water and brook water, depending for ordinary use on the

brook water or a mixture of the two, and on the spring water for emergen-

cies, such as the freezing, drying, or excessive heating of the brook, floods with

accompanying muddiness, etc. Avoid water that comes from boggy and

etagnant ponds and marshes ; for though excellent water, capable of bringing

out the most vigorous of fish, may sometimes be had in such places, yet

when not supplied by springs it is dependent for its freshness and good

qualities upon sufficiently copious rains, and if these fail, as they are liable

to, the water may become foul and unfit. The best time to select a site

for a hatchino; establishment is in time of extreme drouQ-ht. If the site in

question has at that time an ample supply of pure, sweet water, the first

requisites are fulfilled. But if such an examination discloses any lack in
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this respect, the site must be rejected. It would be well, also, to visit the

place in time of flood and, if in a very cold climate, in severe winter

weather, to know what dangers are to be guarded against on those

scores.

The volume of water necessary will depend on several circumstances,

mainly on the following: 1st, the proposed capacity of the establishment;

2d, the temperature of the water ; 3d, its character as to aeration ; 4th, the

facilities existing in the house for the aeration and repeated use of the

water. With water of the highest quality and low temperature and with

unlimited facilities for aeration, possibly a gallon a minute or even less

can be made to answer for the incubation of 100,000 eggs of salmon. As
the temperature rises or the facilities for aeration are curtailed, a larger

volume becomes necessary. In case of spring water, cooled only to 40°, and

aerated only by exposure to air in a pool ofabout a square rod surface, with no

facilities in the house for aeration, and with the eggs and fry crowded in

the troughs at the rate of 4,000 per square foot, 4 gallons a minute is the

least that can be trusted to support that number, (100,000,) while 6, 8, or 10

gallons per minute would be much better. While the minimum is, as stated

above, possibly less than a gallon a minute, no novice can be advised to trust

to less than 3 gallons per minute for each hundred thousand eggs or fish under

the most favorable circumstances. These statements are about as definite as

can be made. The question of volume must be decided for each case accord-

ing to the peculiar circumstances existing, and the novice must first acquaint

himself with the mode of arranging the fixtures in the house, and es-

pecially with the means and facilities for aeration, for which directions

will be given below, and then study the possibilities of the proposed site.

It should be borne in mind that the volumes of water stated above are

strictly minimum quantities, meant to apply to the very lowest stage of

water that can possibly occur during the hatching season.

If the water supply is to be drawn from a small brook or a spring, it

will be necessary to measure the volume carefully. The following is an

easy and accurate mode, applicable to most cases. Take a wide board

one inch thick, (or two or three of them carefully jointed or matched,) and

bore a smooth inch hole through the middle of it. With this make a

tight dam across the stream so that all the water will have to flow through

the hole. If the water on the upper side rises just to the top of the hole,

it indicates a volume of 2.3 gallons per minute ; a rise of half an inch

above the top of the hole indicates a volume of 3J gallons per minute

;

2 inches rise, 5 gallons per minute; 3 inches, 6 gallons per minute; 6

inches, 8 gallons per minute; 12 inches, 12 gallons per minute. If two

one-inch holes are bored, the same rise will of course indicate twice the

volume. The volume vented by holes of different sizes is in proportion

to the squares of their diameters ; thus a two-inch hole vents four times
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as much as a one-inch hole. A cylindrical tube whose length is three

times its diameter will vent 29 per cent, more water than a hole of same

diameter through a thin plate or board.

3.—SITE.

A satisfactory supply of water having been found, it is next necessary

to select a site for the hatching-house that combines in as great a degree as

possible the various desiderata, of which the most important are, first,

facilities for creating a head of water to provide for the requisite fall into

and through the troughs ; second, security against inundation ; third, if in

a cold climate, security against too much freezing; fourth, general safety

and accessibility.

The fall required in the hatching-house cannot be stated very definitely,

but it can hardly be too great. The minimum for the most favorable

cases is as low as three inches, but only under the most favorable circum-

stances in other respects will this answer, and even then it is subject to

several very serious disadvantages. It is only admissible where there is an

ample supply of aerated water, and the troughs are very short, and there

is absolutely no danger of inundation ; and the disadvantages are the im-

practicability of introducing any aerating apparatus and the necessity of

having the troughs sunk below the floor of the hatching-house, which

makes the work of attending the eggs and fish very laborious.

A fall of one foot will do pretty well if there is entire safety from in-

undation. This will permit the troughs to be placed on the floor instead

of below it, (a better position, though still an inconvenient one,) and some

of the simpler aerating devices can be introduced. Better is a fall of three

feet, and far better a fall of six feet. The latter will allow the lowest

hatching-troughs to be placed two feet above the floor, to the great relief

of the backs of the attendants, and leave ample room for complete aera-

tion. Of course the necessities of the case are dependent largely upon

the volume and character of the water. If there is plenty of it, and if

it is well aerated before reaching the hatching-house, there will be no

occasion in a small establishment of additional aeration in the house, and,

therefore, no need of more than three feet fall, and, except for convenience

in working and for guarding against inundation, one foot fall is enough.

As to liability to inundation, actual inspection of the premises at time

of floods will generally suggest what safeguards are needed. If located

by a brook-side, the hatching-house should not obtrude too much on the

channel, and below the house there should be an ample outlet for everything

that may come. By clearing out and enlarging a natural water-course

much can often be done to improve an originally bad site.

In a cold climate it is an excellent plan to have the hatching-house

partly under ground, which will protect it wonderfully against outside
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cold. When spring water is used there is rarely any trouble, even in a

cool house, from the formation of ice in the troughs; but lake, river, or

brook water is, in the latitude of the northern tier of States, so cold in

winter that if the air of the hatching-house is allowed to remain much

below the freezing point, ice will form in the troughs and on the floor, if

there is any leakage, to such an extent as to be a serious annoyance, and

sometimes, if not watched, will form in the hatching-troughs and extend

so deep as to freeze the eggs and destroy them. Stoves are needed in such

climates to warm the air enough for the comfort of the attendants ; but

the house should be so warmly located and constructed that it may be left

without a fire for weeks without any dangerous accumulation of ice. The

easiest way to effect this is to have the house partly under ground; but if

the site does not permit this, the same result can be brought about by

thorough construction of the walls and by banking well with earth, saw-

dust, or other material. In warmer climates no trouble will be experi-

enced from this source.

4.—DAMS AND CONDUITS.

