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EEPORT

UNITED STATES COMMISSIONER OF FISH AND FISHERIES

FISCAL YEAR ENDING JUNE 30, 1892.

The following report exhibits the work of the Commission during

the year commencing July 1, 1891, aud ending June 30, 1892.

For the current expenses of the work appropriations as follows were

made by Congress

:

Compeusation of Commissioner $5, 000

Propagation of food-fishes 155, 000

Distribution of food-fishes 50, 000

Maintenance of vessels 45, 000

Inquiry resjiectiug food-fishes : 20, 000

Statistical inquiry 20, 000

295, 000

Details of the expenditure of these appropriations were submitted to

Congress December 1, 1892 (Mis. Doc. No. 10, House of Eepresenta-

tives, Fifty-second Congress, second session).

DIVISION OF INQUIRES" RESPECTING FOOD-FISHES.

This division of the Fish Commission is charged with the inquiry into"

the causes of the decrease of food-fishes in the lakes, rivers, and coast

waters of the United States, the study of the waters of the interior in

the interest of fish-culture, and the investigation of the fishing-grounds

of the Atlantic, Pacific, and Gulf coasts, with the view of determining

their food resources and thus directing and promoting the development

of the commercial fisheries.

The responsible direction of the work has continued, as heretofore,

under Mr. Eichard Rathbun, the assistant in charge. A review of the

more important operations of the year will indicate how important and

diversified are the duties which devolve upon him, and how diligent

and capable has been his administration.
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VIII REPORT OF COMMISSIONER OF FISH AND FISHERIES.

Ou the Pacific coast the principal investigation related to the fur-

seal fishery of the North Pacific Ocean and Bering Sea. The informa-

tion sought was the ascertainment of other, if any, hauling-grounds for

the seals ou the Alaska coast than those of the Pribilof Islands, the

relations that miglit exist between the American and Asiatic herds,

and a knowledge of the pelagic habits of these animals. These inquiries

were conducted for use in connection with the preparation of the Ber-

ing Sea case before the proposed Tribunal of Arbitration at Paris.

By direction of the President, on July 9, 1891, the steamer Albatross

was ijlaced at the disposition of the agents of the Government detailed

to visit the seal islands, Doctors T. C. Mendenhall and C. Hart Mer-

riam. The ship sailed ttom San Francisco July 16 and did not return

till toward the close of the following month, too late to permit her

return to northern waters to prosecute the intended inquiries, and they

were deferred till the middle of March, 1892, when they were taken up

under the nominal direction of tlie Secretary of the Treasury, the

instructions, however, emanating from the State Department and the

Fish Commission. A general outline of the information gained, as also

of the cruise of the vessel, will be found in the accompanying report

of Mr. Kathbun.

Upon the return of the Albatross to the United States on August 22,

1891, she was occupied in an investigation of the fishery resources of

Puget Sound and the Strait of Juan de Fuca and in some incidental

fishing and dredging trials till September 18, from which date till the

following March she was transferred to the direction of the Secretary

of the Navy for use in the determination of a practicable route for a

telegraphic cable between San Francisco and Honolulu, as provided by

the act of Congress approved March 3, 1891.

On the Atlantic coast the principal work of the divisionwas an investi-

gation, through the agency of the schooner Gramjms, of the distribu-

tion and abundance of fishes in Cbesapeake Bay and adjacent waters,

and the conduct of inquiries off the southern coast of New England

for the purpose of determining the physical characteristics of the belt

of water bordering the coast through which, in their seasonal migra-

tions north and south, so many important fishes pass, the changes

wiiich occur therein, and the causes for such changes. A large part of

the year was spent by the steamer Fish IlaivJc in the delineation of the

oyster-grounds of Chesapeake Bay and the determination of their con-

dition, with a view of ascertaining the possibilities of increasing the

product of this moUusk.

Through arrangements made with Dr. John A. Eyder, experiments

were conducted at Sea Isle City, N. J., for the purpose of determining

some practical system for the collection of oyster si)at so as to permit

the utilization of areas of muddy bottom not suitable for oyster-planting

by methods now employed. The study of the food of oysters, and of

the relations of oysteis to their environment in that respect, was con-
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ducted near Hampton, Va., by Dr. Jolin P. Lotsy, of the Johns Hopkins

University.

Toward the close of the last fiscal year arrangements were made
with Dr. Bashford Dean, of Columbia College, New York, to investigate

the systems of oyster-culture pursued in France and other European

countries. The reports on these inquiries have appeared in the bulletin

of the Commission under the titles "Report on the Present Methods

of Oyster-Culture in France," and '"Eeport on the European Methods

of Oyster-Culture."

The more important investigations of the Commission at the Woods
Holl Marine Laboratory were in relation to

—

(1) The embryology of certain sponges indigenous to the Vineyard

Sound region, which are themselves of no economic importance, but

are related in their development and habits to the more important

forms of the Gulf coast—by Dr. H. Y. Wilson.

(2) The anatomy, embryology, and habits of certain important crus-

taceans and mollusks—by Profs. Patten, Herrick, Fernald, Kellogg,

and Conkliu.

(3) Continuous observations through the entire year by Mr. Vinal N.

Edwards in reference to the habits, abundance, and movements of the

important fishes of the New England coast, and the temperature

conditioDS existing and influencing their movements. The most inter-

esting result of his observations for the current year was that the

menhaden, in part at least, is an inshore spawner. The observations as

yet are too few in number and over too small an area to warrant any

general conclusions, but if more extended and continued observations

disclose that this habit is general for the species, the necessity of reg-

ulation of the menhaden fishery by reasonable restraints will be as

evident and imi)erative as for the shad and other anadromous species.

In connection with the general study of the interior waters, special

attention was given during the year to the Rocky Mountain region of

Montana and Wyoming, and of Texas, with the view of determining, in

accordance with the special directions of Congress, suitable sites for

the location of fish-hatcheries. Inquiries were also made concerning

some of the water-courses of Ohio, Indiana, Kentucky, Tennessee, North

Carolina, New York, and Wisconsin. Incidentally, in the work of this

division, an investigation, in response to complaints, was made of the

pollution of the Susquehanna River near Havre de Grace, Md., pro-

duced by the overflow of the waste liquors from a large mill manufac-

turing paper from wood pulp.

At the various rearing-stations of the Commission the amount of

their product has been from time to time greatly affected by the pres-

ence of disease caused both by peculiar conditions of surroundings and

by parasitic animals. Several special cases received the attention of

the division during the year, and investigations looking toward a com-

I)rehensive study of the subject, on which successful fish-culture so

greatly depends, have been inaugurated.



X REPORT OF COMMISSIONER OF FISH AND FISHERIES.

In the prosecution of its investigations tliis division has had the able

assistance of a number of gentlemen connected witli oui- colleges and
other institutions of learning, to whom acknowledgment is hereby

made by the Counnissiouer. The names of these gentlemen, and the

special inquiries on wliich they were engaged, as also the fuller details

of the work of the division, will be found in the accompanying report

of the assistant in charge.

DIVISION OF STATISTICS AND METHODS OF THE FISHERIES.

During the fiscal year 1892 the workof tliis division continued under

the general direction of Mr. J. W. Collins, assistant in charge, lie

having been designated by me as the representative of the Commission
on the Government Board of Control of the World's Columbian Expo-

sition, and his new duties requiring and receiving most of his atten-

tion, the immediate direction of the work of the divi.sion devolved upon
Mr. Hugh M. Smith, principal assistant. His report of operations

for the year is api)ended to and constitutes a part of the report of the

Commissioner. A brief summary of the more important features of*

the year's work in this division is here given.

This division is charged by law with the study of the methods, rela.

tions, and statistics of the fisheries with a view to their improvement;

the study of the resources of the fishing-groundsof the Atlantic, Gulf,

and Pacific coasts, and the determination of methods for the develop-

ment of the same; the collection and compilation of the statistics of

the fisheries of all portions of the United States, including persons

employed, capital invested, and quantity and value of products, and
the preparation of reports relating to the inquiry.

The geographical scope of the field investigations of the commercial

fisheries undertaken by the division during the year had reference to

the work accomplished during the two preceding years, when the

attention of the office was directed to the New England, South Atlan-

tic, Gulf, and Pacific States. The fisheries of the Great Lakes had not

been canvassed since 1885, and no complete study of the fishing indus-

try of the Middle Atlantic States had been made since 1888; audit
was, therefore, in these sections that the field force was placed. The
regular inquiries heretofore conducted at Boston and Gloucester were
continued.

The canvass of the fisheries of the Great Lakes i)laced the office in

possession of interesting and useful data, showing the condition of the

industry in the calendar year 1890 and permitting the institution of

important comparisons with 1880 and 1885. A full synopsis of the

results of the investigation is given in the appended report of the

division, and the complete report on the lake fisheries will be found in

the appeiulix (pp. .'^(51-4:59).

The fisheries of the Great Lakes haA'c from an early date attracted

much attention, not only in the States directly bordering thereon, but
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throughout the country. The general interest which has been mani-
fested has been due to the great extent of the industry, the dissimi-
larity of the fishes from those taken in other regions, the important
fish-cultural operations which have there been carried on, and the
probability of a more speedy and complete impairment of the supply
by overfishing than would be possible in the case of fisheries prose-
cuted in the open sea.

This Commission has endeavored to keep well informed regarding
the condition of the lake fisheries. In 1885 the thorough canvass
made by the office disclosed a very satisfactory state of the industry,
the output of the commercial fisheries in that year probably being
larger than during any previous year. Several minor special studies
were also undertaken in the lake region in the years intervening
between 1885 and the next general canvass in 1891.

The results of the inquiries conducted during the year show that,

taking the entire region into consideration, 9,738 persons were directly

employed in the industry, $5,420,778 was invested, and the value of the
catch was $2,471,768. The yield of the principal species was as follows

:

Whitefish, 12,401,335 pounds; lake trout, 12,890,441 pounds; sturgeon,
4,289,759 pounds; lake herring, 48,753,349 pounds; other fish, 35,563,647
pounds.

General comparisons for the entire region show that in 1890 the
number of persons employed, the amount of capital invested, and the
quantity and value of the catch were greater than in 1880, while the
number of fishermen and the value of the catch were less than in

1885, although the investment was considerably larger.

A knowledge of the variations which have occurred in the abundance
of the principal fishes, as determined by the catcli, is of great impor-
tance in shajjing legislation and applying fish-cultural methods for the
maintenance of the supply. Whitefish, which in 1880 were taken in

larger quantities than any other species, were surpassed in 1890 by lake
trout and lake herring; the decrease in the output was 43 per cent
between 1880 and 1890, and 30 per cent between 1885 and 1890. The
catch of lake trout increased to only a slight extent since 1885, but was
almost twice as large as in 1880. The yield of sturgeon has exhibited
a steady decrease, which was especially marked in the last five years.
The most noticeable change has been the catch of minor whitefishes,

usually classed under the general name lake herring, of which the cisco

(
Goregonus artedi) is the type. From the second place, which these fish

occupied in 1880, they advanced to first in 1885, and maintained the
same relative rank in 1890, becoming, at the same time, the most valu-
able of the lake fishes. The aggregate production of all other species

was about the same in 1890 as in 1885, and was somewhat more than
double that in 1880.

The general increases and decreases which have occurred in the yield

of the different fishes must not be regarded wholly from the standpoint
of abundance, but should be interpreted in connection with the special
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conditions prevailing in eacb lake, among wlii(;li may be noted variations

in the amonnt of apparatus used and the transler of fishing operations

from one lake to another or from American to Canadian waters in the

same lake.

During the fiscal year 1892 the field investigations in the Middle

Atlantic States were, on account of the small force available for such

duty, confined to the basin of the Chesapeake Bay and to the adjoining

ocean shores of Maryland and Virginia. The extent of the fisheries

prosecuted in this region justified the very complete inquiries made,

and fully warranted the exi)euditure of the time necessary to study

the statistics and methods of the industry in all the tributary streams

of the region to the limits of economic fishing. This basin is the most

productive inland fishing-ground in the country, if not in the world;

the quantity of products withdrawn from it annualty is enormous, and

the value to the fishermen is over $10,000,000, or more than one-fifth

that of the fisheries of the entire country, while the number of persons

immediately connected with the industry is about 65,000 and the capital

invested is nearly $10,500,000.

An interesting question comes up in connection with the considera-

tion of the fisheries of this region: In view of the enormous annual

drain on the fishery resources, what is their present condition com-

pared with any earlier year for Avhich data are available, and is the

supply apparently being maintained? Since 1880, an increase has

occurred in the fishing x)oi)ulation amounting to over 18,000 persons,

of whom two-thirds are fishermen proper and one-third shore employes.

A corresponding advance has taken place in the amount of the

invested capital aggregating over $2,250,000, the increase represent-

ing the use of larger numbers of boats and practically every form of

fishing appliances. Especially worthy of comment is the remarkable

augmentation in the number of pound nets operated, indicating a ten-

dency to substitute this more modern class of apparatus for the less

effective means of capture that formerly prevailed.

The increase in fishing population and apparatus would naturally be

expected to produce an augmented yield, provided the supply had not

been seriously impaired by overfishing. The returns show a general

advance in output commensurate with the increases noted. The aggre-

gate increase in the value of the yield is about $3,274,000, or nearly 50

per cent, a sum in which most of the important products are repre-

sented.

Foremost among the fishery resources of this region is the oyster,

the value of which is about four-fifths that of the entire fishery output.

The conservation of the oyster suj^ply is a question that has received

great attention, and the anticipation of a serious reduction in the

output under existing methods is borne out by the data at hand.

Notwithstanding an increase of nearly 10,000 oyster fishermen and

$1,800,000 in the capital devoted to the oyster industry, the yield of

oysters diminished over 1,500,000 bushels, although the market value
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of the output was considerably greater, the average price increasing

as a result of the comparative scarcity. It is hoped that the States

immediately interested in this industry will adopt such measures as

will not only secure the preservation of this important natural resource,

but will permit an expansion of the fishing operations and ultimately

an increased production.

The inquiries conducted by local agents at Boston and Gloucester,

Mass., referred to in my x^revious reports, have been continued. The
detailed study of the fisheries centering at these cities is warranted by
the great importance of the industry. The investigations cover the

operations of a large proportion of the offshore fishing fleet of IsTew

England, and the information obtained has a permanent value in per-

mitting the institution of comparisons by which the condition of these

important fisheries from time to time may be clearly judged.

The work at Boston has been efficiently performed by Mr. F. F.

Dimick, who has unusual opportunities for collecting data by reason

of his wide acquaintance with the fishermen and his jjosition as secretary

of the Boston fish bureau. At Gloucester, Capt. S. J. Martin, a retired

vessel fisherman of extended experience, has rendered very satisfactory

service.

The quantities of fish landed at Boston by American fishing vessels

in 1891 was about 70,000,000 pounds, having a value to the fishermen

of $1,840,000. The fish most largely represented in the receipts is the

haddock, of which over 33,000,000 pounds, valued at $824,000, were
landed. Of cod, the next important fish, 16,055,000 pounds, worth

$548,000, were brought in.

The receipts of fish at Gloucester directly from fishing vessels are

larger than at Boston ; they consist chiefly of salt fish, while the fares

landed at Boston are practically all fresh. In 1891, about 77,000,000

pounds of fish, valued at $2,785,000, were taken to Gloucester by the

American fishing fleet. Of this amount, fresh and salt cod constituted

over 44,000,000 pounds, worth $1,563,000.

During the year the consideration of the fisheries of the international

lakes attracted much attention, and the. agitation of the subject finally

resulted in a series of meetings in New York and Canada, at which rep-

resentatives from the provinces of Ontario and Quebec and most of the

States bordering on the Great Lakes were present. In October, 1891,

a preliminary meeting was held in ITew York City, which was attended

by special commissioners from the Canadian provinces and the State of

New York, and by other persons interested in the lake fisheries. The
meeting was presided over by Hon. Eobert B. Eoosevelt. The object of

the conferences was stated to be the protection, preservation, and i>ropa-

gation of food-fish in the Great Lakes, and a committee was appointed

to meet at Eochester, N. Y., in November, and formulate a report for

presentation to a full conference of Canadian and State representatives

to be called later. At the Eochester meeting. Gen. Eichard TJ. Sher-

man acted as chairman. The lake fisheries were fully considered, and
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rccouiineudation.s for submission to the full meeting' were determined on.

The final conference was held at Hamilton, Ontario, in December, and

was presided over by Hon. Donald MclS aughton. The recommendations

of the Rochester session were affirmed, and the meeting adjourned witlji

the understanding that similar conferences would be called each year

if the condition of the lake fisheries warranted attention. At all these

meetings this Commission was represented by Dr. Smith, to whose

detailed account of the conferences reference is made.

A number of reports and special papers emanating from this division

and germane to its work were issued during the year. Some of these

were general in their scope, and some related to special subjects.

There is a very active demand among the commercial fishing interests

for papers of this class, and the Commission endeavors to make as

judicious an allotment of such publications as the limited supply will

permit; in the case of several of the more important reports, extra

editions were required to satisfy the calls on the office.

The accompanying report of the assistant contains notes on the con-

dition of some of the more promiiumt comnunTial fisheries and on some

conspicuous events that transpired in connection with the fishing

industry during the year. The special branches or subjects referred to

comprise the great ocean fisheries for cod, haddock, halibut, and other

ground fish; the mackerel fishery; the Pacific salmon industry; the

whale fishery; the fur-seal fishery; the lobster fishery; the oyster

fishery; improvements in fishing vessels; the attempt to establish a

beam-trawl fishery on the New England coast; the Newfoundland

bait question; inauguration of red-snapper fishing on offshore banks

in the Gulf of Mexico.

DIVISION OF FISH-CULTURE.

The control and direction of the work of this division was retained

by the Commissioner. During the year the following stations were

operated

:

1. Schoodic, Me
2. Craig Brook, Me. '

3. Green Lake, Me.

4. Gloucester, Masa.

5. Woods Holl, Mass.

6. Cold Spring Harbor, N. Y.

7. Delaware River (atesuxxeT Fish Hawlc)

.

8. Battery Island, Md.

9. Bryan Point, Md.

10. Central Station, Washington. D. C.

11. Fish Ponds, Washington, 1). C.

12. Wytheville, Va.

13. Put-in Bay, Ohio.

14. Northville, Mich,

15. Alpena, Mich.

16. Duhith, Minn.

17. Quincy, m.
18. Neosho, Mo.

19. Leadville, Colo.

20. Baird, Cal.

21. Fort Gaston, Cal.

22. Clackamas, Oreg.
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Summary of fish furnished for distribution, July 1, 1S91, to June SO, 1892.

Source of supply.
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DISTRIBUTION OF FOOD-FISHES.

The distributiou duriiij;- the year is shown by the following table:

• Summary of dtsfribution, 1S91-92.

Species. Eggs. Fry.
Adults and
yearlings.

Total.

Catfish {letalurvs punctattit and Ammtrus albidus,

chioti.v).

('arp (
(ji/prinus carpio)

Ti'iicli ( Tinea tinea)
(ioldiMi iile ildxis melanotus)
Goldtisli ( Carangiits auratus)
Sliad (Ciujiea DapidiKsima)
Qiiinnat salmon ( Oiicurhynchxts chovicha)
Atlantic salmon (Salmo salar)

Landlocked salmon (Salmo salar, var. sebago)
Loch Levon trout (Salmo li'retienns)

Kainbow trout (Sabno iridvun)

Yon Hi'hr or brown trout (Snlmn/arin)
Black-sj)otttMl trout (Siilnio inj/k-iss)

Brook trout (Salrfliinm foiifinalis)

Lake trout (Salrfii/nis iia iimi/CKsh)

Wliitelish {<Ajrciioni(.f clKjui/ormis)
Lake hcrrini; (('(ircgnnun artcdi)

Yellow ]ii'ri,'li ( I'irca jlmn'xci'iis)

I'ike ptMvli (Slizoxtedioii vilrcwn)
Sea bass (Scrranxis atrarius) ,

AV'liitc liass (lioceus eh ri/sops)

Black liass (Micropterns salmoides and Jf. dolomieu) .

Crappio (Fomoxis annnlaris and P. sparoides)
Rock bass (^1 in hloplites rupestris)

Suntisli (LejJOinis)

Pike (Lucius lucitis)

Scnp iStenotomus chrysops)
Cod ( Oadus morrhiia) ,

Pollock ( Pollaclmis virens)

Flatfish (Psevdoplevrdnfcti's aynericamis)
Lobster (Homarus americanus)

2, 497, 000

2, 9l>2, 000
450, 000
232, 000
iio,r.oo

140, 000
80, 500

66, 927, 000
1,647,900

68, 692

41,978

10, 500
nOO, 500

20, 800, 000
480, Olio

44, 4()7, 000

262, 500

4,326

157, 093
35, 592
2,186

20, 651

1, 000, 000
30, 870

254, 232
163, 163
14, 579
54, 734
60, 179

18, 000

58, 969
43, 864

45, 000, OCO 49, 300, 000
200, 000

29, 950
100

Total 75,887,000 228,008,070

2, 764, 000

35, 000
52, 795, 500
2, 473, 500
3, 510, 000

5, 799, 000

1,946
19, 753
6,311

26, 2118

9, 0114

1,966

4,326

157, 093
35,592
2,186

20, 651
70, 424, OUO
4, 580, 770

704, 232
463, 855
125, 079
194, 734
191, 657
18, 000
69, 469

1,424,364
65, 267, 000

262, 500
29. 950

94, 300, 1 00
200, 000

1,946
19, 753
6.311

26, 208
9,604
1,966

35, 000
52, 795, .500

2, 473, 500
6. 274, 000
5, 799, 000

2, 023, 276 305, 918, 346

Note.—In addition to the foregoing there were furnished for distribution, but lost in transit, during

the year 1891-92, fry, as follows : Shad, 1,442,000: Whitefisb, 10,000; Pike Perch, 8,300,000; .also adnlts

and yearlings as follows: (Cattish, 128; Carp, 1,915; Tench, 428; Golden Ido, 327 : Goldtish, 300; Quin-

nat Salmon, 30 ; Landlocked Salmon, 5,000; Loch Levon Trout, 65; Rainbow Trout, 6,279; A'on Behr

Trout, 3,111; Brook Trout, 617; Lake Trout, 1,858; Yellow Perch, 2,698; White Bass, 167; Black

Bass, 1,627; Crappie, 243; Rock Bass, 4,838; Pike, 62, and Sunli.sh, 618.

There were also deposited for rearing and distribution 1,980,000 shad fry in the United States fish

ponds, Washington, D. C, and 700,000 in the United States lish ponds at Neosho, Mo., and the follow-

ing adult and yearling fish were collected from the sloughs and planted in the Illinois River, near

Meredosia, 111.: Catfish, 250,000; WhitoBass, 15,000; Carp, 5,000; Buffalo, 20,000; Yellow Perch, 35,000;

Crappie, 5,000; but none of these figures is included in the above table.
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STATION REPORTS.

ScHOODic Station, Maine (Charles G. Atkins, Supeiuktendent).

The work at Grand Lake Stream during this year was couducted
jointly Avith the Maine State Fish Commission, the immediate charge
of the station being placed under Mr. W, O. Buck.

The 50,000 fry of the landlocked salmon held from June, 1891, for

rearing, were counted and weighed during the first half of October, and
liberated in Grand Lake. There were found to be 42,184, showing a
total loss for the season of a little over 15 per cent, and their weight
was 204,625 pounds, or an average of 7.7G ounces per hundred.

The capture of adult salmon for spawning was begun in October, the

first fish being taken October 25, but no ripe females were found until

November 3. Notwithstanding this unusually late start, the last ripe

fish was obtaiaed on November 23, about the usual date. In all, 579

fish were captured, 380 being females and 199 males. The males aver-

aged 20.1 inches in length, with a weight of 3.23 pounds; the females,

19.9 inches in length, with a weight of 3.29 pounds.

The total number of eggs taken was 027,937, the product of 351 fish,

or an average of about 1,785 eggs to each. The losses in these eggs
up to the time of division amounted to 131,887, leaving available 496,050,

of which 100,000 were allotted to the State of Maine and 396,050 to the

TJ. S. Fish Commission. Of these latter, 119,050 were reserved for Grand
Lake, in which 68,692 fry were liberated between June 11 and 18, 1892,

at the end of the sac stage and 50,000 fry held beyond the year for

rearing. The loss during June in the 50,000 fry retained was 159.

The following table shows the distribution of the 277,000 eggs and
other information connected therewith:

Consignee.
No. of Date of

shipment.
Eeaclied

destination.
Condition. Loss.

U. S. Fisli Commission stations

:

Crai^t Brooli, Maine
Cla<kamas, Oregon

State finli commissions:
Vermont, Roxljury
New Hampshire, Plymouth
New York, Caledonia
Minnesota, St. Paul
Nevada, Carson City
California, San Francisco

Wihnnrt Cluh, Newton Corners, N. T. .

<

Tuxedo Club, Tuxedo Park, N. Y
A. N. Cheney, Glens Falls, N. Y
Blooming Grove Park Association, Glen
Eyre, Pa

Mexican Government, Mexico City
W. P. Greenoiigk, Lachevrotiere, Canada
H. B. W. Whitmore, Bridgeworth, Eng-
land

25, 000
20, 000

20, 000
17,000
1.5, 000
15. 000
25, 000
30, 000
25, 000
5, 000

10, 000
10, 000

10, 000
25, OUO
10, 000

15, 000

Feb. 23, 1892
Feb. 29, 1892

-...do
....do
....do
....do
....do
....do
....do
Mar. 14, lft92

Feb. 29, 1892
....do

.do
-do
.do

Feb. 23, 1892

Feb. 25,1892
Mar. 10, 1892

Mar. 2,

Mar. 1,

Mar. 2,

Mar. 4,

Mar. 7,

Mar. 8,

Mar. 3,

Mar. 19,

Mar. 2,

Mar. 3,

1892
1892
1892
1892
1892
1892
1892
1892
1892
1892

....do
JSIar. 10, 1892
Mar. 6,1892

Mar. 7,1892

Excellent.
Bad

Good
...do
...do

. . . -do

....do
...do
Fine..
Good ,

...do ,

...do.

...do .,

Warm .

Good ..

51
20, 000

10

47
43
40
80

173
3.5

14
34

33
,760

18

. .do No report.

E 92- -II
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Ckaig Bkook Station, Maixk (Charle.s G. Atkins, Supekintendent).

In the report for tlie previous year reference is made to the com-

inencoment of the building of a superinteudeiit's dwelling, under con-

tract dated March 5, 1801. This building was completed in the fall

and accepted from the contractor October 3. The other construction

work was the building of two capacious filters, one for the water sup-

plying the south ponds, and the other for the north stand of rearing

troughs and the ponds connected with it; the construction of an aque-

duct 800 feet long, to supply the superintendent's dwelling; the under-

pinning of the west eiul of the stable; the building of a winter road

down the hill near the north stand of troughs, and the grading of the

grounds near the dwelling.

The following table presents the results of the eggs of the different

kinds, of salmon and trout brought over from the previous year, ending

June 30, 1891

:

Kind.



REPORT OF COMMISSIONER OF FISH AND FISHERIES. XIX

The following exhibits the disposition of reared fisli during the year:

Kind.

Atlantic salmon ...

Do
Do

Do
Landlocked salmon

Do
Do
Do
Do
Do
Do
Do
Do
Do

Brook trout
Do
Do

Rainbow trout
Von Belir trout . - .

.

Swiss lake trout . .

.

Loch Leven trout.

.

Do
Do

When
hatched.

1891
1891
1891

1890
1891
1891
1891
1890
1890
1889
1889
1888
1888

1888-89
1891
18i)l

1889
1889
1891
1890
1891
1891
1890

"When liberated. Number,

Oct. and Nov., 1891..

Mar. and Apr., 1892.

Oct. and Nov., 1891.

.

Apr., 1892
Oct., 1891
Apr., 1892
...do ....

...do ....

...do ....

...do ....

...do ....

...do

...do ....

...do -.--

Dec, 1891
Apr., 1892
...do
...do
...do ....

...do
Oct., 1891
Dec, 1891
Apr., 1892

158, 584

15, 552
80, 064

?,2

7,401
5G:J

1,499
343
29
2

14
28
9

91
1,352

198
127
105
098
45

6,002
4,522
411

277,671

Waters in which placed.

Tributaries of Penobscot River.
Do.

Tributaries of Penobscot River and
other waters, by Maine Fish Com-
mission.

Alamoosook Lake.
Toddy Pond, Orland, Me.

Do.
Burnt Land Pond, Deer Isle.

Toddy Pond.
Craig Pond, Orland..

Do.
Toddy Pond, Orland.
Craiu; Pond, Orland.
Toddy Pond, Orland.

'Do.
Craig Pond, Orland.
Alamoosook Lake, Orland.
Craig Pond, Orland.
Heart Pond, Orl«nd.
Toddy Pond, Orland.

'Do.
Do.
Do.
Do,

Atlantic salmon.—Adult salmon w^ere collected between June 1 and

8, 1891, and 267 safely confined in the inclosure at Dead Brook. For'

the first time in the history of the station, a steamer was employed in

collecting the fish, and the work was so facilitated as to permit of its

completion and the inclosing of the fish in eight days. The steamer

being able to make daily trips, the necessity of keeping the salmon in

the cars from day to day, as was usual in previous years, was avoided.

Whether from this cause, or from the coolness of the water at the time

of collection, but a single fish was lost in transit, and the loss in those

confined up to the spawning season was but 42. Of the 225 surviving

fish, 137 were females, which yielded 1,203,285 eggs.

These eggs were placed in the hatchery between October 24 and
November 25. They, however, proved to be of inferior quality, and the
ratio of impregnation was lower than ever before at this station. To
February, 1S92, the time of division and shipment, the losses aggregated

331,835, of which probably not less than 250,000 were from lack of

impregnation. No clue as to the cause of the trouble was discovered.

The remaining eggs, 871,450, were divided between the United (States

and the Maine fish commissioners on the basis of their respective con-

tributions towards the payment for the adult fish, 550,000 being

assigned to the former and 321,450 to the latter.

The Maine Commission subsequently presented to the United States

200,000 of the eggs allotted them, thus increasing the share of the

United States to 750,000. Of these eggs, 300,000 were assigned to the

Pennsylvania Fish Commission, 150,000 being sent to each of the

hatcheries at Corry and Allentown, and 150,000 to the New York Fish

Commission, which were sent to their hatchery at Cold Spring Harbor.
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The balance, togetlier witli 12,784 eji'.us obtained from salmon which

had been artificially landlocl^ed at the station, were retained for hatch-

ing. When about midway in the sac stage (the latter part of April)

they were attacked by an epidemic that continued for several weeks,

destroying almost the entire stock, and leaving at the beginning of the

feeding season, about Jnne 1, but 3,87'!: fry, and these far from healthy.

The disease appeared to be of the same character that visited the sta-

tion two years ago. The other kinds of fish at the station escaped the

ej)idemic wholly and appeared as thrifty as usual, with the exception

of the brook trout, of which about 37 per cent perished in May and
June of what appeared to be a distinct disease.

Brook trout.—The taking of the eggs of this species was carried

on during October and November, the total number secured being

83,0G8, of which 78,191 were obtained from the breeding stock at the

station, and 4,877 in the vicinity of the Schoodic Station at Grand Lake
stream. Eeference to the ei^idemic which attacked them in the spring

following has been heretofore made.

Landlocled salmon.—On February 25 was received the consignment

of 25,000 eggs of this species transferred from the Schoodic Station, the

number of eggs lost in transfer being only 51.

Whitcjlsh {Coregonus labradoricus).—In February there were received

from Schoodic Station 1,845 eggs of this whitefish, known as Musquaw
Eiver whitefish and as "whiting," which were placed in the hatcheiy.

From the eggs of the kinds of fishes obtained during this year, fry,

for rearing, were secured as follows

:

Atlantic salmon (measured) 305, 353

Landlocked salmon (counted) 20, 070

Brook trout (counted) 68, 107

Whitclish (counted) 1, 803

Owing to causes already mentioned this number Avas greatly reduced,

so that at the commencement of the feeding stage they aggregated

—

Atlantic salmon 3, STi

Landlocked salmon 19, 740

Brook trout 50, 773

Whitefish 767

At the close of the year the complete stock of fish at the station was
as follows

:

Kinds.
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Preparatory to the work of the following year, in the i)ropagation of

the Atlantic salmon, adult lish were purchased conjointly with the

Maine Fish Commission, and impounded at Dead Brook. As in the

previous season, use was made of a steamer in their collection, but the

work was longer protracted. The number of fish secured was 222, of

which 19 were lost during transfer, owing to the hot weather; and by

the close of the year there was a further loss of 12.

Green Lake Station, Maine (H. H. Buck, Superintendent).

. The water-supply liume, contracted for toward the close of the last

fiscal year, was completed and accepted by the end of September, and

tlie hatchery and dwelling-house by the end of the following mouth.

During October the troughs and other apparatus in use at Mann
Brook were transferred to the new station. Two of the temporary

dwellings at Mann Brook were taken down and the material used in

the construction of a temporary ice-house.

The other work under the appropriation for the establishment of the

station consisted in graveling the banks of tlie reservoir, laying out

roads, grading the gnmnds, improving the old buildings on the prop-

erty, and constructing troughs and other apparatus required for the use

of the station. A conduit was also laid under the south reservoir pond

so as to permit the water to be run directly from the flume to the sup-

ply pipe leading into the hatchery, for the purpose of insuring a supply

of clear water when the reservoir is muddy from storms, and also to

insure a lower temperature of the water during hot weather.

Pending the comi^letion of the hatchery and o'ther constructions at

the station, the use of the temporary station at Mann Brook was con-

tinued. At the beginning of the year the fry of the landlocked salmon

kept for rearing from the previous season were estin)ated at 120,000.

A good proportion of these were successfully carried through the sum-

mer to the fall, when they were distributed, with the exception of 4,000,

which were retained tlirough the winter in troughs, and in the follow-

ing spring placed in the reservoir ponds at Great Brook, where their

growth was rapid. Of those distributed, 20,000 were delivered in

November to car No. 3 for planting in Vermont waters, the loss en route

being estimated at 5,000. The remainder, estimated at 80,000, were

planted during the latter part of October; 16,000 being placed in Patten

Pond, Ellsworth, and 64,000 in Green Lake and its tributaries, princi-

pally Great Brook.

In the month of October preparations were made at Great Brook for

the capture and impounding of spawning fish, the first fish being cap-

tured October 18 and the last November 18. The taking of eggs began

November 5 and ended November 19, 148,000 being secured. Ninety-

one fish were handled, 45 of which were females. Attempts were also

made to secure spawning fish at the other inlets of the lake by means

of net pounds, but withoufsuccess; nor was any evidence obtained of

the spawning of the fish at any other i)la<'e on the lake than Great
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Brook. The o<xos coiiiiiKMK'cd to lintoli tlie beiiimiiiiii- of tlie folldwing

April and concliulod Ai)ril L'l*. Tlie clevelopineiit and liatcLing of the

eggs were carried on at the new hatchery under considerable incon-

venience, owing to the lack of its iiennanent interior fittings, as also

to the presence in the water sn])[>]y of line clay sediment from the new
reservoir ponds. All were safely carried thr<mgh the winter, however,

and hatched without unusual loss.

In January, 1802, 50,000 eggs each of the Loch Leven and Von liehr

trouts were received from the Northville Station in good condition and

placed in troughs. These finished hatching on April 7. On the 28th

of May an unusual mortality occurred among them. The loss had been

large for two weeks, and was first supposed to be due to the fact that

the fry (of the A^on Behr trout) were weak and puny. The landlocked

salmon, however, which were an unusually fine and vigorous lot and

ate well, suffered in like manner, and the cause was therefore ascribed

to the high temperature of the water—08° and 69° F.—and also to its

I)assage through a closed flume which prevented its sufficient aeration.

The fish on hand at the close of the year were estimated to be—land-

locked salmon, 00,000 j Loch Leven trout, 1 6,000 j Von Behr trout, 10,000;

landlocked salmon hatched April, 1891, 3,800.

Gloucester Statiox, Massachusetts (A. C. Adams, Master, Schooner Gkampus,

IN CHARGE).

Preparation for the season's work was begun October 5, 1891, in the

commencement of the repairs and overhauling of the machiiiiery and

other equipment of the ^station. Active fish-cultural work was started

December 1, on which date 876,600 cod eggs and 1,619,400 polloekeggs

were secured. The taking of cod spawn continued till March 30, and

of pollock till ])ecember 21. The total number of eggs in good condi-

tion received at the staticm during the season was about 57,075,000, of

which 51,600,000 were cod and 5,475,200 pollock. Of the cod eggs, over

46,000,000 were taken in Ii)swich Bay, landed at Kittery Point, Me., and

thence transferred in sealed jars by rail to the station; the balance of

the cod eggs, as also those of the pollock, were obtained ofJ" Gloucester.

The following tables exhibit the details of the season's propagation

and distribution

:

Cod.
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Cod—Contiuued.

Date.

1891.

Dec. 15
18

-19
19
21
21
22
23
24

' 24
28
28
29
29

1892.

Jan. 1

4
12
12

13
15

18
19
22
23

Feb. 1

22
29

Mar. 7

Number of
egg.s taken.

471,300
284, 300
208, 300
681, 900
402, 800
6S3, 100
250. 400
181,700
524, 000
2G0, 900
329, 100
810, 800
273, 800
695, 500

1, 421, GOO
1, 690, 200

450, 600
708, 4(10

1, 234, 800
731. 900
400, 300
137. 000

1, 397, 900
721, 300

2, 832, 600
1,090,000
2, 153, 400

50, 000
1,468,900

589, 700

2, 440, 300

430, 600
1, 371. 500
2, 077, 000

1, 5;i2, 200
1,024,000
3, 498, 700

44, 378,

(

Loss (luring
incubation.

Number of
tish hatched.

l.=)7 800
57, 800

173, 000

242, 000
240, 500
307, 800
65. 800
84, 200
73,700
11,800

136,800
182. 800
127, 600
177,600

472, 300
998, 400
146, 000
173. 600
482, 800

* 731, 900

360, 300

77, 000
1,147,900

576, 200
1,979,800

273, COO
724, 800
17, 100

239, 400
160, 500
125, 000
172, 300
121, 000
189,400
584, 000
252, 600
664, 500

1, 303, 700

17, 254, 200

313,

226,

34,

439,

162,

375,

184,

97,

450,

249.

192,

628,

146,

517,

Number
of fish

i'rom
which

iggs were
taken.

Planted.

Date.

1892.

Jan. 2
Jan. 2
Jan. 5

Jan. 5

Jan. 7

Jau . 7

Jan. 9

Jau. 9

Jan. 9

Jau. 9

Jau. 19
Jau. 19
Jan. 22
Jan. 23

Place.

949,300 1 Jan.
691,800 I

I Feb.
304, 600
534, 800
752, 000

40. 000
60,000

250. 000
145, 100
852, 800
816.400

1, 428, 600
32, 900

1, 229, 500
429, 200

1, 075, 500
1, 067, 500

309, 600
1,182,100
1, 493, 000
1, 279, 600

359. 500
2, 195, 000

27, 124, 400

Fob.
Fob.
Feb.

Feb.
Feb.
Feb.
Feb.
Mar.
Mar.
Mar.
Mar.
Mar.
Mar.

Apr.
Apr.
Apr.
Apr.
Apr,
Apr.
Apr.

Off mouth of harbor.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

In G00.S0 Covo Pond.
Do

Off mouth of harbor.
Do.

Do.
Do.
Do.
Do.
Do.

Id outer harbor.
Do.
Do.
Do.

In mouth of harljor.

Do.
Off mouth of harbor.

Do.
In Squam Pond.

Do.
In mouth of harbor.
In Squam Pond.
In mouth of harbor.
In Squam Pond.
In mouth of harbor.

Do.
Off mouth of harbor.

Do.

* All de.id February 10, 1892.

In additiou to the foregoing there were secured a number of eggs wliich

were disposed of as follows:
Cod.
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The best results in liatcljiiiii' were obtained witli the water at 38'^

to 45° F. Towards the latter part of January, the tenii)eratlire of

the Witter in the hatchery reached 34^°, causing a retarding and nou-

nnifonnity in the develo)>nientof the eggs. With a view of obviating

this dilliculty, the (Commissioner, who visited the station on February

18, directed the utilizing of the warm water from the condenser of the

boiler bj' arranging for its discharge through the main suction pipe t»)

the supply tank. By the use of valves, this discharge could be either

entirely cut off or regulated, which permitted the maintenance of a

piactically uniform temperature of the water furnished the hatchery.

The results of the season's work were considerably augmented by this

arrangement.

It was anticipated that, as in ]5revious years, a large supply of spawn
could be secured from the tishing-grounds of Gloucester, but not till

the end of March, as the station was about being closed, were ripe fish

secured in any quantity. From this it would a^jpear that there is no

uniformity as to the time the fish return to their spawning-grounds.

Kegarding the collecting of eggs in Ii^swich Bay, Capt. Adams
reports

:

Duriugthe early part of December cod eggs were found plentiful among the net

lisliernien in Ipswich Bay, and from day to day each spawn-taker took from one to

three millions, which api)eared in good condition, but would nearly all die inside of

twenty-four hours, this being something new to our oldest spawn-takers even.

These eggs were invariably taken from live tish, which is always the case, and we
found that our work was being seriously injured. One experienced spawn-taker

took about thi'ee millions in the usual way, half of which died in three or four

hours, and before he landed with them at Kittery Point. Finally, a few vessels lish-

ing with trawls came into the bay, and Mr. Couley very soon found that eggs taken

from tish caught on trawls could be taken to Gloucester in good condition. As

soon as possible, the force was placed on the trawling vessels, after which good

eggs were secured throughout the winter. Eiwly in March, as the trawling vessels

began to leave the bay, the men were gradually returned to the net lishermen, and
this tline they found good eggs. These being the facts, I mention them, hoping

that some good will be derived from them for future work.

It may also be worthy of mention here that our largest take of eggs in Ipswich

Bay during the past season occurred immediately after easterly storms. During cold,

oifshorc Aviuds codfish are supposed by the lishermen to be gradually nearing the

shores or beaches, the fishermen following them up with their trawls till an easterly

or onshore Avind comes on, when the undertow starts them ofl'shore again in double-

quick time ajid the ripe lish are attracted by tht; trawl baits.

Woods Roll Station, Massachusetts (John Maxwem., Superintendent).

The fish-cultural work at the station was commenced about the first

of ]S«ovember, and carried on till the close of the fiscal year. Atten-

tion was mainly given to the propagation of the cod, the fiatfish, and

the lobster, some experiments being made Avith the sea bass and the

scip. Till the end of March the direction of the fish cultural Avork

was under Mr. Alexander Jones, and froju that time till the close of the

yeai- under Superintendent Maxwell.
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God.—The station being dependent for a supply of breeding fish by

I

purchase from lishermen, in September an agreement was made with

Messrs. Spindle & Co., of Woods Holl, large fish-dealers, to deliver at

the station between October 25 and December 25, 3,000 live codfish of

a minimum weight of 5 pounds each. Owing to a succession of severe

storms the smack fishermen, from whom the supply in (piestiou had
been expected, were unable to get on the fishing-grounds till the first

part of November, and the time limit of the contract was therefore

extended till the end of February. The smack fishermen, however,

could not be induced to go offshore to the deep water at that season

of the year, and the contractors were, therefore, unable to furnish the

number of fish that h;vd been anticiT)ated. But 1,620 fish were fur-

nished, of which 1,341, caught otf Nantucket Island, and called by the

fishermen " inshore" cod, were delivered between November 6 and
December 7, and 279, caught off Block Island, were brought to the

station November 23, The fish from each of these grounds were kept

separate for the puri)ose of comparing their relative fecundity, the

result being in favor of the Block Island fish, the former averaging

93,800 eggs to each fish, and the latter 118,200. Of the Nantucket
fish there were but 281 gravid, while of the Block Island fish there

were 163. The fish, as received from the fishermen, were placed in

floating fish-boxes and occasionally fed. From December 1, the date

the first eggs were taken, the fish were at inter^ls overhauled for

spawn till February 8, during which time 444 fish were stripped, yielding

45,627,200 eggs, producing 25,671,500 fry.

The following table presents the details of hatching:

Number of
eggs taken.

1, 602, 500
1,576,500
3, 050, 400

2, 503, 800
2, 828, 600
3,779,100
1, 830, 600

(

2, 086, 600<

2, 689, 400

2, 635, 700
2,249 000

3, 779. 100
3, 315, 500

1, 312, 500

2, 967, 700
2, 109, 500
417,300
510, 100
463, 700
602, 800
626, 000
811, 500
695, 500
533, 300
440, 500
120, 000

45, 627, 200

Number of
fry hatcbed.

603, 300
682, 300

1, 309. 300

1, 520, 100
1,777,100
2, 582, 300

1,958,600

1, 374, 400
1, 220, 100
1, 091, 700
2, 358, 800
2.812,500

881, 300

2, 267, 700
1, 055. 000

2U8, 700
255, 000
194, 800
230, 000
312, 000
405, 200
340, 000
225, 300
(*)

(*)

25,671,500

Ai>paratu.s.

Chester jars
do'
do

..-..-.do

do
do

^McDonald boxes.

I do
do
do
do

Chester jars
do
do

McDonald boxes.
do
do
do

Chester jars

do
.do
-do
-do
.do
.do
.do

Period of incubation.

Com-
menced.

1891.

:)e<'. 1

Dec. 4

Deo. 7

Dec. 10
Dec. 12
Dec. 14
Dec. 16
Dec. 16
Dec. 18
Dec. 21
Dec. 23
Dec. 26
Dec. 28
Dec. 31

1892.

Jan. 1

Jan. 4
Jan. 6

Jan. 8

Jan. 11
Jan. 15

Jan. 18
Jan. 22
Jan. 25
Jan. 29
Fob. 2
Feb. 8

Ended.

1891.

Dec. 17
Dec. 21
Dec. 23
Dec. 28
Dec. 30
Dec. 31
Jan. 4

Jan. 4
Jan. 5
Jan. 8
Jan. 13
Jan. 16
Jan. 20
Jan. 22
1892.

Jan. 25
Jan. 28
Feb. 1

Feb. 2

Feb. 8

Feb. 12
Feb. 18
i'eb. 27
Mar. 1

Mar. 7

No. of
hours.

408
408
384
432
432
408
456
432
432
432
480
504
552
574

600
576
600
600
672
672
744
710
864
840

Average
tempera-
ture of
water.

o Ji.

44
42
42
41
41
41
41
41

39i
39*
39i
391

39

38J

38
37
36
36
35i
35*
34

31i
3U
32
32

* Placed in open waters March 7, before completion of hatching.
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Ill addition to tlieejjgs secured froiii tlie sui)i)ly of fish at the station,

on April 4 a eoiisiynmeiit of 2,0()(),0()0 eggs, carried in eight -i-poiiiid

butter jars wliieh were sealed and i^acked in ice, was received from the

(iloucester Station. Three of the jars contained about 779,500 eggs,

Aviiich were taken INIarch 24 and in which tlie embryos were well devel-

oped. All these were dead on arrival. The remaining jars contained

eggs taken on ]\Iarch 30. Of these, only 400,000 were alive, but not-

withstanding their having the usual care they soon died. From these

facts Mr. INIaxwell concludes that if the eggs had been transferred

immediately after being fertilized, instead of being deferred till an

advanced stage of development, when they are more tender, better

results would have been possible.

Flatfish.—The propagation of this species was prosecuted during the

period from February 2 to Aprill4, the last lot of eggs being obtained

March 18. The ])arent fish were secured from a fyke net placed iu

Woods IIoll Harbor. From 94 fish were taken 8,527,800 eggs. The
largest number of eggs taken from one fish was 384,000. The weight

of this fish when secured was 3 pounds, but after stripping If pouuds.

The details of propagation follow:

Number of
eggs taken.

57, 600
76, 800

288, 000
268, 800
76, 800

326, 400
306, 200
326, 400

172, 800
384,000
2.^0. 000
102, 000

307, 200
014,400
4.''>4, 800
3.S4, 000
307, 200
2;'.0, 400
345, 000
614,400
307, 200
345, 600
768, 000
230, 400
384, 000
230, 400
268, 800

8, 527, 800

Number of
fry hatched.

20, 000
35, 000

(*)

(')

(*)

(*)

(*)

(*)

(*)

225, 000
170, 000
itO, 000

185,000
450, 000
200, 400
220, 000
180, 200
160, 000

205, 300
425, 400
109, 600
221, 100

(t)

(t)

253, 400
100, 000
110,000

Period of incubation.

3, 510, 400

Com-
menced.

Feb. 2

Feb. 8

Feb. 12
Feb. 13

Feb. 15
Feb. 16
Feb. 17
Feb. 18
Feb. 20
Feb. 22
Feb. 23
Feb. 26
Feb. 29

Ended.

Mar. 1

Mar. 7

Num-
ber of
hours.

Mar.
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and continued to be taken till Janiip.iy 25. During this period 148

lobsters were striitped, yielding- 1,717,700 eggs, which weve placed in

the McDonald hatching jars, the temperature of the water being about
45° F. None of these eggs, however, began hatching till May 25, tlie

water being 54°, and on the 6th and 7th of June 850,500 fry were released

in local waters. The period of incubation, therefore, ranged from about

5J to 4^ months, the loss being a little over 50 per cent. From Janu-

ary 25 to April 25 no eggs were taken. On this latter date the taking

of eggs was again commenced and prosecuted till June 28. In this

period 5,883,200 eggs were obtained from 456 lobsters. From these

4,943,000 fry were jirodiiced, which were liberated at intervals from

May 30 to June 30. The period of incubation of these eggs ranged

from 840 honrs for those taken Ajjril 25 to 204 hours for those taken

June 18 and 48 hours for those secured June 28, the water temperature

on the dates mentioned being 50
Jo, 64^°, and 64J°. The loss was about

16 per cent. The largest number of eggs taken from one lobster was
24,300, the individual measuring 12^ inches, and the smallest num-
ber, 6,000, from one measuring 8^ inches. The average take from 131'

lobsters, varying in size from 8i to 13^ inches, was 12,265.

iSea bass.—On June 10th 208,600 eggs of the sea bass, taken from fish

caught in Buzzards Bay, were brought into the hatchery and placed in

the McDonald and Chester boxes. The period of incubation was four

days and the number of fry produced 200,000, which were released in

local waters.

iScup.—On June 17th 50,000 eggs of the scuj) were secured in Buzzards
Bay and brought to the hatchery and hatched in three days, producing

35,000 fry.

Cold Spring Harbor Station, New York (Fred. Mather, Superintendent).

Through the courtesy of the fish commission of New York the privi-

lege of using the facilities of this station as a depot for the receipt of

consignments of eggs of foreign species of fishes presented to the United
{States, as also for the shipment of eggs of our indigenous species to

other countries, was continued. In addition the United States made
use of the station for the propagation and rearing of certain species of

fish, the distribution of which was mainly to waters of the State.

The receipts of eggs at the station were as follows:

Date.



XXVIIT Rt^PORT OF COMMIRSIONKR OF FISH AND FISHEUIKS.

eggs of the siiiiie species received Marcli 14 IVoiii Mr. vou deui Borne,

half Avere sent to Central Station, AVasliington, and tlie remainder were

retained at this station as the property of the New York Fish Commis-
sion. The loss in the latter Avas very great, and but 1,530 were saved.

The niunber of fry resulting from the 150,000 eggs of the Atlantic salmon

Avas 142,000, wliicli were planted at the expense of the New Yorlv Fish

Commission in the waters of the State, as follows:

Date.

Apr. 19. 1892
May 4. 1S92 ,

9,1892
9, 1H92

9, 1892

Locality. Ko.

Xissequosne Ki vcr, Long Island i 10, 000
(Jloudon i'.i ook, G lens Falls -. 50, OOO
r.alin of Gilead Brook, Kortli Creek 30,000
Kayinoud lir-ook, North Crefk 30, onil

Cair Brook, North Creek 22, 000

All of these waters, with tLie excei)tion of the tirst mentioned, are

tributaries of the Upper Hudson Eiver.

On November 6, 1891, there were delivered to Mr. J. F. Ellis, in

charge of the Commission's car No. 3, 3,500 quinnat salmon from 2| to

G inches long and nine months old, which were planted in the Batten-

kill, a tributary of the Hudson Eiver. On the first of tiie following

month 2,400 of the same species, averaging from 3 to 7^ inches long,

were planted by Mr. Mather in the Nissequogue Eiver at Smithtown.

The consignment of eggs of thewhite^sh {Coregonvs icorimanni), lake

trout {Trutta lacustris), and brook trout {Sahno salrclinus) receiA^ed

February 16, 1892, from Mv. Max von dem Borne, Berneucheu, Ger-

many, was entirely spoiled on receipt. These eggs were to have been
shipped on a steamer sailing scA-eral days earlier than that on Avhich

they arrived, but were left on the Avharf at Geestemunde.

The foreign shipments from the station, with the exception of a few

adults of several varieties of our more common tishes delivered to Dr.

Charles von dem Borne for Mr. Max von dem Borne, consisted of a con-

signment on January 5, 1802, of 10,000 eggs each of the brook trout,

Von Behr trout, and Loch Leven trout to Dr. J. G. Bluhm (Eio Negro),

Sabauilla, Colombia, for his government. These eggs Avere furnished by
the Northville, Mich., Station.

Delaavare Riveu Siiad-Pkopagatixg Station (Lieut. Robeut Flatt, U. S. N.,

IN chakge).

Owing to the unfavorable results which had been obtained at the

shore station at Gloucester City, N. J., in previous years, it Avas decided

to close it and reassign the work of propagating the shad of the Dela-

ware Eiver to the othcers and crew of the steamer Fish Ilawlc. The
vessel was moA^ed off Gloucester City and the first eggs obtained

May 9 and the last June 1. During this time eggs to the number of

30,521,000 Avere taken from Gil fish. The number of fry produced was
15,833,000; eggs ])artially deA'eloi)ed to the number of 2,497,000 were
placed in Timber Creek, and 3,480,000 AAcre transferred to the cars of
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the Commission to be hatched en route to distant waters. The work
was stopped Jnne 6. As in previous years, dependence was had on the

larger fishing shores in the vicinity—Faunce's, Bennett's, and that at

Howell Cove—for the supply of spawn. During the entire season the

condition of the water was muddy.
The following table exhibits the take of eggs, etcT, during the season:

Date.

May 9

10
11.

12
i:i

16

17.

18.

1!)

20.

23.

24.

26.

27.

28.
:{0.

;ii.

June 1

.

Fish stripped.
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hatched en route to distant waters. The fry were unusually strong and

stood transportation well, due, to some extent, to the low temperature

of the water during- April and part of May.

The temperature from April 15 to April 30 was much below that of

any previous season recorded at the station, averaging 40° F. T'he

take of eggs, however, was about the same as in 1889 and 1890, when
the average temperature during corresponding periods was 57^ and
oCJo, respectively.

The catch of shad at the head of the bay was the best for several

years, particularly with gill nets between Battery and Pools islands;

and but for the two freshets during the season, the one occurring on

May 7, when the tishing was at its best, and the other on May 20 and
lasting for eight days, the number of eggs collected would unquestion-

ably have been greater than in any previous year, possibly excepting

1888.

The following table exhibits the take of eggs, etc., during the season:

Date.
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Bryan Point Station, Maiiyland (S. G. Worth, Supkrintendknt).

The propagation of the shad of the Potomac Eiver had for a uuniber
of seasons past been conducted at tlie military reservation at Fort
Washington, Md., under authority granted by the Secretary of War,
and the use of the unoccupied buihlings and other facilities of the

place permitted the work to be done advantageously aud economically.

The expense also of caring for the equipment of the station from sea-

son to season was avoided through the courtesy of the custodian of

the reservation, Ordnance-Sergeant Joyce, U. S. Army, by whom many
acts of voluntary assistauce were also rendered.

Shortly after the close of the season of 1891 preparations were made
by the War Department for the construction of a new battery. A
large wharf for the receipt of material was built near the middle of

the seine-haul, and the use of the buildings occupied by the Commis-
sion was withdrawn, as they were needed by the construction force.

It therefore became evident that if the propagation of the shad of the
Potomac was to be continued another site for a station must be
secured. Accordiugly, on November 30, 1891, the Commissioner
appointed a committee, consisting of Mr. S. Gr. Worth, superintendent
in charge of the Commission's work on the Potomac River; Mr. C. E.
Gorham, the civil engineer of the Commission, and Mr. L. Gr. Harron,
seine captain, to make an investigation with the view of obtaining a
suitable location. The committee recommended Bryan Point, situ-

ated on the Maryland side of the river at the junction of Accokeek
Creek, about 2 miles below Fort Washington, and a lease of the same
for live years, at an annual rental of $100, together with an option for

the purchase of the property within the period at $1,300, was made
with the owner, Mr. F. Snowden Hill, of Baltimore, Md.
On March 9, 1892, the removal of the equipment and certain small

buildings from Fort Washington to Bryan Point was commenced.
The buildings transferred were a small hatchery, a boiler and pump
house, and a small quarters building for the use of the seine captain.

These were supplemented by the repair of several dilapidated struc-

tures belonging to the property, consisting of a large boat shed, which
was utilized for boat and general storage, and quarters for the seine-

haulers. The frame of another building was made use of to provide a
mess room, to which was joined a part of another old building to serve
as a kitchen. A wharf 10 feet wide and running out 132 feet to water
10 feet deep at ordinary low tide was built.

The removal of the buildings and boiler from Fort Washington was
very difficult, but was accomplished and the buildings set up at Bryan
Point in good order, the boiler being transferred aud put in place with-
out even disturbing its asbestus covering. The work was done under
the direction of Lieut. Eobert Piatt and Mate J. A. Smith, of the Fish
Hawl:, with the aid of the vessel crew and the use of a small scow
kindly loaned for the purpose by Maj. C. E. L. B. Davis, Corps of
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Engineers, in cLarge of the Army construction work at Fort Washing-

ton. The remoVlal from Fort Wasliingtoii was commenced April 5 and
completed in about six days. In tliis conuc(;tion attention is called to

the intelligent and energetic aid given by Lieut. Piatt and ^fate Smith

in all this work. Tlie station not being owned by the Government, no

expenditure for a building for the oifice and spawn-taking force was
made. Aecommodatious, however, were provided through the courtesy

of Gen. Albert Ordway, commanding the District of Columbia Militia,

who loaned 5 hospital and 11 wall tents. The station was laid out and
staked off by Mr. Worth and Mr. Harron without the aid of an engineer,

and in this matter, as also in the transfer and successful opening and
oi)eration of the station, they deserve much credit. The thanks of

the Commission are also due to Mr. James Bryan, the owner of the

adjacent pro])erty, for the cordial su])port extended by him to the work.

Bryan Point is central to the egg-producing area of the river, and
affords a proper shore for the operation of a seine for the collection of

parent fish. The water is deep and well adapted for the development

of eggs, also allowing the landing of river steamers for the delivery

of the station supplies and the shipment of the station's product. The
facilities for the construction of rearing ponds are excellent and the

water sui)ply from Accokeek Creek ample.

Disappointment was experienced in the seine operations, owing to the

foul state of the berth, which had been lying idle for ten years and had
become lilled with sunken logs. By unflagging effort the obstructions

were finally removed, cords of logs and stumps being pulled ashore.

The first eggs were taken by the station seine on April IC and the

next on the 20th, both lots being placed in the river and not included

in the following table of shipments. Besides the shipments 08,000 eggs

obtained from the Stony Point seine were lost May 5 by the breaking

of a jar. No eggs were hatched at the station, owing to the continuance

throughout the season of the work necessary to adjust the station.

The following table exhibits the shipments of eggs made to Central

Station, as ahso the sources of supply:
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Of the eggs secured from gillers, there were obtained from the men
fisliing off Moxley and Bryau Points 4,890,000 ; White House, 1,587,000;
and Mount Vernon Flats, 770,000, the first being the product from
11 gillers, the second from 10, and the third from 1.

This season's collection of eg-gs was tlie smallest of any year since
the commencement of the work on the Potomac Kiver, though the
quality of the eggs was better than usual.

Shad were very scarce; one of the largest seines caught but 32,000 as
against 52,000 in 1891, 60,000 in 1890, and 72,000 in 1889. The Commis-
sioner's seine caught but 1,082, but this is of no value for comparison
for reasons already stated. A fair standard can be arrived at by a
comparison of the number of eggs obtained from gillers during the
seasons mentioned below, from 1888 to 1892:

Season.

]88S
ISSi)

18ii0

Moxley
Point gillers.

20, 007, 000
15, 72C, 000
13,114,000
4, 899, 000

White House
gillers.

7, 820, 000
4, 705, 000
4, 886, 000
1,587,000

Total.

27, 827, 000
20,431,000
18. 000, 000
6, 486, 000

As regards the weather, it may be said that few such bad springs
are known in this latitude. The prevailing winds were from the west
and northwest, from which latter point a blow set in on March 10 and
lasted for a week. What effect the weather had on the run of sliad
does not appear quite clear. At Battery Island Station on the Sus-
quehanna Ptiver the temperature of the water was lower than at Bryan
Point, yet at the former place the catch of shad and production of
eggs was very good. The condition of the Potomac River was the
same as during the two previous seasons, clear, resulting in a poor
catch. During the seasons of 1887 to 1889 it was the opposite, with
numerous freshets, and greatly increased catch. The fact that more
fish can be caught in stained than in clear water is scarcely a sufQcient
reason for this difference, nor does a comparison of the water tempera-
tures aftbrd any further light on tbe subject. During the three freshet
seasons the yield of eggs was 59,435,000, 81,117,000, and 58,233,000,
respectively, an average per year of 60,282,000; and during the seasons
of clear water 34,865,000, 32,445,000, and 13,446,000, respectively, an
average per year of 26,918,000. The water temperatures during these
seasons were as follows

:

Mar.

Apr.

May

Date. 1887.

2-11
12-21
22-31
1-10
11-20
21-30
1-10
11-20
21-30

F c 92 m

47.30
37.80
39.10
52. 85
55.95
57. .55

72.35
74.80
72. 80

40.15
41.10
44.80
60.60
52. 25
03.00
71.35
02. )0

08.75

39.90
48.95
52.95
53. 40
59.35
62. 45
69.05
77. 00
65. 05

39.70
50.50
47.80
55.85
56.25
63. 35
60.05
72.20
71.95

1891.

36.65
43.05
45. 02
44.60
58.50
66. 75
63.52
63. 57
07.37

40.70
37. 25
42.46
53.73
51.02
54. 33
65.06
67.66
65.50
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As shoeing the Huctuations in the yields of eggs on tlie Potomac

River the table below will prove of interest:

Tahlcof rolomuc lUvcr ahad-eijij produvtioii, hi) h>ctilitien and ynuH, ISSU-D-'.

Sources.

Tndefliiito

Oiiiistoii and romonktiy
Moxlt^y Toiiit seiue
Hrvaii Point stMue

Fort Wasliiiigtou sciuo .

C'liapnian Toint seiiie

Ferry Laiidinj; seino

White House seine
Gillors
Other seines
Greenway seine
Pomonkoy seine
Tent Landiiij: soine

Stouy Point seine

20, 719, 000

1880.

43, 200, 000

1881. 1882. 1883. 188i.

15, 800, 000 7, 518, 000

6, 00(1, 000
1,089,000 0,000,000
1, 097, 000

3, :ii2, 0(11)

5,315,(1110

5, 943, 000 10, 000. 000

3, 000, 000

1885.

4, 228, 000

7, 280, 000
1,610,000
2, 536, 000

1886.

5, 301, 000

11,848,000
5, 506, 000
4, 349, 000
1,487,000

10,981,000

432, 000'

.

333, 000 .

790, 000'

2, 191, 000

Total 20, 749, 000 43, 200, 000 21, 800, 000 24, 274, 000,19, 000, 000 22, 576, 000 36, 362, 000

Sources.

Indefinite
Giinston and Pomoukey
Moxley Point seine
Moxley Point gillers

Hryan Point seiuo
Fort Wasliinuton seine
Chapman I'oint seine

Ferry l^andiug seine
White House seine
Gillors

Other seines
Greenway seine
Pomonkey seine
Tent Landing seine
Stony I'oint seine

Tnlii) Hill seine
White House gillers

Sandy Par giljers

tJreeiiway gillers

Cran<'V I.sland gillers

Mount Vernon Flats gillers

1887.

38, 479, 000

1888.

18,828,000
20, 007, 000

22, 657, 000
1,723,000
2, 250, 000

1890.

8, 987, 000
15, 726, 000

1891. 1892.

1, 078, 000
!13, 114, OOOl 4, 899. 000
!

I

1,816,000

17, 738, 000 10, 224, OOO' 5, 378, 000

6,834, 000| 2, 842, 000^ 1,000,000 798,000

1, 717, 01)0

838,000
3.340,000 3,835,000
7,820,000 4,705.000
3,714,000 2,526,000

17, 223, 000

4,231,000
4, H86, 000

2. .503. 000

1, 208, 000

Total 5'.(, 435. 000 81, 177, 000 58, 233. 000 35, 202, 000 32, 980, 000

1,067,000
2. 503, 000

1,587,000

776, 000

Total.

59, 228, 000
43, 200, 000
56, 439, 000
53, 740, 000
7,816,000

103,170,000
22, 070, 000
14,104,000
6, 802, 000

49, 508, 000

3, 000, 000

432, 000
333, 000
796, 000

4, 096, 000
13, 909, 000
l.'f, 998, 000
G, 240, 000

2, 503, 000

1, 208, 000
776, 000

13, 446, 000, 468, 434, 000

During many years it has been observed that the eggs secured from

certain seines have develojied badly, notably in those obtained from the

Stony Point lishery. The seine at this tishery is probably the largest

in the world, being If miles long and sweeping on each ebb tide an

area of 3 square miles. Great numbers of spawning shad are caught

there, but the quality of eggs was so poor as to cause dissatisfaction

both to the proprietor of the shore and to the Fish Commission's

employees. The greater the take of eggs the greater the disappoint-

ment when the eggs were measured for payment, and as a consequence

it was deemed best to greatly intermit the attendance on the shore.

During the season Mr. Worth personally investigated the matter and

attended the hauls as often as other work would permit, stripping the

fish himself. He discovered that no eggs could be depended upon

which were found in partially spent tish, and that it was uniJiotitable to

devote time to that class of spawners, however nmiu'ious. He then gave

his attention only to those fish which were found by actual handling



REPORT OF COMMISSIONER OP FISH AND FISHERIES. XXXV

to be plump and full-roed, and made a gain iu quality of 50 to 75

per cent. The applicatiou of this principle was not infallible, however,

as the eggs iu some of the shad were dead, a condition not always dis-

cernible at the time of stripping.

It is recommended that the gillers of Occoquan Bay, Mattawoman
Creek, and Craney Island flats, where about 30 boats with good outfits

operate in shoal water, be attended with as much regularity as those

nearer the station, as these latter, owing to the poor condition of their

equipments, would not be able to catch many fish were they ever so

abundant.

The hatching of the white perch should also have some attention.

During the season the station's seine caught between 200 and 300 large

fish containing full roes, with some of the eggs in excellent condition

for impregnation, but attempts to fertilize them were unsuccessful.

Their propagation could probably be successfully accomplished by.

digging shallow right angled trenches in the ground near the hatchery

tank, flooring the bottoms and making partitions or walls with old roofing

slates, and then keeping them filled with the river water, transferring

the fish into the subdivisions by pairs (male and female). When the

slates are found to be covered with eggs, the parent fish could be

removed and returned to the river. These recommendations are based
upon observations made in the distribution of the perch, the eggs of

which are often seen adhering to the sides of the distributing cans.

Centkal Statiox, Washinutox, D. C. (S. G. Worth, Supeuintendent).

As in previous years, the hatching of the eggs of the shad secured

in the Potomac Eiver was conducted at this station. While the num-
ber received was small, for reasons stated in the Bryan Point Station

report, the quality was better than ever before known. The following-

table gives a comparison of the development of the eggs of the shad

secured on the Potomac Eiver during the past eight years:
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The other kinds of fish liatched at this station were:

Kind.
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more simple and economical. The system may also prove to be capable

of practical application to aquaria, doing away with the necessity of

new-water circulation. The idea is to atomize the water in a vessel

under an inverted cylinder so as to return the aerated water without

evaporation, and to cause the waste air used in atomizing to pass

through the water of the vessel, thereby imj)arting to it additional

oxygen. The water which is atomized is drawn from the bottom of the

vessel, thus inducin'g circnlation. In experiments made in 1889 it was

found that one atomizer would aerate 100 gallons in twenty-four hours

under 10 pounds air pressure. This method is free from the objectioVi

found in the use of nozzle jets, which cover the bodies of the fish with

air bubbles. It can also, probably, be made applicable in the move-

ment of fry, which can not be done with the first method.

FiRH Ponds, Washingtox, D. C. (R. Hesskl, Superintendent).

In addition to the propagation of the carps, tench, golden ide, and

goldfish, and the rearing of the shad, the culture of the black bass and

tlie spotted catfish was also undertaken. The distribution of the prod-

uct of the station was made througE Central Station, the work having

been commenced in November.

Car]}.—The fish distributed in the fall of 1891 were reared in two

large and two small ponds, the product being:

Leather carp 94, 000

Blue leather carp 2, 630

Scale carp 54. 300

Blue scale carp 6, 560

Total 157,490

The arrangements necessary for the spawning of this and the other

species of fish propagated at this station were changed from previous

years owing to the attention given to the black bass and spotted cat-

fish, and the pond space formerly allotted to the carp was reduced.

The stock of large breeding fish was placed in the ponds about the

middle of May, 1892, and a few days after they gave the first indications

of spawning, which quickly followed. The eggs developed rapidly

and three days after their appearance the dark spots were plainly

visible, and on the fourth and fifth days the young appeared in consid-

erable numbers. Large quantities ofeggs secured from the other breed-

ing fish were also placed in the ponds in proper beds, and they also

rapidly developed. The growth of the young was not so rapid as in the

preceding season. The cause of this is ascribed to the cool nights of

May, which lowered the temi^erature of the water and thereby retarded

their growth.

Tench.—The product of this species for the summer of 1891 was

9,600, the fish being reared in four small ponds. In 1892 they were

confined to two ponds. They commenced to spawn the early i)art of

June, sparingly in one, but abundantly in the other, with a fair prospect
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of satisfactory results, thous'b it is impossible to estimate the number,

owing' to tlie linbit of the lish of keeping close to tlie bottom of the

l>onds.

Golden idea.—The number of this species raised was 3,400, the distri-

bution of which was commenced in the early part of November, 1891.

On April 13, 1892, they spawned in two i)onds, and the prosi)ect for an

early and fair result was good. The eggs, however, had been depos-

ited on the water plants near the surface of the water when one night's

frost, making ice one-half inch thick, killed them all.

Goldjinh.—Early in May, 1891, the ])onds were well stocked with

healtliy brood fish. The temperature of the summer of 1891 was lower

than for several seasons, making the water too cool and causing a

scarcity of live food. Efforts to replnce this byartiCicial means met

with no good result, a large number of the fish dying, and the sur-

vivors being unthrifty. ]\Iany also failed to attain their golden color.

The product was about 10,700. Immediately after the emj^tying of the

ponds in the fall they Avere carefully cleaned, especial care being taken

to destroy all injurious fish, crustaceans, and vermin. Early in April,

1 892, 10 ponds were stocked with the brood fish, x^artly with the Japanese

and partly with the ordinary variety. Spawning began ]\Iay 8 and on

May 18 and 19 a few additional spawning beds were placed in the dif-

ferent ponds. The low temperature of the season, however, as in the

case of the carp, greatly retarded the growth of the young brood.

gUad.—In April, 1891, there were placed in the west pond (O^ acres

surface area) 2,054,000 fry of the shad. They thrived marvelously T^-ell,

finding abundance of suitable food about the water-grasses {Ba/phniay

Cyclops, etc.), and in July quantities of Gammarus pulcx. Constant

care had to be given to freeing the pond from obnoxious weeds, intro-

duced and disseminated by the great flood of 1889, and which greatly

interfered with the proper growth ofsuch i)lants as were advantageous

to the culture of the fish. As illustrative of the density of the vegeta-

tion caused by the overflow mentioned, from the one pond where the

shad were reared not less than 600 and from the north i)ond some 400

cart loads of these weeds were removed. Their rapid growth and early

decay rendering the water unwholesome, necessitated their prompt

destruction. The result of the rearing of the shad, was very gratifying,

and in November, when they were released in the Potomac Kiver, a

very large percentage of the fry had reached a length of from 3 to 4

inches. An extremely conservative estimate of the number released is

not less than 1,000,000. On May 9 and 10, 1892, consignments of fry

aggregating 1,989,000 were sent from Central Station and placed in

the west pond.

Black ha.sN.—As before indicated, during this year was inaugurated
' the first systematic effort at this station for the propagation of the

black bass. In the fall of 3891 there were received from the Neosho

Station 173 specimens of this fish, which were placed in the north pond.
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Thirty of the consignment were subsequently transferred to the Wythe-
ville Station. On their arrival at the fish j)onds the fish were appar-
ently in excellent condition, but some died shortly afterwards and
others in quick succession, and but 13 strong, healthy specimens were
left. A careful investigation showed that the fish had been injured by
the jolting of the cars while in transit from ITeosho to Washington,
oroken points of fins being found in their bodies, showing that during
their close contact and long confinement tliey had wounded one another.

These wounds produced sores which soon became more and more inflamed
and caused death in a short time. Two fish, weighing 21 pounds each,

were subsequently pro(;ured from Mr. Samuel ]<]instein, of the health

office, District of Columbia. These 15 fish commenced to spawn about
May 18, but the muddiness of the water, caused by constant rains, pre-

vented regular and daily observations. On May 30 the young were
seen for the first time, and their innate voracity was shown by their

attacks on tadpoles and other animal life that came within their reach.

At first food was furnished in the shape of frog and toad spawn, later

in that of chopped and live fish, 20 to 30 pounds being supplied them
daily. Their appetite was unappeasable, apparently; the more they
were fed the hungrier they seemed to become. As they grew older

their voracity knew no bounds, and in the absence of other food they
hesitated not to devour each other. This trait undoubtedly will cause
a reduction in the number that will be available for distribution in the
fall.

Spotted catfish.—There were also received from the Neosho Station

30 specimens of the spotted catfish for a brood stock. These were
held during the winter in one of the small ponds and in March, 1892,

transferred to the south pond, which had an abundant and favorable

vegetation and a depth of 2 to 5 feet. They immediately disap-

peared and no glimpse was had of them, even at the feeding hour (they

apparently preferred feeding at night), nor was there any knowledge
of the existence of their eggs till May 29, when their young were noticed

for the first time. From that date they were seen in considerable

numbers. They were fed daily and a good result may be expected.

Wythevillk Station, Virginia (George A. Seagle, Superintendent).

The work of this station was confined to the propagation and rear-

ing of the rainbow trout, black-spotted trout, carp, black bass, rock
bass and goldfish.

Bainhoic trout.—The station has about 2,500 breeding rainbow trout,

of which probably 35 to 40 per cent do not spawn each year. Tlie

spawning season began November 10 and ended March 20, during
which time 491,000 eggs were collected. Of these, 154,-500 were trans-

ferred to other hatcheries, national. State, private, and foreign, and
the remainder, 336,500, held at the station for incubation, producing
147,500 fry. The loss during incubation, 189,000, was greater than
usual, due mainly to a period of muddy water. There was also a larger
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number of the luird, " glassy " eggs. There was a farther loss up to

the end of the fiscal year in the fry and young fish of 27,500, leaving

120,000 fish, from 4 to 6 months old, to be reared for distribution in the

fall of 1802.

The distribution of the young fish brought over from the preceding
year was begun December 22, and finished February 18, the whole,

M'ith the exception of three shipments of 50 each, being done by car

^S'o. 2, in charge of Mr. Giles H. Lambson. The number distributed

was 49,070. In addition, 122 adult fish were planted, 115 being placed

in local waters.

Bla cl--spotted troui.—There remain of this species about 200 two-year-

old fish, the survivors of the fish produced from the consignment of

5,000 eggs received from the Leadville station July 29, 1890.

Blacl- hass.—The year opened with 810 bass, all young with the

exception of two spawners. At the end of the year the whole stock

was estimated at 1,200. But 215 yearling fish were distributed during

the year.

Roclc hass.—On October 10 the ponds were drawn for the purpose
of bringing together, ready for assignment, the rock bass, carp, and
goldfish, the first shipment being made November 3. The number of

ro(;k bass, of a season's growth, distributed were 15,182.

Car}).—The number of yearling carp distributed was 4,395, of which
number 1,260 were released in Reed C reek, a local stream. In addition,

90 breeders, from 3 to 6 years old, were supplied to applicants in Bland
and Wythe counties, Va.

Gokljish.—The number of goldfish distributed was 6,915, of which

5,300 were consigned to Central Station for shipment to applicants

fiom Washington.

On July 1, 1892, the kinds and numbers of fish retained at the

station were as follows:

Rainbow trout (counted) 120,000

Black-spotted trout (counted) 200

Black bass (estimated) 1, 200

Rock bass (estimated) 15, 000

Carp (estimated) 8, 000

Goldfish (estimated) 6, 000

Put-in Bay Station, Ohio (J. J. Stranahan, Superintendknt).

The work at this station, as in previous years, was mainly with the

whitefish and pike i)erch, some experimental work being done in the

cnllivation of the lake herring and the crossing of the lake herring

with the whitefish.

Whitefish.—The first eggs, about 300.000, were obtained November
4, being taken at the fishery at North Bass. During the early part of

the spawTi-taking period the season was favorable, but the run of fish

was light; as the ])eriod approached when we expected to secure our

largest yield of eggs, heavy gales prevailed, which injured many of the
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nets and drove the fish fi'om their spawning-grounds. The collecting

of eggs ceased on November 21. During the heavy gale from the south-

west on November 17, the new suction pipe, which had been placed 150
feet out in the lake, parted about 70 feet from the shore, and as the

heavy wind had forced the water down the lake both the old and new
suction pipes were exposed, thus preventing pumping and leaving the

hatchery without water supply, other than that held in the tanks, for

ten hours. On the 23d of November a similar storm had a like effect

on the water supply. The collecting fields and the number of eggs
taken at each were:

Monroe and West Sister Island (delivered at Toledo) ... 5, 256, 000

Port Clinton 12,528,000

Catawba Island 2, 592, 000

Kelley Island 3, 708, 000

The Bass Islands 42, 732, 000

Total 66,816,000

Ol'tliese eggs there Avere delivered to the superintendent of the San-

dusky station of the Ohio Fish Commission (November 7-25), 8,000,000;

to the superintendent of the Erie station of the Pennsj^lvania Fish
Commission (November 7-25), 12,500,000, and forwarded to the U. S.

Fish Commission station at Duluth (February 26), 12,000,000; making
a total of 32,500,000. The remainder were hatched out at the station

and the fry placed in Lake Erie. The plantings were made from April
4-10, as follows

:

Near North Bass Island 1, 000, 000

Near Rattlesnake Island 750, 000

Near Middle Bass Island I, 000, 000

Near Kelley Island 1,000,000*

Near Put-in Bay Island 1, 000, 000

Near Ballast Island 1, 250, 000

Total 6,000,000

The small percentage- of fry produced from the eggs retained at

the station is undoubtedly partly due to the temporary suspension of

the water supply to the hatchery during the first mouth of incubation,

and also in part to the rough weather during the spawning season,

which not only made the taking and proper impregnating of eggs
difficult, but also prevented the daily lifting of the pounds and gill

nets, so that much spawn was obtained from fish which had been netted

and held in the pounds two or three days. By the end of December
the eggs were all eyed. The hatching began toward the end of March
and was completed by the early part of April. The fry deposited were
in excellent condition.

Pile perch.—The collection of the eggs of the pike perch was carried

on from April 11 to 22. The season opened with good prospects, but a

severe gale which set in on April 11 drove the fish from their spawning-
grounds, to which they returned only in small numbers. The total
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take of ojiji's was i;>4,r)(>(),()()0, wliicli wovo ohtaiiiod IVoiii tlio tollowinji'

grounds:

Toledo 1 L'. 400. 000

Port Clinton 11, 200, 000

East Sister Island 22, 400, 000

l?ass Island 58, 560, 000

Of tliese, 15,(K)0,00() -were delivered on A])ril 27 to tlie agent of the

Pennsylvania Fish Commission for its Erie liatcliery; 17,(!()(),0(H) were

transferred at Toledo to U. S. Fish Commission car No. 3 and taken to

Louisville, Ky., where they were hatched, the fry being estimated at

1(>,0()0,()00 and placed in Kentucky waters. The remaining eggs w^ere

lield and hatched at the station, jiroducing 40,000,000 fry, of which

12,000.000 Avere planted in Lake Erie and the balance mainlj^ in the

waters of Michigan, Ohio, and Indiana, the period of distribution being

from May 13 to 25.

Lake herring.—Experiments were made in the jn'opagation of the

lake herring, 1,500,000 eggs of this species being obtained. Tlieeggs

are non-adhesive, and average about 75,000 to the (piart. They can be

impregnated and handled as readily as those of the w^hitefish, with

which they were simultaneously hatched, a good percentage of fry

being produced. Further attention to the propagation of this species

will be given the next season.

TahU of water temperaiures {at 8 a. m.).

Date.
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NoRTnviLLK Station, SIichigan (Frank N. Clark, Supkrintendent).

The operations of this station were coniined to the propagation and
rearing of fronts.

Von Belir trout.—The spawning of this front began October 30, 1891,

and ended January 7, 1892, during which time 587,000 eggs were
secured from the station's stock fish, 795 females and 653 males being-

used. In addition to these, a consignment of 18,000 eggs was received

from Germany, making a total of 605,000, Of this number, 116,000

were hatched (commencing in February) and retained at tlie station

for reariugj the remainder were distributed as follows:

Date.

Bee. 1,1891..
16.1891..
28,1891..
30,1891..

Jan. 5,1892..
6,1892..
9.1892..

16,1892..
21,1892..
22,1892..

Feb. 12, 1892..

13,1892..

Consignee.

Prof. J. E. Keighartl, Ann Arbor, Micb
Centriil Station, Washlnston
Duluth Station, Mich.
New York Fish Commission, Cold Spring Harbor
Leallrille Station, Colorado
John II. Gordon, Cheyenne, Wyo
Wyoming Fish Commission, Laramie
Mexican Government, City of Mexico
Green Lake Station, Maine
Fort Gaston Station, California
Nebraska Fish Commission, South Bend
Leadville Station, Colorado

Number.

500
20, 0(10

50, 000
10,000
50, 000

20, 000
10. 000
20, OUO
50, 000
25, 000
20, 000
30, 000

Record of spaum-taMng.
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Broolc troni.—Owiiij? to tlie heavy mortality that had oceiined (lur-

ing the previous spawning season in the breeding lish of this species,

it became necessary to replenish the stock. Accordingly, in the early

part of Jnly, 1801, l\rr. S. P. Wires, the foreman of the Alpena Station,

was sent to Grand Marais, Mich., to secure a number of tlie wild trout

from the streams of that vicinity. With the aid ,of a small force of men
he secured 600 S]>ecimens, which were shipped to this station July 14.

These readily adapted theniselves to domestication and suffered no loss.

On October 19 the spawning season commenced, and continued till

January 19. The number of females stripped was 294, 264 males being

used. In all, 147,200 eggs were obtained. Of these, 500 were sent to

Prof. J. E. Eeighard, at the University of Michigan, and 10,000 to Mr.

Mather, at Cold Spring Harbor, N. Y., for reshipment to the Uiiited

States of Colombia. The balance of good eggs, about 100,000, were
retained at the station for rearing. They began hatching in Januar3^

The average number of eggs i)er fish was 500; the largest number
obtained from 1 fish being 1,800, on November 28, 1891, and the smallest

number, 180. (900 being taken from 5 fish December 7).

The number of yearlings distributed was 13,000. Of these, 10,000

were placed in the stream near the hatchery on October 23, and 3,000

sent by car No. 1, on July 24, 1891, to Dubuque, Iowa.

Loch Leven trout.—The season of spawning of this species was from

October 27, 1891, to January 19, 1892. The number of fish spawned
was 1,229 (males used, 1,023), which furnished 571,850 eggs. Of these,

132,000 were retained at the station for hatching (commencing in Feb-

ruary) and rearing, and the balance of good eggs, 185,500, shipped as

follows

:

Date. Consignee. Number.

Dec. 10, 1891

.

19,1801.
20. 1891.

30,1891.
31,1801.

Jan. 1.5,1 8'.t2.

26. 1892.

29, 1892.

30, 1892.

Prof. Reigliard, Ann Arbor, Mich
New Ham])sliire Fish Commission, Plymouth
Lend ville Station, Cohirado
Government of United States of Colombia*.

.

Vermont Fi.sli Comnil.ssion, Wutorburj'
(jreen Lake Station, Maine
A. N. Cheney, (liens Falls. N. T.t
AVest Virginia Fish Commission. Komney . ..

Nebraska Fish Commission, South Bend!

500
25, 000
2.5, 000
10,000
30, 000
50, 000
20 00)
10,000
15,000

* Through Fred Mather, Cold Spring Harbor, N. T. t Through C. F. Orvis, Manchester, Vt.

The greatest number of eggs from 1 fish was 1,900, that of 3 fish

S])awned November 18 being 5,700; the lowest 336, the average of S3

fish spawned December 22; the average for the whole take of eggs, 465.

The distribution of the yearling fish extended from January 17 to

March 15, 1892, the number shipped being 3,709, which were consigned

to applicants in Wisconsin, Michigan, Kentucky, and Pennsylvania.
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Lake trout.—The eggs of this species were collected by the employes
of the Alpeiui Station, under the report of which station are given the

details of the work. Of the 2,853,000 eggs received, 1,900,500 were
shipped as follows

:

Dec. 1.

26.

Jan. 4.

(3.

8.

9.

11.

12.

13.

14.

19.

Consignee.

Prof. Reighartl, Ann Arbor, Mich
Duliitb Station, Minnesota

do
Cheyenne, Wye, for J. H. Gordon, South iJend, Wyo.
Uuluth Station, Minnesota
Wyominji Fish Commission, Laramie
Minnesota Fish Commission, St. Paul
New York Fish Commission, Saranac Lake Vilhige..
Vermont Fisli Commission, Waterbury
New Hampshire Fish Commission, Laconia
Nebraska Fish Commission, South Bend

Number.

500
500, 000

250, 000
50,000

250, 000
100.000
50, 000

300, OOO
100, 000
100, 000
200, 000

The eggs retained at the station, which began in January to hatch,

produced 200,000 fry.

The distribution of yearlings was commenced January 23, 1892, and
completed April 12. The number shipped was 45,722, which were con-

signed to applicants in Wisconsin, Michigan, Iowa, Indiana, Ohio,

Kentucky, New York, Pennsylvania, and Vermont.
BlacTc-spotted trout.—On February 5, 1892, 1,000 seven-months old

trout of this species were received at the station, having been brought
by Mr. H. D. Dean, superintendent of the Leadville Station. They were
immediately placed in tanks, and commenced feeding well.

Whitefish.—Of the 370,000 eggs of the whitefish received from the

Alpena Station, 100,000 each were forwarded to Switzerland, France,

and the Indiana Fish Commission at Eichmond.
A noticeable feature in the work of the station was the success which

attended the shipments of eggs. In no shipment, which was reported

upon, was the loss more than 5 per cent, and in many cases there was
none.

The loss among the rearing fish during the season was very great,

especially among the brook trout, which were attacked by a fungus.

The cause of this was not definitely determined, but was probably due
to the scarcity of water occasioned by the continued drought and unpre-

cedentedly warm weather during the whole season. The folloAving

table exhibits the progress of trout fry produced from the eggs of the
fall of 1891 to July 1, 1892:

Items.

Fry hatched
Lost
IJistributed
On hand July 1, 189:i

Von
Behr.

116, 000
52, 000

64, 000

Brook.

100, 000
40, 800

200
59, 000

Loch
Leven.

142, 000
72, 000

70, 000

Lake.

200, 000
125, COO

75, 000

558, 000
289, 800

200
2C8. 000
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For the purpose of incorporating tlieni in the exhibit of the Commis-

sion at the Worhl's Fair, specimens of artificially reared trout were

obtained from several of the stations. Those furnished ))y that at

Northville were of the following kinds, ages, and weights:

One year . .

.

Two'yiJirs.

.

Three years.
Four > ears.

-

Five yeaii).

.

Six years . .

.

Von Hehr.

Ounces.

I
i

13 and 14

Wand 38

Brook. Locli Leveu.

Ounces.

J and IJ
3.\ and -4

ti and S>

13J and l^lj

Ounces.
1

4 and dh
JOJaud 1.')

50 and 56

Lake.

Oxmces.
1

6A and 7

The stock of breeding fish on hand towards the close of the year

consisted of 9o9 Von Behr trout, 610 brook trout, and 2,975 Loch Leven

trout.

Alpkna Statiox, Michigan (Frank N. Clauk, Supeiiintendknt).

The occupancy of this station has continued under lease from Mr.

George N. Fletcher, of Alpena, and its supply of water under contract

with the Alpena Water Company. The operations of the station, con-

sisting of the collection of the eggs of the lake trout for the Northville

Station and the propagation of the whitefish, were under the immediate

direction of Mr. S. l\ Wires, foreman. Owing to the frequent and

severe gales of wind during the last of October and throughout Novem-

ber and December, fewer eggs than usual, of all kinds, were taken at the

spawning-grounds of lakes Huron and IMichigan and Detour Passage.

The especially severe and cold gales m the early part of December on

Lake Michigan were the cause of an unprecedentedly small catch of

fish in that lake, which accounts for the small supply of whitefish eggs

taken from Beaver Island and Charlevoix.

Lake trout.—The eggs of this species were obtained from the spawn-

ing-grounds of Lake Huron on reefs in the vicinity of Thunder Bay

Island, and from Lake Michigan on reefs near the Beaver Islands off

Thompson. The first eggs, which were of the shoal-water race, fro)n

Thunder Bay, were received about October 15, and the work of collec-

tion was carried on till about the 1st of November, when a severe gale

tore up the nets and prevented its continuance. The eggs were devel-

oped at the station and then transferred to theNorthviile Station, seven

consignments being made between November 4 and December 14.

The season of collection represented two hundred and twelve days of

one man's time, daring which 2,853,000 eggs were secured, as follows:

From Miiiiisti(iue, Lake Michigan, seveuty-live days 2, 275^ 000

From North Point jind Alpeua, Lake Huron, sovcuty-live

days 2S0.000

From All Sable, Lake Hiuou, .sixty-two days 2'J8, UOO
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Whitejish.—The first eggs, 160,000, were received November 4, and
the last 1,000,000, from Beaver IslaDd, ou December 10. The season's

receipts were 10,700,000 eggs, as follows:

Lake MicLi"!iii.

Epoufette
Naubinway
Heyniauu's tishrry
Sclilein's tisherv
Scott Point and Point Pat
terson

Beaver Island ,

Days.
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tbe lake, this beiiii;- leiulered necessary owing to the rough and hum-
mocky condition of the ice, which made it iiupossil)le to get out to the

usual planting-grounds with the cans of fry. Plantings were continued

at intervals till the 30th of April, during which time 11,727,000 fry were
placed off Lester Eiver; 3,000,000 at the mouth of the ship canal,

Duluth, and 2,000,000 in Lake St. Croix, St. Croix Eiver, near Hudson,
Wis. The loss in eggs and fry was 1,273,000.

Lalie trout.—On September 23, 1801, one man was sent to the north

shore of Lake Superior, in the vicinity of Isle Royale, to arrange for the

taking of eggs of this species. Owing to the continued rough and
stormy weather no eggs were secured by the force till the second

week in October, the first consignment reaching the station October

13, and the last November 10, and at the end of the month there were
in the hatchery about 700,000 good eggs. The eggs of the Lake
Superior lake trout are larger and of deeper color than those from the

Lake Erie lish, and tbe fry, when hatched, are much larger and more vig-

orous and grow more rapidly. The eggs commenced to hatch January

12, 1892, and on March 31 there were 504,500 strong fry from this col-

lection. In addition to the eggs collected by this station there were
received from the Northville Station, of eggs collected by the Alpena
Station, three consignments, on December 29, January 7, and January

10, from which were obtained 920,300 good eggs. On January 10

these eggs began to hatch. The distribution of fry commenced June
0, during the month 480,000 being planted, all in Lake Superior.

Of these, 130,000 were produced from eggs obtained at Isle Eoyala and
350,000 from those sent from the Northville Station. The number of

fry retained at the station after the close of the year was 843,400.

Pile perch.—The eggs of this fish were obtained from Pike River,

an aitiuent of Vermilion Lake, in the vicinity of Tower, Minn., and
from the St. Louis River, near Fond du Lac, Minn. The fish in Pike

River usually spawn a week to ten days earlier than those in the St.

Louis River. On April 18 one of the men was sent to Pike River to

make preparations for the gathering of eggs as soon as the fish began
to run and indicated their readiness to spawn. A short distance up
the river is a sloping barrier of rock, which stops the ascent of the fish,

and here they congregate in ct)untless numbers as the spawning season

approaches. The fish of the first catches were hard and unripe and
were held in crates till ready to spawn, a course that had proved
successful in i)revious years. At Pike River this season it failed

completely, the eggs from fish held for twenty-four hours proving

worthless, the spots being so defined as to give a mottled ai)pearance

to the mass in the pans upon first extrusion and in an hour or two the

entire &gg becoming opaque and lifeless.

On April 25 a man was sent to the St, Louis Ifiver, the tish having
there commenced to run, but no ripe ones were secured till May 7, and
on May 12 the work was terminated, owing to the rising river and
lieavy current, which practi('ally stopped the run of the fish. The eggs



REPORT OF COMMISSIONf:R OF FISH AND FISHERIES. XLIX

taken were abnormal, but not to the same number or extent as tbose

from Pike Eiver, nor were those from fish held in cribs more badly-

affected than the ones taken from fish freshly caught. The total take

of good eggs from both sources was 48,000,000. The foul condition of

the hatchery's supply of water, owing to the continued succession of

rain storms, injured about 18,000,000 of the eggs. The balance were

developing normally, and to save them they were planted between May
20 and 26 in the clear water of Lake Superior, about 2 miles from the

shore. Good fertilized ova were deposited between May 1 to 6, to the

number of 15,000,000 in Pike Eiver, and from May 1 to 12, 10,000,000

in the St. Louis River.

Von Behr trout.—The eggs of this species shipped from the Northville

Station were received on January 1, 1892, in the best condition, the

number of dead eggs on arrival being 374. On the basis of measure-

ment by Dr. Sweeny there were 36,125 eggs, which began to hatch

January 20. The loss during hatching on account of the condition of

the water was very great. On June 3d 15,000 fry were planted near

Amberg, Wis., and on June 22d 5,000 in Baptism Eiver, Minnesota.

QuiNCY Station, Illinois (S. P. Bartlktt, SurEuiNTEXDENx).

The work of this station was continued on the same bnes as in pre-

vious years. The fish obtained were mostly large, of a breeding size.

The number distributed for this season was less than in former years,

but the area of distribution was greatly enlarged. The following table

shows the distribution work of the season

:

State.
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transportation, and many, which wonkl otherwise have died, were

gathered and phiced in the Illinois lliver.

The plantings thus made consisted of:

Catlish, yearlings 250, 000

Carp, difterent varieties and sizes 5, 000

Buffalo, different varieties and si /cs 20, 000

Yellow perch, yearlings 25, 000

Crappie, yearlings 5, 000

White bass, yearlings 10, 000

White bass, matured 5, 000

Total 320,000

There were also deposited in the river at Meredosia the following

fish that had become fungussed during their retention in the live-boxes

while awaiting distribution

:

Spotted catfish 1, 000

Pike 500

Black bass 2, 000

Crappie 3, 000

Rock bass 1, 500

White bass 5, 000

Sunfish 10,000

Total 23,000

During the season there were taken by the fishermen of the vicinity

quantities of carp of varying sizes. A ready sale of these was had

in the markets, Chicago paying 8 cents per pound, double the price of

other varieties of fish indigenous to the locality.

Neosho Station, Missouri (William F. Page, Superintendent).

Bainbow trout.—The fish retained from the product of the spring of

1890 for brood stock began to spawn in December, 1891, though but

20 months old. The first eggs were taken December 15, and the last

February 23. louring this period 112,185 eggs were obtained from 207

fish, an average of 542 eggs to each . The number of males used was 288.

Great difficulty was experienced in securing proper impregnation of

the eggs, and not more than 35 per cent of the eggs taken were fertil-

ized. The trouble was the same as is described by Mr. Frank i!^. Clark

in his report of the operations at the Northville Station during 1882.

(Report U, S. F. C, 1882, p. 819.)

On January 16, 1892, Frof. Charles E. Kiley, of Drnry College,

Springfield, Mo., arrived at the station, and made a microscopic exam-

ination of the eggs and milt, in various stages, to discover, if possible,

the cause of the hard, glassy eggs so frequently occurring in this trout,

and a cure for the disease. His stay at the station was limited, but at

his request a series of eggs were prepared in a hardening mixture, and

sent him for further examination. In eggs which had had no contact

with milt, as also in the fiuid which so frecpiently accompanies the

extrusion of these hard, plump eggs, he discovered a tapeworm like

parasite. It is hoped that from the results of Prof. Riley's investiga-
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tion means may be discovered to overcome this difficulty in the propa-

gation of this species.

On February 11 a package of rainbow trout eggs, consigned as 20,000,

were received from the Wytheville Station. These eggs, Mr. Page
reports, were the largest ever seen by him and in fine condition. When
counted, however, there were found to be but 14,538, the discrepancy

being probably due to the consignor's using a measure established for

eggs of normal size. On June 30, 1892, the number of fry on hand that

were produced from these eggs was 12,000; from those taken at the

station, estimated, between 25,000 and 28,000.

During the breeding season a continual warfare was waged among
the breeding males. Every eftbrt was made to stop the fighting, but

it was ineffectual, and the loss among them averaged about 10 a week.

The season of distribution was from January 14 to March 2, 1892,

during which there were sent out 11,110 yearlings (product of season

of 1890-91) and 14 fish two years old.

BrooTc trout.—On March 27, 1892, there was received from Mr. James
Annin, jr., of Caledonia, N. Y,, a consignment of 8,000 eggs of the brook

trout. These were in good condition on arrival, the loss en route being

218. The eggs hatched with reasonable loss, but the fry produced were

weak and puny, and the death rate among them very high. At the end

of the year there were but 1,500 alive and in very j)oor condition.

From the fry brought over from the previous year there were avail-

able for distribution 6,327 yearlings, which were shipped from the sta-

tion between January 28 and March 12.

Vo7i Belir trout.—From the 25,900 eggs of this species received from

the Northville Station in the spring of 1891, there were produced by
November 1, 1891, actual count, 15,200 fish, and 10,222 were distributed

between December 17 and March 17, 1892.

Black bass.—Of the stock of breeding fish, 175 three-year olds were

sent to Washington in December, 1891, leaving but 33 at the> station.

Owing to the continued cold rains and cloudy weather the bass were

somewhat late in spawning. Immediately after hatching and before

the schools had dispersed, the fry were netted and transferred to

another pond. It is estimated that the number availablefor distribution

in the fall of 1892 will be about 2,000. The distribution of yearlin gs was
commenced November 27 and ended February 8

5 7,384 fish were shipped.

Bock bass.—The number of yearlings distributed was 9,374 ; of 3-year

olds, 2.

Crappie,—Of this species 95 yearlings and 14 breeding fish were dis-

tributed.

Tench.—The gratifying results attained the previous season in the

propagation of the tench made it desirable to increase the work during

the present year, and 40 of the largest fish were reserved and added to

the brood stock, and an additional pond, two in all, assigned to them.

The number of yearling fish available for distribution was 26,432, which

were shipped between November 9 and February 8.



LII REPORT OF COMMISSIONER OF FISH AND FISHERIES.

Carp.—The work with the carp was restricted to two poiuls. The

brood stock continue in good condition. The number of yearlings dis-

tributed was 7,184, all to private ponds with the exception of 1,000 placed

in Shoal Creek near Xeosho.

Ooiden ides.—The parent iisli are in good condition, and occupy one

of the best ponds. No young were obtained from these fish last year,

and success with them at this station is doubtful.

Goldjlsh.—The goldfish spawned (in pond No. 5, February 24, 1892)

freely and fretiuently, only to have their eggs and fry killed by the

cold rains. The number for distribution in the fall will be small. The

number of yearlings distributed during the year was 3,576.

Spotted or channel catfish {Ictalurus piinetatus).—The want of suc-

cess with this fish during the previous year being thought to be due to

overstocking, but one-third, or twenty of the breeders, were retained

at the station. In May, 1892, they were quite active, and it is believed

have prepared several nests. Of the breeders, 30 were transferred to

the fish i)onds at Washington, and 27 to the Missouri Fish Commission.

Shad.—On June 3, 1892, 700,000 shad fry were received from the

Gloucester Station, N. J. Their growth during June was satisfactory,

and the very large schools of them seen throughout the entire pond

excited the interest and admiration of the numerous visitors to the

station. These were for rearing and final liberation in Gulf tributaries.

In January, 1892, a severe cold spell prevailed from the 17th to the

22d, the temperature falling to 22° F. On the 19th, pond No. 1, in

which is kept the brood stock of rainbow trout, froze over for the first

time. Unusually heavy rainfalls prevailed during April and May, the

total precipitation from May 3 to 30 being 11.12 inches. The disas-

trous effect of these rains, coming at the spawning time of most of the

pond fishes, is made apparent by the limited number of fish hatched

during this season. The following table exhibits the midsummer and

midwinter temperatures of the water in the pond:

Water.

Spring
Hatcbery . .

.

Trout jioola.

Pond No. 1.

2.

3.

4.

.5.

6.

7.

8.

9.

10.
11.

12.

13.

Summer, August 6, 1891.*

Inlet.

Outlet.

Sur- Bot
face. torn.

Fish in pond.

Kainbow, brook, Von
Behr trout.

Kainbow, ITinontbs.
Golden ides
Carp, breeder.s

Carp, fry
Goldfl.sh
Grapple
Catfish
Kock bass
Tench
Black bass
....do
Carp fry

Winter, December 23, 1891 .t

Inlet.

Outlet.

Sar- Bot-
face. torn.

Kind offish.

Rainbow, brook, and
\'ou Bclir trout.

IZainbow. brood stock.
Golden idea.

Carp.

Goldfish.

Catfish, large.
Rock bass.
Tench.
Black bass.

•Air, 73° in shade; cloudy and showery. t Air, 43° ; clear.
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The residence and annex to batcLery wliicb were under construction

at tlie close of tlie last report were finished by October 1. In the ice

room of the annex 50 tons of ice, which was cut from the large pond,

were stoj-ed in January, 1892. Two footbridges, leading, respectively,

to the residence and annex buildings, were built across Hearrell Branch.

An additional pond, No. 13, was built during the year. It affords a

water surface of 1,200 square feet, and its greatest depth is 18 inches.

In December, 1891, 30 American arbor-vitse and 30 Norway pines were

planted about the grounds.

Food.—The base of the food used at this station is a mush made of

"shorts" or mill-middlings, to which beef liver is added in varying

proportions, according to the season and the kinds of fish to be fed.

The best quality of shorts is used, as the mush made from the inferior

qualities is too readily soluble in water and divides into particles finer

than tlie fish will eat. To obviate this it is arranged that when the

shorts runs poor 5 to 10 per cent of common flour is mixed by the miller.

A 25-gallon farm boiler is nearly filled with clean water, which is

brought to the boiling point; shorts is then added, about half a peck

at a time, and thoroughly stirred in, so as to cook in an even pasty

mass without lumps; 3 to 4 pints of salt is added during boiling, and

the whole mass is kept constantly and vigorously stirred. When a

thick mush is attained, it is poured into pails, in which it is allowed

to become well set and cool before using, as thereby it is not so liable

to too freely dissolve in the pond. With each 25 gallons of w^ater about

30 pounds of shorts is used, which produces 166 pounds of mush. Forty-

five minutes is usually sufficient time to prepare this quantity.

For preparing the liver a No. 22 meat cutter, made by the Enter-

prise Manufactuj:ing Company, of Third and Dauphin streets, Philadel-

])hia, is used. The size of the "cut" of the liver is regulated by a

plate, which has perforations varying from one-sixteenth to tliree-

eighths of an inch, lU'oviding food of a size suitable for all sizes of fish,

except very young trout. The machines cost $4 each, and will prepare

10 pounds of liver in four to five minutes.

Mr. Page summarizes in regard to the methods of feeding as follows:

Our present (April 12, 1892) stock of brood rainbow trout number 1,000. They

are 2 years old. Their aggregate weight is about 1,500 pounds. They are fed morn-

ing and evening. Their daily ration consists of 30 pounds of mush and 3 pounds of

liver well mixed. Such has been their diet for twelve months. They are and have

been in perfect health, many of them weighing 2 pounds. We have never lost a fish

from this stock by reason of choking, "pop-eye," or intiamed intestines, fatal dis-

eases usually resulting from improper feeding.

Of young trout we have at present (April 12, 1892) 40,000 rainbow trout, averag-

ing e'weeks old. To these we are feeding daily from 6 to 7 pounds of liver, Avithout

any mush. When the trout are from 2 to 3 months old we commence to mix a little

mush with their food, gradually increasing the proportion of mush (and quantity

of food) until, by the time they are 6 months old, the proportion would be one

part mush to one part liver. After that time the addition of mush is made freely,

so that, by the time the fish become "yearlings," the proportion of liver may be

reduced to a minimum. They can then easily be made to eat mush without any

liver for several days in succession. They do not allow this " unnaturaV food to
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sink to the bottom and cat it lazily, but rise to the siiiracc, lanhiiiji; the water into

foam, and exhil)it every appearance of enjoyment.

Tlie black bass (Micropteriis salmoidca) in our ponds decline mush in any form, and

can not be made to eat it. When Bometimcs mixed with considerable liver they

will take it in the mouth, but (juickly spit it out. The same results have attended

frecjuent trials Avith crackers, Ijakera' bread, and dog biscuit. Tliey seem averse to

vegetable diet. We have been able to induce them to eat noTliing but liver—and it

must be fresh and sweet. (Of course Ave have not tried minnows or other fish, our

elVorts being to overcome their natural instincts to eat fish.) When the liver, as it

will occasionally in the summer, becomes the least tainted, the bass decline it.

Occasionally they decline any and every thing to eat. This ])eculiarity of the bass

is well known to anglers. (Book of the Black Bass, Henshall, p. 360.) In our

ponds they never eat on ''nasty," raw days; but on pretty days they follow one

around the pond secerning to beg for food. They are A'ery active after the Hies here

in summer (but less so than the rainbow trout), and have been seen to kill and

))artially eat a snake. Unquestionably they devour the largest part of their young

after the school leaves the nests and disperses.

The channel cattish (the original stock from Grand River, Indian Territory) eat

the mush greedily. During the late fall, winter, and early spring they are dormant

and never come for their food. Such as may be offered to them at this time sinks to

the bottom and remains unnoticed. At other times of the year they rise to the sur-

face and eat the mush ravenously, reminding one of pigs. They are, as is generally

known among anglers, very fond of liver, it, in fact, being a favorite bait for them.

Very rarely we mix a small amount of liver with their mush. (See U. S. Fish Com-

mission Bulletins, 1883, p. 419; 1884, p. 321; 1886, p. 137.)

To our rock bass we occasionally give a small quantity of liver, but it is very

doubtful if they ever eat any of it. They will at times pugnaciously dart out and

take a small piece in their mouth, to immediatelj^ spit it out. It is thought that the

presence of small quantities of liver in their pond assists in breeding the insects

which seem to furnish the bulk of their food.

To the golden ides, goldfish, tench, and carp we feed mush unmixed with liver.

They are fond of liver, but it does not seem necessary to their keeping.

The quantity of food given to the pond fish is varied according to the number of

fish, size of pond, season of year, and condition of weather. No definite rule seems

possible. Not only does the appetite of the fish vary, but scarcely any two ponds

have the same capacity for producing natural food to supply the lacking necessary

ingredients of the artificial food. Again, the artificial food which might be econom-

ically used in one locality w^onld be beyond profitabh^ employment in another. It

may be found that cotton seed can be profitably employed in feeding certain warm-

pond fish in some southern localities. It would scarcely bo economical in Pennsyl-

vania or Ohio. At the Cold S])ring Harbor hatchery on Long Island, New York, they

have been using horse meat for the past six months At the Forest Hill hatchery,

St. Louis, Mo., the refuse of the cracker factories of St. Louis is used for feeding carp.

The trout meutioued iu the letter following was 28 months old at the

time of capture:
KoGKRS, Ark., June S, 1892.

Dear Sir: Your kiiul favor of April 21 was received. To-day I received a rain-

bow trout from Silver Springs race and spring, where we dei)osited .500 trout received

from you December, 1890, or January, 1891. It weighs, dressed, 3 pounds, measures

22 inches from tip 1o tip, and was full of spawn. Am sorry it was caught. We do

not allow fishing, but this one jumi)ed the bars. Have taken a cast of it in plaster.

Two or three smaller fish have been taken out, but this seems to show what they can

do in our water. No food has been furnished them. * » *

Respectfully, vours,
J. G. Bailey,

President Silver Springs Milling Company.
Mr. Page, Neosho, Mo.
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Leadville Station, Coia>i:ai>o (H. D. Dkax, Sui'EiaNTENi.E.NT).

The operations of this station were coutiued to the propagation of

the troutSjthe varieties handled being the black-spotted, yellow-finned,

brook, rainbow, Loch Leven and Von Behr. On July 1, 1891, fish and

eggs as follows were ou hand

:

Species.

Black- spotted trout [Salmo myUss) --.

Tellow-liuned trout {Salmo mykisn iiiacdonaldi)

Brook trout (Salvelinus fontinalis)

liainbow {Salmo irideus)

Lock Leven (Salmo levenensig)

Von Behr (Salmo fario)

Breeders.

1,025

Yearlings
and fln-

gerlings.

1,631

18, 773

552

Total

.

1,179 20, 956

Fry.

49, 604

65, 493

115, 097

Eggs.

37, 244
5, 379

42, 623

BUclc-spoUed trout—On August 11, 1891, a trap was placed in Lake

Creek, about 1 mile from the hatchery, and kept there until the last of

September. During this time 543 fish, of an average length of 6 to 8

inches, were caught and transferred to the station. The collection of

eggs was commenced in May. From May 10 to June 6, 120,300 eggs

were secured from 218 stock fish, an average of 550 eggs to each fish.

The greatest take of eggs on one day was 30,500 on May 24. In May

5,100 eggs were secured from Twin Lakes; of these, about 40 per cent

hatched. From the same waters, through the courtesy of the Colorado

Fish Commission, 96,000 eggs were taken between June 24 and 29,

75 per cent of which were good. Through the kindness of Gen. A. H.

.Tones, of Denver, 121,000 eggs were obtained at Black Lake in the

early part of June. Of these about 50 per cent were good. The time

of incubation of the eggs of this trout is from twenty to thirty days.

Brool' trout.—A^ in previous years, an agreement was made with Dr.

John Law, by which the Commission was to spawn his stock of fish,

and after furnishing him with 350,000 eggs, receive the balance secured

for the Leadville Station. The spawning season of these fish was from

November 2 to January 29, during which 2,283 fish were stripped, pro-

ducing 672,400 eggs, the station's share being 322,400. The largest

number of eggs, 29,900, was taken November 29. The stock fish of the

station spawned from November 9 to December 5, 21,000 eggs being

taken from 25 fish. Hatching commenced in the middle of February,

1802. During the last of the egg-taking season difiiculty was expe-

rienced in finding enough ripe males. Accordingly 21,500 eggs were

fertilized with the milt of the Von Behr trout. Of this lot but 2,000

were alive by the end of April.

During the last week of March , when the sac was about half absorbed,

the fry commenced dying rapidly. They were liberally treated with

salt and earth, and for a short time given salt every day. In three or

four days the disease was checked and the mortality was then not

greater than usual. The younger fry were given occasional doses of
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salt aud escaped tlie disease entirely. Salt and earth were thereafter

put in all the nursery tanks two or three times a week till the fry were
transferred to tlie ponds.

Loch Leven trout.—On January 2, 1892, the 25,000 eggs of this trout

shi])i)ed from the Xorthville Station December 20,1891, were received,

in good condition, aud hatched daring the month, producing 24,746

fry. The white spot in the sac soon appeared, and a heavy mortality

occurred during February and March.

Yon Behr trout.—Eggs of the Von Behr trout were secured from the

stock fish of Dr. John Law. The spawning season commenced iu

December, and was over by February 3. There were taken 21,400

eggs, which were very poor, only 20 per cent being good. From the

Northville Station there were received on January 9, 1892, 50,000 eggs,

shipped January 5, and on February 16th 30,000 eggs, shipped Febru-

ary 13. Both lots were iu good condition on arrival at the station. At
the end of February about 70 per cent of the good eggs had hatched, and
the remainder were all hatched before the close of May. The number
of fry on hand May 31 was 72,986, nearly the whole of which were from

the eggs sent from the Northville Station. In June 10,000 were placed

in waters of Lake County, as follows: Arkansas River, 5,000; Rock
Creek, both above aud below the falls, 3,000, and in Lower Evergreen

Lake, 2,000.

At the close of the year the stock of fish, fry, and eggs at the sta-

tion was as follows

:

Species.
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During the summer and fall of 1891 the dwelling-house and stable

were completed, as also 32 rearing and 5 other ponds.

Batrd Station, California (George B. Williams, Jr., Superintendent).

The work at this station is confined to the quinnat salmon. Fishing

was commenced on August 31, 104,500 eggs being obtained, and con-

tinued to September 19. The total of eggs secured was 3,026,000. The

fish were unusually large and productive and the eggs healthy. Some

difficulty, however, was experienced with a few of the females first

taken, on account of the fluid ejected when being stripped, preventing

full impregnation. The eggs in the hatchery matured rapidly, and on

September 29 shipments to the State hatchery at Sisson were com-

menced. For shipping, preference was given to the packing-chests

wi-th canton-flannel trays, over the method of crates and moss. The

superintendent of the hatchery reported that each of the seven ship-

ments arrived in good condition, and favorable reports were also

received in regard to the 50,000 eggs sent to the Mexican Grovernment

at the City of Mexico. This latter shipment was made in December

and from eggs taken from fish of the late run.

The second run of fish commenced October 24, on Avhich date about

100 fish were caught in the traps, but they were mostly unripe ones.

Hauling of the seine was begun on October 27, but few ripe fish were

secured. On October 30 the fish on hand were spawned, and the fish-

ing was continued till November 10. The total of eggs secured from

this run was 350,000. Of these, 25,500 were hatched at the station, and

when sufficiently matured the fry were placed in the McCloud Eiver.

In the latter part of September, after the close of the first run of the

quinnat salmon, there were caught in one- of the traps two females and

one male of thehumpback salmon {Oncorhynchus gorhiischa), which were

spawned, the eggs hatched at the station, .and in February the fry

planted in the McCloud Eiver.

During the summer run of the salmon, there were taken 1,117 males

and 1,345 females, of which latter 651 were ripe; in the fall run, 435

males and 286 females, of which latter 62 were ripe.

The following table presents the spawning operations:

Date.
Females
spawned.

Aug. 31

Sept. 1

Sept. 2

Sept. 3

Sept. 4
Sept. 5
Sept. 6

Sept. 7

Sept. 8
Sept. 9
Sept. 10
Sept. 11

Number of
esgs.

164, 500
69. 500

74, 000
97, 000

147, 250
142,750
165,000
204, 000
222, 000
190, 000

268, 000

184, 000

Date.

Sept. 12
Sept. 14

Sept. 15

Sei>t. 16

S(.pt. 17

Sept. 18
Sept. 19

Oct. 30
Nov. 4

Nov. 10

Females
spawned.

749

Number of

144, 000
271,000
114,000
140, 000
145, 000
179, 000
105, 000
84, 000

140, 000
126, 000

3, y76, 000
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Of the take of eggs, 2,852,250 were sent to tlie Sissou hatchery of

the California Fisli Commission; 50,000 to the IMoxican Government at

the City of Mexico; 25,500 were hatched and tlie fry liberated at the

station; and 448,250, or about 13.25 per cent, were lost in developing.

Fort Gaston Station, California (Capt. F. H. Edmunds, U. S. A., in charge).

The conduct of this station and its auxiliary at lledwood has con-

tinued under the direction of Capt. Frank II. Edmunds, U. S. Army.
In July the ponds for young salmon and breeding trout were com-

])leted and the extension of the hatchery building so as to contain 40

troughs was begun, being completed by October. Arrangements were
made in August for the construction of a small liatchery, 14 feet square,

with a capacity of 8 troughs, at Eedwood, which was completed in

October. In November a water-supply tank was built for the Eedwood
hatchery.

The first salmon eggs collected at the Eedwood hatchery were taken

December 3, and their gathering was continued to March 10, the total

yield being 300,000, of which 150,000 were transferred to the Fort

Gaston Station and 150,000 retained for hatching at Eedwood. Of
those taken to Fort Gaston 2,000 died during transfer. The remainder

began to hatch February 0, and were all hatched by March 10. The
loss in fry was about 400. On May 30 and 31,147,600 young salmon

were turned into Sup[)ly Creek, a branch of the Trinity Eiver, and dis-

tant from the station about a quarter of a mile. The eggs retained at

the Eedwood hatchery commenced hatching March 12. These eggs

were taken February 2, and the jieriod of their incubation was much
shorter than heretofore, the usual time being sixty to ninety days.

The unusually mild weather prevailing during the winter was undoubt-

edly the cause. The hatching was comi^leted by April 30, producing

142,500 fiy, which were released through a sluice, on May 1, into Minor

Creek, a tributary of Eedwood Creek. During August 25,000 young
salmon reared at the station were turned into Supply Creek.

The rainbow trout taken during the previous season, and held in the

station ponds for breeders, were spawned February 24 to 27, yielding

about 9,000 eggs, and a further gathering of 12,000 eggs was made
between March 1 and 19, making a total collection of 21,000. Hatching
commenced Ai)ril 10, and was completed JNlay 29, producing 18,450 fry.

On January 30, 1892, 20,000 eggs of the eastern brook trout purchased
of Mr. J. Annin, jr., of Caledonia, N. Y., were received at the station.

On unpacking, the number of dead eggs was 225, and the subsequent

loss was 9,.393. The remainder began hatching Februarys, and nearly

80 per cent were hatched by the close of the month. The loss in fry

was a little over 500, mainly occurring during A])iil,

The 25,000 eggs of the Von Behr trout shipi)ed from the Northville

Station January 22 were received February 2 in excellent condition, on
unpacking but 10 eggs being found dead. The subsequent loss in eggs
was 113. Hatching commenced February 18 and was finished Febru-
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ary 26, tlie number of fry produced beiug 24,877. At the close of the

year there were at the station

—

Raiubow trout (breeders) 300

Rainbow trout (fry) 18, 450

Vou Bebr trout (fry) 24, 856

Brook trout (fry) 9, 854

On July 1 the reservation was turned over to the Interior Depart-

ment for Indian school purposes, in accordance with the act of July 31,

1892, and Oapt. Edmunds and his command transferred to Benicia

Barracks, Cal. In this connection the Commissioner takes pleasure

in acknowledging- the hearty and efficient aid extended by Capt.

Edmunds in the conduct of the Commission's work at Fort Gaston
and Kedwood.

Clackamas Station, Oregon (Waldo F. Hubbakd, Superintendent).

The work of this station consists in the propagation of the quinnat

salmon. On August 25, 1891, the work of clearing the fishing-grounds

and building the traps was begun. Some distance below the rack,

which was built at the end of the previous year, were two channels, in

each of which a trap was placed. Between the rack and the traps all

the large rocks were removed from the river, which left a bed of fine

gravel where the salmon came to spawn and thence were driven into

the traps. A second fishing-j)lace, further down the river, was made.
Here the fish were caught by a net and put in pens, where they were
kept till stripped of their spawn.

On September 8 the first eggs were taken from four salmon caught
in one of the traps. It soon became evident, however, that but few

fish could be caught at the station, owing to the existence, about five

miles below, ot a dam -across the river which in low water prevented

the ascent of the salmon. As a good many fish were seen below this

dam a temporary collecting-station was there established September
21. A large tent, to serve as a hatchery, was placed on a small island

below the dam, from which, by means of a flume, water was led into

the hatching troughs. Two si)awn-takers were left at this station, the

parent fish being purchased from the fisheruien in the vicinity.

Eggs were obtained daily during October, the total amount gathered

being 1,185,000. The number of eggs taken at the regular station

during the season, from September 8 to October 31, was 851,500. The
total take of eggs was 2,036,500. The number ofsalmon spawned at the

station was 198, and at the tent 217. The average number of eggs to

the full-roed fish was about 5,000. Ej^e-spots began showing in the

eggs taken at the temporary hatchery about October 24, Avhen 90,000

eggs packed in boxes, on canton-flannel trays, were transferred to the

station without loss.
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Experiments were made in transferring eggs of diflerent ages, but
the loss among those uot showing eye-spots was very great. The eggs
at the temporary station were transferred in installment, up to Novem-
ber 3, when a heavy rise in the river, which waslied away the tiume and
floated some of the troughs, necessitated the immediate removal of the

remainder. It was found that eggs 16 to 18 days old could be trans-

ferred with but little loss; when younger than that the loss was very

great, while those under 10 days were all killed. About 500,000 eggs
were lost by transfer. The balance of the eggs hatched, with a loss

of about 10 per cent. The loss among the fry during the time they

were held in the hatching troughs was small, with the exception of

about 50,000 which were diseased at the time of hatching, some living

but a few days and others two or three weeks. The fry were all placed

in the Clackamas Kiver and Clear Creek, near the station, between
December 1, 1891, and February 27, 1892.

On September 28, 25,000 eggs were placed on exhibition at the Port-

land Industrial Exposition. The water supply here was very poor,

sometimes stopping altogether, and the majority of the eggs were
killed. The few fry produced were afterwards brought back to the

station.

On March 10, 1892, 20,000 eggs of the landlocked salmon were
received from the Schoodic Station, but they were all dead.

In May, 1892, an attempt was made at the falls of the Willamette

Eiver, at Oregon City, to secure some eggs of the steelhead salmon^

the eflbrt being based upon statements of the local fishermen that a

great many ripe-roed fish were caught there. On May 9 some hatching

troughs were taken to Oregon City and placed near a steamboat basin,

from which a supply of water was obtainable. Pens were built and
placed in the river for holding such fish as might be secured through

the fishermen. Just before preparations were completed the fishermen

were catching a good many fish, but few, however, wore ripe; after all

arrangements were ready no more fish were caught. At this time

occurred an unusual rise in the river, which permitted the fish to clear

the fall and ascend the river. In ordinary seasons the river is low and
the fish can not get above the falls, below which they remain till they

s]3awn. A spawn-taker was kept at the place for twelve days in the

hope that eggs could be obtained, but none being secured the attempt

was given up and the equipment brought back to the station.

Towards the end of June preparations were commenced for the coming

season's work.



REPORT OF COMMISSIONER OF FISH AND FISHERIES. LXI

Aquaria at Centual Station, Washington, D. C. (L, G. Harron, in charge).

During this year the aquaria were under the charge of Mr. L. Gr.

Harron, who assumed the duty in July, 1891. The aquaria and grotto

were thoroughly repaired, and wire-screen covers were made for each

aquarium to prevent the escape of specimens and the entrance of any

natural enemies.

In the marine aquaria two-thirds of the water used was artificial,

being prepared from Turks Island salt. The balance was natural sea

water, the supply of which was obtained from Chesapeake Bay, in the

vicinity of Old Point Comfort, Va., and brought to the aquaria with

the collections secured at that place. The density of water maintained

during the year was from 17 to 19, the aim being to keep it at 18, that

of the previous year having been 20 to 22. This reduction resulted in

greater success in the carrying of the more delicate specimens, both

animal and vegetable. For the aeration of the water, dependence was
had on the reduced glass jets. The greatest trouble in the manage-
ment of the aquaria is the regulation of temperature. In the winter it

was held between 50° and 00°, which was satisfactory, by attaching a

steam drum to the supply pipe; in the summer, however, no economical

method for keeping a suitable temperature was discovered, and as a

consequence the maintenance of the aquaria during that season was
practically abandoned.

The collections were obtained mainly at Old Point Comfort, Ya.

Instead of detailing our own launches to this work, as in former years,

involving much time and expense, arrangements were made with a

local agent, by whom specimens were gathered and placed in live cars.

As soon as a sufficient quantity was secured advice was sent to Wash-
ington and a messenger was directed to proceed by the Norfolk and
Washington steamers for them. By this way the collections were

received at the aquaria in twelve to twenty-four hours after being taken

from the live cars and at a very slight expense. Collections were also

received from the Woods HoU Station.

About 250 young shad, the product of fry artificially hatched at

Central Station and placed in fish ponds, Monument Lot, on the 26th

of the preceding April, were received October 21, 1891. These fish were

about five months old and 2 to 3 inches long. At first they were put in

brackish water having a density of 1.005, which was increased from day
to day for about six days, when it was brought up to 1.018, the general

density of the water used in the marine aquaria. At the time these

were placed in the brackish water others were placed in fresh water,

but all of the latter died within three days. The former, however,

began to take food, consisting of chopped oysters, clams, and beef

—

the preference being*"for the oysters—in from two to three days. At
first they would not take the food from the bottom but would catch it

while falling in the water. Later on, however, they began taking it

off the plants where it had lodged, and finally from the bottom. Nearly
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all these remained liealtliy, plump, and active for six months, some
Iivin<i' 1)oyond the end of the fiscal year.

In February, 1S;)2, some of the flounders were Ibuud to be in spawning
condition. Their eggs were stripped, but none seemed to be fertilized.

They were heavy. Two of the blue crabs underwent their shedding in

September, 1891. On first coming out they seemed to be healthy and-

strong, but they died in from three to five days; the cause, however,

was not dctermir.ed.

A number of young oysters obtained from a water tank of the

steamer Fish Raiclc, on which the spat was supposed to have been

deposited in Angust, 1891, were placed in the aquaria in December.

These, when received, were from 1 to li inches in diameter. They
lived about four months, during which time their growth had increased

a half inch in diameter. Whelk eggs sent from Woods Holl hatched

out in pod-like envelopes in about three months after their receipt.

None of the young, however, lived longer than a few days.

Very successful results were had with the specimens kept in the

fresh-water aquaria. But few specimens, however, spawned, probably

due to the presence of alum in the water, resulting from the use of the

Loomis filter. Owing to this it was found impracticable to place any
dependence upon successful results in the growing of plants.

ADDITIONAL FISH-CULTURAL STATIONS.

Montana.—The appropriation providing $1,000 for investigation

respecting the advisability of establishing a fish-hatching station in the

Rocky Mountain region in the State of Montana or Wyoming being-

available July 1, 1891, Prof. B. W. Evermann, assistant in the division

of inquiry respecting food-fishes, was placed in charge and began his

investigations at Helena, Mont., on July 18, 1891, and prosecuted them

continuously until August 27.

The establishment of a fish-cultural station in the Rocky Mountain

region is advisable, without doubt, since the wide extent of country

centering around the Yellowstone I^ational Park has no fish cultural

establishment, and the waters of this region can be stocked only by
costly transfers from remote stations, with a great loss of the fish in

transit. The character of the fish-cultural operations which may be

profitably undertaken in any region varies with climatic conditions,

and with the phj'sical, chemical, and biotic features of the water.

These facts must be more or less accurately known in order to deter-

mine the extent and nature of the fish-cultural installation needed, and

to direct advantageously the stocking of the waters, in the interest of

which a station is sought to be established.

One of the principal objects of the investigation was for the i)uri)ose

of determining the best location for fish-cultural operations, and as the

station for this region would be largely devoted to the hatching iind

rearing of various species of trout and other salmouiflne, visits were
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limited to such places as would furnish a constant supply of pure water
of not less than 1,000 gallons per minute, the temperature of which
should not exceed 55°, and which should be of sufficient height above
the hatchery building to permit a gravity supply. The station should

be centrally located with reference to the region to be stocked, and
should afibrd good railroad facilities.

Of the localities examined, Davies Spring, near Bozeman, Mont.,

seems to be the one most available for the purpose named. A detailed

account of the investigation will be found in the Bulletin of the Com-
mission for 1891, pages 1-60.

Gulf States.—On the completion of his investigations in Montana and
Wyoming, Prof. Evermann proceeded to Texas, reaching Galveston

E"ovember 4. In establishing a fish-cultural station for the Gulf States

it was desired, if practicable, to secure a site where there existed facili-

ties for work with the salt-water as well as fresh- water species, as also

for the investigation and development of the methods of propagation

and rearing of the oyster and for the investigation of marine life of the

Gulf coast. In carrying out his instructions Prof. Evermann visited

Galveston and Corpus Christi on the coast, and Houston, Palestine,

San Antonio, iSTew Braunfels, San Marcos, Austin, and Fort Worth in

the interior. It was found, however, that the coast afforded no satis-

factory conditions for the establishment of the station desired. Of tbe

sites examined for the propagation of the fresh-water species of fishes

the most desirable was found to be that at San Marcos, situated at the

head of the San Marcos Eiver, a tributary of the Guadalupe. The river

has its rise in a number of vS^nings at the foot of a limestone ledge or

hill just above the town. All these springs together form a large, deep
stream, from the bottom of wliich, near the upper end, wells up the

principal spring. The temperature of the water was found to be about
75°. Many water-plants were found in the river and such species of

fish as large-mouth black bass, sunfisb, and various species of cypri-

noids are abundant, A short way below the spring is a tract of laud

of some 25 acres, which lies exceedingly well for the establishment of a
station. Water can be carried in j)ipes from the dam, which is some
distance below the springs, and which furnishes power for a large mill

and for the electric light of the town, to any part of the tract. The
slope is sufficient for the easy construction of ponds. San Marcos is

also centrally located and has satisfactory railroad facilities. Ko defi-

nite selection, however, was made during the fiscal year. A full report

of the investigations can be seen in thel5ulletin of the Commission for

1891, pages 61-90.

Vermont.—In the early part of August, 1891, a tourof inspection was
made by the Commissioner, accompanied by the engineer of the Com-
mission, Mr. C. E. Gorham, looking to the selection of a suitable site

for the establishment of a fish-cultural station in the State of Vermont.
Toward the end of the following October the eugineer was directed to
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proceed to Vermont and pepare a report upon siuli places as from a

general examination presented suitable possibilities. Ainony; the jdaces

visited were lloxbnry, Washington County; llealdville, Forge Flat,

Pittsford, and Mendon, Rutland County; Mancliester, Bennington

County; Willianistown, Orange County; Vergennes, Addison County;

and St. Jolinsbury, Caledonia County. After a due consideration of

the relative merits of these places a site in the vicinity of St. Johns-

bury, Vt., and in close proximity to Sleepers Kiver, was fixed upon as

more nearly meeting the recpiirements. It having been learned that

the owners of the different pieces of property involved in this site

were willing to dispose of them at reasonable prices to the United

States, in June, 1892, the engineer of the Commission was directed to

proceed to St. Johnsbury and survey the plat of ground which was

necessary to be obtained.

The property which it was decided to secure is embraced in four

lots—the first two containing 21.31 aca-es, owned by E. & T. Fairbanks

Company; the third, containing 3 acres, immediately south of the Fair-

banks property and fronting on Sleepers River for 630 feet. The

fourth place belongs to Mr. Asa S. Livingston and includes water

rights to the Emerson Falls, on Sleepers River. The land selected is

about 2i miles from the railroad station at St. Johnsbury and about

li miles from that at Fairbanks village. It was also deemed desirable

to secure rights to the Chickering mill property situated about a mile

above the site selected, in order to have full control of the river in the

vicinity and for the purpose of erecting a dam for the introduction of

a suitable water supply additional to that furnished by the springs.

Arrangements were made with the owners of the property by which

the site in its entirety was obtained for $2,470. As soon as the proper

plat is made, the question of examination of title and preparation of

deeds will be referred to the Attorney-General, as required by law.
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RAILROAD SERVICE.

LXV

The following shows the mileage of cars and detached messengers
in the distribution of food-lishes:

Service.
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Tlie followiiij; table presents the mimbers ami sizes of each species

offish distributed, and their assignment to the States and Territories:

Distribution and assignment of Jish.

Catfish.

States and Territories.

Alabama
Arkan.sas
Calilbrnia
Colorado
Connecticut
Delaware
District of Oolumbia .

Florida
Georgia
Idaho
Illinois
Indiana
Indian Territory
Iowa
Kansas
Kent»icky
Louisiana
Maine •

Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana
Nebraska
New Hampshire
New Jersey
New Mexico
New York ,

North Carolina
North Dakota
Ohio ,

Oklahoma
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas
Utah
Vermont
Virginia
Washington
West Virginia
Wisconsin
Wyoming
Foreigncbuntrii-.s

Total 4,326 157,093

180
295

440
300
95

Carp.

Year-
lings.

80
100

375

ioo'

200

578

8,350
5,860

60
1,485

280
4,253

200
710

4,220
2,970
6,900
1,460

40
1,015
3,310

2«'U

7,700
30

5,640
800

1,200
1,830
5,190
2,100
1,580
2,720

130
1,680
280

5,790
5,110
1,530
2,450
800
120

11, 230

120

5,640
1,000

17, 620
6,525

200
4, 385
2,060
5,210
15,030

Tench.

Year-
lings.

Golden
ide.

Year-
lings.

1,000
500

3,700

500

09

ioij

14, 300

2,100
3,000

975
C

Gold-
fish.

Year-
lings.

250
277

129
(iO

152
6,314

277
321
12

832
735
36
68

640
180
388

6

1,040
151
133

64
54

1,692
24
60

Shad.

Eggs. Fry.

3, 899, 000

1, 939, 000

5, 848, 000

2, 300, 000

3, 045, 000

2, 016, 000

15, 223, 000
1, 500, 000

2, 002, 000
930, 000

!)52 2,497,000

Year-
lings.

1,000,000

736
284

8, 164, 000
785, 000

1,000

3,992'

200

2,000 ..

466

2, 000

1,402
12
108
6

432
, 467

66

1,818
12

221
ioo

6

9, 469, 000

'i.' 266," boo'

1, 998, 000

'4,'974,'o66"

35,592 2,186 20,651 2,497,000 i 66,927.000 : 1,000,000
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Distribution and assignment of fish—Coutiuued.

States and Territories.
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Distribution and assignment 0/ ^s/i—Continued.

States and Territories.

Alabama
Arkansas
California
Connecticut
District of Columbia.
tioorgia
Illinois
Indiana
Iowa
Kansas
Kentucky
Maryland
Massachusetts
Michigan
Missouri
New Jersey
New Mexico
New York
North Carolina
Ohio

Sea bass.

Fry.

200, 000

White
bass.

Year-
lings.

Black
bass.

Year-
lings.

447
225

Pennsyl viinia

South "Carolina
South Dakota
Tennessee
Texas
Vermont
Virginia
Washington
West Virginia
Wisconsin
Foreign countries.

Total 200,000

50
2,010

222
400

650
511
780

1, 850
1,844
2,176

700
55

1,430

67
198

Crappie.

Year-
lings.

Rock
bass.

285
25

1,780
155
240
570

1,140

532

1,390
159

25
211
50
150

1,175

1,946

2, 385
600

390

"80

125

'367

270

'408

19, 753

State.

Massachusetts

.

Total....

Scup.

Fry.

35, 000

35, 000

Cod.

Fry.

52, 795, 500

52, 795, 500

Pollock.

Fry.

2, 473, 500

Year,
lings.

500
50

500

5U0

1, 540
325
589
100
875
814
200

Sunfisb.

Year-
lings.

2, 594
470
667

1,090
1,401

168

1, 262
350
350

1,800
850

2,000
500
770

1,050
1,200

9,800

50
233

965

152
974

500

285
338

26, 208 9,604

Pike.

Year-
lings.

500

200
190
70

25

1,966

Flatfish.

2, 764, 000

2, 473, 500 2, 764, 000

Fry.

3, 510, 000

3, 510, 000

Lobsters.

Fry.

5, 799. 000

5, 799, 000

SUMMARY.

States and Territories.

Alabama
Arizona
Arkansas
California
Colorado
Connecticut
Delaware
District of Columbia
Florida
Georgia
Idaho
Illinois
Indiana
Indian Territory
Iowa
Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
MiHsiBsippi
Missouri
Alontana
Nebraska

Number.

3, 909, 889
1,700

28, 037

3, 248, 438
76, 177

2, 941, 287

5, 855, 205
1,006,914

2, 301, 087

3, 0.54, 737
2,982

19, 954
16, 118, 513

900, 076
20, 752
13, 224

10, 612, 790
2, 024, 188

485, 083

15, 240, 316

69, 082, 176

21, 475. 831

45, 279, 844
2, 007, 244

957, 423
3,104

240, 080

States and Territories.

Nevada
New Hampshire..

.

New Jersey
New Mexico
New York
North Carolina
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas
Utah
Vernionl
Virginia
Washington
West Virginia
Wisconsin.
AVyoniiiig
Foreign countries

Number.

12.

1,

25, 000
141,136
236, 582

7, 502

708, 437
796, 402

1,530
278, 373

800
332, 520
313, 166

12

200, 728
34, 331
5,382

24. 592
004, 501
195, 333

007, 660
4, 267

16, 865
044, 166
230, 006
400,916

Xotal 305, 918, 346
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GENERAL ADMINISTRATION.

Mr. J. J . O'<3onnor, who had been chief clerk of the Commissiou from

June, 1888, died on May 4, 1892. He was succeeded by Mr. Herbert A.

Gill, who had been the disbursing agent of the Commission for many

years.

On May 19 Mr. W. P. Titcomb was appointed disbursing agent.

CIVIL SERVICE.

Owing to the increase of the personnel of the Commission and the

desirability that faithful employes should have such assurance of per-

manency of tenure of their positions as is conveyed by the civil-service

law, the President was requested to order the classification of the Com-

mission as a part of the classified departmental service. This request

was approved, and the executive order issued May 5, 1892.

MENHADEN AND MACKEREL FISHERIES.

During the first session of the Fifty-second Congress much conflict-

ing testimony was had before the House Committee on Merchant Marine

and Fisheries relative to the natural history and habits of mackerel

and menhaden, as also the inflnence upon their abundance of certain

methods of fishing. On the 21st of March, 1892, the Commissioner was

called upon by the chairman of the Senate Committee on Fisheries to

make replies to certain interrogatories. Kespouse was made May 9,

1892, which was printed as Senate Miscellaneous Document No. 156,

Fifty-second Congress, first session.

PUBLICATIONS AND LIBRARY.

During the year the following papers, forming parts of the reports

and bulletins, were issued

:

A reconnoissance of the streams and lakes of tte Yellowstone National Park,

Wyoming, in the interest of the U. S. Fish Commission, by David Starr Jordan.

(Bulletin for 1889, pp. 1-40.)

Report upon the pearl fishery of the Gulf of California, by Charles H. Townsend.

(Bulletin for 1889, pp. 91-94.)

Report upon certain investigations relating to the planting of oysters in southern

California, by Charles H. Gilbert. (Bulletin for 1889, pp. 95-98.)

The embryology of the sea bass (Sen-anus atrarius), by Henry V. Wilson. (Bul-

letin for 1889, pp. 209-273.)

Report upon the investigations of the fishing grounds off the west coast of Florida,

by A. C. Adams and W. C. Kendall. (Bulletin for 1889, pp. 289-312.)

The giant scallop fishery of Maine, by Hugh M. Smith. (Bulletin for 1889, pp.

813-335.)

Notes on the occurrence of protozoan parasites (Psorosperms) on Cyprinoid fishes

in Ohio, by Edwin Linton. (Bulletin for 1889, pp. 359-361.)

Notes on the king crab fishery of Delaware Bay, by Hugh M. Smith. (Bulletin

forl889, pp. 363-370.)

Report upon a collection of fishes made in southern Florida during 1889, by

James A. Henshall. (Bulletin for 1889, pp. 371-389.)

Notes on the oyster fishery of Connecticut, by J. W. Collins. (Bulletin for 1889,

pp. 461-497.)

Report on the work of the U. S. Fish Commission steamer Albatross, from January

1, 1887, to June 30, 1888, by Z. L. Tanner. (Report for 1887, pp. 371^35.)
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Report upon tlie constriictiou aud e(|uipiiioii1 of the schooner Crinnjius, liy J. W.
Collins. (Report for 1887, pp. 430-190.)

Report upon the operations of the U. S. Fish Commission schooner Grampus, from

March 15, 1887, to June 30, 1888, by J. W. Collins. (Report for 1887, pp. 491-598.)

A review of the labroid fishes of America and Europe, by David Starr Jordan.

(Report for 1887, pp. 599-699.)

On some Lake Superior Entomostraca, by S. A. Forbes. (Report for 1887, pp.
701-718.)

Notes on cntozoa of marine fishes of New l<>ngland, with descriptions of several

new species, Part II, by Edwin Linton. (Report for 1887, pp. 719-899.)

Report of the Commissioner for 1887, by ISIarshall McDonald. (Report for 1887,,

pp. I-LXIII.)

Statistical review of the coast fisheries of the United States, by J. W. Collins,

(Report for 1888, pp. 271-378.)

Report on the fisheries of the Pacific coast of the United States, by J. W. Collins,

(Report for 1888, pp. .3-269.)

Report on the investigations of the U. S. Fish Commission steamer Albatross for the

year ending June 30, 1889, by Z. L. Tanner. (Report for 1888, pp. 39.5-512.)

Report on the operations at the laboratory of the U. S. Fish Commission, Woods
Holl, Massachusetts, during the summer of 1888, by John A. Ryder. (Report for

1888, pp. 513-522.)

A preliminary review of the apodal fishes or eels inhabiting the waters of America
and Europe, by David Starr Jordan and Bradley Moore Davis. (Report for 1888, pp.
581-677.)

The chemical composition and nutritive values of food-fishes aud aquatic inverte-

brates, by W. O. Atwater. (Rei)ort for 1888, pp. 679-868.)

Observations on the aquaria of the U. S. Fish Commission at Central Station,

Washington, D. C, by William P. Seal. (IJulletin for 1890, pp. 1-12.)

The fishing vessels and boats of the Pacific coast, by J. W. Collins. (Bulletin for

1890, pp. 13-48.)

Observations upon fishes and fish-culture. (Bulletin for 1890, pp. 49-61.)

Notes on a collection of fishes from the Lower Potomac River, by Hugh M. Smith,

(Bulletin for 1890, pp. 63-72.)

A review of the Centrarchidaj or fresh-water sunfishes of North America, by
Charles H. Bollman. (Report for 1888, pp. 557-579.)

There was also issued as Senate Miscellaneous Document No. 65, a

"Eeport on the establishment of a fish-cultural station in the Rocky
Mountain region and Gulf States" by Marshall McDonald, Commis-
sioner, and Barton W. Evermann, assistant.

The following publications relating to the cruise of the U. S. Fish

Commission steamer Albatross, under the direction of Prof, Alexander

Agassiz, have been published by the Museum of Comparative Zoology

:

Three letters from Alexander Agassiz to the Hon. Marshall McDonald, U. S. Com-
missioner of Fish and Fisheries, on the dredging operations off the west coast of

Central America to the Galapagos, to the west coast of Mexico, aud in the Gulf of

California, in cliarge of Alexander Agassiz, carried on by the U. S. Fish Commission
steamer Albatross, Lieut. Commander Z. L. Tanner, U. S. Navy, commanding. (Bnl-

letin of the Museum of Comparative Zoology at Harvard College, vol. xxi, No. 4.)

General sketch of the expedition of the Albatross, from February to May, 1891, by
Alexander Agassiz. (Bulletin of the Museum of Comparative Zoology at Harvard
College, vol. xxiii, No. 1.)

Calamocrinus Diomedae, a new stalked Crinoid, with notes on the Apical System
and the Homologies of Echinoderms, by Alexander Agassiz. (Memoirs of the Museum
of Comparative Zoology at Harvard College, vol. xvii, No. 2.)
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Over 2,000 bound copies of the reports and bulletins were distributed
to collaborators of the Commission, libraries, and scientific institutions,

and about 7,500 pamphlets, copies of papers appearing in these volumes
and issued in advance of the full volumes.

The library acquired 713 books, chiefly through gift and exchange
for the publications of the Commission. Of those donated we are
indebted to the officers of the Oovernment Printing Office for over 100
volumes and to the Societe Rationale d'Acclimatation de France for 72
volumes, which were presented by that society in return for eggs of the
qiiinnat salmon sent to it the previous year.

ERECTION OF A FISHWAV AT THE GREAT FALLS OF THE POTOMAC RIVER.

A contract having been entered into June 9, 1891, by the Chief of
Engineers, U. S. Army, with Isaac H. Hathaway, of Philadelphia, for

the construction of a fishway at Great Falls, in accordance with plans
and specifications prepared in this office, work was begun early in July
and sections 4, 5, and 6 were completed during the year.

THE WORLDS COLUMBIAN EXPOSITION.

The preparation of the Commission's exhibit at the World's Colum-
bian Exposition was actively prosecuted under the immediate direction

of Mr. J. W. Collins, the representative of the Commission on the
Board of Management, U. S. Government Exhibit. As assistants the
following special agents were appointed: E. C. Bryan, in charge of

administration and of preparation of section of fisheries; W. de C.

Kavenel, in charge of section of fish-culture; and W. P. Seal, in charge
of construction of aquaria.

The scope of the fisheries section embraces a series of vessel and
boat models, and drawings of sail and builders' plans of fishing ves-

sels; specimens and casts of fishes; mounted skins of sea-lions, seals,

and birds; fishermen's clothing, nets, and other apparatus used in the
fisheries; photographs, cartoons, and water-color illustrations of the
fisheries and fishery industries of the United States and Alaska; also

a series of the angling appliances manufactured and used in the United
States. In the preparation of the cartoons and water-color sketches
the Commission availed itself of the services of Mr. Henry W. Elliott;

in the drawings of i^lans of fishing vessels, of the services of Mr. C.

B. Hudson, and in the making of casts of fishes, of those of Mr. S. F.

Denton.

The representation of the section of fish-culture will be by means of

specimens, models, and illustrations (graphic and photographic) of fish-

cultural stations (hatcheries, ponds, etc.) ; cars, vessels, boats, cans,

etc., used in the transportation of eggs, fry, and adults of fishes;

apparatus used in the artificial propagation of fish ; the eggs, fry, and
adults of fishes artificially propagated; the methods of fish-cultural

work, and of fish-ladders or fishways. The models of the fish-cultural
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stations were prepared under the direction of Mr. W. P. Sauerhoff, one

of the expert fishcnlturists of the Commission.

By an arrangement made with the executive board, the Exposition

authorities constructed a suitable building and arranged for proper

aquaria for the exhibition of fresh-water and marine life, the furnish-

ing of the specimens and the general maintenance of the exhibit to be

by the Fish Commission. Plans for the necessary water mains,

pumps, etc., required for the supply of both fresh and salt water, and
its circulation, were prepared by W. B. Bayley, U. S. Navy, the engi-

neer of the Commission. The plans for the aquaria were likewise fur-

nished by the Commission, and Mr. W. P. Seal, superintendent of the

Commission's aquaria, was detailed in August, 1891, to superintend

their construction.

STATE FISH COMMISSIONS.

The cooperation of the Commission with the various State fish com-

missions in their fish-cultural work is indicated by the following table:

Statement ahotcing the kinds and number of eggs and fish furnished to State fish commia-

sions during the fiscal year ending June 20,1892.

State. Species. Eggs. Fish.

Californiii

Dflaware

.

Georgia.
Illiuoia .

Indiana
Minnesota .

Mi.ssouri.

Nebraska.

Nevada
Now Hampshire.

New York

Ohio.

Quinnat salmon
Landlocked salmon .

Carp
Shad
Von Behr trout
Brook trout
Carp
CatUsh
Carp ,

Yellow perch
White bass
Crappie
Rock bass
Sunfish
Whitefish
Carp
Landlocked salmon .

Lake trout
(>atfi8h

Tench ,

Kaiubow trout
Brook trout ,

Loch Leven trout. .

.

Von Behr trout
Lake trout
Landlocked salmon .

do
Loch Leven trout.

.

Lake trout ,

Carp ,

Tench ,

Golden ide
Atlantic salmon
Landlocked salmon
Lake trout
Whitclish ,

Yellow perch
Black bass
Crappie
Sunhsh

2, 852, 000
30, 000

100, 000

15, 000

50, 000

15, GOO
20, 000

200, 000
25, 000
17, 000
25, 000

100, 000

150, 000
l.'i. 000

300, 000
, 000, 000

' Deposited by U. S. Fish Commission in waters designated by State commissioners.

1,500
tl, 800, 000

t 2, 500
300

2,500
*180

5,000
*2, 930

"600
*1,780
*1, 540
•2, 594

1,500

240
5,000

12
12

5,000
2, 100

975

2,750
175
25

37t)

tFry.
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Statement showing the kinds and number of eggs and fish furnished to State fish eommis-

sions during the fiscal year ending June 30, 1802—Coutiuned.

State.
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RKLATIONS WITH I'oUKIGN COUMKIKH.

Canada.—Eggs of the liuid locked salmon were furnished Mr. W. P.

Greenougli, Portneuf, Quebec.

Mexico.—Eggs of the Von Belir trout, hmdlocked salmon, and quin-

nat salmon were furnished the Mexican Fish Commission.

United States of CoJonihia.—Through Lieut. 11. 11. Leinly the (lovern-

meut of the United States of Colombia was supplied with eggs of the

brook, Loch Leven, Von Behr, and rainbow trout. The shipment

resulted in entire loss.

Gi'eat Britain.—At the request of U. S. Minister Robert T. Lincoln,

a shipment of landlocked salmon eggs was made to Bridgeworth, Eng-

land. In March, 1892, 100,000 eggs of the whitefish were forwarded to

the Midland Counties Fish Culture l^iStablishment. Report was made
December 30, 1891, that the consignment made during the previous

season had successfully hatched .and that many of the fish had attained

a length of 8 inches.

Germany.—On October 25, 1891, a quantity of catfish, sunfish, and
calico bass Avere furnished Dr. Charles von dem Borne for his father,

the eminent German fish-culturist, Mr. Max. von deni Borne, of Ber-

neuchen. A small couvsignment of whitefish' was also sent in April,

1892. During the year there were received from Mr. von dem Borne

eggs of the Von Behr trout, brook trout, lake trout, and whitefish.

France.—Eggs of the rainbow trout were sent to Mr. Le Conteula de

Caumont, Oise. •

Belgium.—In compliance with request of the Belgium Commission of

Pisciculture, about 500 catfish were collected at Quincy, 111., and for-

warded to Antwerj) in December, 1891.

Switzerland.—In February, 1892, 100,000 eggs of the common white-

fish were sent to Mr. E. Covelle, Geneva.

Marshall McDonald,
U, S. Commissioner of Fish and Fisheries.
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Details of distributioii , 1891-93.

Species and disposition.

Catflst (Ictalurus punctatus, chiefly):

Deer Creek, Bel Air, Md
Private ponds in Pennsyl vania

New York
Max von dem Borne, Berneuclien, Gernianj'
Belgium, Government of
Lake Cuyamaca, San Diego, Cal
Peathei Kiver, Gridley , Cal
Illinois River, La Salle, 111

Meredosia, 111

Private ponds in Illinois

Flat Rock River, Flat Kock, Ind
Upper Iowa River, Decorah, Iowa
Wall Lake, Lake View, Iowa
Mineral Park Lake, Dow City, Iowa
Lake Evelyn, Bonner Springs, Kans
Cumberland River, Williamsburg, Ky
Spring Lake, Madisonville, Ky
Reinecke Lake, MadisonviUe, Ky
Loch Mony Lake, Earlington, Ky
Salisbury fish ponds, Salisbury, Mo
City reservoir, Moberly, Mo
Missouri Fish Commission, St. Joseph, Mo.
Cockrell Lake, Independence, Mo
Private ponds in New Mexico
Brady Lake, Ravenna, Ohio
Lake Lakemere, Kenton, Ohio
Private ponds in Ohio
Private ponds in Texas
Liberty Lake, Spokane Falls, Wash
Loon Lake, Loon Lake, Wash
Private ponds in Missouri

Carp {Oyprinus carpini -.

Private ponds in Alabama
Larapee Creek, Chehaw, Ala
Tombigbee River, near Demopolis, Ala
Alabama River, near Selma, Ala
Private ponds in Arkansas
Washita River, Arkadelphia, Ark
Private ponds in California

Colorado
Connecticut

Delaware Fish Commission
Nanticoke River, Seaford, Del
Private ponds in District of Columbia

Florida
Georgia

Georgia Fish Commission
Private ponds in Idaho
Mud Lake, near Paris, Idaho
Private ponds in Illinois

Illinois River, Meredosia, 111 ... :

Fox River, near Elgin, 111

Embarras River, near Greenup, 111

Illinois Fish Commission
Private ponds in Indiana
Wabash River, Terre Haute, Ind
Private ])ond8 in Indian Territory

Iowa
Fifteen-acre lake, near Dow City, Iowa
Private ponds in Kansas

Kentucky
Louisiana

Crocodile River, near Bunkie, La
Bayou Scie, near Robeline, La
Cypre Bayou, near Stonewall, La
Private ponds in Maine

Maryland
Big Pool, Hager.stown, Md
Tuokahoe Creek, Queen Anne, Md
Deer Creek, Bel Air, Md
Private ponds in Massachusetts

Michigan
Minnesota

Minnesota Fish Commission
Private ponds in Mississippi
Chunkey River, Chunkey's Station, Miss
Bayou Chitto near Johnston's Station, Miss ,

Private ponds in Missouri
Shoal Creek, near Neosho, Mo
Tributary of Spring River, near Seneca, Mo .

Eggs. Fry. Adults and
yearlings.

509
100
100
76

502
250
250
100

(250, 000)

80
295
50

195
195
300
20
1:5

25
25
65
75
240
27
80

200
15

160
140
50

150
27

850
2, 500
2,500
2,500

860
5,000

60
1,485

280
1,500
2,753

200
710

1,720
2.500
970

2,000
150

(5, 000)

500
1,250
5,000

210
1,250

40
715
300

3,310
280
200

2,500
2.500
2,500

30
640

1,000
3,000
1,000

800
1,200

330
1,500

190
2,500
2,500

600
1,000
500
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Details of dinirihution, 1S91-92—Coutiuued.

Species and disposition. Eggs. Fry.

Carp (Cyprinus carpio)—Continued:
Private ponds in Montana

Nebi'aska
New Hampshire
New Jersey
New Mexico
New York

New York Fish Commission
Private jtonds in North Carolina
Maj'o and Dan rivers in Nortli Carolina
Private ponds in North Dakota

Ohio
Licking River, Newark, Ohio
Stillwater Kiver, Bradt'oi-d J unction, Ohio
Private ponds in Oklahoma

Oregon
Pennsylvania

Tulpehocken Creek, Stouchsburg, Pa
Pennsylvania Fish Commission
Private ponds in South Carolina

South Dakota
Vermillion Kiver, Vermillion, S. Dak
Small lake, near Forestburg, S. Dak
Private-ponds in Tennessee

Texas
Eed Eiver, near Dawn, Tex
Texas and Pacific R. R. Co.'s pond, near Westbrook, Tex.
Sabin River, near Mineola, Tex
Neehes River, near Prices, Tex
Navasota River between Lake and Dean, Tex
Trinity River, near Dallas, Tex
San Marcos River, near San Marcos, Tex
Naeces River, near CotuUa, Tex
Private ponds in Utah
Streams near Tooele, Utah

in Emery County, Utah
Utah Fish Commission
Private ponds in Vermont

Virginia
Mill pond tributary to Reed Creek, near "WytheviUe, Va.
Pohirk Run. near Springnian, Va
Private ponds in Washington
Small lake near Clear Lake, Wash

Seattle, Wash
Sedalia, Wash
Houghton, Wash

Private ponds in West Virginia
West Virginia Fish Commission
Wisconsin Fish Commission
Private pond in Wisconsin

Tench {Tinea tinea)

:

Big Darliy Creek, near Plain City, Ohio
Sjiriiig Creek, near Urban a, Ohio
WliitewatiT River, near Richmond, Ind
Current River, near Chilton, Mo
Private pond in 'S\ issouri

Texas and Pacific R. R. Co.'s pond, Arlington, Tex
Texas and Pacific R. R. Co.'s j)()nd, Loraine, Tex
Hickory Creek, Martinsville. Ill

Kaskaskia River, Vandalia, 111

Brandywine River, near Chadds Ford, Pa
Deer Creek, near Bel Air, Md ,

Big Pool, near Hagerstown, Md
Tulpehocken River, near Reading, Pa
Outelaunee River, near Reading, Pa
Missouri Fish Commission
Hickory Creek, near Neosho, Mo
Shoal Creek, near Boyden. Mo
New York Fish Commission
Appomattox River, near Petersburg, Va
Grand Kiver, Chillicothe, Mo
Des Moinrs River, Ottumwa, Iowa
Mayo and Dan rivers, near lieidsvillo, N. C

Golden ide (Idut melanoius)

:

Applicants in Alabama
Colorado
Florida
Indiana
Kansas
Louisiana
Massachusetts
Missouri
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Details of distribution, 1891-92—Continued.

Species and disposition. EL'fiS. Fry. Adults and
yearlings.

Golden ide (Idus meZanoiua)—Continued:
New York Fish Commission
Applicants in Korth Carolina

Ohio
Pennsylvania
Virginia

Goldfisli (Carassius aiiratus)

:

Applicants in Alabama
Arkansas
California
Colorado
Connecticut
Delaware,
District of Columbia
Florida
Georgia
Idaho
Illinois

Indiana
Indian Territory
Iowa
Kansas •

Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri

Hearrell Branch, near Neosho, Mo
Applicants in Montana

Nebraska
New Hampshire
New J ersey
New York
North Carolina
Ohio
Pennsylv.ania
Khode Island
South Carolina
South Dakota
Tennessee
Texas
Utah ,

Virginia
Vermont
Washington
West Virginia
Wyomiii g ,

Wisconsin
Buffalo {Ictiobus, sp.)

:

Illinois River, Meredosia, 111 ,

Shad ( Olupea sapidissima)

:

Alabama River, Montgomery, Ala
Dog River, near Mobile, Ala
Connecticut River, Warehouse Point, Conn. .

.

Nanticoke River, Seaford, Del
Brandywine Creek, Wilmington, Del
Black Bird Creek, Middletown, Del
Appoquinimink Creek, near Middletown, Del ,

Little Duck Creek, Clayton, Del
- Jones River, Dover, Del

Murderkill Creek, Felton, Del
Mispillion Creek, Milford, Del
Duck Creek, Ellendale, Del
Indian River, Millsboro, Del
Potomac River, Washington, D. C
Tomoka River, Day tona, Fla
Suwanee River, New Bradford, Fla
St. Johns River, Buffalo Bluffs, Fla
TJ. S. Fish Ponds, Washington, D. C
Chattahoochee River, West Point, Ga
Sav.annah River, Augusta. Ga
Ocniul^ee River, Macon, Ga
Grand River, Shawnee, Ind. T
Atchafalaya River, Melville, La

975
6

200
51
15

250
277
25

129
tiO

152
6, ai4

277
321
12

832
735
36
68

640
180
388

6
1,040

151
133
64
53

1,435
257
24
60
6

552
736
284
466

1,402
12

108
6

432
467
66

1,818
37
12

221
6

100

(20, 000)

2, 499, 000

1, 400, 000
1, 939, 000

1, 798, 000

2, 250, 000
120,000
120, 000
240, 000
300, 000
240, 000
180, 000
90, 000

510, 000

750, OQD
750, OOif

800, 000
i(l,989, 000)

925, 000
1, 220, 000

900, 000
900, 000
669, 000

a 1,000, 000

a Estimcited product of 2,054.000 fry deposited in April, 1891.

b Deposited for rearing and distribution in fall of 1892.
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Details of distribution, ISO1-92—Co\\t\n\x>ii\..

Species and disposition.

Shad {Cliipea sapidiadma)—Continued:
Crocodile Kiver, near Biuikie, La
Veriiiilicin Kivei-, iieiir La 1:1 vet to. La
Moilh lOast lUver, Nortli East, Md
Gunj)o\v(lir River, (iiiniiowdci- Station, Md
Elk Ki v(>r, Elkton, Md ,
iiiisli Kiver, Bii.sh Kiver Station, Md
Wicomico Kiver, Salisbury, Md
Tuckalioe Creek, t^ueen Anne, Md..
Pat apsco Kiver, Kelay House, Md
Susquehanna Kiver, near Havre de Grace, Md

Peach Bottom, Jt*a

rites Kddy, Pa
Colnnibiii, Pa

Back Kiver, near Back Kiver Station, Md
Patuxcnt Kiver, Laurel, Md
Chester Kiver, ('hcstcrtowu, Md
Taunton Kiver, l)i;;lit<)ii, ;\Iass

Jordan Kiver, near Hay St. Louis, Miss
Wolf Kiver, near Bay St. Louis, Miss
Bayou de Lisle, near Bay St. Louis, Miss
Rotten Bayou, near Bay St. Louis, Miss
James River, Springfield, Mo
U. S. Fish Commission Station, Neosho, ^lo
St. Francis Kiver, Knob Lick, Mo
Timber Creek, Gloucester, N . J
Woodbury Creek, near Gloucester, N. J
Delaware'Kiver, Lambertville, N.J

Callicoon, N. T.'

Port Jervis, N. Y
Lackawaxeu, Pa
Delaware Water Gap, Pa

Hudson River, Albanv, N. Y ^

West Point, N. Y
Newburg, N. Y

Catawba River, near Morganton, N. C
Neuse River, Goldsboro, N. C
Yadkin Kiver, Salisbury, N. C
Congaree Kiver, Columbia, S. C
Bear River, Cache Junction, Utah
Chappawaiisie Creek, Quantico, \'a

Elizabeth River, Norfolk, Va
Otter River, Evington, Va
Rapidan River, Kapidau, Va
Stony Creek, Stony Creek, Va
Tye River, Tye River Station, Va *

Meherrin River, Beltield, Va
Cedar Run, Catlett, Va
Little River, Taylorsville, Va
Rockfish River, Kocklish Station, Va
Machipongo < 'reek, Machipongo, Va

Quinnat salmon (Oncoihynchuii chouiclia)

:

California Fish Commission
E. Chdzari for ^Mexican Government
McCloud River, Baird, Cat
Clackamas Ki ver, Clackamas, Greg
Tributaries of Trinity River, near Fort Gaston, Cal
Redmond Creek, near Fort Gast(m, (/al

Supply Creek, near Fort Gaston, Cal
Nissequogue River, near Smitlitown, Long Island, N.J.
Green Kiver, near Arlington, Vt
Benedict Brook, near Arlington, Vt
Madison Brook, near Arlington, Vt
Denning Brook, near Arlington, Vt

Atlantic salmon {Salmo salar)

:

Pennsylvania Fish Commission
New York Fish Commission
Tributaries of I'enol)S(ot Kiver, ^^aine
Alamoosook Lake, near Craig Brook Station, Maine .. ..