In some cases the best way to get the requisite head is to throw a dam
across the stream and locate the hatching-house close to it. The dam will

form a small pond which will serve the triple purpose of cooling, aerating,

and cleansing the water. But unless the character of the bed and banks

of the stream be such as to warrant against undermining or washing out at

the ends of the dam, it is best not to undertake to raise a great head in this

way. With any bottom except one of solid ledge there is always great

danger, and to guard against it when the dam is more than two feet high

may be very troublesome. If there is any scarcity of water, or if it be de-

sirable for any other reason, for aerating or other purposes, to secure a con-

siderable fall, it is better to construct the dam at some distance above the

hatching-house, on higher ground, where a very low dam will suffice to

turn the water into a conduit which will lead it into the hatching-house at

the desired height.

The conduit is best made of wood. A square one of boards or planks,

carefully jointed and nailed, is in nearly all cases perfectly satisfactory.

For an ordinary establishment a very small conduit will suffice. The vol-

ume of water that will flow through a pipe of given form depends first,

upon the the size of the pipe, and second, upon the inclination at which it

is laid. A straight cylindrical pipe, one inch in diameter, inclined one foot

in ten, will convey about eleven gallons of water per minute. The same

pipe, with an inclination of one in twenty, will convey eight gallons per

minute; with an inclination of one in fifty, five gallons per minute; with

an inclination of one in one hundred, three gallons and a half per minute;

with an inclination of one in one thousand, one gallon per minute. A two-
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inch pipe will convey about 5J times as much water as an inch pipe; a

three-inch pipe nearly fifteen times as much. A one-inch pipe with an

inclination of one in 1,000 will convey water enough for hatching 25,000

eggs; with an inclination of one in fifty, enough for 100,000 eggs; with

an inclination of one in twenty, enough for nearly 200,000 eggs. A square

conduit will convey one-quarter more water than a cylindrical pipe of same

diameter. If there are any angles or abrupt bends in the pipe its capacity

will be considerably reduced. It should be remembered that if the water

completely fills the aqueduct it is thereby entirely shut out from contact with

air during its passage, whereas if the pipe be larger than the water can 'fill

the remainder of the space will be occupied by air, of which the water,

rushing down the incline, will absorb a considerable volume and be thereby

greatly improved. It will therefore be much better, when practicable, (and

this includes nearly all cases,) to make the conduit twice or thrice the

size demanded by the required volume of water. If the bottom and sides

be rough, so as to break up the water, so much the better; and the wider

the conduit is of course the more surface does the water present to the air.

It is not at all necessary to cover the conduit, unless from its position it is

exposed to inundation or to pollution by the visits of mischievous animals

or other agencies, or unless, as may sometimes, but rarely, occur, the water

would be in danger of freezing up. If the water comes from springs or a

spring brook, or a lake or pond, there is no danger on that side, unless the

aqueduct is a very long one ; on the contrary, the spring water will only

receive a wholesome cooling down.

5.—AERATION.

This is perhaps the most important branch of the whole subject. The

water which fishes breathe is but the medium for the conveyance of air,

which is the real vivifying agent. Without air every fish and every egg

must surely die, and with a scanty supply the proper development of the

growing embryo becomes impossible. Water readily absorbs air whenever

it comes in contact with it, and the more intimate and long continued the

contact the greater the volume it will absorb. The ample aeration of the

water to be used in the hatching-house has already been mentioned as a

desideratum of the first importance, and some of the devices by which it

is to be secured have been incidentally alluded to. But a little more

remains to be said.

Water from either a brook or river that has been torn into froth by

dashing down a steep bed has absorbed all the air that will be needed in

ten or twenty feet of hatching-trough, and demands no farther attention on

this score. But if the water must be taken from a lake, a spring, or a

quiet brook, its burden of air is much less and is liable to become so reduced

before it gets through the hatching-house as to be unable to do its proper
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work. It is therefore desirable to adopt all practicable means of re-inforcing

it. If the site of the hatching-house commands a fall of five feet or more,

the thing is easily done. Either in the conduit, outside the house, or in

the hatching-troughs themselves, a series of miniature cascades may be

contrived. The broader and thinner the sheet of water, the more thoroughly

it is exposed to the air, and if, instead of allowing it to trickle down the

face of a perpendicular board, we carry it off so that it must fall free

through the air, as in Figure 1, both surfaces of the sheet are exposed

Fig. 1. ^->^

and the effect doubled. When the circumstances permit, it is best to in-

troduce these in the conduit, which, as already suggested, may be made

wide and open for that purpose. If the aeration cannot be effected outside

the house there is still opportunity inside. Two long troughs may be placed

side by side, leveled carefully, and the water be received in one of them

and pour over into the other in a sheet the whole length of the trough,

which, of course, would be a very thin sheet, and very effective. In the

hatching-troughs themselves, also, there is an opportunity for aeration,

either by making short troughs with a fall from one to another, or by

inclining the troughs and creating falls at regular distances by partitions or

dams, each with its cascade, after the fashion already described.

The only serious difficulty is encountered where the ground is very flat,

so that the requisite fall cannot be obtained. In this case the best that

can be done is to make a very large pool, several square rods at least,

outside the house, and make all the conduits as wide as possible, so that the

water shall flow in a wide and shallow stream.

It will of course be borne in mind that the better the aeration the smaller

the volume required to do a given work; and on the other hand it is

equally true that the greater the volume the less aeration is necessary.

When so large a volume as six gallons per minute for every hundred

thousand eggs is at command a comparatively low degree of aeration will

answer. But so far as known the higher the degree of aeration the better

the result, without limit, other things being equal, and it is therefore

advised to make use of all the facilities existing for this purpose.
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6.—FILTERING.

Before the introduction of wire or glass trays for hatching fish-eggs it

was customary to lay them on gravel, and under these circumstances it was

absolutely necessary to filter all but the purest water. Even ordinary

spring water deposits a very considerable sediment, which might accumu-

late upon the eggs to such an extent as to deprive them of a change of

water and thereby smother and destroy them. When the eggs are deposited

on trays, however, even though their upper sides be covered with sediment,

underneath they are clean and bright, and remain in communication with

the water beneath the tray, though of course the circulation of water

through the tray is not perfect. The trays, moreover, offer the best facilities

for cleansing the eggs as often as may be necessary, and establishments for

the hatching of eggs of the salmonidce do not commonly receive them

until they have arrived at the stage when they can be safely subjected to

whatever washing and disturbance may be desired. It is not, therefore,

deemed necessary to introduce any considerable devices for filtering water

which is naturally very pure, as are lake and spring water commonly when

not subject to intermixture with surface water during rains. There are,

however, so many cases in which it is necessary to use water subject to

constant or occasional turbidness that some directions for filtering are

indispensable.