Landlocked salmon {Sabno nalar. var. xebayo)

:

Todily I'ond. near Orland, Mo
Burnt Land Pond, near Deer Isle, Mo
Craig I'ond. near Orland, M&
Wiiiooski River, near Waterbuiy , Vt
Browns Ki\er, near Essex Junction, Vt
Indian Brook, near Essex Junction, \'t

Malletts Creek, near Essex J unit ion, Vt
Sunderland ILdlow Jirook, near Kssex Junction, Vt . . .

.

Patten Pond, near Gieen Lake, Me
tJreeu Lake and tributaries, near Groon Lake, Me

Eggs.

2, 497, 000

2, 852, 000
50, 000

Fry.

300, 000
150, 000

672, 000
075, 000

1,800,000
2, 250, 000
2, CSO, 000
2, 250, 000
1, M'.), 000
1,320,000

448, 000
1,025,000
1, 800, 000
1,800,000
1,200,000

450, 000
301, 000

1,350,000

1, .500, 000
500, 500
500, 500
500, 500
500, 500
180, 000

a (700, 000)

750, 000
261, 000
24. 000

450, 000
1, 450, 000

1,515,000
2, 069, 000
2, 600, 000
2, 524. 000
1, 350, 000

1, 325, 000
260, 000
275, 000
250, 000

1, 200, 000

1, 998, 000
474, 000
429, 000
361, 000
594, 000
379, 000
688, 000
396. 000
437, 000

421, 000
395, 000
400, 000

Adults and
yearlings.

25, 500
1,332.400

140,000
150, 000

a Deposited for rearing and distribution.
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Details of distribution, 1891-92—Continued.

Species and disposition.
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Details of diairihution, 1891-92—Continued.

Species and disposition.

Rainbow trout {Salmo irideus)-~Conimncd:
Homiior Crt'pk, near Lordvillc, X. Y
I'rivnto poiidn in Now York
P'lat Crcok, J51;irk Mountain, N. C
Wyalusiiig ("reck, Sou 111 Montrose, Pa
Met calf Dam, SliiiijiinslmiK, Pa
Stony ('reck, I'imiii IIa\ on Junction, Pa
Garliik Kiin, Coat(>svillo, Pa
Biji Sprint: t'rci'k. Xi'wvillc. Pa
Til bu tali ts of Tio;:a Kiver, Troj-, Pa
Kock Kuu. CoatPsville, Pa
Iron Miiio Kiiii, Middlctown, Pa
Canons Kun, Dickinson, Pa
Trout, Scot t, and other runs, near Marysville, Pa
Doe Jiun, near Uoatcsvillp, Pa
Hensingor Ilun,.Jordan, Pa
Private ponds in Pennsylvania
Horse Creek, Petliel, Tciin
Indian Creek, Harroi;.it(\ Tenn
Lick Creek, near Franklin, Tenn
Harfith Creek, near Franklin, Tenn
Flint River, Fayetteville, Tenn
Doe Uiver. Knox ville, Tenn
Doe and Watauga rivers, near Elizabethton, Tenn
Private jionds in Tennessee

Texas
Happy Creek, Front Jioyal, Va
Holston River, Rich Valley, Va

Saltville, Va
Br.adford, Va

Big Spring Branch, Lcesburg, Va
Mountain stream, near Delaplane, Va
Holmes Creek, Dunn Loring, Va
Beaver Dam Creek, Hamilton, Va
Wolf Creek, Abingdon, Va
Clear Creek, Ramsey, Va
Roaring Run, Rocky Mount, Va
Thorn Spiing, Newbem, Va
Cedar Creek,' Natural Bridge, Va

Cleveland, Va
Augusta Springs Pond, Augusta Springs, Va
Reed Creek, Wy theville, Va
Private ponds in Virginia
Roaring Brook, Stamford, Vt
Menden Brook, Rutland, Vt
Metcalf Pond, E. FairfieUl, Vt
Meadow Brook, Berlin, Vt
Private ponds in V^ermont
Elkhorn Creek. Powhatan, W. Va
Elk River, Charleston, W. Va
Private ponds in West Virginia

,

Kinnickinnick River, River Falls, Wis
Von Behr or brown trout (Sahno fario)

:

University of Michigan, Ann Arbor, Mich
.John H. Gordon, South Bend, Wyo
Wyoming Fish Commission
Nebraska Fish Coiiiniis.«ion

E. Chflzari, for Mexican Government
Lieut. H. R. Lomly, Colombia. S. A
Delaware Fish Commission
Augusta Springs Lak", Augusta Springs, Va
Rock Creek, Rock Creek National Park, District of Co-
lumbia

Stieanis near Amberg Station, Wis ,

Baptism River, Lake County, Minn
Private ponds in Arizona.

Arkansas
South Clear Creek, Georgetown, Colo
South Fork of White River, (Jlenwood, Colo
Beauty Lake, Morrison, Colo
Grape Creek ,and tributaries in Fremont County, Colo ...

Old Curtis Lake, Aspen. Colo
Boulder Creek, Nicderland, Colo ,

Mammoth Creek, GriHiu County, Colo ,

South Boulder (Jreek, Griffin County, Col
Plutt River, Grant, Colo

Slaghts, Colo
Estabtiwk, Colo
Pine Grove, Colo
Dome Rock, Colo

,

Lake Creek, in Lake County, Cido

Eggs. Fry.

500
20, 000
10, 000
20, 000
20, 000
10, 000

Adults and
yearlings.

2,500
5,000

14, 478
15, 000
5,000

500
300

1,000
500
200
300
250
200

LOOO
250
200
500
500
100
600
434
493
500
100
200
500.
357
500
250
700
100
100
500
500
500
300
300
495
500
500
496
300

1,000
300
498
115

3,719
500

1,600
500
200
750
300
987
97

900

1,200
700

1,500
1,250

500
2,000
2,000
2,000
3,000
3,000
1, 500
1,500
1,500
1,500
1,500
l,60Q
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Details of distribution, 1S91-92—Continued.

LXXXI

Species and disposition. Effga.

Von Belir or bro-wn tront (.S'«Zmo/ano)—Continned :

Kock Creek, iu Lake County, Colo
Arkaiisaa Iti ver, near Boulevard, Colo
Lower Evergreen Lakes, near Evergreen, Colo
Private ponds in Colorado
Kent HoUou-, ^Milford, Conn
Private ponds in Illinois -.

Tippecanoe Kivcr, Monticello, Ind
Hartman Creek, South Bend, Ind
McCarty Creek, South Bend, Ind
Private ponds in Indiana
Canoe Creek, Decorali, Iowa
Spring Branch, Strawberry Point, Iowa
Private ponds in K;iusas
Blue Lick Creek, near Louisville, Ky
Strait Creek, near Pine ville, Ky
Clear Creek, near Pineville. Ky
Private pond iu Kentucky
Toddy Pond, near ()rland,'Me
Sideling Hill Creek, in Washington County, Md.

.

Private ponds in Maryland
Smith Brook, near Hoosie Tunnel, Mass
Texas (Jreek, near Kalamazoo, Mich
Crystal Spring Lake, near Lawton. >Iich
Birch Lake, near Williauisville, Mich
Monroe Creek, near Maple Ridge, Mich
"Van Etten Creek, near ilikado, ilieli

Centennial Mill Creek, near Daily, Midi
Houghton Creek, near Vassar, J.Iich

Cass"River, near Vassar, Mich
Pine River, near Alma, Mich
Private ponds in Missouri
Little Biacktoot Ri^er, Elliston, Mont
Private ponds iu ^Montana
Otter Creek, Ogallala, Kebr
Private ponds in Nebraska
Dark Canyon Stream, Edd> , K. Mcx
Private ponds in New Jlexieo
Rockwell's Mill Creek, Bellevue, Ohio
Private ponds in Ohio
Mass Hope Creek, "White Mills, Pa
Moose Creek, Clearfield, Pa
Crystal Lake, Speartisli, S. Dak
Turkey Creek, near Yankton, S. Dak
Cowardin Run,- near Warm Springs, Va
Small brooks near Bennington, Vt
Vermont Fish Coniniission
Eighteen-mile Creek, near Pratt, Wis
Lost Creek, near ^laiden Rock, Wis

Black-spotted trout {Salmo mykiss)

:

ilammoth Lake, in Griffin County, Colo
Lake Creek, in Lake County, Colo
Mamm'oth Creek, iu Griffin County, Colo
Rock Creek, iu Lake County, Colo
French Creek, in Custer County, S. Dak.
Squaw Creek, in Custer County, S. Dak
Iron Creek, in Custer County. S. Dak
Robin Creek, in Custer County, S. Dak
Spring Creak, in Pennington, S. Dak
Castle Creek, in Pennington, S. Dak
Rapid Creek, in Pennington, S. Dak
Speartish Creek, in Lawrence, S. Dak
"\Vhitewood Creek, in Deadwood, S. Dak

Brook trout {Salvelinusfo'iitinalia)

:

University of Michigan, Ann Arbor, Mich
Lieut. H.R. Lenily, Colombia, S. A
Private ponds in Arizona
South Clear Creek, near Georgetown, Colo
South Fork of White River, near Glenwood, Colo.
"Woody Lake, near ^^'oody, Colo
Grape Creek, in Fremont, County, Colo
South Boulder Creek, in Giitfin County, Colo
Platte River, near Grant, Colo '.

Slaghts, Colo
Estabrook,Colo
Pine Grove, Colo
Dome Rock, Colo

Lake Creek, in Lake County, Colo
Rock Creek, iu Lake County, Colo
Delaware Fish Commission
Baldwin Creek, near Cresco, Iowa

Fry.

,500

10, 000

Adults and
yearlings.

5,500
5,000
2, 000
1,993

200
50

500
300
200
400

1,000
980
350
200
500
500
200
743
423
200
200
425
400
50

400
400
425
200
200
800
970

1,000
500

1,000
300

1,000
1, 350

300
100
300
300
250

7,300
419
186
2U0
250

1,975

6,000
1,000
4,000
2,000
1,000

200
800
200
700
800
f.00

1,000
300

500
1,500
1, 250

1, 000
3,000
4,000
1,500
1,500
1,500
1,500
1,500
1,500
3,000

300
700

F 92 VI



LXXXII REPORT OF COMMISSIONER OF FISH AND FISHERIES.

Details of di8trihutio7i, 1891-92—Contiimed.

Species aud (lisjiDsitiou.

Brook tiont (SalvelinuBfontinalis) -CouXmwcA:
Stieiinis ill Diibuquo Couuty, Iowa
CraijI I'ond.uear Orlaud, Me
Alamoosook Lake, near East Orland, Mo
Streams in Wayue (Joiiuty, Mich
Universitv nf Micliijiaii, Ann Arbor, Micli

Missouri Visli Coinniissioii

Boleu Pond, near J aspor. Mo
Otter Creek, near Ogallala, Kebr
Gallinas Ki ver, near E. T-as A'emis, N. Mex
Santa Fe Kiver, near Santa Fo, N. Mex
Lovejoy Creek, near Clyde. N. Y
Cold'cieek, near Castalia, Ohio
Chester Creek, near Green Hill, Pa
Paradise Kiin, near Lcaniaii Place, Pa
Starrucco Creek, near Thompson, Pa
Branch Creek, near Pocono, Pa
Private ponds in Pennsy ivania
Turkey Creek, near AVakonda, S. Dak
I'rench Creek, in Custer County, S. Dak
Squa\T Creek, in Custer County, S. Dak
Iron Creek, in Cusler County, S. Dak
Kobin Creek, in Custer County, S. Dak
Spring Creek, in l'eiiuinf;l<>ii County, S. Dak
Castle Creek, in Peuniimtiui County, S. Dak
Kapid Creek, in Peniiiii^tou County, S. Dak
Spearfish Creek, in Lawrence County, S. Dak
Whitewood Creek near Deadwood S. Dak
Kinnickinuick Kiver, ne.ar Piver Falls, Wis

Lake trout (Saloelinvs namaycxish)

:

University of iliohifcan, Ann Arbor, Mich
John H. tiordon. South Bend, Wyo
Wyoming Fish Commission
Minnesota Fish Cominission
Veruuuit Fish Coni;uissioii

New llaui]isliire Fisli Commission
Nebraska J'ish Commission
New Vork Fish Commission •

Lake Superior, otl' mouth of Lester Kiver, near Duluth,
Minn

Lake Superior, near Grand Marais, Minn
Mackletts Channel, Minn
Weagtr Creek, near South I'.ond, Ind
Turkey Lake, near Cedar Heacli, ind
Lake Maxiiikuckie, near M;uiiii)iit, Tnd
Stanheld Lake, iK:n- Soutli Hend, Ind
Twin Lakes, near Lima, Ind
Twin Lakes, near Garner, Iowa
Pilot Mouud Lake, (iariier, Iowa
Hickman Creek, near Lexington, Ky
Private i>ond in Kentucky
Lake Esau, near Bell, Mieh
AValnut Lake, near Franklin, Mich
Boon Lake, near Franklin, Mich
Zukey Lake, near Hamburg .1 unction, Mich
Pickerel Lake, near Newavua, Mich
Mill Cr.'ck, near WingUlnn. M ich

Pleasant Lake, near Annaiidale, Alinn
Otsego Lake, near Cooperstown. K. V
Johnson Creek, near North Kidgcway. N. Y
Paint Creek, near Cliillicotho, Ohio
Lake in Franklin Park, Columbus, Oliio

Letort Spring, near Carlisle, Pa
Lake Undei-wood, near Coiuo. Ind
Upper Twin Lake, near Pi-eston Park, Pa
Forest Stream Pond, near Wilmington, Vt
Pik(! Kiver, near Kirton, "\S'is

Long Lake, near Spoonor, AVis
Toscobia Lake, near Kice Lake, Wis

Lake herring (<Jore(joniiii nrtcdi)

:

Lake Erie, near I'.ass Islands
Wliitelish {Vorefioitus clujiel/oiinin) :

Indiana Fish Commission ,.

Miilland Counties Fish Culture Association, England . ..

Switzerland. Government of
Pennsylvania Fish Commission
Ohio Fish Commission
Lake Superior, otl' mouth of Lester Kiver, near Duluth,
^linn

Lakt> Superior, off mouth of ship canal, near Dulutli,
Minn _.'..

500
50, 000

100, 000
50, 000

100, 000
100, 000
200, 000
300, 000

Fry. Adults and
yearlings.

420, 000
10, QUO
50, 000

262, 500

100,000
100. 000
100, 000

12,500,000
8, 000, OOO

11, 727, 000

3, 000. 000

3,000
1,479

198
10, 000

34
12

233
1, 000
l.OUO
3,000

250
1,890
375
250
375
373
250

5,000
500
300
200
300
800
700
500

1,500
200

1,000

100
2,53t
2,531
2,000
2,000
1,427
500
200
300
500
500
500

2,000
1,000
3,400
950

1,9.50

1,475
200
500

3,700
2,800
3, 900
2,000
2, 900
2,000
2, 000
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Details of distribution, 1891-92—Coutinued.

Species and disposition.

Wliitefish {Coregonus clitpei/ormis)—Continued:
Lake Superior, near Whitelish Point, Micli
Lake St. Croix, otiniouthof St. Croix River, in "\7isoon.siu

Lake Erie, near Xortli Bass Island
Kattlesnake Island
Middle Bass Island
Kelley Island
Put-inBay Island
Ballast Island

Thunder Bay, near Alpena. Mich
Lake Huron, near Alpena, Mich

East Tawas, Mich
Harrisville. Mich
Au Sable, Mich

Lake Michigan, near Xaubinway, Mich
Epoufette, Mich

Whiteflsh Lake, near Corinne, Mich
Lake Ontario, near Sacketts Harbor, N. T

Oswetfo, N. T
Scriba, N. Y

Otsego Lake, near Cooperstown, K. T
Yellow perch (Perca JIavescens)

:

Peather River, near Gridley, Cal
Lake Cuyamaca, San Diej^o, Cal
Private ponds in Illinois
Glenwocjd Lake, near Galesburg, 111

Rock River, near Milan, 111

Sni Ecarte Lake, near East Hannibal, 111

Illinois River, near La Salle, 111

Meredosia, 111

Kankakee River, near Kankakee, lU
Island Pond, near "Waterloo, 111

Gilmore Lake, near Columbia, 111

Sucker State Pond, near Carlisle, 111

Private pond.s in Kansas
Lake Evelyn, near Bonner Springs, Kans
Elm Creek, near Sawyer, Kans
Private ponds in Kentucky
Big Pool, near Hagerstown, Md
Private ponds in Missouri
Salisbury Fish Pond, Salisbury, Mo
City reservoir, near Moberly. Mo
Private ponds in Kew Mexico
Blue WatfT, uear Blue Water, N. Mex
Private ponds in Ohio
Lake Mere, near Kenton, Ohio
Ohio Fish Commission
Nixon River, near Faulkton, S. Dak
James River, near Huron, S. Dak
Turtle Creek, near Redfield, S. Dak
Lake Kampeska, near Pierre. S. Dak
Loon Lake, near Spokane Falls, VVash
Camp Lake, Cam]) Lake, "Wis ...

'.

Silver Lake, Silver Lake, Wis
Cedar Lake, near Sohleisingerville, "U'is

Browne Lake, near Burlington, Wis
Phantom Lake, near Mukwonago, Wis
Crooked Lake, near Mukwonago, Wis
Chain of Lakes, near Waujiaca, "Wis

Pike perch (Stizostedion vitreum)

:

Pennsylvania Fish Commission
Pike River, in Minnesota
St. Louis River, in Minnesota
Lake Superior, in Minnesota
Lake Erie, near Putin-Bay Island

North Bass Island
North Bass and Middle Bass Islands
West Sister Island

Quinnebaug River, near Putnam, Conn
Wild Cat River, near Kokonio, Ind
Salmonia River, near Warren, Ind
Mis.sissenewa River, near Marion, Ind
Iroquois River, uear Rensselaer, Ind
Cedar Lake, near Lima, Ind
Twin Lakes, near Lima, Ind
Diamond Lake, near Ligonier, Ind
Cliain Lake, near South Bend, Ind
Stone and Pine Lake, near La Porte, Ind
Pike, Eagle, and Chapman lakes, near Warsaw, Ind
Cedar Lake, near Ora, Ind
Little Clam Lake, near Cadillac, Mich

Eggs.

15,000,000
15,000,000
10, 1100, 000
5, 000, 000

Fry.

2, 000, 000
2, 000, 000
1, 000, 000

750, 000
1, 000, 000
1, 000, 000
1, 000, 000
1, 250, 000

2, 250, OOO
1, 500, 000
2, 000, 000
2, ObO, 000
2, 000, 000
2, 000, 000
2, 000, 000
2. 000, 000
2, 000, 000

801, 000
875, 000
314, 000

Adults and
yearlings.

2, 500, 000
1,5011,000

2, 000, 000
6, 000, 000
1, 000, 000
1, 500, 000
1, 500, 000

1, 500, 000

1, 500, 000

4, 700, 000
4, 700, OCO

50. 000
100, 000
200, 000
200, 000
50, 000

1, 850, 000

3,000
3,980

750
300

1,230
300
51)

(25, 000)
200
34
33
33

650
2, 250
1,700
4,500
1,487

50
25
50

250
100
333

1,862
2,750
516
518
516

1,750
500
33
33
33
33
33
33
35



LXXXIV REPORT OF COMMISSIONER OF FISH AND FISHERIES.

Details of disfrihution, lS91-9;?—Cont\i\nM\.

Species and disposition.

Pike perch (Stizostedion vitreum)—ConimneA

:

Big Clam Lako, near CiidillMc, Midi
.Scioto Kiver, near Ken ton, Oliio

Grand Keservoir, uiar ('artliMii<Min, Ohio
Maiiniee Kiver, near Cecil, Uliio

Tuscarawas Kiver, near Zoar, Ohio
Slauniee Kiver, near Toledo, Ohio
Grand Kr.sirvoii', nrar Coliiia, Oliio

BlaiH hard Kiver, near Ottawa, ( )hio

Lit<hlield Creek, near Wincliester, Ky
North fork of Kent luky Kiver, near Ford, Ky
Silver Creek, near Slate Lick, Ky
Koekeastle Kiver, near Liviiinston, Ky
Cuniherland Kiver, near Pine\ illc, Ky
Salt Kiver, near Sheixa-dsx ille, Ky

ElizaUellitoU. Ky
Nolin Creek, near Xoliii, Ky
Biji Kairen Kiver, near Howling Green, Ky
Private i)on<l.s in Ken lucky

Sea bass (Serrnmix citrai ins)

:

Vineyard Sound, MasNiieliusetts coast

White bass {lioccuschrii.'-opi-)

:

Private ponds in Illinois

Sni Eearte, near East llannihal. Ill

Illinois Kiver, near La Salle, 111

!Meredosia, 111

Kankakee River, near Kankakee, 111

Upper Iowa River, near Deeorali, Iowa
Private ponds in Kansas
Little Blue River, near Hanover, Kans
Big Pool, near Hageist own, Md
Pertle Spring, near \\'arrenshurK, Mo

- Loon Lake, near Siiokaiie Falls, Wnsli
Liberty Lake, near S])nkane Falls, Wash

Black bass {Micro})lcnn> nuhnuidess and M. dolouiieu)

:

Private j)ond in A rkansas
Lake Cnyaiiiaca, near San Diego, Cal
Feather Kivi^r, near (iridley, Cal
Private pond in Connecticut

Ilistrict of Columbia
Private ponds in Illinois

Du Pajre Kiver, near Burlington Park, 111

Glenwood Lake, near Galesburg, 111

Rock Kiver, near Milan, 111

Sni Eearte Lake, near East Hannibal, 111

Illinois Kiver, near La Salle, 111

Kankakee River, near Kankakee, 111

Island Pond, near Waterloo, 111

Gilniore Lake, near Columbia, 111

Sucker Static Pond, near Carlisle, 111

Flat Uock Kiver, near F'lat Kock, lud
White Kiver, near Indianapolis, Ind
Wall Lake, near Lake View, Iowa
Mineral Park Lake, near Dow City, Iowa
Upper Iowa Kiver, near Decorah, Iowa
Private ponds in Kansas
Lake Evelyn, near Honner Springs, Kans
Little Blue Kiver, near Hanover, Kans
Elm Cr^ek, near Sawyer, Kans
Private ponds in Kentucky
Sherman Lake, near Williamstown, Ky
Cumberland Kiver, near Williamsburg, Ky
Keinecke Lake, near Madisonville, Ky
Spring Lake, near Versailles, Ky

Madi.som ille, Ky
Loch Mony Lake, near Madisonville, Ky
Lickinjr Kiver, near Covington, Ky
Drennen Creek, near Eminence, Ky
Elk Horn Creek, near Switzer, Ky

Lexington, Ky
Private applicants in Maryland
Big Pool, near Hagerstowii, Md
Potomac River, near Woodmont Club Honae,Washington
County, ^td

Prospect Pond, ne;ir Taunton, Mass
Nine Mile Lake, near Centreville, Mass
Private pond in Michigan

Missouri
Lake Coiitrarv, near St. Josoidi, Mo
>IiIl.T I.aVie. near Moberly, Mo
Pertle .Springe, near AVairensburg, Mo

Eggs. Fry.

1, 850, 000
1, 000, 000

1, 000, 000

1, 000, 000
1,000,000

500, 000
500, 000

1,000.000
1, 000, 000
2, 000, 000
1,000,000
2, 000, 000
;j, 000, 000

400, 001)

400, 000
400, 000
-100, 000

Adults and
yearlings.

100

75
400
100

(15, 000)
25

447
25
200
24
50

500
100

50
1, 9',)0

620
222
400
150
50
50
175
25
25
25
50
50
50

300
211
247
248
294
175
90C
425
350

1,000
15
15
50
14

50
50
150
25

425
50
107
34

2, 0.15

200
500
55
."".O

130
.-.0

100
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Details of distribution, 1891-92—Contiuuetl.

Species aud disposition.

Black bass (Micropterus ialmoides andM. dolomieu)—Cont'd
Salisbury Fish Pond, iiear Salisbury, Mo
City lieservoir, Moberly, Mo
McKutt Pond, near Indian Creek, Mo
Private pond in ISTew York
Wildniere Lake, near Copake Iron Works, N. Y
Private ponds in Xew Mexico

Ohio
Muzzy Lake, near Kaveuna, Ohio
Bass Lake, near Chardon, Ohio
Lake Mere, near Kenton, Ohio
Brady Lake, near Uhardon, Ohio
Ohio Fish ConimLssion
Private ponds in Pennsylvania
Nixon River, near Fanlkton, vS. Dak
James River, near Huron, S. Dak
Turtle Creek, near Eedfield, S. Dak
Lake Kampeska. near Watertown, S. Dak
Private ponds in Texas
Texas and Pacific R. R. Company's pond, near lataii, Texas
Hosmore Pond, near North Crat tsliury, Vt
Loon Lake, near Spokane Falls, \\'ash
Liberty Lake, near Spokane Falls, Wash
Camp Lake, near Camp Lake, Wis
Silver Lake, near Silver Lake, Wis
Cedar Lake, near Scldeisingerville, Wis
Browne Lake, near Burliiiniton, Wis
Phantom L.ake, near Mukwonago, Wis
Crooked Lake, nearMukwonagb, Wis
Chain of Lakes, near ^^'aupaca, Wis

Crappie {Pomuxis annularis and P. s-paroides)

:

Lake Cuyamaca, near San Diego, Cal
Private ponds in Connecticut
Private ponds in Illinois
Du Page River, near Burlington Park, 111

Glenwood Lake, near Galesburg, 111

Rock River, near Milan, 111

Sni Ecarto Lake, near East Hannibal, 111

Illinois River, near La Salle, 111

Morednsia, 111

Kankakee River, near Kankakee, 111

Island Pond, near Waterloo, HI
Gilniore Lake, near Columbia, 111

Sucker State Pond, near Carlyle, 111

Flat Rock River, near Flat Rock, Ind
White River, near Indianapolis. Ind
Wall Lake, near Lake View, Iowa
Mineral Park Lake, near Dow City, Iowa
Upper Iowa River, near Decorah, Iowa
Private ponds in Kansas
Little Blue River , near Hanover, Kans
Elm Creek, near Sawyer, Kans
Private ponds in Kentucky
Sherman Lake, near Willianistown, Ky
Cumberl.ind River, near Williamsburg*Ky
Reineoke Lake, near Madison ville, Ky
Spring Lake, near Madisonville, Ky
Loch Mony Lake, near Madisonville. Ky
Licking Kiver. near Covington, Ky '.

Dronnen Creek, near Eminence, Ky
Elk Horn Creek, near Switzer, Ky

Lexington.'Ky
Lake Contrary, near St. Joseph, Mo
Miller Lake, near Moberly, Mo
Pertle Springs, near Warrensburg, Mo
Salisbury Fish Pond, near Salisbury, Mo
City Reservoir, near Moberly, Mo .".

McNutt Pond, near Indian Creek, Mo
Hickory Creek, near Neosho. Mo
Susquehanna River, near Oneonta, N. Y
Private ponds in New Mexico

North Carolina
Ohio

Lake Mere, near Kenton, Ohio
Ohio Fish Commission
Nixon River, near Faulkton, S. Dak
James River, near Hurpu , S. Dak
Turtle Creek, near Redlield, S. Dak
Lake Kainpe.ska, near Pierre, S. Dak
Private ponds in Texas
Loon Lake, near Spokane Falls, Wash

Eggs. Fry. Adults and
yearlings.

50
50

1,000
48
150
07
213
100
350
502
50
175
159
225
225
225
500

1, 280
1,105

600
100
25
33
33
33
66
66
66
70

285
25

230
50
50
75

500
300

(5, 000)

75
168
166
1C6
150

95
50
150
370
50

355
30
30
25
25
25
150
25
425
50

150
50
75
75
75
95
12

211
25
50
75
50
25
63
64
63

200
80

220



LXXXVT REPORT OF COMMISSIONER OF FISH AND FISHERIES.

Details of distribution, 1S91-92—Continued.

Species and disposition. Eggs. Fry.
Adults and
yearlings.

Grapple (ruiuoxii anniilariii and P. .v;;oroirfe«)—Continued

:

Liberty Lake, near Spokane Falls, Wash
Canip Lake, near Camp J^ake, Wis
Silver Lake, near Silver Lake, Wis
Cedar Lake, near SrV'eisingerville, Wis
Browne Lake, ncMr Kiirlington, Wis
Pliant iini I^ake, nenr Alukwonago, Wis
Crooked Lake, near Mukw onago. Wis
Chain of Lakes near Waupaca, Wis •-

Ecck bass [Ambloplites iirjieatris) :

Private ponds in Aliibania
Arkansas

Feather River, near Gridloy, Cal
Lake Cuyaniaea, near San IJiego, Cal
Private ponds in Georgia

Illinois

Du Page Piver, near Burlington, 111

GlenwDod Lake, near Galesburg. Ill

Rock Liver, near Milan. Ill

Illinois Uiver, near La Salle, 111

Kankakee River, near Kankakee, III

Island Pond, near Waterloo, 111

Gilniore Lake, near Columbia, 111

Sucker .State Pond, near Carlyle, 111

Plat Rock River, near Flat Rock, Ind
White liiver, near Indianapolis, Ind
Wall Lake, near Lake View, Iowa
Mineral Park L.ako, near Dow City, Iowa
Upper Iowa River, near Decorah, Iowa
Private ponds in Kansas

Kentucky
Clear Creek, near 8helliy\ille, Ky
Reinecke Lake, ue.ir .Madison vilie. Ky
Spring Lake, near Madiso7i ville, Ky
Loch Mony Lake, no.ar Madison villo, Ky
Private ponds in Maryland
Big Pool, near Hagerstown, Md
Scndings Pond, near Taunton, !Mass
Miller Lake, near Moberly, Mo
Indian Creek. MeUon.ald County, ilo
Hickory Creek, near Neosho, Mo
Private ponds in New Jersey

New Mexico
North Carolina
Ohio

Muzzy L.ake, near ivavenna, Ohio
Bass Lake, near Chardon, Ohio
Brady Lake, near Chardon, Ohio
Private ponds in Pennsylvania
Coiinoduquinet Creek, near Mechanicsburg, Pa
Private ponds in South Carolina
Nixon River, near Faulkton. S. Dak
James River, near Huron. S. Dak
Turtle Creek, near Redfield, S. Dak
Private ponds in Tennessee

Texas
T. and P. R. R. Co.'s pond, near latan, Tex
Private ponds in Virginia

West Virginia
Camp Lake, near Camp Lake, Wis
Silver Lake, near Silver Lake, Wis
Cedar Lake, near Sehleisiiigerville, Wis
Browne Lake, near Burlington. Wis
Phantom Lake, near Mnkwonago, Wis
Crooked Lake, near Muk wonago. Wis
Chain of lakes, near Waupaca, AVis

Sunfish (Lepomin, sp.):

Max von deni liorne. Berneuchon, Germany
Private ponds in Illinois

Du Page Itiver, near Hurlington Park, Illinois
Glenwood Lake, near Calesburg, Hi
Sni Kearte Lake, near TCast ITaunibal, 111

Kankakee River, near ICankakee. Ill

Island Pond, near A^'aierloo, 111

Gilniore Lake, near Columbia. Ill

Sucker State Pond, near Carlyle, ill

Flat Rock River, near Flat Rock, Ind
Wall Lake, near Lake View, Iowa
Mineral Park Lake, near Dow City, Iowa
Upper Iowa River, near Decorah, Iowa
Private ponds in Xansaa
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Details of distribution, i59^-95—Continued.

Species and disposition. Fry.
Adults and
yearlings.

Sunfish {Lepomis, sp.)—Coutinned:
Lakt Evelyn, near Bonner Sprinjrs, Kans
Little J'.luo Elver, near Hanover, Kans ^ .

.

Elm Creek, near Sawyer, Kans
Private ponds in Kentucky
Sherman Lake, near Willianistown, Ky
Cumberland Kiver, near Williamsburg, Ky..
Spring Lake, near Versailles, Ky
Drennen Creek, near Eminence, Ky
Elk Honi Creek, near Switzer, Ky

Lexington, Ky
Big Pool, near Hagerstowu, ild
Deer Creek, near Bel Air, Md
Private ponds in Missouri
Lake Contrary, near St. Joseph, Mo
Miller Lake, near Moberly, Mo
Pertle Springs, near Warrensburg, Mo
Salisbury Fish Pond, near Salisbury, Mo
City reservoir, near Moberly, Mo
Private ponds in Ohio
Muzzy Lake, near Ravenna, Ohio
Lake Mire, near Kenton, Ohio
Brady Lake, near Chardon, Ohio
Ohio Fish Commission
Private ponds in Korth Carolina
Loon Lake, near Spokane Falls. Wash
Liberty Lake, near Spokane Falls, Wash
Camp Lake, near Camp Lake, Wis
Silver Lake, near Silx er Lake, Wis
Cedar Lake, near Schleisingerville, Wis
Phantom Lake, near Mukwonago, Wis
Crooked Lak(>, near Mukwonago, Wis
Chain of lakes, near Waupaca, Wis

Pike (Lucius luckm):
Feather Kiver, near Gridley, Cal
Lake Cuyamaca, near San JDicgo, Cal
Private ponds in Illinois

Bu Page River, near Burlington Park, 111

Glenwood Lake, near Galesburg, 111

Flat Rock River, near Flat Rock, Ind
Wall Lake, near Lake View, loiva
Mineral Park Lake, i>ear Dow City, Iowa
Elm Creek, near Sawyer, Kans . .

.'.

Miller Lake, near Mol.erly, Mo
Private ponds in Ohio
Brady Lake, near Chardon, Ohio

Scup {Stt'notn7nus cln-ysops)

:

Buzzards Bay. oil' Massachusetts coast
Cod (Oadug morrhua)

:

Buzzards Bay, off Massachusetts coast
Massachusetts Bay, off Massachusetts coast

.

Pollock (I'idlachius virene)

:

Massachtisetts Bay, off Massachusetts coast
Flatfish (Pseudopleuronectes americanun)

:

Buzzards Bay, oil' Massachu.setts coast
Lobster (Uomarut. americwims)

:

Buzzards Bay, off' Massachusetts coast

35, 000

2.5, 671, 000
27,124,500

2, 47:!. 500

3, 510, 000

5, 799, 000

300
90

500
925
35
225
16
25
150
25
86
82
50
250
25
75
65
500
223
1.50

75
liJO

376
152
350
150
47
47
47
47
47
50

100
400
148
725
25
200
95
95
70

Totals. 5.887,000 1 228,008,070 2,023,276

Figures inclosed in parenthesis are not included in summationa.



REPORT UPON THE INQUIRY RESPECTING FOOD-FISHES AND
THE FISHING-GROUNDS.

By RicnAUD Rai'iibux, Asuistant in charge.

NORTH PACIFIC OCEAN AND BERING SEA.

The principal investigations conducted under this division during

the past year have reUited to the fur seal in the North Pacilic Ocean
and Bering Sea, the oyster-grounds and other fishery matters along the

Atlantic seacoast, and the requirements for fish-culture in the Rocky
Mountain region and the Gulf States.

The steamer Albatross has been much more actively employed than

during any previous year, if the amount of work accomplished be

measured b}' the time spent at sea and tlie total distance sailed, but

only a very short period was given specially to that class of fishery

inquiries with which this ship has hitherto been chiefly occupied.

Early in the fall a brief reconnaissance was made of the Strait of Juan
de Fuca, which served to make known its principal resources, and to

point out the ditficulties which must be^ encountered in prosecuting

extensive fisheries in that deep arm of the sea. During the balance of

the year, however, fishing and dredging trials were only incidental

features of the work. From September 18, 181)1, until March 12, 1892,

the Albatross was engaged, under the direction of the Secretary of the

Navy, in running two lines of deep-sea soundings between the coast of

California and the HaAvaiian Islands, with the object of determining

if a x)racticable route exists across that part of the J!*acific Ocean for

the laying of a telegraphic cable, a task which was successfully accom-

plished, notwithstanding the unfavorable season chosen for tliat pur-

pose and the inclement weather met with during most of the cruise.

Aside from this purely hydrographic survey and the short stay made
in the Strait of Juan de Fuca, the operations of the Albatross have
related exclusively to the fur-seal inquiries in connection with the prep-

aration of the Bering Sea case for the proposed tribunal of arbitra-

tion at Paris. During the simimer of 1801, this ship acted simply as a

transport for the Bering Sea commissioners. Dr. Mendenhall autl Dr.

Merriam, couveying them to and from the Pribilof Islands, but on

March 15, 1892, she entered directly into the investigations which were

then begun to settle some of the main points in controversy respecting

the habits of the fiu* seals and the eiiects of pelagic sealing.

Lxxxvm
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The habits of these animals during the period of their residence on
the Pribilof Islands have been studied with considerable care, and upon
the knowledge thus obtained has been based a judicious system of

regulations, not entirely perfect, perhaps, but which, if properly carried

out, could not fail to insure the perpetuation of the herd. Whatever
abuses may have been practiced on those islands, they could have
produced little or no effect upon the main or breeding parts of the

rookeries, as the supply of skins was drawn entirely from the so-called

hauling-grounds, which are occupied solely by the bachelors or non-

breeding males. The marked decrease on thebreediiig-giounds, begin-

ning only a few years ago, was evidently due to some influence from
without, and its cause was not difficult to discover. An interference

of this character with the seal fishery had never been anticipated by
the Government of the United States, and no steps had been taken,

therefore, to investigate the conditions associated with the movements
of this highly prized species during its long wanderings in the open
sea. Whether the possession of such information would have helped to

avert the injury which is now being done or not, it would at least have
greatly strengthened this Government in its efforts to obtain a just

recognition of its claims, and it is therefore greatly to be deplored
that the work was left until its urgency was demonstrated by force of

circumstances.

In view of the material interests involved, a somewhat heated con-

troversy could not be avoided betweesi the two countries whose sub-

jects claimed protection in Avhat they regarded, on each side, as their

respective rights. On the one side there was a long-established indus-

try, whose continuity need not be broken except by unwise administra-

tion, while on the otlier there was a young and enterprising fishery,

gaining strength every season, and bound eventually not only to sap its

own resources, but to destroy the rookeries as well. This was practi-

cally the status of the fur-seal question when arbitration was suggested
and agreed upon, a modus vivendi prohibiting pelagic sealing in Bering-

Sea being arranged for at the same time. It was now too late to begin a
systematic and thorough study of the entire subject, which, under suit-

able conditions, would have been productive of much more satisfactory

and convincing results, and provision was made for investigating only

the more salient features of the problem, on which there Avas a wide
diversity of opinion between the British and American represeatatives.

Three vessels were assigned to this duty, the Fish Commission
steamer Albatross and the revenue steamers Gorwin and Bear. The
cruising-ground of the Albatross, up to the close of the fiscal year,

was mainly off the southern side of the Alaska Peninsula and along
the Aleutian chain, from Prince William Sound, in the east, to Attn
Island and to the Commander Islands, off the Siberian coast. The
representations made on the part of Great Britain that the eastern

body of fur seals has other hauling-grounds than the Pribilof Islands

were disproved, and the entire weight of the evidence obtained tends
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to show that the American and Asiatic herds do not mingle, each being

quite independent of the other.

Another important discovery was made by Mr. Charles H. Townsend,
the naturalist of the steamer Albatross, wlio was sent to Guadelon])e

Island, off the coast of Lower California, where the Alaskan fur seal was
said to haul out regularly during tlie period of its southern distribution

iu the winter. Specimens obtained there and brought to Washington
])roved to belong not only to a different species than the northern form,

but to represent as well a totally distinct genus. The investigations of

the Albatross were still in progress at the end of the year.

Further assistance was rendered to the agent of the United States

in preparing the Bering Sea case by the assistant in charge of

this division, who was called upon to present a review of the principal

ocean fisheries of the world, together with a compilation of all foreign

laws for the protection of marine products and the regulation of the

industries pertaining thereto. This work, which required several

months for its completion, served to bring out many interesting

features of legislation, some of the most conspicuous in respect to the

disregard of the tradifioual 3-mile zone being afforded by the British

colonies in the southern hemisphere. As an illustration may be noted

the regulations of I'^ew Zealand, which, by provisions as stringent as

those of the modus vivendi now in force in Bering Sea, seek to protect the

fur seals, once so abundant in that region, over an area measuring 20° in

latitude by 25° in longitude, the greatest width of water iu that area,

measured from the coast of the nuddle island of Kew Zealand, being 700

miles. On the western side of the island of Ceylon, moreover, along a

strip of water frontage exceeding 20 miles in width, any vessel " anchor-

ing or hovering and not proceeding to her proper destination" during

certain months is subject to seizure and confiscation as a menace to the

pearl fishing banks. These laws and many others of equal novelty which

might be quoted are probably entirely justifiable, but if the right to

enforce them is recognized in respect to one country, the exercise of

such right may be justly claimed in all analogous cases.

The steamer Fish Haick has sjjent a large part of the year in deline-

ating the oyster-grounds in different parts of Chesapeake Bay, and in

determining their condition by careful and detailed investigations.

The work accomplished has proved of great practical value iu bringing

forcibly to the attention of the governments of Maryland and Virginia

the necessity of affording greater protection to their oyster territory,

and the advantages offered by those waters for greatly increasing the

production of this mollusk. Virginia has already taken steps to profit

by this information and will seek to encourage private oyster-culture

as a means of utilizing large tracts of bottom which are well adapted

to oyster growth, but yield no returns at the present time. In some

countries of Europe, and notably in France, the cultivation of the

oyster has been brought to a higii state of perfection. While it is not

expected that the methods there employed can be advantageously
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introduced into this country, it was thought that a study of the
subject could not fail to furnish many valuable suggestions which
would be appreciated by American oyster-growers. Arrangements were
accordingly made with Dr. Bashford Dean, of Columbia College, New
York, Avho went to Europe in the summer of 1891 on private business,

to undertake this work, which he has already completed with respect

to France, Spain, and Portugal, and his report upon the methods prac-

ticed in the first-mentioned country has been received and published.

The physical inquiries respecting the waters off" the southern JSTew

England coast, begun in 1889 by the schooner Grampus and conducted
the next year by the same vessel in conjunction with the Coast Survey
steamer BlaJic, were continued during the summer of 1891 by the
Grampus alone. The work was carried on, as in previous years, under
the direction of Prof. William Libbey, jr., of Princeton College. Just
before the close of the fiscal year the schooner Grampus was detailed

to commence upon a systematic investigation relative to the bottom
fishes in the lower part of Chesapeake Bay and the adjacent waters of

the ocean, which it was proposed to continue during a large part ofthe

summer.

Although the attendance at the Woods Holl laboratory during the
summer of 1891 was not as large as usual, much effective Avork was
accomplished, and very important results were also obtained through the

efforts of Mr. V. N. Edwards, who has been the resident collector at

that place since 1871. Tlie most noteworthy of his observations have
been those respecting the breeding habits of the menhaden, which, it

seems now to be quite definitely decided, spawns in the coastal waters
instead of at sea, as was originally supposed.

The practical utility of the inland or fresh-water investigations, first

systematically taken up in 1888, was well demonstrated during the past

year, when this division was called upon to determine, under a special

act of Congress, the advisability of establishing hatching-stations

in the Rocky Mountain region of Montana and Wyoming and in the
Gulf States. Although only a small amount of money was available

for this purpose, yet entirely satisfactory results were accomplished,

owing in large part to information acquired through previous inquiries

conducted partly in the same region and partly in other waters hav-

ing corresponding features. It is expected that in the course of not

many years these researches will have covered the different parts of the

United States so completely as to furnish the groundwork for a more
thoroughly comprehensive system of fish-culture than it has been possi-

ble to establish hitherto. The conduct of the inland work has been
mainly under the immediate direction of Prof. B. W. Evermann, the prin-

cipal assistant in this division. His inquiries in Montana were supple-

mented by Prof S. A. Forbes, director of the Illinois State Laboratory
of Natural History. Investigations on a smaller scale were also carried

on in the States of Kentucky, Tennessee, North Carolina, Indiana,

Ohio, and New York,
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The stuflies and expeiinients relative to the propajjation of the Span-

ish mackerel in Chesapeake Bay begun in June, 1891, were completed

later in the same summer, and although the number of eggs obtained

and hatched was relatively small, sufficient information was secured to

indicate the proper methods to j)ursue in case it should be deemed
advisable to increase the abundance of this important food-fish by arti-

ficial means. The great falling off in the supply of this species which

has taken j/lace during recent years would seein to justify such action.

A case of river pollution brought to the attention of the Fish Com-

mission has been thoroughly investigated, and although the results

obtained were not entirely conclusive, advantage was taken of the

opportunity to conduct a very interesting series of observations. The

Source of pollution is a wood pulp paper mill situated on the banks of

the Susqnehanna River, the waste li(juor from which finds its way
directly into the stream. The harmful influence of the sulphurous acid

thus discharged was practically demonstrated upon fishes held in con-

finement, but it yet remains to be decided whether the volume of water

in the river at the site of the mill is sufficient to overcome the perni-

cious effects of the acid or not. In smaller streams there could be no

question as to the harm produced from such a cause.

Studies upon the diseases of fishes, a subject w hich has been very

generally neglected, notwithstanding its important relation to the

Avelfare of fishes in general and to successful fish-culture in particular,

have been carried on at intervals during the year by Dr. R. R. Gurley,

who has been mainly occupied in bringing together the literature on

the subject and in preparing a monograph on one of the most extensive

groups of injurious parasites, the Myxosporidia. Several special cases

of disease have also been nnide the subject of inquiry.

CRUISE WITH THE BERING SEA COMMISSIONERS.

At the beginning of the fiscal year the steamer Albatross was at San

Francisco, Cal., prepared to start upon a trip of investigation to the

Alaskan coast, where it was proposed to continue the survey of the

fishing banks in Bering Sea, begun the previous summer.

During the season of 1890 the work had been confined mainly to the

extreme southeastern part of that sea, including Bristol Bay as far up

as the mouth of the Xushagak River, but exceedingly important results

had been obtained in the development of Baird and Slime banks, the

former of very large size and both comparatively little known as regards

either their hydrography or fishery resources. The narrow stretch of

shallow water along the northern side of Unalaska Island was also

explored at the same time, and several lines of deep sea soundings

served to define the approximate outer limits of the continental platform

as far north as latitude 58° 43' X., or about 168 miles northwesterly

from St. Paul Island, of the Pribilof group.
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It had been intended the present year to extend the surveys in a
westerly and northerly direction as far as circumstances would permit,
and judging- from the success obtained in 1890 it was expected that
additional fishing grounds of great value would be discovered and
marked out. Other and more urgent requirements of the public service,

which arose at this time, however, made it necessary to abandon these
plans, and to dispatch the Albatross on a special mission.

In connection with the controversy respecting pelagic sealing in the
North Pacific Ocean and Bering Sea, between Great Britain and the
United States, commissioners had been appointed by both Grovernments
to investigate the conditions of seal life in those regions, and, no other
suitable vessel being available, the Albatross was, by direction of the
President, placed at the service of the two representatives on the part
of the United States, Prof. T. C. Mendeuhall and Dr.C. HartMerriam.
Instructions announcing this change of detail were telegraphed to the
commander of the Albatross on July 9, and on the 16th of that month,
both commissioners having arrived on board, the ship set sail directly
for Unalaska, where she arrived on the 2oth. The steamer Danube
conveying the British commissioners, Sir George Baden-Powell and
Dr. George M. Dawson, reached Unalaska on the same day.
After coaling, the Albatross proceeded to St. (xeorge Island, the more

southern of the two Seal Islands, remaining there a part of one day,
and thence going to St. Paul Island on the afternoon of July 28. On
the following day the commissioners took up their residence on shore
owing to the difficulty and, at times, uncertainty of making a landing
from the sliip. There are no protected harbors on either of the Pribilof
Islands, and anchorages have to be changed with the shifting of the
winds whenever the latter are strong, but, according to Lieut. Com-
mander Tanner, an able steamer may lay safely at anchor long after
communication with the shore has become impracticable. The officers

of the Albatross did not participate directly in the seal investigation,
but rendered such assistance as was requested of them by the Ber-
ing Sea commissioners. Visits were paid, however, to some of the
rookeries and killing grounds, and many incidental observations were
recorded. On July 29 the ship was called upon by the Treasury agent
at the islands to aid in capturing a schooner which had been detected
in killing seals with rifles off Northeast Point rookery, but the poacher
had been seized by the revenue-cutter Gorwin before the Albatross
arrived upon the spot.

On August 3 a fishing and dredging trip was made ofl'the southern
and western sides of St. Paul Island, the beam trawl being used at
five stations, in depths of 20 to 51 fathoms. The bottom was found to
consist of fine gray or black sand and shells, with scattered pebbles
and traces of black mud in some places. A great variety of inverte-
brate life was obtained, but not many specimens of any group, except
starfishes and sea-cucumbers, which were very abundant. Only a
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small number of fishes were taken in the beam trawl, among them
being young cod, pollock, and flounders, and nothing was secured by
means of hand lines, although they were tried in several places. Later

in the same day a series of hydrographic soundings was made oii' the

western extremity of St. Paul Island. According to Lieut. Commauder
Tanner

:

The natives report that cod and halibut frequent the waters about the Pribilof

Ishands during the winter and early spring, but the former disappear soon after the

seals arrive and only a few of the latter remain during the summer. Neither of

these species is ever taken in large numbers. It is a Avell-known fact that feeding

seals go farther from tlie islands in search of food as the season advances, until in

the latter jiart of July they reach the vicinity of the 100-fathom line south and

west of the Pribilofs, from 50 to 100 miles aud more from their rookeries.

A number of sea-lion skins, prepared for use as museum specimens,

were procured on August 4, and two days later a nsliing party, sent

out in small boats, covered considerable ground, but returned with

only three halibut and five small cod. The Albatross left the Pribilof

Islands on August 10, bound south, and the following morning anchored

off Bogoslof Volcano, on which the Bering Sea commissioners and
several officers of the ship were landed for the purpose of making
observations. The following interesting notes based upon this visit

are from the report of Lieut. Commander Tanner:

We noted many changes since our visit the previous year. New Bogoslof was
still active, smoke and steam escaping througli numberless crevices throughout the

whole mass from the water's edge to the summit. It was at least 100 feet lower,

aud was otherwise changed iu cmtline; w'hat had been the rocky pinnacle was now
lying in huge masses strewn down the steep iucliue, even to the surface of the sea.

» :K # # # « #

Tin; old and new volcanoes are about a mile apart and were, a year ago, connected

by a narrow isthmus but little above the level of the sea, composed of line volcanic

cinders. Now, however, there is an open passage through it several hundred feet

in width near the new cone, the remainder of the si)it extending from Old Bogoslof

having been removed bodily to the westward with a broad sv.^eep. A bar or middle

ground was found a few hundred yards to the eastward of a line drawn between the

cones. * * * The beaches, the banks above mentioned, and the isthmus formerly

connecting the two cones arc composed of fine cinders, ashes, etc., ligliter than

sand or gravel, and are, in consequence, washed back aud forth with every heavy

gale. « * * ^ sea-lion rookery referred to iu former reports, near the base of

Old Bogoslof, was occupied as usual. This colony is notable for the unusual size of

Bome of the old bulls. They seemed quite tame, permitting several of the shore

party to approach close to them before showing signs of fear; their location being

remote from the usual routes iu Bering Sea, they are seldom disturbed.

Unalaska was reai-hed in the evening of August 11, and on the 13th

the ship passed out into the North Pacific Ocean, through Unalga

Pass, bound for the northern end of Vancouver Island. Thence the

inland pas.sage was taken to Tacoma, Wash., stops being made at Alert

Bay, Departure Bay, and Port Townsend. At Alert Bay the salmon

cannery and Indian village were visited, and a collection of the native

hunting and fishing iinj)l{'nients was made for the World's Columbian

Exposition. The commissioners left the ^hip at Tacoma on August 22.



REPORT OF COMMISSIONER OP FISH AND FISHERIES. XCV

STRAIT OF JUAN DE FUCA.

As the season was too far advanced when the Albatross reached

Tacoma from the special trip to Bering Sea to justify her returning

north for the purpose of continuing the fishery investigations in the

Alaskan region, instructions were issued to make a thorough study of

the fishing-grounds in the Straits of Juan de Fuca and Puget Sound,

where practically no work of this character had hitherto been under-

taken. Scarcely more than a week elapsed, however, after starting

upon this inquiry before it was interrupted, and very little was accom-

plished, therefore, beyond running a few lines of dredgings and fishing

trials through a part of the Straits of Juan de Fuca.

The investigations were taken up on August 27 and terminated on

September 4, having been carried through the strait from the longi-

tude of i^ew Dungeness to the vicinity of Cape Flattery. A large

amount of life was obtained through the agency of the beam trawl, and a

change in the character of the bottom fauna was observed as the mouth
of the strait was apjiroached, deep-sea types forming a more conspicuous

feature of each haul. The surface, however, was found to be almost

barren of life at this season, a few small crustaceans being about the

only forms taken in the tow nets during the day, although large num-
bers of jelly-fishes came to the surface after dark. On August 28,

between IN'eah Bay and Cape Flattery, a single sjDecimen of the true

cod {Gadus morrhna) was secured in the beam trawl, the first example
of this species taken by the Albatross south of the Alaskan coast. The
fishing trials were of great interest, but uufoitunately they were not

continued long enough to permit of entirely satisfactory conclusions

respecting the extent of the fishery resources of this sheet of Avater.

The work accomplished may be briefly summarized as follows:

On the first day the beam trawl was used from oft' Xew Dungeness
to the neighborhood of Eace Rocks in depths of 80 to 100 fathoms, and
on August 28 six dredging stations were occupied in depths of 98 to

151 fathoms between Neah Bay and Cape Flattery. Two cod and two
halibut trawl lines were also set on the latter date off I^eah Bay in 80

to 100 fathoms of water, hand lines being employed at the same time.

The currents proved too strong, however, for the successful use of

either, and in the course of a few minutes the trawl buoys disappeared
beneath the surface

5 they were not seen again. The weather was fine

all day and the sea smooth, but during the dredging trials strong and
erratic currents swept the ship about in the most extraordinary man-
ner. Notwithstanding this fact, however, many flounders of excellent

quality, together with other edible fishes and an abundance of shrimps
and crabs, were taken in the beam trawl.

G-reater precautions were taken with the fishing trials on August
29, and better success was obtained. One trawl line was first set in

140 fathoms, gravelly bottom, off Neah Bay, both ends being provided



XCVI REPORT OF COMMISSIONER OF FISH AND FISHERIES.

witli heavy grapuels and double buoys, and one end beinjifalso secured

to a boat. The buoys were carried under by the current as on the pre-

vious day, but 100 hooks from the end attached to the boat were

recovered, bringing- witli them three bhiek-cod, the largest weighing 28

pounds. On a second trial in the same locality, both ends of the trawl

line being secured to boats, the entire gear was recovered, the catch

this time amounting to 14 black cod, averaging 12^- pounds each in

Aveight. Two dre<Iging stations were made the same day in depths of

120 and 125 fathoms. The ship was then obliged to proceed to Vic-

toria, British Columbia, in order to replenish the stock of fishing gear,

but returned again to Neah Bay on the 31st.

The following day four sets with the trawl lines and four hauls of

the beam trawl were made between Xeah Bay and the Vancouver shore

on the opposite side of the strait in depths of 136 to 152 fathoms. A
cultus-cod weighing 29 pounds was captured in the beam trawl, the

catch with the trawl lines comprising a few black cod, red rocktish, and

dogfish, but in some places the currents were so strong that nearly all

the hooks were strip])ed of their bait. Only a few dogfish were taken

on the trawl lines during September 2 between Neah Bay and Pillar

Point, but the beam trawl used in four positions, in 53 to 123 fathoms,

secured an abundance of edible flounders and a dozen young cod. On

the 3d three sets with trawl lines were made between Pillar Point and

Port Angeles in 64 to 95 fathoms, taking only a few dogfish, and one

dredging station was occupied in 92 fathoms. Flounders, herring,

perch, butter-fish, sculpins, a salmon trout, and other species were

secured by seining on the beach at tlie latter place.

The following day, the last one of the trip, was utilized in running

a line of dredging and hand-line fishing stations diagonally across the

strait from off Port Angeles to the vicinity of Victoria, the depths

ranging from 40 to 46 fathoms.- Nothing at all was taken with the

hand lines, the currents being so strong that it was quite impossible to

keep the hooks on or near the bottom, except close to land. Lieut.

Commander Tanner concludes his account of this investigation as

follows

:

We have demonstrated the existence of several species of sea fishes in the open

waters of the Straits of Fuca, and have also shown the impracticability of taking

them in paying quantities by the usual methods. Should the black-cod ever take

the place it deserves in the market, means will doubtless be devised for its capture,

even in the straits. In the vicinity of Cape Flattery the currents reach the bottom

with strong scouring elfect, and the state of tides on the surface is no indicatiou of

their condition at the bottom. A heavy, confused swell Avill also be encountered,

even in the calmest weather. Of course, this soon becomes modified after passing

up the straits.
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SURVEY FOR A CABLE ROUTE BETWEEN CALIFORNIA AND THE
HAWAIIAN ISLANDS.

By an act of Congress approved March 2, 1891, special provision was

made "To enable the President to cause careful soundings to be made
between San Francisco, Cal., and Honolulu, in the Kingdom of the

Hawaiian Islands, for the purpose of determining the practicability of

the laying of a telegraphic cable between those points." This survey

was placed under the direction of the Secretary of the Navy, but a suit-

able naval vessel not being available for the worli, the services of the

Albatross were requested, and by instruction of the President she was

accordingly detailed for that purpose. While it was regarded as

unfortunate that this steamer should so soon again be diverted from

her legitimate fisliery inquiries, there was cause for congratulation in

the fact that so favorable an opportunity was thus presented to demon-

strate once more her eminent fitness for this class of hydrographic

investigations, similar surveys having previously been executed for the

Navy Department by the same ship in the Caribbean Sea and about

the Bahama Islands. In the field of work for which the Albatross was

specially constructed, means for taking accurate soundings in all depths

of water constitute one of the principal requirements in locating and
defining the fishing-grounds, and to this end the most approved appli-

ances have always been provided. In fact, no other vessel afloat is so

perfectly equipped in respect to all inquiries relative to the physical

and the natural-history features of the sea, and none has been more

effectively employed, thanks to the untiring energy of her accomplished

commanding officer.

Upon arriving at San Francisco from the Strait of Juan de Fuca the

only material alteration required in preparation for the cruise was in

the direction of increasing the coal capacity, which was readily accom-

plished by changing the laboratory storeroom into a temporary bunker.

The ship was placed at the disiiosal of the Secretary of the Navy on

September 18, but owing to delays, mainly caused by the necessity for

awaiting supi)lies, the work was not actually taken up until October 9,

1891. Two lines of soundings were run, one toward the Hawaiian

Islands, the other on the return trip, which was completed January 15

following. The results of the survey have been published in the form

of a report to Congress by the Secretary of the Navy,* in which, doubt-

less through inadvertence, no credit is given to the Fish Commission

for its participation in the work. A more detailed account of the cruise

will be found in the report of Lieut. Commander Tanner, printed in

the aiii)endix to this volume.

* Report of the resuUs of the survey for the purpose of determining the practica-

bility of laying a telegraphic cable between the United States and the Hawaiian

Islands, Fifty-second Congress, first session, Senate Ex. Doc. No. 153, 1892. 28

pp., and several charts, diagrams, and photographic reproductions.
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A number of years previously the U. S. S. Tuscarora had run a line

of soundings between San Francisco and the Hawaiian Islands, and it

was proposed that the new line be made to the northward of the course

taken by that ship, with stops for soundings at intervals of 10 and 2

miles. The plan finally adopted and carried out was suggested by
Lieut. Commander Tanner, namely, to begin the line off Salinas Land-

ing, in ]\Ionterey Bay, carry it thence through tlie deep gully which

approaches the land very closely at that place, and having reached

the open sea, to proceed i)ractically along the arc of a great circle to

the eastern end of Ouhu Island, ])assing about 40 miles to the north-

ward of the Tuscarora^s sabinarine mountain, an elevation of about

1,400 feet above the surrounding ocean bed. The survey at the eastern

shore end was first completed, and subsequently, with a full supply of

coal, the main part of the line was run between the dates of J^ovember

7 and 21. From 10 to 12 soundings were generally made each day, the

depths, outside of the continental platform at each end, ranging from

2,000 to over 3,000 fathoms, except in a few instances. The ship

remained about the Oahu Island until December 11, surveying a route

for the shore end of the cable, making some needed repairs, and con-

ducting natural-history investigations by means of the beam trawl and

tangles. The naturalists also took advantage of the opportunity to

secure a large and fine collection of the shore fishes.

Realizing the importance of obtaining still further information

respecting the contour of the ocean bottom between the two countries,

and having no instructions to the contrary, Lieut. Commander Tanner,

on leaving the Hawaiian Islands, carried a second line of soundings

eastward along a rhumb line which intercepted the great-circle line

about 35 miles off Salinas Landing. On neither of these lines did the

ship encounter the submarine elevation discovered by the Tuscarora.

Stormy weather was met with during both trips, and it was espe-

cially severe during the second one. The completion of the survey was
greatly delayed in consequence, and the ship was subjected to unusual

strain and wear, but escaped any severe damage. After reaching San

Francisco orders were issued to make i)reparations for a third sound-

ing trip, this time between Point Conception and Hilo, on the island of

Hawaii, and the necessary repairs were at once begun, but by the time

they had been completed the ship was required for other service. The
U. S. S. Thetis was therefore substituted in her place, and the Albatross

was returned to the Fish Commission on March 12, 1892.

During the cable survey, in addition to the ordinary sounding work,

the sainples of the bottom brought up in the cup were examined micro-

scopically; the temperature of the water at the surface and bottom Avas

constantly observed, series of intermediate temperatures were taken

occasionally, and the density of the surf^ice water was fre(]uently deter-

mined. The rhumb line run by the Albatross has been considered to

have developed the most favorable conditions for a cable route.
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FUR-SEAL INVESTIGATIONS.

On March 15 the Albatross was detailed to assist in securing infor-

mation required in preparing the case of the United States respecting

the far-seal fishery of the North Pacific Ocean and Bering Sea, to be
submitted to the Paris Tribunal of Arbitration, for which arrange-

ments were then in progress. This work coutinued until the end of

the fiscal year and was under the nominal direction of the Secretary of

the Treasury, although the instructions relative to the investigations

emanated from the State Department and the Fish Commission, The
ship left San Francisco on March 20, proceeding first to Port Townsend,
where she was joined by Prof B. W. Evermaun, as chief naturalist,

and Mr. Joseph Murray, special Treasury agent. The services of an
interpreter for the Alaskan dialects and of two seal-hunters were also

secured. Mr. 0. H. Townsend, naturalist of the A Ibatross, and Mr. A. B.

Alexander, fishery exj)ert. were attached during a part of the season

to the revenue steamers Corwin and Bear, both of which vessels had
been dispatched upon similar missions.

The principal objects sought to be attained through the agency of

the Alhatrosswere to ascertain if the fur seal has other hauling-grounds

than the Pribilof Islands on the Alaskan coast; to determine what, if

any, relations exist between the American and Asiatic herds, and to

learn as much as possible regarding the habits and movements of these

animals during their migrations northward. The necessity of moving
rapidly from place to place, however, prevented satisfactory obser-

vations relative to the pelagic habits of the seals, but in other respects

the duties assigned to tbe ship were successfully accomplished.

Starting from Port Townsend on March 31, a course was set to

carry the ship over the usual sealing-grounds at this season oft'

Vancouver Island, but owing to stormy weather only occasional seals

were seen, either singly or in groups of two and three. Oook Inlet,

Kadiak, and Prince William Sound were visited in the order named,
and the experienced native hunters and few white inhabitants were
interrogated at each place. In regard to Cook Inlet, Lieut. Commander
Tanner makes the following statement, which applies also to the other

places mentioned

:

The question as to whether fur seals were ever known to haul out in or near

Cook Inlet was among the many interesting subjects presented for solution.

Inquiries were made among men who have passed their lives in hunting over the

region under discussion, and the fact that none of them ever saw a seal hauled out

would seem to settle the question conclusively. The fur seals pass along the shores,

and sometimes enter Cook Inlet in small numbers when they are on their way to

Bering Sea; they sometimes loiter about a few days, and then an occasional one is

killed, providing there are no sea otter about; but should the presence of the latter

be suspected, the seals will remain undisturbed by the otter hunters.

The past winter had been the most severe one known for many years,

causing much suftering, and this was subsequently found to be the

case at all places in Alaska visited by the Albatross. During one day
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haud-liue lisliiug was tried on a bank several miles off Soldovoi, at the

nioutli of Oook Inlet, where, according to tradition, cod and halibut

are exceedingly abundant. The bottom indications proved favorable

for those species, but no fish were taken, and if they resort to this

locality it is probably at some other time of the year. The region is

worthy of further examination, especially in view of the i)roximity of

good harbors, native settlements, and supplies of wood, coal, and fresh

water.

About Port Etches, Prince William Sound, cod and herring were

found to be abundant, the former species being taken by the natives.

Specimens were caught from the deck of the Albatross by means of

hand lines, and, although rather small in size, they were of good

quality. Herring were also cai)tured in considerable numbers by
seining along the shores. The pursuit of the sea otter has been the

principal occupation of the natives at this place, as in Cook Inlet and

along most of the coast and islands further westward.

Before starting on the return trip to Port Townsend, a short time

was spent in investigating the positions of several dangers to naviga-

tion which have been reported to exist in this region. Hydrographic

office chart No. 527 shows a rock in latitude 59° 31' N., longitude 144'^

43' W., where, however, the Albatross failed to discover it. In 1888

the Albatross also disproved the occurrence of Pamplona Rocks in one

of the positioAJs assigned to them, namely, latitude 59° 03' N., longi-

tude 142° 40' W., and it now proceeded to run a careful series of sound-

ings with respect to the other position given, in latitude 59° 35' IST.,

longitude 143° 04' W. In this locality, however, the least depth

observed was 114 fathoms, the greatest being 504 fathoms. The results

of the survey are thus described by Lieut. Commander Tanner

:

The various courses during the day practicnlly paralleled those of 1888, wheu the

Aliatross made her lirst search for the rocks, and, both days being clear during the

time of search, the masthead h)okout would have noted anything above "water at

least 10 miles on either hand; hence we may conclude that these vigias do not exist

within the belt 40 miles in width and 100 in length, over which our reconuoissance

extends.

A brief stop only was made at Port Townseiui, the ship proceeding

thence, on May 10, directly to Unalaska, which was reached on the 18th.

On the 22d of the same month the Albatross left the latter place for a

cruise to the westward among the Aleutian Islands and as far as the

Commander Islands off the Siberian coast, during which much impor-

tant information was gathered regarding the fur seals and the fishes

along that route. The settlement at Na/.an Bay was reached while the

hunters, who follow the sea otter among the Andieanof and Kryci (Kat)

islands, were still at home. The Atka mackerel {riciirofiranimus

nionopteri/cjius), an excellent food-fish, is here taken to a limited extent

and constitutes an important item in the native food supply. It

appears on the shores of the Aleutian Islands, from Atka westward, in

the spring, in large schools, which hover closely about the kelp beds,
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especially favoring the passes or exposed points where strong currents

prevail. This habit would preclude the use of purse seines for their

capture, but they can readily be taken by other methods. With respect

to seals, Lieut. Commander Tanner states:

The agent and several of the older and moat intelligent hunters testified regarding

the movements of fur seals, and were unanimous in the opinion that the herds do
not use the passes between Amukta and Great Kiska islands in their migrations to

and from Bering Sea. Only scattering seals have been seen by them in the Andrea-

nof and Kryci islands, and they were mostly gray pups, which appear from Septem-
ber to November, usually after northerly gales; they are never seen during the

winter. They are captured whenever opjiortunity offers, and the flesh used for food,

it being considered a great delicacy; the skins are either used for domestic purposes

or sold to the comiiany. A dozen seals a year would probably be a fair average for

the Atka hunters.

Attu Island was next visited. The occupation of the natives is the

same here as at Nazan, the hunting-grounds embracing their own
island, Agattu, and the Semichi group. This was formerly a rich sta-

tion, but the sea otters have been steadily decreasing in abundance,
and are now scarce. Halibut are taken in small quantities in the
spring, while cod are present at all seasons. The Atka mackerel is

abundant from April to September and forms an important article of

food. The condition of the people at this place, especially the women
and children, was so deplorable from the lack of proper food, owing to

the severe winter, that sufficient rations were issued to them from the

Albatross to relieve their wants until the arrival of the supply vessel.

The native hunters, according to Lieut. Commander Tanner, were prac-

tically unanimous ou the following iDoints:

Fur seals are seldom seen about Attu, Agattu, and the Semichi Islands, and they
have never been known to haul out except when wouuded; two or three instances

are remembered of wonnded seals having been shot while hauled out to rest. Twenty-
five or thirty years ago the older hunters recollected seeing them in small squads about
the kelp beds, during the mouth of June, feeding on Atka mackerel. They never
saw any seals east of the Semichis, nor had they ever seen any about during the
winter season.

It will be remembered that the Atka hunters did not l)elieve that the Pribilof herd
used the passes west of Amukta Island; the Attu men never saw fur seals east of the
Semichi group, and the J /&rt<ross experience in traversing the whole length of the
Aleutian Archipelago from Unalaska to Attu without seeing even a single individual

seems to confirm the native belief that the Commander Islands herd do not enter or

leave the sea east of Attu and the Pribilof herd do not enter or leave west of the Four
Mountain Pass.

A line of soundings was run May 29 and 30 across the wide entrance

into Bering Sea from Attu Island, the westernmost of the Aleutian

chain, to Copper Island, of the Commander group. Only deep water
was found in this space, the maximum depth discovered being 1,996

fathoms, about 30 miles off" Copper Island. The Commander Islands

are located at the eastei^n edge of the continental platform off the

Kamchatkan coast, and apparently have no direct connection with the

Aleutian chain.

On May 31 the Albatross reached I^ikolski, on Bering Island, the
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residence of the governor, Col. N. A. Grebnitzky, who had been advised

by his goverimient of the mission of the ship, aiul who did everything

in his power to render it successful. The experienced native hunters

on these ishmds are convinced that the seals which resort to the

Pribilof and Ooninumdor islands do not mingle, and that those on the

western side spend the winter along the Kurile Islands of Japan.

The authorities also stated that the fur seals were fast decreasing on

the rookeries of the Commander Islands, which fact they attribute to

the indiscriminate slaughter of all ages and sexes by the pelagic

sealers. Specimens were obtained from one of the rookeries on Bering

Island for comparison with others from the eastern herds. The natural-

ists secured from one of the natives a very nearly perfect skeleton of

the extinct Arctic sea cow {Rhytina stelleri), which is now in possession

of the U. S. National Museum in Washington. A partial survey of

Nikolski Bay was likewise made by the Albatross. The ship proceeded

on June 3 to Copper Island, where observations were made on Polatka

rookery, and some additional seal specimens were obtained.

The population of the Commander Islands at the time of the visit of

the Albatross was 050, 20 being whites and the remainder natives.

The management of affairs here is excellent and constant employment

is given to the inhabitants, all of the able-bodied men and larger boys

being occupied on the rookeries during the sealing season and in hunt-

ing the blue fox in the winter. Protection for the rookeries is provided

in the following manner

:

A Biiiall guard is maintained for watcliiuj;- over the rookeries. The privates are

selected from the native youths between the ages of 15 and 21; they serve three

years without further compensation than their share of the family fund. The non-

commissioned officers are Russians. While the guards are stationed at the rookeries

they occupy barabaras, usually situated on the bluffs overlooking the beaches, and

are not allowed to approach a rookery except to repel poachers. It is their first

duty to give the alarm in case boats are seen approaching and warn them off. If the

warning is not heeded, they are to drive tlie seals into the water, and if the poachers

still persist in landing or do not depart, they are to fire upon them, using sufficient

force to drive thom away.

The regulations enforced on the seal rookeries of the Commander
Islands are more stringent than those relating to the Pribilof group,

and the same is also true with respect to sea-otter hunting as compared

with the waters within the jurisdiction of the United States. There is

a close season for sea otters extending from June 1 to February I'of

each year (according to the Russian cnleudar), and during the open

season the number which may be taken is prescribed. On and about

the sea-otter rookeries only sj^ears and nets are allowed to be used,

firearms being permitted only at distances of 5 or more versts from the

rookeries. Females and yearling pups caught in the nets must be set

free. All persons are forbidden to go on or near the sea-otter rookeries

during the breeding season; neither shall they make a camp on or near

a rookery during the same period, nor build a lire, or be the cause of

any kind of smoke.
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Fifteen reindeer introduced on the islands in 1881 have increased to

about 300, and the herd is still protected. The natives also have small

herds of Siberian cattle, which are hardy and find ample subsistence

the year round. Lieut. Commander Tanner suggests that the same
breed of cattle might advantageously be introduced on the inhabited

islands of the Aleutian chain, where the rai)id extinction of the fur-

bearing animals will soon make it difiHcult for the natives to obtain

food. This important matter deserves prompt consideration.

From Copper Island the Albatross returned to Port Townsend by
way of Uiialaska, and on June 30 she left Departure Bay, British

Columbia, where she had been coaling, on another cruise to Bering Sea.

Between July 1, 1891, and the same date in 1892 the Albatross was
at sea 206 days, during which time she steamed 24,991 knots and made
601 soundings, mostly in the deep sea, 39 dredgings, and 30 tow-net

stations, the intermediate tow net being employed a^ many of the latter

in considerable depths of water.

ATLANTIC COAST.

OYSTER INVESTIGATIONS IN CHESAPEAKE BAY.

Tangier and Pocomoke sounds.—The survey of this important oyster

region begun on May 15, 1891, was continued until November 28 fol-

lowing, when, owing to inclement weather and the presence of many
fishing boats upon the grounds, it was closed for the year, although
the dredging trials had not been entirely completed. It is proposed to

finish the latter during the summer of 1892. The scope of this inves-

tigation and theplans adopted for carrying on the work were described

in the last annual report. Similar inquiries had been conducted in the

same waters by Lieut. Francis Winslow in 1878 and 1879 and by Dr.

W. K. Brooks a few years later, and it was expected that by repeating

the examinations conclusions might be reached of more than local

significance.

The work was carried on by means of the steamer Fish HawJc, Lieut.

Eobert Piatt, U. S. Navy, commanding, and the steam launch Petrel,

the latter replacing the Fish HatvJc duiing its temporary absence in

connection with the experiments relative to the hatching of the Spanish
mackerel, and subsequently remaining on the grounds until the end of

the season, being required for the examination of the shallow-water

areas which could not be reached by the larger vessel. In many places,

moreover, it became necessary to resort to the use of small flat-bottomed

boats, especially near the shores and between the islands. Mr. John
D. Battle acted as chief assistant in the hydrographic work and also

had charge of the observations upon the material secured by dredg-

ing. He was aided by Mr. J. Percy Moore, of the University of

Pennsylvania, until September 1; by Mr. B. L. Hardin and by Mr. W.
0. Kendall after the middle of July. In addition t^ his other duties

Mr. Moore spent considerable time in conducting special researches



CIV REPORT OF COMMISSIONER OF FISH AND FISHERIES.

revspecting: the Inolooy of the oyster. A ])erson well acquainted with

the oyster-grouiuls of the rci^ion was also employed as an oyster i)ihit.

Owing to the fact that nearly all the original triangnlation ])oints

established by the Coast and Geodetic Survey had disappeaied and
that the coast lines had been materially altered by currents since the

construction of the charts now in use, some delays occurred in the

l^lacing of new signal stations, which it was necessary should be located

with much care to insure accuracy in the positions of all dredging and
sounding stations. The region was divided into three sections, to be
investigated in succession, the instructions being to complete tlie work
in one before beginning upon another. The southern half of Tangier

Sound, between its mouth and latitude 38° N., was first taken uj) and
the hydrographic observations relating to it were practically cojiiplcted

by July 18. Between that date and August 1 the examinations were
carried over the very shoal area between Tangier and Smith islands;

S(mie time was spent in studying the advantages of the region for the

establishment of an experimental oyster station, which is much needed;

and lines of density observations were run back and forth a(;ross the

sound at different times of the tide. The Fisli Haivl- having returned

by this time, the dredging investigations were started August 3 and
were comjilcted on the 28tli of the same month.

Beginning then in the northern part of Tangier Sound, the inquiry

was continued there until October 22, the hydrographic and density

observations as far north as Clay Island lighthouse, and including also

Manokin and Great Annemessex rivers, being completed by that date,

as well as some of the dredging lines. The regular oyster-fishing season,

however, had opened in the meantime and hundreds of dredging boats

were at work, making it impossible to carry on the investigation in a

continuous and satisfactory manner. It was also considered that the

thorough raking which the grounds were then receiving would render

the results to be obtained by the dredgings of the Fish Hank of little

value for comparison, so the vessel proceeded to Pocomoke Sound,

where the month of ]S;^ovember was spent in delineating the oyster

beds. In this shallow area of water the Fiah Haiclc was only useful as

a base of operations, the work being entirely carried on by means of

the steam launches and rowboats. Iso dredging was attemi)ted.

By the methods 'employed in conducting this investigation the out-

lines of the oyster-grounds, the areas of rank and S(!attcred oyster

growth, and the barren grounds were all determined and marked out

as a part of the sounding work, the dredge being used to supplement

the results thus obtained, to ascertain the actual proportion of living

oysters to dead shells, the relative number of each size, the amount of

spat, and the general condition of the grounds. The i)ioportions were

calculated to the square yard, the dredge employed having a width of

exactly 3 feet in the oi)eningof the mouth and the distance over which

it was dragged each time being accurately determined. As this branch

of the work was comi)leted in the southern half of Tangier Sound just
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before the opening of the oyster season, the information obtained can

be relied upon to show the true condition of the grounds in that region

during the hitter part of the customary period of rest which is allowed

them every year.

A final report ui)on this survey has not yet been prepared for publi-

cation, but the principal results obtained, including maps illustrating

the outlines of the oyster beds and the relative abundance of oysters

in different parts of the two sounds, liave been communicated to the

governors of Maryland and Virginia, both of which States are now
considering measures for the improvement of their oyster fisheries.

In addition to his regular duties in recording the character and
condition of the material obtained by dredging, Mr. Moore made many
interesting observations upon the younger stages of oysters following

their fixation and until their shells had attained a diameter of three-

quarters of an inch. He also succeeded in rearing the embryo oysters

as far as the larval-shell period, when they all suddenly disappeared, as

they did in the experiments made by Prof. John A. Eyder and Lieut-

Francis Wiuslow. No light was thrown upon the causes of this dis-

appearance,

Mohjaolc Bay.—During the last of May, 1892, an oyster survey, iden-

tical in its purposes and methods with that conducted the previous

year in Tangier and Pocomoke sounds, was begun in Mobjack Bay,

Virginia, the launch Petrel being detailed to make the delineation of the

oyster beds and adjacent bottom, over which it was intended to run

dredging lines later in the season by means of the steamer Fhh Hawl:
This investigation was still in progress at the close of the fiscal year,

at which time the sounding operations in the bay proper were well

nnder way, but it was exijected that some time would be required to

finish the survey in the tributary creeks, which contain beds of con-

siderable importance. The work was in charge of Mr. John D. Battle,

assisted by Mr. W. F. Hill and Mr. B. L. Hardin.

Delineation of pnhlie oy.ster-(/rounds hy Virginia.—During the spring

of 1892, under an act of the State legislature, arrangements were com-

pleted by the governor of Virginia looking to the delineation or marking
off of the natural oyster beds in the waters of that State by right lines,

with the ultimate object of retaining the areas so inclosed as public

grounds and of granting the use of any suitable bottoms outside of

those limits to individuals for oyster cultural or planting purposes.

The benefits to be derived by fixing the outlines of all grounds held

open to the public, so that their bouudaries may readily be determined
at any time by bearings from the shore or by sextant angles, unless, in

fact, they be actually buoyed out, and by establishing their status

permanently through legislative enactment to avoid constant interfer-

ence through the courts, will be thoroughly appreciated by everyone
who feels a genuine interest in the advancement of this important
fishing industry.
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The State is to be congratulated on having at last taken the initial

step toward restoring, on a proper basis, those extensive resources

which have been so rapidly depleted and which, by Judicious manage-

ment, can be made to yield the State a large revenue. State officers

will be selected to act in conjunction with an engineer, who is to be

detailed by the Superintendent of the U. S. Coast and Geodetic

Survey, in running the necessary lines and preparing the maps required.

The careful investigations now being made by the TJ. S. Fish Com-
mission relative to the oyster-grounds of Chesapeake Bay have been

accepted as the basis for the proposed delineations, so far as they apply

to the waters of Virginia, and may be finished in time to serve the

purposes of the State. Arrangements have also been made to allow

the State authorities the use of one of the Fish Commission launches

during the summer of 1892.

The food of oysters.—With the object of obtaining some needed

information concerning the food of oysters, and the relations of oysters

to their environment in that respect, the services have been secured of

Dr. John P. Lotsy, of Johns Hopkins University, who will spend the

months of July, August, and September in making a study of this

subject in the vicinity of Hampton, Va. Dr. Lotsy is a native of the

Netherlands, where he had considerable experience in connection with

oyster cultural experiments before coming to this country. Questions

relative to the feeding of the oyster have, however, already received

much attention from employes of the Fish Commission, and several

important contributions bearing uj^ou this subject will be found in its

publications.

THE PRODUCTION OF SEED OYSTERS.

Before the close of the fiscal year arrangements had been made with

Dr. John A. Ryder to continue some novel experiments respecting the

collecting of oyster spat by a new system, wliich had been given a par-

tial trial during the i)revious summer at the marine biological labora-

tory of the University of Pennsylvania, located at Sea Isle City, N. J.

The system in question consists in distributing oyster shells or other

materials suitable for the fixation of the spat over horizontally jdaced

wire siTcens, supported on posts near the surface of the water in close

proximity to beds of oysters. The advantages claimed for this method

are, the more favorable position given to the collecting surfaces and the

fact that areas of muddy bottom not suitable for oyster planting can

also be utilized for this purj^ose. In case natural oyster beds are not

properly situated tor supplying the spat desired, artificial beds can be

arranged on similar platforms, at a lower level than the collecting sur-

faces, during the spawning season. The cost of the plant is compara-

tively little, and the success met with in 1801 encourages the hope that

the experiments may lead to results of practical importance.
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FISHERY INVESTIGATIONS IN CHESAPEAKE BAY AND ADJACENT

WATERS.

In tlie latter part of Juue, 1892, the schooner Grampus was detailed

to conduct investigations in the lower part of Chesapeake Bay and in

the adjacent waters of the open ocean, with the special object of deter-

mining the distribution and abundance of fishes throughout that region.

The inquiry was in charge of Capt. A. C. Adams, commanding the

Grampus, with Mr. W. C. Kendall as naturalist, and it was confmued

into the next fiscal year. The vessel has been fitted out with dredges,

beam trawls, trawl and hand lines, and with the necessary instruments

for observing the temperature and density of the waters. Being with-

out steam power, however, it is not expected that very effective work

can be accomplished by dredging, and collecting will chiefly be carried

on by the ordinary methods of the fishermen. Scarcely anything has

hitherto been done in the region indicated in the way of stnulying the

bottom fishes, altliough the field is one of great importance in view of the

extensive commercial fisheries which it has supported for a long period.

Occasional dredgings were made some years ago within the limits of

the bay by the steamer Fish Hatrlc, and on the ocean bottom outside

by the steamer Albatross, but those investigations contributed little

information of direct practical importance.

PHYSICAL INQUIRIES.

The physical inquiries which had been carried on off the southern

coast of New England during the previous two summers, under the

direction of Prof. William Libbey, jr., of Princeton College, were con-

tinued during the season of 1891, from June 30 until September 1. As

the Coast Survey steamer Blalce could not be spared again for this

work, the lines of observing stations were run exclusively by the

schooner Grampus, the light-ship on IS'antucket New South Shoal being

also utilized as before, through the courtesy of the Light-House Board,

for the taking of supplementary observations. Prof. Libbey remained

in charge of operations, and was assisted by Prof. M. McNeill, Prof.

C. G. Eockwood, Prof. H. B. Thomson, Mr. S. T. Dodd, Mr. L. S. Mudge,

and Mr. W. H. Dodd.

The work was conducted on essentially the same plan as in 1889 and

1890, but as only one vessel was employed the scope of the observa-

tions was materially less than in the latter year. A complete account

of the methods pursued will be found in the last annual report. The

principal object of the investigation is to determine the physical charac-

teristics of the belt of water bordering the coast through which many

important fishes pass during their seasonal migrations north and south,

the changes occurring therein, and the causes producing such changes.

To accomplish this purpose i^ is necessary to obtain at difierent times

of the season many parallel series of surface and intermediate tem-
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perature observations at right angles to the shore line, together with

correspoiuling meteorological observations for com]>arison with theni^

It is expected that Prof. Libbey will soon be ready to announce the

results of the work so far completed.

The Light House Board and the Southern Pacific Railroad Company
have continued to coJiperate with the Fish Commission in securing con-

tinuous series of water-temperature observations at many places along

the AtUintic seacoast and on some of the Western rivers. This service

is rendered gratuitously, and in the case of the light-house keepers at

least at their own personal volition, not being regarded as a jiart of

their regular or official duties. The records now on hand cover a period

of many years, and are of great value in connection witli the study of

the migratory habits of our food-ftslies. Mr. H. R. Center is now
engaged in making reductions of the daily observations to averages of

ten-day periods for publication in tabular form. The places at which
observations were made during tlie past year are as follows:

^ Temperainrv siaiion/i on the AtJanilc roast.

Stations of the Liglit-Honse Service:

Coast of Maine : l^etit Maiian Island, Mount Desert Rock, Matinicns Roclc, Seguin

Island, Boon Island.

Coast of Massachusetts: Race Point, Pollock Rip light-ship, Great Round Shoal

light-ship, Nantucket New South Shoal light-ship, Cross Rip light-ship,

Vineyard Sound light-ship.

Coast of Rhode Ishind: Brenton Reef light-ship. Block Island southeast light.

Long Island Sound: Bartlett Reef light-ship, Stratford Shoal light-ship.

Coast of New York : Sandy Hook light-sliip.

Coast of New Jersey : Ahsecon Inlet light, Five-Fath(Hn Bank light-ship.

Delaware Bay: Fourteen-Foot Bank light-ship.

Coast of Virginia: Winter Quarter Shoal light-ship.

Chesapeake Bay: Wiiulniill Point, Stingray Point, W(df Tra]) Bar, York Spit.

Coast of North Carolina: Bodys Island, Cape Lookout, Frying Pan Sboals light-

ship.

Coast of South Carolina: Rattlesnake Shoals light-ship, Martin's Industry Shoal

light-sliip.

Coast of Florida; Fowej' Ro^ks, Carysfort Reef, Dry Tortugas.

Stations of the Fish Commission

:

Gloucester and Woods Holl, Mass.

Fort Washington and Bryan Point, Potomac River, Maryland.

Washington, D. C.

Temperaliire stalions of the Pacific Slope.

Stations of the Southern Pacific Com])any:

Sacramento Piver, at Tahaina and Yido Bridges and Kings Landing, Cal.

Feather River, at railroad crossing, near Marysville, Cal.

American River, at railroad crossing. California.

Mokelunine River, at Lodi, Cal.

Tnohnnne Pivcr, at Modesto, Cal.

San .Joaquin Piver, at the upjier and lower railroad crossings, California.

King River, at Kingsbury, Cal. «

Colorado River, at Yuma, Ariz.
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The Fish Coiiimission is under obligations to the U. S. Weather
Bureau for the comparison with standards of a series of Negretti and
Zarabra deep-sea thermometers, and for information supplied for the

use of Prof. Libbey in connection with the physical investigations of

the schooner Grampus.

WOODS HOLL LABORATORY.

The laboratory at the Woods Holl Station of the Fish Commission
was opened as usual for the summer season on July 1, 1891, but sev-

eral persons arrived there and began their studies during the jjrevious

month. The biologists in attendance were Dr. H. V. Wilson, assistant

in charge of the laboratory; Prof. F. H. Herrick, of Adelbert College,

Cleveland, Ohio; Prof. William Patten, of the University of North
Dakota; Dr. James L. Kellogg and Dr. E. J. Conklin, fellows of Johns
Hopkins University; Dr. W. McM. Woodworth, instructor in Harvard
University; and Prof. H. T. Fernald, of the State College of Pennsyl-

vania. The Commissioner and Dr. T. H. Bean, ichthyologist of the

Commission, were also present during most of the summer, and Prof.

William Libbey, jr., with his assistants on the schooner Grampus, were
at the station from time to time.

Dr. Wilson, who has been employed at the laboratory continuously

since May, 1888, was engaged chiefly in the study of the embryology of

certain sponges, preparatory to a visit to the coast of Florida, which it

was proposed to make the following winter, with the object of investi-

gating the development of the commercial sponges- and of conducting
experiments relative to their artificial propagation. On August 31,

however, he resigned his position on the Commission to accept the chair

of biology in the University of ISTorth Carolina, much to the regret

of his associates. Prof. Herrick continued his researches on the life-

history of the lobster, paying most attention to the phenomena which
accompany the metamorphoses of the younger stages. Prof. Patten
was chiefly occupied with observations respecting the variety of ways
in which the embryo of Limulus, or the horseshoe crab, develops, finding

the number of abnormal embryos and the grades of abnormality to be
unusually large with this peculiar species. Messrs. Kellogg and Conk-
lin were at work upon the anatomy, embryology, and habits of several

edible and harmful mollusks, important species in connection with the

commercial fisheries of the Atlantic coast. Their inquiries in this direc-

tion had been taken up previous to this summer, and were continued
later in the year at the laboratory of Johns Hopkins University.*

Prof. Fernald made a study of the development of several crabs, and
Mr. Woodworth continued for a few weeks his researches on the life-

history of the parasitic planarian which infests the gills of Limulus.

*A contribution to onr knowledge of the morphology of Lamellibranchiate mol-

lusks. By James L. Kellogg, ph. d. Bull. U. S. Fish. Comm., x, for 1890, pp. 389-436,

plates Lxxix-xciv.
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Mr. Viual N. Edwards, who has been attached to the Woods Holl

Station since it was first estabhshed in 1871, continued during- the entire

year his observations upon the natural liistory and tenijjerature of the

waters in this region, in addition to the assistance which he rendered

in connection with the fish-cultural work. His duties in the line of

scientific inquiry consist in keeping a daily record of all fishes ])resent

An this neighborhood, so far as the same can be determined by observing

the catches nuxde by the fishermen, and by making frequent collecting

trips with seines, gill nets, tow nets, etc., to all parts of Vineyard Sound,

Buzzards Bay, and other neighboring waters.

One of the most important and significant discoveries which he has

made in recent years relates to the spawning habits of the menhaden.
The very young of this species abound during the entire summer in the

brackish waters of several creeks or small rivers which empty into

Buzzards Bay, such as the Acushnet River and the Wareham River,

and their incredible numbers, taken in connection with their small size,

precludes their having entered these streams from the sea. The adult

menhaden corae into these waters to spawn in the spring, but what has

diverted attention from this habit is the fact that they do not school at

the surface at that season, and consequently their early movements
have generally escaped the notice of the fishermen. Since Mr. Edwards
first made known these observations information has been received that

the young have been found just as abundantly in similar situations on

the coast of New Jersey and in Chesapeake Bay, and a careful search

would undoubtedly disclose their presence along the entire range of

coast to which the menhaden resort. Whether or not the spawning

takes place exclusively in the spring has not been determined, but

nearly ripe menhaden have been captured in the fall, audit is possible

that the season is different on different parts of the coast. Observa-

tions relative to this very interesting problem will be actively prose-

cuted during next year.

Before the end of June, 1892, a number of naturalists had already

arrived at the Fish Commission laboratory, and work was actively in

progress in advance of the regular opening day for the next season,

July 1. Dr. James L. Kellogg had been employed temporarily to take

charge of the laboratory during the summer of 1892, and reached there

on June 3. Others present before the close of the fiscal year were

Prof. F. H. Herrick, Prof. William Patten, Dr. H. V. Wilson, and Mr.

Maynard M. Metcalf, of Johns Hopkins University.

Many additions made to the laboratory during the past year in the

way of appliances for research, books of reference, etc., have greatly

increased the facilities for work, Numerous courtesies have been

extended to the Marine Biological Laboratory, which is adjacent to

the Fish Commission station, and many favors in return are to be

acknowledged.
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INVESTIGATION OF INTERIOR WATERS.

MONTANA AND WYOMING.

Extensive iuvestigations were conducted in Montana and Wyoming
by Prof. B. W. Evermann during July and August, 1891, in compliance

with a provision of the sundry civil appropriation bill for the fiscal

year 1891-92, with the object of determining the advisability of establish-

ing a fish-hatching station in the Eocky Mountain region in one or other

of the States mentioned and of making observations relative to the

selection of a proi^er site for such a purpose. From a previous knowl-

edge of the region it was decided that the best conditions for such a
station as had been contemplated would be found either in the western
part of Montana or the northwestern part of Wyoming, and the

examinations were therefore limited to the area so defined, which is

drained by the head waters of both the Columbia and Missouri rivers,

having their origin on the great continental divide. Prof. Evermann
was assisted in his field work by Prof. O. P. Jenkins, of the Leland
Stanford, jr., University, and Mr. Burnside Clapham, of Monroeville,

Ind. Supplemental inquiries, having reference mainly to the lower

forms of life living in the same waters, were also carried on by Prof.

S. A. Forbes, of Illinois, later in the season.

In order to comply fully with the requirements of the case, it was
necessary to conduct this survey on a somewhat more comprehensive

• basis than had been usual in the past, comprising a careful study of

the physical features of all the important lakes and water-courses and
of the different fishes which inhabit them, whether useful or otherAvise,

together with the conditions of environment now existing or essential

to their welfare, as also to that of other species which it might be
deemed advisable to introduce, and, likewise, the detailed examination

of all places which might appear suitable for fish-cultural operations of

the character lu'oposed.

The following account of the water systems of this region is extracted

from the report of Prof. Evermann :
*

By far the greater part of Montana, nearly all that portion lying east of the merid-

ian of 112° 30', lies within the Missonri drainage area. In the northwest portion of

the State the divide lies more than a degree farther west, and in the southwest the

Missouri drainage extends westward to the Idaho State line. The Missouri also

drains all of northwest Wyoming, excepting the southwest portion of the National
Park and part of the region south of the Park. This part of Wyoming belongs to

the Columbia River basin, being drained directly by the Snake River and its trib-

utaries. In general it may be said that the streams of the Missouri system flow in

*A Reconnaissance of the Streams and Lakes of Western Montana and Northwest-
ern Wyoming, by Barton W. Evermann, ph. d. Published first as a Congressional
document in Report of the Commissioner of Fish and Fisheries respecting: the estab-
lishment of fish-cultural stations in the Rocky Mountain region and Gulf States,
1892 (Fifty-second Congress, first session. Senate Mis. Doc. No. 65, 58 pages, 27
plates), and reprinted in the U. S. Fish Comm. Bull., vol. xi, for 1891, pp. 3-60,
plates 1-27.
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a northeast or northerly direction. Those tributary to the Clarke Fork of the

Columbia flow to the northwest, Avhilo the drainage into the Snake River or Lewis

Fork of the Columbia is to the southwest.

Nearly all of these rivers and creeks are, of course, swift mountain streams; most

of them have their rise in small lakes of clear, cold water, high up in the mountains

—

lakes which as yet are ditlicnlt of access and but little known. Many of these lakes

are known, however, to be well supplied with trout, while others are wholly with-

out any lish life whatever. From these mountain lakes the swiftly-tiowing, turbu-

lent streams make their descent through rocky gorges and canyons to the valleys

below. Ordinarily the beds of the streams are very rocky, but now and then are

found more (juiet reaches where the streams have sand or gravel beds as they flow

through small mountain meadows. Then, at other places, there are rajjids and cas-

cades, and in many of the streams are found considerable waterJ'alls. The best

illustrations of this are in the numerous magnificent falls found in the streams

flowing from the great volcanic plateau constituting the larger part of the Yellow-

stone National Park. As the streams leave this immense sheet of rhyolite they do so

in great falls, such as those of the Yellowstone, Gibbon, and Lewis rivers. Others

of the same nature are to be found in the country lying to the east of the National

Park, in the Clarke Fork of the Yellowstone, and other streams of that region. These

falls, of course, serve as more or less efiective barriers to the distribution of fish,

and as a result many of the mountain lakes, though of the most suitable character,

so far as temperatTire, purity, and abundance of food supply are concerned, are

wholly barren of lish life of any kind. The larger streams are, as a rule, less swift,

and have more sandy and gravelly beds. There are few, if any, sluggish streams in

this region, and all are clear, unless contaminated by mining operations.

In the Columbia Kiver basin twenty-four lakes and streams tributary

to tlie Clarke Fork and nine tributary to the Lewis Fork were examined

by Prof. Evermanu; in the Missouri River basin the examinations

extended to twenty-six tributaries of the Yellowstone River and Lake,

the Madison, Gallatin, and Jefferson rivers, and Prickly Pear Creek.

Descriptions are given of the jirincipal features characteristic of each

of these waters, and their fishes are discussed.

One of the most interesting incidents of the expedition was a trip to

Two Ocean Pass,where the waters of the Columbia and Missouri rivers

virtually meet and provide a limited passageway for fishes from one to

the other. Visits had previously been paid to this locality, which is

situated just south of the southern border of the Yellowstone National

Park, by a few travelers who have given accounts of its peculiarities,

but although Prof. Evermann was there only a short tin)e his observa-

tions have enabled him to explain its features more completely and

accurately than any of his predecessors, whose descriptions of the place

are greatly at variance with one another. His report contains a plan

and sketch illustrating the true relations existing between the several

sti'eams.

According to Prof. Evermann

—

Two-Ocean Pass is a nearly level piece of meadow land, surrounded by rather high

hills except where the narrow valleys of Atlantic and Pacific creeks open out from it.

Ruuning l)ack from the hills to the northward are two small canyons ; on the opposite

side is another canyon of the same character. Down these canyons come the three

main streams which flow through the pass. The extreme length of the pass from

east to west can not be mu<'h less than a mile, while the width from north to south

is perhaps three-fourths of a mile.
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After describing the creeks and the character of their connections in

detail, he adds:

Pacific Creek is a stronc: stream long before reaching tlie pass, and its course
through the meadow is well fixed, but not so with Atlantic Creek. The west
bank of each fork [of Atlantic Creek] is liable to break through almost^anj^where,

and thus send a part of its water across to Pacific Creek. It is jirobably true that
one or more branches connect the two creeks under ordinary conditions, and that in

timesof high water a very much greater portion of Atlantic Creek Hows across to the

other. At any rate, it is certain that there has been, and usually is, a free water-
way through Two-Ocean Pass of such a character as to permit fishes to pass easily

and readily from the "Snake River over to the Yellowstone—or in the opposite direc-

tion. Indeed, it is possible, barring certain falls, for a fish so inclined to start at

the mouth of the Columbia, travel up that great river to its principal tributary, the

Snake, continue on up the long, tortuous course of that stream, and, under the shad-

ows of the Grand Tetons, enter the cold waters of Pacific Creek, by which it could

journey on up to the very crest of the Great Continental Divide, to Two-Ocean Pass.

Through this pass it may have a choice of two routes to Atlantic Creek, where it

begins the journey down stream. Soon it reaches the Yellowstone River, down
which it continues through Yellowstone Lake, then through the Lower Yellowstone

out into the turbid waters of the Missouri.

Small trout of the species belonging on the -western slope [Salmo

myMss) were abundant in both Pacific and Atlantic creeks, but the

blob, or miller's thumb, which occurs in the former, was not observed

in the latter, nor in the waters into which it flows lower down. The
high falls in the Lower Yellowstone River, however, preclude the ascent

of fishes from the Missouri Eiver basin, and the Upper Yellowstone

River, together with the lake of the same name, was evidently stocked

from the west, and almost certainly by way of Two-Ocean Pass.

By diligent collecting at the various places visited by the party a

fair representation of the fish fauna was undoubtedly obtained, but

owing to the mountainous character of the region and the clear, cold

waters and rapid currents of most of the streams it was not to be

expected that a great variety of forms would be found. Only sixteen

indigenous species were secured, besides four species which had been
introducedby the Fish Commission. The former comprised four si)ecies

of the genus Gatostonms, or suckers, six of Gyprinidce, or chubs and
dace, four of Salmonidcc, the Lota maculosa, or ling, and the blob. The
Salmonidoi were as follows: Coregonus ivilliamsoni, or whitefish, taken

in both the Columbia and Missouri River basin 5 Thymallus signifer, or

grayling, in the Missouri basin; Salmo mykiss, or Rocky Mountain
trout, very abundanton both sides of the Divide; and Salvelmus mahna,

or Dolly Varden trout, in the upper waters of the Columbia River, in

Montana. Specimens of the last-mentioned species have been said to

attain a weight of 12 to 14 pounds.

During the years 1889 and 1890 seven species of Salmonidw were

planted by the Fish Commission in eight different rivers and lakes of

the Yellowstone National Park, each of which constituted a more or

less isolated minor basin, as described in previous reports. Only two

or possibly three of these basins had previously contained fish of any
kind, and the new-comers were so distributed that only one or two

F C 92 VIII
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species were placed in each basin. An examination of these waters by
Prof. Everniann showed conclusively that at least five of the introduced

forms were doing- well, two, if not more, having spawned; the white-

fish {Coref/onns irilliamsoni), however, had not survived the change,

but as to the seventh species there was no reason to doubt that it was
still living in its new home, although no specimens were observed.

There are several falls in the ])ark which are of such a nature that they

could readily be provided with fishways; and Prof. Evermann suggests

that this matter will merit consideration when the species planted by
the Fish Commission liave had sufficient time to become thoroughly

established. By this means several native species which occur abun-

dantly in some of the lower courses Avould be given the opportunity to

disseminate themselves throughout the upper waters.

Great care was exercised in making the examinations relative to the

selection of a suitable site for a^hatching station, in order to be advised

in case Congress should direct its establishment. Three places were

found to present better advantages for this purpose than any others,

and they are fully described in Prof. Evermann's report. They are

Horsethief Springs, in Gallatin County; Botteler Springs, 3 miles south

Fridley; and Davies Springs, 4 miles from Bozeman, all in Montana.

In transmitting this information to Congress the Commissioner recom-

mended the establishment of a trout-breeding station at one of the

above-named localities, and the same has received favorable considera-

tion. Davies Spring was subsequently selected for the purpose, as

offering, in all respects, the best facilities.

The inquiries by Prof. Forbes, previously referred to, were begun on

August 10 and were completed on September 13, 1801. They related to

the lower classes of organisms which constitute the food of many fishes

at diflerent periods in their life-history, and to the physical character-

istics of the waters examined. Owing to the difficulty in the way of

making comprehensive collections of these smaller and more widely

disseminated forms and of observing the conditions of their surround-

ings rendering progress much slower than with the fishes, the investi-

gations were necessarily confined to fewer localities than had been

visited by Prof. Evermann, but the region of the Yellowstone National

Park had already been covered by Prof. Forbes's expedition of the pre-

vious summer, described in the last annual report.

The work of 1891 was mostly limited to the Flathead region of west-

ern Montana, Mith visits to Davies Springs, on Bridger Creek near

Bozeman, and to Botteler Springs near Fridley, two sites suggested

for the proposed new hatching station. The waters examined in the

Flathead system were Flathead and Swan lakes, Flathead, Swan, and
Ccbur d'Alene rivers, and the Jocko River at Ravalli. A preliminary

paper by Prof. Forbes* gives the general results accomplished during

*A preliminary report on the aquatic invertebrate fauna of the Yellowstone

National Park, Wyoniintr, and of the Flathead region of Montana. By S. A. Forbes,

Bull. U. S. Fish Coniui., vol. xi, for 1891, pp. 207-258, plates 37-42.
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both years, and contains descriptions of the principal features, physi-

cal and biological, of each of the basins studied by him, namely, the

Snake Kiver system, Yellowstone Eiver system, Gardiner Eiver sys-

tem, Madison Eiver system, and Flathead Eiver system. Many of

the organisms obtained are also described in detail.

As no topographical surveys have been made about Flathead Lake,

its outlines and dimensions are still matters of conjecture, but it is said

to be about 24 miles long and from 12 to 17 miles wide. Its principal

characteristics, as compared with those of Yellowstone Lake, are thus

described by Prof. Forbes:

Although this lake stands in some respects in tlecidecl contrast to Yellowstone

Lake, these differences tend largely to neutralize each other. Flathead Lake is over

200 miles farther northward than Yellowstone, but the latter is 4,775 feet the higher

above the level of the sea. These lakes lie on opposite continental slopes, their

waters passing respectively into the Gulf of Mexico and the Pacific Ocean, but neither

is more than a few miles from the relatively low continental divide, easily passable

by most of the plant and animal forms likely to occur in such waters. Both lakes

lie in the c(furse of streams of considerable size, but these streams flow in opposite

directions, the inlet of Flathead Lake coming southward from the British possessions,

and its outlet running first to the south and then to th« west as Flathead River, a

branch of the Columbia,, while Yellowstone River, rising about 150 miles from the

lake, runs northward more than a degree below it before swinging to the east to join

the Missouri. Nevertheless, the headwaters of the two river systems interlace almost

inextricably through interlocking mountain valleys along several hundred miles of

the main Rocky Mountain range. Both lakes lie among the mountains, from whose
rugged gulches the snow never wholly disappears, and both are bordered by forest

broken by park-like openings on the lower slopes ; but the geological structure of the

surrounding country and the chemical composition of the rocks which form their

shores and beds difi'er widely for the two, and the forests, all pine and fir and other

conifers around Yellowstone Lake, are largely deciduous trees about Flathead.

The lakes are similar in size and are both deep enough to give a deep-water char-

acter to their interior fauna, but Flathead has much the more uniform shore line and
contains—if I may judge from the parts of it which we examined—a larger extent

of shallow and weedy water. It is divided, in fact, by a chain of islands stretching

across its lower third, into unlike parts, the northern deep and clear, and the south-

ern shallow and easily stirred up to its clayey bottom by the winds. * * * The
principal tributaries are the Flatliead, a still, broad river, larger than the Yellow-

stone at the lake, running from Demersville, most of the way between flat, low
banks ; the Big Fork or Swan River, a rocky stream, whose course from Swan Lake
to the Flathead is an oft-repeated alternation of wild rapids and comparatively

qniet reaches ; and Dayton Creek on the west, which I did not see. The outlet (Flat-

head River) flows rapidly away from the lake between bluff"y blanks which presently

become a canyon.

TEXAS.

The act of Congress relative to investigations in the Eocky Mountain
region also provided for similar inquiries with respect to the Gulf
States. As the appropriation made for this purpose did not permit of

extensive explorations, they were limited to the State of Texas, where
it was expected a convenient location would be found to meet the

requirements of a wide territory which has hitherto derived compara-

tively few benefits from the fish-cultural operations of the Government.
The field work was conducted during November and the early part of
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December, 1891, by Prof. B. W. Evermann, assisted by Dr. H. R. Gurley,

of the Fish Commission ; Dr. J. T. Scovell, of Terre Haute, Ind., and Mr.

J. A. Single.y, of the Texas State Geological Survey. The report of the

investigation was transmitted to Congress with that bearing upon the

Rocky Mountain region, and the two have been published conjointly.*

While it was of primary importance that the work of propagation in

the Gulf region should relate to fresh-water fishes and to i)ond culture

especially, it was considered desirable that provision should also be

made for the hatching of marine forms and for experimental studies

regarding oyster-culture, providing a suitable location on the seacoast

could be found for the building of a composite station. Failing in this,

attention was to be turned to the interior of the State, where good

facilities for the ftrst-mentioned purpose were known to exist, and the

natural history of the different streams was also to be studied, so far

as the time would permit.

Examinations were first made in the neighborhood of Galveston and

about the bay of the same name, where some time was spent tn ascer-

taining the relations between the salt and fresh waters, and in inspect-

ing all localities which might present any advantages for the combined

work. The results, however, were unsatisfactory, as nowhere could a

reliable supply of fresh water be obtained without the construction of

several artesian wells, and in close proximity to any suitable tract of

land the salt water was of too low and variable a density to serve the

purposes for which it was desired. A visit made subsequently to

Corpus Christi Bay also failed to disclose the required conditions with

regard to the fresh-water supply, and as no other places along the coast

promised more favorable facilities, it was deemed advisable to abandon

the scheme of uniting both stations in one locality.

The cretaceous limestone belt running through the State, near San

Antonio, New Braunfels, San Marcos, and Austin, affords numerous

very large springs, of which one or more are situated in the immediate

vicinity of each of the places mentioned. All of these localities were

visited and the conditions at each were found to be so satisfactory

that further inquiries were considered unnecessary. Tha temperature

of the water issuing from these several springs seems to be about the

same, and does not vary much from 75'^ F. throughout the j^^^r. One
group located just outside of the city of San Antonio, and called the

San Antonio Springs, gives origin to the river of the same name; it is

estimated to have an average flow of not less than 90,000 gallons per

minute. Another group, the San Pedro Springs, is within the city

limits, and has about half the capacity of the former. Comal Springs,

the largest of which is said to supply as much as 50,000 gallons of water

a minute, constitute the principal group near New Braunfels.

* A report upon investigations made in Texas in 1891. By Barton W. Evermann,

PH. D. Published in conjunction with the report on western Montana and north-

western Wyoming, as cited on p. cxi. Pp. 59-88, Pis. xxviii-xxxvi. Contains also

a supplementary paper, entitled "List of Crustacea collected," by Mary J. Rathbun.
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The San Marcos River rises in a number of springs at the foot of a

limestone ledge or hill just ajbove the town of the same name. These

springs together form a large, deep stream, from the bottom of which,

near the upper end, wells up the principal spring with such force and

in such quantity as to keep the surface of the river visibly convex

above it. Some distance down a dam has been built, and just below

the dam, at the edge of the town, is a tract of land about 25 acres in

extent, well situated for the purj)oses of a fish-cultural station, and

this will probably furnish the best advantages of any of the sites

examined. Just above the city of Austin, Barton Spring helps to form

Barton Creek, a good-sized stream, which empties into the Colorado

River, and on the banks of which the State had formerly a hatching

station. The land here is still suitable for the same purpose, but its

extent may be too small.

Prof. Evermann's report contains a full account of the features

observed at each of the places examined, together with brief notes on

the fishes and crustaceans collected, the preparation of a more com-

plete review of the aquatic fauna of the State having been necessarily

deferred until a later time.

KENTUCKY AND TENNESSEE.

The southern tributaries of the Cumberland River between Nash-

ville, Tenn., and the crossing of the Cincinnati Southern Railroad in

Whitely County, Ky., a distance of over 150 miles following the main

curvatures of the river, were examined during August and Sej)tember,

1891, by Mr. Philip H. Kirsch, superintendent of schools of Columbia

City, Ind. Fishes were collected in 20 different streams, including the

following affluents of the Cumberland, together with some of their

tributaries, namely: Stone River, Spring Creek, Round Lick, Carey

Fork River, Roaring River, Obeys River, Beaver Creek, and the Big

South Fork of the Cumberland. In Mr. Kirsch's report* the principal

characteristics of the several streams are briefly described, and the

fishes of each are enumerated in the form of annotated lists. The
largest number of species recorded from any one stream was 39 from

the Obeys River. An account of previous investigations in Kentucky
by Mr. Kirsch and Mr. A. J. Woolman will be found in the last annual

report.

INDIANA.

Mr. Philip H. Kirsch began, on June 13, 1892, an investigation of the

fishes of the Eel River basin in Indiana, which was continued into the

next fiscal year. This river, with its tributaries, lies between the main
branch of the Wabash River and the Tippecanoe River, and extends

* Notes on a collectiou of fishes from the southern tributaries of the Cumberland
River in Kentucky and Tennessee. By Philij) H. Kirsch. Bull. U. S. Fish Com., xi,

for 1891, pp. 259-268.
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from the St. Joseph River basiu iu the uortheasteni part of the State

to Logansport, where it empties into the Wabasli River. It has a total

lenj^th of 7li miles, the average width of its basiu beiug about 18 miles.

OHIO.

During the summer of 1891, and again in May and June, 1892, Mr.

Lewis M. McCormick, assistant iu the museum of Oberlin College,

acting iu the joint interests of that institution and the Fish Commis-

sion, made extensive collections of tishes throughout Lorain County,

Ohio, in continuation of investigations which had been carried on during

the previous three years. In a report upon this work, which has been

published by Oberlin College,* 88 si)ecies are euumerated as inhabiting

the streams and the lake front of that county. Notes are also given

respecting their habits and other matters of interest. A complete

series of the species collected has been supplied to the Fisli Conunis-

sioji. The following account of the main hydrographic features of

Lorain Couuty is abstracted from Mr. McCormick's report:

Lorain Couuty is wholly withiu the lake watershed, all its streams flowing north-

ward into Lake Erie. The streams are all suuxll, the lavt!,ost beiug Black River,

navigable for about 3 miles, and Veriuillion River, having only about a mile of

safe water. * * * The laud is quite flat, with a gentle slope toward the lake,

and the streams are mostly shallow aud sluggish, the exceptions beiug found iu the

parts that cross the "ridges," or old lake beaches, aud a few of the small streams

that are tributary to the Vermillion. Some of these are quite brisk and have worn

for themselves deep channels in the ahale. * » » Lake Erie, where it touches

Lorain County, is shallow, reaching a depth of about 55 feet 3 miles from shore,

and is free from islands. * * * Pound nets are set iu "strings" from perhaps

one-lialf a mile from shore to 3 miles, aud it is from these I have obtained most of

my lake lishes.

NORTH CAROLINA.

In April, 1892, Dr. Hugh M. Smith, of the Division of Fisheries,

made a short trip to the Albemarle region of North Carolina, during

which he collected fishes at nnnierous places in the basins of the

Pasquotank aud Roanoke rivers and in Edenton Bay, at the mouth of

the Chowan River. Owing to the early date at which this investiga-

tion was conducted, high, nuiddy water was generally met Avith, and

the temperature was also still low, causing unfavorable conditions for

fleldwork, and making it impossible to obtain nearly as fall a repre-

sentation of the fishes of the region as would have been the case later

in the season. Notwithstanding this fact, however, 45 species, belongi ng

to 35 genera and 18 families, were secured. In a paper discussing the

results of his expedition, tDr. Smith describes the features existing

* Descriptive List of the Fishes of Lorain Couuty, Ohio. By Lewis M. McCormick,
assistant in the laboratory. Laboratory Bulletin No. 2, Oberlin College, Oberlin,

Ohio, 1892, pp. 34. Oue map of Oberlin Couuty, 14 plates of fishes.

t Report on a collection of lishes from the Albemarle region of North Carolina.

By Hugh M. Smith, M. D. Bull. U. S. Fish Comui., vol. XI, for 1891, pp. 185-200.
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about each of liis collecting stations, and presents a very interesting

series of observations relative to the different flslies taken at each

place. Speaking of the region in general he states:

Albemarle Sound is said to be the largest coastal body of fresli water in the world,

and it is certainly the largest of its kind in the United States, It is 60 miles long

from east to west, and has a niaximnm width of 15 miles and an average width of 6

to 8 miles; its area is 453 square miles. At its eastern extremity it communicates on
the north with Currituck Sound, and on the south it merges into Roanoke and Cro-

atan sonnds^ through which it enters tlie ocean by means of openings in the sandy
"banks" which skirt the ocean front of the State. * * * Viewed from the

standpoint of commercial fishing, the Albemarle Sound region is one of the most
important in the United States, and there is no other fresh-water basin on the

Atlantic coast having such extensive fisheries. The especially jirominent fish occur-

ring here are the shad, alewives, striped bass, black bass, and white perch. The seine

fisheries for shad and alewives are by far the largest in the country.

During the summer of 1888 the upper waters of the main tributaries

of Albemarle Sound were made the subject of an extensive inquiry by
Dr. David S. Jordan, but the fishes in the lower part of the basin had
never been studied previous to the visit of Dr. Smith.

NEW YORK.

It is appropriate to notice in this connection an important investiga-

tion respecting the fishes of Lake Ontario, conducted during August
and September, 1891, by Dr. Hugh M. Smith, in view of the fact that
the report upon it deals mainly with natural-history subjects.* In
describing the results of his expedition, the author has incorporated

much material from other sources, and his notes upon the important
commercial fishes of the lake contain, in addition to his own observa-

tions, an epitome of the principal facts previously made known regard-

ing them. The species treated of are the sturgeon, alewife, shad,

Atlantic salmon, lake trout, the common and lesser whitefishes, the

pike perches, strawberry bass, and many so-called bait fishes. Special

attention is given to a discussion of the sources of introduction into

the lake of the alewife, and the jjossible causes of the great and strange

mortality which destroys enormous quantities of them every year j to

the history of the Atlantic salmon, once not an uncommon inhabitant

of the lake, but now almost entirely exterminated from itj and to the

whitefishes, concerning which, aside from the common form, an uncer-

tainty still exists as to the number of species represented and the proper

identity of some of them.

* Report on the Fisheries of Lake Ontario. By Hugh M. Smith, m. d. Bull. U. S.

Fish Comm., vol. x, for 1890, pp. 177-215, plates xxi-l.
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WISCONSIN.

A ])liysical aiifl bioloc?ical investigation of Green Lake, Wis., was
conducted by Prof. C. Dwight Marsh, of Ripon College, during August,
September, and October, 1890, and July, 1891. As assistance was
rendered to Prof. Marsh by the Fish Commission to the extent of sup-

plying him with the means of taking deep-water temperatures, we feel

justitied in referring to some of the results of his inquiries, which have
been described in two papcis.* They derive additional interest,

moreover, from the fact that other lakes in the same state—Geneva and
Mendota—liave been made the subject of special studies for this Com-
mission by Prof. S. A. Forbes.

The maximum deptli recorded for Green Lake, which is situated south-

east of the center of the State, is 195 feet. Temperature observations

were secured by Prof. Marsh down to a depth of 58 meters. A mini-

mum temperature of 5.28° C. was obtained in the deeper parts of the
lake, in July, 1891; in August, 1890, the temperature in correspond-

ing depths was 0.0° C. The author infers that the maximum bottom
temperature is reached in August, and remains practically the same
during the two following months. The surface temperature is nearly

uniform over all the deeper parts of the lake. Prof. Marsh states:

Because of its depth, Greeu Lake ref?enibles in the couditions controlling animal life,

the larger bodies of water, and might be expected to have a fauna somewhat difterent

from that of the shallower lakes. My collections seem to justify this expectation.

The mollusks obtained Avere all littoral forms, and in most cases were
probably wash'ed in from shallower water. Crustaceans are abundant,
although the number of species is small, only IG, including both the

pelagic and abyssal forms, having been discovered. " When we com-
pare the deep-water Crustacea of Green Lake with those of Lake Mich-

igan and Lake Superior, as shown in the lists published by Prof. Smith
and Prof. Forbes, we find a striking similarity. That this should be
true of the pelagic fauna is not strange," but the presence of the same
abyssal forms which never come to the surface is not so easily

explained, as there seems to be no geological evidence of any connec-

tion between Green Lake and either the Mississippi Basin or the Great
Lakes, by which these deep-water animals could have migrated to their

present location.

MEXICO.

Eeference may here be made to an expedition into Mexico during the

summer of 1891, on which Mr. A. J. Woolman acted as ichthyologist,

as his report upon the fishes was accepted for publication by the Fish

Commission.! The party traversed the northern and central parts of

*0n the deep-water Crustacea of Green Lake. By C. Dwiglit Marsh. Trans. Wis-

consin Acadeiny of Sciences, Arts, and Letters, vol. viii, pp. 211-213.

Notes ou depth and temperature of Green Lake. Idem, ])p. 215-218, 1 plate.

t Report on a collectiou of fishes i'rom the rivers of central and northern Mexico.

By Albert J. Wooliuan. Bull. U. S. Fish Comm., xiv, for 1894, pp. 55-66, plate 2.
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Mexico on its way south to Mount Orizaba, which was the objective

point. According" to Mr. Woohnan:

In mouutaiuoiis regions the number of species of fishes is small, and this is espe-

cially true in Mexico, where the streams are short, their basins isolated, and their

volume of water varies greatly from one season to another.

The total number of species obtained was only 24, of which 6 were

new to science, and as the entire collection was made in the head

waters of the streams, all of the forms belong strictly to fresh water.

Of the species collected south of the Eio Grande, 50 i^er cent belonged

to the Oyprinidce and 30 per cent to the Cyprinodontidce, the remaining

20 per cent representing five other families. The streams visited are as

follows: The Eio Grande at El Paso del Korte; Eio de los Conchas at

Chihuahua; Eio de Lerma at Salamanca; the lakes and canals about the

City of Mexico, and the Eio Blanco at Orizaba. Some of the collections

were made at altitudes of 4,000 to 6,000 feet above the level of the sea.

MISCELLANEOUS INQUIRIES.

FRENCH METHODS OF OYSTER-CULTURE.

The marked depletion of oyster-grounds which has taken place on
some parts of the Atlantic seacoast of the United States, the diflS-

culty generally encountered in i)rocuring an adequate supply of seed

for planting purposes, and the very commendable efforts made or con-

templated with resi)ect to the establishment of new oyster-producing

areas on both sides of the American continent, have all been fruitful

sources of inquiry, calling for information of a thoroughly practical

kind. To assist in meeting this demand the U. S. Fish Commission has

not only carried on many investigations and experiments relative to the

oyster question, but it has also sought to disseminate the experiences

acquired in other countries by printing, from time to time, accounts of

the methods employed by foreign culturists.

The relative scarcity of oysters in Europe as compared with this

country and the high prices there received for them has led to a system

of cultivation which at present would be neither expedient nor profitable

on our own coasts, and it is sincerely to be hoped that the time is still

far distant when this mollusk shall become a luxury to the American
people. But, however that may be, much benefit can undoubtedly be

derived from a study of the different systems resorted to in Europe,

some features of which may prove api^licable to our own needs or be

at least suggestive. The French Exposition of 1878 was made the

occasion for bringing together the literature relative to the history and
conditions of oyster-culture in the several European countries where it

was then practiced or where experiments had been undertaken regard-

ing it. A comprehensive review of the subject, based upon inquiries

made at the same time, was also promised but never completed, and
translations only of some of the principal papers were published in tke

Fish Commission annual report for 1880.
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AiiotUer opportiiuity to secure these observations was fortimately

presented about a year ago, when Dr. Bashford Dean, of Columbia

College, New York, started upon a trip t-o Europe, intending to be

absent for sometime. Arrangements were accordingly made with him

to visit all of the oyster-producing countries of the old world and to

repoit fully upon the methods there employed, paying especial atten-

tion to those matters which might ]>rove of most interest to American

oyster-growers. Dr. Dean was well (pialified to conduct this investi-

gation, having been connected during several years with the oyster

commission of New York State, and having served as naturalist and

physicist of the steamer Fish Haick on the oyster survey of South

Carolina in 1890-91. During the past fiscal year he completed his

studies in France, Spain, and Portugal, and his report relative to the

first-mentioned country has been received and published.* It presents

a thoroughly comprehensive but concise account of the industry as

now carried on, and the illustrations which accompany it, mostly

engraved from photographs by the author, emphasize the more essen-

tial features of that remarkable system of artificial culture by which

the French have maintained their high standard of production.

After explaining the diiierences existing between the flat, northern,

or genuine French oyster and the introduced Portuguese species, and

discussing briefly the Government regulations with regard to dredging

on the natural beds, the author takes up the different branches of oyster-

culture under the following headings : Production, or the raising of seed

oysters, and kinds of collectors; elevage, or the growing of oysters for

market; claires; special in-ocesses, such as "greening" or preparing

for transportation. The following remarks are taken in part from the

introduction and in part from the concludiug chapter of this paper:

When one has carefully examined oyster-culfciire in France it appears more than

ever manifest why the industry at home has been a profitable one. It has certainly

required the exercise of but little labor, and all costly methods of cultivation conld

have jiroveu of little ])ractical Viiliie. So great has been our natural supply of

oysters that wo have always thought far distant the need of replenishment.

If, however, the present condition of our industry must be improved, there are

fortunately but few natural obstacles to overcome, and we may well be ho2)efuI.

Our oysters are of a hardy and prolific species, our coast is a natural collecting-place

for seed, and the conditions of our oyster-bearing grounds are practically as good

as ever. We have in no degree the adverse conditions that the French have so suc-

cessfully encountered. Their coast regions, in the first place, favorable to a natural

growth of oysters, are both few and small. Their waters, even in some of the best-

known localities, are often turbid, accumulate sediment, and give rise to shiftings

of muddy bottoms. Culture has had to bring into use the softest Hats and mud
banks, crusting them over with gravel and sand; it has had to devise every possible

way of protecting its oysters from sediment, mud burial, and enemies. Finally,

there are but two points along tiieir entire coast whore seed oysters occur in any

natural abundance. Skill in culture, however, has enabled Arcachon and Anray to

supi)ly readily the great home demand for seed, and even to furnish in large part

the packs of the Low Countries and England, a success the more remarkable when

* Report on the Present Methods of Oyster-Culture in France. By Bashford Deau.

Bull. U. S. I'ish Com., x, for 1890, pp. 363-388, plates 68-78.
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we consider how recently was the Freuch coast so depleted that lor the first experi-

ments in cultivation the oysters were actually purchased from other countries.

Natural difficulties have caused the French to study division of labor in the indus-

try; to make, for example, one locality furnish the seetl, another to raise the oyster

to maturity, a third to flavor or color it, aud sometimes eveu a fourth to prepare it

for transportation.

Under these conditions the growth of the industry has been especially and almost

entirely dependent upon the wise action of the Government. The reservation of

the natural grounds as state property and the forbidding of general public dredging

is generally regarded as the keystone of Freuch oyster-culture. These grounds, once

exhausted, now flourishing, are regarded as the permanent capital of surrounding

areas, whose profits in the form of seed oysters are shared by all alike.
» * -!r # * » if

In view of our present needs, what is the most important lesson we are to draw
from the studies of the French oyster-culture ? The most practical, certainly, seems

the action of the Government in reserving oyster-bearing tracts for the purpose of

furnishing seed. This prudent restriction has been the safeguard of the entire

French industry. Our oyster-grounds are becoming exhausted solely by the enor-

mous drain upon their resources. In general their conditions for culture are as

rich as ever. The oysterman has sent to market practically all of his oysters and
expects the beds on his neighbor's ground to furnish him with seed. Too often, how-
ever, the neighbor has been equally thrifty and has marketed all of his product.

The following year both are astonished at the poorness of the set, attributing it to

coldness aud rain, but they never think that the deficiency might have been caused

by the want of a quantity of neighboring oysters sufficient to furnish the spat.

Nor is one to blame for not preserving his oysters to furnish seed for everybody.

French political economy has assigned to Government the duty of reserving oyster-

bearing tracts for the common good, and the Government has studied where these

might most judiciously be located so as to profit all alike. The tracts need not be

large and would not be of great expense to the state, at any rate as an experiment

in a single locality. The grounds would practically take care of themselves; their

only expense would be that of a guardian.

If an experimental oyster tract in one locality should prove eminently successful

to neighboring seed-culture, a more geueial legislative action in diflerent States

might reasonably follow. The matter would certainly be mostheartilj'^ seconded by
the oystermen themselves. We should not expect seed to be abundant where oysters

are lacking. Aud our industry may, for many years to come, demand nothing more
pertinent to its welfare than State spawning-grounds near centers of oyster-culture.

With regard to the production of seed oysters in the United States

on some such principle as has been followed by the French, the main

question is whether it would pay, in view of the higher price of labor

in this country. While not expressing a positive opinion in the matter,

Dr. Dean is not inclined to answer the question in the negative, and
in respect to this subject he j^resents many facts which are deserving

of careful consideration.
If

THE SPANISH MACKEREL, SCOMBEROMORUS MACULATUS.

The experiments relative to the hatching of this species, together

with the study of its life-history and habits, begun on June 14, 1891,

were continued until July 31. The results obtained during the former

month have been referred to in the last annual report. The work was

conducted in the neighborhood of Cape Charles City, Va,, on board the

steamer Fish Hawkj Lieut. Eobert Piatt, U. S. Navy, commanding, the
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biological investigations being carried on by,Mr. J. Percy Moore, of

the University of Pennsylvania.

The earliest catch of Spanish mackerel at Cape Charles City was

reported on May 26, but stormy weather interfering with fishing oper-

ations and keejnng the water at a relatively low temperature, only

small numbers were obtained in the beginning, and, in fact, they were

not at all abundant at any time during the season. Tlie first ripe fish

were not taken until June 17, but from that date up to July 31 from

1 to 8 mature females were secured on each of twenty-five days, the

total number offish from which eggs and milt were obtained amounting

to 97 females and 121 males. From 1,000 to 330,000 eggs w^ere fertilized

each day, or a total of 2,494,000 eggs for the season, and an average o/

25,711 eggs to each female. Several entire lots of spawn, amounting W
516,000 eggs, died before hatching. Prom the balance 829,000 embryos

were secured, making the proportion of eggs hatched 41.9 per cent.

There was considerable variation among the dilferent lots in this respect,

however, some yielding only 4 per cent of fry and others as high as 63

per cent; the proportion was seldom less than 25 percent, and gener-

ally above 30 per cent. The i)eriod of incubation up to the time when
hatching began ranged from 21 to 29^ hours, and for all the lots averaged

24| hours. The rate of development of the embryos was found to be

greatly affected by temperature and amount of sunshine, and electrical

conditions seemed also to have their infiuence, but to what extent could

not be ascertained.

Temperature and density observations were kept up during the prog-

ress of the work, but as corresponding observations for the period just

preceding the appearance of the ripe fish are lacking it is not possible

to determine what relations the spawning functions bear to changes

in the physical condition of the water. The surface-water temperature

was subject to considerable and often sudden variation, corresponding

to fluctuations in the air temperature, dependent upon the time of day,

conditions of weather, etc. Four observations were made daily, namely,

at 6 a. m., noon, 6 p. m., and midnight. On June 18 the water tempera-

ture at these hourswas 77.5°, 80°, 78°, and 78°, respectively. The record

for the entire season shows that the temperature at 6 a. m. ranged from

72° to 80°; at noon, from 72° to 82°; at 6 p. m., from 73° to 84°; and at

midnight, from 74° to 81°. The densities, corrected to 60° P., ranged

from 1.0134 to 1.0186, being, of course, greatly influenced by the tides.

The fish made use of in connection with these experiments were

obtained from the ditterent traps distributed between Hungers Wharf
and Butlers Hole, the catch from which is mostly marketed at Cape

Charles City. Spawn-takers were on hand whenever the traps were

hauled, and it is gratifying to acknowledge the hearty cooperation Avhich

they received from the fishermen. Mr. Moore always accompanied one

of the parties, and was thus enabled to greatly extend the scope of his

observations. The following notes are based mainly upon a preliminary

report which he has furnished

:
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The Spanisli mackerel were never abundant, and in the beginning
the prospects seemed very discouraging, but about June 24 somewhat
better runs began. The small amount of spawn taken, however, was
not due entirely to the scarcity of fish. The difficulty arose mainly
from the fact that the fish appear to spawn chiefly at night or in the
early evening, and when the traps were hauled in the morning the

ova sacs were generally empty. The great pressure produced by the

lifting of the nets and the violent struggles of the fish when they are

closely massed together may also be held partly accountable for this

result. The experience gained this season in the collecting of the fish

leads to the conclusion that the pounds as run for commercial purposes
can not be relied upon to furnish a large supply of spawn, and the u!?e

of gill nets proved an entire failure, as described in the last report.

In the event of extensive operations in the hatching of this species it

would, therefore, be greatly to the advantage of the work if one or

more pounds could be controlled entirely in this interest, in order that

they might be tended and the fish removed at the proper times to

insure the retention of the spawn and milt. Such an arrangement
could readily be made. The most satisfactory fishing-ground was
found at the mouth of Hungers Creek, where there are also excellent

facilities for the establishment of an inexpensive hatching station.

The spawn of the Spanish mackerel does not all mature at the same
time, and each of the full ovaries examined contained eggs in all stages

from the ripe condition down to the minute, nucleated, cell-like eggs

of incipient development. Each fish, even under the best conditions,

yielded only a comparatively small amount of mature eggs, the

greatest number taken from a single individual having been 60,000,

and this was far in excess of the usual exi^erience. It is imjiossible to

reconcile this result with the figures given in connection with earlier

experiments respecting the Spanish mackerel, made in the same
locality, when over a million mature eggs were sometimes credited to

a single fish, but this much can be said, that the observations made in

1892 were conducted with great care, and it is considered that they

may be entirely relied upon. It is also noticed by Mr. Moore that the

two sexes seemed to school more or less separately, and of the speci-

mens secured the males greatly exceeded the females in numbers.

The experiments appeared to indicate that it is immaterial whether
a constant current of water is maintained in the hatching apparatus or

not, so long as the jars are kept scrupulously clean and are not over-

crowded. The good eggs are all hatched before they can be affected

by the decomposition of a few dead ones, when the fry can be removed
to a place of safety. The jars should be made of glass or at least have
enameled surfaces to prevent the rupture of the egg membranes, which
are especially delicate in this species. The tidal cod jars were employed
with best success on the Fish HaicJc, not more than 60,000 eggs gener-

ally being placed in each. One small lot of eggs treated in a jar of

this character, with quiet water, hatched to the extent of 90 per cent.
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For the reasons above explained the greatest care must be exercised in

taking and Iiandling the spawn. It would be preferable to use filtered

water in the hatching work, in order to escape the accumulation of

sediment, which settles at the bottom of the jars, and, together with

dead organic matter, tends to kill the eggs in water of low density.

This probably may be obviated, however, by maintaining a higher

density than sometimes occurs in this locality, by which means the

eggs are kept floating and out of danger. The best results were
accorai)lished and, in fact, nearly all the hatching was done under the

latter conditions, which also insure a ready way of separating the good
from the bad eggs, sufliciently accurate for all practical purposes.

In any future experiments it will be advisable to determine if some
economical means can not be devised for holding the fry in confinement

until they reach a size when they are better able to take care of them-

selves. This question has been satisfactorily settled with respect to

several other species, and the success which may be attained in the

pro])agation of Spanish mackerel will be measured by the extent to

which this feature can be carried out. When the fry are deposited in

the open waters of Chesapeake Bay their existence is at once threat-

ened by the strong currents and often heavy sediment, and in all

places, however much sheltered, they are the prey of multitudes of

young fishes which swarm in this region. Even though the utmost

care was exercised, however, it was found impossible to keep the fry

in an aquarium on board the Fish HairJc for more than one week, but

in a properly constructed tidal inclosure better success might possibly

be obtained. After the fry began feeding in the aquarium their

stomachs were observed to contain a few minute green alga? and a

mass of material evidently derived through the disintegration ot

organic substances. The food of the adults during June and July

consisted chiefly of young alewives, which were very abundant about

the ship, together with various cyprinodonts, silversides, etc. They
doubtless devour any small fishes that come in their way.

Some progress was made in the study of morphology and embryology

of this species on board the Fish Hawlc, and material was preserved

for the purpose of continuing these researches at a later time.

RIVER POLLUTION.

In February, 1892, the Fish Commission was requested to investi-

gate what was claimed to be a serious case of pollution in the Susque-

hanna River near the town of Havre de Grace, Md., having its source

in a large mill where paper is manufactured from wood pulp. An
examination of the conditions existing near the mill Avas made at once

by Prof. Evermann, and careful tests were applied to determine the

possible effects produced by the outflow of the w^aste liquor. The
results of the inquiry were not conclusive, and, in fact, the studies

have not been entirely completed, but, in view of the widespread
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interest which attaches to any information bearing upon this much-
disputed subject, it seems important to present a brief review of the

investigation so far as it has been carried on.

At the mill in question five large digesters are used for converting

the wood into pulp, and in each of these from 1,000 to 1,200 gallons of

sulphurous acid, or a total of 5,000 to 6,000 gallons, are employed daily.

The contents of the digesters are subjected to steam heat for a period

of twenty-four hours, after which the acid passes through a trough

into the river at a point where a strong current issues from several

turbine wheels. The direction of this current is such that it tends to

retain the acid for some time along the right shore of the river—that

on which the mill is located. The volume of Avater said to pass the

turbine wheels amounts to about 1,000,000 gallons per minute, which is

estimated to be not far from one-fifth the average flow of the river at

this i)lace. Five minutes are consumed in emptying each digester, dur-

ing which time 5,000,000 gallons of water would issue at the same point,

and in that case the mixture of acid with water would be in the propor-

tion of 1 part of the former to 5,000 parts of the latter; but should all the

digesters be emptied at the same time the proportion would change to

1 part of acid to 833 parts of water. This latter occurrence is not

probable, however, and, in any event, according to the statement of the

manager of the mill, the entire outflow of acid during any twenty-four

hours would not exceed their total capacity of 6,000 gallons.

On the part of the fishermen it was claimed that whenever schools of

fishes approached the locality occupied by the mill they were driven

back and disappeared, and, in fact, that they have come to avoid the

neighborhood, greatly to the detriment of the fishing interests. Unfor-

tunately, at the time the examinations were made the season was still

too early to observe the direct effects of the polluted water, and
although it was arranged that the Commission should be informed as

soon as the fish began running no notice to that effect has been received.

Samples of the acid, of the waste liquor as it issues from the mill, and
of the river water at the time of emptying a digester, at distances of 100

and 400 yards and of 1^ miles below the outlet, were obtained, however,

and sent to Washington. None of the samples of river water showed by
color or smell any perceptible trace of acid contamination. The waste

liquor as it passes out from the digester is a dark-reddish liquor, having

a specific gravity of 1.006 at 4°0. and a pungent odor, apparently of

sulphurous acid and creosote. The following experiments with this

refuse product mixed with water were made by Dr. R. R. Gurley

:

A shiner, roach, and young sunfish were placed in such a mixture,

beginning with the ftroportion of 1 part of acid to 250 parts of water

and gradually increasing the strength to 4 per cent of acid, during a

period of four days, but with no deleterious effect upon the fishes. The
odor and taste of the acid first became perceptible when the propor-

tion of the same reached 1.2 per cent. A young sunfish remained alive

and apparently without suffering during twenty-four hours in a mix-
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tiire contnininp: 10 per cent of the waste liquor. A young shad was
placed in a solution of 1 per cent strength of acid, which was increased

by 1 per cent additions until 10 per cent was reached. The first definite

results were obtained with strength of 7 to 8 ])er cent, and consisted

in slight distress, especially in progressive enfeeblement of muscular

action. At 10 per cent this was more marked, and after one to two

hours the fish died from suffocation, as evidenced by paroxysmal efforts

to escape and frequent choking gasps at the surface. One fish simi-

larly immersed, but removed to pure sea water at the first moment that

loss of equilibrium was observed, was easily revived. Young shad

were subsequently put directly in strong solutions ranging from 10 to

33^ per cent of acid, which produced more sudden and acute effects.

Dr. Gurley concludes from his experiments that fish can support for

a long period mixtures into which this refuse does not enter in a

greater proportion than 10 per cent; that in greater strengths, even up
to 25 per cent, the fish would often have time to make its escape before

being overwhelmed; and that at about 33 per cent the point is reached

where the fish is overwhelmed at once, and his escape would usually

not be possible.

In summing up the results, Prof. Evermann remarks that

—

While it does not seem evident from these tests that the fishes of the Lower Snsque-

hanua could be aft'ected as seriously as has been supposed, it should be borne in

mind that while the contamination may not be great enough to kill fishes, it might

be suflicient to drive them from that part of the river where the mill is located.

They began using sulphurous acid at the mill about January 14, 1891. According

to the fishermen, the herring fishing began a few days earlier than usual in the

spring of 1891, and was fairly good until al)out April 30, when the fish suddenly dis-

appeared, this being several days earlier than they generally leave. At the same

time numerous such fish were seen upon the surface of the water at various places

below the mill. Whether these results were due to contamination from the mill

can not be certainly stated.

DISEASES AND PARASITES OF FISHES.

Dr. R. R. Gurley has continued his researches respecting the diseases

of fishes, a subject which constitutes one of the most important lines

of inquiry within the province of this division. While the success-

ful determination of the causes of mortality and especially of epidemics

among fishes in their wild state will be exceedingly interesting and
possibly productive of much good, it is the fish-culturist who will

appreciate most highly the solution of any one of the many perplexing

problems of this nature which are associated with his work. The
sudden appearance of some unknown disease or rapidlj^ spreading

parasite, for which no remedy has been discovered, affecting breeding

stock, the eggs or embryos, or the young fishes held in temporary

confinement, is a matter of frequent occurrence, and too often results

in great destruction. Scarcely a year passes without receiving com-

plaints of serious losses from some sucli cause, the origin and, in fact,

the actual conditions of which have never been accounted for.
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During the winter of 1891-92 much trouble was experienced with

the eggs of many of the rainbow trout at the Neosho Station, Mis-

souri, which, when extruded from the females, were hard and fully

rounded, falling into the receiving jian like shot, and failing to

become fertilized by contact with the milt. The same peculiarity

had also been observed previously at other stations. Prof. C. E.

liiley, of Drury College, Missouri, who examined the eggs while the

stripping was still in progress, was inclined to attribute their abnor-

mal condition to the presence of many minute organisms discovered in

the fluid which issued with them from the ovarian openings. Dr. Gur-

ley, however, who was prevented from visiting the station at that time,

but who was furnished with a series of the eggs preserved in alcohol,

discredits this view and has suggested two other possible causes,

namely, prematurity on the part of the spawners, which were only

twenty months old, and inflammation of the ovaries.

Mr. W. F. Page, superintendent of the Neosho Station, does not con-

sider either of these explanations satisfactory, as rainbow trout from

five to nine years old have furnished eggs of the same character in the

past, and the fish in question had been stripped this year for the first

time, so that inflammation could not have been produced in them from

excessive handling.

The solution of this question must, therefore, he left until another

opportunity occurs to study specimens affording the hard eggs during

the spawning period.

Dr. Gurley has now in course of preparation a complete review of

the extensive group of protozoan parasites termed Myxosporidia,

which infest fishes and also some other kinds of aquatic animals, and
are sometimes the cause of great mortality among them. No syste-

matic revision of the group has yet been published, and the descrip-

tions of the different forms are mainly scattered through the pages of

various journals. Such American species as can be obtained will be
discussed from a study of the fresh material.

COLLECTIONS, PREPARATION OF REPORTS, ETC.

The quarters assigned to thi^ division for laboratory purposes in the

Central Station of the Fish Commission at Washington are no longer

adequate to meet the increased requirements of the work, and addi-

tional space is much needed. This want is mainly felt in respect to

accommodations for special biological and physical inquiries, which are

now so poorly provided for as to greatly retard their progress, while,

at the same time, the demands for information based upon such studies

are becoming more urgent every year. There is also insufficient stor-

age space for the large collections constantly arriving from the several

vessels and field parties, which are now performing practically con-

tinuous service during all seasons. Although it is not intended to

retain from these collections more than a small type series, to serve for

the identification of species, yet, owing to the slow progress necessarily

F c 92 IX
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made in the elaboration of results by the few assistants now employed,

it must beexi)ected that large quantities of material will always remain

on hand.

The extensive investigations conducted in theinterior of the country

have supplied the main part of the natural-history collections received

duriug the past year, much less than usual having been derived from

the inquiries of the Albatross, in consequence of the almost continuous

detail of that vessel to special duties. The dredgiugs and fishing

trials made in the Strait of Jium de Fuca, at the Hawaiian Islands

while on the cable survey, and to some extent in Bering Sea and

along the Aleutian Islands in connection with the fur-seal exj)editions,

contributed many things of interest, however, and on the visit paid to

the Commander Islands several specimens were obtained of the fur

seals belonging on the Asiatic coast.

The fresh-water fishes have been mostly studied by Prof. B. W. Ever-

mann, who has the direct chai'ge of that group. The general collectiou

of marine fishes made by the steamer Albatross has been referred to

Prof. Charles H. Gilbert, of Leland Stanford Junior University, wlio

has been at work for sometime on the earlier collections from the same

source, while Prof. O. P. Jenkins, also of the Stanford University, will

report upon the special and very interesting series secured at the

Hawaiian Islands. The Albatross mollusks and higher crustaceans are

being attended to at the U. S. National Museum, the former group by

Mr. William H. Dall, curator of the department of mollusks, the latter

by Mr. James E. Benedict and Miss M. J. Eathbun, of the department

of marine invertebrates. To Mr. Benedict has also been assigned the

collection of annelids made during the cruise of the steamer Albatross

from Norfolk to San Francisco in 1887-88. The crayfishes obtained in

connection with the interior investigations are being studied by Prof.

Walter Faxon, of the Museum of Comx)arative Zoology.

During the summer of 1891, when Prof. Charles H. Gilbert finally

severed liis connection with the Indiana University, he returned to

Washington all of the Albatross fishes on which he had completed his

observations, comprising nearly all of the specimens collected in the

North Pacific Ocean south of Alaska, and forming a very large collec-

tion. The remainder, chiefly from Bering Sea, were forwarded to him

at the Stanford University.

The last annual report contains an account of an expedition by the

steamer Albatross during the early part of the calendar year 181)1 off

the west coast of Mexico and Central America and to the Galapagos

Islands, under the scientific direction ofMr. Alexander Agassiz, director

of the Museum of Comparative Zoology of Harvard University, and

reference is also made in the same connection to the valuable natural-

history results obtained. As Mr. Agassiz ottered to provide, at his own
ex])ense, for the study of this material and the publication of the

re])orts upon it, the matter was placed entirely under his supervision

and will be directed by him from Cambridge, Mass.
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The collections were assorted partly in Washington and partly in

Cambridge, and during the past year the different groups have been
distributed for study among a number of specialists who were selected

with reference to their previous acq^^aintance with the subjects assigned

them, several having i)articipated in the working up of the collections

obtained during the famous cruise of H. M. S. Challenger. Their

reports, when they shall have been completed and published, will

undoubtedly coustitute one of the most important series of contribu-

tions ever issued respecting the biology of the deep sea.

The assignments made have been as follows:

The birds, to Mr. Robert Ridgway, U. S. National Museum ; reptiles,

to Mr. Leonhard Stejneger, U. S. N^ational Museum; fishes, to Mr.
Samuel Garman, Museum of Comparative Zoology; phosphorescent
organs of fishes, to Dr. E. von Lendenfeld, Innsbruck, Austria; cephalo-

pods, to Prof. William E. Hoyle, Owens College, Manchester, England

;

gastropod, lamellibranch, and scaphopod molliisks, to Mr. William H.
Dall, TJ. S, National Museum ; nudibranch mollusks, to Dr. E. Bergh,
Copenhagen, Denmark; pteropodsand heteropods, to Dr. P.Schiemenz,
Zoological Station, Naples, Italy; ascidiaus, to Prof. W. A. Herdman,
Liverpool, England; salpidoe and doliolidfe, to M. P. A. Traiitstedt, Den-
mark

; bryozoans, to C. B. Davenport, Museum of Comparative Zoology

;

land insects, to Prof. C. V. Riley, Washington, D. C; halobatidse,

a group of pelagic insects, to Mr. E. P. van Duzee, Buffalo, N. Y.;

pycnogonids, to W. Schimkewitch, St. Petersburg, Russia; crustaceans,

to Prof. Walter Faxon, Museum of Comparative Zoology; ostracods,

to Dr. G. W. Miiller, Greifswald, Germany; annelids, to Mr. James E.
Benedict, U. S. National Museum; sipunciiloid worms, to Mr. H. B.

Ward, Troy, N. Y.; sagittte, to Dr. K, Brandt, Kiel, Germany; plana-

rians, to Mr. W. McM. Woodworth, Museum of Comparative Zoology;
holothurians, to Prof. Herbert Ludwig, Bonn am Rhein, Prussia; echini,

to Mr. Alexander Agassiz ; starfishes, to Mr. W. Percy Sladen, London,
England; ophiurans, to Prof. C. F. Liitken, Copenhagen, Denmark;
comatulse to Dr. C. Hartlaub, Gottingen, Germany; stalked crinoids,

to Mr. Agassiz; antipathes, to Mr. George Brook, Edinburgh, Scotland;

alcyouarians, to Prof. Theodor Studer, Berne, Switzerland; actinarians,

to Prof. E. L. Mark, Museum of Comparative Zoology; actinian and
hydroid corals, to Dr. G. von Koch, Darmstadt, Germany; hydroids, to

Prof. S. F. Clarke and Mr. F. B. Peabody, Williams College, Mass.;

acalephs and pelagic fauna generally, to Mr. Agassiz; siphonophores,

to Mr. C. Chun, Breslau, Germany; sponges, to Prof. H. V. Wilson,

University of North Carolina ; foraminifera, to Prof. A. Goes, Stockholm,

Sweden; thallasicohie, to Dr. K. Brandt, Kiel, Germany; nullipores, to

Prof. William Farlow, Harvard University; samples of ocean bottom,

to Mr. John Murray, Edinburgh, Scotland; geological specimens, to

Mr. George Merrill, U. S. National Museum. Mr. John Murray, who
directed the preparation of the scientific results of H. M. S. Challenger

after the death of Sir Wy ville Thomson, has also been fut-nished with
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a complete series of the bottom samples taken by the steamer Albatross

during the recent investigations in the Korth Pacitic Ocean and Bering

Sea, on which he has jjromised to prepare a special report.

A very large amount of material in the line of fishes and marine

invertebrates, derived mainly from the expeditions of the Albatross

and the investigations in Montana and Wyoming, has been transferred

to the custody of the U. S. National Museum, and also a large series

of plants and many bird and mammal skins collected incidentally in

Ahiska. Sets of duplicate specimens of natural history selected from

the collections made by the Fish Commission have been prepared and

distributed by the National Museum to the following institutions:

Biological School, Avon by the Sea, N. J.; Wells College, Aurora, N.

y. ; Trinity University, Durham, N. C. ; Fort Worth University, Fort

Worth, Tex.; State Normal School, Mankato, Minn.; Iowa State Nor-

mal School, Cedar Falls, Iowa; State Normal School, Whitewater,

Wis.- Mansfield Memorial Museum, Mansfield, Ohio; Leland Stanford

,Tunior University, Cal.; Pennsylvania State Normal School, Millers-

ville Pa.; Tulane University, New Orleans, La,; National Deaf-Mute

College, Washington, D. C; The Australian Museum, Sydney, New

SouthWales; University of Toronto, Canada; Eoyal Zoological Museum,

Copenhagen, Denmark.

In addition to the above, several requests from specialists for mate-

rial of different kinds, desired for the study of biological problems,

have been met directly by the Fish Commission.

Besides the papers referred to on preceding pages, the following,

descriptive of Fish Commission materials, eitlier wholly or in part,

have been published during the past year:

Fisbes collected by William P. Seal in Cbesapeake Bay, at Cape Cbarles City, Va.,

September 16 to October 3, 1890. By Bartou A. Beau. Froc. U. S. Nat. Mus.,

vol. XIV, pp. 83-94, 1891.

Preliiniuary descriptions of 37 new species of Hermit Crabs of tbe genus Eupagurus

in tlic U.S. National Museum. By James E. Benedict. Proc. U. S. Nat. Mus.,

vol.xv,pp. 1-26, 1892.

Tbe Genus Panopeus. By James E. Benedict and Mary J. Ratbbun. Proc. U. S.

Nat. Mus., vol. XIV, pp. SSS-SS.'), Pis. xix-xxiv, 1891.

Scientific results of explorations by tbe U. S. Fisb Connnission steamer Albatross.

No. XX. On some new or interesting West American sbells obtained from tbe

dred'finTS of tbe U. S. Fisb Commission steamer Albatross in 1888, and from

otber sources. By W^illiam H. Dall. Proc. U. S. Nat. Mus., vol. xiv, pp. 173-

I'.ll, Pis. v-vii, 1891.

Scientific results of explorations by tbe U. S. Fisb Commission steamer Albatross.

No. xxi. Descriptions of Apodal fisbes from tbe tropical Pacitic. By Cbarles

H. Gilbert. Proc. U. S. Nat. Mus., voL xiv, pp. 347-352, 1891.

On a peculiar type of arenaceous foraminifera from tbe American tropical Pacific,

Nciisina agassizi. By A. Goes. Bull. Mus. Comp. Zool., vol. xxiii, No. 5, pp.

195-197, 1 plate.



REPORT ON THE DIVISION OF METHODS AND STATISTICS OF
THE FISHERIES.

By Hugh M. Smith, Acting Assistant in Charge.

ORGANIZATION AND FUNCTIONS O? THE DIVISION.

The foliowing report, embracing the oi^erations of this division during

the fiscal year 1892, is respectfully presented. The administration of

the division affairs daring this period continued under the nominal

direction of Capt. J. W. Collins, who was the assistant in charge. His

designation, however, in August, 1890, as representative of the U. S.

Commission of Fish and Fisheries on the Government Board of Control

of the World's Columbian Exposition, had necessitated the withdrawal

of much of his attention from this division, and the supervision of the

office duties and field investigations largely devolved upon the writer.

The establishment of a division having for its purpose the considera-

tion of various questions connected with the economic fisheries, but

more especially the statistics, methods, and relations of the industry,

was achieved at a comparatively recent date in the history of the Com-
mission, although from the outset the subject received such attention

as the means would permit and important contributions to a knowledge
of the commercial fisheries were brought out during the years preced-

ing the formal organization of this branch of the service. At an early

period the necessity for having statistical data was fully appreciated,

and Prof. Baird undertook a number of minor inquiries directed to the

statistical aspects of special fisheries and regions. The taking of the

census of the fisheries in 1880 devolved on the Commission ; and, under
the direction of Dr. G-. Brown Goode, the first reliable and satisfactory

census of our fishing industry was then given to the country. From
1880 to 1885 a small sum was annually apjiropriated by Congress for

carrying on statistical work. For the fiscal years 1886, 1887, and 1888

no special allotment was made by Congress, the general appropriations

for the Fish Commission being apportioned among the various branches

of the work at the discretion of the Commissioner. Under this arrange-

ment the study of the fisheries received more substantial recognition

than had previously been accorded. The organization of a separate

force for the collection and cominlation of statistics and their incorpora-

tion in descriptive rej)orts may be said to date from 1886. It was not

until the following year, however, that the establishment of a distinct

office for this work was consummated, and it was not until 1888 that

this division was specially noticed and appropriated for by Congress.

CXXXIII '
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The nature and scope of the work included under the functions of this

division may be tlms sunmiarizod:

(a) A general study of the economic ocean, coast, river, and lake

fisheries of the United States in their statistical, historical, and other

aspects.

(b) A study of the vessels, boats, apparatus, and methods employed

for the purpose of ascertaining those which are most eflectual and eco-

nomical, of suggesting imin-ovements, and of discouraging the use of

forms of apparatus and methods of capture that are unnecessarily

destructive.

(c) An investigation of the fishing-grounds resorted to by American

fishermen, with a view to ascertain their resources, the seasons of

abundance of the fish and other water products occurring thereon, and

the effects of present and past methods of fishing on the supply.

(d) A consideration <if the economic and social conditions of the fish-

ing population, their nationality and nativity, wages, disasters, etc.

(e) An investigation of the methods of curing, freezing, canning, and

otherwise preparing fishery products for market, the ofiering of sugges-

tions for the utilization offish and other aquatic animals that are now

regarded as of little or no value and are usually thrown away or sold

at nominal prices.

(/) An inquiry into the condition and extent of the wholesale trades

in fishery products, the sources of supply, the principal lines of distri-

bution, and the means and methods of transportation.

(<jf) A consideration of the international relations of the fisheries and

the collection of information bearing on questions involving the privi-

leges, movements, treatment, expenditures, etc., of American fishermen

in foreign waters and ports.

[h) The dissemination among the fishing interests, either by corre-

spondence or printed reports, of information intended to i^romote the

industry; the preparation for State fish commissions or other State

officers of special reports illustrating the fishery resources of the States.

{{) The determination of the results of artificial propagation and of

legislation on the abundance of fishes and other economic products.

While the functions of the division are sufficiently well marked, they

nevertheless, in certain lines, necessarily overlap those of the Division

of Fish-culture on the one hand and the Division of Scientific Inquiry

on the other. The determination of the results of artificial propagation

and of the necessity for its inauguration naturally fall to its considera-

tion, and in the investigations of the past and present extent of the

fisheries it has always been the aim to bring out these points. In the

consideration of the economic resources of the fishing-grounds, of the

movements and abundance of food-fishes and other aquatic products,

and of other subjects connected with the objects of commercial fish-

eries, the division api)roaches the limits of the Division of Scientific

Inquiry, but rather sui)plements than encroaches upon the functions of

that branch of the Commission's work.
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In the prosecution of its inquiries having in view the collection of

data bearing on the foregoing topics the division depends almost

wholly on the personal field investigations of its agents. While in a

few instances the use of circulars and schedules has been resorted to

in the prosecution of minor inquiries by mail, they have generally

failed to give satisfaction, and, in the Interests of completeness and
accuracy, they are utilized only when other methods are especially

contra-indicated, by reason of the expense involved, etc.

The prominent feature of the organization of this branch is the corps

of agents whose active service in the field constitutes the chief work
of the division and affords the principal basis for the preparation of

reports on the various phases of the fisheries and furnishes ground for

the intelligent comprehension on the part of the Commission of the

condition and needs of the industry.

The number of field agents now authorized by Congress is five. By
reason of previous practical connection with the fishing industry, and
by virtue of lengthy service in their present capacity, the agents are

able to bring to bear on their work an invaluable knowledge of the

fisheries and of the best methods of conducting the canvass that

greatly contributes to the reliability and completeness of the investi-

gations. The repeated personal visits of the agents to fishing com-

munities enables the Commission to maintain close relations with the

principal fishermen and fish-dealers of the country, and facilitates the

collection of more satisfactory data than would be possible under any
other circumstances.

In gauging the work of the division, and in placing a proper estimate

on the results accomi)lished, it is a matter of importance to take into

account the small force available for field and office duty and the

limited means at hand for carrying on investigations of the extended

scope occasioned by the nature of the subject under consideration, as

previously outlined. An arrangement intended to place the division

on an ideal basis, which would permit an annual or biennial study of

the entire fishing interests of the country and the prompt issuance of

reports thereon, would require a field force at least four times as large

as the present one, a corresponding increase in the number of clerical

assistants, and an ai)propriation of about twice the amount avail-

able for the year 1802. The shore line of the States bordering on the

coast and the Great Lakes is nearly 30,000 miles in length. The can-

vass of this extensive territory can, with the present force, be accom-

plished only once in three or four years, a definite geographical section

or special branches of the industry being covered each year until the

whole is completed. During the continuance of present conditions the

work will necessarily have to be carried on along the same general

lines which have heretofore been observed.

It is gratifying to be able to note that the usefulness of the division

is being yearly increased, as the working forces become better trained

in the field and office duties, and as a result of the accumulation of data
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tliat puts the oi'tiee in ])osili()n to fully and ])n)ni])tly comply with the

demands that are continually nmde upon it for information con-

ceiuing the fisheries; so general and comprehensive have been the field

inquiries prosecuted, that there are few i)hascs of the commercial fish-

eries, or few questions that can be propounded regarding them, that are

not covered by the oftice records.

The principal subjects that come up for notice in this report are: A
history of the scope and conduct of the field investigations undertaken

in 1891-1)2; a review of the results of those investigations; an account

of the rei)orts published by the division during the year; relations

with the Eleventh Census; a consideration of the prominent events con-

nected with the commercial fisheries, including the present conditions

of the principal branches of the industry, experiments with new^ types

of apparatus, international questions relating to the fisheries, etc.; and

recommendations for the future conduct of the work of the division.

INVESTIGATIONS OF THE STATISTICS AND METHODS OF THE
FISHERIES.

In planning for the field investigations to be undertaken by the divi-

sion in 1891-02, the determining consideration in the selection of the

regions to be canvassed was the date of the last inquiries in the sev-

eral sections of the country. The fisheries of the New England and

Pacific States had been studied in 1889, and those of the South Atlantic

and Gulf States in 1890 and 1891; but no investigation of the Great

Lakes had been made since 1885, and the Middle Atlantic States had

not been covered since 1888. It was in these regions, therefore, that it

was decided to place the field force, although there were other consider-

ations, in addition to time, that prompted the selection of these sections.

A minor inquiry was also made in Albemarle Sound and some of its

tributaries, in North Carolina, and the regular investigations here-

tofore carried on by local agents at Boston and Gloucester, Mass., were

continued.

THE GREAT LAKES.

When, in 1885, the Fish Commission conducted a comprehensive

inquiry into the fisheries of the Great Lakes, it was found that the

industry was in a flourishing condition, and the yield was probably

greater than in any previous year. The results of that investigation

were embodied in a report,* to which recourse should be had for a

detailed account of the history, methods, and statistics of these fisheries.

In 1891 the time Avas thought to be opi)ortune for another canvass of

this region, which was accordingly undertaken in the first half of the

fiscal year. Messrs. W. A. Wilcox and T. M. Cogswell were assigned

to Lake Superior; Ansley Hall, E. E. Race, and H. P. Parker to Lake

* Review of the Fisheries of the Great LalceH in 1885. Compiled hy Hugh M. Smith

and Merwin-Marie Snell. With iutroductiou and description of fishing vessels and

boats hy J. W. Collins.
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Michigan; E. A. Tulian to Lake Huron; W. A. Wilcox to Lake St.

Clair and the St. Clair and Detroit rivers; Seymour Bower and C. H.
Stevenson to Lake Erie; and H. M. Smith and C. H. Stevenson to Lake
Ontario. Mr. Tulian and Mr. Bower, who were detailed from the

Division of Fish-culture, had taken part in the investigations of 1885,

and the office was fortunate in again securing their services. The
preparation of the report covering this inquiry is completed and it is

therefore possible at this time to give an accurate summary of the

prominent features disclosed.

Since the inception of fish-culture on a large scale in the United

States the Great Lakes region has been a favorite and favorable field

for carrying on that work. Every State having a frontage on the

lakes has appreciated the imj)ortance of artificial i)ropagation in main-

taining and increasing the supply of food-fishes and has given its

appreciation practical form by establishing a board of fish commission-

ers and founding one or more hatching stations. The General Govern-

ment has also cooperated with the States in every lake.

The species to which the greatest attention has been given are white-

fish {Coregonus clu2>eiformis), lake trout [Salvelinus namaycush), and
wall-eyed pike {Stizostedion vitreum). A knowledge of the present and
past abundance of these ishes becomes a matter of great importance,

the determination of which naturally falls to the consideration of this

division. Besides thp fish now propagated there are others of growing

importance to which attention should be directed, in view of the prob-

able necessity at an early date of securing their preservation and mul-

tiplication by artificial means. Chief among these is the sturgeon.

A comparison of the present and past abundance of the whitefish is

not entirely satisfactory and involves some elements of uncertainty.

There are at least five species of whitefish of commercial importance

occurring in the Great Lakes, viz, the common whitefish {Coregonus

clupeiformis), the lake herring or cisco (0. artedi), the bluefin or

blackfin whitefish (C. nigripinnis), the Menominee or round whitefish-

(0. qiiadrHateralls), the whiting, or Musquaw River whitefish (C. lahra-

doricus), and the tullibee, or mongrel whitefish (0. tullihee). While all

of these are not of marked economic value, at least three are taken in

considerable numbers, and the others occur in greater or less abun-

dance in some lakes. The superficial differences between some of these

are not very pronounced and not always recognized by the fishermen

and others. It therefore happens that in making returlis of fish taken

a fisherman may give a number of species under the general name
of whitefish, and being thus recorded an incorrect idea is formed of

the abundance of Coregonus clupeiformis in a certain lake or place.