In the first place, let the water from the conductor be led into a deep

tank, which may be termed the "settling tank," where the coarser and

heavier dirt will sink to the bottom. This may as well be located outside

the hatching-house, and for a small establishment a hogshead sunk in the

ground will answer. From the settling tank the water should be led into

a filtering trough inside the house, as shown in Figure 2, which exhibits

one out of many convenient arrangements. This trough may be just the

length of the head or distributing trough alongside which it lies, or may
be much shorter, four feet answering well where little work is demanded

of it. For depth and width 15 to 18 inches are convenient dimensions.

If the water is introduced near the middle of the filtering trough the

current may be subdivided, part going to the right and part to the left,



CHEAP FIXTURES FOR THE HATCHING OF SALMON. 953

each part through its own set of filters, as shown by the arrows. This

makes the single long trough equivalent to two shorter troughs, and since

the shorter trough would be amply long to receive the requisite screens,

the filtering capacity of the trough is thus doubled. "When either the

volume or excessive turbidness of the water demands an extraordinary

capacity in the filter, the water may be introduced at several points by
means of an additional long distributing trough placed alongside the filter-

ing trough, as shown by the dotted outline in Figure 2, and each of the

separate currents be subdivided as already described. In this way six

separate sets of filters may be introduced into a single trough 12 feet long.

The filters to be used with the foregoing arrangement are made by stretch-

ing woolen flannel onwooden frames. The best device consists oftwo separate

frames, one fitting inside the

other, (without nails,) as in

Fig. 3, and holding stretch-

ed between them a piece of

flannel considerably larger

than the frame, to allow for

shrinkage and for a margin ^ ^^- ^•

to close the interstices on either side and at the bottom between the frame

and the trough. This filter slidesdown into the trough obliquely, between two

pairs of cleats on op-

posite sides, as shown ^^rr^rnL^^^^^^^^^g^Psasy
in Fig. 4. Strips of

wood half an inch

thick are suitable for

the construction of

these frames, giving

a total thickness of

one inch to each filter, and if it is desired to save room, the space intervenino*

between the frames may be as narrow as half an inch, so that it is possible to

get eight filters into a single foot of the length of the trough. They should

slide easily into place, so that they may be removed whenever necessary to

dean them. The cloth can be removed from the frames and washed or dried

and brushed. There should be a large surplus of them on hand, so that a

clean one for immediate use should always be ready. The filters should not

come quite to the top of the trough, so that if they become completely clogged

with dirt the water may flow over their tops to the hatching-troughs; for

dirty water is much better than stagnation. It is better to have flannel (or

baize) of several grades of fineness, and pass the water through the coarser

ones first. If leaves and other coarse rubbish are liable to enter the filtering-

trough they must be arrested by a coarse grating of wood or metal above each

set of filters; it is better to stop all such coarse material outside the house.

Fig. 4.
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The filters will of necessity obstruct the water somewhat, and a slight

head be created by each one,—perhaps an inch each will be a rough

approximation to the truth. Allowance must be made for this by having

the filtering-trough several inches higher than the hatching-trough. But

do not draw the water away from the lower sides of the filters so as to

expose them to the air, for the water will pass through much freer when

it is backed up nearly as high on the lower side as on the upper. The

number of filters to be used depends upon the amount of foreign matter in

suspension in the water, and can only be determined by observation and

experiment in each case.

Another mode of filtering sometimes resorted to, either alone or in

connection with the flannel screens, consists in passing the water through a

bed of gravel; but the method already described will answer every

purpose and is much easier of application.

As already remarked, there are many places where it is a waste of effort

to filter the water, but the advantages of cleanliness are so great that every

one who proposes to use water liable to become at any time muddy is

advised to put in the necessary troughs, or at any rate to leave space for

them. If, however, a hatching-house has been already fitted up without

any provision of this sort, a set of filters can be fitted into the upper part

of each hatching-trough and be just as effective as if in a trough by

themselves.

7.—HATCHING-TROUGHS AND FITTINGS.

"We come now to the hatching apparatus proper, the troughs and trays.

Whatever may be the advantages derived from the use of very compact

apparatus, some forms of which allow us to mature 30,000 eggs to every

square foot of trough room, they do not pertain to the hatching out and

rearing of the fry. For this work nothing has yet been found better than

a long, straight, shallow trough. Ten feet is the length I would recom-

mend as most desirable. In no case have them longer than fifteen feet.

In passing down a well populated trough fifteen feet any ordinary volume

of water will be deprived of so much of its air and oxygen that a new supply

is needed, and if necessary to make further use of this water it is best to

let it fall in a thin sheet into another trough set a few inches lower. In

some cases, where the water as introduced into the house is deficient in

aeration, it is best to make troughs as short as five feet, or, what will

amount to the same thing, (though a less convenient and less satisfactory

mode,) incline the trough from one to two or three inches for every five

feet in length, and check the water and keep it up to the proper height

in different parts of the trough by a series of transverse partitions or dams.

Under ordinary circumstances, with well aerated water at the start, a

trough ten or fifteen feet long may be set perfectly level.
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Figure 5 shows the interior of a hatchiug-house supposed to have a
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capacity of 150,000 Atlantic salmon, or say 100,000 to 125,000 Pacific

salmon. The troughs are about ten feet long and six inches deep, arranged

in pairs (except the one next the wall) with walks between. These troughs

are placed upon the floor, but when circumstances permit well aerated water

to be brought into the house high enough, it is better to place them two or

three feet above the floor. This is, however, entirely a question of con-

venience for the attendant. The water used is supposed to be unfiltered,

and is therefore received in a deep and wide head trough, which will serve

as a settling tank. From the head trough the water is delivered by

wooden faucets to the hatching-troughs, the fall at this point affording

an opportunity for aeration, which can be improved by letting the water

fall on a slanting board, from the edge of which it will fall in a thin sheet

into the trough. It is important to have the faucets all exactly on the

same level ; otherwise those which are lowest will, unless carefully regulated,

rob the others of their share of the water. The style of faucet represented

is very convenient and safe, but a

plain spout of lead or wood, three

or four inches long, and closed by a

slide on the upper side, as shown

in Figure 6, is just as good and

easier made. Avoid any kind of

a faucet that is liable to be acci-

dentally closed, like a molasses

faucet, an occurrence that I have

known to be followed by very

serious results. The bore of the

faucet should not be less than one

inch for a trough a foot wide.