There is every reason to believe that in 1880 several minor species of

Coregonus were recorded with the common whitefish; and it is known
that in 1885 the same thing was done in some lakes, the si)ecies thus

combined with C. clupeiformis being C. nigrijnnnis and C. quadrilateraUs.

The improper use.of common names of fishes also makes diflficult the
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institution of satisfactory compariaons between the abundance of each

fish at different periods; this applies with sjjecial force to the wall-eyed

pike {Stizostc'dlon vitreum), called pike and pickerel, and the true pike

{Luciufi Indus), called by the same names.

The following table shows in condensed form the extent of the fish-

eries of each of the Great Lakes in 1880, 1885, and 1890. The condi-

tions prevailing in each lake are, as a rule, so distinctive that a general

table of this kind conveys only an imperfect idea of the status of the

industry and of the nature of the fluctuations. It is seen, however,

that in 1800 the lake fisheries were somewhat less important than in

1885, but were much more extensive than in 1880, their rank being

determined by the value of the products. The returns for 1890 show-

that 9,738 persons were employed in various capacities, $5,302,744 was

invested, and the value of the catch was $2,471,708. Compared with

1880, an increase has occurred in each of these items; compared with

1885, there are to be noted a slight decrease in the number of fisher-

men, a substantial gain in the amount of capital invested, and a decline

in the value of the catch. The details of these changes will be brought

out in the consideration of the fisheries of each lake.

Comparative table showing the extent of the fisheries^ of the Great Lalces in ISSO, 1SS5,

and 1890.
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lake fishes. The yield in 1S90 was three times as great as in 1S80 and

nearly twice as great as in 1885, The combined production of all other

species was about the same in 1885 and 1890, which years showed about

double the output of 1880. The decrease in whiteflsh and sturgeon is

more than oflset by the increase in herring, so that the total catch in the

lake region in 1890 was over 14,000,000 pounds more than in 1885 and

about 45,000,000 pounds more than in 1880.

Comparative tail shoicing the products of the fisheries of the Great La'kes in ISSO, 1S85,

and 1890.

Species.

Whiteflsh

.

Lalio trout
Sturgeon..
Herring . .

.

Other iish

.

Total

1880.

Pounds.
21, 403, 900
6 804, 6u0
7", 557, .-i83

15, 9G7, 517

16, 948, 600

1885.

Pounds.
18,344,004
12, 580, 005

7, 147, 042

25, 809, 4.^i8

35. 894, 107

68, 742, 000 99, 842, 876

1800.

Pounds.
12,401,335
12, 890, 441
4, 289, 759

48, 753, 349
35, 563, 647

113, 898, 531

LAKE SUPERIOR

The fisheries of this lake are less extensive than those of any other

member of the Great Lakes chain with the exception of Lake Ontario.

The fishing is practically confined to the taking of whitefish and trout,

the catch of all other species being insignificant. The season of 1890

was, on the whole, a satisfactory one, and the output was fully up to

the average in recent years. It is therefore a favorable year with which

to make comparisons with 1885 and on which to base conclusions.

Considered in the aggregate, a decline is to be noticed in the extent

of the fisheries of the American shores of Lake Superior in 1890 as

compared with 1885. The decrease was most marked in the items of

persons emjiloyed and quantity and value of products. The relatively

slight decrease in the investment is explained by a large increase in

shore and cash property incident upon the establishment of large fish-

purchasing houses. An analysis of the returns indicates that the

decrease is more apparent than real and does not necessarily represent

a scarcity of fish. The decline in the fisheries has been practically

confined to Minnesota and has been due to a transfer of American
interests to the Canadian side of the lake.

The extent of the fisheries in the American waters of this lake in

1890 is shown in the three following tables:

Persons employed in Lake Superior fisheries.

How engaged.
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Appnratus and capUal employed in Lake Snpcrior finhcries.

Items. Num-
ber.

Valae.

Vessels (tonnage, 256.70)

Boats
Gill nets
Ponud nets
Seines
Fyke nets
Dip nets
Spears
Lines
Shore and accessory property
Cash capital .'

'.

.

Total

.

8
320
,074
140
19
9
10

54

*$C1,300
2a, 975
63, 470
34, 435

955
415
370
265

1,713
109, 878
69, 900

366, 682

*Includes outfit.

rrodiicta of Lake Su2>ei-'wr fisheries.

Species. Pounds. Value.

Herring, fresh
Pike, fresh and salti'd

Sturfjoon, fresh
Trout, fresh
Trout, salted
Whitetish. fresh
"Whitelish, Sillied

Other fish, fresh and salted

Total

199, 121
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Comimrison of the yield of the fisheries of Lake Superior in 1S80, 1885, and 1890.

Species.
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Fyke nets, seines, set lines, spears, and dip nets are sparingly used,

but the aggregate catch is small in comparison with that in gill nets

and x^ound nets, amounting in value to less than $25,000.

The following table shows in detail the quantity and value of each of

the principal fishes taken with the various kinds of apparatus in 1890:

Table showing hy apparaiiis and spevlea the yield of the fisheries of Lake Superior.

Species.

Gill nets

:

Herring, freali and
salted

Pike perch, fresh and
salted

Trout, fresh
Trout, salted
"Whitcfish, fresh
"Whitetish, salted

Total

Pound nets

:

Herring, fresh and
salted

Pike, fresh and salted.

Sturgeon, fresh and
salted

Trout, fresh
Trout, salted
W^hitefish, fresh
Whitefish, salted
Other fish, salted

Total

Pounds.
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.
Apparatus and capital employed in Lake Michigan fialicriea.

Designation. Number. Value

.

Vessels
Tonnage
Outfit

Boats
Apparatus of capture, vessel tisheries:

Gill nets
Apparatus of capture, shore fisheries

:

Pound nets
Gill nets
Fyke nets
Seines
Lines and spears

Shore property
Cash capital

Total

.

50
793. 65

1,052

18, 810

844
22, 086

731
30

$173, 350

21, 318
71, 663

106, 854

244, 880
109, 060
11, 316
3,480
2,144

434, 759
258, 400

1, 437, 224

Products of Lake Michigan fisheries.

Species.

Herring
Perch
Pike and pike perch
Sturgeon
Suckers
Trout
Whiteflsh
Other fish

Total

Poiiiids.

143,139
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The gill net is the most important form of apparatus employed in
the fisheries of this lake; it takes larger quantities of fish and yields
more money returns than all other devices combined. Trout, whitefish,
and herring constitute the bulk of the catch, trout predominating!
Pound nets are the only other relatively important apparatus; the*y
take about five-sevenths of the fish obtained in gill nets. Whitefish
are the principal fish caught, although trout, herring, and sturgeon,
are of considerable value; the yield of sturgeon by this means is much
greater than in all other apparatus. Among minor devices are fyke
nets, lines, seines, and spears. Fykes take chiefly herring, perch, pike,
and suckers. Lines are employed mostly for perch; seines yield perch,'
pike, and suckers, and spears take small (piantities of trout and pike!
The following table shows the quantity and value of each principal

kind of fish taken in this lake Avith each form of apparatus:

Tahle showing by apparatus and species the yield of the fisheries of Lake Michigan.

Species.
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Apparatus and capital employed in Lake Huron fisheries.

Items.

Vessels (tonnage 79.05)
Boats
Gill nets
Pound nets
Seines
Fjlve nets ...,.,...,
Lines ..'

,

Shore and accessory property
Cash capital

Total

.

Xum-
ber.

7

410
2,206

551
6

221

Value.

*.$14, 590
22, 308
21. 665

88, 515
600

6, 385
770

208, 625
45, 400

408, 858

* Includes oiitflt.

Products of Lake Huron fisheri

Species.

Black bass, fresh ,

Catfish, fresh
Herring, fresh
Herring, salted
Perch, fresh
Pike perch and pike, fresh
Sturgeon, fresh
Suckers, iresh ,

Trout, fresh
Trout, salted
Whitefish, fresh
Whitefish, salted
Other tish, fresh

Total ,

Pounds.

29, 351
172, 171
.383, 851
130, 700
817, 628
483, 072
365,718
110, 177
500, 619
5,000

002, 694
1, 400

54, 000

10, 056, 381

Value.

$2, 167
5,428

25, 385
2,796

20, 792
50, 834
8,924

15, 372
50, 742

300
37, 135

112
1,080

!21, 067

The changes in the fisheries of this lake since 1885 have consisted of

a decrease in the number of fishermen, a corresponding diminution in

the amount of apparatus used, a large decline in the yield of the more
important fishes (viz, whitefish and trout), and a noticeable increase in

the catch of lake herring. The fisheries of the north shore of the lake
and the Saginaw Bay region show the most marked reduction since

1885. Compared with 1880 the only noteworthy improvement has been
a larger catch of sturgeon, herring, and minor fishes. The following

table is a comparative statement of the output of the Lake Huron
fisheries in 1880, 1885, and 1890:

Comparison of the yield of the fisheries of Lake Huron in 1880, 1885, and 1890.

Species.
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Pound nets are the most prominent apparatus now used in this lake.

The number lished in 18{)(> was 551, of which 326 were operated in Sag-

inaw Bay, the chief fishing-ground. The most important fish taken are

whitefish, herring, trout, Avall-eyed pike, and perch. The aggregate

catch was 7,525,71)0 pounds, for whicli the fisliermen received $150,825.

Herring constituted about one-third of the yield, but was less valuable

than whitefish.

Gauged by the value of the catch, gill nets rank next to pound nets in

importance. They are used by both vessel and boat fishermen, though
the vessel fishing is much less extensive than the boat fishing. In

1890 2,20(5 nets were operated, of which 330 were used on vessels.

The gill-net catch consisted of 1,371,984 pounds, valued at $44,113, of

which 407,075 pounds, worth $14,401, were taken with vessels. The
principal fishing center for gill nets is Alpena. The only species that

constitutes a x^rominent element in the yield is trout.

Fyke nets are important only in Saginaw Bay and River, where they

take large quantities of the minor kinds of fliSh, notably i>erch and

suckers. Of the total number of such nets used, viz, 221, 170 were
employed in the region named, where they are set in conjunction with

pound nets. The fyke-net catch in 1890 was 1,088,751 pounds, for which

$23,156 was received.

The list of apparatus in this lake is completed by the enumeration of

seines and lines, which are unimportant, the combined yield being only

69,850 pounds, having a value of $2,973.

The extent to which each prominent fish in this lake enters into the

catch of each apparatus is shown in the following table

:

Table showing by a^paratitts and species the yield of the fisheries of Lake Huron.

Apparatus and species.

Ponnd nets:
Blaok bass, fresh
Cattish and huUlieads,

fresh
Herring, fresh
Herring, salted
Perch, fn'sli

Pike and pike perch
fresh

sturgeon, fresh
Suckers, fi-esh

Trout, fresh
Whitetisli, fresh
other fish, fresli

Total

Gill nets:
llerrinc, fresh ,

Trout, fresh
Trout, s:ilted

Whitefish, fresh
Whitefish, salted

Total

Pounds.
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LAICE ST. CLAIR, ST. CLAIR AND DETROIT RIVERS.

Tliis lake, with its two tributary rivers, although not one of the Great
Lakes, is sufficiently distinct from Lake Huron on one side and Lake
Erie on the other to warrant separate consideration of its fisheries,

which, although less extensive than those of any of the Great Lakes
proper, are nevertheless important, especially in view of the relatively

small area of the fishing-grounds. The principal fishing is done with

pound nets and seines, and the chief fish taken is the whitefish, the

abundance of which, as judged by the catch, seems to have consider-

ably increased in the past five years. The fisheries in 1890 were as a
whole much more important than in 1885, which year exhibited an
increase over 1880. The number of persons employed has increased,

and the quantity and value of the catch have advanced, but the aggre-

gate investment is somewhat less. A very important trade in fish is

carried on in Detroit, and four steam vessels, fitted out with gill nets,

are owned in the region, but prosecute fishing in Lakes Erie and Huron.
These fisheries had the following extent in 1890, the figures includ-

ing the vessels fishiug in the other lakes but owned in this section:

Persons employed in Lake St. Clair fisheries.
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A comparison of the catcli of the principal fishes in 1880, 1885, and
1890 shows, as the ])rincipal features of the changes, a large increase

in wliitetish in ISDO over the other years, a decrease in lierring in 1890

as compared with 1885, a decrease in sturgeon as compared with 1880,

and an increase in minor fishes over both the earlier years. The
statistics for the three years are as follows, the figures applying only

to the fish taken in the lakes and rivers and not including the vessel

gill-net catch in the larger lakes:

Comparison of the yield of the fisheries of Lake St. Clair and the St. Clair and Detroit

rivers in 1S80, 1SS5, and 1890.

Species.

Whitefish
HerriiiR .

.

Stur.iioou .

other fish

1880.

'^ounds.

77,922
25o! 7(10

998, 500
523, 80.'-

Total 1,850,927

1885.

Poundx.
41,125

1,208,1.50

227, 780
708, 740

1890.

Pound.1.
209, 700
192, 400
309, 003

1, 636, 104

2,185,795 2,347,207

The quantities andvalues of the fish taken, with the various kinds of

apparatus employed, in this lake in 1890 are given in the table below.

It is seen that the largest yield is with pound nett;, after which come
gill nets, seines, fyke nets, and lines and spears. The entire gill-net

production was obtained in the vessel fisheries:

Table showino by apparatus and species (he yield of the fisheries of Laic St. Clair and the

St. Clair and JJetroit rivers.

Apparatus and species.
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LAKE ERIE.

Lake Erie, though one of the smallest of the chaiu, maintains fisheries

that are much more extensive than those of any other lake. In the

items of persons employed and capital invested, Lake Erie surpasses

any other three lakes combined, aiid the value of its jiroducts is one-

and-a-half times greater than the aggregate fisheries of all the other

lakes, omitting Lake Michigan ; the latter it exceeds by nearly $200,000,

Although surpassed by Lake Michigan in the number of vessels engaged
in actual fishing, it takes the lead in the quantity of netting used aiul

in tlie quantity and value of the catch, Tlie transportation of fish from

the fishing-grounds to the markets, which in all the other lakes is an

inconspicuous feature of the fisheries, is here ])rominent, 22 steam ves-

sels being so employed in the year covered by the investigation. One-

half the pound nets, nearly one-half the gill nets and fyke nets, more
than one-third of the boats, and more than one-half the shore and cash

property emi)loyed in the Great Lakes fisheries are found in Lake Erie.

More than one-half the fishery products credited to the entire lake

region is here taken, and two-fifths of the money value of the products

represents the operations of Lake Erie fishermen.

Lake Erie is peculiar in having a relatively large number of fishes of

great commercial importance. In the other lakes the important species

are only two to four in number, while in Lake Erie there are eight

fishes of which very large (piantities are taken, iiu^luding several that

are iirominent in no other lake, as, for instance, the blue pike and the

Sanger.

The preeminently important fish ofLake Erie is the lake herring, which
constitutes much more than half the total quantity of fish taken and
about two-fifths of the value of the catch. The remaining fishes, ii>the

order of their value, are blue pike, whitefish, wall-eyed i>ike, sturgeon,

Sanger, catfish, and percli, and in order of quantity taken, blue pike,

Sanger, perch, whitefish, wall-eyed pike, sturgeon, and catfish.

Tlie following tabular statements exhibit in some detail the extent of

the fisheries of this lake:

Persons employed m Lake Erie fisheries.

How engaged. No.

Vessel fishing. .

.

Sliore fishing
Slioro industries ,

Tbtal

3,198
969

4,482
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Apparatiin and rapilol riii)>loii('(l hi J,die Eric finhcriet.

Designation.

VesRi'Is fisliing .

'i'i)iiiiago. .

.

Outlit ,

Boats.
Apiiaratiia of capture—vessel fisheries:

(Jill nets
Appa I'll t MM of eapture—shore iislieries •

J'ouiid nets
Cill nets

,

I'.vkoiiets
Traji nets.
Seines
Line-) and speara.

Shore jiroperly
Cash capital

Total .

No.

56
1,385.34

1,393

19,046

],7«7
30, 274
1,175

106
44

Value.

$270, 100

32, 183

217, 750

67, 944

542, 260
1(11,569

04, 450
5, 840
6,305
6,151

749, 750
753, 000

2, 816, 302

Products of Lake Erie fisheries.

Species.

Blaclt ba.ss

Blue piltc

Catfi.sh

Herring
Perch
Saugers
Stiirt,'(H)n

Trout
Wall-oyed pike . .

.

Whiteiish
Other liali

Turtles and frogs

.

Total

Poun«ls.

248,418
488, 903
'.l-JG, 0.'17

Ki8, 283
S70, 407
179,867
078, 907
121,420
105, 7;!3

341,451
021,427

04, 850, 873

Value.

$13,521
148, 201
45, 914

399. 452
30. 299
51,721
73, 703
5.183

90, 615
115, 970
22, 252
4,074

1, 000, 906

Tlio condition of the fislieriesof this lako as compared with 1880 and
1885 is an inijxn-tant consideration, which has been the subject of much
solicitude on the part of those most directly interested. It has been

ap])aroiit to almost everyone that the supply of whitefish, at least, has

been decreasing yearly, and that the catch has only been maintained

by the use of larger quantities of apparatus. The following comparison

of the output ol" the fisheries of this lake shoAvs that in 18S5 the yield

of 3,5;3-J,()00 pounds of whitefish was about 20(»,()(>0 jiounds more than

in 1880 and 1,200,000 pounds more than in 1800. The increased appa-

ratus in 1800 should, other things being equal, have resulted in an

increase in thectatch over 1885, amounting to at least 3,000,000 pounds.

The output of trout, an unimportant fish in this lake, has increased

slightly over 1885, owing chiefly to the larger quantity of gill-netting

employed. Sturgeon show a diminished aliundance, although more

were taken than in 1880. Herring have more than doubled in quantity

since 1885. The production of other (ishes, considered in the aggregate,

is somewhat less than in 1885. Tlie large increase in herring much
more than overbalances the decreases noted, and results in an augmen-

tation in the yield of 13,400,000 pounds com])ared with 1885, although

the value of the catch has fallen from $l,100,()!Ki to .$1,000,005.
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Comparative Itthle shoving the yield of the Jj.iheries of TAtlce Erie i)i 1S80, ISSo, and

ISM.

Species.
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LAKE ONTARIO.

A preliminary report* on tlie fislieries of this liake has already been

published in the bulletin of the U. S. Fish Commission for 1890. It

was issued to supply a demand lor recent information during- a very

important discussion of the question of the condition of the industry

and of" the necessity for further protection to the fishes. The fisheries

of this lake are less valuable than those of any other member of the

system, and the threatened further reduction of their importance, due

(1) to fishing abuses, or (2) inadequate fish-cultural operations, or (3)

to a combination of these causes, drew an unusual amount of attention

to Lake Ontario and furnished the basis for a noteworthy movement
for- the preservation and increase of the fish supply of the lake, for a

discussion of which reference is made to the report cited.

In 1890 the fishing industry of the lake had the following extent:

Persons employed in Lake Ontario fisheries.

How engaged.
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111 a preceding general table the statistics of the fisheries of this

lake in 1880, 1885, and 1890 appear. The flslieries for the last year

show a marked decline in the essential features of the industry as

compared with 1880, although the capital invested and the value of the

products were somewhat greater than in 1885. The aggregate decrease

in the quantity of fish taken between 1880 and 1890 was only 193,522

pounds, an amount which is in itself insignificant; but an inspection

of the statistics shows that a more unfavorable result was obviated

only by a very large increase in the production of tlie cheaper grades

of fish, while the catch of the two most valnable fishes in 1880, viz,

whitefish and lake trout, was reduced nearly 90 per cent. A slight

improvement, made up chiefly of minor species, such as might arise

from seasonal variations in the abundance of fish, is seen to have

occurred between 1885 and 1890. The following comparison of the

production of the fishes in 1880, 1885, and 1890 exhibits tlie variations

in the catch of all the species for which it is possible to give separate

figures for 1880:

Comparison of the yield of the fisheries of Lake Ontario in 18S0, 18S5, and 1890.

Species.
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Table shinvii)(j hy apparatus and sijccicsthc ijicld of the fmheries of Lake Ontario.

Species.
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Chesapeake and its tributaries to be as follows: The number of persons

finding employment in 1S91 was 64,654; the amount of capital invested

was $10,474,334; the value of the products taken was $10,126,748.

The extent to which the different States were represented is shown in

the following tables, which give details of the industry:

The Fisheries of the Chesapeake Basin in 1891.

Persons employed.

States.

Pennsylvania
Delaware
Maryland
Virginia

Total...

Fisher-
men.

637
129

28, 209
20,316

49, 291

Shores-
men.

353
11, 735
3,275

15, 303

Total.

637
482

39, 944
23, 591

64, 654
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rrodncts—Coiitiimod.

Species.
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figures at hand indicate a general maintenance of tlie abundance of

most of tlie imi)ortaut products and sliow a marked advance in the case

of some special objects. The value of the industry in Maryland has

increased $2,819,900, that in Virginia $516,838, the aggregate increase

being $3,273,040, or nearly 50 per cent. Figures for the fisheries of

Pennsylvania and Delaware tributary to the Chesapeake are not avail-

able for 1880; their importance, however, is relatively so little that they

may be discarded from the comparisons. The comparatively unimpor-

tant fishery interests of the ocean shores of Maryland and Virginia are

included in order to make the statistics for those States complete.

Among the fishery products whose importance entitles them to special

mention and concerning which some notes on the fisheries maybe given

arealewives, bluefish, menhaden, Spanish mackerel, squeteague, striped

bass, shad, crabs, and oysters.

Aleivivesor herrings.—ISText to shad these are the most valuable food-

fishes taken in this region; the quantity annually consumed is much
greater than that of any other food-fishes. They are secured princi-

pally with seines and pound nets. In 1891 , 17,418,850 pounds, for which
the fishermen received $131,245, were caught in Maryland, and 11,004,085

pounds, worth $93,819, were obtained in Virginia, the total yield in the

two States being 28,422,035 pounds, with a value of $225,064. This is

a very large increase over 1880, although it is not anomalous in view of

the augmented quantities of apparatus used. In 1880 the output of

alewives was 16,129,372 pounds, valued at $217,092, the proportion of

the catch in each State being about the same as in 1891.

Bluejish.—This erratic species is, with one exception, the most impor-

tant typically salt-water fish taken in Maryland and Virginia. The
largest part of the catch is obtained with pound nets. The aggregate
yield in 1891 was 2,319,038 pounds, having a value of $88,765; of this

quantity, 516,364 pounds were taken in Maryland and 1,802,674 pounds
in Virginia. The increase over 1880 was 762,621 pounds, worth $52,443.

The increase was most noticeable in Maryland, where only 10,000

pounds were reported in 1880, while 516,364 pounds were cauglit in 1891.

Menhaden.—The presence of a large number of oil and fertilizer fac-

tories on the Chesapeake occasions an extensive fishery for menhaden
carried on with steamers and sailing vessels. The fish are liable to

seasonal fluctuations, like the bluefish, but the catch in recent years

has been fairly constant. The quantity of fish taken in 1891 was
136,932,454 pounds, equivalent to about 228,220,755 fish, nearly all of

which were utilized at the oil and guano works; the cost of the fish to

the factory operators was $262,830, or at the rate of about $1.15 per

thousand fish. In 1880 the quantity of menhaden taken was 92,116,800

pounds, valued at $246,760, or at $1.60 per thousand fish. A conspicuous
feature of tlie fishery is the increased catch of menhaden in Maryland,
owing chiefly to the establishment of factories at several places in the

State and the consequenf, employment of fishing vessels belonging in

Maryland. In Virginia the output is approximately the same as in 188D.
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Sjxinish mackerel.—The abundance of tliis species in recent years

presents a marked decrease as compared with 1880. In the latter year

1,027,003 pounds, worth |100,10J:, were taken, the fish ranking third in

importance among the food-fishes of the region, wliile in 1891 less than

half the quantity was caught and the tish declined to the ninth place.

The catch in Maryland was very small in both 1880 and 1891, but was
larger in the latter year than in the former. The decrease may evidently

be traced to the capture, chielly in i)ound nets, of large quantities of the

fish early in the season in the lower part of the Chesai)eake, before

the tish have spawned.

iSquetea(/ue.—Two species of squetea^ue, locally known as weaktish

and trout, rank third in importance among the food-tishes of this

section. As compared with 1880, they were taken in much larger

quantities in 1891, and the increase was marked in both Maryland and
Virginia. The aggregate yield reported in 1880 was 1,541,000 ])ounds,

valued at $31,110; in 1891 the catch amounted to 4,088,481 pounds,
worth $1.50,793. Pound nets and seines are the apparatus chiefly

employed in taking these fish.

iStri2)ed bass.—The supply of this lish seems to be holding out remark-

ably well in view of the large annual catch in fresh and salt water
with seines, gill nets, and jDOund nets. The output in 1891 was about
410,000 pounds more than in 1880, althougli there was a decline of

nearly 30 per cent in Virginia. The total yield in 1891 was 1,732,554

pounds, for which the fishermen received $138,723.

IShad.—i^ext to the oyster, the shad is the most valuable fishery

product of this region; in 1880 it occupied the same rank. The main-

tenance of the supply may be clearly traced to large plants of fry in

the waters of the region, and the increase in the out-i^ut has been due
to the employment of larger quantities of apparatus, especially pound
nets. Following is a comparative statement of the catch of shad in

Maryland and Virginia in 1880 and 1891

:

Tear.
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1880 the tisLery was more extensive iu Virginia, but at the preseut

time nearly four-tifths of the busiuess is carried on in Maiyland. Much
the hirger part of the catch is sold as soft-shell crabs.

Oyster.—This important resource now represents nearly eight-tenths

ofthe value of the fisheries of this region. During the season covered by

the inquiry the industry was in a prosperous condition. The foregoing-

table of products shows that 9,945,058 bushels, valued at $5,295,866,

were taken in Maryland, and 6,151,636 bushels, valued at $2,520,068,

in Virginia, the total yield being 16,096,691 bushels, for which the

fishermen received $7,815,934. Compared with 1880, these figures show

a decreased production, amounting to 654,942 bushels in Maryland and

685,684 bushels in Virginia, while the value of the output has increased

$565,380 and $301,692, respectively. A large increase- has also taken

place in the number of persons engaging in the oyster industry. In 1880

Maryland had 13,748 fishermen and 9,654 shore hands, while in 1891 it

had 21,280 fishermen and 12,108 shoresmen. In 1880 Virginia was
credited with 14,236 fishermen and 2,079 shoresmen, and in 1891 16,352

fishermen and 2,250 shoresmen. The total increase was thus 12,273.

The capital invested in the oyster^ industry in 1880 was $6,034,350 in

Maryland and $1,351,000 m Virginia^ in 1891 it was $7,269,245 and

$1,927,792, respectively.

ALBEMARLE REGION, NORTH CAROLINA.

In April, 1892, the writer visited Albemarle Sound and some of the

rivers debouching into it in the interests of the Division of Scientific

Inquiry. The primary object of the visit was the collection of the

fresh-water fishes of the region. At the same time an opportunity was
afforded to inspect the commercial fisheries.

Forty-five species of fishes were ascertained to inhabit this region at

the time of the inquiry; of these about thirty may be regarded as food-

fishes, two or three others are sometimes eaten but have no recognized

economic value, and the remainder are small fishes whose principal

importance arises from the fact that they constitute a prominent part

of the food sui)ply of other fish.

This is one of the most important fishing sections on the Atlantic

coast. Albemarle Sound is the largest coastal body of fresh water in

the United States, and more extensive fresh-water fisheries are main-

tained in it and its tributaries than are j)rosecuted elsewhere on our

coast. The most prominent fish occurring are shad, alewives, strij>ed

bass, black bass, and white i)erch, but many other fishes common to the

section are taken in greater or less numbers and materially contribute

to the income of the fisherman, among which sturgeon, catfish, eels,

suckers, pike, mud shad, hickory shad, several kinds of sunfishes, yellow

perch, and flounders may be mentioned.

The annual fisii production of this region is about 9,000,000 pounds,

of which nearly two-thirds represents alewives. Tlie value of the catch

is about $465,000, nearly half of which sum represents shad.
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The changes which have taken place in tlie forms of apparatus used

in this region are interesting. In earlj^ times the favorite means of

capture, especially for shad and alewives, ^Yas the seine. This is still

an important device, taking more fish than any other single form, and
the most extensive seine fiKsheries in the country for the fish named are

here carried on. After a time the gill net was brought into more
general use and began to increase in imi)ortance until finally it took

precedence over the seine in taking shad and one or two less valuable

fish. In the past decade the introduction of the X)ound net in great

numbers has been a very marked feature of the fisheries, and because

of its efficiency it has supiDlanted to a considerable extent both the

seine and the gill net, and will probably, within a short period, attain

even greater prominence.

BOSTON AND GLOUCESTER, MASS.

The studies of the fisheries tributary to these places, as mentioned

in the previous report of the division, have continued along the same
general lines already referred to. The importance of the fishing indus-

try of these cities warrants the small sums expended in keeping well

informed regarding the condition of the business and in maintaining

close relations with the fishermen and dealers. The inquiries here

made cover the operations of about seven-eighths of the offshore fishing

vessels of New England, are valuable adjuncts to the general investi-

gation of the fisheries, and afford an excellent basis for determining the

condition and resources of the great ocean fishing-grounds off" the New
England coast.

In Boston Mr. E. F. Dimick has continued his efficient services as

local agent. He has obtained a record of each ves&el arriving from the

fishing-grounds, noting the kind, quantity, and value of the fish landed,

the particular grounds on which caught, and other useful and interest-

ing data concerning the fisheries.

The fivsh trade of Boston is of greater magnitude than that of any
other city of the United States. The investigations have shown that

in the calendar year 1891 the quantity of fishery products there landed

by American fishing vessels was 69,915,088 pounds, mostly fresh, hav-

ing an approximate value to the fishermen of $1,840,330. This quantity

is in addition to very large receipts, chiefly from the provinces, over

regular rail and steamer lines. Tlie most important single product

brought into Boston by our fisliing vessels is the haddock, of which

33,800,197 pounds, valued at $824,132, were landed. Of the cod,- the

next prominent fish, 1(5,055,200 pounds were landed, having a value of

$547,851. Hake ranks next, the receipts being 12,347,730 pounds,

worth $108,817. Other fish deserving mention are halibut, cusk, pol-

lock, and mackerel.
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An analysis of the following table, giving the receipts classified by
fishing-grounds, shows the great predominance of Georges Bank and
South Channel as sources of supply, these two grounds furnishing

nearly one-half the fish landed in Boston. The next important grounds,

in their order, are the general shore grounds, La Have Bank, off High-
land Light, Jeffreys Ledge, Browns Bank, Middle Bank, Cashes Bank,
and the Cape Shore.

Of the 4,119 trips of fish landed in Boston in 1891 209 were from
grounds oft' the shores of the British provinces east of the GOtli

meridian of west longitude, the largest number being from La Have
Bank. The total catch in this region was 7,027,985 pounds, including

several fares of salt mackerel from the Cape Shore; of this quantity

2,964,000 pounds were haddock and 2,155,500 pounds were cod. The
average fare from the eastern grounds was 33,627 pounds. From the

grounds oft' the New England coast 3,910 trips of fish were landed, of

which 1,549 were from the general shore grounds, 738 from South Chan-
nel, 395 from Georges, 387 from Jeffreys Ledge, 281 from the grounds

oft' Highland Light, and 258 from Middle Bank. The quantity of fish

here taken was 62,917,103 jjounds, including small quantities of mack-
erel, swordfish, eels, bluefish, herring, menhaden, and lobsters. The
average fare from these grounds was 16,091 pounds.

Summary hij Jishiny-grounds of the fishery products landed at Boston, Mass., in 1891 by

Amei'ican fishing vessels.

Fishing- grounds.
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i^ummarii by JisliitKi-ijroinids of the fisher;/ prodnclH hnuled at /ioston, Mass., in 1S91 by

J merican fish in<j vessels—Continued.

Fishing-giouudB.
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The following- table shows the fish receipts at Gloucester classified

by fishing-gTOUiids. From this it appears that 3,420 tares of flsh were
brought into Gloucester during the year; of these, 644 were from
grounds east of the sixty-sixth meridian of west longitude and 2,776

from grounds west of that line. Tlie largest number of trips from the

more eastern grounds were from La Have, Western, and Grand banks,

and from the Cape Shore, and the catch consisted chiefly of fresh halibut,

salt cod, and salt mackerel. The aggregate receipts from this region

were 36,373,016 pounds, of which 19,250,165 pounds were from the

Grand Banks. The grounds oft' the coast of the United States yielded

40,576,331 pounds of fish which went to Gloucester. More fares came
from the shore grounds adjacent to the IsTew England coast than from
any of the oft'shore banks; 1,590 arrivals from these grounds brought
in 12,098,638 pounds, mostly cod, hake, i)ollock, and mackerel. The
most important of the offshore grounds was Georges Bank; 674 fares

of fish were received from there, aggregating 12,690,158 pounds, chiefly

cod. Cashes Bank, South Channel, Browns Bank, and Nantucket
Shoals are other important grounds in this section.

Summarii hy fishing-grounds of thefishery irrodiicts landed at Gloucester, Mass., in 1S91,

by American fishing vessels.
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Sttiinndiy by fmhiittj-yroiDula of the fishery producis landed at Gloucester, Mass., 'm ISOl,

iy American fishing vesucls—Continued.

Fishinggrounils.
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REMARKS ON REPORTS.

Following is a resume of tlie reports and papers emanating from this

division daring the fiscal year 1892. These covered a variety of sub-

jects, some general and others special in their scope. Considerable

work was also done on a number of other papers dealing with our

fishery interests, which will be issued during the next fiscal year.

In addition to the information which is utilized in the preparation of

reports, the office is accumulating a vast amount of descriptive and
illustrative matter on apparatus, boats, vessels, fish and other prod-

ucts, etc., which will be available when the occasion or opportunity

for its utilization arises. While the elaborate studies in the Fish-

eries and Fishery Industries of the United States make the necessity

for similar descriptive reports a remote contingency, the important

subject of fishing apparatus was not treated of in that series, and con-

stitutes, among other topics, an inviting field for a report, the material

for which is now being gathered.

Notes on the King-Crab Fishery of Delaware Bay. (Bulletin, 1889, pp. 363-370,

3 plates.)

Although the king crab {Limulus polyphemus) occurs in greater or

less abundance along the entire Atlantic coast from Massachusetts to

Florida, and in many places is taken in small quantities for fertilizer,

etc., it is only in Delaware Bay that the capture of the animal is accom-

plished by means of specially devised apparatus and becomes a matter

of commercial importance. This paper shows that in 1888 the com-

bined catch in New Jersey and Delaware was 1,822,000 crabs, valued

at $8,150, of which 1,502,000 crabs, worth $7,510, were taken in New
Jersey. Compared with 1880, these figures disclose a very marked
decline in the abundance of the crabs, and it seems only a question of

a few years, under existing conditions and methods, before the supply

will become exhausted. Of late the yearly output has been maintained

only by employing larger quantities of apparatus.

The Giant Scallop Fishery of Maine. (Bulletin, 1889, pp. 313-335, 5 plates, includ-

ing map of scallop beds operated in 1889.)

The coast of Maine is the only region in which fishing for the giant

scallop {Pecten magellanicus) is carried on. So far as known, this scal-

lop has only a limited distribution in the available waters adjacent to

the coast of Maine, and it is only in the section between Mount Desert

Island and the Penobscot Eiver and in the Sheepscot Eiver that it has

been found by the fishermen. The history of the fishery given in this

report shows that it has been of very recent development, no record of

its existence more than ten years ago being ascertained. The industry

is prosecuted from Mount Desert, Tremont, Little Deer Isle, Sedg-

wick, Cape Eosier, Castine, and various towns on the Sheepscot Eiver,

and in 1889 the fishery was followed by 197 persons, who had $11,055

invested in boats, apparatus, and accessories, and took 45,308 bushels

of scallops, for which $18,047 was received. While the fishery has cer-

tain natural limitations, it is no doubt capable of increasing cousid-
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enibly if proper iiH^isures are adopted to develop by more improved
method.stliebedsof the scallop which exist in deeper water, where they

are now almost undisturbed, owing to imperfections in apparatus.

Notes ou the Oyster I'Mslieiy of Coiiuectient. (Bulletin, 18f)0, iJ]). 461-497, 8

l.latfs.

There is perhaps no State in the country in which the artificial rear-

ing- of oysters has commanded more attention and been carried to a more
successful result than in Connecticut. The very full account of the

history, methods, conditions, and statistics of the oyster industry in

this State which is given in this paper was therefore timely, and will,

it is thought, do liiuch toward promoting the oyster fishery in several

other States where tlie necessity for a change in present methods seems
to be clearly indicated if the perpetuation of the industry is to be

secured. Tlie report has attracted much attention and received favor-

able criticism in the oyster districts of the Atlantic coast, and there

has been an exceptionally large demand for it. The subject is dis-

cussed in detail under the heads of personnel, wages, etc.; vessels and
boats; historical notes; the oyster-grounds; methods of cultivation,

trade, fishing, e'c; unfavorable conditions, enemies, etc.; and financial

results, in addition to which very comjilete tabular information is given

for eacii town for the years 1887, 1888, and 1880.

It is seen that in the last year the industry gave employment to 593

fishermen and 651 shoresmen. The capital devoted to the industry

amounted to $3,075,901, of which $1,237,095 represented the value of

oyster-grounds and $1,424,855 the value of the oysters thereon. The
aggregate expense of cultivating the beds and preparing the oysters

for market was $430,451. An interesting table is i^reseuted showing

the estimated value of the oysters on artificial beds destroyed by star-

fish, drills, and other agencies; in 1889 the loss by these means was
considerably less than during the two preceding years, but it never-

theless amounted to $401,709. From the cultivated oyster-grounds

1,412,011 bushels of oysters, having a value of $1,024,502, were taken

in 18S9, while the natural beds yielded only 73,850 bushels, worth

$31,305. The report concludes with a digest of the oyster legislation

of Connecticut, which has had more influence than all other factors in

promoting the industry.

Statistical Review of the Coast Fisheries of the United States. (Report, 1888,

pp. 271-378.)

As the title implies, this report is a statistical summary of the entire

commercial fisheries of the coastal waters of the United States, the 154

tables presented being supplemented with only enough descriptive

matter to properly elucidate them. The fisheries are considered by
geographical divisions and by States. In the introductory pages certain

comparisons, averages, percentages, etc., are given, having application

to the entire industry. The review shows that in the year specified

137,440 persons were engaged in the fisheries of the coast States, of

whom 37,811 were vessel fishermen, 70,708 were shore or boat fishermen,
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and 28,867 were sliore employes. The aggregate capital invested in

the industry was $45,610,546, of Avhich $13,575,249 represented 0,090

vessels and their outfits; $.3,082,395 was the value of 47,105 boats;

$4,557,815 was devoted to apparatus of capture, and $24,404,083 to

shore property and working capital. The products had a value at first

hands of $34,234,045, of which $15,323,447 was the r<^sult of the general

food-fish fisheries, $12,860,671 of the oyster, clam, and scallop fisheries;

$1,843,752 of the seal, walrus, and sea-otter fisheries; $1,591,796 of the

lobster, crab, shrimp, and prawn fislieries; $1,393,854 of the whale and
porpoise fisheries; $798,604 of the menhaden fishery; $254,515 of the

sponge fishery, and $167,406 of the alligator, turtle, terrapin, and frog-

fisheries. The tables making comparisons with 1880 show a generally

satisfactory condition of the industry. There was an increase in the

number of fishery employes of 18 per cent, an advance in the amount
of investment of 27 per cent, and a decrease in the value of jiroducts

of 1 per cent. The decline in the value of the catch was principally

due to a diminished yield of whales and mackerel in the New England
States and of oysters in the Middle Atlantic region. A very interest-

ing and instructive comparison is made by States and sections of the

catch of shad and alewives. The maintenance of the sujjply of shad
is so important that the report may be appropriately quoted on this

subject. It says

:

This comparison has a special interest, since it may fairly be taken as a basis for

estimating the effect of artificial propagation of certain species of food-Hsb which,
nnder natural conditions, have become noticeably depleted. It is proper to state

that the supply of shad had been so much reduced by overlishjng that in the years

immediately succeeding 1880 there was reason to fear that the species would soon

become so scarce that it would no longer be available as a reasonably cheap article of

food or the object of a profitable fishery.

• In order to comprehend the full significance of this comparison it is well to

remember that the artificial propagation of shad on a large scale by the U. S. Fish
Commission Avas not undertaken until 1881 ; therefore the effect of it upon the

abundance of the species coukl.not be felt or observed until 1885, when the artifi-

cially hatched fish attained maturity andreturned to the rivers for reproductive pur-

poses. It will thus be seen that the excess of the catch of 1888 over that of 1880

jiractically sliows the result attained by artificial propagation of shad in the third

season after its effects could, by natural limitations, be observed; and the very

important facts are shown tiiat the yield of the fishery was almost double, and that

its value, based on prices obtained in 1880, Avas increased nearly $700,000.

It may be admitted that the increased catch has to some degree been due to the

use of larger quantities ofapparatus, but it is evident that without a marked increase

in the abundance of shad, as a result of artificial hatching, the profitable employ-
ment of additional fishing gear would not be possible. But the fact should not be
lost sight of that each year a larger proportion of shad is caught in the bays, estu-

aries, and lower reaches of the rivers, wliere pound nets and other gear have been
multiplied to such an extent in recent years as to largely prevent anadromotis species

from ascending to their natural sijawning-grounds in the headwaters of the streams.

For this reason the maintenance of the abundance of shad is more dependent now
than ever before i\pon artiiicial iiropagation.

A comparison of the catch of the shad with that of the alewife for the years named
will prove instructive, inasmuch as the latter is not hatched artificially, and these

»»necie8 are practically taken in the same waters on the Atlantic coast and to a huge
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extent at the sntno season and in tlie same forms of apparatus. It is only justtosay,

Lowevor, that it is claimed by good anthorlty that tlie alewife has an advantage over

the shad. When it is canglit it is commonly in a ripe condition ; the adhesive eggs are

pressed out in great quantities when the fish are taken in pound nets, and masses of

them can generally l)e seen attached to the apparatus. Nevertlieless, the compara-

tive figures in the tables show the alewife catch to have increased only about 23 per

cent, while the value of tlie tish to the fishermen has declined about 5 i)er cent. This

relatively slight augmentation of tlie catch in 1888 as compared with 1880 indicates

actual dimiuution in thesf.pply, when the increased ([uantities of apparatus used for

the capture of this sjieoies are taken into consideration.

The most iinportaiit single fishery product of the United States is

the oyster, the quantity and value of the catch of which in 1880 and
1888 are shown by States and sections. The aggregate yield in 1880

was 22,195,915 bushels, valued at $12,029,502; in 1888 it was 21,705,040

bushels, worth $11,329,918. The decrease in output was relatively

small, but the tables show that a much more unfavorable presentation

was prevented only by an almost phenomenal increase in certain States

having only minor oyster interests in 1880, while the most important

oyster region in the country, viz, Chesapeake Bay and its tributaries,

underwent a very significant decline.

Eeport on the Fisheries of the Pacific Coast of the United States. (Report,

1888, pp. 3-269, 49 plates, includiug maps of fishiug-grouuds.)

This is thought to be the most complete and comprehensive report

ever issued on the fisheries of the Pacific States. The fisheries and
the various shore branches dependent thereon are discussed by civil

or natural divisions, and the history, methods, and statistics of the

industry are given in great detail. The number of persons employed

in the fisheries of this region is shown to be 13,850. The capital

invested was $0,498,239, and the value of the products was $0,387,803.

The most important objects of capture were salmon, worth $2,082,809^

sea otters, fur-seals, and other pinnipeds, worth $1,832,552; whal3-

bone, oil, and ivory, worth $090,729; and oysters, worth $601,999. TLj
salmon-canning industry utilized 41,032,223 pounds of salmon, for which

$1,783,227 was paid, and prepared 022,037 cases of (;anned fish, for

which $3,703,838 was received. Compared with 1880, a gratifying

increase in the fisheries of the region has occurred, amounting to 3,177

in persons engaged, $4,190,856 in investment, and $2,111,300 in value

of catch. The usefulness of the report to the fishing interests is con-

siderably enhanced by the incorporation of 32 plates of the principal

commercial fishes and cetaceans of the region, and 15 folding charts

showing the littoral and fluvial fishing-grounds. CeUvSus Bulletin 107,

on the Fisheries of the Pacific States, is based entirely on this report.

The Fishing Vessels and Boats of the Pacific Coast. (Bulletin, 1890, pp. 13-48,

13 plates and 4 text figures.)

This paper is supplemental to the article on the fisheries of the Pacific

coast, and was originally ])rei)ared for incorporation in that report.

The vessels and boats employed in each of the more important commer-

cial fisheries are described and figured, and their adaptation to the

special branches is discussed. Special chapters treat of the whale
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fleet, the far-seal and sea-otter vessels and boats, the skin boats of the

aborigines (kaiaks, bidarkas, oomiaks, etc.), tlie cod and halibut fleets,

salmon vessels and boats, the market fleet, oyster vessels and boats,

dories and sharpies, and Chinese Ashing craft.

Report upon the Participation of the U. S. Fish Commission in the Centennial

Exposition, held at Cincinnati, Ohio, in 1888. (Report, 1888, pp. 869-885.)

In company with the other Government departments and bureaus,

the U. S. Fish Commission took jiart in the commemoration of the one-

hundredth anniversary of the settlement of Cincinnati. The exhibit

was prepared, installed, and conducted under the direction of the

assistant in charge of the Division of Fisheries, and may therefore be

appropriately referred to as a part of the work of this office. The
report reviews the origin and objects of the Exposition, cites the legis-

lation in pursuance of which the Federal Government participated,

and gives a detailed account of the scope, preparation, management,
and results of the Fish Commission exhibit. The work of the princi-

pal branches of the Fish Commission, viz, the Division of Scientific

Inquiry, the Division of Fish-culture, and the Division of Fisheries,

was appropriately illustrated by models, photographs, sketches, charts,

specimens, apparatus, publications, statistics, etc. One of the most
entertaining features of the exhibit was the aquarial display of live

fish and other animals, and the hatching of 45,000 eggs of the California

salmon [Oncorhynchiis chouicha).

NOTES ON THE COMMERCIAL FISHERIES.

During the year many matters of interest and importance have
arisen in connection with the economic fisheries. Some of these will

be dealt with in the regular reports of the division and need not here

be referred to; others, however, of special interest, may be briefly

noticed in this place. While no complete investigation of the fisheries

of the entire country has been made for the i^ast year, the office has

kept well informed on the most prominent features of the industry

through its agents and correspondents. Owing to the methods and
the season of their prosecution, it will be necessary to regard the

fisheries with reference to the calendar year 1891, instead of strictly

observing the period covered by this report of the division.

THE FISHERIES FOR GROUND FISH.

The great bank and ocean fisheries for cod, haddock, halibut, etc.,

prosecuted from New England ports did not present any specially

striking features which would distinguish the past season from the

conditions in recent years.

For the market fishery, which is centered at Boston, the year 1891

was a very favorable one. The ground fish for which the fishery is

prosecuted were very abundant. in the South Channel; and on the

"Golding Ground," situated 10 miles off" Swampscott, haddock were
found in greater numbers than for many years. The largest single fare
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of fresli fish ever taken in the market fishery Avas landed February 18,

1891, when the schooner Sea Fox, of Gloucester, as a result of a trip

lasting" one week, brought in l.'52,r)00 pounds of fresh cod, luiddock,

hake, eusk, and halibut taken on the Cape Shore. The total quantity

of fish landed at Boston by the market lieet was (i.S,()2(J,517 pounds,

with a value to the fishermen of not less than .*iri, 738,440. Of the

foregoing catch, 20,904,870 pounds were taken in the South Channel

and 12,870,805 pounds on Georges Bank. Haddock constituted

33,800,197 pounds, cod 10,055,200 pounds, hake 12,347,730 pounds, cusk

2,814,170 pounds, pollock 1,220,505 pounds, and halibut J,122,715

])0unds. The schooner Sea Fox was the "high liner"' of the fieet,

stocking $20,009, the value of 1,288,350 pounds of fresh fish.

The salt-cod fishery was somewhat less successful than in 1890. Most
of the vessels that went to the Grand Banks secured only partial fares,

iilthough the prices received for the fish were usually high, being at

the close of the season $4.75 per cwt. for large cod and $3.75 per cwt.

for small cod, sold from the vessel. Cod were also scarce on Georges

Bank and the salt fish brought the fishermen as much as $5 per cwt.

for large and $3.75 per cwt. for small cod. The vessel in the bank cod

fishery that had the largest stock was the schooner WilUam E. Morrisey,

of (xloucester, which landed 482,275 pounds, which sold for $18,277.

The salt-cod fishery carried on at the Sluunagin Islands and in

Okhotsk Sea by San Francisco vessels, which is one of the principal

oftshore fisheries of the Pacific coast, was quite successful in 1891.

More fish were landed than during any year since 1885. The aggre-

gate catch was 3,870,000 pounds of dried fish, equivalent to about

1,290,900 individual cod.

Vessels which went to Iceland for fares of fietched halibut did well,

although no very large fares were landed. The aggregate yield was

1,542,900 pounds of salt fish and 541 barrels of fins. The largest

catch, 214,000 pounds, was taken by the schooner Senator Saulsbury,

of Gloucester, and sold for $13,094. The bank fresh-halibut fishery

was not generally successful. On the eastern grounds the fish were

scarce and were found in deeper water than usual. The best fishing-

was on Georges Bank, where a few good fares were taken. The pro-

duct of the fresh-halibut fishery was about 7,400,000 pounds, of.which

about 2,000,000 pounds came from. Georges Bank.

THE MACKEREL FISHERY.

Mackerel, which since 1885 have not been abundant, continued to be

scarce, but the catch was about three times as large as in 1890, aggre-

gating about 48,000 barrels of salt fish, worth $544,000, and about

4,375,000 pounds of fresh fish, valued at $491,000. The season opened
auspiciously, and the prospects for a large catch were considered good,

but the mackerel did not ap])ear in tlie anticipated numbers. As the

season advanced, the fish were found to l)e most abundant in the Gulf

of INIainc, and it was iiere that the ])rincii)al catch was made. The
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fleet in the Gulf of St. Lawrence was tlie smallest in many years,

numbering only 13 sail, and the average yield per A'essel was only 110

barrels, while on the New England and JSTova Scotia shores the average

catch was 270 barrels. An unusually large catch was made by the boat

fishermen on the coast of Maine.

The fish were mostly of the size and quality Avhich in salted fish

represent No. 3's. The average wholesale prices per barrel of salt fish

were $1S for No. I's, $13 for No. 2's, and $S for No. 3's. The schooner

Lizzie ilf. Center, of Gloucester, made the largest stock, landing 909

barrels of salt mackerel, which sold for $13,820.

THE PACIFIO SALMON FISHERY.

The condition of this important industry received much attention

from the fishing interests of the west coast and was also the subject of

a Congressional inquiry addressed to the U. S. Commissioner of Fish

and Fisheries, whose report,* treating especially of the salmon industry

of Alaska, contains an account of the business for the year covered by

this review and obviates the necessity for giving an extended notice

of the subject in this place.

The salmon pack in the United States and Alaska in 1891 amounted

to about 1,300,000 cases, of which 800,000 cases were prepared in

Alaska and 390,000 in the Columbia River. The pack in Alaska was

the largest ever made, and resulted in a flooded market, the outcome of

which was au agreement among the owners of the canneries to reduce

the output in 1892 to 400,000 cases and to close all but nine canneries.

It is gratifying to be able to record a tendency to a change of senti-

ment among the well-informed fishermen as to the possibility of greatly

reducing the supply of salmon by indiscriminate methods and the

necessity for permitting a fair proportion of the fish to reach their

spawning-grounds unmolested. Within ten years it has been asserted

by canners and fishermen on the Columbia Kiver that the supply of

salmon in that stream is inexhaustible, but the fishing in recent years

has been disappointing, and the testimony of many prominent persons

might be cited in support of the statistics which show a gradually

diminishing output.

It is worthy of notice that at a cannery on the Karluk River, Alaska,

a private hatchery was maintained and 5,000,000 fry of the red salmon

{Oneorhynchus nerlca) were liberated. This practice can not be too

highly commended and should be generally carried out, on account of

the cheapness and facility with which the hatching can be done and

the important results which may be expected. In order to provide for

the protection and maintenance of the salmon in Alaska, the U. S.

Commissioner of Fish and Fisheries recommended to Congress the

following measure, which became a law in March, 1892:

* Reportof the Commissioner of Fish antlFisheriesrelative to the Salmon Fisheries

of Alaska. Senate Mis. Doc. No. 192, Fifty-second Congress, first session. Wash-

ington, 1892.
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AN ACT TO PROVIDK FOl! TIIK T|{()TK("TI<)N OK TIIK SALMON KISHKRIKS OF ALASKA.

Be if enacted by Ihe Senate and House of Iicprenentativea of the United State/i of America

in Congress assembled, That the erection of dams, barricades, or other ohstriictious

in any of the rivevg of Alaska, with the purpose or result of preventing or impeding
the ascent of salmon or other auadromous species to their spawning-grounds, is

hereby declared to be unlawful, and the Secretary of the Treasury is hereby author-

ized and directed to establish such regulations and surveillance as niaj' be neces-

sary to insure that this prohibition is strictly enforced and to otherwise protect

the salmon fisheries of Alaska; and every person who shall be found guilty of a vio-

lation of the provisions of this section sliall be fined not less than $250 for each

day of the continuance of such obstruction.

Skc. 2. That the Commissioner of Fish aiid Fisheries is hereby empowered and
directed to institute an investigation into the habits, abundance, and distribution

of the salmon of Alaska, as well as the ])rcsent conditions .and methods of the fish-

eries, with a view of recommending to Congress such additional legislation as may
be necessary to prevent the impairment or exhaustion of these v.alnable fisheries,

and placing them under regular an'd permanent conditions of production.

Sec. 3. That section 195(! of the Revised Statutes of the United States is hereby

declared to include and apply to all the dominion of the United States in the waters

of Bering Sea; and it shall be the duty of the President, at a timely season in each

year, to issue his proclamation and cause the same to be published for one month in

at least one newspaper, if any such there be, published at each United States port

of entry on the Pacific coast, warning all persons against entering s.aid waters for

the purpose of violating the provisions of said section; and he shall also cause one

or more vessels of the United States to diligently cruise said waters and arrest all

persons, and seize all vessels found to be, or to have been, engaged iu any violation

of the laws of the United States therein.

THE WHALE FISHERY.

Considered with reference to the number of vessels employed, tliis

important fishery continues the decline which began many years ago,

although the high price of whalebone has tended to keep up the value

of the fishery. During the jiast thirty years, at the beginning of each

decade corresponding with the year 1891, the whaling fleet was made up
as follows: 1861, 423 vessels; 1871, 218 vessels; 1881, 101 vessels; 1891,

92 vessels. The average price of bone per pound during each of these

years was as follows: 18G1, $0.06; 1871, $0.70; 1881, $1.63; 1891,

$5.38. The value of the bone may therefore be regarded as a fair cri-

terion of the status of the fishery, the highest average price ever

attained being coincident with the smallest fleet. The fishery con-

tinues to have its principal headquarters at San Francisco, which, in

addition to maintaining a large local fleet, is also the rendezvous of

about a third of the vessels hailing from i^ew Bedford.

The receipts of whale products at United States ports in 1891 con-

sisted of 13,015 barrels of oil from sperm whales, 14,837 barrels of oil

from other species of whales, and 297,708 pounds of bone, the whole

having a value at the wholesale market ])rice of about $2,100,935.

The sperm oil was practically all taken in the Atlantic Ocean. It is

reported that at the end of the year the pursuit of sperm whales had
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been entirely abandoned by American vessels on the famous old grounds

in the Pacific and Indian oceans. The great bulk of the other whale

oil and of the bone was landed at San Francisco, although the high

price of bone was an incentive to vessels on the east coast to seek

right whales, and a fair stock of bone was taken. The smaller vessels

of the A-tlantic coast that engage in shore whaling off the South Atlan-

tic States and elsewhere had a satisfactory season. This branch of

the fishery has, during the past two or three years, seemed to show

evidences of growth. The principal whaling grounds now frequented

by American vessels are the Xorth Pacific and Arctic oceans, although

a small fleet from New Bedford and other New England ports still

resort to the old grounds in the Atlantic. The pursuit of whales in

the Arctic Ocean is attended with more than ordinary risk, but this is

more than offset by the relative abundance of whales. A number of

vessels, in order to be early on the grounds, have braved the dangers

of an arctic winter by remaining within the arctic circle, and this

practice is apparently becoming more common. Two steam whaling

vessels that wintered at Herschel Island in 1891 had a very successful

season, taking 31 whales; and it was reported that 5 steamers intended

to pass the following winter there. The 2 vessels mentioned went

farther west than any other whaler had e^er gone, reaching Oax)e

Bathurst and Liverpool Bay, in longitude 128° west.

THE FUR-SEAL FISHERY.

The Bering Sea dispute has continued to be one of the leading

fishery topics of the west coast, and the i)elagic hunting of seals by
American and Canatlian vessels has received more than usual atten-

tion. In June, 1891, a temporary agreement was reached with Great

Britain for the protection of seals pending the settlement of the ques-

tion by arbitration; by the terms of the agreement the killing of seals

in Bering Sea was prohibited, and the company having the lease of the

sealing privileges on the Pribilof Islands was permitted to take only

7,500 skins. On June 15, 1891, the President issued a proclamation set-

ting forth the terms of the agreement, the text of which was as follows:

1. Her Majesty's Government will prohibit, until May next, seal killing in that

part of Bering Sea lying eastward of the line of demarcation described in article No.

1 of the treaty of 1867 between the United States and Russia, and will promptly use

its best ejBforts to insure the observance of this prohibition by British subjects and
vessels.

2. The United States Government will prohibit seal killing for the same period in

the same part of Bering Sea and on the shores and islands thereof the property of

the United States (in excess of 7,500 to be taken on the islands for the subsistence

and. care of the natives), and will promptly use its best eftorts to insure the observ-

ance of this prohibition by United States citizens and vessels.

.3. Every vessel or person offending against this prohibitiou in the said waters of

Bering Sea outside of the ordinary territorial limits of the United States may be

seized and detained by the naval or other duly commissioned officers of either of the

high contracting parties, but they shall be handed over as soon as practicable to the

authorities of the nation to which they respectively belong, who shall alone have
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juristliction to try the offense and inii)oso the penalties for the same. The witnesses

and i)rools necessary to establish the offense shall also be sent with them.

4. In order to facilitate such proper inquiries as Her Majesty's Government may
desire to make, with a view to the presentation of the case of that Government

before arbitrators, and in expectation that an a.i?reement for arbitration may be

arrived at, it is aj^reed that suitable persons designated by Great Britain will be

permitted at any time, upon ap])lication, to visit or to roinain upon the seal islands

durin;;- the present sealing season for that purpose.

Bering Sea was patrolled by a fleet of naval and revenue vessels.

The liigli price of seal skins was a great incentive to engage in pelagic

sealing, and some American and Canadian vessels followed tlie migrat-

ing herds into the forbidden waters and ran the risk of seizure and con-

fiscation. A number of vessels Avere seized.

The submission of the Bering Sea question to arbitration, as sug-

gested in the fourth article of tlie agreement, was secured by the rati-

fication by the IT. S. Senate on ^Nfarch 20, 1892, of a treaty formulated

for that purpose. This long-standing diplomatic question has thus

reached a stage where its early settlement seems probable.

The following detailed presentation of the extent and results of this

fishery is based on statements furnished to the ofilce by Mr. Henry W.
Elliott, who obtained the data from My. Albert Fraser, of New York

City, the American agent of Messrs. Lampson and the Hudson Bay
Company, the English ITrms which handle nearly all the skins shown.

The reports of the department of marine and fisheries of Canada

and special inquiries conducted by this division have also supplied

additional information. The tables show the operations of the Ameri-

can and Canadian vessels during the years 1890 and 1891, the figures

for the former year being given for purposes of comparison. In 1890

the 15 vessels sailing from United States ports are reported to have

taken 14,956 seals, the value of whose skins was 1190,089, the average

price being $12.75; by far the larger part of the catch was obtained in

Bering Sea. Twenty-nine vessels belonging in Canada secured 39,547

seals, the value of which, as ascertained from the official Canadian

report, was $435,017, an average of $11 per skin; somewhat less than

half the catch was obtained in Bering Sea, the remainder coming from

the coast in the spring and the passes through which the seals migrate

into Bering Sea, the seals killed on these grounds being designated*

as "spring catch" and " Sand Point catch," respectively. The aggre-

gate production was 54,503 seals, with a first value of $025,700. The

yield by American vessels in 1891 is designated as "spring catch" and

"fall catch." The 30 vessels shown in the table took 14,808 seals,

valued at $236,928, an average of $16 per skin. The seals taken by the

Canadian vessels in 1891 are separated by fishing-grounds, as in 1890.

Fifty vessels were engaged and 49,863 skins were procured, of which

29,100 came from Bering Sea. The official report of the Canadian

fisheries department places the value of the catch at $15 a skin, or

$747,945 in the aggregate. The combined operations of the vessels of

both CQUntries yielded 64,671 skins, Avorth $981,873,
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Pelagic fur-sealiiKj Jleet in 1S90.

Names of vessels

American vessels

:

Allio I. Algar
Annie
Bessie Butter
City of San Diego
Edward E. Webster ...

George E. White
Henry Dennis
James Hamilton Lewis
Kate and Anna
Lily L
Mattie T. Dyer
San Diego
Sophia Sutherland
Teazer '.

Venture
Total
Value

Canadian vessels

:

Annie C. Moore
Ariel
Aurora
Beatrice
C H. Ttipper
E. B. Marvin
Favorite
Juanita
Kate
Katherine
Letitia
Lily
Maggie Mao
Mary Ellen
Mary Taylor
Minnie
Mountain Chief
Ocean Belle.
Pioneer
Penelope
Sapphire
Sea Lion
Theresa
Triumph
Venture
Viva
W. P. Sayward
Walter L. Rich
Wanderer

Total
Value

Porta.

Port Townsend, Wash .

do
Astoria, Oreg
San Francisco, Cal

do
La Conner, AVash
Seattle, Wash
San Francisco, Cal
Astoria, Oreg
San Francisco, Cal

do
do
do

Seattle, Wash
Port Townsend. Wash.

Victoria, B. C
do ,

do
do
do
do
do
do
do
do
do
do

Grand total

.

Total value .

..do.

..do.

..do.

..do.
.do.
..do-
..do-
..do.
..do.
..do.
..do.
.-do.
..do.
..do.
..do.
.-do.

Number of seals taken.

Spring Sand Point Bering Sea ,.,„+ i

catch. catch. catch.
^°™'-

800

90
220
165
220

368
356
97
156
380
70
122

703
349
797
710
571
878
981
311
511
345

115
104
300
60

235
148
119
254
175
182
94

202
154
122

4,650

5,635

1,200
951
302
764

946
716
578

1,378
817
569

1,018

2,459
400
707
579

*500
400

1,500
' 2, 600

302
1,088

*1, 000
1,138

600
564

13, 897

630
1,137

854
796
918

1,116
770
230
945

500
752

592
1,467

480
984
445
745
774
450
473

436
339
562

16, 732

16,806

2,015
459
633

18, 165

32, 062

2,644
400
707
579
500
400

1,500
2,600

362
1,888

74
1,000
1,138
600
5(i4

14, 956
$190, 689

1,423
1,706
962

1,784
1,367
2,104
2, 453
1,178
897

1,670
70

622
1,952
1, 066

998
2, 531

60
1,426
1,9.35

1,171
2, 242
1,845
1,194
1,673

94

2, 713
952

1,317

39, 547
$435, 017

54, 503

$625, 706

' It is not known with certainty whether all of these seals were taken in Bering Sea.

Pelagic fur-sealing fleet of the United States in 1891.
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PeJagic fur-sealing fleet of the United States in 1891—Coutimied.

Names of vessels.

Kate and Anna
LaNiufa
Loo'.
Lily L
Lottie
Louis Olsen (sleamor)
Mattie T. D.ver
Nellie ^Martin
Rose Sparks
Sau DieRo
Serena 'I'hayer

Sophia Siitlii^rlaiid

Undaunted

Total .

Value.

Ports.

Astoria, Oreg
Sau Francisco, Cal
Port Townsend, Wash.
San Francisco, Cal
Port Townsend, Wash.
A storia, Orcj;
San Franci.s<ro, Cal
Port Townsend, Wash
San Francisco, Cal

do
Wilmington, Cal
San Francisco, Cal
Kadiak, Alaska

Numher ot seals taken.

Spring
catch.

180
260
180

200
148

36;i

395

5, 620

Fall
catch.

450

540
460
169
380

405
158
57

9,188

Total.

630
260
180
540
460
470
380
200
148
405
158
420
395

14,808
$236, 928

Pelagic fur-sealing fleet of Canada in 1801.

Names of vessels.

Ainolco
Annie C. Moore
Annie E. Paint
Ariel
Aurora
Beatrice
Beatrice
Borealis
C.D.Rand
C. H. Tupper
Carmelite
Charlotte G. Cox
E. B. Marvin
Eliza Edwards (steamer).
Favorite
Geneva.

Ports.

Victoria, B.C.
do
do
do
do
do

Vancouver, B. C
Victoria, B. C ...

do
...do.
...do.
...do.
...do.
...do.
...do.
...do.

Hesperus ' ilo .

Kate .*.

.

j

do .

Katherino do ,

Labrador <lo .

Laura <1o .

Letitia do ,

Mafrgie Mac do .

Mary Ellen do .

Mary Taylor do ,

Mascot do .

Maud S do ,

Minuie do ,

May Belle do ,

Mountain Chief do ,

Ocean Belle do ,

Oscar and Hattie do
Otto do
Penelope do
Pioneer do ,

Roaie Olsen (steamer) do
Sapphire do
Sea Lion do
Sierra do
Theresa do
Thistle (steamer) « do
Triumph do
Umbria do
Venture do
Viva do
W. P. Sayw.Trd do
"Walter A. Karle I do
Walter L. Rich

|

do
"Wanderer I do
Winuefred I do

Number of seals taken.

Spring Sand Point Bering Sea
catch. catch. catch.

216
1

35
3

2
32

4
137
21
54
7

21
170
54

229
162
40
50

3.->4

886

187
198

Total 3,528
Value '

,

406
442

340
300
136
473

235
751
517
402

337
224

191
374

548
609
443

394
373
701

568
409

410
712
176
974
584

307
294
666
405
90

1,261
734
818
519
20

17, 235

25

1,588
154

1, 082
47
600
876

1,."47

20
374

1, 639

1,519

49
2, 581
«07

1,100
1,224
216
01

3

65
264
79

1,030
22

241

1,170
1, 062

48
601

1,484
52

2,435
82

985
82
171
.504

659
731
801

1,021
21
330
98

29, 100

Total.

431
2,076

154
1,082
440
PCO

1,071
2,020

20
609

2,390
2, 036

678
50

2, 953
494

2
1,132
1,415
590
61
4

688
695
763
86

1,424
703
942
21

1,008
1, 52.-I

48
1, 330
2, 358

268
3, 459
1, 020
886

1,202
385

1, 013
909
749

1, 992
1,722
2,067
540
357
105

49, 863
$747, 945



REPORT OF COMMISSIONER OF FISH AND FISHERIES. CLXXVII

THE LOBSTER FISHERY.

Among the shore fisheries of Maine and Massachusetts few have
received more attention from the State authorities than the lobster

fishery. Considering the importance of this branch, which ranks third

in vabje among the fisheries of New England and holds the first posi-

tion among the fisheries of Maine and the sixth in Massachusetts, it is

not strange that its maintenance should be the subject for solicitude

among those intrusted with the supervision of the fisheries or other-

wise interested in the industry. The more or less local habitat of the

lobster is the principal reason for believing that its abundance in a
given coast area may be seriously affected by indiscriminate methods.

The migration of lobsters is essentiall/ a bathic one, the coastwise

movements being limited, even if worthy of note. It is this fact which
affords the strongest ground for reliance on rational regulation and
artificial propagation for the maintenance or increase of the supply.

The protection accorded the lobster in the New England States has
consisted in a limitation of the size of lobsters marketed and canned,

the establishment of a close season for canning, and the prohibition of

the sale of egg-bearing lobsters.

In the investigation of the fisheries carried on by this office, the

lobster fishery has always received careful attention. By the personal

inquiries of its agents, the Commission has obtained accurate statistics

and has kept well informed regarding the methods employed, the status

of the fishery, and the nature and the degree of enforcement of the

State regulations. The office inquiries show that the output of the lob-

ster fishery in this country in 1S92 was 23,301,149 pounds, valued at

$1,050,677. The catch was apportioned as follows among the different

States

:

states.
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shows that the fears entertained for the preservation of this fishery are

well grounded. Notwithstanding the largely diminished output, the

value of the catch has not only not decreased, but has increased about

$75,000.

According to the reports of the Maine fish commissioners, lobsters in

that State are being rapidly caught up, the reasons assigned being an

increased demand and evasions of the law consisting of the sale, can-

ning, and pickling of short lobsters and the sale of egg-bearing lobsters.

The report of the commissioner of sea. and shore fisheries for 1891-92

says:

The conclusion [of fisLorraeu, dealers, and smack men] isunaniinous tliattbelolister

is being ra])idly exterminated along. the coast of Maine. Many Jishcinicn go so far as

to ass(^rt that unless measures are at once taken to prevent such wanton waste, it

will speedily happen that none of these delicious crustaceans will remain to betaken
by anyone.

The decrease in the lobster catch in Massachusetts between 1889 and
1892 was 176,402 pounds, while the value of the yield increased $57,146.

The conditions in this State appear to be more favorable than inlMaine.

Although the year 1891 showed a decreased catch of 319,338 lobsters

as compared with 1890, it was coincident with the withdrawal of 52

fishermen and 4,100 traps from the fishery, according to the returns

made to the State authorities; and the average catch per trap in 1891

was a little over 1 per cent greater than in 1890.

In New Hampshire, Ehode Island, and Connecticut there has been

an increase in the lobster catch, largely owing to increased attention

to the fishery because of the higher prices commanded. The returns

for the three Middle Atlantic States having a lobster fltshery indicate a

decrease in the abundance of the lobsters; the diminution in the catch,

while actually slight, is important in view of the relatively small output

in these States.

THE OYSTER FISHERY.

The oyster is the most valuable fishery product of the United States.

The gross value of the fishery in 1891 was about $15,000,000. It is five

times as valuable as the next important product, the salmon, and equals

the combined value of the catch of cod, haddock, halibut, mackerel,

menhaden, shad, alewives, herring, salmon, whales, lobsters, shrimps,

and clams. It is additionally important in that it is the most generally

distributed of our fishery objects, occurring in commercial abundance

in every State (except Maine and New Hampshire), having a frontage

on salt water. It is not especially remarkable, therefore, that the oyster

should receive great attention, and that, with the large increase of pop-

ulation in the coast States and the improved facilities for shipping it

into the interior in recent years, the question of the maintenance and
increaseof the supply should be kept prominent. At a comparatively

early date some of the principal oyster-producing States began to appre-
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ciate the importance of preventing the clej^letion of the natural grounds
by unrestricted methods, and took steps to preserve this valuable
resource, but in some of the States largely interested the possibility

of a reduction of the supply was lost sight of and inadequate steps

were taken to check a gradually diminishing output. The States tak-

ing the most advanced stand recognized the value and necessity of
artificial methods in the oyster fishery; they provided for the lease or

sale of the barren grounds to individuals, who were given proprietary
rights in the oyster beds, and inaugurated a system of revenue from the
sales, licenses, and taxes that was a material addition to the States'

income.

During the year the oyster question was an important topic in most
of the States having oyster interests, and the subject affected more or

less directly nearly every State and Territory. The agitation of the
condition and needs of this valuable industry constituted one of the
most prominent features of the fisheries of the country during this

period. Especially worthy of mention was the attention given to the
subject in Maryland, Virginia, and the Southern States generally. The
output in Maryland was over 1,000,000 bushels more than in the pre-

vious year, a result generally attributed to the law requiring the return
to the water of oysters under 2^ inches in length, and to the recovery
of the oyster beds from the deleterious effect of freshets in the spring
of 1889. In Virginia an impetifs was given to oyster-culture by the act,

approved February 25, 1892, requiring the survey and mapping of the
oyster reefs, and extending the provisions for obtaining private areas
for planting purposes. The tendency of recent legislation has been to

promote oyster-culture by selling, leasing, or granting lands for oyster
planting for long periods or in perpetuity, and by securing protection
to the planters in their operations. The success of the oyster farmers
in Connecticut, New York, and New Jersey, as the result of the
encouragement and assistance of modern laws, is well known, and the
development of the extensive oyster resources of the Southern States
has begun under auspicious legislation, but in the most important oyster
region in the country, viz, the Chesapeake Bay and its tributaries, the
suggestion of general private ownership of the oyster-grounds has not
up to this time met with the favorable consideration which all expe-
rience teaches should be accorded, and it may be a number of years
before the radical sentiment and local prejudices there prevalent will

permit the formulation of a practical plan for the maintenance of the
oyster industry.

The importance of the oyster industry and the attention it is receiv-
ing can be well gauged by the large number of inquiries regarding it

addressed to this Commission and the very general demand for oyster
literature, especially from the Southern States. Considerable corre-
spondence, often requiring careful research, has been had with persons
desiring information on the present condition of the oyster industry in
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the country at large and in special States, on the methods of culture

and on the benefits of artificial means in increasing the supply and in

stopping the depletion of natural beds.

IMPROVEMENTS IN FISHING VESSELS.

The tendency on the part of New England vessel-owners to adopt

only modern types in adding to their fleets has steadily increased,

until at the present time very few vessels intended for the offshore fish-

eries are constructed on the old lines. In the last report of the divi-

sion attention was drawn to the advantages which have accrued to the

fisheries through the iutroduction of the new forms of vessels. Per-

sonal inquiries recently addressed to fishermen in the principal ports

confirm all the claims that have been made and show that the new ves-

sels are yearly coming more into use and favor. From numerous avail-

able records of the practical value of the improvements, the following

example, quoted from the Gloucester Daily Times of April 4, 1892, may
be given

:

Schooner Nannie C. Bohlin, from tlie banks, Sunday, reports a most thrilling expe-

rience. On the morning of March 12, at about daylight, while bowling along by the

wind, under full sail, with the usual watch on deck, a sudden squall arose. Capt.

Bohlin was just coming on deck, and was standing in the companiou-way, when a

fierce gust from the northwest threw the vessel down. The captain managed to

reach the deck. The man at the wheel, with great presence of mind, threw the

wheel down, although both he and the wheel were submerged. He then rushed for

the starboard side of the vessel and hung out over the stern, which was almost under

water. One other of the crew also hung over the side and escaped being washed

overboard. The crew in the forecastle were soon on deck (those in the cabin were

unable to get out), and one of them rushed forward and let go the head sails. The

vessel soon came up. It was a narrow escape, and had the Bohlin not been an extra

good craft and the squall abated somewhat, she might have filled and sunk. The

vessel had lain flat in the water, her sails half under. One of her crew walked

along her side from the wheel box to the fore rigging, so flat did she Ue. The bait

boards were torn off the house and two of the dories floated oft" by the water.

Commenting on this incident, Forest and Stream of the same date

makes the following statement

:

The importance of the recent improvements in the fishing vessels of New Eng-

land, due to the precept and example of the U. S. Fish Commission, though generally

acknowledged, has never been more strongly exemplified than in the recent occur-

rence, the particulars of which are stated in the Gloucester Times of April 4. The

Nannie C. Bohlin is one of the deep schooners and something like the Fredonia

designed by the late Mr. Burgess, and has before this occasion demonstrated in the

highest degree her special fitness for the business in which she engaged, so far as

both saaworthiness and speed are concerned. It is evident to anyone at all familiar

with naval architecture and the peculiar peril in which she was placed that had

she been as shallow aa the vessels in common use in the New England fisheries a

few years ago none of her crew would ever have returned to tell of their experience.
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ATTEMPT TO ESTABLISH A BEAM-TRAWL FISHERY.

Experimeuts conducted with a view to introducenew methods into our

commercial fisheries, to develop new fishing-grounds, and to place new
fish in the markets of the country must always be among the most
important current matters connected with the fishing industry. Such
was the attemi^t to use the beam trawl on the l^ew England coast dur-

ing the winter of 1891-92, and although the experiment was not on the

whole successful and was eventually abandoned it was not without its

practical results and will no doubt lead to other trials in the near future.

While a few other attempts have been made to establish the beam trawl

in the vessel fisheries of Kew England, the one in question was muchj^

more extensive and important than any other of which there is record,

and it seems proper to chronicle its history.

In the spring of 1891 Capt. A. Bradford, commanding the schooner

Mary F. Chinholm, of Boston, Mass., conducted some preliminary exper-

iments with the beam trawl, the success of which led to the construction

of the trawler Resolute, of 95 tons, of a type similar to the vessels

employed in the fisheries of the North Sea. Capt; Bradford has fur-

nished this office with a detailed account of his trips.

The first voyage of the Resolute was made in November, 1891. The
first set was on Middle Bank, where fish were found to be scarce. In

Ipswich Bay, where the next set was made, there was also a scarcity of

fish. Some witch soles were taken on muddy bottom, but the supply

of cod and haddock was very limited. The vessel then proceeded to

the southern part of Georges Bank, where, in the first haul, occupying

three hours, 10,000 pounds of haddock were secured, together with dog-

fish in troublesome numbers ; a second set yielded 5,000 pounds of had-

dock and some soles. The next haul in the same locality was in 25

fathoms of water. The net came up full, but in being lifted the trawl

was torn, owing to darkness, and every fish was lost in the same way.

A final successful set was made, and the vessel proceeded to market
with about 28,000 pounds, representing 20 species of fish, the largest

quantities being haddock, plaice, witch soles, lemon soles, turbot,

butter fish, cod, hake, and sturgeon.

The second trip was to the same grounds. During the first night

12,000 pounds of fish were secured. Subsequent sets were unsuccess-

ful, owing to the weakness of the nets, which would burst with a weight
of only 15,000 pounds, whereas they should have held at least 25,000

pounds. The vessel made port with only 18,000 pounds.

On the third voyage the same ground was first visited, but the fish

had moved, and the vessel went to the South Channel, where, in 90 fath-

oms of water, fish were found to be abundant, but the nets invariably

tore when being lifted. Capt. Bradford states that there was one bag
of fish that he was exceedingly sorry to lose, as it contained some
kinds which he had never seen before and of which he intended to

send specimens to the Fish Commission if he had saved them. The
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large net, wliicli had been in the water only three hours, came up full

to the mouth, but when the tackles were i)ut on the net broke, as in

previous trials, and the fish were lost. The vessel made port with

15,000 pounds of fish, and the crew set to work to construct a net of

superior twine.

The details of the fourth and final voyage are as follows: The first

night on the bank 12,000 pounds of haddock and soles were taken at

first haul; at second haul there was a calm, and only 3,000 pounds

were secured. Then for nine successive nights the weather was so

calm that it was useless to lower the trawl. On the tenth night a light

breeze sprang up, and at 4 o'clock the net was shot in 29 fathoms of

water; at 5 o'clock the trawl was so full of fish that "the vessel was
almost stopped in her drift," to quote Capt. Bradford; at 7 o'clock,

when the net was being hoisted, a northeast wind and a heavy sea tore

the net from the beam. The vessel lay to for forty-eight hours and then

proceeded to market. The parties interested with Capt. Bradford

thought he had experimented enough, and declined to prolong the

attempt, much to the regret of Capt. Bradford, who had faith in the

ultimate success of the venture and thought that the worst had hap-

pened that could happen. The captain writes:

We had tried only one little area of water on the coast and met with success, as the

crew shared $7 to $14 per trip. I can name many vessels which had 16 men which

came home in debt, while we had only 7 men. We used less than a ton of coal per

trip, and 900 gallons of water.

THE NEWFOUNDLAND BAIT QUESTION.

One of the most important factors in the fisheries carried on by New
England vessels on tlie more eastern banks is the supply of fresh bait,

which has been drawn to a considerable extent from ^Newfoundland

ports. Canadian and French bank fishing vessels have also found it

convenient to resort to the Newfoundland coast for bait. The regula-

tion by the Newfoundland government of this privilege of obtaining

bait from the local fishermen has long been an important question and

has attained considerable prominence on account of its international

bearing. The original bait laws of the province were formulated for

the purpose of discriminating against the French fishermen atMiquelon

and St. Pierre, who, on account of the large bounties paid by the French

Government, were able to undersell the Newfoundland fishermen, and

so control the trade in the common markets, espe(!ially those of south-

ern Europe. In 1890 the local regulations permitted the purchase of

bait by American and Canadian vessels on the payment of a license

fee. This at first consisted of a tonnage tax, which had to be repaid on

the occasion of each entry into Newfoundland ports, but later was modi-

fied to a tax of $1 per barrel on all bait secured, the licenses issued by

the Canadian Government under the modus vivendi not being recog-

nized by the provincial autluMities. In 1891, in a spirit of retaliation

against the British Government, the Newfoundland authorities granted
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no privileges to the Canadian fisliermen, but gave to American vessels

the riglit to purchase bait without the payment of any fee, the only
restrictions being the limitation of the amount of bait taken and of the
frequency of the visits to Newfoundland ports.

SNAPPER FISHING ON CAMPECHE BANK, GULF OF MEXICO.

In the latter part of the fiscal year 1891 the Eed Snapper Fishing
Company, of Galveston, Tex., entered into communication with this

office, with a view to have the Fish Commission secure from the
Mexican Government, through the Department of State, the privilege

of using as a fishing rendezvous a portion of oue of the sandy islands on
Campeche Bank, lying off the coast of Yucatan, in the Gulf of Mexico,
about 600 miles from Galveston. The office brought the matter to the

attention of the Department of State, and in August, 1891, the request

was granted subject to certain simple conditions. This initial step to

develop the more remote offshore fishing-grounds in the Gulf of Mexico
seems worthy of more than passing notice, although it is too soon to

predict what the results of the venture will be.

The abundance of snappers and other desirable food-fish in the more
distant waters of the Gulf of Mexico has often been attested, but the

distance of the grounds from United States ports, the impracticability

of employing sailing vessels in the business, and the comparatively

limited demand for fish in the local markets of the Gulf coast have up
to this time deterred fishermen and capitalists from engaging in a
business with so many elements of risk. The company in question,

however, projjoses to keep welled fishing smacks continually on the
grounds and to have the fish landed in a fresh condition by one or

more steamers, which will make frequent trips with the fish to Galves-

ton or other shipping-points, whence the catch will be distributed to

Northern and Northwestern States. As a matter of general interest

and for the special information of those who may hereafter be disposed

to take advantage of the liberal policy of the Mexican Government,
the conditions imposed on the fishing company in question may be
quoted. They are given in a letter which the subsecretary of the

department of public works of Mexico transmitted through the Amer-
ican minister to the manager of the said company on August 7, 1891

:

The President of the Repviblic has taken note of your comninnication, dated the
13th of May last, transmitted to this department by the department of public works,
wherein, as manager of the Red Snapper Fishing Company, of Galveston, you pray
for permission to occupy, during the fishing season, the arenas or Alacran inlets, for

the sole purpose of meeting there to fish or to take refuge in case of bad weather,
and to transfer fish from fishing vessels to steamers to be carried thereby to the port
of Galveston; and in virtue thereof the said chief magistrate has decided, pending
the issue of the general fishing ordinance, that the permission you seek in the name
of the company may be granted under the following conditions:

1. The companies may select, in the arenas or Alacran inlets, whatever places it

may consider most expedient, for the sole and exclusive purpose of anchoring there
their fishing vessels, taking refuge there in case of bad weather, and transferring
therefrom fish from the fishing vessels to steamers, to be carried thereby to Galveston.
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2. The company shall engage to advise this department of the number and the

class of the vessels which it proposes to send to the arenas or Alacran grounds for

fishing purposes, also the names thereof, in order to give due advice to the depart-

ments of the treasury and of war and marine.

3. The company shall likewise engage to comply with the regulations given in the

premises by the aforesaid departments of the treasury and of war and marine; fur-

thermore, the company shall engage to comply with the instructions established

under the regulations on marine fishing Avhich may hereafter be issued, pledging

not to resort to any ineasiirti not accepted among civilized nations.

4. This pormit will take eii'ect from and after the 1st of next September, and be

good till April 30 of next year (1892), the company having the option to renew the

same.

I advise you of the foregoing for the information of yourself and of the company
you represent; praying acknowledgment of receipt of this permit, to the effect that

the said company agrees to the conditions established thereunder.

MISCELLANEOUS MATTERS.

INTERNATIONAL FISHERY CONFERENCES.

The agitation of the condition of tlie fislieries of the international

lakes, especially Lake Ontario, to which reference is elsewhere made,

resulted in the call of a meeting in New York City for the purpose of

discussing the question of fish protection and fish propagation in Lake
Ontario. The meeting was held October 22, 1891, and was attended by
special commissioners ax)i)ointed by the provinces of Ontario and

Quebec and by the State of New York, together with others interested

in the fisheries of the Great Lakes. The attendance of the U. S. Com-

missioner of Fish and Fisheries was urged, but, owing to his inability

to participate in the meeting, the writer was delegated for that purpose.

The meeting, which was informal and simply preliminary, was called to

order at the Fifth Avenue Hotel, and Hon. Robert B. Eoosevelt, of New
York City, was made chairman and Mr. A. D. Stewart, of Hamilton,

Ontario, was designated as secretary.

On motion of Gen. Richard U. Sherman, of New Hartford, N. Y.,

the question of the consideration of the object of the meeting, viz,

the protection, preservation, and propagation of food-fish in the Great

Lakes, was referred to a committee which was to meet at Rochester,

N. Y., November 10, 1891, and formulate a report to be presented to

a full conference of Canadian and State representatives, to be called

by the chairman. The committee, as announced, consisted of Dr. G.

A. MacCallum, chairman of the Ontario Fish and Game Commission;

Hon. J. W. Gregory, member of the Quebec Fish Commission ; Hon. H.

0. Ford, president of the Pennsylvania Fish Commission; Hon. Henry
Burden, member of the New York Fish Commission; Hon. R. U. Sher-

man, member of the special commission to revise and codifj^ the fish and
game laws of New York; Mr. Frank J. Amsden, secretary of the

Cheaper Food-Fish Associati(m of New York; Dr. J. A. Henshall,

president of the Ohio Fish Commission; Dr. J. C. Parker, president of

the Michigan Fish Commission ; and the writer, representing the U. S.
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Commission of Fisli and Fisheries. The committee was later enlarged

by the selection of representatives of the fish commissions of Wiscon-

sin, Illinois, and Minnesota.

The conference held at Eochester occupied two days and was well

attended, not only by members of the committee, but by numerous

public and private individuals interested in the lake fisheries. Gen.

Sherman acted as chairman of the meeting. This Commission was
represented as on the previous occasion, but, owing to the evident

impropriety of the General Government taking part in discussions and
recommendations regarding contemplated legislation on the part of

Canada and the lake States, the writer, under instructions from Wash-
ington, asked to be relieved from active service on the committee. The
members of the conference seemed to be satisfied with the results accom-

plished in the way of formulating the laws to protect the food-fish and
in securing an harmonious agreement between the representatives of

New York, Pennsylvania, and Michigan on the one hand and Ontario

and Quebec on the other. The question of Government control of the

lake fisheries was informally discussed
f
the sentiment of the meeting

was generally inimical to the relinquishment by the States of jurisdic-

tion over the waters. It was given out that the hope was entertained

that the Canadian provinces would be allowed by the Imperial Gov-

ernment to assume authority over the fisheries of their side of the

lakes, in order that they might be in position to reach some mutual

agreement with the States. The more important recommendations

which it was decided to present to the conference were as follows:

1. A resolution urging all States interested in the lake fisheries to

secure the passage of laws forbidding the taking or marketing of salmon

trout or lake trout weighing less than 2 pounds, of black bass weighing

less than 1 pound, of pike perch weighing less than three-fourths of a

pound, and of whitefish weighing less than 2 pounds.

2. A resolution providing for the prohibition of all kinds of com-

mercial fishing in the St. Lawrence Siver.

3. A resolution asking Congress to authorize the United States Com-
mission of Fish and Fisheries to make a biological survey of the great

lake fisheries, including the determination of the food, habits, and
migrations of the commercial fishes.

The meeting adjourned to convene on December 8, 1891, at Hamilton,

Ontario, where the conference was presided over by Hon. Donald
McNaughton, of Rochester. The action and recommendations of the

Eochester meeting were approved, and the conference adjourned

without day, with the understanding that similiar conferences were
to be held each year as long as the condition of the fisheries warranted
solicitude and mutual legislative action on the part of the States and
provinces most interested.
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PHOTOGRAPHIC WORK.

In tlie Great Lakes and Chesapeake Bay a large number of plioto-

graplis were taken by field agents using hand cameras in (conjunction

with the regular fishery investigations. A very valuable series of views,

representing fishing tiowns, vessels, apparatus, methods of catching

and curing fish, etc., was obtained, which is available for illustration of

reports. Several hundred of these views, with others secured during

jirevious inquiries in the South Atlantic and Gulf States, were enlarged

for use in the Fish Commission exhibit at the World's Columbian

Exposition.

FISHERY MATTERS BEFORE CONGRESS.

On January 30, 1892, a bill was introduced in the House of Eepre-

sentatives by Mr. Lapham, of Rhode Island, entitled "A bill to regu-

late the fisheries, and for other jjurposes" (H. E. 5030). On January
26 Mr. Aldrich, of the same State, presented a similar bill in the Senate

(S. 1899). The measure was intended to grant full authority to men-

haden and mackerel fishermen using purse seines to fish unrestrictedly

in all the coast w aters of the States bordering on the Atlantic Ocean.

The text of the bill was as follows

:

That any citizen of the TTnited States may at all times tate menhaden ani mackerel

with purse seines along the seacoasts and shores of the United States, and along

the shores of the several islands thereunto adjacent, and in the hays, harbors, and
estuaries of the said seacoasts and shores of the United States and of the said islands,

in all waters under the maritime jurisdiction of the United States where the tide ehhs

and flows, subject only to such control and restriction as Congress may prescribe from

time to time, any law, custom, or usage of any State to the contrary notwithstanding.

The Commissioner of Fish and Fisheries is hereby directed to make such inquiries

and investigations as may be necessary for ascertaining to what extent, if any, there

has been diminution in the abundance of fishes of commercial importance along the

coasts of the United States and in the Great Lakes, and to re])ort to Congress the

result of these investigations, together with recommendations, if in his opinion any
are necessary, as to the proper measures to be adopted for the preservation of the

fisheries and the continuance of an ample supply of fish.

Section 4321 of the Revised Statutes of tlie United States is hereby amended by
inserting immediately after the word "fisheries," whenever it occurs in said sec-

tion 4321, the words "on the open ocean or along the seacoasts and shores of the

United States, and along the shores of the several islands thereunto adjacent, and
in the bays, harbors, and estuaries of the said seacoasts and shores of the United

States and of the said islands, and in all waters under the maritime jurisdiction of

the United States where the tide ebbs and flows," so that it shall read in the title

of a fishing license, *' License for carrying on the fisheries for menhaden and mack-
erel with purse seines on the open ocean or along the seacoasts and shores of the

United States, and along the shores of the severjil islands thereunto adjacent, and
in the bays, harbors, and estuaries of the said seacoasts and shores of the United
States and of the said islands, and in all waters under the maritime jurisdiction of

the United States where the tide ebbs and flows."

And also in the body of said section, after the description of the vessel, to read:

"License is hereby granted for the said vessel to be employed in carrying on the

fisheries for menhaden and mackerel with purse seines on the open ocean or along
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the seacoasts and shores of the United States, and along- the shores of the several

islands thereunto adjacent, and in the hays, harbors, and estuaries of the said sea-

coasts and shores of the United States and of the said islands, and in all waters
under the maritime jurisdiction of the United States wliere the tide ebbs and flows,

subject only to such control or restriction as Congress may prescribe from time to

time, any law, custom, or usage of any State to the contrary notwithstanding, for

one year from the date hereof, and no longer."

Numerous committee lieariiigs were accorded those who favored and
opposed the contemplated legislation, and in the House the matter was
finally reported on adversely. A substitute bill introduced later was
also unfavorably acted on, on the ground of unconstitutionality.

RELATIONS WITH THE ELEVENTH CENSUS.

On September 9, 1891, the writer was appointed special agent of the

Census Office in charge of fish and fisheries, without compensation, and
at once entered upon the duties connected with that position. Active

connection with the Census Office was maintained until January 5,

1892, when, owing to the fact that the work was requiring much more
time and attention than was anticipated, and that satisfactory work in

one department was only accomplished at the expense of the other, it

was decided to discontinue the writer's services, although his commis-
sion as special agent was temporarily retained at the request of the

Superintendent of the Census.

Upon assuming charge of the work it was learned that Mr. Charles

F. Pidgin, of Boston, Mass., was also a special agent in charge cf the

fisheries division, with headquarters in Boston. Under the arrange-

ment then in force the work of compiling the statistics from the field

agents' returns devolved upon the Washington office, and tabulations

were prepared for publication at the branch office in Boston.

In making reference in thfs report to the connection established

between the Census Office and the Fish Commission it will probably

not be necessary to do more than briefly mention some of the more
important matters that arose during the continuance of that relation.

The clerical force available for work in the fisheries division was very

small and entirely inadequate to properly deal with the extensive sub-

ject. It was therefore necessary to restrict the work to a consideration

of certain special branches pending an increase in the force. The prin-

cipal subject to which attention was given was the compilation of statis-

tics showing the extent of the carp industry of the United States from
1880 to 1889. The Census Office had very complete returns covering

more than 60,000 carp ponds, lakes, etc., and the results of one of the

most interesting and important experiments in fish-culture were exhib-

ited. The compilation of figures for the States of Maine, New Hamp-
shire, Vermont, Massachusetts, Khode Island, Connecticut, New York,
New Jersey, and Pennsylvania was completed, and work on numerous
other States was well'advanced, but it was evident that many more
employes would be needed in order to finish this branch of the work in

a reasonable time. Another special line of work undertaken by the
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office force was the preparation for publication of the material illus-

trative of the alligator industry of Florida, for which the Census Office

had aijproximately complete returns.

The i^ersonal services of the special agent in charge, aside from gen-

eral supervision of the office afl'airs, chiefly consisted of work on the

bulletins elsewhere mentioned. The proof of the first of these was
revised, the manuscript of the second was in part prepared, and the

introduction of the third was written and the tables in the same revised.

Two visits to Boston, occupying seventeen days, were made in con-

nection with this work.

On November 30, 1891, the force in the fisheries division was prac-

tically disbanded, owing to financial considerations. It was antici-

pated, however, that work would be resumed with an adequate force

about the 1st of March.

In a report on the census work which the writer made to his superior

officer in the Fish Commission on December 19, 1891, the following

statement occurs, which discloses the principal consideration which

necessitated the severance of active relations between the two bureaus

which took place in the next month:

From the experience I have already had with the fishery census, I am led to

believe that, should the work resume with the necessary force, nearly if not quite all

my time will be required to properly direct and carry on the business of the office.

I feel that if the responsibility of making a creditable statistical and descriptive

presentation of the fisheries of the United States is to fall on me, I should have

unlimited time at my disposal, and should not be handicapped by having to divide

my time and energy between two dift'erent departments. There is a great amount
of work remaining to be done, and, however much of this I may be able to

detail to subordinates, personal attention will have to be given to the important

subjects of preparing the descriptive and tabular matter for the bulletins and the final

volume, and to correspondence. I make this statement so that the conditions under

which the work will be resumed may be clearly understood by you at the outset.

The following bulletins of the Census Office relating to fish and fish-

eries were issued during the connection of the writer with that bureau

in the capacity of special agent in charge. One of these was based

wholly on Fish Commission material, and in the preparation of the

others recourse was had to Fish Commission records for the verifica-

tion and emendation of the census returns.

Bulletin N'o. 123. Marine Mammalia: In the introduction to this

bulletin, the Superintendent of the Census refers to this office in the

following words:

It is with pleasure that the assistance rendered by the U. S. Commission of Fish

and Fisheries is gratefully acknowledged. The statistical resources of that depart-

ment have been placed freely at the disposal of the Census Office for the purposes of

comparison and verification, and the accuracy and completeness of this bulletin are

largely due to the oi)portunitie8 thus afforded.

The authors also make this reference to the Fish Commission

:

The most complete and reliable comparative statistics are naturally furnished by
the U. S. Commission of Fish and Fisheries, which has a permanent body of expe-

rienced agents engaged in the work, and whoso cordial cooperation with the Census

Office 'vrork has been acknowledged.
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Bulletin No. 167. Fisheries of the Pacific States: The figures in this

bulletin were obtained from the proof sheets of the Fish Commission
report, then going through the press, on the fisheries of the Pacific

States. Concerning the utilization of this material the Superintendent

of the Census says:

In 1889 the U. S. Commission of Fish and Fisheries conducted an exhaustive
inquiry into the fisheries of this region, the results of which have been embodied in

a report not yet published, the proofs of which have been consulted in the tabula-

tion of this bulletin. Although the data thus made available mostly ijertain to the

year 1888, it is known that changes which occurred in the fisheries of this region

between that time and the census year were not marked, and will not invalidate the

presentation of the following figures as the census of 1889.

Bulletin No. 173. Fisheries of the Great Lakes : The authors, after

referring to the field work of the census agents in the Great Lakes, say:

A similar work was done by the agents of the U. S.Fish Commission in the year

1885, and the very comprehensive report issued by that department, entitled Review
of the Fisheries of the Great Lakes in 1885, furnished a most valuable basis of

comparison between the returns made by the field agents of the Census Office and
those made by the Fish Commission. A mass of unpublished statistical data in the

possession of the Fish Commission has been placed at the disposal of this office by
Hon. Marshall McDonald, Commissioner of Fish and Fisheries, and the best service

of both departments has been freely used to contribute to the completeness and
accuracy of this bulletin.

RECOMMENDATIONS.

In concluding this report, some suggestions will be made for the

future field work of the division. The canvass of the coastal regions of

the country and the Great Lakes has been so recently made, and the

extent and condition of the fishing industry of those sections have been

so often presented, that it is thought that the services of the regular

field force may be advantageously and properly withdrawn temporarily

from the consideration of this work and directed for a season toward
other important branches or phases of the fisheries that have received

little or no attention from this office.

One of the most inviting and important inquiries that properly fall to

the attention of the Division of Fisheries is the investigation of the fish-

eries and fishery resources of the minor lakes and inland streams of the

United States. An effort was made during the prosecution of the fishery

census of 1880 to secure statistics of the inland fisheries, but the time,

force, and means available were so limited that the results achieved were
not satisfactory, and no figures were published except a general state-

ment that the minor fisheries of the smaller lakes and interior rivers

had an estimated annual value of about $1,500,000.

The meager information at hand goes to show that this estimate is

probably very much below the actual figures, and it can be confidently

asserted that an investigation of these so-called minor fisheries will

demonstrate the existence of a much more extensive and iinj)ortant

industry in interior waters than is generally sux)posed.
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The value of the small lakes and iulaiid water-courses as sources of

food supi)ly is already great and is increasing yearly with the increase

in ]>opulation ; and the necessity for determining their fishery resources

is thought to need no demonstration. It seems only a question of time,

when, with the rapid settlement of certain inland States, the natural

fishery advantages will demand and receive as mu(;h attention as is

now bestowed on similar water areas on the continent of Europe. In
some of the States of the Great Lake region it is probable that the

present extent of the fisheries of the small lakes will compare very

favorably with that in the Great Lakes, while the possibilities of the

interior waters for fish production and fish culture are no doubt much
greater from many points of view. It will probably be impossible for

the small available force of field agents to make a complete investiga-

tion of the inland fisheries in a single year, but the territory could be

so divided into States or river basins that definite regions could be
canvassed and reports issued from time to time, as has been found

necessary to do in the case of the coastal States.

The following statement of the Wisconsin fish commissioners regard-

ing the resources of the inland lakes in that State is no doubt typical

of conditions in a number of other States in that region

:

We have not even the pretense of official statistics of the value of fish catches

from the inland waters, hut from various private sources—principally railway and
express companies—we are able to present a few suggestive figures. It is reported

to us from the Lake Winnebago district, comprising the waters of Lakes Winnebago
and Poygan, and Wolf and Fox rivers, there was shipped to outside markets, during
the season of 1889, a total of 675,224 pounds. At the low estimate of 4 cents per

pound, this export must have netted the fishermen $27,012.96, nearly one-tenth of

the value of Wisconsin's fishing industry on the Great Lakes. It is probable that

an eq.)ial amount was either sent to the home markets or consumed by the fishermen

and their families.

Upon the Four Lakes at Madison, there are, from April to November, an average

of 25 fishermen in daily employment, taking out $4,000 or $5,000 worth offish in the

season for the home market and for export. Throughout the winter a large number
of men are engaged in fishing through the ice and earn fair wages.

It is reported that during 1888 there was shipped from Lake Koshkonong some
200,000 pounds of fish, valued at $8,000; and it is fair to say that from scores of

inland lakes like Koshkonong—for instance, in Waukesha, Walworth, Racine, Keno-
sha and Green Lake counties—equallj' large shipments are annually made. It is

unfortunate that we find it impossible, in the lack of projier rejiorting agencies, to

present the statistics of this trade; were we able to do so, it would doubtless he

found that the value of the inland fisheries was at least equal to that of the Great

Lakes, and quite as deserving of legislative attention.—(Report of the Commissioners
of Fisheries of the State of Wisconsin, 1889-90.)

There are few fisheries of the Atlantic coast that have attracted more
attention and occasioned more discussion and comment in recent years

than the menhaden fishery. The phases of the controversy between
the advocates and opponents of the fishery need not here be referred

to, but it seems proper that one of these, viz, the extent to which
other fish besides menhaden enter into the catch of the vessels, should

receive attention from this office, because it is one of the most import-
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ant questions connected with the subject and is better adapted to

consideration by this division than some of the more scientific problems

which have arisen. During all the discussion which in past years has

taken place regarding the effects of this fishery on the abundance of

other fish, there has been an entire absence of authentic data on the

quantities of food-fish captured with menhaden. This lack of informa-

tion has, no doubt, often led to a misconception of the effects of the

fishery and caused unjust criticism on the part of well-meaning per-

sons. Since it appears probsCble that the menhaden fishery will, for

some years at least, be the subject of legislative consideration and
personal controversy, it seems important to secure and have available

for use all information that can possibly be obtained that is calculated

to aid in the solution of the very difficult problems involved.

It is therefore conceived that valuable material relating to the special

point under discussion may be obtained by placing the field force of the

division on vessels fishing off various parts of the coast and having the

agents make actual records of the results of every seine-haul during a

period of two or three months. While this plan would involve a study

of a small part of the menhaden fleet, it would nevertheless afford a
valuable basis for generalization.

The plan has not yet been fully elaborated, but includes the use by
each agent and on each vessel of a special blank on which the follow-

ing information is to be recorded for each haul of the seine during

the year: Date; hour; fishing-ground; quantity of menhaden caught;

number of bluefish, mackerel, Spanish mackerel, squeteague, sea bass,

sheepshead, drum, cero, albicore, scup, striped bass, sharks, skates,

rays, and other fish taken with menhaden; disposition made of fish,

and value, if sold. There may be added to this inquiry a consideration

of the dependence of the line fisheries for bluefish, sea bass, etc., on
the menhaden fishery as a source of bait supply—another important

question involved in the menhaden controversy.
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1 -REPORT UPON THE LNVESTIGATIONS OF THE U. S. FISH
COMMlSSIOiN STEAMER ALBATROSS FOR THE YEAR ENDING
JUNE 30, 18D2.

By Lieut. Coiuniamler Z. L. Taxnku, U. S. N., commandins

CRUISE TO BERING SEA WITH THE U. S. BERING SEA COMMIS-
SIONERS.

ISan Fyanclsco to Beriiuj iSca.—The Albatross was in dry dock at the
Union Iron Works, San Francisco, Cal., at the ch)se of the fiscal year
ending June 30, 1891, for the purpose of cleaning- and painting her
bottom. The vessel had been in the water but five months, yet her
service in the tropical waters of the Gulf of Panama and the region of

the Galapagos resulted in a luxuriant growth of barnacles and grass
to which was added a coating of slime, bryozoa, and mussels accumulated
while lying at Mare Island. The estimated weight of the accumulation
was 17 tons, and the reduction of speed caused by it, about li knots
an hour. The bottom was painted with a coat of red lead, followed bv
one of white zinc, at her previous docking, a preparation which r>ave

satisfaction in the cold waters of Bering Sea, but proved ineffective in

the tropics. Inferior zinc may have contributed largely to this result.

A communication was received from the F. S, Commissioner of Fish
and Fisheries, inclosing an order from the Navy Department, reducing
the crew from 67 to 53 men on July 1, and taking from us some of our
most important ratings. This reduction was ordered on account of the
lack of men for manning the new ships of the Navy recently completed.
After leaving the dry dock the bunkers were filled with coal, and, with
the exception of an incomplete list of officers, the vessel was ready for

her usual Bering Sea cruise on July 7, We proceeded to the navy-yard
at Mare Island on the afternoon of the same daj^

Assistant Paymaster C. S. Williams was relieved on the 2d of July
by Assistant Paymaster John S. Carpenter. Paymaster Williams was
attached to the Albatross nearly four years, performing the duties of
disbursing agent for the Fish Commission in addition to those regularly
devolving upon him as paymaster; and I avail myself of this oppor-
tunity of saying that the Fish Commission is under many obligations

to him for the prompt and eflticieut manner in which he performed this

duty. Personally I am greatly indebted to him for the cheerful alac-

rity with which he responded to every call without reference to the
character of service required. He received his detachment on July 9.

F c 02 1 1
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The followinu' telegram was received from the Commissioner on

July 9

:

Trosidcnt directs AlbatrofiS to carry agents of tlieGoverniiieiit to Seal Islands, lieriug

Sea, and remain witli tlieni during their investigation to continue all summer. You

will arrange to carry out President's instructions. Fish C'ommissifm work will Lo

given up unless yon find o])])()rtunity ti> do something. Agents will meet you in San

Francisco. Full details later.

Ensign H. B. Wilson, U. S. Navy, reported for duty on the 10th.

Learning- from the i)ublic press that Prof. T. O. Mendenliall, superin-

tendent of the U. S. Coast and Geodetic Survey, had been ai)pointed

commissioner, 1 met him by arrangementon his arrival in San Francisco

and made all necessary i)reparations for tlic voyage. His colleague,

Y>r. C. Hart Merriam, liad not arrived, but was expected at afly time;

and then they would be ready to sail.

Little remained to be done except to take on a i'luther supply of fuel,

mess stores, etc., and, returning to San Francisco on the 14:th, final

preparations were completed the next day, when the following telegram

was received from the Commissioner:

T. C. Mendeuhall and C. Hart Merriam have been designated as agents to visit

Bering Sea. In accordance with President's directions you will receive them on

board and carry out the instructions tliey may give you. All possible facilities for

the conduct of their inquiries will be furnished by you.

The commissioners came on board at 5 p. m., July 10, when we imme-

diately got under way and proceeded to sea en route to the Seal Islands,

via Unalaska. It was desirable to reacli our destination as soon as

practicable, yet I deemed it advisable to start at moderate speed, Avith

tires under one boiler only, as nearly all of the engineer's force were

new to the ship, and strangers to each other. A heavy head sea was

encountered during the first night and next day, but on the ISth the

weather moderated, and everj'thing was working so smoothly that fires

were started under the second boiler, and the si)eed increased to 10^

and .11 knots per hour.

Tiie weather was generally cloudy, with frequent mists and showers

of rain, and light to moderate winds from northwest to soutliAvest. Few
birds were seen during the trip, mostly petrels and the broM^n albatross;

A question arose as to whether the same birds followed the vessel day

after day, and, to decide the point, one of the latter was taken and

labeled; when released he deviated neither to the right nor left, but

disappeared as quickly as his rapid flight would allow, and was never

seen again. Whales were of almost daily occurrence, and porpoises

were seen occasionally. No seals were observed, however, outside of

Bering Sea.

The water was literally covered for hours at a time during the trip

Avith velellas, medusa', and floating barnacles, the latter in clusters

from 1 to 6 inches in diameter, each individual being joined by its stem

to a fleshy mass common to the colony. Many of these maSvSes were

opened and found to contain the skeleton of a velella. A piece of kelp



INVESTIGATIONS OF THE ALBATROSS. 3

was seen on the 23d, 500 milos from tlie nearest of the Alentian Islands,

and the next day pnffins, gulls, etc., began to appear. Occasional ves-

sels Avere seen as we approached the land.

The volcano of Akutan was sighted early on the morning of the

25th, and at 3:45 p. m. the same day we dropped anchor in Iliuliuk,

Unalaska, having made the trip from San Francisco in a little less than
nine days. The steamer Danube having on board Sir George Baden-
Powell and Dr. George M. Dawson, the British commissioners to Bering
Sea, was found in portj she had arrived the same day.

The harbor presented a most animated appearance for a place so

remote from the ordinary routes of commerce and travel. In addition

to the vessel mentioned there Avere lying in the harbor H. B. M. S,

J^yniphe, Pheasant, and transport Costa Rica; theJJ.^.^. Alert, Thetis,

revenue steamer Bush, and transport Al Ki. There were also the barks
Garrolton and Ferris S. Thompson with coal; the Alaska Commercial
Company's steamer Dora and schooner Matthew Turner ; and the prize

La Nimfa. The steamers Lakme and Farallon were lying in Dutch
Harbor, about a mile distant.

Pribilof Islands.—The Danube, with the British commissioners on
board, left for the Seal Islands at 10 a. in. on the 20th, and, after coaling,

the Albatross followed at 6 a. m. on the 27th. We exchanged signals

with the U. S. S. Mohican about noon, and heard a steamer's fog whistle

about midnight, but did not see her. Seals were frequently encountered

after crossing the 100-fathom line into shoaler water. They were seen

singly as a rule, and there were seldom more than two or three in sight

at a time.

Steaming through the night at low speed, in a thick fog, we made St.

George Island at 8 a. m. the following morning, and anchored oti' the

village two hours later.

The commissioners landed at 10 a. m. and returned at meridian, bring-

ing with them Mr. J. Stanley-Brown, special Treasury agent, and Capt.

A. W. Lavender, Treasury agent for St. George Island, for passage to

St. Paul. Getting under way as soon as they arrived, we ran over to

the latter island, and reached Village Cove at 5:45 p.m. during a dense
•fog. The Danube, with the British commissioner on board, was lying at

anchor in the bay, having arrived about noon.

Mr. Tingle, agent of the North American Commercial Company, and
Mr. Murray, TJ. S. Treasury agent, came on board and called on the

U. S. commissioners. The time required in going to and from the

ship, even under favorable conditions, and the uncertainty of com-

munication at all times, induced the commissioners to take up their

quarters ashore during their stay at the island, and they were landed

the following day, July 29. There is no protected harbor on either

island and anchorages are sought to leeward of x^i'ojecting points, or

under the lee of the island itself, to be changed with the shifting winds
of that ever-varying climate. A well-found steamer may remain safely
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at auebor lonji' after cominiiiiication witli the shore has become irajjrac-

ticable; in fact, slio nii.i^lit lay out many of the short summer gales,

even with the Aviiul blowing on-shore.

We were greatly entertained during the first night of our visit at St.

Paul by the graceful antics of the seals which were constantly playing

about the ship. They were greatly interested in the electric lights,

and their efforts to obtain a nearerviewof them through the side ports

were persistent and very anuising. Numbers t)f them remained about

the ship day and night watching every movement on deck or aloft,

their particular delight, however, being the shii>'s boats, which they

would escort to and from the vessel, playing about in the most graceful

manner just clear of the oars.

I visited I^ukannon rookery on the afternoon of the 29th in company

with J. Stanley-Brown and the U. S. connuissiouers, and had an excel-

lent opportunity of observing it carefully. The first impression of the

novice is unbounded amazement at the seemingly endless numbers of

seals {CaUorhinns urshuis) covering the ground adjacent to the beach,

yet further observation revealed the fact that only a small proportion

of the original rookery was occupied. The grassy margins define

unmistakably the extent of the rookery at successive periods.

f
I made no survey of the rookery, made no measurements whatever;

yet, standing on Lukannon Hill, overlooking nearly every foot of its

adjacent breeding and hauling grounds, a tairly good estimate could be

made of the comparative area of the original rookery and the space

occupied at present. The family relations were beginning to break up,

the pups being several weeks old and many of the cows absent from

the rookery seeking food; but the old bulls still occupied their harems

with sucli of their females and young as they could keep about them.

The interval of time which has elapsed since the first indicated con-

traction of area was estimated at from seven to ten years; my own
opinion, based upon the appearance of the grass which covered the

surface, inclines to the shorter period.

The Treasury agent informed me on the evening of the 29th that a

sealer had been at work off Northeast Point rookery for three days, his

rifies being distinctly heard in the fog, and, in the absence of naval

vessels or revenue cutters, he appealed to the Albatross to assist him to

capture or warn the poacher off. AVe oflered all practicable aid, as a

matter of course, and, with the agent and a boat's crew from the village

on board, we examined tlie region north and east of the island next

day, but saw nothing of the vessel. We learned subsequently, how-

ever, that she was captured by the revenue cutter Corwin on the 28th

of July and taken to Unalaska. Early in the morning of August 3

the United States and British commissioners, oflicers of the Danube and

Albatross, and others, met on the village killing-ground to witness the

killing of 120 young male seals, a i)art of the (piota of 7,500 allowi'd

lor the subsistence of the natives.
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The seal-killing over, we retained on l)onr<l and got under way imme-

diately for a dredging trip. Five hauls of the beam trawl were made
off the south and west sides of the island, in depths ranging from 20 to

51 fathoms, bottom of fine gray or black sand and shells; a few pebbles

were found at some stations, and a trace of black mud at others.

The general character of lite was nuich the same iu all of the hauls,

and while but few individuals of each kind were taken, the variety of

species vras comparatively large. An exception should be made, how-

ever, in the case of starfishes and ophinrans, the former being quite

plentiful, and the latter coming up by the bushel iu most of the hauls.

The catch for the day may be summarized as follows: Small pollock

(one specimen); young cod, tomcod, young sculpius, eels, Lycodes and

Agonicke (a few specimens each); flounders {Limanda aspera, few, and

Lepidopsetta hiJineafa, one) ; crabs, hermit crabs, shrimps, prawns, and

pycnogonids; annelids; mollusks of several species, including naked

moUusks and a \ar^Q Troplion; ascidians andbryozoans; holothuriaus,

sea-urchins, starfishes, and ophiurans; medusre, hydroids, and sponges.

Nothing Avas taken with the hand lines, though they were tried at

several stations. The natives report that cod and halibut frequent the

waters about the island during the winter and early spring, but the

former become scarce soon after the seals arrive and only a few of the

latter remain during the summer. Neither of these species is ever

taken iu large numbers. It is a well-known fiict that feeding seals go

farther and farther from the islands in search of food as the season

advances, until in the latter part of July they reach the vicinity of the

100-fathom line south and west of the Pribilofs, from 50 to 100 miles

and more from their rookeries.

After finishing the biological explorations for the day, several hydro-

graphic soundings were made off the western extremity of the island,

and an excellent ancliorage for the night was found in 8 fathoms to the

westward of Cross Hill, near Northeast Point. The revenue cutter

Hush passed the night there also, A number of sea-lion skins were

procured the next day for specimens, and in the afternoon we returned

to our former anchorage at Village Cove,

On the morning of August 5 the U. S. commissioners, Prof. T. C. Men-

denhall and Dr. C. Hart Merriam, came onboard, accompanied by the

British commissioners. Sir George Baden-Powell and Dr. George M.
Dawson, with a stenographer and interpreter, to visit the Northeast

Point rookery. They were landed on the east side of the point near

Cross Hill, where they were joined by Mr. G. ]{. Tingle, general agent

for the North American Commercial Company, Mr. J. C. Kedpath, and
Mr. Fowler, employes of the company, who acted as guides. Mr, Fowler

was in charge of the rookery.

This rookery is the largest in the world, and the view from the sum-

mit of Hutchinson's Hill is simply astounding. Yet the evidences of

diminution iu numbers are unmistakable.
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Returning to Village Cove, the Albairos.s remained at anehor until

our final departure from the islandvS.

A hunting and fishing party was sent out on the Gth and returned

with 3 halibut and 5 small codfish, the results of a hard day's work.

One of the best native fishermen was employed as pilot, and having

the steam cutter at their disposal they were able to change their

ground as often as desirable; hence all conditions were favorable, and

the catch was considered satisfactory for the time of year. The hunt-

ers secured a variety of birds from Otter Island, from which excellent

specimens w'ere prepared. They were all well-known species, however.

The Danube, with the British commissioners on board, left for ISTuni-

vak, St. Matthews Island, etc., during the morning.

British and United States men-of-war and revenue cutters Avere con-

stantly coming and going, and there was seldom a day that one or more

failed either to call or i)ass within signal distance.

At 9:45 a.m. August 9 the Albafrosfi got under way, and with the

U. S. commissioners and Mr. J. Stanley-Brown on board, steamed to

St. George Island, arriving at 2:30 p. m. The gentlemen above men-

tioned and a number of officers landed and made a cursory examination

of the rookery near the village, returning at 5 :20 p. m. Mr. Stanley-

Brown remained on the island. I had a casual glance only at one

rookery at St. George, but here, as on St. Paul, there Avere unmistakable

evidences of great reduction in numbers, a large portion of the original

hauling-grounds being overgrown Avith grass.

The commissioners landed again at 8:30 tlie following morning, and

returned at 10 a. m., when we took our final departure from the seal

islands.

It was foggy during the day, with short intervals of clear weather.

An occasional seal was seen until we reached the vicinity of the 100-

fathom line, but none beyond that point.

Bogoslof Island.—We were under low speed during the night, and at

7 o'clock next morning hove-to off the volcano of Bogoslof and landed

the commissioners. A party of officers and men visited the island

also. We noted many changes since our visit the previous j^ear. Kew
Bogoslof was still active, smoke and steam escaping through number-

less crevices throughout the whole mass from the water's edge to the

summit. It was at least 100 feet lower and was otherwise changed in

outline. What had been the rocky pinnacle was now lying in huge

masses strewn down the steep incline, even to the surface of the sea,

silent witnesses of great convulsions that bad occurred during the pre-

vious winter.

The old and new volcanoes are about a mile apart, and were a year

ago connected by a narrow isthnuis but littl(* above the level of the

sea, composed of fine volcanic cinders. Now, however, there is an open

l»assage through it several hundred feet in width near the new cone,

the remainder of the spit extending from old Bogoslof having been
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moved bodily to the westward with a broad sweep. A bar or middle

ground was found a few hundred yards to tlie eastward of a line drawn
between the cones. Wishing to anchor while the party was on shore,

a boat was sent ahead sounding into the bight midway between the

old and new peaks. Good anchorage being reported, with notliingless

than 20 fathoms until near the spit, we started ahead slowly, the first

sounding 20 fathoms and the next '9 feet, the vessel having moved
less tban twice her length. Of course the bow was aground, but we
backed off without damage or delay. The boat had crossed the bank
before commencing to sound. The beaches, the bank above mentioned,

and the isthmus formerly connecting the two cones are composed of

fine cinders, ashes, etc., lighter than sand or gravel, and are in conse-

quence waslied back and forth with every heavy gale.

Myriads of guillemots covered the rugged cliffs of the active volcano,

as well as the extinct cone, and huge flocks were constantly coming
and going in their usual active, bustling manner, their curiosity being

evinced frequently by hundreds or thousands deviating from their

course and circling around the vessel several times as closely as they
considered prudent, observing us with apparent interest.

A sea-lion rookery referred to in former reports, near the base of old

Bogoslof, was occupied as usual. This colony is notable for the

unusual size of some of the old bulls. They seemed quite tame, per-

mitting several of the shore party to approach close to them before

showingsigns offear. Their location being remotefrom the usual routes

in Bering Sea, they are seldom disturbed, and the few that have been
killed were taken by officers of the Alaska Commercial Company, who
never wantonly destroy or disturb these, to them, useful animals,

BogoslofIsland to Fuget Sound.—The party returned from shore a few
minutes after noon, when we started for Unalaska. The afternoon was
clear, and the snow-capped peak of Makushin volcano was visible even
from Bogoslof, and as we apiu'oached the rugged shores of Unalaska
the peak of Akutan became visible while Bogoslof was still in sight,

thus affording the unusual view of three active volcanoes at the same
time.

We hove-to off" Cape Cheerful and put the cod lines over, but the trial

was unsuccessful. Probably it was too late. Our experience in Bering-

Sea has been that codfish usually cease to bite about sunset. A few
scattering specimens were taken at all hours of the niglit when the vessel

was at anchor on-fishing-grounds, but never in i^ayiug numbers.
After a delay of 10 minutes we steamed ahead and arrived at Ilinliuk

at 8:10 p. m.

The revenue-cutters Rush and Corivin came in and anchored a few

minutes later.

We went to the coal wharf the following morning, and at 12:05 p.

m. August 13 finished coaling. The U. S. S. Alert arrived during the

morning. Mail was received from the vessels in the harbor as well as
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fioin sliore, and at 12:25 p. ui. the linos were east off from the wharf

;iinl Ave proceeded to sea. Fires were li!i;lited under one boiler only,

which gave the vessel a spee<l of knots i)er honr. P^ntering the Paeihc

through Uualga Pass, a course was laid for the north end of Vancouver

Island. The sea being smooth and the weather unusually clear, our

last view of the Aleutian Chain had little in it to remind us of our high

latitude except the snow-capped peaks of Akutan and Shislialdin.

Fires were started in the second boiler on the 14th, and the revolu-

tions gradually increased until at noon of the ICth we were making-

ordinary full speed. Cape St. James was sighted at 1 1 lo;") a. m. on the

19th; passed the Triangles the same evening and entered Goletas Chan-

nel at 2:50 a. m. on the 20th. We experienced light to moderate winds

from NE. to NW., with jdeasant weather as a rule, although it was

occasionally overcast and squally. Whales were seeii nearly every day,

and the usual birds of those latitudes accompanied the ship from land

to land.

Steaming through Goletas Channel, we soon entered the broad estu-

ary of Queen Charlotte Sound, passed through Broughton Straits, arid

at 8:20 a.m. came to in Alert Bay, r>ritish Columbia. The commis-

sioners visited the cannery and Indian village, and the naturalists

busied themselves making collections of native hunting and tisliing

implements for the Coluinbian Exhibition.

Continuing our course after a delay of an hour and a half, we threaded

the narrow channels of dohnstone Straits and Seymour Narrows to the

Gulf of Georgia, finally anchoring in Departure Bay at 1:22 a.m.,

August 21. Going to the wharf at 9 a. m., 91 tons of coal were taken

on board, and at 5:15 p. m. we steamed away again to the southward.

Entering Active Pass at 9:12, its narrow sinuous channel was followed

without difficulty or delay, notwithstanding the night was dark and the

atmosphere thick with smoke. Our course led us through Swanson

Channel, the Straits of Ilaro, and across the Straits of Fuca to Port

Townsend, where we arrived at 2:40 a. m. the following morning.

We carry no pilot, and in navigating the tortuous iidaiul passages

of this region it is our usual practice to run during daylight oid}'. The
departure from this custom during the trip Avas occasioned by the

anxiety of the commissioners to reach their destination as soon as

practicable. The detention at Port Townsend was for the purpose of

procuring mail which had accumulated during the trip: having received

it, Ave left at 10:35 a. m. for Tacoma, arriving at 4:40 p. m., when the

conimissioners, Prof. Mendenhall and Dr. JMerriam, took their linal

departure.

Mr. lA^an Pctroff, sj)ccial census agent for Alaska, Avas found in Iliu-

link on our return from tlie Seal Islands, August 11, anxiously aAvait-

ing transportation to the soutliAvard, his A\'ork in northern regions

having been completed. As the Albtdross Avas the first departure, he

re(juested passage, which Avas of course granted, and he immediately
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took up bis quarters on board. lie brouglit with liiui a oue-man kayak
made by tlie natives of Niinivak, wliicli lie douated to tlie Fisli Com-
mission exhibit at the World's Columbian Exposition.

The folioAnnft' is a brief summary of the movements of the Albatross

while employed in transporting- the United States commissioners to

the iSeal Islands, Bering Sea, and return:

July 16. Left San Francisco for I'ualaska. Ang. 11. Arrived at Unalaska via Bogos-

.hily 25. Arrive at I^iialaska. lof Volcano.

Jnly 27. Left L^ialaska for Seal Islands.
|
Aug. 13. Left Unalaska.

July 28. Arrived at St. Paul Island via ' Aug. 20. Arrived at Alert Bay, British

St. George. 1 Columbia.

Aug. 9. Left St. Paul and arrived at St. Aug. 21. Arrived at Departure Bay, Brit-

Ueorge Island. i isli Columbia; took coal.

Aug. 10. Left St. George Island, Aug. 22. Arrived at Tacoma, Wash., via

! Port Townsend.
No. of days on the voyage, 37; total distance made under steam (in knots); 4,686.

Tire cruise was made without accident resulting in delay, damage or

loss of any kind.

INVESTIGATIONS ON THE COAST OF WASHINGTON.

Orders were received at Port Townsend on August 25 to explore the

waters of the Straits of Fuca, and later to exten<l the work to Hood
Canal.

A number of articles collected in Bering Sea for the Columbian
Exposition were shipped to Washington on the morning of the 27th,

and at 11:40 a. m. we got under way and steamed into the straits.

Commencing oif New Dungeness, the beam-trawl was cast at 97

fathoms, and a line consisting of 4 stations occupied from that point

to the vicinity of Eace Eocks, the depths ranging fi-om SO to 100

fathoms. The bottom was mostly muddy, with a few pebbles 5 rocky
bottom was found at one station in 100 fathoms. The results of the

hauls maybe stated in a general way as follows: Among the fishes

were a few flounders {Microsiomus pacijicus), 4 species of small

fishes, ratfish {ChinuvraeolUei), alligator-fish, Liimris, etc. The list of

invertebrates included C species of prawns, shrimps, crabs, sea-urchins,

naked mollusks, worms and tubes, pectens, and several species of small

shells. Two species of brachiopods were found in great numbers, and
were a marked feature of the hauls. Hydroids, cup corals, pycnogo-

uids, starfishes, ascidians, and sponges Avere found in each haul.

The surface net found i\\Q, waters almost barren of life, a few small

crustaceans being all that were found during daylight. After dark
medusa came to the surface, and a half bushel or more were taken at

each haul.

Anchorage for the night was found at 11 :50 p. m. in Xeah Bay. Work
was resumed on the morning of the 28th, by setting two cod and two
halibut trawl lines in from 80 to 100 fiithoms, off Xeah Bay. Hand
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lines were put over, but tlie current was too strong to admit of their

being used successfully. The trawls was out but a few minutes wheu
the buoys disappeared, one by one, beneath the surface, and we never

saw them again.

Our investigations for the remainder of the day were confined to the

beam trawl, while a new set of lines was being prepared. Six stations

were occupied in from 98 to 151 fathoms, between Neah Bay and Cape
Flattery, on rocky bottom. The results were satisfactory, but the wear

and tear on trawl nets Avas unprecedented. The weather was excellent

for that stormy region and the sea unusually sniootli, yet strong and

erratic currents swept the ship about in the most extraordinary nniu-

ner, largely increasing the losses incident to rocky bottoms. A marked
change in the character of the fauna was observed, deep-sea tyi)cs

occupying a more prominent position. The folIo\ving forjns were noted

amon'g the fishes: A single specimen of the true cod {Gadus morrhua)

was found in one of the hauls, the first taken by the Albatross south of

Alaska. The flounders were represented by Microstomus i)aci1icus,

Ghiotocephalus zachirus, and Athercsthcs stomias. The former were

abundant and averaged 3 pounds in weight. It is an excellent fish,

and is sometimes called the deep-sea sole, as is also the Gliiptoceplialus.

A few of the following were scattered through the hauls: raffish [Chi-

?««'>•«), dogfish, skate, Seoastodes, Sehastolohus, Myctophum,£im\Li2)aris.

The invertebrates were represented by prawns, shrimps, crabs, her-

mit-crabs, pycnogonids, brachiopods, and other shells, sea-urchins,

starfishes, sponges, worms, and a single small squid.

Anchorage for the night was found in Xeah Bay.

We were under way again at daylight on the 29th (August), and,

steaming to a promising locality in the straits, one cod and one halibut

trawl line were set in 140 fathoms, gravel bottom. Heavy grapnels

were used for mooring each end of the lines, and double buoys were

attached to the buoy ropes. Mr. A. B. Alexander, fishery expert, was

so confident that his gear was sufficiently strong for the purpose, that

the ship took up other work pending the hauling of the trawls; but it

was not long before one of the buoys disappeared. The other end was

secured by a boat and 100 hooks recovered, from which were taken 13

black-cod. The largest weighed 28 pounds and was 51 inches long.

Another trawl line was set at 12:30 p. m. in 125 fathoms, rocky

bottom, boats being used as buoys, and we succeeded in recovering the

gear, taking 14 black-cod averaging 12^ pounds in weight, sufficient

evidence, our expert thought, of the i)resence of this excellent tish in

the waters of the straits.

Two hauls of the trawl were made during the day, adding a few

antedons and astrophytons to our list of specimens. It was foggy

most of the day, sometimes very thick, otherwise the weather was

fiivorable. At 10:45 p. m. we came to for the night in Royal Eoads,

off Esquimalt, B, 0.



INVESTIGATIONS OF THE ALBATROSS. 11

Our supply of trawl anchors, buoys, etc., having been expended, a
sufficient number were procured in Victoria and we returned to IS^eah

Bay on the niorniiig- of the 31st, prepared to make another attempt at

trawl-line fishing in the Straits of Fuca.

Work was resumed at daylight September 1, and four sets of the

trawl line were made between Keah Bay and the Vancouver shore.

A few black-cod, red rockfish, and dogfish were taken. In one set the

currents were so strong that nearly all the hooks were stripped of bait.

Four hauls of the beam trawl were made and the list of specimens
enlarged by a fine cultus-cod weighing 29 pounds, several crinoids,

isopods, and ophiurans.

We passed the night in 'Seah Bay, commencing work again at day-

light on the 2d. Four sets of the trawl line and four hauls of the beam
trawl were made between Neah Bay and Pillar Point, where we
anchored for the night. The depths ranged from 53 to 123 fathoms,

with sandy bottom at three stations, and rocky at the fourth, yet there

was nothing taken on the trawl lines except a few dogfish. We did

better with the beam trawl, however, and added to our list a young
halibut {Hipjmglossoidcs), several specimens of Parophrys vetuliis and
Citharichthys sordidus, a dozen young cod, and many crinoids.

Three sets of the trawl line and one haul of the beam trawl were
made on September 3 in from 64 to 95 fathoms, sand or rocky bottom,

between Pillar Point and Port Angeles. A few dogfish were the only

results from the trawl lines, and there was nothing new among the spec-

imens taken with the beam trawl.

Anchoring in Port Angeles at 4:20 p. m., a haul of the seine was
made in which were taken flounders, perch, butter-fish, rock-crabs,

sculpins, etc. Another haul of the seine was made early next morn-
ing, in which were taken flounders, herring, butter-fish, sculpins, and
a single salmon trout.

Getting under way at 9:20 a. m., a series of hand-line stations were
occupied running diagonally across the straits to the vicinity of Vic-

toria, in which nothing at all was taken. These trials were made to

demonstrate the practicability of that method of fishing in the upper
part of the straits, but the currents were so strong that it was quite

impossible to keep the lines on or near the bottom except close to

land. . Four hauls were made with the beam trawl, three of them quite

successful, although nothing new was found.

We have demonstrated the existence of several species of sea fishes

in the open waters of the Straits of Fuca, and have also shown the

impracticability of taking them in paying quantities by the usual

methods. Should the black-cod ever take the place it deserves in the

market, means will doubtless be devised for its capture, even in the

straits. In the vicinity of Cape Flattery the currents reach the bottom
with strong scouring effect, and the state of tides on the surface is no
indication of their condition at the bottom. A heavy confused swell
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will also be eiicowntered, even in the calmest weather. Of course, tliis

soon becomes modified after ]n;ssing- up the straits.

After linisliing work for the day we steamed into Esquimalt, anchor-

ing at 5:10 p. m. Official visits wereexclianged with Admiral ITothani,

E. N., the captain of H. 1:>. M. flagship Wan^pitc, and the dock-yard

officials. The U. S. Coast Survey steamer MeArthur was a.t anchor in

the harbor, and H. B. M. S. (}arnct arrived on the Oth; official visits

were exchanged.

SURVEY FOR A CABLE ROUTE BETWEEN CALIFORNIA AND THE
HAWAIIAN ISLANDS.

Preparations for the survey.—On the evening of September 5, I was

informed by telegraph that the Navy Department desired to have the

Albatross make the survey for a cable route between San Francisco and

Honolulu, for which a special provision had been made by Congress,

and that it was important to begin the same as soon as possible, lieply

was made that the ship was in condition to make the survey and could

commence the work two weeks after arriving at San Francisco. On Sep-

tember 9 we went to Departure Bay for the purpose of coaling, where, the

following day, we received orders to proceed at once to San Francisco.

Having finished coaling at 3 p. m., we left immediately for Port

Townsend, and thence to San Francisco, arriving at the navy-yard,

Mare Island, on the morning of the 15th, and reporting by telegraph.

There were no instructions waiting us, and nothing further was he^ir*!

concerning the survey until the 19th, when the following letter was

received from Commodore F. M. Eamsay, Chief of the Bureau of Navi-

gation, Navy Depai'tment, dated Washington, D.C., September 12, 1891

:

Tlie Department lias been iuftn-med that the Jlbafross ^vill be placed under its

orders for the purpose of sounding out a route for the proposed telegraph cable

between Sau Francisco and Honolulu. The l^ureau desires to know what you will

need for the work and about what time the vessel will be ready. Arrangements

have been already made to supply you with wire, but there may be some delay in its

being delivered.

The following reply was made by telegraph on September 19:

Letter of 12th received; will need wire, sinkers, cylinders, spare reel, additional

coal-bunker, docking and painting bottom. Time, 15 working days, following our

usual metliods. Letter by mail.

The followiug telegram from the Acting Commissioner of Fisheries,

dated September 18, was received on the 19tli:

In compliance with request of Secretary of Navy the Jibalross is hereby placed

under liis directions lor making an ocean survey ibr telegrai)hic cable between 8au

Francisco and Honolulu. You will report to tlie Navy Dejjartment the receipt of

these instructions.

The following message was accordingly sent to the Secretary of the

Navy on the same day:

Have received telegram from United States Comiiiissioner of Fish and Fisheiies

placing Jibalross under your directions for surveying telegraphic route from San

Francisco to Honolulu. "Will wait your orders. Letter by maiL
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Letters were written the same day to the Secretary of the Xavy,
CoiDuiissioner of Fish and Fisheries, and tlie Chief of the Bureau of

Navigation, tlie hitter as follows:

Your comninnication of September 12, -with reiVrenco to the Alhalross having been
placed under the Department's orders lor the ])urpose of sounding ont a route for

the proposed telegraphic cable between San Francisco and Honolulu, is received. I

wired you this morning in relation to the matter as follows:

"Letter of 12th received. Will need wire, sinkers, cylinders, spare-reel, addi-

tional coal-bunker, docking, and painting bottom. Time, 15 working days, following

onr usual methods. Letter by mail."'

The sinkers, sounding-cylinders, spare reel, etc., can be procured from the yard.

The additional bunker will increase our coal capacity about 40 tons. The docking
and painting can probably be done at the yard; if not, I can do it at San Francisco

without delay, although the expense will be greater. Our sounding-machine is

now placed forward, and the ^vire is held vertically after sounding, until it is all

reeled up, as in our work other oiieratious prevent steaming ahead while the wire is

coming in. "VVe purpose to put the machine on the stern in such a position that we
can start ahead as soon as the sinker reaches the bottom, thus gaining a mile or more
on every sounding.

The estimate of 15 days to prepare the ship for the work is, as stated in the mes-

sage, on the snpposition that we will follow our usual methods, which enable us to

procure everything required promptly without the routine of retxuisitions. I can

give no estimate of the time which would be re(|uired to do the work under the

ordinary navy-yard methods.

It would facilitate preparations very much if 1 had a general idea of the jiroposed

scheme of the work.

A word of explanation nuiy not be out of place regarding the refer-

ences in the foregoing letter to '• our usual methods" and "the ordiuary

navy-yard methods.'' In refitting, small articles will be required from
time to time as the work progresses, and it has been our custom to pro-

cure them at once by open purchase without the delay incident to the

makiug of requisitions, sending out proposals, and getting competitive

bids. On the other hand, the navy-yard methods are controlled by
the necessity of following the indicated routine, with the frequent and
uncertain delays attending it; hence the difficulty of estimating the

time required to com[)lete a job with any degree of accuracy.

On September 21, liear-Admiral John Irwin, commandant of the

navy-yard, received the following telegram, a copy of which he for-

warded to me.

Fit out Albatross for sounding between San Francisco and Honolulu.

F. M. Ramsay,
Acting Secretary Kavy.

I received instructions at the same time to make requisitions on the

navy-yard for everything needed for the survey. The work of prepara-

tion was pushed forward as fast as possilde. Tlie vessel was docked
the following day, September 22, and her bottom cleaned and painted,

work on needed changes and repairs proceeding at the same time.

Everything required for the survey, except wire, was furnished from

the navy-yard or purchased at San Francisco.
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Oil September 2-t I wired the liydrograplier asking the scheme of sur-

vey, intervals, ;uid route, and the same day received the following reply

:

Shortest pnu'ticaldc route prolmbly just north of Tii8ca)-ora's route. Intervals of

10 iiud 2 miles; teiiqierattires to be taken; letter explanations has been Avritten.

Having received no deJinite instructions regarding the survey, the

following letter was written to the chief of the Bureau of Navigatiou

for the double purpose of giving the Department the benefit of such

local knowledge as I had on the subject, and to avoid delay.

1 have the honor to inform you that the Albafross will b(! ready to eoiumeuce work

on the eable survey in a few days. It may perha])S bo advisable for mc to aequaiut

you of the knowledge I already possess in this lino. With referenee to a practicable

landing for the cable on the coast of California : A glance at Coast Survey chart 675

will show 100 fathoms within 1^ miles of Salinas Lauding, Monterey Bay, and over

50 fathoms half a mile from laud. From this point seaward extends a constantly

widening gully in a southwesterly direction, in which the depths increase rapidly

with a bottom of soft mud. I have, iu connection with our reguhir work, run aline

of soundings from the shore to 900 fathoms without change iu the character of the

bottom. There is no other place on this coast in the vicinity of San Francisco that

a cable could be landed Avithout i)assiug over a greater or less extent of ground where

vessels may anchor; neither is there any other place where so soft a bottom can be

found. If the slope from the 900 to the 2,000 fathom curve proves as free from

obstructions as I have reason to expect, IMonterey Bay will be the best possible place

to land the cable, as there would be less than a mile of the shore-end liable to dam-

age from vessels' anchors, and thence to deep water it would rest securely in a soft

bed of mud. Iu our operations along the California coast, we have frequently found

the slope from the shore platform to the ocean-bed dotted with outcroppings of

rock sharp enough to endanger the safety of any submarine cable. This Avas

noticeably so to the southward of the Faralloues, where the lead usually indicated

sand bottom; but in hauling the trawl, the net often came in contacfc with those

sharp projections.

In commencing the survey on the California coast wo will be liable to meet with

delay from coast fogs, boisterous weather, etc. ; therefore, I think it will be advisa-

ble to complete that portion of the line, watching for a favorable opportunity if

necessary, carrying it as far offshore as convenient, then return to San Francisco and

till up with coal. We can then take up the line and carry it to the islands if we

meet with no expected delays; I count on the usual gales incident to the season.

The route I recommend, providing it starts from Monterey Bay, is practically a

great circle to the east end of Oahu, passing about 40 miles to the northward of the

Tuscarora's submarine mountain, and between the soundings of 2792 and 2711 shown

on H. O. chart 527.

I suppose you will send us large scale projections on which to plot our soundings.

It will be a great convenience, particularly if we find it necessary to run traverses

in searching for a practicable route. We have received no instructions yet, but

suppose they are en route. A telegram from the acting hydrographcr gave us some

information as to intervals of soundings. Wo have everything necessary for the

commencement of the work within reach and expect to leave San Francisco to locate

the shore-end on the 5th or 6th of October. If anything is lacking at that time we

can pick it up on our return for coal.
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The following instructions for the cable survey were received October

1, 181)J •

Bureau of Navigation, Navy Department,
WasMngton, September 22, 1891,

Sir: When fully prepared for work, you will proceed with the vessel under your

coijiniaud to take deep-sea soundiugs between San Francisco, Cal., and Honolulu,

Hawaiian Islands, with a view to determining a suitable route for a submarine cable

between these ports. Soundings taken at alternate intervals of 10 and 2 miles will

be sufficient to demonstrate any irregularity of bottom. It may not be necessary,

however, to confine yourself to these distances; I merely give them as being such as

will insure with certainty the proi^er development. Should any unusual rise in the

bottom occur, it will, of course, need close examination to determine a feasible route.

You Avill please keep a complete record of all resulting data for transmission to

the Department at the completion of the work, and will record upon appropriate

forms the latitude, lojigitiule, depth, nature of bottom, with frequent surface and
bottom temperatures, and occasional serial temperatures.

The books and papers for the records will be furnished you from the Hydrogra})hic

Office, with a sheet showing tlie soundings taken by the Tascarora in 1875, from which
it appears that the desirable route is likely to be just to the northward of this line.

By direction of the Secretary of the Navj'.

Very respectfully,

F. M. Ramsat,
Chief of Bureau.

Lieut. Commander Z. L. Tanner, U. S. N.,

Commanding U. S. F. C. S. Albatross.

The vessel was ready October 3, with the exception of a sui>ply of

wire, books, etc., which were to be furnished by the Hydrographic
Office. We waited for them until the 5th, then went to San Francisco

and coaled. The following telegram was received on the 6th from the

Chief of the Bureau of Navigation

:

Method of survey proposed letter September 27 approved.

Monterey Bay to the Hawaiian Islands.—Messrs. C. H. Townsend,
naturalist, and A. B. Alexander, fishery expert, were assigned to tem-

porary duty on shore. We finished coaling on the 8th, having taken

on board 171f tons. Proceeding to sea at daylight the following morn-

ing, we arrived off Santa Cruz at 2:50 p. m., and SAvung ship under

steam, observing azimuths on every point to determine the errors of

compass, finally anchoring off the town for the night. A dense fog-

obscured the sun during the forenoon of the 10th, but passed off' at 2

p. m., when we swung ship for heeling error, fii'st with a starboard list

of 6° to 7^o, then with a like inclination to ijort, bearings being taken

on the cardinal points. The results were widely different from previous

observations, but they seemed reliable. The maximum heeling error

did not exceed one-quarter of a point.

The first sounding of the survey was made at 9:45 a. m. on the 11th

of October in 52 fathoms, 2-J cables W. ^ N. (mag.) from the head of

Salinas Pier, a wooden pile structure about 150 yards in length; thence

to the beach a line of soundings was run by boat. Taking a south-

westerly course, following the submarine gully before mentioned, the
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deptli increased to 165 fathoms at 3 miles, and 0L8 fatlioius iit 11 miles,

soiindinii'S having been taken at 1 mile intervals. Extending the line

17 miles with inereasing intervals of 2, .">, and •! miles, the depths

increased to SOS fathoms, the character of bottom remaining the saiiu',

thns insnring a secnre bed of soft mnd in Avhich a cable would soon

sink beyond all its enemies.

From the above position, 28 niiles from the initial station, an approx-

imate great-circle course was taken, de])ths increasing uniformly to the

normal ocean bed in 2,500 fathoms, and reaching a depth of 2,895

fathoms in latitude 33° 12' north, bottom of brown ooze. Mnd took

the place of ooze at the last station, and an interval of 8 miles showed
225 fathoms less water, with small fragments of lava intermixed with

the mud. The bottom soils from every station were submitted to micro-

scopic examination, and the tirst warning of marked elevations of the

ocean bed were almost invariably discovered by this means.

Uniform or slightly increasing depths continued for 50 miles followed

by a gradual ascent, until in latitude 32° 41' north we found ourselves

on the summit of an elevation having 2,011 fathoms of water. The
angles were so snuiU and regular that the shoaling could not be consid-

ered as an obstruction, but an abrupt descent of 392 fathoms in the

next 2 miles might be considered in that light. Traces of lava soon

disappeared, but mud extended 12 miles from the summit, and was then

replaced by brown ooze, which, with normal depths, extended to lati-

tude 31° 43' north. Here the line was dropped and we returned to

jNIonterey Bay for the purpose of further developing the submarine can-

yon extending seaward from Salinas Landing, which, for convenience,

will hereafter be referred to as the "cable trough." It was thought

that more uniform depths might possibly be found by bearing slightly

to the westward of the first line, but there was little choice between

them. Having completed the examination, we returned to San Fran-

cisco, reaching port October 24.

The meteorological conditions, while unfavorable for the prosecution

of the survey, were not unusual for the season of the year. Fogs pre-

vailed some i)ortion of each day in the vicinity of the landj strong

coast winds with hazy, cloudy weather, extended 100 miles or more
offshore; cloudy weather was the rule, and a southeast gale with heavy

seas and drenching rain was encountered during the last two days the

vessel was engaged on the line.

The preliminary trip developed a few weak points which were reme-

died in a couple of days, and the remainder of the outJit, completed

during our absence, was taken on board. The 2,000 pounds of sound-

ing wire contracted for by the Navy Department for the survey had not

arrived. We waited for it until October 31; then with 100 pounds pro-

cured fronj the storehouse, 100 pounds from the Thetis, and a similar

amount belonging to this vessel we left the navy yard, took on board 190
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tous of coal at Sail Francisco, and sailed November 4, for tlie further

prosecution of the survey. Arraiigemeuts were made with the command-
aut of the navy-yard, Mare Island, to forward 400 pounds of wire lo

Honolulu as soon as practicable. Mr. C. H. Townsend, resident natu-

ralist, returned on board, from special duty ashore.

The j)reliminary line passed about 40 miles north of the Belknap
Eise, a huge submarine mountain, 14,000 feet above the ocean bed, yet

no sign of it appeared either in depth, contour, or character of bottom.

The experience of the Albatross, following that of the Tttscarora,

warned us of our apx)roach to a region abounding in elevations and
depressions of frequent occurrence, making it advisable to examine a

wider area. With this object in view, and to avoid the elevation encoun-

tered on the preliminary trip, a parallel line was run from latitude 33°

T north, from C to 8 miles to the southward of it for about 200 miles.

The elevation was avoided, and normal conditions continued to 31° 54'

north, where a depression was encountered having a maximum depth
of 3,18G fathoms, and extending about 70 miles in a southwesterly direc-

tion. From 2,500 to 2,700 fathoms continued thence to 29° 11' north,

where another elevation occurred having a depth of 2,085 fathoms. The
bottom specimen at this station contained a few grains of sand, miuute
(juartz crystals, which were apparent only under the microscope. The
iiormal depth was soon reached, and for 700 miles the average was about

2,900 fathoms, the maximum exceeding 3,000 fathoms. The bottom
was, with few exceptions, composed of brown ooze, but traces of lava

were found at three stations and sand at two.

In latitude 23° 14' 30" north, 200 miles from the east end of Oahu
Island, was found the most important elevation in the line; from a base

of 300 miles in diameter the depths gradually decreased from 2,839 to

1,256 fathoms. A^pproaching the island, a depression was crossed 00

miles from land, having a depth of 2,878 fathoms, nuul bottom', all traces

of foraminiferous ooze having disappeared at a distance of 100 miles

from the nearest i^oint of Oahu.

The shore platform was reached in 570 fathoms 20 miles from land,

after a steep ascent from the normal ocean bed. Froni 300 to 400 ftithom s,

with smooth sand bottom, was carried through the Kaiwi Channel
between Molokai and Oahu, but from the shore line to about 200 fathoms
frequent coral lumps were found scattered over the sandy bottom.

Survey about the Hawaiian Ishmds.—We reached Honolulu at 12:30

p. m. iSTovember 21, and moored head and stern in the usual manner.
The U. S. S. Fensacolav^as lying in port on our arrival. Slight repairs to

machinery and sounding apparatus were made and reports of progress

prepared. On December 1 a package of wire, 253 pounds gross weight,

was received by steamer from San Francisco. It was the first of the

new wire to reach us, and was received with no little pleasure, as it

insured us an ample supply for the completion of the work. The liydro-

griiphic oftice blanks, before referred to, forrtlottiug the data of the sur-

vey, were also received by the same steamer.

p c 92 2
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The order for a cable survey contemplated a single line, but our

experience convinced me of tlie advisability of further develoi)ment of

the rout(% and on NoNember lit 1 wiote the hydrographer as follows:

Have iiuislied tlio great-circle route, ^Yi(ll the cxcei»t^ioii of the shore lauding on

Oaliu. AVhile it may be considered practicable,! do not feel that any .single line

will be wholly satisfactory, and will, therefore, as soon as possible, extend the

second route on a rhumb line, which will bo about as far to tlie southward of the

Tiiscarora's line as the great circle is to the northward of it. I don't know that it

will be any better than the cue we have already examined, but it Avill give us two

surveys and a reconnoissance on practically i)arallel lines.

At 10:50 a. in., December 2, we left port to locate a cable lauding on

the east or south side of Oahu. Four of the most promising points

were examined, as follows: Hauanma Bay, Manna Loa Bay, Kapua
Entrance, and Waikiki Bay. The latter lies about 3 miles from Hono-

lulu, and all things considered seems the best, though Kapua Entrjince

or Mauua Loa Bay affords i)racticable landings.

A second line was run from Kaiwi Channel to an intersection with

the great circle in latitude 21° 47' north, practically completing that

line, and defining another contour line from the shore platform to tln^

ocean bed, about 10 miles south and west of the first one.

The currents in the vicinity of the islands are strong and erratic,

frequently attaining a velocity of 4 to 6 miles per liour on the eastern

shores of Oahu, and often reaching the bottom with scouring effect.

In KaiAvi Channel there is sufficient drift to prevent the deposit of

mud, yet not enough to hinder the growth of various delicate forms,

which we found in large numbers.

A critical examination of the bottom was made in Kaiwi Channel

and near the points selected for cable landings with beam trawl and

tangles, to determine more definitely the character of bottom and its

fauna, having special reference to the existence of coral lumps and

such forms as might be destructive to a submarine cable. The general

results of these few hauls may be briefly stated as follows:

Dredging station 3467 : 6 specimens of Jlfacrun, 2 chima'ras, 2 starfishes, .3 shells, 1

sea-urchin, 1 brisinga, 2 ascidians, 1 Poitachcle.^, 2 alcyonarians, 1 gorgouian.

Dredging station 3468: 2 small fishes, 5 sea-urchins, a few crabs, little coral, 3 ophi-

uraus, nnuli bryozoa.

Dredging station 34(39: 1 starfish, 2 shells, much coral, little bryozoa, little alg:e.

Dredging station 3470: many small fishes, 1 large fish, few starfish, 1 octopus, nuiny

prawns, 1 squid.

Dredging station 3471 : many small fishes, 12 prawns, 1 holothurian, 1 pennatula.

Dredging station 3472: 6 Macruri, many specimens oi Myclophum, 2 flounders, 6

eels, 12 starfish, few shells, few crabs, 6 prawns, 1 holothurian, few sponges.

Dredging station 3473 : 4 Macruri, 2 Slernoptyx, 1 starfish, 3 shells, 1 crab, 4 praAvns

1 naked mollusk, 1 pennatula.

Dredging station 3474: 35 Macruri, 2 specimens ol' Myctophum, 2 of Sternojityx, 2

eels, many starfish, few shells, 5 sea-urchins, 4 crabs, few ophiuraus, fcwiirawns,

few sponges, few naked mollusks, 1 pennatula.
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Dredging station 3475 : 24 Macrim, mauy starfish, few shells, 3 soa-nrchiiis, few
prawns, few sponges, few naked mollusks, few peuuatulas, 1 squid, 3 crinoids,

few sea-anemones.

Dredging station 347(i: many Macruri, mauy specimens o£ Sehasfcs, 1 Moiiocauthus,

few starfish, few erabs, few Pentacheles, 1 octopus, few prawns, 1 holothurian,

fewspouges, Ipennatula, few squid, 1 crinoid.

We were strongly tempted to extend our biological worlv to the

almost unknoTvu ^^ aters of Hawaii, where every haul brought mauy
interestiug forms entirely nuknown to our naturalists, but the element

of time was of such importance in the cable survey that we did not

feel justified in doing anything that would interfere in the slightest

degree with its progress. Enough was learned, hoAvever, to show us

that the prolific waters of the Hawaiian Archipelago present an exceed-

ingly interesting and almost virgin field for the scientific exj)lorer.

The investigations above detailed occupied us until December 6,

when we returned to Honolulu, took on board 172| tons of coal, and
made final preparations for running a second line of soundings to the

California coast.

We received many courtesies as well as material aid from the officers

of the Hawaiian Coast Survey and others, which greatly facilitated

our work.

Haivaiian Islands to Monterey Bay.—We took our final departure

from the beautiful harbor and hospitable people of Honolulu at 4:50 j).

m., December 11, and steaming around Diamond Head anchored for

the night in Mauna Loa Bay. Getting under way early the following

morning, the rhumb line was commenced in latitude 21° 18' north,

longitude 157° 33' west, and extended N. 03° E. true for the California

coast.

The outer verge of tiie shore platform was found in 003 fathoms, 20

miles from laud, and a sharp descent of 29 per cent from this point

developed the same bold contour that was found on previous lines.

The bottom retained its character of mud and sand also, without the

least indication of the rocky projections so apt to occur under like con-

ditions. Increasing depths were revealed with each succeeding cast,

and 75 miles from Oahu we entered a depression 30 miles in extent,

having a maximum depth of 3,027 fathoms. Thence for IGO miles the

mean was not far from 2,600 fathoms, increasing to a inaximum of 3,038

fathoms in 135 miles, which proved to be the deepest cast on the rhumb
line. A mean of 2,900 fathoms was then carried for 34^5 miles to an
elevation having 2,346 fathoms, and 2,700 fathoms for 120 miles to a
rise over which were 2,375 fathoms.

The great central plateau averaged about 2,(;00 fathoms, with eleva-

tions having 1,924, 1,858, and 2,175 fathoms, the latter lying S. 46° E.

true, 28 miles from the crest of the great Belknap Eise, a remarkable
submarine mountain, which has an elevation of about 14,000 feet above
the ocean bed, and reaches Avithin 388 fathoms of tlie surtiu'e. Tliere

is a strong ijrobability that the last-mentioned sounding was on a
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remote spur of tbis elevation, although the souucliugs do iKjt positively

indicate it.

The northern limit of the central plateau, following the rhuiiib line,

lies about 450 miles from the California coast, and is succeeded by a

depression 24 miles in width, having a maximum depth of 2,773 fath-

oms. Normal depths were soon reached again, and continued with

remarkable uniformity for about 260 miles, when the water gradually

shoaled toward the coast, 170 miles distant. The two lines intersected

35 miles from Salinas Landing; then followed the same route through

the cable trough.

Head winds and continuous bad weather exhausted our coal, and

made it necessary to drop the line in 31° 45' north, on December 27,

and go to San Francisco for a supply. ATe arrived on the 31st, but the

next day being a holiday, and Sunday following, we were unable to

commence coaling until January 3, 1892. The bunkers were full on

the evening of the Cth, however, when we left the coal wharf, proceeded

directly to sea, and, steaming to the spot where the line v\ as dropped,

took it up on the 10th and carried it to its intersection Avith the great

circle in latitude 30° 40' north. The last souiuling was made in 1,053

fathoms at 8 p. m., January 15, 1892, and, the line being con)pleted, we

started for port, reaching Mare Island at 10:15 a. m., January 10,

^Yin(ls and weather.—During the preliminary trip, and while engaged

upon the great-circle line, the meteorological conditions were about

normal for the season of the year. Fogs and boisterous winds were

experienced near the land, and after leaving the coast cloudy weather

prevailed. A southeast gale was encountered between parallels 32°

and 30° north, and thence to the vicinity of the islands Ave carried mod-

erate to brisk trades. I leavy Avesterly swells were encountered at times,

resulting from remote Aviuds Avhich did not reach us.

Good weather was the rule while avc Avere employed in the examina-

tion of the shores of Oahu for a cable landing, although fresh winds

and heavy ground swells were encountered in Kaiwi channel.

On the homcAvard trij) bad Aveather was encountered from the start;

a heaA^y norther Avith furious s(pialls and high-breaking seas struck us

as soon as Ave left the protection of the land, but this we took philo-

soi^hically, as it insured fairly clear Aveather, enabling us to locate the

line at the slope from the shore platform to the ocean bed by cross

bearings and astronomical observations. The storm continued from the

12tli to the 14th, the tra<les springing up from EXE. on the 15th, light

at lirst, but increasing rapidly to a strong wind Avith heavy squalls, rain

and rising swell until, on the 20th, they attained the force of a moder-

ate gale Avith heavy head sea. It began to subside on the 23d, and on

the 25th AVC had light northeast trades, clear Aveather, and smooth sea,

the lirst really pleasant day since our departure from the islands.

Wind and sea Avere nearly ahead for ten days, making it necessary

to turn the vessel stern to it at every station, holding her in position
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from an hour to ;ui lioiir and a, half while taking- the sounding-, then
repeating the critical operation of turning her again to lier course.

The work was successfully prosecuted at no small risk to life and limb,

and at the expense of great and unusual strain and Avear and tear on
hull and machinery.

We were obliged to drop the line at noon of the 27th and go to San
Francisco for coal, eucountering- a heavy southwest gale en route.

The following extract from a San Francisco paper, describing the trip

of the XI. S. S. Chdrlcufon from Honolulu to San Diego during- the last

half of December, shows the weather experienced by that vessel:

San Diego, Jauiiari/ 1.—At 9 o'clock this morning the cruiser Charleston ronnded
Point Loma and steamed into tlie bay. ^ * * Her sides were rnsty and dirt-

begrimed, and she looks as if she had experienced a hard trip and rough usage.
" " During The past week the vessel passed through one of the most terrific

stonns ever experienced by anybody on board, it being so bad for the 24 hours
ending Thursday morning, that everything had to be strapped down, and it was
impossible for a person to maintain footing anywhere on the decks.

Eeturningto complete the line we found light Avinds, pleasant w^eather,

and smooth seas, except a few hours of boisterous coast wind on the

1.5th of January.

Wear and iear.—Deep-sea sounding and dredging are much more
destructive to machinery, boilers especially, than ordinary full-speed

steaming. The run between stations must be made a^ ([uickly as prac-

ticable, and then the engines are slowed, stopped, and backed ; if steam-

ing head to the sea, the vessel must be turned stern to it by going-

ahead on one engine and backing the other, and to hold her in position

first one engine and then the other is slowly backed. If running- before

wind and sea, it is not necessary to turn around, the engines being-

simply stopped and reversed until the vessel is brought to a stand-

still. In calm weather, smooth sea, and no current, soundings are

sometimes made without moving the engines after getting into posi-

tion, but as wind and sea increase the necessity for working- them is

enhanced until, in a gale, one or both are constantly moving, either in

the same or opposite directions. Signal follows signal in rapid succes-

sion in order to maintain the position of the vessel over the sinker, for

it is an invariable rule on board the Albatross that none but vertical

soundings will be accepted.

The destructive effects of this peculiar service on the boilers is not

apparent at first sight; but, remembering that constant and marked
changes of temperature are taking place in them froiu the frequent

opening and closing of the furnace doors, the introduction of cold fuel,

and from other measures resorted to in order to control the pressure of

steam without destroying the fires, it will be seen that rapid deterio-

ration must ensue even were these the only hurtful agencies at work.

If we add to this the frequent loss of fresh water by the unavoidable

overflow of the hotwell while sounding- or dredging, with the attend-

ant evils arising from the introduction of an equal amount of salt feed,
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the oxtraovdiuary service re(|iure(l of ilie Albatross Ijoilevs will he

appreciated.

Preparations for a third line of souadinf/s—The Ibllowin^' letter (Vom

the cliief of tlie Bureau of Navigations dated November oO, was received

January 17:

In rotiiT'niiijj; iVoKi HoiidIuIii 1i> S;iii I'^iaiicisco, aftor c()in|tletiiig tlie sound hii^s at

close intervals along the dinn't line between Salinas lauding and Honolulu, please

take soundings at intervals of about GO miles upon a lino situated about as far to one

side of the line just completed as the soundings taken in 1S74 by the officers of the

U. S. S. Ttisc((rora are to tlie other side.

This was the first intiniatioii I received that a second line w-as con-

temphited by the Bureau of jSTavigation ; it was expected tliat the

order would reach us at Honolulu, but it probal)ly arrived there after

our departure. I replied to tlie Euicau's letter as follows:

Your letter of November 30, 1801, with reference to second line of soundings

between Honolulu and California, was received this morning. In reply, I beg leave

to say that the second line has been completed with average intervals of about 10

miles, and is, I think, much the Ijetter of the two. ^Ve arrived at the navy-yard

yesterday and are now waiting orders. The report of survey will be forwarded as

soon aa possible.

It will be seen that we had anticipated the wishes of the Bureau. As
before stated, I recognized the necessity for a second line before the

first was couipleted, and, while engaged on the latter, it occurred to

me that still another one, farther to the southward, might be re<iuired.

In anticipation of such an event, I wrote to the hydrographer, on

December 25, 1891, that the wear and tear had been very great, and in

case a third line was to be run we would require about two weeks at

the navy-yard to make the necessary repairs.

' All the available force was put to work on the report of cable sur-

vey, which was completed and forwarded February 1. This report

included sounding and meteorological records, charts, plans, photo-

graphs, etc.

Telegraphic orders were received from the Bureau of Navigation,

tlu"Ough the commandant of the navy-yard, February 10, directing me

to run a line of soundings from Point Concepcion to Hilo. I informed

the commandant that itw^onld take three weeks' time and the expend-

iture of $2,000 to make temporary repairs necessary for the completion

of the work.

The repairs could have been made wiiile we were preparing the

report had the necessary instructions been received. There was some

questi(m as to the practicability of paying for tlie repairs from the

approimation for cable surveys; and it was not until February 15 that

instructions were received to go ahead with the work, kee])iiig an

account of items chargeable to the U. S. Commission of Fish and Fish-

eries and the Navy Department, respectively.

The vessel went into dry dock the following day, and upon examina-

tion a rope was found wound around the starboard propeller shaft in
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sucli a manner as to gi\e us tlic impression that tlie stern busliing- was

gone. A sixteenili of an iueli of lignum-vit;Te still remained in the bear-

ing, however, and as it wonld require several days to renew it, we de^'ided

to risk the trip with the old bushing. Eepairs were made to one of the

sea connections, the ship's bottom was scrubbed, paint mended where

it was broken, and on the 24tli we left the dock.