A very convenient outlet for a hatching-trough is formed Ijy a two-inch

lead pipe set into the bottom of the trough and running down through the

floor. The water is maintained at the proper height by a movable parti-

tion, or dam of thin boards sliding down between cleats nailed to the sides

of the trough, as shown in Figure 5. The height of the water depends

upon the number of pieces brought into use at any time. These boards

must be carefully jointed and fit nicely between the cleats, that there be no

waste of water. A dam of the same sort should be used to hold the water

at several points in an inclined trough.

The troughs should be fitted throughout with light board covers from

two to four feet long, with cleats or other fittings convenient to lift them by.

The faucets may be covered by a box, as shown in Figure 5, on the second

trough. Screens fine enough to shut out all vermin should be placed at

both ends of the trough.

Almost any kind of easily worked wood may be used for building the
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troughs. White pine is the favorite wood in northern sections. Arborvitse,

[Thuja occddentalis,) known in the north as white cedar, is unfit; water ia

which shavings of this wood have been soaked is deadly to grown trout.

Caution should also be used in employing the southern white cedar, or

cypress, {Qupressus tliyoides,) red cedar, or savin, {Junijperus virginiana,)

or any other odorous woods.

Inch boards are heavy enough for troughs not more than six inches

deep, whatever their length or width. For deep distributing or filtering-

troughs use plank an inch and a half or two inches thick.

All the wood-work about the troughs should be varnished with several

heavy coats of asphaltum varnish, thoroughly dried in before the wood is

wet. This makes a smooth, shining black surface, very easy to clean.

8.—WIRE TRAYS.

The practice of covering the bottom of the hatching-trough with gravel

and depositing the fish eggs directly upon that has deservedly become

nearly obsolete. Its principal disadvantages are, that it is impossible to

spread the eggs evenly on such a bed ; that there is great danger of suffo-

cation by sediment because of the absence of any circulation of water

beneath the eggs ; that the operation of cleaning them is tedious in the

extreme, and that the gravel seriously interferes with moving the fish

about in the trough or even dipping them out.

The receptacle for the eggs which in one form or another has come into

general use is a shallow tray, made by attaching wire-cloth to a narrow

wooden frame. In its original form this was known as the " Brackett tray,"

and that name properly applies to the sort recommended below. The promi-

nent advantages of this piece of apparatus are : first, the more perfect cir-

culation of water amongst the eggs, insuring a better supply of the air

demanded for their healthy development; second, almost entire safety from

suffocation by sediment ; third, the facility with which the eggs can be

cleaned and moved about in the trough or be taken out for cleaning and

examination. These advantages are so great and save so much labor that

the wire tray is almost indispensable.

Trays of the following construction will be found most serviceable:

Make the frame of any easily worked wood, ("white wood," the product

of the tulip-tree, Liriodendron, is firstrate.) Half an inoh in width and

thickness are the best dimensions of material. Stouter frames would be

likely to float the wire, whereas it is better that they should sink. The
completed frame should be 12| inches wide. This precise width is chosen

because it is best fitted to receive wire-cloth one foot wide,—the size found

to be most eligible. If the cloth were cut of the full width of the frame there

would be many projecting rough edges, which would be an annoyance bj
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scratching up everything they came in contact with and would be con-

stantly rusting. Trays of this width fit well in troughs 12f inches wide.

Their length may be equal to their width, as I prefer, or greater.

The wire-cloth heretofore commonly used is woven of annealed iron

wire, in square mcslies. This answers admirably when the wires are

from 1^ to |- inch apart, (not wider than ^ if brook-trout eggs are in

hand,) so long as the fishes remain in the egg. But as soon as hatched

they begin to poke their heads and tails down through the meshes, or some-

times their sacks are drawn through, and being unable to extricate

themselves, they perish miserably. If, therefore, square meshes are to

be used they should be very small,—not over -^ inch wide. This

sort of wire-cloth has, however, still this slight drawback,—that while

the eggs are hatching the picking must be done in the trough, or if

the trays are taken out the young alevins must come out into tlie

air also. There is not, to be sure, much danger of injuring the fry by

exposure for a moment to the air, but a good deal of extra care is involved,

and it is much better not to have to take them from the water at all.

These little troubles are all avoided by using cloth with a long mesh, (see

Fig. 7,)—for Atlantic and land-locked salmon a mesh \ inch wide and

|- to I inch long,—through which the soft bodies of the fishes easily slide

Fig. 7.

as soon as they have broken the shell, while the whole eggs are retained

upon the trays and can at any time be lifted out without lifting the fish.

Any one who is so situated as to get wire woven to order had better adopt

the long meshes, woven of wire as small as can be well worked, which may
be left to the judgment of the weaver. If, however, this cannot be had, then
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choose common wire-cloth, 12 wires to the inch or finer. The article

sold at all the hardware shops for window screens is very suitable ; being

already painted thoroughly it requires but a single coat of asphaltum

varnish to fit it for use.

All iron wire must be protected from rust by painting or varnishing in

a most thorough manner. The commonly used material for this purpose

is asphaltum varnish. The so-called parafiine varnish, a coal-tar product,

is much inferior. It is very uneven in quality, but generally dries very

slowly and has a penetrating and disagreeable odor. It is best to have the

wire-cloth cut of the proper size, rolled perfectly flat, and then varnished

with two or three coats on the edges that are to lie against the wooden

fi^me. The rest of the varnishing can be done after the wire is attached

to the frames. Two good coats, very carefully laid on, is the least that

will answer for iron not previously painted, and three coats are much to

be preferred. For nailing to the frames use tinned tacks.

There is, after all, a good deal of trouble in securing a thorough spreading

and adhesion of the, varnish, and it is much to be hoped that some better

material will soon be discovered. I have tried iron wire, tinned after

cutting up, and for a single season it has worlied well ; but I fear the tin

will not be permanent enough. Brass wire, nickel-plated, is admirable

but expensive,—costing about 60 or 70 cents per square foot. For the

present, therefore, iron wire is recommended. There should always be a

surplus of trays, so that if any of those in use are found to rust badly they

can be exchanged for newly varnished ones.

9.—ARRANGING THE TRAYS FOR WORK.

The trays must not be placed on

the bottom of the trough, but on a

support raised a little distance above

the bottom. As it is very desirable

to have the trough as free as possible

from obstructions, it is best to pro-

vide a temporary support for the

trays, like that shown in Figure 8.