The work progressed favorably and the expense came well within

the estimates. We coaled shi^) from the 4th to the 8th of ^Vlarch, and

tried the engines at the dock on the 10th, everything working satisfac-

torily. The vessel was then ready for sea, and would have sailed on

the nth to complete the cable survey had we not been detained by

orders from Washington.

FUR-SEAL INVESTIGATIONS.

San Francisco to Cook Inlet, Alaska, etc.—A letter was received on

the 7th from the Commissioner, intimating that the Albatross might be

diverted from the survey, and outlining a ijroposed cruise in connection

with investigations regarding seal life. The commandant of the navy-

yard received a telegram from the Secretary of the ]S avy on the 8th to

delay the sailing of the Albatross until further instructions. A tele-

gram from the Commissioner on March 11 directed me to hold the ves-

sel in readiness for sailing in accordance with the jjlans outlined in his

letter of March 2, above referred to as having been received on the 7th.

The Secretary of the Navy wired on the 12th that the services of the

Albatross were no longer required in connection with the cable survey,

directing stores to be turned over to the commandant of the navy-yard

and the crew reduced to the complement allowed June 30, 1891.

A telegram was received from the Commissioner March 15, as fol-

lows:

President orders Albatross placed in Revenue Marine Division nnder orders from

tbe Secretary of tbe Treasury, as explained in letter of March 13. Expect you will

be ordered to sail at once for Port Townsend. Alexander sbould be on board, photo-

graphic outfit should be complete, and a good supply of alcohol on hand. Expenses

from date "will bo paid by Treasury Department.

A message was also received from the Assistant Secretary of the

Treasury, saying that "sailing and definite instructions will be tele-

graphed to-morrow." March 16 I received a dispatch from the Secre-

tary of the Treasury containing sailing orders and specific instructions

for the cruise until the arrival of the vessel in Port Townsend. Several

letters and messages were sent and received relative to the reduction

of the crew and the absolute necessity of having the full number on

board. The Commissioner wired on the 18th that " extra crew would
be retained, but not as part of naval complenient." The 14 men in

question were accordingly transferred to the civilian roll.

We left the navy-yard at 1 p. m. March 19, and anchored off Sau-

celito, for the double purpose of avoiding a NW. gale and readjusting

machinery. A disagreeable thump was developed in the starboard
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engine during- the cable survey, which still continued in spite of our

etiorts to locate it, and was so marked during the run down the bay

that we thought it advisable to make another effort to rod nee it before

proceeding to sea.

We were uiuler way at daylight on the morning of the 20th, and

steamed out through the Golden (iate en route to PortTownsend, where

we arrived at 8:45 p. m. on the 2'lth, after a boisterous trip, which cul-

minated in a moderate SW. gale off Ca])e Flattery with furious hail

and snow squalls. Our instructions contemplated a carelnl observan(!e

of seal life as far as practicable without undue delay, and several tiav-

erses were run off' and on the Oregon and Washington coasts with that

object in view. Few seals were seen, however, owing largely to stormy

weather.

We were instructed to procure two seal-hunters, an interpreter for

the Chinook jargon, two otter boats, two Parker shotguns, etc., all of

Avhich were promptly secured in Poit Townsend and Seattle.

Prof. B. W. Evermann reported for duty ou the 27th, and Mr. A. B.

Alexander, fishery expert, was ordered to temporary duty on board the

United States revenne steamer Corwm. The coal bunkers were replen-

ished at Seattle on the 29th, the vessel returning to Port Townsend the

following day, when Mr. Joseph Murray, special U. S. Treasury agent,

reported on board for duty connected with the investigation of seal

life.

The Albatross left Port Townsend at 8:50 a. m., March 31, en route

for Cook Inlet. There were on board, in addition to the regular com-

l)lement otollicers and crew, the following experts, viz: Joseph Murray,

special U. S. Treasury agent; Prof. B. W. Evermann, naturalist; J. E.

Lennan, iiunter and Alaska pilot, and N. Hodgson, hunter and inter-

preter for Chinook jaigon.

The weather, which was threatening at the time of our departure,

culminated at 4 p. m. in a fresh gale from NE. to SE., with heavy

cross seas after leaving the protecti<m of the straits. It moderated

about noon on the following day, but the swell continued to roll in

from seaward. The course from Cape Flattery was intended to carry

the vessel over the usual sealing-grounds oft' Vancouver Island in

order to intercept the herd, observe the number of vessels, and general

operations of the sealing lieet. Four schooners were observed during

the day, all hove to on account of bad weather, and a solitary seal was

seen about 1 p. m. off Cape Cook. A vigilant lookout was kept at all

times during the cruise at the masthead during sealing weather.

Sealing weather, as understood in this report, included the interval

from daylight until dark, whenever the weather and state of the sea

would admit the lowering of boats and carrying ou of the practical

work of hunting.

Passing 30 miles from ('ape St. James, a direct course was laid for

the Barren Islands, The lirst seal, a single individual, was seen in

latitude 66° 25' north, and several were observed the following day
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(April 5) in latitude 50- 01/ north, on the outer margin of Portlock

Bank. A heavy northwesterly gale kept them moving constantly;

they were seen by twos and threes during the afternoon, and w^hile it

was impossible to distinguish sex, there was no doubt whatever as to

the absence of old bulls.

The Barren Islands and high lands of the Kenai Peninsula were

sighted at 3:15 p. m., and as we did not Avish to approach the coast

until daylight next morning, the engines were slowed and finally

stopped while an abortive attempt was made at cod-fishing in 28

fathoms—latitude 58° 22' north, longitude 150^ 09' west. The depth

was much less than had previously been found in that locality, and as

we had ample time on our hands a line of soundings was extended

across the bank during the night, the depths gradually increasing to

118 fathoms.

The officers and men on deck were startled about 10 :30 p. m. by the

passage of a brilliant meteor, which was followed a little later by a

remarkable display of aurora borealis.

Steaming ahead at early daylight against a fresh breeze, we reached

the landlocked harbor of Port Graham at 11:26 a. m. The entrance is

narrow, tortuous, and to a stranger dangerous; but once inside ample

room and iierfect protection will be found. Fort Alexander, as the

Aleut village here is called, lies on an exposed point near the southern

approach to the harbor, and contains a population of 120 souls, all

Aleuts except Mr. Cohen, agent of the Alaska Commercial Company.
The whole face of the country was covered with snow, which buried

the log cabins of the natives nearly to the eaves. The past winter was
the most severe that has been known for many years, and there were

few evidences of approaching spring at the time of our arrival. The
usual winter's hunting was almost entirely prevented bj^ inclement

weather, and the j)eople were very poor in consequence.

Mr. Cohen came on board soon after the anchor was down, and being

informed of our mission, rendered valuable aid in getting the native

hunters together and acting as interpreter.' His experience of twenty-

two years in the Territory, engaged in the fur trade, gave special value

to his statements. His intimate acquaintance with the people and their

language made free communication comparatively simple.

Affidavits relating to seal life were procured from Mr. Cohen and all

of the native hunters, and at 2 : 45 p.m. on the 9th (April) the Albatross

left the commodious harbor of Port Graham and anchored two hours

later in Chesloknu or Soldovoi Bay. The village locally known as Sol-

dovoi lies on the northern shore of the harbor, the log cabins in which

the natives live being scattered irregularly from the beach over low

wooded mounds, and fairly protected from prevailing winds. It has a

population of 103 Aleuts and Kenai Indians and 4 white men. The
jN"orth American Commercial Company has a station here in charge of

Mr. John W. Smith, who has been twenty-four years in the Territory,
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most of the time, ooiniected with the I'm- trnde. lie reported an exceed-

ingly hard winter and late si)ring-, and the natives having been nnable

to follow their usual avocation of hunting the sea otter, were in conse-

quence very poor.

The bay is only partially i)r(>tccted from westerly winds, the entrance

is narrow and intricate, and the space available for vessels of 12 feet

draft is limited. Tliere is, however, an inner harbor, or basin, east of

the village where small vessels find perfect protection, and a shingle

beach affords an excellent place for hauling out to clean or repair.

Three small schooners, the Hope, Matinee, and An)U( Matilda, wintered

there; the last two belong to the Cutting racking Company, of San

Francisco, and act as tenders to their cannery, located farther up Coolc

Inlet.

Our investigations were completed on the 10th, but we were detained

by a snowstorm until the following morning, when, the weather having

cleared, we steamed well out into the inlet and swung ship under steam,

observing azimuths ou every point, for the purpose of ascertaining com-

pass errors; then stood into Coal ]>ay and anchored at 10 a. m.

This bay is formed by a projecting point which juts out 5 or 6 miles,

at right angles to the main land, forming an excel ler.t natural break-

water; its extremity of gravel and shingle is called Coal Point. Ivepre-

sentatives of the AlaskaCoal and Commercial Company and the Cooper

Coal and Commercial Company were found comfortably housed in

wooden structures on the point, watching' the interests of their respec-

tive corporations. There were 11 men at this place, all white. Some
work had been done toward the development of the Alaska Coal Com-

pany's property, but not sufficient to demonstrate its value. They

seemed to be holding possession j)euding the securing of titles to their

claims.

The coal measures are located near the extremity of a peninsula

extending frctm the mainland and se])arating Cook Inlet from Kache-

mak Bay. It is a tableland of moderate height and thickly wooded.

As nearly as I could ascertain, the ])roduct may be classed among the

brown coals, resembling those of the Puget Sound region.

Our investigations were prosecuted as usual, and some additional

information obtained. The question as to whether fur seals were ever

known to haul out in or near Cook Inlet was among the many interest-

ing subjects presented for solution. Inquiries were made among men
who have passed their lives in hunting over the region under discus-

sion, and the fact that none of them ever saw a seal hauled out would

seem to settle the question conclusively. The fur seids pass along the

shores, and sonu'times enter Cook Iidet in small numbers when they

are ou their way to Bering Sea. They sometimes loiter about a few

days, and then an occasional one is killed, providing there are no sea

otter about; but should the presence of the latter be suspected the

seals will remain undisturbed by the otter hunters.
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It was our original intention to visit the Kenai settlement, bnt npon

iuqniry it was learned that the river was still encumbered with ice,

making- communication difficult, if not impracticable, and also that the

iiatives were not always to be found there so early in the season.

We were under way again at 2:15 p.m. (April 10), and steaming

into Cook Inlet, several miles off Soldovoi, si)eiit nearly an hour with

trial lines on abanlv tradition has stocked with endless numbers of

codfish and halibut. The bottom indications were favorable, but we
caught no fish, and failed to discover the slightest indication of their

presence, bnt they may resort to deeper water during the winter season.

The locality is worthy of examination, however, for should fish be found

in paying qnantities the advantages of secure harbors and native set-

tlements, wood, water, and coal would make these banks a favorite

resort for fishermen. The flue beach at Soldovoi for hauling out would

be available for fishing schooners, and even with the limited resources

of the place would prove invaluable in case of emergency. The wind

increased rapidly during the afternoon, and when we resumed our

course, at 4 p. m., it was blowing a moderate gale from WSW., veering

to W]SrW. later, and increasing in force, giving us an uncomfortable

night in the rough confused seas and strong currents in the region of

the Barren Ivslands.

The anchor was dropped in the outer harbor of St. Paul at 7 next

morning; we went to the wharf four hours later, and 102 tons of coal

were taken on board during that and the following days.

St. Paul, Kadiak Island, has a population of 380, of whom 65 are

whites ; the inhabitants of Wood Island number 193, including 3 whites.

We were informed that the winter here also had been unusually

severe and the approach of spring was reported three weeks late. Mr.

White, agent of the Alaska Commercial Company, rendered us great

assistance in the prosecution of our investigations and in forwarding

our work generally.

The following schooners were in port fitting out for sea-otter hunting:

Pearly Lydia, St. Pauly N'or-iccst, Albert Walter, Mary, and Three Broth-

ers. The Undaunted, Alexandria, and Rose had already sailed.

We left St. Paul at 1 :15 p. m. April U for Port Etches, Prince Wil-

liam Sound; the weather had been threatening all day, and the wind

increased in force until at 8 p. m. it was blowing a fresh gale from NW.
witli a rough sea nearly abeam, which caused the vessel to labor heavily

until we reached the Kenai Peninsula, which afforded partial protec-

tion. It moderated on the morning of the 15th, and we steamed along

the base of the snow-clad heights of the peninsula in comparatively

smooth water, anchoring in Port Etches at 11 p. m.

One fur-seal was seen during the trip from Kadiak to Port Etches,

in latitude 59° 07' north and longitude 148° 03' west.

The Aleut village of ISi'utchek lies on a spit near the northern shore

of the entrance to Port Etches. It is a postal station and has a native

population of 180. The only white man in the settlement, Mr. Frank
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C. Koi'tli, a,iioiit of the Alaska, Commercial Comi^any, came on board

sooiJ after our arri\al and was of jireat service to us iu prosecuting our

investigations, particularly in getting the native hunters together and*

acting as interpreter. Au unusually severe winter and late spring was

reported at this place also, Avhicli still confined the hunters to winter

quarters. The capture of the sea otter afitbrds the principal employ-

ment of the natives, altliough l)ears and other land ainmals are taken,

but the value of their furs is insigniticant in comparison with that of

the former. There were one or more native boats codfishing in the

upper bay whenever the weather permitted, and no doubt they have

the means of taking herring, but we saw none caught by them, altliough

they were plentiful in the bay and large numbers were taken in our

collecting seine. Codfish were taken with hook and line from the rail,

and, while rather small, they were found to be of good quality.

Au easterlj' gale and heavy snowstorm sprung up on the afternoon

ofthelGthand continued with slight interiuption until the following

evening, detaining us iu i)ort meanwhile. It (deared during the night,

however, and at 3:15 a. m. on the ISth we got under way and steamed

to the eastward. Cape Hiuchinbrook was abeam an hour later, 2 miles

distant, and at noon Castle Rock, a conspicuous and unmistakable

landmark, lying off Cape St. Elias, bore NE. f E., magnetic, 20 miles

distant. The weather was unusually clear and, tradition having given

the region a bad uame, nioi'e than usual precautions were taken not

only for the safe navigation of the vessel, but to confirm the existence

or nonexistence of reported dangers.

H. O. chart 5i*7 shows a rock -.1^*; 9 in latitude 50^ 'M' north, longi-

tude 144° 43' west; but a sounding in 377 fathoms, gravel an<l mud
bottom, i)roves the nonexistence of the danger in that i)osition. The

following soundings, leading up to it, increase regularly in depth and

seem to confirm its absence on that line or near it, for our masthead

lookout would have seen discolored water at least 5 miles on either

hand. In latitude 50° 34' 45" north, longitude 144^ 58' west, the lead

indicated 81 fathoms, green mud; and in 50° 33' north, 144^ 52' west,

07 fathoms with the same character of bottom. The rock is probably

nearer Cai)e St. Elias, a dangerous locality, where obstructions of that

description are to be exi)ected. Three fur seals were seen between

noon and 4 p. m., and six during the next two hours.

Our vicinity to one of t!ie assigned positions of Pamplona Eocks

toward evening was sufhcieiit inducement for renewed vigilance, for

we had already demonstrated their nonexistence in the oifsliore position

given them on the ch.aits, and where, in 1888, the Albatross ran a line

of soundings in from 1,000 to 1,800 fathoms. At 8:30 p. m. a sounding

was made in 15(1 fathoms, pebbles, latitude 50o 35' north and longitude

143° 21' west.

The presence of a few scattering seals so early in the season led us

to suspect that the vanguard of the herd might be encountered not
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far away, and, fearing we migiit pass tliem in the niglit, tlie vessel was
liove-to until 3 o'clock the following morning, when, the day breaking-

bright and clear, we started ahead with a man at the masthead looking

out for seal life; also for indications of rocks or discolored water.

Steaming over one of the positions in which the Pamplona Eocks
have been plotted on the charts, latitude 59° 35' north, longitude 143°

04' west, a sounding was made in 225 fathoms, blue nmd and ])ebbles,

in latitude 59° 36' north, longitude 142° 57' west; and another in 281

fathoms, same bottom, latitude 59° 37' north, longitude 142° 45' west.

The course, which had been NE. by E. magnetic, was changed to ESE.

I E., and having steamed 2G miles, a sounding was taken in 504

fathoms, green mud; then running NE. f E. for 12 miles, 114 fathoms,

pebbles, was found in 59° 21' north and 141° 51' west. Changing the

course to ESE. f E., magnetic, an interval of 11 miles gave us 110

fathoms, gravel, in latitude 59° 14' north and longitude 141° 35' west.

Steaming 27 miles ESE. |- E. magnetic, the last sounding of the series

was made at 3:40 p. m. in 471 fathoms, green mud, in latitude 58° 50'

north, longitude 140° 50' west.

The course was retained until 11:20 p. m., when a rising gale and
rough sea forced us to heave to, head to wind. Mount St. Elias was
visible until p. m., but increasing clouds and mists obscured it from

that time.

The various courses during the day practically paralleled those of

1888, when the Albatross made her first search for tlie rocks, and, both

days being clear during the time of search, the masthead lookout

would have noted anything above water at least 10 miles on either

hand; hence, we may conclude that these vigias do not exist within

the belt 40 miles in width and 100 in length, over which our recon-

noissance extends. No sign of seal life was observed during the day,

although a careful lookout was kept.

The gale continued until the morning of the 21st, when a small

schooner and one seal were seen. Whales, wild geese, puftins, etc., were

frequently observed. The engines were slowed to steerage way during

the night, to avoid passing the sealing fleet or herd in the darkness.

Having passed the region of Sitka about 100 miles from land, Ave

drew in to about 35 miles off Forrester Island, where a few scattering-

seals and a single schooner were seen. The usual Aj)ril sealing-ground

was said to be from the Columbia Kiver to Dixon Entrance, and we
were momentarily expecting to see indications of the herd and the

sealing fleet, but not a sign of either was observed north of Cape Cook.

The date of arrival in Port Townsend was prescribed in orders from

the Secretary of the Treasury, and, having a couple of days to spare,

the time was utilized in cruising oft' Vancouver Island; but few seals

were seen, however, and none taken. Several schooners were sighted.

The Mascot, of Victoria, had her boats out. She had seen no seals nor

sailing vessels since leaving port, and did not know whether the herd

were north or south, but " would like to know just where they were."
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^^'e called at Xcali IJay on the aftenionii of the 27th to ascertain

whether the groniid had been ('0ver«;d dnring' our absence, and inci-

dentally to learn the whereabouts of the sailing fleet. We were
informed that a Treasury agent had visited the reservation and had
procured such infonnation as Avas desired; he left only an hour or two
before our arrival. Five sealing schooners were at anchor in the baj'',

four of them belonging to the Indians of tlie reservation. Cajjt. Quii.n,

of the Tcaurr, reported rather ])oor success on account of unlavorablc

weather; he <lid not know where tlie ileet were, but thought most of

them were between the Columbia Iviver and Cape I'lattery. Subse-

quent infoi-mation showed that the maj(n'ity of the vessels Avere off

Sitka at the time, and that wc had passed them during the thick,

blowing As^eather.

Leaving lieah Bay at 8 p. m., we reached Port Townsend early the

following morning, four weeks from the time of our departure, and on
the date specified in our orders for the trip to terminate.

Tlie boilers Avere giving us trouble from leaky tubes, and it was nec-

essary to change from one to the other wheucA^er an opportunity

occurred, in order to stop leaks and free them from accumulations of

salt. The foremast dcA^eloped a Aveakness at the hounds during the

northern trip, and close examination resulted in the discovery that

under a thin surface shell the wood was so much decayed that it was

unfit for service, A new spar was immediately oi'dered. Telegraphic

inforunition was received from the Secretary of the Treasury that the

Department had a contract Avith the Black Diamond Coal Mining Com-

pany, of Seattle, to furnish fuel for the revenue marine A'essels, and that

Ave would hereafter procure coal from them. It is not an economical or

safe fuel for the boilers of the Albatross, although it gives good results

in boilers specially constructed for its use.

Leaving Port Townsend early on the morning of the 4th of INlay, aa^c

moored alongside the buiikers at Seattle four hours later, and during

that and the following day took on board 174 tons of coal, returning to

Port ToAvnsend on the Gth. The next day, May 7, Avas observed as

a holiday in commemoration of the one hundredth anniversary of the

discovery of Puget Sound by Vancouver. The event Avas celebrated,

in a notable manner on shore, and the menof-Avar in the harbor partici-

l)ated by dressing ship and firing national salutes at 8 a. m., meridian,

and sunset. The merchant shipping observed the day by dressing

ship and joined, or rather led, in a general illumination in the evening.

The Albtitross participated as far as i)racticab]e'. The new foremast

Avas hoisted on board and stepped during the day.

Fort Townsoid to Unalaska.—A¥e left Port Townseiul for Unalaska

at 8 155 a. m.. May 10, via the inner channels of YancouATr Island, this

route being taken in order that the light spars might be sent aloft, rig-

ging set up, and the sails bent before reaching the open Avaters ol" the
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Pacific. The weather was rainy, misty, and foggy at times, but we
experienced little difficulty in running from point to point. We passed
Seymour IsTarrows at 4:15 a. m. on the 11th, and reached Alert Bay at

2:05 p.m. the same day, wiiere a stop of an hour was made to allow the

engineers to effect some slight but necessary adjustments of valve gear,

advantage being taken of the delay to send mail on shore.

Eesuming our course, we stood through Johnstone Straits and Gol-

etas Chaniiel, finally taking our departure from Mexicana Point at

9:15 p. m. ^Ye had succeeded by energetic work in getting the spars
all aloft, rigging set up, and the principal sails bent before we left the

protection of the land, and other preparations were completed before

we passed Cai^e St. James the following morning.

Our orders directed us to cross on the parallel of 52° north, and
this was done, as nearly as MMnd and weather permitted, without undue
delay. A southeast gale was encountered on the 13th and 14th, with

rough sea and thick, misty weather, followed on the loth and 17th by a

gale from the southward and westward; thence to port light to mod-
erate winds i^revailed.

An accident occurred on the 15th from the use of Seattle coal, in which
the vessel narrowly escaped a serious disaster. This coal contains a

large percentage of gas, and burns quickly, with a long flame and
intense heat, both commendable qualities with specially constructed

boilers having large combustion chambers. The boilers of the Alb<(,-

tross, however, are designed for the use of anthracite and the slower

burning of the bituminous coals, and consequently combustion takes

place largely in the steam drum and smokestack when burning the

highly inflammable varieties from the Puget Sound region, a red-hot

funnel being of too ii"equent occurrence to attract special comment.
On the occasion in question, without warning, the simultaneous igni-

tion of soot in boiler tubes, steam drum, and smokestack superheated
the steam to such an extent that solder on an extension joint of the

main steam pipe began to melt, and the lower seams of the steam drum
commenced to leak ; the engine packing was burned out and the wooden
casing protecting a small steam pipe which passes through a coal bunker
was ignited, smouldering until the following day, when it was discov-

ered and extinguished after the removal of many tons of coal. Leaks
in the boilers increased to an alarming extent after the occurrence

above related.

We reached the Fox Islands Passes on the evening of the 18th, lay

to until daylight, and- reached Uualaska at 11 o'clock next morning.
A constant and vigilant lookout was kept for seals during the trip,

but none were seen. They tbllow a fairly well-defined route which,
during the northern migration, is confined to the general direction of

the shore line and does not depart very far from it. One sealing vessel

was seen off the coast of Vancouver Island, within sight of land.

Application was made to the North American Commercial Company
for coal immediately after our arrival, the Government having con-
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tracted with that corporation to supply fuel to its vessels dniiiii;' the

seasou. The agent inloruicd me that they were not prepared to deliver

coal at that time. We then went to the whiirf of the Alaska (Jominer-

cial Coni]>any and took on board a supply, linishini; on the evening- of

the 21st. The AUxdross was the iirst Government vessel to i-each

Bering Sea, the U. S. S. Yorhtown arriving a day later.

Aleutian LsUokIs.
—"We left TJnalaska at 3:25 a. m., 'Mny 22, to visit

the inhabited islands of the Aleutian chain west of Umnak, and, skirt-

ing the northern shores of Unalaska, Umnak, and the islands of Four

Mountains, we passed within 4 miles of Seguam, and thence direct to

Kazan Bay, Atka Island, arriving at 7 p. m. May 24. The passes

between Umnak and Seguam are resorted to by large numbers of seals

in their migrations to and from Bering 8ea, but we saw no sign of them

between Unalaska and Atka.

We were fortunate in reaching Kazan Bay while the hunters were

still at home. The settlement is admirably situated in a sheltered nook

on tlie western shores of the bay, and has a population of 120 natives

and 1 white man, Mr. Henry Dirks, Avho has been resident agent of the

Alaska Conimercial Company for seventeen years.

The nati v^es are hunters, and follow the sea otter among the Andreanof

and Kryci or Rat islands, which extend from the islands of Four Moun-

tains to the Near Islands. Hunting parties are transported to their

various stations by a vessel of the Alaska Commercial Company in the

spring, and returned again to their winter homes after the season's hunt-

ing is over. Blue foxes are found on some of the islands within their

field of operations, and are taken in greater or less numbers. A small

revenue is also derived from the manufacture of basket work, which is

of a superior quality.

The Atka mackerel, Pleurogrammusmonopteryffkis, an excellent fish,

is taken to a limited extent ami forms an important item in the native

food supply. The fish appears on the shores of the Aleutians from

Atka westward, in the spring, in large schools, which hover closely

about the kelp beds, particularly iavoring the passes or exposed points

Avhere swift currents prevail. This habit prevents the use of purse

seines in their capture, but they can be taken rapidly by hand, using

any of the simple methods known to fishermen. The favorite device

at Atka is a lath, or strip of board a))()ut 2i inches wide, in wiiich are

driven a number of sharp-pointed nails at an angle pointing upwards.

Beaching the fishing ground, the boat is usually secured to a piece of

kelp and the aj)paratus above described is used as a gig, bringing up

from one to half a dozen fish at a time. As soon as the barbed device

enters the water it is surrounded by fish drawn toward it, apparently

by curiosity; the water is clear and the school not more than C feet

below the surface; hence every movement can be seen by the fisherman,

who watches fi)r a favorable moment to impale liis unsuspecting prey.

The agent and several of the older and most intelligent huuiers tes-
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tified regarding the movements of fur seals, and were unanimous in the

opinion that the herds do not use the passes between Amukta and
Great Kyska islands in their migrations to and from Bering Sea. Only
scattering seals have been seen by them in the Aiidrcanof and Kryci
islands, and they were mostly gray pups, which appear from Septem-

ber to November, usually after northerly gales; they are never seen

during winter. They are captured whenever opportunity offers, and
the flesh used for food, it being considered a great delicacy. The skins

are either used for domestic purposes or sold to the company. A dozen

seals a year would probably be a fair average for the Atka hunters.

We were ready to sail on the morning of the 25tli, but a northwest-

erly gale was blowing with sufficient force to i^revent our progress

along the Bering Sea side of the islands, except at a large expenditure

of fuel, which we could not aftord; neither could we wait for it to sub-

side, for the limit of the cruise was fixed at a date which admitted no
delay. Our only resource was to enter the Pacific via Amlia Pass, a

narrow passage between the island of that name and Atka; it had never

been used by anything larger than a fishing schooner, and was practi-

cally unknown, but Mr. Dirks had frequently fished in the vicinity

and believed it was free from hidden dangers.

Waiting until 9:55 a. m. for a favorable condition of tide, we left the

snug anchorage of Kazan Bay and steamed through the pass without

trouble or delay. There was an extensive ledge on the Atka side, but
it showed above water. We favored the Amlia shore until ui) with the

reef; then taking a midchannel course SSE., magnetic, we steamed
through the i^ass, which was from 1 to 1^ miles in width, against an
8-knot current with heavy rips, swirls, eddies, etc. The hand leads

fiiiled to reach bottom, and there was no kelp in midchannel; hence it

may be assumed that the pass is navigable for a full-powered steamer

—

a sailing vessel would only attempt it under favorable conditions.

Having cleared the pass, we ran offshore about 2 miles, then hauled

up parallel with the general trend of the islands, and under storm-sail

;vnd steam made excellent progress in comi^aratively sniooth water.

The wind moderated during the following day, and thence to port the

weather was all that could be desired. The ISOtli meridian was crossed

at 11 a. m., and the date changed from Thursday, May 20, to Friday,

May 27, to correspond with the date in east longitude.

The scene was enlivened while coasting along the Aleutian chain by
the constant movements of birds, such as wild geese, little auks, guille-

mots, petrels, puffins, the albatross—both white and gray—gulls, etc.;

porpoises were seen frequently, sometimes in large schools. Tide rips

and the constant occurrence of kelp lent a certain air of danger until

the latter was approached and recognized as growing or floating, the

former being considered as a warning, while the latter drifts aimlessly

over the Avhole region, and frequently makes long sea-voyages when
taken up by one ot the areat ocean currents.

F C 92 o
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The highlands of Attn were sighted at 8:20 a. in. May 2S, Agattu

aud tlie Semichi Ishiiuls api)eaTin»- above the liorizoi; a!>out the same

time. Arriving off Cliich a got' Harbor, Attu Ishmd, we got the flag-

staff on with Kange Point, as directed for entering, but soon discov-

ered a kelp patch off Middle Kocks lying directly ahead; we left it on

the starboard hand, and, as it was not shown on the chart aud no

mention of it made in the sailing directions, we were led to distrust the

accuracy of tlie survey, so, following our usual practice in unsurveyed

regions, a boat was sent ahead to sound, the vessel following slowly at

a convenient distance. We entered without difficulty and anchored at

5:1.3
J), ni. in 1^ fathoms, about the center of the harbor. The bay is

ratlicr small, bnt is laiidlockod and has good holding ground of stiff mud.

The IT. S. S. Jlohican visited the harbor during the summer of 1892,

and, anchoring in the kel]) patch above described as lying in the fsiir-

way, soon swung uj^on a rock having 15 feet over it, with 3i fathoms

around it. The accident occurred from their failure to observe a well-

established rule in navigating the waters of the North Pacific and

Bering Sea, i. e., "Keep out of the kelp."

The village of Attu lies on a level tract of limited extent at the head

of the bay, and has a i)opulation of between 80 and 90, all Aleuts.

Pilaret Pi'okopief, native storekeeper for the Alaska Commercial Com-

l)any, said the winter had been very severe, and there had been much
snffering in consequence. No sea-otter and very few foxes had been

taken. The stock of provisions in his charge was practically exhausted

in January, and the people had lived on smoked goose and fish. Dried

salmon-berry leaves were used as a substitute for tea, and dried kelp

took the place of tobacco. A civilized community can have no concep-

tion of the value these two articles, tea and tobacco, possess in the

estimation of the Aleut. The tea-kettle, or samovar, is constantly

simnuuing wherever a spark of fire can be kept, and a pot of the bev-

erage is in order at any hour—2 or 3 gallons a day is not an excessive

estimate for a man where the necessary ingredients can be procured.

Tobacco is not counted a luxury, but occupies a prominent place among
the necessities of life. The average Aleut will barter his most cher-

ished iwssessions for it when a liberal offer of money is refused.

The condition of the people, especially the women and children, was

so deplorable for lack of proper food that I ordered sufficient rations

issued to relieve their necessities until the arrival of the supply vessel,

sent to them at least once a year. The general condition of the natives

of Attu contrasted strongly with those of Atka, where the superior

intelligence of the white man was so ai^parent.

The men of Attu are hunters, their game consisting of sea-otters and

blue foxes, their hunting-grounds embracing their own island of Attu,

Agattu, and the Semichi group. This was formerly a rich station, but

the sea-otter has been steadily decreasing in luimbers until the hunter

is hurdly able to keep soul aud body together. Agattu uhd the Semj^
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chis are favorite nesting-grounds for wild geese, and the natives of
Attn secure large numbers of them annually, smoking them for winter
use. The down is an article of trade.

Halibut are taken in small quantities in the spring, and cod are found
at all seasons along the northern shores of Attn, in from 30 to 60
fathoms. The Atka mackerel is abundant from April to September,
and is an important article of food, either fresh, dried, or salted. They
school in and near the kelp beds, as at Atka, but run deeper and are
taken with gigs. The Annie, a small schooner, took 40 barrels of this
excellent fish in the summer of 1891, salting them as mackerel are
salted on the Atlantic coast, and sailed in August for San Francisco.
The women are expert workers in grass, and the Attn baskets, etc.,

bring a good price. It would be a source of considerable revenue if

they could be induced to manufacture it in sufficient quantities.

Good water is to be had at all seasons of the year, and Attu has
become a favorite watering station for the western sealing fleet. In
August, 1891, the schooners City of San Bier/o, Allie I. Alger, and Katy
A7in put in here for water on their return from a raid on the rookeries
of the Commander Islands. The former reported a partial success, but
the others were driven olf.

The native hunters were interrogated concerning the movements of
fur seals, and were practically unanimous on the following points, viz:
Fur seals are seldom seen about Attu, Agattu, and the Semichi

islands, and they have never been known to haul out except when
wounded. Two or three instances are remembered of wounded seals
having been shot while hauled out to rest. Twenty-five or thirty years
ago the older hunters recollected seeing them in small squads about the
kelp beds during the month of June, feeding on Atka mackerel. They
never saw any seals east of the Semichis, nor had they ever seen any
about during the winter season.

It will be remembered that the Atka hunters did not believe that the
Pribilof herd used the passes west of Amukta Island; the Attn men
never saw fur seals east of the Semichi Group

; and the Albatross
experience in traversing the whole length of the Aleutian Archipelago,
from Unalaska to Attu, without seeing even a single individual, seems
to confirm the native belief that the Commander Islands herd does not
enter or leave the sea east of Attu and the Pribilof herd does not enter
or leave Avest of the Four Mountain Pass.

Commander Islands.—The Albatross left Chichagof Harbor at 6:55 p.
m.. May 29, for the Commander Islands. No soundings had ever been
made between the Aleutians and the latter group, and it was a mooted
question whether they properly belonged to the Aleutian system or to
Kamchatka. To settle this interesting point, we ran a line of soundings
from Attu to Copper Island, the maximum depth of 1,996 fathoms being
found about 30 miles from the latter, Avhich lies on the eastern verge
of the XOO-fathom curve off the Kamchatka coast.
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A soiitlienst ftale sprang up on May 30 with a rough sea and thick

weather. Tlie south end of Copper Island was made at 11: 25 p.m.,

about 2 miles distant, a narrow strip of beach being seen under the fog.

The liigli land of Bering Islan*] was tirst seen at 5:30 a. m, on the 31st;

then it shut in for a couple of hours, when Cape Manati, the southern

extremity of tlie island, bore NNE. J E., magnetic, 9 miles distant.

The snow-covered mountains i)resented a Avintry aspect as we steamed

along the west coast of the island. The weather gradually cleared,

however, and at 1:15 ]). m., when we arrived off the settlement and

anchorage of Nikolski, it was blowing fresh iVom the T^W., making it a

lee shore, on wiiich the surf was breaking so heavily that we hauled off

to wait for more favorable weather.

We had only a general chart of the islandj*. which was on a, scale too

small to give detailed information. The positions of settlements were

not even indicated, and the only information concerning the anchorage

was obtained from a native of ITnalaska who had previously visited

the islands in the cai)acity of interpreter, having had nothing whatever

to do with the navigation of the vessel; hence his knowU'dge was limited

to a general idea of the surroundings above water.

A number of soundings were made and codfish were taken while

lying-to. Later we swung ship for comj^ass errors. The results were

not accurate, but they answered our purposes, and it was the only

opportunity we had for compass observations in that region.

Wind and sea moderated towards evening, and a few minutes before

8 ]). m. we steamed slowly in, and an hour later came-to off the settle-

ment in 7 fathoms, Mr. Waldemar Paetz, agent of the Russian Sealskin

Company, having pointed out the best berth. He came on board after

we anchored and exi)resse(l a desire to assist us in every way i)0ssible.

I called on the governor. Col. N. A. Grebnitzky, the following morning

and informed him of our mission. He had been advised of our coming

from yt. Petersburg, and signified his readiness to do anything in his

power to assist us.

A naturalist, hunter, and photographer were dispatched to the North
Rookery at once, by dog teams, to examine the locality and procure

specimens of the different categories of seals. In the meantime, the

most experienced and intelligent of the native population were inter-

rogated regarding the various phases of seal life on and about the Com-
mander Islands. The governor kindly gave us valuable information,

besides assistingin getting the natives together, numbers of them being

on duty at the rookeries.

They were unanimously of the opinion that the Pribilof and Bering-

Islands herds do not mingle; that the latter spend the winters along

the Kurile Islands; that their numbers are fast decreasing on the rook-

eries, and they attributed it to the indiscriminate slaughter of all ages

and sexes by pelagic sealers. There were a few seals on the rookeries,

mostly old bulls ; a few specimens were procured, but not as many as

we had hoped to get.
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There are two rookeries on Bering Island ; the North Eookery, already

mentioned, near the northern extremity of the island and distant abont

8 miles from Nikolski, and Poludeuni, a small and nnimportant rookery

lying 17 miles south of the settlement.

An excellent skeleton of a sea-cow, Bhytina sfellerl, was purchased
from a native at Nikolski; it was the third, and he claimed the best,

he had found.

A recoil noisance of IS'ikolski Bay was made during our stay, which,

although incomj)lete, will prove of great assistance to a stranger in

making the anchorage. The position of the Salt House on Vkhodni
Point, by observations with artificial horizon, June 1, 1892, was found

to be latitude 55° 10' 30" north, and longitude 100° 00' 58.5" east;

variation, 3° 37' east. The region is a dangerous one, and should be
navigated with the greatest caution.

The governor visited the shij) on the morning of June 3, and at 5:25

p. m. the same day we left for Copper Island, having on board a native

pilot sent to us by the governor.

Arriving off the village of Preobrajenski at 9:15 the following morn-
ing, we were boarded by the agent of the Kussiaii Seal-Skin Company,
Mr. E. G. Kluge, who came out in a Avhaleboat with a crew of boys
and the patriarch of the village as coxswain, the hunters all being
absent, some guarding the rookeries and others on the sea-otter grounds.
The village lies on the south shore of a small bay, 10 miles from the

north end of the island, which is accessible to small craft only. A
vessel may anchor outside in fine weather, but she would be exposed
to all winds from the northwest to east and southeast.

It was our intention to interrogate the hunters of this island regard-

ing seal life, but finding it impracticable, owing to their absence, we
took the agent's boat in tow, and with himself and i>arty on board
started for tlie Polatka Eookery, which is the largest and most impor-

tant on Copper Island. It lies on the west side, about 10 miles from
its southern extremity and 40 miles from the settlement. Arriving at

2 :30 p. m., a party consisting of the agent and his crew, the naturalists,

hunters, and photographer visited the rookery, where they procured a
couple of young males, made a general inspection of the locality, and
took several photographs illustrating the character of the ground and
numbers of seals. With the exception of the two bachelor seals before

mentioned, there were none but old bulls hauled out, and they were
distributed over the ground holding their claims.

The rookery extends several miles along a narrow rugged beach,

backed by precipitous mountain slopes, mostly inaccessible. The four

principal rookeries lie along this stretch of beach, and are practically

continuous, all but one having driveways across the island, from 1 to

3 miles, surmounting elevations of 400 to 800 feet—much more trying

than the Pribilof drives.

lietui-ning to the village, the agents left the ship and we started
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immediately for Unalaska. We regretted not seeing the settlement of

this, the wealthiest community in all tlie Bering Sea islands, but the

lack of coal and the prescribed limit of the cruise admonished us of the

necessity of promptly starting homeward.

The following notes concerning tlie Commander Islands may not be

out of place, as, outside of parties interested in the sealing industry,

they are almost unknown.

The group consists of two principal islands, Bering and Copper, with

numerous outlying ro(;ks and islets. Bering Island, the largest and

most important, is about 50 miles in length, northwest and southeast,

and 17 miles in breadth near its northern end, narrowing to a point at

its southeastern extremity. A range of mountains extends tlirough

the center, reaching a height of 2,000 feet or more in tlie southern part,

while they are much lower toward the northern extreme.

Copper Island is about 30 miles in length northwest and southeast,

from 2 to 5 miles in width, and has a ceiitral mountain range upwards

of 2,000 feet in height. The group belong to the Kamchatka system.

Copper Island resting just within the lOO-fathom curve from the Asiatic

coast.

Neither island has a secure harbor for vessels of any size, Preobra-

ienski furnishing protection to small craft only. The "port," as ]N"iko]ski

Bay is called, is open to westerly winds, subject to heavy ground swells,

and is altogether an undesirable anchorage under the best conditions,

and dangerous unless a vessel is prepared to go to sea at any moment.

The climate is not very severe, although the group lies in 55° north

latitude, the benign influence of the Japan stream being evidenced by

the absence of intensely cold weather. Heavy snows are not infre-

quent, and during the winter months northwest winds frequently bring

in great fields of ice from the Asiatic shore. Driftwood from Kam-
chatka and Japan is depended upon for domestic purposes, and timber

is reported to have drifted ashore which grows only on the American

continent. Nutritious grasses grow over a large portion of Bering

Island, and the natives cultivate some of the more hardy vegetables.

Copper Island, on the contrary, has little level or arable land.

The population of Bering Island on July 1, 1892, was 351, 336 natives

and 18 whites, the latter being members of the families of the governor

and agent of the lessees.

Copper Island has a population of 300 natives and 2 whites, the agent

of the lessees and the assistant to the governor.

The entire population of Bering Island is concentrated at Nikolski,

and of Copper at Preobrajenski. They all came originally from the

Aleutian Islands. They are housed in comfortable wooden cottages as

a general rule, although a few still live in primitive " barabaras." The

Greek church is the most prominent feature of the village.

Nikolski is admirably situated on a narrow strip of level land on the

south and east shores of the bay of that name. Bluffs about 100 feet
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in height rise immediately back of the settlement, from which exteud

rolling- table-lands afibrdiiig excellent pasture. A small stream passes

through the center of the village and empties into the bay
;
just beyond

the settlement, in a northeasterly direction, a fine stream about 400 ieet

in width falls into the head of the bay. This stream forms the outlet

to a series of lakes and marshes which occupy the intei-ior of the north-

ern portion of the island, and affords a bountiful supply of salmon,

flounders, herring, trout, and other varieties of edible fish, which are

taken by means of a seine in the open season, and speared through

holes in the ice during winter. We witnessed the hauhng of a seme

and shared in the results, receiving a quantity of excellent salmon,

suflicient for a meal for the whole ship's company.

The available men took the seine on their shoulders and carried it

to the stream; a footbridge a few hundred yards above its mouth

enabled them to carrv it across, and after adjusting it properly the

ropes were manned and the seine dragged down stream slowly against

a young flood tide until, by the weight of the net, it was ascertained

that a suificient number had been taken, when the men on the north

bank, who wore waterproof boots, waded the stream, carried the hues

across, and landed the catch on the bank nearest the settlement, where

the women were gathered to receive it.

The government of the group is vested in a governor appointed

by the authorities in St. Petersburg, Col.N. A. Giebnitzky being the

present incumbent ; he has an assistant on Copper Island. The agents

of the lessees are intermediaries between governor and natives; the

priest of the Eussian church also wields great power. A native chief

and second chief are elected by the vote of the able-bodied men of the

island, subject to the governor and agent, the former having the power

to displace them at any time. They serve during good behavior.

The chief must superintend personally all work undertaken by the

natives of whatever description, and is held in a measure responsible

for its execution. There are certain privileges and slight pecuniary

compensation attaching to the position. If two or more expeditions

are to start at the same time, he puts the second chief m charge of

one, and accompanies the most important himself. He has authority

to appoint as many deputies as the occasion demands, and all natives

are required to obey him explicitly.

Every member of the community without reference to age or sex has

certain duties to perform, according to individual capacity. During

the sealing season, all the able-bodied men and larger boys are employed

on the rookeries; in the winter time they hunt the blue fox. The pay

of the natives for all work is turned into a common fund; the lessees

pay 1^ rubles for every fur-seal skin taken, 14 rubles for each first-

class blue-fox skin, and 7 rubles for second-class fox skins. The

fund is divided per capita, a certain amount being withheld for the

support of the church and for the additional compensation of the
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chief. Tlie lioml of each family i.^ the ])eisoii to wlioin the money is

given in charge, the amount he receives being according to the number
of persons in iiis household. These need not be actual relatives, but

nuiy be invalids, aged, or otherwise uonsupporting persons under his

protection. All community work is i)erformed without ])ay. The young
man is naturally anxious to handle the family fund; hence he marries

early in order to take his place as head of a family as soon as possible.

A small guard is maintained for watching over the rookeiies. The
privates are selected fi-om the native youths between the ages of 15

and 21; they serve three years without further compensation than

their share of the fixmily fund. The noncommissioned officers are

Russians. AVhile the guards are stationed at the rookeries, they occui)y

barabaras usually situated on the bluffs overlooking the beaches, and

are not allowed to approach a rookery except to repel poachers. It is

their lirst duty to give the alarm, in case boats are seen ap])roaching,

and warn them off; if the warning is not heeded, they are to drive the

seals into the water, and if the poachers still persist in landing or do

not depart the}' are to fire upon them, using sufficient force to drive

them awaj'.

•Strict rules for the ])reservation of the seal herd are rigidly enforced

on the rookeries; they are voluminous and cover every possible con-

tingency. The following are a few that differ from those in vogue on

thePribilofs:

None but natives are allowed to work on the rookeries.

A line of 100 golden rubles is imposed by the Government upon any one who kills

a female fur-seal, and 10 rubles for killing a pup, and sueh additional line shall be

paid as shall be im])()sed by the natives themselves.

No person, nativa- or otherwise, is allowed to wear boots with nails in them on the

rookeries; rubber boots or tarbosas mnst be used.

Chewing or smoking tobacco, expectorating, or attending to the requirements of

nature are strictly i)rohibited on the rookeries.

Knives may be carried, but a stick with a metal ferule is not x>ermitted.

No small boys or females are allowed on the rookeries, and dogs must be left half

a mile from the rookeries during the breeding season.

Transportation on the islands is by means of dog sleds, nearly e\ery

adult native having at least one team. The dogs are kei)t staked out

or penned uj) on the bluff back of the village, each team forming a sepa-

rate colony, and when all are howling and barking the noise is deafen-

ing. In summer, when there is little or no snow on the gr(nind, a team

usually consists of 12 to 14 dogs harnessed two and two, with a leader;

in winter, S to 10, harnessed in pairs with a leader, complete a team.

When the ground is covered with snow the latter team will easily travel

25 miles a day, drawing a sled with 3 men and a reasonable amount of

baggage, Avhile in summer it is considered good work for the larger

team to travel 15 miles with 2 men and baggage. The dogs are led on

seal meat, fish, fresh or dried, sea birds, etc. The teams are allowed

considerable liberty during the winter season, and roam about the set-

tlement at will, but in summer they are more strictly confined.
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In 1881 tlie Alaska Commercial Company, then lessees of tliese

islands, imported 15 reindeer from Siberia and turned them loose on
Bering Island; there were 5 bulls and 10 cows. They soon became
acclimated, increasing to about 300 by the spring of 1892, and it is

expected that the average ratio of increase will bring their numbers to

1,000 in about five years. The herd has been carefully protected by the

governm-, and it is his intention eventually to make it a regular source

of food supply.

The natives have small herds of Siberian cattle which find subsistence

on the island the year round; the milch cows are stabled during the

wintur, as it not only increases the milk suiijily but insures their being

within reach at milking time. This hardy breed of cattle is small, short-

horned, covered with a thick coat of long hair, and has proven self-

supporting on the Commander Islands. The officers and crew of the

Albatross can attest to the excellence of their tiesh as an article of food.

It seems to me that these sturdy cattle might be advantageously

introduced into the Aleutian Archipelago. The climate is not unlike

that of Bering Island; there is ample food for them on most of the

islands; no wild animals larger than a fox would interfere with them,

and in fact there is no apparent reason why they should not thrive and
increase rapidly, eventually furnishing the natives a much-needed food

supply. The extinction of fur-bearing animals which have heretofore

aiibrded them means of purchasing provisions is already making it

exceedingly difficult for the hunters to procure the necessaries of life

for their families; a few years more and another source of supply must
be made available to them or they will disappear from the face of the

earth. It would involve but little expense for the Government to place

a couple of bulls and from four to eight cows on the principal islands of

the archipelago, whether inhabited or not; if near a settlement the

chief could be given charge of them and on uninhabited islands they

could take care of themselves.

Mention has been made of the regulations concerning seal life on the

Commander Islands, and the following translation of the sea-otter laws

may be of interest, in view of the fact that under them this valuable

fur-bearing animal has not only retained its numbers, but is reported to

be actually increasing:

TransJation of the sca-otfer Jaws in vogue on the Commander Islands, June, 1S92.

The date ou which sea-otter hunting oonimences each year is Felnnary 1 ; the sea-

son lasts until June 1, by the Russian mode of computing time. It is unlawful to

kill or hunt the sea-otter at any time other than that specified above.

In the vicinity of and on the sea-otter rookeries spears and nets only shall be

used in taking sea otter.

Notice: Any person is permitted to use rifle or shotgun in pursuit of the sea-otter

when 5 or more Russian versts (24 English miles) removed from the rookeries; but

any person or persons using firearms when hunting sea-otter at a distance less than

5 versts from a rookery is liable to imprisonment and the confiscation of his personal

and real proi)erty by the Imperial Government.
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Fi'iiKiles and yeiirliiij^ pups, wlion cauu;!!! in the nets, may not ))e killed, l)ut sliall

1)0 set iVeo again.

All persons are forbidden to go ou or near a sea-otter rookery during tlie hreeding

season; neither shall any person or persons make camp on or near a rookery during

this period, nor hnild a lire, nor bo the cause of any kind of smoke.

Children are not permitted on or near the sea-otter rookeries.

The numbers allowed to be taken each season are also ])r('scrihe(l.

Commander Islands to Unalaslxa and Port Townsend.—The trip to

Unalaska was uneventful. Strong easterly winds prevailed until June

7, and slow progress was made against the head seas. Tlie boilers Mere

giving- us trouble also, leaks and consequent salting being- so great

that we were obliged to use both, even with a reduced consumption of

12 tons of coal per day. Light variable winds and smooth seas enabled

us to make better time from the l.SOth meridian to port, where we
arrived at 1 :30 p. m. June 9, one day ahead of the date prescribed as

the limit of the cruise.

The U. S. S, Yorl-foivn was lying in port and Commander 1\. I). Evans,

senior naval oftlcer in Bering Sea, informed me that he would probably

send the Albatross to Puget Sound with dispatches, etc., ivnd on the

12th the following order was received:

U. S. S. YORKTOWN (3d Ratk),

Dutch Harbor, Unalaska, June 11, 1892.

Lieut. Commander Z. L. Tanner, U. S. Navy,

Commanding U. S. Fish Commission Steamer Albatross:

Sir: When yon are ready for sea, proceed with dispatch to Port Townsend,

Wash., giving pas.sage to Maj. Williams and such other jiersons as he may direct,

and transportation to such articles as ho may wish to take. On arrival at Port

Townsend wire the Uepartment and send the inclosed cipher messages to the Secre-

tary of the Navy. Forward all specimens immediately, by express, to Dr. Merriam,

Agricultural Department, W^ashington, D. C. You will then return, with dispatch,

to Unalaska, and continue your work in Bering Sea as directed.

Very respectfully,

R. D. Evans,

Commander, U. S. Navy, Commanding U. S. Xaral Force in Bering Sea.

Mr. A. P). Alexander, fishery expert, reported on our arrival, having

been on temporary duty on board the revenue steamer (Jonr'ni. The

bunkers were replenished from the 11th to the 14th, work meanwhile

being pushed day and night on the boilers. Capt. J. E. Leniian, one

of our hunters, and an experienced Alaska pilot, was, at the request of

Commander Evans, temporarily transferred to the Yorhiou-n pending

the trip of this vessel to Puget Sound.

In obedience to the order of the senior naval olticer, the seal sju'ci-

mens from the Pribilof Islands, destined for Washington, were received

from the Rnsh. An invalid, Alonzo Jones, seaman, was transferred

from the Yorlctown with in.structions to forward him to the U. S. Xaval

Hospital at Mare Island. The following-named persons were received

for passage to Port Townsend : U. S. Treasuiy Agent W. II. Williams

and wife; U. S. Treasury Agent II. S. Nettleton, wife, and child; U. S.
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Treasury Agent Milton Barnes; Government School-teacher J. A.

Tuck.

Mail was received from vessels in the harbor and from shore, and at

9:30 p. m. Jnue 14 we proceeded to sea, entering the Pacific through

Unalga Pass. Nothing of moment occurred until next morning, when
large numbers of seals were seen between Unimak Pass and the San-

naks. It is worthy of remark that, with the exception above mentioned,

not a seal was seen in the water during the voyage of the Albatross

from Puget Sound to Unalaska, the Aleutian Archipelago, the Com-

mander Islands, and thence to Unalaska and back to Puget Sound,

thongh a vigilant lookout was kept whenever the vessel was underway.

After passing the Shumagin group, a great-circle course was taken

for Cape Plattery. A southeaster was encountered on the 15th and

16th, followed by a heavy southwest gale on the 18th and 19th; thence

to port, moderate to brisk breezes from the northward and westward.

We arrived at Port Townsend at 5 p. m. June 23, having sustained

no material damage during the rough trip except the disabling of the

foreyard, which was immediately replaced by a new one.

The seal specimens from the Pribilof and Commander islands were

lauded at once and forwarded by express as directed; affidavits and

other papers were dispatched by registered mail.

The boilers gave us much trouble during the trip, leaking so badly

that salt deposits in the back connections completely cut oft' the draft

from some of the furnaces; the engineer's force worked night and day

after our arrival to get them in condition for further service. We went

to Departure Bay on the 2Gtl), filled up with coal, and returned on the

29th, when stores and mail were taken on board for the vessels in

Bering Sea, All preparations were completed on the evening of June

30, and a little after midnight the Albatross sailed again for Unalaska.

Scientific results.—The scientific investigations during the northern

cruise were confined largely to collecting inforjnation pertaining to the

natural history of the fur seal, and the gathering of such other faints as

might have a bearing upon the question at issue between the (irovern-

ment of the United States and that of Great Britain concerning that

animal. The detailed report of these investigations will be made at the

proper time by Prof. Evermann and Mr. Townsend.

Very little time or attention could be given to other lines of natural-

history work; yet, by taking advantage of the occasional days when
the regular work could not be carried on, the naturalists on board were

able to make considerable collections of fishes, birds, and marine

invertebrates. Important collections of fishes were made at Port

Graham, Kadiak, Port Etches, Unalaska, Atka, Attn, Bering Island,

and Puget Sound. Numerous specimens of birds were secured at each

of these places, including a i>articularly interesting series of ptarmigan

from Kadiak and the Aleutian Archipelago. Large and valuable col-

lections of plants were made, especially from about Unalaska.
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At Beriiiji' Island we rcceivod, tlirou.uli the kiridiioss of (Governor

Grebnitzky, a taidc of Jislies and imertebratcs, a laifje box of bird

skins, and a series of skulls of the fnr seal, all presented by him to the

U. S. Fish Commission. The most iini)ortant specimen obtained, how-

ever, was the skeleton of Steller's sea cow [Kkytina steJIeri), ])nrehased

from a native of Bering Island. This skeleton was found in ^lay, ISDl,

imbedded in the sand on the west side of Bering Island, and is believed

to be, with one exeejition, the best-preserved and most ])erfect skeleton

of this animal known.

Mention has already been made of the various si)e(;ies of fish taken

from the rail with hook and line.

SUMMARY OF THE YEAR'S WORK.

The ernising ground of the Albatross during the year has been

between the parallels of lil^ and GO*^ north and the meridians of 1212°

west and 160° east. The following table gives the number of days

under way, distances vnu, and object of each trip:

Date.



Report U. S. F. C. 1892. (To face page 44.; Plate A.

.v«..j_l^.^t

Kat'hemak Bay, Cook Inlet, Alaska; Lat. 58° 30' N., Long. 1.01° 45' W. April 11, 1892. Variation,
s;5° East; annual decrease r (appros.).

Nt* . 1"

T ' 3'^'

Off Santa Cruz, California; Lat. 35° 56' N., Long. 1^1° 57' M'. October 9, 1891. Variation.
16° 15' East; annual change inappreciable.

DEVIATION CARD, U.S. FISH COMMISSION STEAMER ALBATROSS.
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PERSONNEL.

There have been ten changes among the oflficers during the year, as

follows:

July 2, 180L Assistant Taymaster John S. Carpenter reported for duty.

July 9, 1891. Assistant Tayujaster C. S. Williams was detached.

July 10, 1891. Ensign H. B. Wilson reported for duty.

Oct. 1, 1891. Ensign J. E. Sliindol reported for duty.

Oct. 7, 1891. Lieut, (junior grade) J. H. Ilolcombe was detached.

Oct. 25, 1891. Ensign W. B. Fletcher reported for duty.

Oct. 26, 1891. Passed-Assistant Surgeon F. W. F. Wieber reported for duty.
Oct. 27, 1891. Passed-Assistant Snrgeon Nelson H. Drake was detached.

Oct. 31, 1891. Ensign William G. Miller reported for duty.

Nov. 3, 1891. Ensign J. E. Shindel was detached.

Following is a list of the officers attached to the Albatross June 30,

1892 : Lieut. Commander Z. L. Tanner, U. S. Navy, commanding; Lieut.

C. G. Calkins, U. S. Navy, executive and navigating ofiBcer; Ensign
H. B. Wilson, U. S. Navy; Ensign W. B. Fletcher, U. S. Navy; Ensign
E. A. Anderson, U. S. Navy; Ensign W. G.Miller, U. S. Navy; Passed
Assistant Surgeon F. W. F. Wieber, U. S. Navy; Passed Assistant Pay-
master J. S. Carpenter, U. S. Navy; Assistant Engineer A. M. Hunt,
U. S. Navy.

The civilian staff was as follows: Prof. B. W. Evermann, assistant

in charge of scientific department during the sealing investigation;

Charles H. Townsend, resident naturalist; A. B. Alexander, fishery

expert; N. B. Miller, assistant in scientific department; Harry Clifford

Fassett, clerk to commanding officer.

The crew list of June 30, 1891, limiting the number to 53 men, has
been in force during the year except wlien the vessel was engaged ou
the cable survey under the Navy Department, the original number, 68,

having been allowed during the progress of that work. With this

exception, civilians have been taken on temporarily to fill the vacan-
cies; and while we have maintained the efiiciency of the vessel in a
general w^ay, the practice of making up a mixed crew of enlisted men
and civilian employes has been found very unsatisfactory, and it is to

be hoped that arrangements may soon be made for a suitable number
of men for the performance of the special work assigned the vessel.

The Commission is indebted to Eear-Admiral John Irwin, command-
ant, and the officers of the navy-yard at Mare Island, California, for

their uniform courtesy to the officers of the Albatross personally, and
for the facilities of the yard, which have been freely granted to us at all

times for making repairs and refitting the vessel.

We are also indebted to Pay Inspector George A. Lyon, U. S. Navy,
in charge of the navy pay-office at San Francisco, for taking charge of
and forwarding our mails, a kindness which can only be fully appre-
ciated by those who spend half the year in Bering Sea.

The Alaska Commercial Company have, as usual, rendered us mate-
rial aid in our northern work.
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We are under obligations to the North American Commercial Com-

pany for the transportation of Prof. B. W. Evennann and Mr. N. B.

Miller, the photographer, from Unalaska to the Seal Islands and return,

also for subsisting them on the islands and facilitating their investiga-

tions generally.

MEDICAL REPORT.

[By T. A. Berryhill, passed assistant surgeon, U. S. Navy.]

I have to report that duiiiig the fiscal year ending June 30, 1892, the

ship being at sea 44 per cent of the time, there were admitted to tlie

sick-list of this vessel 46 patients, of whom 42 were discharged to duty

and 4 transferred to hospital. There were 243 working days lost by

these patients, which is about 3i per cent of the whole number of work-

ing days of the entire ship's company. The number of days' work lost

on account of injuries was 93, leaving 137 days' work lost on account

of diseases due to contagion and infection, and conditions of ship life.

The remaining 13 days were lost by a patient sent for transfer to hos-

pital.

At one time there threatened to be an epidemic of " grippe," 5 cases

being admitted to the sick-list and many others being under treatment

who continued at work, but it was averted or limited, probably by the

sanitary precautions recommended by the medical officer and carried

out by the commander.

The general health of the officers and crew during the year may be

considered as having been excellent. During the cruises of the vessel

on the cable survey to Honolulu nothing of medical interest was noted.

During the cruises to Alaska and Bering Sea medical attentiQu and

medicines were furnished the natives and the white settlers at Port

Graham, Soldovoi, Coal Harbor, Kadiak, Port Etches, Atka, Attn,

Unjilaska, and Bering Island. At each place medicines were left for

the treatment of cases seen by the medical officer, and in some cases

medicines were left, with directions for using, to treat cases that might

occur.

In none of these places could medical advice be obtained except from

men-of-war or the revenue cutters. At Bering Island medical atten-

tion was given the Eussian governor, there being no doctor there except

when a Russian war vessel is in port. At Unalaska advice and medi-

cines were given to the sailors on the whaling and merchant vessels

whenever requested.

While in Bering Sea it was interesting to note the immunity the

ship's company enjoyed from colds and catarrhal affections, not one

case of respiratory disease occurring.

The system of ventilation on board has previously been described.

By its use the ship can be kept dry and the air in the living quarters

kept pui'e. The use of steam beat has been of great advantage from a
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sanitary standpoint, as it, together with the ventilation, prevents the

"sweating," which is so objectionable in most iron ships, and keeps

the berth-deck dry.

The water, which is distilled by the Baird apparatus, is all that can
be desired.

REPORT ON BOTTOM SPECIMENS.

[By N, B. Miller, Assistant in Scientific Department.]

Having made a microscopical examination of each specimen brought
up from the bottom by the sounding cu\) during the cable survey

between Monterey Bay and Honolulu, I have to report that I found the

specimens from the bay to consist of tine sand and mud, mixed with

vegetable matter washed from the sliore into the water. "When station

31, latitude 30° 39' 30" K, longitude 122° 41' W., in 1,424 fathoms, was
reached, the sand disappeared and nothing but sticky brown mud was
brought up. This continued until station 30, latitude 30° 28' N., longi-

tude 123° 44' W., 2,001 fathoms, when the first ooze was encountered
j

it was gray in color and contained a few foraminifera. These conditions

remained the same until, at station 40, latitude 30° 09' N., longitude
124° 55' 30" W., in 2,434 fathoms, the ooze became mixed in color

brown and gray—containing few shells. From station 44, latitude 35°
47' 30" N., longitude 120° 05' W., to station 72, latitude 33° 12' N.
and longitude 133° 34' 30" W., the depths from 2,500 to 2,895 fathoms,
the ooze was of a dark-brown color and contained very few shells. At
these great depths, the ibraminifera had probably sunk deeper into the
soft ooze than the specimen cup penetrated.

At station 73, latitude 33° 08' N. and longitude 133° 40' W., depth
2,078 fathoms, brown mud was again found; and at station 74, lati-

tude 33° 04' 30" N., longitude 133° 50' 30" W., in 2,070 fathoms, the
specimen cup brought up brown mud containing small pieces of lava.

Brown mud and lava continued until station 81, latitude 32° 44' 30" N.
longitude 134° 58' W., depth 2,014 fathoms, when the cup brought up
nothing but lava, there being no sign of mud having been in the cup;
the largest piece of lava weighed a half ounce. The shot must have
struck a large piece and shattered it, the specimen cup becoming-
detached before the mud was reached. From here to station 240, lati-

tude 23° 11' N., longitude 154° 34' W., 1,783 fathoms, the character of

the bottom remained the same, brown ooze containing few foraminifera.

At this station the color changed to light gray, the ooze containing
more foraminifera than had been found in any specimen previously
examined. At the next station, 247, in latitude 23° 05' K and longi-

tude 154° 45' 30" W., 2,411 fathoms, the color of specimen was brown
and continued so up to station 250, latitude 22° 18' K, longitude 155°
58' 30" W., 2,542 fathoms, when brown mud was again found; as we
approachecl tlje island of Oahu, it became mixed with sand a»d spouge
spicules.
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At station 200, in 208 fathoms, tlic island of Oaliu being tlien in

si.ylit, the s])('cinien en]) br()nj»ht np abont a pint of ch'ini (braniinifera,

no innd or sand being ]»resent. Tlic sliclls were globigeriiia and orbn-

lina. From this station to the harborofHonoluhi the specimens exam-

ined consisted of lino sand, brolcen sliells, small pieees of coral, and

sponge spicnles.

Eeturniug over a lino sonth oi" the other, the resnlts were abont the

same.

We fonnd no evidence of the red elay snpposed to form the bottom

of the ocean in the vicinity of the Hawaiian Islands.

REPORT ON THE MACHINERY.

[By A. M. Hunt, Assistant Engineer, U. S. N.]

(Absti-act.)

Main engines.—During the year, the engines have been in operation

2,831 hours while the ship was on her course in free route. The time

occui)ied in sounding and dredging at sea, when the engines were

w^orked to signals, was 000 hours. The engines have been stopped for

sounding and dredging, from full speed ahead, 040 times during the

year, in addition to the number of stops incidental to her regular cruis-

ing. The ship has steamed 24,991 knots by log, an average of 8.85 knots

per hour. The engines have made 10,592,550 revolutions, an average

of (J2.5 per minute. The maximum speed recorded during the year is

11.45 knots, and the highest average for six hours is 11.15 knots.

The run from San Francisco to Uualaska, in July, 1891, was made at

high speed, and the wear on the crank-pin brasses was very excessive

and abnormal. Babbitting the brasses, and changing the oiling gear,

has reduced this wear to a minimum.

Such repairs have been made from time to time as to enable the ship

to continue her work, but the engines are now in need of a thorough

overhauling. The proiieller shafts have Avorn down very n)uch in the

outboard bracket-bearings. The shafts are out of line and the star-

board one shows signs ofbeing sprung. Many parts are so worn as to

re<iuire renewal, and much of the piping will have to be renewed. These

repairs are fast becoming imperative.

Boilers.—Fires have been lit under the forward boiler, 5,128 hours;

under the after one, 4,223 hours; under the donkey boiler, 471 hours.

They have given a great deal of trouble during the year. The cast-

iron check-valve chambers gave out in the second quarter, and have

all been replaced by composition ones. Two hundred and iorty-live

new tubes were put in the boilers in June, 1891. Quite a nundjor of

these have pitted through, probably owing to imperfections in tubes.

During the last two quarters, much trouble has been experienced from

the tubes leaking at the back ends. This has become so aggravated

during the last quarter that the tubes and connections become choked
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up with salt, very much diminishing the efficiency of the boilers.

Rerolling the tubes has only a temporary effect in stopping these

leaks. I have fitted wrought-iron ferules in a number of the leaking

tubes, but have not found much good resulting from their use. The
tube sheets have cracked in about half a dozen places, across the

bridges between adjacent tube holes. I can assign no reason for these

cracks occurring.

In May, 1892, by orders of the Treasury Department, we took on

board about 170 tons of Seattle (black diamond) coal. The boilers of

this vessel are entirely unsuited to burning this coal, and its use was
attended by a serious injury to the boilers and machinery. The coal

is really a lignite, and, in burning, it evolves large quantities of gas.

This gas (if the fires are forced at all) can not burn in the small com-

bustion chambers of our boilers. As a consequence, it passes uncon-

sumed through the tubes, but, heated above the igniting point, and
coming in contact with air in the uptakes and stack, bursts into a fierce

flame. This happened repeatedly while using the black diamond coal,

and has never occurred with any other coal that has been used during

the year I have served on this vessel. The drum, which is an annular

cylinder, forming the lower section of stack, became very much over-

heated, and all the joints in it were started leaking. The steam in the

drum became very much superheated and i)assing to the engines burnt
out the packing all around. The steam had such a high temperature

that it melted the solder off an expansion joint in the main steam pipe.

The coverings of many small steam pij)es were charred and burnt off".

The wooden casing around the auxiliary steam pipe in the port coal-

bunker caught fire and ignited the surrounding coal. Since the use of

this coal the leaking at the tube ends has been much worse.

The boilers are in much worse condition than is generally the case

with boilers that have had a similar length of service. This is due to

the abnormal conditions to which they are subjected. One year of such
service as that just closed, during which the engines were stopped from
full speed ahead 610 times in addition to the number of stops incidental

to cruising, is fully equal to two if not three years of ordinary service in

destructive effect.

F c 92 4
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TABLES.

lirrord of Inidrographir sotivdhiqa hy the U. S. Finh Commi-ss^iou sienmrr .tIb<ttro»s from
Jidy li ISDl, to JuvcSO, lS9i\

2639
2610
2641
2642
2643
2644
2645
2646
2647
2648
2649
2650
2651
2652
265:t

2654
2655
2056
2657
2658
2659
2660
2661
2662
2U6;j

2664
2665
2606
2667
26()8

2669
2670
2671
2672
2673
2674
2675
2676
2677
2678
2679
2680
2081
2082
2083
2684
2685
2086
2687
2688
2689
2690
2691
2692
2693
2694
2695
2690
2097
2098
2699
2700
2701
2702
2703
2704
2705
2706
2707
2708
2709
2710

1891.

Anc 3

...do...
All-. 11

Auu. 28

...do...
Aug. 29
...do...
Sept. 1

Sept. 2
...do ...

...do ..

So])t. 3

...do...
Sei)t. 4
. . -do . .

.

Oct. 11
...do...
...do...
...do...
...do...
...do...
...do...
...do...
...do...
...do...
...do...
...do...
...do...
...do..:
...do...
...do...
...do...
...do...
...do ...

...do...

...do ...

...do ...

...do...

...do...

...do ...

...do...

...do...

...do ...

...do...

...do...

...do ...

...do ...

Oct. 12
...do ...

...do ...

...do ...

...do ...

...do ...

...do...

...do...

...do ...

Oft. 13
...do ...

...do ...

...do ...

...do ...

...do ...

...do ...

. . .do . .

.

Oct. 14
...do...
...do...
...do...
...do...
...do...
...do...

Time of
d:.v.

11:40 a.m.
5:50 p. 111.

6:15 p. III.

7:25 ii.ni.

8:22!i.m.
9;I3a. m.
5:53 a. ni.

6:39 a. 111.

0:20 a. 111.

12:18 p. III.

12:30 p.m.
1 :35 p.m.
6:25 a.m.
9:18 a.m.
12:10i).m.
1 :03p. 111.

9:48 a.m.
10:03 a.m.
10:05 a.m.
10:07 a. III.

10:09 a.m.
10:11 a.m.
10:13 a.m.
10:15 a.m.
10:18 a.m.
10:20 a.m.
10:21a.m.
10:23 a.m.
10:25 a.m.
10:40a.m.
10:54 a.m.
11:09 a. III.

11:22 a.m.
11 :36 a. 111.

11 :51 a. 111.

12:07 p.m.
12:24 p. ni.

12:45 p.m.
1:13 p. III.

1 :40 p.m.
2:14 p. 111.

2:58 p. 111.

3:40 p.m.
4:32 p. 111.

5:29 p.m.
6:39p.m.
8:42 p.m.
10:46 p.m.
12:.50a. in.

4:21 a. III.

6:34a.m.
8:J5 a. m.
11:32 a. III.

2:16 p.m.
5:09 p.m.
8:55 p.m.
11:47 p.m.
2:42 a. in.

5:43 a. m.
8:55 a. m.

11 :26 a.m.
2:15 p. m.
5:03 p.m.
7:57 J), m.

10:.50p. ra.

1:38 a.m.
4:52 a. m.
8:14 a.m.
11:10a. Ml.

3:33 p.m.
6:18p. 111.

9:00 p. 111.

rosition.

Lat. N.

57 07 00
57 15 00
53 59 00
48 24 30
48 20 00
48 28 05
48 24 25
48 27 10

48 25 30
48 23 55

48 24 50
4S 25 30
48 13 30
48 18 00
48 19 00
48 18 00
36 48 10
36 48 14
30 48 15
30 48 10
:!0 48 17

36 48 18
36 48 14
36 48 10

36 48 00
36 48 03
30 48 04
30 48 05
30 48 00
30 48 10

30 47 5.;

30 47 34
30 47 10
30 47 04
30 40 50
30 46 40
36 40 25
30 46 15
30 45 45
30 45 25
30 45 00

30 44 40
36 44 00
30 43 00
30 42 30
36 41 30
30 39 30

30 37 00

30 35 00
30 32 30

30 30 30

36 28 00
36 25 30

36 20 00
36 14 30
36 09 00
36 03 00
35 58 00
35 52 30
35 47 30
35 41 50
3.') 37 00
35 33 00
35 28 30
35 24 00
35 20 00
35 15 30
35 11 30
35 07 00
35 03 30
34 56 30
34 49 00

Long. W.

107 27 00
170 40 00
100 38 30
124 37 30
124 37 20
124 30 55
124 37 45
124 39 50
124 42 15
124 13 30
124 11 40
124 08 00
123 58 00
123 49 40
123 18 20
123 14 00
121 47 50
121 47 38
121 47 34
121 47 30
121 47 28
121 47 20
121 47 20
jl21 47 25
'121 47 27
121 47 28
ll21 47 30
il21 47 34
il21 47 38
121 47 50
121 49 06
121 50 20
121 51 20
121 52 45
121 53 50
121 55 10
121 56 GO
121 57 30
122 00 00
122 02 30
122 05 30
122 09 30
122 13 00
122 17 00
122 22 00
122 28 00
122 41 00
122 54 00
123 06 00
123 19 00
123 32 00
123 44 00
124 02 50
124 20 30
124 37 30
124 55 30
125 13 00
125 31 00
125 48 00
126 05 00
126 22 20
126 41 00
126 59 30
127 17 00
127 36 00
127 54 00
128 12 00
128 29 00
128 48 30
120 05 00
129 20 00
129 37 00

Frrm.
31
42
24

78
144
137
59
140
74
93
73
44
64
95
55
19
52
24i;

20|

15i
12
10

92

I'
15
lHh

23i
54"

124
105
213
260
352
388
442
377
618
548
808
480
663
770

1, 122
1,424
1,597
1,001

1

,

907
1,983
2,001
2.112

2, 333
2, 330
2, 434
2, 430
2,547
2, .570

2, 566

2,574
2, 569
2,654
2, 577
2, 533
2,000
2,701
2,666
2. 720
2,645
2, 689

2, 707

Clinraotcrof
botloiii.

Tomporatures.

Air.

Drv
bull)

bk.P.Sh
Kkv ..

bk.'G.brk. Sh
1-

hy.U
g.V.S.G
G.S
G
K
s.r
g.v-S
gy-s
si>
rky
gV.S.d.Sh..
rky
Inc. Ilk. S
g>i.M
gu.M
gn.M
gii.M
gii. M
gii.M..
gii. M
gii. M
gn-M
gn.M
gu. M
aii.M
bk. M
gii. M
gu.M
gn.M
gn.M
br. M
br.:\I.S
br.M.S
fiie.gy.S
g.V-S-
Li-.M.S
br.M.S
br.M.S
g.V. S
br.M.S
br.M.S
br.M.S
br. M
br. M
br.M
br.M.S
(Lost Cup)
gy.Oz
gy.oz
gy. Oz
gy. Oz
br. and gy. Oz .

br. Oz
br. and gy. Oz .

br. and gy. Oz .

br. Oz
br.Oz
br.Oz
br.Oz
br.Oz
bu. Oz
bn.Oz
bn.Oz
bn.Oz
bn.Oz
bn.Oz
bn.Oz
(Lost Cup)

o Y.
49
47
50
03
63
63
59
61
57
60
00
01

58
59
02
02
50
50
50

50
50
50
50
50
50
50
50
50
50
52
53
53
53
53
53
54
54
54
55
55
55
55
55
55
54
54
55
55
55
50
55
55
57
55
59
58
58
58
58
62
61
62
62
61
61

63
6:(

65
65
67
60
65

"Water at

Sur- Hot-
face. toin.

OF.
46
46
48
52
52
52
54
56
52
55
55
50
53
53
58
58
55
55

op.

Sound-
ing ma-
chiiio.

Tanner
...do...
. . .do . .

.

...do ...

...do ...

...do ...

. . .do . .

.

...do ...

...do...

...do ...

...do ...

...do ...

...do ...

...do ...

. . .ao ...
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Record of hydrogrnphic soundings from Julij 1, 1S91, to June SO, 1892—Continued.
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Record of hi/drographic soundings from July 1, ISOl, to June 30, 1S92—Continued.

Date.

1801.

Nov. 8
...do...
...do ...

...do ...

Nov. 9
...do ...

...do ...

...do ...

...do...

...do ...

...do ...

...do ...

...do ...

...do ...

Nov. 10
...do ...

...do ...

...do...

. . .do . .

.

...do...

...do ...

...do ...

...do...

...do...

...do...
Nov. n
...do ...

...do ...

...do ...

...do ...

...do...

...do ...

..do ...

...do ...

. . do . .

.

.. do ...

Nov. 12

...do ...

...do...

...do...

...do ...

...do ...

...do...

...do ...

...do ...

..-do ...

Nov. 13

...do ...

...do ...

...do...

...do...

...do ...

...do...

...do ...

...do ...

...do ...

...do...

...do ...

Nov. 14
...do ...

...do ...

...do ...

...do ...

...do ...

...do ...

...do ...

Nov. 15
. . .do . .

.

...do ...

...do ...

...do ...

...do...

...do ...

...do ...

...do ...

...do ...

Time of
day.

5:45 p. in.

7:25 ]i. m.
9:11 p. 111.

10:50 p. in.

1:56 a. lu.

4:12 a. m.
6:24 a.m.
8::u a.m.
10 :51 a. m.
1:01 p.m.
3:29 p.m.
6:01 ]). ni.

8:43 p.m.
11:12 p.m.
1:41 ii. m.
4:01 a.m.
6:32 a. m.
8 :47 a. m.

11 :04 a. m.
1:10 ]). m.
3:16 p.m.
5:37 ]). m.
7:42 ]). III.

9 :56 ]). m.
11 :59 p. m.
1:01 a.m.
2:51 a. m.
5:04 a.m.
7:10 a. III.

9:16 a.m.
11:13 a.m.
1:10 p.m.
4:11 p. m.
6:15 p.m.
8:33 p.m.
10 :.50 p. m.
1 :03 a. m.
3:17 a.m.
5 :37 a. in.

7:58 a. III.

10 :09 a. m.
12:20 p.m.
2:43 p. m.
5 :34 p. m'.

8 :24 p. in.

11:01 p.m.
1 :34 a. m.
2:31 a. m.
4:15 a. m.
5:39 a. m.
8 :34 a. m.
11:08 a. m.
1:16 p.m.
3 :34 p. m.
5:57 p. 111.

6 :59 p. m.
9:20 )).m.

11 :.56 p. III.

2:25 a.m.
3 :31 a. m.
9:42 a.m.
12 :00 m.
2:13 p. m.
5 :15 j>. m.
7:29 p.m.
9:43 p.m.
12:01 a.m.
2:19 a.m.
5:07 a. in.

7 :42 a. m.
9:.55 a. m.

11 :59 a. m.
2:13 J), ni.

4:40i). m.
6:,54 j). 111.

9:07 p.m.

Position.

Lat. N.

32 37 30
32 35 00
32 33 00
32 30 30
32 26 00
32 21 30
32 17 00
32 12 30
32 08 00
32 04 00
31 59 30
31 54 30
31 50 00
31 45 30
31 41 00
31 36 00
31 31 30
31 27 00
31 23 00
31 18 30
31 14 30
31 10 00
31 05 00
31 01 30
30 57 30
30 56 30
30 52 00
30 48 00
30 44 00
30 40 00
30 36 00
30 31 30
30 27 00
30 23 00
30 18 00
30 13 00
30 08 00
30 03 00
29 58 30
29 53 30
29 48 30
29 43 00
29 38 00
29 31 30
29 25 00
29 18 00

29 11 30
29 10 30

29 13 00
29 15 00
29 08 30
29 03 30
28 58 00
28 52 00
28 46 00
28 45 00
28 39 30
28 33 30
28 27 30
28 26 30
28 20 00
28 12 20
28 06 30
28 00 30
27 54 00
27 48 00
27 42 00
27 36 00
27 30 00
27 24 00
27 18 00
27 12 00
27 06 00
27 00 00
26 54 00
20 48 00

Long. W

134 .57 00
135 03 00
135 09 00
135 15 00
135 26 30
135 38 00
135 49 00
136 00 30
136 11 30
136 22 30
136 3:* 00
136 44 01)

136 54 30
137 05 00
137 15 30
137 26 00
137 36 30
137 47 00
137 58 00
138 OH 30
138 19 00
138 29 30
138 40 00
138 .51) 00
139 00 30
139 02 30
139 12 30
139 23 00
139 34 00
139 44 30
139 55 00
140 05 30
140 16 00
140 26 30
140 38 30
140 50 30
141 03 00
141 15 00
141 27 30
141 40 00
141 52 00
142 04 30
142 17 00
142 32 00
142 47 00
143 02 00

143 17 30
143 20 00
143 15 00
143 09 30
143 25 00
143 36 00
143 48 00
144 00 00
144 12 00
144 14 00
144 25 30
144 37 00
144 48 30
143 50 30
145 03 30
145 13 00
145 24 00
145 35 00
145 45 30
145 56 30
146 07 30
146 19 00
146 30 00
146 41 00
146 51 30
:147 02 40
147 14 00

1

147 25 30
147 36 30
147 47 30

Fms.
2,564
2,470
2, 378

2,441
2,474
2, 600

2, 413

2, 619

2, 606
2.484
2,879
3, 186
2. .504

2,591
2, 550
2, «2J
2, 014
2,719
2, 700

2, 702
2,587
2.546
2, 500
2,412
2, 072
2, 199
2,749
2,567
2, 752
2,646
2, 723
2. 637
2, 591
2,650
2,655
2, 671
2,691
2, 747
2,720
2, 723

2, 738
2,741
2.791
2, 820
2, 785
2,827
2, 085
2,280
2,379
2, 727

2, 733

2, 744
2, 698

2,784
2, 510

2, 530
2, 719
2,821
2, 570
2, 770
2, 801

2,728
2,707
2, 635
2,782
2,848
2, 860
2, 910
2,914
2,837
2, 629
2,795
2,929
2,815
2, 898

2,896

Character of
bottom.

br. Oz
lir.Oz
hv. >I. Lava Sp.
br. M
br. M ,

br. M
br.M
br.Oz
br. Oz
(Lost cup. ) .

br.Oz
(Lost (111). ) .

br.Oz
br.Oz
br.Oz
br. Oz
br.Oz
br.Oz
br.Oz
br.Oz
br.Oz
br.Oz
br.Oz
br.Oz
br. Oz. S
br.Oz
br. Oz
br.Oz
br. Oz
br. Oz. Lava .