Take a long, narrow strip of wood a

quarter of an inch thick and drive Fig. 8.

through it, at proper distances, nails one inch long. Set the points of the

nails a quarter of an inch into the floor of the trough and the top of the strip

will then be three-quarters of an inch above the floor. On two of these sup-

ports, placed at a distance of a quarter or half inch from the sides and run-

ning the whole length of the trough, rest the hatching-trays. Supports

, touching the sides of the trough will not answer, because they form, with
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the trays and the sides, narrow crevices into which the young fish may
wriggle, to the great danger of being crushed to death. After all are

hatched the trays are no longer of service, and the support can then be

taken out without injuring the fish, leaving an unobstructed floor.

Fig. 9-

The trays which rest on the supports just described need no legs. To
use a trough to its full capacity, however, anoflier series of trays, resting on
the first series, is necessary, and sometimes a third series resting on the

Fig, 10.

second. The trays used in these upper series must be provided with legs

half an inch long, obtained by driving four nails into the under side of the

frame. (See Figures 9 and 10.) This keeps the trays half an inch apart,

the proper distance when there is a space of three-quarters or an inch un-

der the lower trays. It is, however, recommended to partially close the

lower space at first by a few movable cleats, which can be removed when
the fish begin to come out of the shell and accumulate on the floor. These

precautions are to guard against a too free flow of water underneath the

trays, where it would at that time be wasted, and perhaps leave a scanty

supply for the eggs above. As a

further precaution, with the same

end in view, if the trays do not fit

the troughs pretty closely they may
be placed obliquely, so that two op-

posite corners will prevent a draft of

Fig. 11. water down the side. (See Fig. 11.)
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10.—CAPACITY OF THE TEOUGHS.
The trays may be placed close together, allowing merely space enough

to admit the fingers when handling them. Each tray should receive a

single layer of eggs. They will count, of Atlantic salmon, about 2,000 per

square foot; of Schoodic salmon, about 1,800, and of California salmon,

about 1,200 per square foot. Allowing for all the waste space, a trough

ten feet long with a single series of trays will hold about 13,000 eggs,*

a very light stock. On two series of trays there would be 26,000 eggs

—

a fair stock—and on three series of trays, 39,000 eggs. The latter num-
ber would give us, after hatching, about 4,300 alevins for every square

foot of trough-floor. With plenty of well-aerated water, a person with

some experience will have no difficulty in bringing as heavy a stock as this

through in safety. Indeed I have known a stock of over 5,000 per square

foot to be brought through without serious loss. If the fish would lie

evenly distributed over the floor there would be no difficulty, but at cer-

tain times they are seized with a perverse inclination to collect together in

heaps, and, if they remain so a long time, those underneath are suiFocated.

Therefore, though it is wonderful how much crowding they will endure,

the novice is advised not to attempt more than two series of trays, or 3,000

fish per square foot of trough.

11.—SCREENS.

If the trough is level there will be no occasion for any dams or barriers

until the eggs are hatched, but, as something of the sort is needed to keep

the alevins well distributed, it is better to provide for it in the beginning.

At regular distances, not more than five nor less than two feet apart, attach

to the opposite sides of the trough pairs of cleats, as if for a dam, such as

has already been described for the outlet. Connect these ojjposite pairs of

cleats by a low cross-piece or sill about half an inch high. As soon as the

fish begin to move about a fine wire screen can be slipped down between

the cleats until it rests upon the cross-piece ; this is shown near the lower

end of the front trough in Figure 5. The screen should not be coarser

than twelve wires to the inch, and finer still will be better. Wherever

dams occur in the trough or at its outlet the fish must be kept away from,

them by similar screens

placed a few inches above

the dams, or by one of

another pattern, shown in

Figure 12, which may be

termed a safety screen.

This form is worthy of

special recommendation. Fig. 13,

61 F
Eggs of Schoodic salmon referred to -when not otherwise specified.
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The water passes through from below upward, and the weight of the fishes

constantly tends to keep them away from it and assists them to clear them-

selves if once drawn against it. If there is a very strong current this is the

only safe screen. It is nothing unusual for young fish to get against an

upright screen and, the current being pretty strong, be unable to get away

from it, and if the screen be too coarse their sacks are often drawn through,

to their almost certain destruction. The safety screen should be sunk an

inch or two below the top of the dam.

12.—TREATMENT OF THE EGGS.

If the foregoing instructions for the erection and fitting of the hatching-

house have been judiciously followed, the task of caring for the eggs and

young fry will not be a very difficult one, but will nevertheless demand

constant alertness.

When eggs are received from other stations, it is important to lose no

time in opening the package and ascertaining their condition. If the eggs

are packed in moss, plunge the bulb of a thermometer into the moss under

several layers of eggs, taking care to admit the least possible amount of

outside air ; cover it up and wait fifteen or twenty minutes, when it can be

examined and the general temperature of the package ascertained pretty

nearly. If it is within six degrees of the temperature of the hatching-

water the eggs may be immediately placed on the hatching-trays. If,

however, the temperature of the moss is six degrees higher or lower than

the hatching-water, it is better to drench the boxes with water of inter-

mediate temperature, several times if the difference be very great, to bring

the eggs gradually to the temperature of the water. After this the sooner

the eggs are placed on the trays the better. If it is impossible to avoid wait-

ing, (over night, for instance,) let the packages stand in a room of safe and

uniform temperature, (hatchmg-house or cellar,) but never let packages of

eggs stand in water. If the eggs are packed in the mode now commonly

adopted, between folds of mosquito net and layers of moss, first remove the

upper moss carefully and then lift them out, a whole layer at a time, on the

cloth on which they lie, and turn them into a pan of water, from which

bits of moss, &c., can be picked out or rinsed oif. An even distribution

of them on the trays will be facilitated by measuring them out in a meas-

ure Tiolding just enough to cover a tray.

Once deposited on the trays the necessary work is comprised in a simple

routine. The dead eggs and fish turn white and must be removed before

they taint the water. It is better, but not essential, to have a table or

sink to do this work on, and a broad shallow square or oblong pan to set

the tray of eggs in while picking, that they may not remain long out of

water. This pan will also be convenient to rinse the eggs in, should they

become very dirty. At any time after the eyes of the embryo become
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black a good deal of rough handling can be practiced without the slight-

est harm, and they can be safely shaken about upon the tray until

thoroughly washed. A pair of tweezers will be needed to pick out the

white eggs, and I would recommend a home-made article, shown in Figure

13, consisting of two pieces of wood tacked together and tipped with

Fig. 13.

wire loops. They are much easier to the hand and altogether better than

metallic tweezers. In water of 46° F. the dead eggs should be removed

daily; at 45°, every two days will answer; at 40°, every three days; at

33°, once a week ; but these are maximum periods and should never be

overstepped.

If the eggs are neglected, the first result is that the dead ones begin to

decay and taint the water, rendering- it unfit for the healthy eggs. In

the next place, if left long enough in the water, the decaying egg is at-

tacked by a fungoid growth, of which the technical name is Achlya pro-

lifera. This is what is commonly termed "fungus," though some writers

have applied the term "fungus" to a totally different plant, a kind of

Conferva or slime, which is either colorless or green, grows in long fine

threads, and where too much light is admitted to the trough multiplies often

to such an extent as to prove a nuisance, but never is troublesome in a dark-

ened trough, and never, so far as known, feeds on animal matter. The

Achlya, on the contrary, feeds on animal matter, and, so far as my own

observations go, always on dead and decaying animal matter, never attack-

ing a living egg. It grows in long white threads which radiate from the

object upon which it is feeding, giving it a woolly appearance. It grows

rapidly, spreads over all surrounding objects, and may do harm to good

eggs by shutting off the circulation of water from them and thus exposing

them to the poisonous exudations from the decaying substance. The

presence of this growth in a hatching-trough is a sure sign of neglect

;

for, if the dead matter is removed before decay sets in, Achlya will never

make its appearance.

The screens and filters must be daily or oftener examined to see that they

are not choked up, for a few hours' stoppage of the flow might have disas-

trous results. If any emergency arises requiring a stoppage of the water for

several hours, before the fish have broken the shell, it can be safely done

if, at the same time, the water be drawn off from the trough, for which

purpose a movable plug should be put in the bottom of every trough.

Eggs are not injured by exposure to the air for however long time, pro-

vided they do not fr«eze nor get too warm nor dry up. But after the fish

are hatched of course this cannot be done.
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The height of the water in the hatching-troughs should be carefully

attended to, so that it be liigh enough to have a current over the upper

trays but not high enough to let the bulk of the water flow over the tops,

depriving the lower layers of their share. If through neglect this rob-

bery takes place, a lot of eggs with white stripes across them will be found

some day, and close examination will show that the trunk of the embryo

in each one is white, opaque, and dead—sure symptoms of suffocation.

The trays must be carefully watched, and those that rust be exchanged

for newly varnished ones. The change is easily made by turning the new

tray bottom up over the eggs, when, by a dexterous movement of the hands,

the two are inverted and the eggs fall upon the new tray. This should be

done over the broad pan, but the knack of doing it with very little

spilling is soon acquired.

Strong light should not be allowed to shine for any great length of time

on the eggs. Total darkness is as good as anything. But if covers are

provided for the troughs, the house may be kept well lighted, and no

harm will come from leaving the covers of a single trough off long enough

to do any necessary work. In examining and picking the eggs, too, they

may be brought into a strong light. But sunshine should never touch them.

13.—TEEATMENT OF THE FISH.

After the eggs are all hatched the trays may be removed from the

troughs. The principal thing to be looked after now is that the fish do

not crowd up in heaps and smother each other. As soon as they begin to

move about a great deal the screens described above should be put in place

to prevent their congregating too much. If it becomes necessary to move

them about in the troughs, to disperse improper gatherings, or to get them

away from a spot that it is desirab]^ to clean, it can be easily done by ineans

of a sweeping board, (Fig. 14.) This

effective implement is simply a thin

board, a little shorter than the width

of the trouQ-h, with the lower corners

cut away as shown, so that they cannot

Fi'Tli.
' touch the sides of the trough and

perchance catch and crush the young fry. It depends for its efficiency on

the fact that if a surface current is created in the trough in any direction

there will be a corresponding bottom current in the opposite direction, and

if this bottom current be moderately strong it will sweep along the young

fish with it. To move the fish down the trough the sweeping board is

placed in about the position shown in the cut and moved up the trough.

If the young fish are to be set free this must be done as soon as the

yolk sack is absorbed, which will be from three weeks to three months after
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they arc hatched, according to the temperature of the water. It is better

to be too early than too late in this matter. For the young fish is well

able to take care of himself, and in fact will sometimes begin to feed some

days before the sack has entirely disappeared, while we know not how
serious may be the result of two or three days' hunger. To remove them

from the trough a scoop nearly as wide as the trough, made of a wooden

frame with a shallow bag of mosquito net attached, after the fashion of

Figure 15, will do good service. If the

troughs are raised above the floor of the

hatching-house the fish can also be drawn

out from the outlets with water into a pail. Fip. m.

It is sometimes desirable to keep fish over night ready for an early

morning start on a journey. This can be accomplished by taking a long

box that nearly fits a hatching-trough, knocking out the €nds and supply-

ing their places with wire-cloth fine enough to hold the fish. When the

time comes to put them into the cans they can be poured in from the box.

When several cans are to be filled the fish for each may be put into a

separate box.

14.—CONCLUSION.

In conclusion it is urged upon every person attempting the management

of spawn and young fish that, however careful the construction of the houses

and fixtures, the necessity for constant watchfulness is not to be escaped.

There is no insurance so good as frequent and careful inspection. Especially

in case of a severe storm or uncommonly cold weather, the attendant should

be on the alert early enough to watch for the coming of danger and avert

it. Nothing must be taken for granted until the establishment has demon-

strated its security. Experience will show how far vigilance can afterward

be safely relaxed.

Another matter that cannot be too strongly urged upon the attention of

fish-culturists is the importance of complete records of all occurrences at the

hatching-house. Not only the receipts of spawn and its condition, the

losses occurring from day to day, and the shipment of young fish should be

promptly, fully, and carefully entered upon the record-book, but the tem-

perature of the air, the temperature, volume, and condition of the water

should be regularly observed and recorded, and occasional notes made
regarding the hatching and behavior of the fish, the presence and progress

of maladies, if any occur, and any other phenomena of importance or

interest. In no other way can the results of experience be so well pre-

served and made available, and it is much to be regretted that it has not

been the practice of all fish-culturists to keep such records.
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XLIV -ON THE NATURE OF THE PECULIAR REDDENING OF
SALTED CODFISH DURING THE SUMMER SEASON.*

By W. G. Farlow, M. D.

Prof. S. F. Baied:
Dear Sir : At your request, I have made an examiuation of codfish

for the purijose of ascertainiug the cause of the peculiar redness which
is found on the dried fish during the hot and damp weather of summer.
The red fish, as is well known, putrefy comparatively quickly, and this

fact, taken in connection with the disagreeable, and, in fishes, unusual

color, renders them unfit for the market, so that, in seasons when the

redness prevails, dealers suffer a loss which is certainly considerable,

although exact statistics with regard to the amount are wanting.

For the purpose of examining fresh material, and in order to make a

personal inspection of the drying apparatus and storehouses, I went to

Gloucester in the beginning of September, 1878, at which date the

weather was hot and damj), and the codfish then being prepared for

market were largely aff'ected by the redness, the cause of which it was
my object to discov^er. With the assistance of Captain Martin, of the

United States Fish Commission, 1 was able not only to procure an abun-

dance of the red fish for study, but also to examine several difierent

buildings used in salting and packiug fish, as well as a schooner which
had just returned from a voyage to the banks.

Before speaking of the immediate cause of the redness, I may say

that all persons of whom I made inquiry agreed in stating that the red-

ness makes its appearance to such an extent as to be troublesome only

during the hot weather, and that it disappears with the return of cool

weather. I ascertained farther that the redness in most cases does not

appear until the fish have been landed from the vessel. In some cases,

however, the fish become red while in the vessel, but this hapjjens only

when the weather has been unusually hot at the time of catching.

A microscopic examination shows that the redness is owing to a very
minute plant, known to botanists by the name of Clathrocystis roseo-

persicina. The plant consists simply of very minute cells filled with red
coloring-matter and imbedded in a mass of slime. The cells, as usually

seen, are arranged without order, but under the most favorable coufli-

tions of observation they are found to be grouped in spheroidal

masses. In relation to the botanical characteristics of the plant noth-

ing more need be said in the present connection. Its development has
been studied by several well-known botanists, who agree in considering

* As observed more particularly at Gloucester, Mass., during the summer of 1878.

9J9
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it Closely related to Clathrocystis aeruginosa^ a common species growing
in fresh-water ponds, which has lately come into public notice in conse-

quence of the so-called ^i^-jpe?i odor which it exhales when decaying.

The ClatJirocystis in question belongs to the lowest group of plants,

the Schizojihytw, many of which are the cause of decomposition or putre-

faction of diiierent animal and vegetable substances. Clathrocystis

roseo-persicina is very widely diffused, being known both in Europe and
America. It is found in summer along our shores, and at times is so

abundant as to cover the ground with a purplish tinge, as one may see

in the marshes near Lynn. It is also known in dissecting-rooms, where
it grows in tubs in which bones are macerating. Wherever found it

does not flourish nor increase rapidly at a temj)erature below 65° Fahr.

The next point to be considered is the manner in which the Clathro-

cystis is communicated to the fish. An examination of several different

packing-houses and the wharves on which the fish are landed showed
that the Clathrocystis was present in large quantities on the wood-work
of all kinds; on walls, floors, and the flakes on which the fish are

laid. How it might have been originally introduced into the build-

ings is a question easily answered when we consider how abundant the

plant is on the marshes in the vicinity of Gloucester. It might have
been brought in on the boots of fishermen, on sea-weed, on grass, or in

other evident ways. Once in the buildings it would grow and increase

on the damp wood-work, which contains usually more or less animal

matter coming from the fish in process of drying. Why the plant is

found at times on board the fishing-vessels themselves admits of expla-

nation in two ways. It will easily be seen that, when it is common in

and around the buildings on the wharves, it would be carried on the

feet of fishermen on board the vessels. But there is also another

reason why it should be found on the vessels. Large quantities of salt

are of course used in packing the fish in the hold of the vessels. The
two kinds of salt most commonly used by the fishermen of Gloucester

are the Cadiz and the Trapani. I procured specimens of both kinds

and submitted them to microscopic analysis. The Cadiz salt has a

slight rose-colored tinge; the Trai)ani is nearly a pure white. The
microscope shows that the reddish color of the Cadiz salt is owing to

the presence in considerable quantities of precisely the same minute
plant which is found in the red fish. The Trapani is a much purer salt,

and the Clathrocystis^ if it is found in it at all, exists in very small

quantities. What must happen then is plain. The Cadiz salt, as it

comes into the hands of fishermen, is akeady impregnated with a con-

siderable quantity of the Clathrocystis. It is sprinkled in large quan-

tities upon the fish as they are packed in the hold of the vessel, and if

the weather is warm enough for the favorable growth of the plant,

which, fortunately for the fishermen, is not the case in this latitude

except for a short period, the fish must inevitably be affected during

the voyage. As soon as the fish are landed, the circumstances are
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much more favorable for the rapid growth of the Clathrocystis. The

temperature is higher, more salt is added, aud the fish are exposed

either iu buildings or on flakes which are themselves more or less covered

by the red plant.

I have endeavored to ascertain whether a similar trouble arising from

the growth of Clathrocystis has been observed in the fisheries of other

countries, but I have not been able to obtain any information on the

subject from the botanists who are best informed in these matters.

Such questions, however, are not often discussed in scientific journals,

and the trouble may perhaps be known to fishermen, although it has

not yet, as far as I know, been called to the attention of scientific men.

In Norway, where the cod-fisheries are of great extent, we might expect

the redness to occur, but we must remember that in the region of Ber-

gen and northwards the temperature is rarely high enough to favor the

rapid growth of Clathrocystis.

Having ascertained the cause of the redness, let us consider the

means of preventing or diminishing the evil. Nature herself, in be-

stowing uijon the New England coast a cold climate, has i)ractically set

a limit to the trouble, and has enabled the inhabitants of our coast to

carry on the business of curing fish with a degree of success which

would be quite impossible in a more southern latitude, no matter how
abundant the fish might be. In attempting to diminish the trouble in

New England, we must bear in mind that the disease, if we may call it

so, is transmitted to the fish from the wood-work and drying-apparatus,

and, in some cases at least, from the salt used. The question, in short,

is how to get rid of the pest already established in our fish-houses.

To speak, in the first place, of the treatment to be pursued in purify-

ing the drying-establishments on shore : The conditions of life of the

Clathrocystis are such that it could be killed by a temperature equal to

that of boiling water, by applications of strong solutions of carbolic

acid, of the mineral acids, &c. As a matter of fact, however, it is very

doubtful whether the api)lication of boiling water or of steam, if pos-

sible, would be serviceable. It is difldcult so to saturate the difierent

parts of a drying-house with boUing water as to be sure that the differ-

ent parts have really been raised to the boiling point. Generally a

great part of the wood-work fails to reach anything like a temperature

of 212° F. The application of carbohc acid, or the mineral acids,

is exi)ensive aud troublesome, aud, unless judiciously managed, the

remedy might prove worse than the disease. What is wanted is some
means so simple that it can be applied without trouble and without

much expense. It is useless to try to eradicate the trouble completely

;

one can only expect to diminish it perceptibly; and for the purpose I

can think of no practical way better than scraping, painting, and fre-

quent washing with hot water. In midsummer the houses used for

curing fish are not always kept as clean as they should be. Unpainted
wood is generally used, and every one knows how difiicult it is, by
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washing, really to clean ^voocl which has been softened by the action of

salt substances. The wood-work of all kinds, floors, walls, &c., should

be thoroughly scraped several times a season. At present this is not

the case, for one sees at Gloucester many gratings on which wood-

mosses (lichens) have begun to grow, and even attained considerable

size, proof positive, to any one who knows how slowly such plants grow,

that no thorough scraping nor cleansing has been attempted for a long

time. I should recommend that everything made of wood used in the

curing should be painted at least once a year with white paint, and that

it should be washed at frequent intervals with hot water. It is easier

to paint than to scrape wood, and wood-work which has been painted

white can be cleansed by washing with hot water with a thoroughness

which is never the case with unpainted wood. Eough, uuplaued wood
should never be used, as the roughnesses are sure to be filled with a

growth of Clathrocystis in course of time. Everything should be smooth

and painted, so as to give as little possible chance for the lodgment of

foreign matter, and so that washing can be surely and quickly accom-

plished. Iron or metallic instruments, of course, should be frequently

washed and scoured, but I am inclined to think that the cleanliness of

these is better cared for than in the case of wood-work.

With regard to the fishing-vessels themselves, apart from the salt

which is used (which will be considered presently), not very much can

be said. They are not generally exposed to as high a temperature as

the wharves and buildings, and in them the Clathrocystis does not often

develop to a marked extent. What has been said about the i^ainting

and scraping of wood-work applies, however, with practical modifica-

tions, to vessels, but, of course, at sea one cannot be as neat as on land.

There remains the important question with relation to the salt used.

As I have before said, I have carefully examined specimens of Cadiz

and Trepani salt, and I have no reason to suppose that the specimens

examined were other than fair samples of what are in general use by
fishermen. Microscopic examination shows conclusively to my mind

that the Trepani is more free from impurities, and that the Cadiz salt

contains a decided amount of the Clathrocystis, which, when communi-

cated to the fish, is so detrimental to its sale. Judging from the exam-

ination which I have made, I should certainly advise the use of Trepani

salt as less likely to produce the redness in the fish themselves. I have

no means of ascertaining how the amount annually saved by using

Cadiz salt instead of Trepani compares with the amount annually lost

by the " red fish." If it is the case that more is saved by the use of

Cadiz salt than is lost by the unmarketableness of " red fish," then, of

course, it will be useless to advise the use of Trepani salt.

I have delayed transmitting to you my report in the hope that Imight

learn something concerning the prevalence of "red fish" in Europe, but

having made numerous inquiries without obtaining any information

having any economical bearing, I present the results at which I have
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arrived from my own examination of the subject, without- being able to

add to it the results of the experience of others. The question, after

all, is one of dollars and cents, but looking at it abstractedly, as I have

been obliged to do, I think that my statement of the cause of the trouble

and of the examination of the two kinds of salt most generally used

should furnish useful hints to those who, from their occuiiatiou, are most

directly interested in the matter.

Yours, respectfully,

W. G. FARLOW.
Cambridge, Mass.,

June 22, 1879.

]^OTE.—With regard to the presence of Clathrocystis roseo-persicina

in salt coming from the Mediterranean, jjerhaps the following may have

some significance : In the Annales des Sciences Naturelles, series 2, vol.

9, p. 112, is an article entitled " Extrait d'un Memoire de M. F. Dunal,

sur les algues qui colorent en rouge certaines eaux des marais salins

Mediterraneens." In this article an attempt is made to explain the

presence of a red substance in the salt works at Villa Franca. M. Dnnal
denies that the redness is owing to the remains of the crustacean Arte-

mia salina, and maintains that the redness is due to a minute plant,

ProtococcKS salinus Dunal, found in the bottom of the tanks. It is not

impossible that the P. salinus of Dunal may be what is now known as

Clathrocystis rosea -persicinia. The development of the last-named spe-

cies has occupied the attention of several botanists and zoologists, and

the reader interested in such matters is referred to Cohn's Beitrtige zur

Biolagie der Pflanzen, vol. 1, i)art 3, p. 157, and to an article on "A
peach-colored Bacterium," by Prof. E. Eay Lankaster, in the Quarterly

Journal of Microscopical Science, vol. 13, new series, p. 408, and to articles

by the same writer in subsequent numbers of the same journal.

Besides the Clathrocystis which was found on the red codfish at Glou-

cester, another form of microscopic plant was observed, which deserves

at least a passing notice. Small colonies of cells, destitute of coloring

matter and arranged in fours, were not unfrequent on the infected codfish.

The absence of color and the arrangement of cells in fours at once

suggests the genus Sarcina, of which 8. ventricuU is found in the fliuids

vomited in certain diseases of the stomach, in the lungs, and occasionally

in other tissues. The species in question, however, differs materially

from S. ventricuU. The individual cells are larger and the colonies are

irregular in outline and not arranged in regular cubes as in S. ventricuU,

nor does the membrane inclosing the cells contain any silicate, as is said

to be the case in that species. Treated with strong acids, as nitric acid,

the cells at once exi)and and soon disintegrate. On seeing the species

on codfish, the first thing that struck me was the strong resemblance

which it bore to Gloeocopsa crepidinnm Thuret, except in the absence of

coloring matter. The Gloeocopsa is common on the wood-work of wharves

at Gloucester near high-water mark, and it might easily have been com-



974 REPORT OF COMMISSIONER OF FISH AND FISHERIES.

mimicated to-the fish. When growing and in good condition, however,

it always has a brownish or yellowish-brown color. The species on cod-

fish was always colorless, and yet it seemed to be alive and in good con-

dition, and I am inclined to reject my first belief that the form was a

discolored Glococopsa crepidinum^ but think it rather an undescribed

species of Sarcina. My stay at Gloucester being short, and having other

things which demanded my attention, I was unable to make any con-

tinued observation on this curious form, which may be described as

follows

:

Sarcina ? morrhu^ n. sp. Cells colorless, cuhoidal, 5-8'^ in diameter,

united in fours and surrounded hy a thin hyaline envelope. Colonies 10-20™

in diameter, formed by division of the cells in three dimensions. Colonies

heaped together in irregularly-shaped, lobulated masses.

Hab.—On putrifying codfish, in company with Clathrocystis roseo-persi-

cina, Gloucester, Mass., September, 1878.
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