.

br. Oz. S
br.Oz
br.Oz
br.Oz
br.Oz
br.Oz
br. Oz
br.Oz
br.Oz
br.Oz
br.Oz
br.Oz
br.Oz
br.Oz
br. Oz
br. Oz
br.Oz
br.Oz
br. Oz
br. Oz. Lava..
br.Oz
br.Oz
br.Oz
br.Oz
br.Oz
br.Oz
br. Oz
br. Oz
br. Oz. Lava.

.

br.Oz
br.Oz
br.Oz
br.Oz
br. Oz
br.Oz
br.Oz
br.Oz
br.Oz
br.Oz
br.Oz
br.Oz
br.Oz
br.Oz
br.Oz
br.Oz
br.Oz

Temperatures.

A.ir. Water at

Dry Snr- Bot-
bulb lace. tom.

o ]?,

69
69
66
64
6t
64
65
67
68
64
64
65
65

OF.
68
68
68
d7
67
67
67
68
68
67
67
67
67
68
69
69
69
68
67
69
69
70
70
69
69
69
69
69

69
69
69
70
69
69
69
69
69
67
70
70
70
70
70
70
70
72
72
70
70
70
72
72
72
71
71
71
71

71
71
72
72
72
73
72
72
73
73
73
73
73 35
74 ...

74 ...

74
74
74

35

35

35

35

Sonnd-
ing ma-
cuine.

Sigsbee
...do .

...do.
..do .

...do.

...do.

...do .

...do .

...do.

...do .

...do .

...do .

...do.

...do.

...do .

...do .

...do .

...do .

...do .

...do

...do .

...do .

...do .

...do .

...do.

...do .

...do.

...do .

...do .

...do .

...do .

...do .

...do .

...do .

...do .

, . .do .

...do .

...do .

..do.
...do .

...do .

...do .

...do .

...do .

...do.
..do .

...do .

...do .

...do.

...do .

...do.
..do.
...do .

...do.

...do .

...do.

...do .

..do.
...do .

...do.

...do .

...do.

...do.

...do .

..do .

...do .

...do .

...do.
..do .

..do .

..do .

, . .do .

...do .

..do .

...do .

...do .
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1891.

Kov. 15
j^ov. 16
...do ...

...do ...

...do ...

...do...

...do...

...do ...

...do ...

...do ...

Nov. 17
...do ...

...do ...

...do ...

...do ...

...do ...

...do ...

...do ...

...do ..

...do ...

Nov. 18
...do...
...do ...

...do ...

...do ...

...do ...

...do ...

...do ...

...do ...

...do...
Nov. 19

...do ..

...do..

...do..

...do..

...do ..

...do ..

...do ..

...do ..

...do ..

...do ..

...do ..

Nov. 20
...do ..

...do ..

...do ..

...do .

...do.

...do .

...do .

...do.

...do .

...do ..

Nov. 21
...do ..

...do ..

...do ..

...do..

...do..

...do ..

...do ..

...do ..

...do..

...do ..

...do ..

Dec. 2

...do .

...do .

...do .

...do.

...do.

Time of
day.

11:31 p.m.
1:58 a. ni.

4:22 a.m.
6:47 a.m.
9:22 a.m.
11:53 a.m.
2:20 a.m.
4:48 a.m.
7:17 a.m.
9:42 a.m.

12:07 a.m.
2:30 a.m.
4:57 a.m.
7 :32 a. m.
9:59 a.m.
1:18 p.m.
3:48 p.m.
6:16 p. m.
8:45 p.m.
U :39 \i. ni.

2:08 a.m.
4:34 a.m.
7:07 a. m.
9:32 a.m.

11 :49 a. m.

2:14 p.m.
4:32 p.m.
6:53 p.m.
9:16 p.m.

11:42 p.m.
2:02 a.m.

4 :20 a. m.
6:36 a.m.
8 :52 a. m.
10:55 a.m.
11:25 a. 111.

12:44 p.m.
1:56 p.m.
4:20 p.m.
5:53 p.m.

7:4Cp.m.
9:49 p.m.
12:02 a.m.
2:17 a.m.
3:15 a.m.
5 :25 a. m.
7 :34 a. m.
9:44 a. m.
11:44 a.m.
2:45 p. m.
5:02 p.m.
7 :26 p. m.
9:49 p.m.
12:15 a.m.
1:26 a.m.
3:41a.m.
5:50 a. m.
6:46 a.m.
7.32 a.m.
8:19 a.m.
9:04 a.m.
9:47 a.m.
10:28 a.m.
11:11 a.m.
11:32 a.m.
12:10 p.m.
2 :47 p. m.
2:58 p.m.
3 :U9 p. m.
3:21p.m.
3:32 p.m.

Position.

Lat. N.

26 42 00
26 35 oO
26 29 00
26 23 00
26 17 00
26 10 15
26 04 30
25 58 00
25 52 00
25 46 00
25 39 30
25 33 00
25 26 80
25 20 00
25 14 00
25 08 00
25 02 00
24 56 00

24 50 00
24 43 30
24 37 00
24 31 00
24 24 30
24 18 00

Long.W.

147 59 00
148 111 00
148 21 30
148 33 00
148 44 00
148 55 00
149 06 30
149 18 30
140 30 00
149 41 30
149 53 00
150 05 00
150 16 30
150 28 00
150 39 00
150 50 00
151 01 00
151 13 00
151 24 30
151 36 00
151 47 30
151 59 30
152 11 30
152 22 30

24 11 30 il52 34 00

24 06 00
24 00 30
23 55 OO
23 49 00

23 43 00
23 37 30

23 32 00
23 26 00
23 20 00
23 14 30
23 13 30
23 15 30
23 17 30
23 11 00
23 05 00

23 00 30
22 55 30
22 49 30
22 43 30
22 42 30
22 36 30
22 30 00
22 24 30
22 18 00
22 11 00
22 03 30
21 55 30
21 47 30
21 39 00
21 37 30
21 29 30
21 21 00
21 19 00
21 18 30
21 18 00
21 10 48
21 15 24
21 13 38
21 12 50
21 13 00
21 15 13
21 15 30
21 15 20
21 14 59
21 14 38
21 14 16

Fms.
2. 925
2,894
2, 942
2, 985

3, 003
2,864
2, 992

3, 039

3, 008
2, 982
3,037
2, !)93

3, 027
3, 073
2. 9.52

2,910
2, 978

2,910
2, 985

2, 936

3, 023
2, 967
2, 959
2,950

,953
Void

Character of
bottom.

br.Oz
br. Oz
br.Oz
br.Oz
br.Oz
br.Oz
br.Oz
br.Oz
br. Oz
br.Oz
br.Oz
br.Oz
br. Oz
(Lo.st cup.)
br.Oz
br, Oz
br.Oz
br.Oz
br.Oz
br. Oz
br. Oz. Lava...
br. Oz
br.Oz
(No specimen

;

defective cup.)
br. Oz

Temperature.

Air,

Dry
bulb

152 46 00
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2935
2936
2937
2938
2939
2.)4U

2941
2942
2943
2944
2945
2946
2947
2948
2949
2950
2951
2952
2953
2954
2955
2956
2957
2958
2959
291)0

2it«l

2962
2963
2964
2965
2966
2967
2968
2969
2970
2971
2972
2973
2974
2975
2976
2977
2978
2979
2980
2981
2982
2983
2984
2985
2986
2987
2988
2989
2990
2991
2992
2993
2994
2095
2996
2997
2998
2999
3000
3001
3002
3003
30114

3005
3(.06

3007
3008
3009
3010
3UU

Date.

1891.

Doc. 2
..ilo ...

..do...

..do ...

..do ...

..do ...

..do ...

Dec. 3
..do ...

.-do ...

. .do . .

.

..do ...

..do ...

-.do ...

..do ...

..do ...

..do ...

..do ...

..do ...

..do ...

..do ...

..do ...

..do...

..do...

..do...

..do...

..do...

..do...

..do.--

..do...

..do...

..do...

..do...

..do...

..do...

..do...

..do...

..do...

..do...
-.do...
..do...
..do...
..do...
..do...
..do...
..do...
..do...
..do...
..do...
..do..-
..do...
..do...
..do...
..do...
..do...
..do...
Dec. 4
..do...
Dec. 5
..do ...

..do ...

..do ...

..do ...

..do ...

..do ...

..do ...

..do ...

..do ...

..do ...

..do ...

..do ...

Dec. 12
..do...
..do ...

..do ...

.do ...

.do ...

Time of
day.

42 p.m.
:06 p. m.
:21 p.m.
:34

J), m.
.•47 p.m.
:58 p. m.
:00 p.m.
40 a. ni.

38 a. m.
36 a. m.
34 a. m.
32 a.m.
30 a.m.
:28 a. lu.

22 a.m.
:18 a. m.
:52 a. m.
:50 a. m.
48 a. m.
16 a. m.
44 a. m.
19 p.m.
27 p.m.
38 p.m.
50 p. m.
28 p.m.
30 p.m.
32 p. m.
i3 p. m.
36 p.m.
38 p. ni.

34 a.m.
43 a. lu

.

51 a. m.
57 a.m.
02 a. m.
08 a.m.
11 a. in.

09 p.m.
14 p. m.
20 p.m.
27 p. m.
03 a. m.
07 a.m.
09 a.m.
11 a.m.
13 a.m.
15 a.m.
18 a. m.
01 a.m.
10 a.m.
21 a. m.
52 a. 111.

08 p. m.
16 ]). m.
26 p. m.
:39 p.m.
51 p. 111.

51 a. 111.

05 a. in.

:5(' a. m.
:36 a.m.
:23 a. 111.

:26 a. m.
:54 ft. m.
:09 p.m.
:24 p. m.
:41 p. m.
:34 p. m.
:32 p. in.

:5() p.m.
:25 a.m.
:17 a. 111.

:09 a. m.
:46 a.m.
:24 a. ni.

:24 p. m.

Position.

Lat. N. LoDR.AV

21 14 02
21 13 55
21 14 06
21 14 30
21 14 56
21 15 32
21 15 49
21 15 54
21 15 57
21 10 01
21 16 05
21 16 08
21 16 11
21 16 14
21 16 18
21 15 40
21 15 48
21 15 56
21 16 04
21 16 12

21 16 19
21 15 08
21 14 37
21 14 06
21 13 30
21 15 49
21 15 52
21 15 54
21 15 57
21 15 58
21 15 40
21 15 OS
21 15 13
21 15 17
21 15 18

21 15 21

21 15 24
21 15 27
21 15 22
21 15 23
21 15 24
21 15 25
21 16 09
21 15 59
21 15 52
21 15 46
21 15 40
21 15 35
21 15 30
21 14 53
21 14 27
21 13 57
21 13 17
21 13 32
21 13 48
21 14 00
21 14 26
21 14 40
21 14 30
21 15 00
21 18 00
21 20 30
21 23 30
21 26 00
21 27 00
21 29 30
21 32 30
21 35 00
21 40 30
21 41 20
21 47 00
21 18 00
21 20 (K)

21 23 00
21 24 00
21 25 00
21 20 17

157 39 28
157 41 23
157 42 i2

157 43 24
157 44 05
157 44 32
157 44 27
157 44 22
157 44 20
157 44 17
157 44 14
157 44 10
157 44 06
157 44 01
157 43 56
157 43 47
l.')7 43 49
157 43 50
157 43 51
157 43 52
157 43 55
157 43 46
157 43 45
157 43 43
157 43 40
157 41 23
157 41 28
157 41 32
157 41 37
157 41 40
157 43 47
157 51 01
157 50 58
157 50 46
157 50 39
157 50 31
157 50 27
157 50 22
157 51 48
157 50 43
157 50 39
157 50 32
157 50 38
157 .50 42
157 50 44
157 50 46
1.57 .50 49
157 50 51
157 50 54
157 51 10

157 51 22
157 51 29
157 48 29
157 48 52
157 49 29
157 49 58
157 50 49
1.57 51 17

157 .!I4 30
157 33 00
157 29 00
157 25 00
157 21 00
157 17 00
157 15 00
157 12 00
157 08 00
157 04 00
156 56 00
156 54 00
156 40 00
157 23 00
157 19 00
157 14 30
l')7 12 00
1.57 10 00
157 08 30

Cliaractor of
bottom.

Fms.
303
255
47
142
21

10

7

U
n
6"

4J
4

n
n
6

5i

3i
24

13
53

22*^

275
:

lOi

12i

lOi

n
2
2

7i
5
3
2

OJ
23

5 I

5jl

50
I

206
271
224
133
164
201
252
153
153
305
3!)8

407
372
508
549

1, 5.57

1, 792
2.150
1,951
2, 325
2,012

329
323
547
603

1,116
1,781

S.Co
fne.'\'li.S. Lava
wh. S. Co
Inc. wli. S
wh. S. Sh. Co ..

wli. S
wh.S
wli.S
wIi.S
wli.S
wli. S
wli.S
wh.S
wh.S
wli.S
wh. S. Sh. Co ..

wh.S
wh.S
wh.S
wh.S
wli.S
wh. S. Co
wh. S. Co
fiie. wli. S
fne. wh. S

l)k. S
bk. S .

iky.
wh.S. P
wli.S. Co
wh. S. Co
wh.S
wli. S
wh. S
wh.S
wh.S. Co
wh. S. Co
Co
wh.S
wli. S
wh. S
wh. S
wh.S
wh. S
wIi.S
wh.S
wh. S
Co
wh, S.bk. Sp ..

fne. wh.S
file. wh. S
fne. wh. S
wh.S. Sli.Co..
wh.S. Co
fne. wh. S
fno. wh. S
flic. wh. S
fne. wh. S. Co.

.

fne. wh. S
fue. wh. S
fne. a\. S
K.V.S.'Co
fuc. gy. S
fno. gy. vS

g\. M. fne. S...

KV. M. fne. S...
br. il. Ine. S. ..

hr. M . Lava . .

.

fue. S. Lava . .

.

br. AI.S
wh. and }ry. S .

fne. i;v. S
}:v. M'. fne. S...
gV. M. fue. S...
t:y.M. fno. S. .

(i'o apeciiueu)

Temperatures.

Air.; "Water at

Dry Snr- Bot
bulb face. torn.

o jr,

76'

76
76
76
76
76
76
74
74
74
74
74
74
74
74
75
76
76
76
76
76
75
75
75
75
76
76
76
76
76
76
76
76
76
76
76
76
76
75
75

o J",o y,
75
75
75
75
75
75
75
77
77
77
77
77
77
77
77
77
77
77
77
77
77

76
76
70

!

45-3
76
76
76
76
76
76
75
75
75

75
75
75
75
75
76
76
76
76
76

,

48-1

76
76
76
76
76
76
76 44-3

76
76
76 50-7

76 i.

76 I.

76
i

74
i

35-1

75
75
75 I

35-1

75
74

1

42-5

74
74
74
74 I 361
74 I

Sonnd- ! *; ^
ing ma- ["ui-
chine. \'Z^

^.2

Sigsbee

!!do .'!."

..do ...

..do ...

Hand .

.

..do...

..do ...

..do ...

-do...
-.do...
..do ...

..do...

..do ...

..do ...

..do ...

-.do ...

..do ...

-.do ...

..do...

.-do ...

.-do ...

Sigsbee
..do ...

..do...
Hand.

.

..do...

..do...

.-do ...

. .do - .

.

--do...
-do...

-.do -..

.-do ...

-do....
..do ...

.-do...

..do ...

..do ...

.-do ...

..do...

..do...

..do ...

..do ...

..do...

..do ...

..do...

..do...

..do...
Sigsbee
..do ...

..do...

..do...

..do ...

..do...

..do...

..do...

..do...

..do ...

..do...

..do ...

..do ...

..do...

..do ...

..do ...

..do ...

..do ...

..do...

..do ...

..do...

..do ...

..do...

..do ...

..do...

..do...

..do...

..do...
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Date.

1891.

Dec. 23
...do ...

...do ...

...do ...

Dec. 24
...do ...

...do...

...do ...

...do ...

...do ...

...do ...

...do...
Dec. 25
...do ...

...do ...

...do ...

...do ...

...do ...

...do ...

...do ...

...do...

...do ...

...do ...

...do ...

...do ...

...do...

...do ...

...do ...

Dec. 26
...do ...

...do ...

...do ...

-do ...

...do...

...do ...

do ...

...do...
do ...

...do ...

...do ...

..do...
Dec. 27
..do ...

..do ...

..do ...

..do ..

..do...

..do ...

1892.

Jan. 10
..do ...

..do ...

...do...
do ...

...do ...

Jan. 11

..do ...

..do ...

..do ...

..do ...

..do ...

..do...

..do ...

..do...

..do...
...do...
...do...
...do...
...do...
Jan. 12
...do...
...do...
...do...
...do...
...do...
.do...
.do...
-do...

Time of
day.

8:31 a.m.
12:28 p.m.
4:11 p.m.
8:49 II. m.

12:36:1. m.
3:53 a.m.
0:55 a. \u.

10:U4 a.m.
1 :15p. m.
4:08 p.m.

i
6:59 p.m.
9:41p.m.
12:28 a.m.
3:11a.m.
5:41 a. m.
6:33 a. m.
8:03 a.m.
8:59 a.m.
10:10 a.m.
11:39 a.m.
1:07 p.m.
2:44 p.m.
4:00 p.m.
5 :24 p. m.
6:53 ]). m.
8:26 p.m.
10:32 p.m.
11:23 p.m.
12:09 a.m.
1 :01 a. m.
2:10 a.m.
4 :06 a. m.
6:10 a. m.
8:49 a.m.
9:46 a.m.
11:58 a.m.
2:00 p.m.
3 :58 p. ni.

0:05 p. m.
8:03 p.m.
10:03p.m.
12:03 a.m.
2:07 a.m.
4:13 a.m.
6:14 a.m.
8:15 a.m.
10:21 a.m.
12:26a.m.

12:39 p.m.
2:42 p.m.
4:33 p.m.
6:32 p.m.
8:36p.m.
10:49 p.m.
12:55 a.m.
2:54 a. m.
4:50 a. m.
6:45 a. m.
7:40 a.m.
8:42 a.m.
10:07 a. m.
11 :13 a. m.
12:43 p.m.
2:42 p.m.
4 :38 p. m.
6:35 p.m.
8:30 p.m.
10:39 p.m.
12:36 a.m.
2:32 a. m.
3:37 a.m.
5:32 a.m.
7:30 a. m.
9:27 a. m.
11:23 a.m.
1:29 p.m.
4:35 ]i. m.

Position.

Lat. N. Long.W.

29 00 30
29 06 24
29 12 00
29 17 30
29 23 00
29 28 30
29 34 00
29 40 00
29 46 00
29 52 30
29 59 00
30 05 30
30 12 00
30 IS 30

30 23 30
30 24 00
30 25 00
30 20 00
30 27 OO
30 30 01

30 29 30
30 25 00
30 19 30
30 15 00
30 15 30
30 19 30
30 28 00
30 29 00
30 30 00
30 31 00
30 33 00
30 38 00
30 43 00
30 49 30
30 50 30
30 54 45
30 59 00
31 04 00
31 08 00
31 12 00
31 10 00
31 20 00
31 24 00
31 28 00
31 32 30
31 37 00
31 41 00
31 45 14

31 49 23
31 53 30
31 57 30
32 01 30
32 00 00
32 10 00
32 14 00
32 18 00
32 22 00
32 26 00
32 27 00
32 28 00
32 29 30
32 30 00
32 32 30
32 36 00
32 39 00
32 43 30
32 47 00
32 51 00
32 55 00
32 58 30
32 ,59 30
33 03 30
33 07 00
33 10 :{0

33 14 00
33 18 00
33 23 00

140 35 00
140 28 48

140 00 30
139 52 00
139 38 00
139 23 30
139 09 00
138 55 00
138 40 00
138 24 00
138 08 00
137 52 00
137 36 30
137 21 00
137 09 00
137 07 00
137 05 00
137 03 00
137 00 30
137 05 06
1137 10 30
Il37 15 00
137 15 00
137 10 30
137 04 30
137 00 30
jl36 53 00
130 51 00
136 49 00
130 47 00
136 42 30
136 33 00
130 23 00
130 08 .iO

130 06 30
135 56 35
135 47 00
135 37 00
135 26 30
135 17 00
135 07 00
134 57 00
134 47 00
134 36 30
134 20 30
134 10 00
134 06 00
133 58 00

133 45 32
133 36 00
133 26 00
133 16 00
133 06 00
132 50 00
132 40 00
132 36 00
132 26 00
132 16 00
132 14 00
132 12 00
132 06 30
132 04 30
131 59 30
131 49 30
131 40 00
J 31 30 00
131 20 00
131 10 00
131 00 00
1.30 50 00
130 48 00
130 38 00
130 28 00
130 18 00
130 08 30
129 58 00
129 45 00

Fms.
2, 664
2,741
2, 729
2,087
2, 031

2,008
2, 008

2, 020

2, 572
2, 053
2, 556
2,404
2,672
2,626
2,201
1,924
2, 023
2, 248
2, 604
2,521

2, 422
1,779
2, -298

2, 309
2. 551
2, 573

2, 291
1,932
1,858
2,131
2,220
2,612
2, 502
2,411
2, 473
2, 505

2, 581
2,505
2, 480
2,413
2, 572

2, 574

2, 602
2, 482
2,611
2,500
2,598
2,589

2, 550
2,510
2, 019
2,011
2, 019
2, 080

2, 637
2,527
2, 650
2,:hi
2, 223

2, 560

2, 175
2, 548
2, 458
2, 583

2, 525
2, 379
2,519
2, 535
2,572
2,301
2, 531
2, 483

2, ,541

2, 542
2. .551

2.581
2,773

Cliaractor of
bottom.

bv. Oz
br. Oz
br. Oz
br.Oz
bi. Oz
br.Oz
br. Oz
br.Oz
br. Oz
br.Oz
br. Oz. Lava .

.

br. Oz. Lava .

.

l)r. Oz. Lava .

.

br.Oz
br. Oz. Lava .

.

(No specimen)
gy. Oz. fiie. S .

(No specimen)
br. Oz. S. Lava
br.Oz
br. Oz
gy. Oz. fne. S .

br. Oz. Lava .

.

(No specimen)
br. Oz
br. Oz. Lava .

.

br. Oz. Lava .

.

br.Oz
br.Oz
br. Oz
br.Oz
br. Oz
br. Oz
(No specimen)
br.Oz
br. Oz
br.Oz
br.Oz
(No specimen)
br. Oz. Lava .

.

br. Oz ,

br.Oz ,

br. Oz
br. Oz. Lava .

.

br.Oz
br.Oz
br.Oz
br.Oz

br.Oz
br.Oz ,

br.Oz
br.Oz
br.Oz
br.Oz
br.Oz
br.Oz
br.Oz
br.Oz
br.Oz
br.Oz
br. Oz. LaA'a . .

.

br. Oz. bk. Sn .

.

br.Oz .'..',

br. ();;

br.Oz
br.Oz
br.Oz
br.Oz
br. Oz. Lava . .

.

br. Oz. Lava .

.

br.Oz
br.Oz
br.Oz ,

(No specimen)
br.Oz
br. Oz. Lava ...

br. Oz

Temperatures.

Air. Water at

Dry
I

Sur- Bot-
buib face.l torn.

°F.
06
68
65
65
64
64
63
64
66
63
63
02
63
61
61
62
62
63
63
64
04
04
64
65
63
62
62
62
62
62
62
62
62
63
59
62
66
66
63
63
64
04
64
64
63
65
68
69

61
61
61
60
59
60
59
58
59
59
59
59
59
59
60

°F. °F.
08 ...!

35-1

351

351

33-2

351

69 ' 35-1

68
I

68
68
68
68
67
68
67
67
67
06
65
60
06
66
66
66
67
67
67
67
66

66
60
GO
06
60
06
66
66
60
66
06
65
60
66
60
65
65
65
65
65
65
05

06
66

Sound-
ing ma-
cEiue.

35-2

35

35-1

35''2'

35'2'

35 i'

35i

35-3

35-3

'35-'2"

3'5-i

351
35 1

Sigsbeo
..do ...

..do ...

..do ...

.-do ...

..do ...

-.do...
..do ...

..do ...

..do ...

..do...

. do ...

.-do ...

..do ...

..do...

..do ...

..do ...

..do ...

..do ...

..do ...

..do ...

..do ...

..do .--

..do ...

..do ...

..do ...

..do ...

-.do ...

. .do . .

.

..do ...

.-do ...

.-do ...

.-do --.

..do...

.-do ...

..do ...

.-do ...

.-do...

..do...

.-do ...

..do ...

.-do ...

..do ...

..do...

..do ...

..do ....

..do ....

..do ....

..do. .

..do ...

..do...

..do...

..do ...

.-do ...

. -dv ...

.-do...

..do ...

.-do ...

..do ....

..do....

..do ...

..do ...

..do....

..do....

..do....

..do....

..do....

..do....

.-do....

..do....

..do....

..do....

..do....

..do....

..do....

..do....

.-do.-..
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Record of hudrograpliic soundings from July 1, 1891, to June SO, 755f—Continued.

3166
ai07
;ufl8

3170
3171
3172
3173
3174
3175
3176
3177
3178
3179
3180
3181
3182
3183
3184
3185
3186
3187
3188
3181)

3190
3191
3192
3193
3194
3195
3196
3197
3198
3199
3200
3201
3202
320J3

32U4
3205
3206
3207
3208
3209
3210
3211
3212
3213
3214
3215
3215a
3216
3217
3218
3219
3220
3221
3222
3223
3224
3225
3226
3227
3228
3.>29

3230

3231
32^2
3233
3234
3235
3236
3237
3238
3239

Date.

1892.

Jan. 12

...do...

...do...
Jau. 13
...do...
...do...
...do...
...do...
...do...
...do...
...do...
...do...
...do...
...do...
Jan. 14
...do...

do...
...do...
..do...
..do

Time of
day.

7:14.p. m.
9:25 p. m.
11:31 p.m.
1:42 a.m.
3 :47 a. m.
5 :54 a. m.
7 :59 a. m.
10:08 a.m.
12 :26 p. m.
2:33 p.m.
4:38 p.m.
6 :47 p. m.
8:55 p. m.

11:07 p.m.
1 :20 a. m.
3 :27 a. m.
5:32 a.m.

-.1 7:37 a.m.
.. 9:40 a.m.
..11:46 a.m.

. . .do ... l:.58p. m.
do . ..! 5:17i). m.

7:19 p.m.
9:27 p.m.
11:31p.m.
1:35 a.m.

...do...

...do..

...do..
Jau. 15
...do..
...do..
...do..
...do..
...do..
...do..
...do...
...do...
...do...
...do...
...do...
Ax)r. 7

...do ...

do...
...do...
...do...
...do...
...do...
Apr. 8
...do...
...do...
...do...
Apr.ll
Apr. 18
...do...
...do...
...do...
. .do...
Apr. 19
...do...
...do...
...do...
...do ...i

...do...

...do...
Apr. 24
Apr. 25
Ajir. 28
Apr. 27
...do...

May 29
May 30

3:28 a.m.
5:25 a.m.
7 :23 a. m.
9:18 a.m.

11 :06 a. m.
1:09 p.m.
2:39 p.m.
4:12 p.m.
5:42 p. m.
7:15 p.m.
8:14 p.m.
4:31 p. III.

0:51 p. m.
6:43 p.m.
7:39 p.m.
8:40 p.m.
9:42 p. 111.

11:59 p.m.
1:05 a.m.
2:03 a.m.
3:03 a. m.
4:00 a.m.
4:25 p. m.
8:45 a.m.
2.19 p.m.
2 :56 p. m.
3 :32 p. m.
8::;5 p. m.
3:03 a.m.
4:56 a. m.
5 :40 a. m.
8:55 a. m.
10:28 a.m.
11:56 a. m.
3:46 p.m.
6:45 II. III.

7:31 p.m.
8:05 p.m.
1:01 p.m.
1:24 p.m.

10:40 p.m.
5:43 a.m.

1 1 :85 a.m.
.. .do . ..j 6:12 p. m.
May 31 12:03 p.m.
..do . ..I 1:34 p. 111.

. -do ... 3:10 p. Til.

...do ... 4:3 i p.m.
.do ... 5:34 p.m.

Position.

Lat. N. Long.W

33 28 00
33 33 00
33 38 00
33 43 00
33 48 00
33 53 00
33 58 00
34 03 00
34 08 10
34 14 30
34 20 30
34 26 30
34 32 30
34 38 30
34 44 30
34 50 30
34 56 00
35 02 00
35 08 OJ

35 14 07
35 19 30
35 25 30
35 31 00
35 36 30
35 42 00
35 47 30
35 53 00
35 58 30
36 04 00
36 09 30
36 15 00
36 21 00
36 25 00
36 29 30
36 34 00
36 38 00
36 40 00
58 22 00
58 25 00
58 28 00
58 31 00
58 34 00
58 37 00
58 39 00

58 40 00

58 43 (JO

58 46 00

58 49 00
59 32 00
59 56 00
59 34 45
59 33 00
59 31 00
59 35 00
59 35 00
59 36 00
59 37 00
59 19 00 '

59 21 00
59 14 00
58 56 00 I

50 25 00
I

49 42 00
48 35 00
48 29 30
48 29 00

53 13 00
53 38 00
54 02 00
51 V.) 00
5t 30 OJ
5.'> 09 00
55 10 00
55 08 00
55 10 30

129 32 00
129 18 30
129 05 30
128 52 00
128 39 30
128 26 00
128 13 00
128 00 00
127 46 41
127 34 30
127 22 30
127 10 30
126 58 00
1126 46 00
'l26 34 00
126 22 00
ll26 09 30
|125 57 30
|125 45 30
1125 33 18
1125 21 30
il25 09 30
1124 57 30
1124 45 30
1124 33 30
124 21 30
124 09 30
!l23 57 30
1123 46 00
;i23 34 00
il23 22 00
il23 10 00
123 00 00
'122 50 30
122 41 00
il22 31 00
122 26 00
150 09 00
150 18 00
150 26 00
150 34 00
;150 42 00
150 50 00
150 58 00
;i51 01 00
151 09 00
!l51 17 00
151 25 00
151 55 00
145 56 00
144 58 00
144 52 00
144 43 00
143 21 00
113 18 00
142 57 00
142 45 00
142 10 00
141 50 00
141 35 00
140 56 OJ
129 15 00
127 53 00
126 '42 00
124 56 30
124 55 00

East.
172 38 00
171 28 00
170 17 00
1()3 03 00
168 07 00
165 51 00
165 47 00
165 48 00
165 45 00

Fms.
2,701
2,572
2,572
2,612
2,619
2,637
2,568
2, 632
2,665
2,588
2.657
2,680
2,649
2,637
2,626
2,606
2, 586
2,585
2,572
2.560
2, 529
2,496
2, 445
2,413
2, 312
2, 223

2, 149
2,169
2,107
1,974
1, 895
1,797
1, 725
1,666
1, 513
1,417
1,053

29
30
38
47
49
85
103
107
118
102
93
20
55
81
97

377
156
140
225
281
504
114
116
471

1,141
848
746
51
53

1,447
1,818
1, 853
1,996

47
25
3.i

36
32

Character of
bottom.

br.Oz
br.Oz
br.Oz
br.Oz
(No specimen)
br.Oz
br. Oz
br.Oz
br.Oz
br-Oz
br.Oz
br. Oz
br.Oz
br.Oz
br.Oz
br.Oz
br.Oz
br. and gy. Oz
br. Oz
br. and gy. Oz
gy. andyl. Oz.
br. and gy. Oz
br. and gy. Oz
br. and gy. Oz
br. and gy. Oz
br. and gy. Oz
br. and gy. Oz
ffy-Oz
gy-Oz
gy- Oz.
gy.Oz
gy-Oz
gy-Oz
g.V.Oz
gn.M
gn. M
gn.M. fne. S...
brk.Sh
Sh
Sh
crs. S. Sb
bk.S. brk.Sh..
gy. S. bk. Sp . .

.

M.bK.S
M.S
bl.M.bk. Sp...
bl. M. bk. Sp
bl. M. bk. Sp
gy-s
S.M
gn.M
P.M
G.M^
P....
M.P

,

bl. M
bl.M.G
gn.M

Temperatures

Air. Water at

llrv
buib

S. G
gn.M
gn.M
gu.M
gn.M
P.rkv
P.rky. ......

yl.M.fne.S...
(No specimen)
fne. bk. S
yl.M.S
fne. gy. S
rky-!.
rkj-.M
gy-S
gy-s

op
58
58
58
58
57
56
56
58
60
64
58
58
57
59
57
56
57
57
58
59
62
50
57
56
53
54
54
54
54
54
54
59
59
53
53
51
52
34
34
33
33
33
33
33
33
33
33
33
37
40
43
43
43
38
38
38
39
40
40
41
41
46
49
48
52
52

Sur- Bot-
face. torn

38

°r.

35-1

41
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[Each sppcimen was taken at about 1 foot bolow the surface. For observations which have been
roduct'd to 60° v., iiidicatinj; dcMisities ref(<rre(l to pure w;it«r at 60° F., the, constant 0-82 lias been
subtracted from the result in order to convert the latter into absolute densities at 15° C]
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Eecord of ocean temperatures and specific gravities hy tJie U. S. Fish Commission steamer
Albatross, July 1, is'oi, to Jane SO, 1892—Continued.

Time of
day.

Nov.

12 p. m
6 a. m
12 m
6 p.ni
12 p. m
6 a. m
12m
6 p. m
12 p. m.-
ti a. ni ...

12 m....
12 lu ....

8 a. m...
8 a. in...
12m....
5p.m...
8 p. m
9 a. m . .

.

12m ....

2 p. m
8 p. m...
8 a. m . .

.

12 p. m.

.

6 a. m ...

12 m ....

C) p. m.. -

12 p. m.

.

a. m . .

.

12 m....
6 p. in . .

.

12 p. m.

.

6 a. m . .

.

12m
7 p. m
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12m
(> p. m
12 p. m. -.
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12 m
6 p. m. . .

,

12 ]). m. -

,

U a. m
12 m
6 p. m
12 p.m. .

.

6 a. m
12m
6 p.m
12 p. m...
6 a. m
12 m

p. m
12 p. m. .

.

C a. Ill

12ui
6 p. m
12 p. m. .

.

(i a. m
12 ID

ti p. m
12 p. m. ..

6 a. m
12 111

6 p.m
]0 )). m...
12 m

Lat. N.

51 49 00
51 41 00
51 33 00
51 29 00
51 26 00
51 22 00
51 17 00
51 05 00
50 52 00
50 43 00
50 29 45

Tacoma, Wa.sli
Seattle, Wash
IS'eab Bay, Washington

I
48 24 40

I

Cape Flattery
Pillar Point
Port Angeles
Esqmm.alt Harbor
Active Pasa
IJeparture Pay
Port Townseufl

47 32 00
46 41 00
45 45 00
44 52 00
43 46 00
42 58 00
42 U 00
41 17 00
40 23 00
39 29 00
38 25 OO

San Franci.sco Bar
Salinas Landing

36 46 50

140 38 00
139 10 00
137 37 00
136 05 00
134 33 00
133 01 00
131 30 00
130 11 00
128 52 00
127 33 00
126 28 45

124 29 10

125 05 00
125 11 00
125 09 00
125 03 00
124 57 00
124 52 00
124 43 00
124 24 00
124 05 00
123 46 00
123 26 00

36 42 30
36 35 00
36 30 30
36 25 30
36 14 30
36 03 00
35 52 30
35 41 50
35 33 00
35 25 00
35 3 5 30
35 06 45
34 56 30
34 42 00
34 28 00
34 12 50
33 54 30
33 41 30
33 28 30
34 18 00
33 04 30
32 57 30
32 46 30
32 41 30
32 31 00
32 18 00
32 10 00
31 58 00
31 52 30
81 43 00
32 43 40

121 53 00
122 22 00
123 06 00
123 32 00
124 02 30
124 37 30
125 13 00
125 48 00
126 22 00
126 59 30
127 36 00
128 12 00
128 48 45
129 20 00
129 52 30
130 ai 00
130 59 00
131 45 00
132 17 00
132 50 00
133 15 35
133 56 30
134 18 30
134 51 30
135 06 50
135 33 00
136 04 30
136 26 00
136 56 00
137 09 00
137 30 30
134 42 50

Depth.
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Becord of ocean iempcraturcs nvd specific qravltlcs hij the U. S. Fifth Commission steamer
JUiatross, July 1, 1801, to Jitvc SO, 15.9;?—Continued.

Date.

1893.

15
16
10
16
17
17
17
17
17
18
18
18
18
19
19
19
19
20
20
20
20
21
21
21
22
22
22
22
22
2:i

2^
2:!

24
2i
24
24
24
2.5

23
25
2.5

26
26
•26

26
27
27

1892
Jan. 10

10
10
11
11
11
11
12
12
12
12
13
13
13
13

14
14
14
14

Time of
day.

St.ition.

12 p. m
6 a. m .

.

12 m ...

7 p. m .

1 a. m
I

I

6 a. m .

.

12 m...
6 p. m .

12 p. m
6 a. m..
12 m...
6 p.m..
12 p.m.
7. a. m.

.

Lat. N. ; Long. "W. ' Depth

12m...
p. m..

12 p. m
7 a. m .

.

12 m . .

.

6 p.m..
12 p.m.
6 a. m .

.

12 m...
8 p. m..
1 a. m..
6 a. m..
12m...
7 p. m..
12 p. m.
8 a. m .

12m...
8 p. m..
1 a. m..
7 a. m .

.

12 m-..
7 p.m.-
12p.m.
C a. m .

.

12 m ...

6 p. m..
12 p.m.
6 a. m..
12 m . .

.

6 p. m..
12 p.m.
6 a. m..
12m...

12 m....
6 p. m...
12 p.m..
6 a. m..

.

12m....
p. m..

.

12 p. m.

.

6 a.m...
12m ....

7 p.m...
12 p.m..
6 a. m. .

.

12 ra . . .

.

6 p. m..

.

12 p.m..
6 a.m . .

.

12 m
7 p.m...
12 p.m..

24 03 no

24 17 00
24 27 56
24 43 00
24 .55 00
25 01 00
25 13 44
25 26 30
25 39 30
25 53 00
26 06 30
26 19 30
26 32 30
26 45 00
26 47 20
26 57 00
27 06 30
27 16 30
27 20 30
27 33 00
27 42 30
27 52 00
28 03 42
28 14 00
28 20 00
28 26 00
28 31 55
28 43 00
28 48 30
29 00 30
29 00 24
29 17 30
29 23 00
29 34 00
29 44 08
29 59 00
30 12 01)

30 23 30
30 30 00
30 15 00
3'0 30 00
30 43 00
30 54 45
31 08 00
31 20 00
31 32 30
31 45 14

31 49 23
32 01 30
32 14 00
32 26 00
32 31 24
32 43 30
32 55 00
33 o:i 30
33 14 46
33 28 00
33 38 00
33 53 00
34 08 10
34 26 30
34 44 30
34 56 00
35 14 07
35 31 00
35 42 00

151 29 30
151 04 00
1.50 44 17

150 09 00
149 41 00
149 27 00
148 58 03
148 30 00
148 01 30
147 32 30
147 03 00
146 34 30
146 05 30
145 36 30
145 30 00
145 09 30
145 17 30
145 24 30
144 12 54
143 55 30
143 41 30
143 27 00
143 10 05
142 40 00
142 22 30
142 05 00
141 45 01
141 19 00
141 04 30
140 35 00
140 20 21
139 52 00
139 38 00
139 09 00
138 45 07
138 08 00
137 36 30
137 09 00
137 04 30
137 10 30
136 49 00
136 23 00
135 50 35
135 26 30
134 57 00
134 26 30
133 56 00

133
133
132
132
132
131
131
130
1.30

129
129
128
127
127
126
126
125
124
124

45 32
16 00
46 00
16 00
01 43
30 00
00 00
38 00
07 06
32 00
05 30
26 00
46 21
10 30
34 00
09 30
33 18
57 30
33 30
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...do ..

...do ..

...do ..

...do ..

...do ..

...do ..

...do ..

...do ..

...do ..

...do ..

...do ..

...do..

...do..

...do ..

...do..

...do ..

...do ..

...do..

...do ..

...do ..

...do ..

...do ..

...do ..

...do ..

...do ..

...do..

...do ..

...do..

...do ..

...do ..

...do ..

...do ..

...do ..

...do ..

...do ..

...do ..

. . do .

.

...do ..

...do ..

...do..

...do ..

...do ..

...do ..

...do ..

...do ..

...do ..

...do.-

...do ..

...do ..

...do..

...do..

...do ..

. . -do ..

...do ..

...do..

...do ..

...do ..

...do..

...do ..

...do ..

...do ..

..do ..

..do ..

..do ..

...do ..

^



64 REPORT OF THE COMMISSIONER OF FISH AND FISHERIES.

liecord of ocean temperatures and specific (frarities hy the U. S. Fish Commission steamer
Albatross, July 1, 1S91 to June -W, i^^;?—Continued.

Dato.

1892.

Jan. 15
I.")

If)

:n

1

Mar.
Apr.

10
11

14
15
16
18
19

20
21
22
23
24
25
26

May 11

12
13

14

15
16
17
18
22
2n
24
25

27
28
29
30

June 2

4

(5

7

7

8

15
16

17
18
19
20
21

Time of
ilay.

6 a.m.
12in ..

6 {>. m-
6 p. m.
m

2 ra .

2m.
2m.

am ..

2m..
2 m..
2m ..

2 m-.
p. m
2m..
2m..

2 m .

2m.
2m.

z m ,

2m.

Station. Lat. K. Lons-W.

123 57 30
123 17 30
122 41 00

p. m
a. ni . . .

.

35 58 30
36 17 42
30 34 00

Cape Flattery
49 39 00
51 59 00
53 48 00
55 17 00
55 44 00
57 00 00
58 01 00

Port Graham. C"ok liili-t

Soldovoi, Cook lulet
Conl Point, Cook Inlet
St. Paul, Kadiak

I

59 23 00
I
148 37 00

Port Etolics, Prince Wm. Sound .

Oil' Cape St. Elia,s

128 16 00
132 07 30
130 13 00
141 00 00
142 24 00
144 42 00
149 16 00

59 14 00
57 57 00
!")6 15 00
54 3 t 00
52 07 30
50 45 (10

49 58 00
49 17 00

141 35 00
139 43 00
137 47 00
134 14 30
133 59 30
130 33 00
128 42 00
127 16 30

Alert Bay, British Coliimhia-

Atka Island

.

51 32 00
51 51 42
51 46 00
51 08 00
51 24 00
51 57 00
52 50 00

53 48 30
52 24 30

130 48 00
136 03 37
142 23 30
148 07 30
152 36 30
157 04 42
162 34 30
167 59 00
172 45 00

.| 52 02 38

51 09 00
I 52 29 30

A ttu laland
I
54 02 00

1 170 17 00
Nikol.ski, Bering Lsland
Oil' Copper Island

2 III

2 111

55 03 30

54 48 00
54 38 00

.54 45 00
54 36 42
53 52 00
54 21 00
54 37 00
53 36 30
53 37 00
52 38 00
51 21 00
49 41 30

Deptli.

174 11 00
East.

179 40 00
174 07 00

170 15 00
173 24 00
177 06 20

West.
178 03 38
172 16 40
163 26 00
1,58 23 00
154 (10 00
149 46 30
143 30 00
137 32 00
132 20 30
127 27 30

Fms.
Surface
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. . .do .

..do .
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o o

a'3

•0246

•0246

•U246

•023G
•0236

•0238

•0244

•0244

0244
U-lii
•0236

•0234

•0236

•0234

0240
•0240

•0234

•(l-_'38

•0238

O^240

•0240
•0240

•;;240

•0240

•02:!8

•0236

•0232

•0242

•0'24C

•0250

•o-_'r.o

02.50

•0248

0214
•0250

0252
0248
0248

1 0248
1 0250
1 02-16

1 02.-,ll

1 ()24.t

1 •02.-)2

1 ^0250

1 ('250

1 0246

1 •0246

1 •0'_'46

1 -(1242

1 ^0242

1 ^0242

1 0242
1 •0--'40

1 ^0240

1 0'238
1 ^0236

024191
•0'24191

•024191

023328
023328
013528
•024128

024128
0-24128

0241-28

0233-28

•023128

023328
0-23128

(123728

023728
0231-28

023528
023528
023728
023728
023728
0237-28

023728
0-23528

023328
022510
023380
023780
(1-24] 80
(1-24180

024180
023080
023580
•0-24)80

•024380

023980
0-23980

023980
U-24180

023780
0-.'4180

023580
024380
024180
024180
024050

0-24050

024050
0243C7
024367
024307
024367
0241()7

0-24167

023907
02;J767
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INTRODUCTION.

Up to the present time very little attention has been paid to the

diseases of fishes, and to their parasites from the standpoint of the

effect produced by themupon the host. Yet there can be no doubt that

a knowledge of such diseases would be of great practical value. Any
one who considers the proportions that fish epidemics may attain will

hardly be inclined to question the utility of searching investigation in

this direction. Thus, to take a single instance, in the epidemic of 1884

in Lake Mendota, Prof. Forbes^ states that:

It was estimated that fully 300 tons had died up to that time. On August 7 the

Madison Transcript reported that 200 tons had been hauled away by the city

authorities during the four weeks preceding and that the fishes were still dying.

Epidemics of similar extent have been reported in Europe.

The important results in the way of prevention of epidemics among
domesticated animals and cultivated plants obtained as the result of

scientific investigation afibrd some ground for the hope that similar

' Bull. U. S. Fish Com. for 1888 (1890), viil, p. 482.

p c 92-^^—

5
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results may be obtained here. Obviously the lirst stey) in work of this

kind is tlie collection of facts, especially those bearing' upon the parasite,

its nature, life-history, intermediate hosts, enemies, and its connection

(Avhether causal or otherwise) Avith diseases or other morbid processes

in its host. Such data are a necessary prcliminiiry to preventive or

curative niea sures.

The present paper is a contribution toward the object indicated. A
few words now as to its scope. The attempt has been made to comi)ress

theentire literature (as far as possible, every known fact) into one article.

Further, every form ' which has been at any time delinitely referred to

the group is here included. Such collection offorms necessarily involved

the exercise of some Judgment as to specific identities and distinctions.

As most of the known species are available only in the form of descrip-

tions, usually very meager, and of drawings which, especially the older

ones, represent only the most general features,^ it is hardly reasonable

to hope that any first attempt at comi»ilation of the synonymy will

prove satisfactory in all resj^ects. Still in many cases the synonymy
is fairly well established.

The main guide in the correlation of the described forms has been

identity of host and seat. Of course if is not contended that this proves,

but merely that it more or less strongly suggests, identity of parasite.

The confirmatory test is uaturally a comparison of figures and descrip-

tions. This latter test will of course be preferred to the test by iden-

tity of seat as soon as we shall be in the possession of sufficiently

accurate and detailed descriptions and figures, but in the present state

of our knowledge the mere absence of difference between more or less

incomplete descrii)ti()ns and figures of two forms m ith different habitats,

produces no conviction in my mind of the identity of the forms. In gen-

eral it is only where a double correlation (of host and seat on the one

side, and of descriptions and drawings on the other) has been possible,

that different forms have been united. In other words, the presump-

tion throughout has been in favor of distinctness. From this fact it may
be expected that future investigation will tend to reduce somewhat the

number of forms here recognized.

The nomenclature has been compared and revised, and for all recog-

nizable sjiecies binomial names have been substituted for the clumsy

circumlocutions "psorosperms of the pike," etc., formerly in use. It

may perhaps be thought that in my preliminary paper and in the present

' Altlioiigli it lias been my aim to include in tliis ])aper dcscriptious and figures of

all forms ever definitely reftirred to the Muxoxporldia, tlie epecies noted on pp. 135-

137 have been omitted.

-It must be further noted that hardly one of the older writers regarded these lorms

from a taxonomic standpoint. Their principal desire was to work out the life-history

and affinities of the grouji rather than of the individual species; and they seem to

have observed the latter mainly for the light they shed upon the life-history of

the group as a whole, contenting themselves with designating the difl'ercut forms as

" Dsorosperms of the pike, " etc.
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one, too many specific names have been introduced. In answer might

bepleaded the difficulty, in a first attempt of this kind, ofjudging exactly

how many species to recognize, and it is not impossible that future

experience may require the suppressionof afewof the names proposed.

Eegardingthis contingency, however, as one of the incidents of an initial

revision, the author will view with considerable equanimity the relega-

tion to synonymy of such names as mayprove to be reduiidant. Finally,

as regards this branch of the subject, it should be stated that the main

indication seemed to be the building up from the literature of a series

of synonymic units which could be later, if necessary, welded into a

more compact specific synonymy. This indication has been fulfilled,

nearly all the units here constructed consisting merely of an original

description and copies of the same by subsequent authors.

The plates api^ended to this i^aper include every published figure of

every myxosporidian species (species Nos. 27 to 102, inclusive); further,

every published figure of every species formerly regarded as myxo-

si)oridiau but now rejected or queried (species Xos. 1 to 26, inclusive),

excepting only some figures of Fsorospermia scicence-umbrcc, the figures

of the species referred to on pp. 135-137, and the figures of LitlwcysUs

schneideri in Schneider's TabJettes Zoologiqucs, which work was not

accessible.

In the course of my studies I have been perplexed by the usual num-
ber of quotations without any or with onlj^ cryptographic references.

In the hope of obviating this in the future, intelligible references are

given for all statements made and, it is believed, for all imjiortant facts.

A number of new terms are introduced in this paper, as it is con-

sidered very desirable to have the definiteness and specialization of

terms keej) pace with the increasing detail of knowledge. They are

defined on pp. 120-122. An exceedingly instructive instance of the con-

fusion resulting from the application of the same narne to two entirely

different structures is afforded by the history of the filaments (see

pp. 87-88). If such non-discrimination were to continue far, we should

have to construct an elaborate synonymy for every structure as well

as for every species.

The lack of a uniform (often, indeed, of any) system of arrangement
of data forms, unfortunately, a marked feature in many papers. With
veryfew exceptions the scheme given belowhas been adhered to through-

out this paper. It may not prove to be the best possible, but if it serve

to secure the adoption of some regular order (what particular one mat-

ters, perhaps, not a great deal) it will have fulfilled its object. The
principles underlying it are:

{a) Describe all structures, etc., in the order of their occurrence in the

life cycle, beginning with the adult; the process of formation of a struc-

ture to precede the description of that structure.

(b) Describe structures in order of position fi'om without inward.
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(c) Describe important and constant structures before unimportant

and inconstant ones.

(d) Describe structure before function.

Tbe principal exception is the chanj^e of place of the cyst, wliicli for

convenience is placed before the myxosporidium. Properly (were

arrangement an end rather than a means) it should follow the myxo-

sporidium. But the cyst occupies quite a subordinate (almost, so to

speak, an accidental) position in the life cycle, and it sheds little light

upon any of the structures either of the adult or of the spore. Further,

to i)lace it between the myxosporidium and the spore would make an

awkward break in the continuity of the life-history.

The following is the order adopted, based upon the principles given:

I. Synonymy:
a. Recognized binomial name, au-

thority, (late.

b. Synonymy prior to recognized
naine, in i)areiithesi8.

c. Relerence to proposition of recog-
nized name, followed by sub-
sequent synonymy.

II. Cyst:
a. Formation.
b. Structure.

(1) Macroscopic (form, size, color,

etc.).

(2) Microscopic (a) structure and
origin of membrane and {b)

contents.

III. Myxosporidium

:

a. General characters (form, size,

color, etc.).

b. Ectoplasm.
c. P^ndoplasm

:

(1) General description.

(2) Nuclei.

(3) "Granules" and ''globules."

(4) Vacuoles.

(5) Inclusions, notably pigment.
d. Pseudopodia.
e. Anioj bold movements.

IV. Spore formation

:

a. Formation and segmentation of
pansporoblast.

b. Development of sporoblast into
spore (in same order as descrip-
tion of spore, below).

V. Spore:
a. (Jeneral description (form, size,

tailed or not, etc.).

b. Shell:

(1) Ph ysi CO- opt ico-chemical
characters.

(2) Valves, position and separa-
bility.

c. Tail.

d. Capsules:

(1) Number, position, etc.

(2) Filaments.
e. Sporoplasui:

(1) Form.
(2) Nuclei.

(3) Vacuole.
(4) "Granules" and "globules."

VI. Exit of sporoplasm, and couijiletion

of life cycle with earlier stages of

development of myxosporidium.
VII. Haliitat; seat, season, frequency.
VIII. Pathological anatomy:

a. Morbid structures (in order of
formation 1

:

(1) Cell infection.

(2) Tnmors.
(3) Ulcers (Later stage of tumors).

IX. Effects and symptoms.
X. Epidemics:

a. Fishes affected ; territory cov-
ered ; extent of ravages.

b. Causes.

(1) Predisposing or contributory:
(a) Age, etc.

(b) Pollution of streams.

(2) Exciting: Mode of infection.

Further, were it not for the abundant evidence to the contrary, fur-

nished by the literature, it would seem superfluous to urge that every

report should contain, at least, the following data:

Host.—The place and date of collection, the water-temperature, the

scientific name ^ of the host, together with the age (or size) of the latter,

' Upon this last point too much stress can not be laid. The habit of recording the

host merely by the jiopular name (often local, always more or less ambiguous, .and

not infrequently designating a whole genus) is greatly to be deprecated, as identi-

fication is rendered difficult or impossible, especially for students of other times and
countries.
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the name of the person collecting, and particularly that of the person

identifying it.

Microscopic technique.—Esx)ecially the fixation process and the stains

found most useful should be mentioned.

Parasite.—Besides the indications contained in the above outline for

arrangement, the gaps in the Tabular Key (pp. 138-165) oifer an invit-

ing field for future work. One other point should receive most careful

attention, viz, a close comparison of the (at present probably unduly
multiplied) forms habitant upon the same host, and especially those in

the same organ of the same host. In this way a few years will suffice

to condense the present synonymy to its proper dimensions. It may
be added that even the dimensions of the spores—the most accurate

of all data—are sometimes omitted.

Effects and epidemics.—Above all, attention should be directed to

gathering accurate data as to the extent, fho, sjiecies of fishes affected

and those exempt, the territory invaded, the season, as far as possible

the relative potency as causative factors of temperature, water pollu-

tion, etc. The effects of all remedies tried, whether successful or not,

should of course be recorded.

Reduction of measurements.—The older authors recorded their meas-

urements in thousandths of a line.^ I have reduced these to yu's.

Owiug to the number of inches (also, consequently, of lines) in use in

Germany, the original measurements are quoted in parenthesis. In

1853 Eobin - reduced the German measurements to decimals of a milli-

meter. He assumed 1" ' = 2.25 mm. Biitschli ^ adopts the same equiv-

alent for the " Linie'''' {" '). Wherever my results differ from Eobin's

I have noted his figures in parenthesis along with the original measure-

ments.

The following are the calculations and the resulting equivalents

adopted

:

One Prussian foot = 1-0298 English feet.

One Prussian inch = 1-0298 English inches.

One m. = 39-371 English inches = 38-2317 Prussian inches.

One mm. = 0-0382317 Prussian inches =:- 0-45878 Prussian lines.

Thus 1 " Linie" =2-18 mm. nearly instead of 2-25 mm.

Fortunately the discrepancies are slight. All spore-measurements
are in /^'s; cyst measurements in decimals of a millimeter.

As regards the translations, I am responsible for all, with the excep-

tion of KolesnikofPs article the translation of which was made by
Mr. Israeli, of the Surgeon-General's Library. Dr. Eobert Stein, of

1 In the only case where I could find a direct comparison between Miiller's "Linie"
and the millimeter, viz, Miiller's translation of Gluge's jrtcr of a mm. for Glugea
anomaJa (Gluge, Bull. Acad. Roy. Belg., 1838, V, p. 774; Miiller, Miiller's Archiv.,

1841, p. 491), as 0-0020'", Miiller regards the former as efiual to 2 mjoi.

' Hist. Nat. des V6get. Parasites.

* See Chloromyxum miicronatum (p. 264).
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the U. S. Geological Survey, has, however, helped me in a immber of

points connected with this branch of the subject.

I am indebted to many friends for assistance. In particular, I wish

to acknowledge my deep indebtedness to Dr. C. W. Stiles, of the

Department of Agriculture, for numerous judicious suggestions and

for encouragement and aid in verj^ many ways, especially in the study

of the nuclei. M. Tlielolian very generously placed at my disposal

notes on the synonymy of several species. The synonymy of the

piscine hosts has been revised by Dr. Theodore Gill. Finally, I desire

to thank the officials connected with the Library of the Surgeon-Gen-

eral, IJ. S. Army, for Jiumerous courtesies extended me in the course

of a protracted examination of the valuable collections under their

charge.

As far as possible, this paper has been brought up to January 1,

1894. Several subsequent pai)ers have also been included (see pp.

128-129).
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GENERAL DESCRIPTION OF THE SUBCLASS MYXOSPORIDIA.

I.—NOMENCLATURE AND DEFINITION.

Sup.KixGDOM PROTOZOA.

Class Spokozoa Leuckart, 1879 (emendated).

The following is Leuckait's clefiiiitiou ^ verbatim, with the exception

of the proposition of the Grc[j<(rini(la as the type order, a proposition

that is imphed by Leuckart's laiigaage. The w^ords inclosed in brackets
should, as shown by subsequent observations, be omitted from the

class definition.

Unicellular parasites [of stable body-form], destitute [of pseudopodia and] of
ciliie, covered with a smooth, more or less solid cuticle. At the anterior end not
seldom a proboscidiform attachment-apparatus. Movements on the whole little

striking?, worm-like or feebly amoeboid. Mode of life always parasitic; nutrition

by endosmosis. Reproduction by more or less hard-shelled spores (pseudonavicelhe

;

psorosperras) formed in the interior of the protoplasm in variable but very consid-

erable numbers,- either progressively or simultaneously (in the latter case at the
termination of growth and alter encystment). Germinal portion of spore consisting

of falciform protoi)lasmic rods {Grenarlnlda; Coccidia) or a siugle protoplasmic mass
(Myxosjwridia) ; type order Gregariiiida.

Subclass Myxospohidia. Biitschli, 1881,

Zoolog. Jahres-Ber. f. d. J. 1880, I, p. 162; ih., Biitschli, 1881, Ztschr. f. wiss. Zool.,

XXXV, pp. 630, 650; ib., Biitschli, 1882, Broun's Thier-Reich, i, p.590; ih. of all

subsequent authors; Mi/xosjwridw (Psorospermida) J. Miiller)^ Ziirn, 1882,

Die thierischeu Parasit<ni, Weimar, p. 816; Myxospora'' (error) M(5gnin, 1885,

Compt. Rend, hebdoni. Soc. Biol. Paris, ii, p. 447; subclass Myxosporidia, Lan-
kester, 1885, Encycl. Brifan., 9 ed., xix, p. 855; " Psorospermidte J. Miiller,"^

Koch, 1887, Encyklop. d. gesammt. Thierheilkde u. Thierzucht, iv, p. 94.

TIIK SUBCLASSIC DESIGNATION,

Miiller, in 1S41, denominated the forms observed by him merely as

"Psorospermien." Everything points to the conclusion that this name
was used merely indefinitely as a group designation. He neither

proposed it as a generic name nor did he anywhere latinize it. He

iDic Parasiten des Mensehen, 1879, 2 ed., jj. 241.

2 Compare Bisporogenesis in index.

3 An error; Miiller did not propose any such family, Ziirn's deiinition is quoted
to show the errors (italics)

:

"Older 4. Myxosporidm {rsorospevmidw, J. Aliiller). Frequent in and on fishes

and Amphibia. The nuclens-lcss, often granulated protojjlasm, is surrounded tube-
like by a cuticle. From the young protoplasm of these tubes, single or double con-
toured, fusiform, oval, or round spores originate tvithout previous encysiment. In the
spore originate one or several germs, mostly resembling a nucleus-less, but somewhat
granulated plasma-globule, or representing a needle-shaped (stabformige) body. The
spore membrane often provided with 1 or 2 filaments) bursts in order to free the only
very rarely motile germs."

• " P8orosj)ermies des poissons ou Myxospora de Biitschli."
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used it in the same sense iu the i)jiper imblished by him and Ketzius in

1842, and was followed in this use by Creplin, also in 1842. In 1843

Lis article of 1841 was reprinted in French in Kayer's Archives. In

this the German "Psorospermien" is rendered by the French "psoro-

spermies," both of them the exact equivalent of the general indelinite

English plural psorosperms. If anything is needed to comidete

the evidence it is found in the fact tliat not one of tliese observers

proposed a single binomial name. !So it is certain that tlie term was
used by Miiller and his immediate successors as a general group term

and not as a generic designation. And it was so used in 1845 by Dujar-

diu, and in 1851 by Leydig, neither of whom employed a generic name.

Further, they did not use any specific (binomial) names, all of their

species, like those of previous authors, being designated as "psoro-

spermies du brochet," " Psorosi)ermien der Ilecht," or by a similar title.

The first author to apjdy the binomial nomenclature to the " psoro-

sperms" was Charles Eobin. In his Histoire Naiurelle des Vcf/etaux Par-

asites (1853) were collected descri])tions and figures of nearly all of the

previously described forms. Robin there defines the "psorosperms"

as a tribe of Diatoms, as follows

:

Tribiis Psorospermeae Cli. R.

Phycoma ex cellulis orgunicis compositura; cellulie alb;p, fusca', liitcscentos vcl

achromaticie. Geueratio ignota. (Pisciuui parasitica}.)

I form tliis group to receive a certain uumber of species of parasitic forms

described lirst by .J. Miiller, and since carefully studied by him, Retzius, and myself.

From the foregoing it will be seen that to the subclassic (ordinal or

tribal) name was appended an exceptionally clear definition. In the

group thus defined llobin placed a single genus, Psorospcrmia Ilobin,

which must, therefore, stand as the type genus of the group. His

generic definition was : " Gharacteres tribusJ' Kobiu fiiiled to designate

any particular specdes as the generic type. He reproduced descrip-

tions and figures of 10 forms made known by other authors, under the

customary headings of " psoros])erms of the pike," etc. In addition to

this, however, he inserted a description and figures of a single species

of his own, which was the only one provided with a binomial name, or

in other words the only species (in the nomenclatural sense) present.

It is plain, therefore, that this species (P. sc/ft'«ft'-M;«6>Yt' liobin) must

stand as the generic type.^

Curiously enougli, however, of all the species collected by Kobiu

this is almost the only one which can not be regarded as a myxosj)©-

ridian. That it can not be so regarded is evident from a careful exam-

ination of his definition and fignres. Unfortunate as it is that the

name Psorospermia must lienceforth be restricted to organisms having

• In order to place the matter beyond doubt, I now propose to limit the genus

Psorospennia Robin, as above indicated, viz: to forms of the type of P. 8ci(ru(v-umhr(e

Robin, which species I propose as the generic type. I further propose Paorospermia

as the type genus of Robin's tribe Psorospermece.
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no affinity with the " psorosperms," it is none the less inevitable that,

as between the generic deflnition and the type species, the generic name
must follow the fate of the type species.

Siobin's name Psorospermia can not, therefore, be employed as the sub-

classic designation of, and for the same reasou it can not be used as a

generic name in, the Myxosporidia.

In this connection it may be noted that the name Fsorospermium has

obtained currency in the Sporozoa. Apparently I have not found the

original use of the name, and can only give the following references.

The forms are nonmysosporidian (see also p. 135)-

Psorospcrm'mm, Panlicki, 1872, Mag. f. d. gesanimt. Tliierbeilkde, BerliD, xxxviii,

p. 6; ih., Rivolta, 1878, Giora. Auat. Fisiol. e Patol., Pisa, x, p. 233.

THE SUBCLASSIC DEFINITION.'

/S^oro^'oa, whose adult stage is characterized by the x)i"esence of num-
erous nuclei originating by division; further by the power of amoeboid

movement,^ and by the mode of si)ore formation, which takes place

in definite transparent areas (pansporoblasts), and which is progressive,

not being confined to the last stage of the life cycle; ^ whose spores

exhibit always 2 and sometimes 3 axes of symmetry and possess a shell

resistant to chemical reagents, 1 or more capsules (each inclosing a

coiled filament capable of extrusion), and a single mass of sporoplasm;

tyije order Phcenocystes.

II.—MORPHOLOGY.

GENERAL DESCRIPTION OF STRUCTURE.

Omitting discussion of controverted questions and of peculiarities

correlated with generic differences, the life-history and morphology of

the subclass may be briefly outlined as follows:

In all the Myxosporidia two distinct stages are recognizable, viz, the

myxos]toridium (growth-reproduction or adult stage) and the spore.

In addition a cyst may be present (see p. 77).

1. The myxosporidium.—^At the time of its exit from the spore the

myxosporidium possesses nuclei and sometimes a vacuole. It now*

'Original. The first definition of the group was given by Lankester, as follows:

" Sporozoa, in which the euglena-phase is a large ninltinucleate amceba-like

organism. The cysts are imperfectly known, but appear to be simple. Some attain

a diameter of two lines. The spores are highly characteristic, having each a thick

coat which is usually provided with a bifurcate process or may have thread capsules

(like nematocysts) iu its substance. The spores contain a single nucleus and are not

known to produce falciform young, but in one case have been seen to liberate an

amoebula. The further development is unknown. The Mijxosporidia are parasitic

beneath the epidermis of the gills and fins, and in the gall bladder and urinary bladder

of fishes, both fresh-water and marine."

-Except possibly Theloliania, iu which the myxosporidium is unknown.
^ Noted by Biitschli (Bronn's Thier-Reich, 1882, i, p. 595) in Alyxobolus viUllcri and

Myxidium lieberlciihnli.

*Fide Pfeiffer; cf. Korotneff ; see pp. 187, 288, pi. 9, fig. 1, and pi. 16, fig. lb.
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enters iii^ou an intraoelhilar existence, penetrating into the interior

of the red bkjod and other t-ells of the host, wliere, protected by the

cell membrane, it grows l^y feeding on tlie cell contents. Finally,

its conliiined growth ])r(Kln('es distension, and nltimatcly rupture of

the cell-iueinbrane, and the myxosporidium becoiues free. It now
moves about amoeboidly, grows larger, the nuclei become more num-

erous through karyokinesis, and spore formation begins. This last

process is not confined to the last stages of the life cycle, but begins

early and is progressive.

At this period the myxosporidium exhibits the following structnie:

In outline it is vermiform, sacculated, roundish or not infrequently

entirely irregular (see pis. 29, 37-30, 43-45). It usually possesses the

power of amceboid movement and generally exhibits a distinct separa-

tion of ectoplasm and endoplasm (see pi. 39, figs. 1, 2, and pi. 44, fig. 1).

The (M'to])lasm (see pi. 10, fig. 4; pi. 39, fig. 1; and pi. 44, fig, 3) is

very transi>arent, quite or nearly destitute of grannies, sometimes more

or less radiate-striate, and is often prolonged into pseudopodia which

only involve the endoplasm wiien of very large size. Tlie pseudopodia

sometimes form a shaggy or bristly coat over the Avhole, or a pa it of

the myxosporidium (see pi. 44, fig. la).

The endoi)lasm (see pi. 37, fig. 4; pi. 38, fig. 1, and pi. 39, fig. 1)

is more or less coarsely granular and contains nnmerous nuclei, fat-

globules, hjTpraatoidin crystals (pi. 44, fig. 5) and other iiigment. The
nuclei are derived from the primitive nuclei of the myxosporidium (the

nuclei of the sporoplasm; see below). The hannatoidin crystals are

usually found within the fat-globules. The myxosporidium may contain

other extraneous pigment, e. g., bile-, and perhaps a in^iper, pigment

(see pp. 70, 277).

Spore formation: Each nucleus attracts to it a portion of the sur-

rounding myxoplasm to form a pale, solid globule termed the i)ansi)oro-

blast (pi. 12, fig. 1 a-c, and pi. 47, fig. 1 «, h) which later segments into a

number of sporoblasts (pi. 12, fig. 1 h, i, and pi, 47, fig. 1 e, d)^ each of

which develops into a spore.

2. Spore.—This always contains three elements, shell, capsule with

filament, and sporoplasm. The shell (see pi. 10, fig, 3, and pi. 28. fig, 1)

is exceedingly transparent, very resistant to chemical reagents, and is

frequently bivalve. The capsule (pi. 26, fig. 7, cax).) is a pyriform,

hollow, elastic-walled body which always contains a single coiled

thread {Jilameitt) capable of extrusion. The sporoplasm (pi. 20, fig.

7, spo.) is always a single mass of protoplasm. It contains nuclei (%),

and sometimes a vacuole (fig. 7, t-ac), which when present is always

single. At maturity the shell splits when bivalve, or dissolves when
univalve, thus setting free the sporoplasm (pi. 15, fig. 7 b), which, now
become the myxosi)oridium, rebegins the life cycle.
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DETAILED DESCRIPTION OF INDIVIDUAL STRUCTURES.

"PSOROS.PERMS" THE SPORES.

Tlie older writers seem to liave tacitly admitted that tlieir "psoro-

sperms" represented the spore stage. Thus Lieberkiihu' says that cer-

tain animals fix themselves to the skin of fishes and in reproduction fall

apart into the ''psorosperms." Balbiani,^ however, regarded the''pso-

rosperms" as an adult cryptogam. This view he subsequently virtually

abandoned.^ All the later authors, without exception, have regarded

the myxosporidium as the adult.

THE MYXOSPORIDIUM.

This was first observed by Dujardin in 18-15 (see p. 273). It occurs

free or attached. Size 2 mm. or, more usually, much less, without
constant or characteristic body-form, being cylindrical, ribbon-

, or

club-shaped, or more or less globular or irregularly am<i?boid, consisting

of colorless or more or less yellowish protoplasm (pigment usually

extraneous, see p. 76) ; usually, probably always, showing a more or less

(frequently quite) distinct difi'ereutiation into ectoplasm and endoplasm.
In the cyst-forming My.rosporidia (e. g., the branchicolous forms) the

differentiation is also, at least in the older myxosporidia, very sharp.

ECTOPLASM.

Forming a very transparent granule-free or exceedingly finely

granular zone, from which all of the elements characteristic of the
endoplasm are absent.

1 Mii]ler's Archiv., 1851, p. 357.

2 Coiupt. Rend. Acad. Sci. Paris, 1863, LVil, p. 159.

» Journ. de Microgr., 1883, vii, pp. 198, 201, 276.

* Pfeitlt'er regards the large myxosporidia as composed by the fusion of many small
ones. He thus explains progressive spore formation:

"With the view here expressed that the smallest psorosperm-tubes of the barbel
are simple myxosporidia (' sporoblasts') similar to those of Eimeria in the schematic
table, and to those of the Microspondia; further, that the large tubes are a con-
glomerate of many dift'erent individual parasites which have run together accident-
ally in Gregarine fashion, and that their cyst nature originates through cicatricial

incapsuling by the host, some things apparently do not entirely agree. Why are the
large tubes empty in the middle ? Where have the. contents gone ? ('They can not be
a consumed residual mass.) How are to be explained the appearances simulating
nuclear division on the capsule wall in tigs. 9 and 14? Does this last-mentioned
fact compel us to admit after all a progressive endogenous division and a successive
infection? We have above answered this in the negative; they must admit of
definite solution when more comparative investigations (e. g., upon batrachians
and birds) shall be at hand."

Subsequently (see p. 227) he explains tb.e emptiness of the central portion by a
supposition of spore-migration towards the periphery in search of better nutritive
conditions.

A similar pressure-fusion occurs in '^Myxosporidium" Iryozoides (p. 188).
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KNDOPI.ASM.

Mueli more coarsely and more or less yejlowish j^ranular, containing

numerous nuclei, fat-globules, and sometimes one or more vacuoles;

also pigment.

Nudei.—First observed by Prof. Biitsclili' in MyxUJium UeherlculinU,

where tlieir nuclear nature was sliDwn both by their structure and by

their affinity for carmine; always very numerous, the smallest occur-

ring only in the youngest forms, strewn irregularly through the endo-

plasm. As in a number of species the nuclei have been observed to

originate by division, there is every reason to suppose that such origin

obtains throughout the subclass^, and that the myxosi)oridium nuclei

are to be referred back to the nuclei of the sporoplasm.

" Granules'''' and ^^ globules. ^^—Many of the structures loosely termed
" granules" and "globules" by the older autliors are really nuclei, and

this sliould be borne in mind in reading their descriptions, which have

sometimes been reproduced without change (see also pp. 209, 220).

According to Biitschli (see page 285), these bodies are of a fatty

nature, as shown by their complete solubility in alcohol. According

to several other authors, the hajmatoidin crystals are found within

globules w hose fatty nature was presumed from the same reaction.

Th«^lohan, however (see below), while admitting the solvent action

of alcohol upon certain chromatophorous globules observed by him
in Cldoromyxuni Icydigi i and in Myxidiiim licherkUhnii, denies their fatty

nature, as osmic acid is without action upon them.

Fa f-(flobules.—Feebly glittering; size variable; always present except

in very young individuals ; especially frequent in Myxidium lieberJcUhnu.

Vacuoles.—Sometimes one or more; number, position, and presence

inconstant; api^arently always nonpulsating.

Figment.—Although it has heretofore seemed probable^ that all i)ig-

ment occurring in the Myxosporidia was of extraneous origin, it would

appear now, from Tlu'lohan's recent observations, as though perhaps

the presence of proper pigment must be admitted. This observer says :^

In many myxosporidia which live in the free state in the natural cavities one

finds the endoplasm riddled with stron^^ly colored fflobules whose tint varies from

golden yellow to brown. Very numerous in Myxid'utm, they give to the internal

face of the pike's bladder a characteristic yellow tint; they also exist in Chloro-

myxiim Icyd'Kjii (Mingaz.). As those elements do not resist tlie action of alcohol or

that of the essential oils, one finds no trace of them in sections; they are not fatty,

as osmic acid is without action upon them.

Ghloromyxum fluviatile also contains similar structures.

1 Ztschr. f. wias. Zool., 1881, xxxv, pp. 632-633; Bronu's Thier-Reich, 1882, i, pp.
594-595. Biitschli (1882) was the first to suggest the generality in the Myxosporidia

of the multinucleate condition. Lankester (see p. 73. foot note 1) took the same view.

2 This is also Tht^lohan's opinion (Bull. Soc. philomat. Paris, 1892, iv, p. 169).

3 As Biitschli remarked in 1881 (Ztschr. f. wiss. Zool., xxxv, pp. 642, 649). Cf. also

Pigment in index.
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The extraneous pigment consists of lisematoiclin crystals, whose
origin, mode of occurrence, etc., are discussed elsewhere (p. 285).

Pseudopodia.^—Usually blunt, simple or lobed ectoplasmic processes,

involving the endoplasm only Avhen very large. In Myxidium lieher-

Mlknii subpermaueut bristle-like pseudopodia have also been observed

(see p. 285).

Amoeboid movements.—These have been seen in a number of sjiecies.'^

They are slow or active; sometimes absent, owing to the deleterious

effect of so-called ''indifferent" fluids.

THE CYST.

Encystment?—This—or at least the tissue-imbedding which is so

termed (see below)—is the usual preliminary to reproduction in Myxo-
holus. Reproduction takes pUice without it, however, exceptionally

in Myxoholus, and constantly in those forms inliabiting the cavities of

the hollow organs.*

MACROSCOriC APPEARANCES.

The most striking feature of the myxosporidian cyst is the invariable

absence of pigmentation. It is always of a cream-white color.^ In size

it varies within very wide limits, from a fraction of a millimeter to

clusters of several centimeters in length. Shape also extremely variable*

mostly spherical to fusiform. Usually it is easily detachable from its

place in the tissues. The cyst contents are always milky or creamy,

usually fluid, sometimes from deficiency of water, caseous, and consist

of spores and more or less " granular matter."

MICROSCOPIC APPEARANCES.

Cyst membrane.—In harmony with his view of the nature of the con-

tents of the Glugea anomala cyst, Gluge^ regarded the cyst membrane
as formed by the " solidification of an albuminous matter " of the host.

Concerning this structure in Myxobolus mUlleri, Biitschli^ remarks
that it differs from the type of membrane usual among the unicellular

organisms (particularly the Gregarines) in its plasmatic nature, being

' In Mile. Leclercq's description of the Mijxosporidia (Bnll. Soc. Belg. de Microsc,

1890, XVI, p. 100) the erroueous statement is made that the Myxosporidia do not emit

pseudopodia.

* Notably Mi/xobohis elUpsoides and Mijxidinm Ueherkiilmii (pp. 222, 286).

^ From the view that the Myxosporidia undergo a true (zoological) reproduction-

encystment, Biitschli (Bronn's Thier-Reich, 1882, i, pp. 592, 593) dissents.

^Cf. Lieberkiihn, 1854, Bull. Acad. Roy. Belg., xxi, pt. 2, p. 23; Th^lohan, 1890,

Annal. de Microgr., ii, pp. 197-198.

^ Of course not all white (nonpigmented) cysts are myxosporidian. Some Trema-
todes occur in similar cysts, though they seem more usually to excite the deposition

of pigment.
6 Bull. Acad. Roy. Belg., 1838, v, p^ 775.

1 Ztschr. f. wiss. ZooL, 1881, xxxv, pp. 632,633; Bronn's Thier-Reich, 1882, i, pp.
592, 593.
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coini)osed of clear, vciy fiilely granular protoplasm, containing- many
small nuclei which possess a distinct dark m(Miil)rane and a somewhat
irregular outline, and stain intensely with alum carmine. It is difficult

t;0 determine certainly whetlier this membrane is formed hy the myxo-

sporidium or by the host. Opposing the myxosporidian origin (which,

however, is in no wise excluded) is the relatively greater size of the

membrane nuclei compared with those of the endoi)]asm.

]>albiani's' views of cyst structure may be summed up thus:

Meiiibrjine of rather firm texture, very thick (sometimes 10 /i) witliout structure,

showing small refringent granubitions. In spite of Biitschli's assertion of the

presence of carmine-staining nuclei, Balbiani could find nothing definite. He is

disposed to regard the membrane as a jiroduction of the parasite rather than of

the host.

Ludwig^ believes the cyst membrane to be probably a production of

the host.

Thelohair' could fiiul no nuclei in the cyst membrane and believes

their absence an argument of real value in favor of the derivation of

the membrane from the (similarly non nucleated) myxosporidian ecto-

plasm. Finally, he says, Cyntodiscus immersus (which is free-lioating)

is surrounded by a clearly defined structureless membrane.

Perugia'' has, it seems to me, recently made an important contribu-

tion to this subject. This observer has seen in Myxobolus mmjilis a

cyst which contained three separate myxosporidia. (See p. 213, pi. 14,

fig. 5.) It is hard to resist tlie conclusion tliat, in this case at least, the

host furnished the cyst membrane. But it is equally dillicult to deny

that in certain other forms, especially Cystodiscus immersus, which is

free-floating in the bile, (1) that there is a membrane and (2) that such

membrane is a product ol" the niyxosporidium. Still other species (e. g.,

Myxidlum lieherlcillmii) show an ectoplasmic membrane. I suspect the

explanation to be that the "cyst membrane" is really composed of two

concentric membranes, one (the inner and constant one, whose degree

of development and of condensation, however, probably varies greatly)

being the ectojdasm of themyxosporidium andthe other (the outer and
inconstant one, being absent, for example, in the free-floating forms)

being a product of the tissues of the host.

Finally Th6Iohan^ has recently put forth essentially the same view,

viz, that the so-called cyst membrane is not derived from but is merely

the ectoplasm of the myxosporidium modified. His observations are

as follows

:

Those Myxosporidia which form well-defined cysts {e. g., the branchi-

colous species) have the ectoplasm still distinct, but no pseudopodia

are seen. Formerly he admitted the existence of a cyst membrane

' Journ. de Microgr., 1883, vii, pp. 199, 200.

* Jahresber. d. rhein. Fisch.-Vereins Bonn, 1888, p. 31.

» Annal. de Microgr., 1890, ii, pp. 203-205.

<Boll. Scientif., Pavia, 1891, xiii, pp. 23, 24.

6 Bull. Soc. philomat. Paris, 1892, ix, pp. 168, 1G9.
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formed by the parasite. Tli61olian now believes a true membrane to

be absent, the psendo-membrane being merely the denser, most external

layer of the ectoplasm, peculiarly modified (coagulated and contracted)

under the action of the fixing and hardening reagents. It can then

take on the aspect of a. membrane, the resemblance being sometimes

even further heightened by its exhibitiug very definite striae.

Sections of a barbel's intestine showed connective tissue spaces

each inclosing a myxosporidium with an often very well differentiated

external zone which presented a very distinct striation. Altbough at

first regarding this as a confirmation, Thclolian, after a more tliorough

examination, varying the observation methods and studying a great

number of sections of diilereut myxosporidian species, became con-

vinced that these pseudo-membranes are artificial productions, the

result of a rougher action of the reagents on tbe more exx)osed external

ectoplasmic layers, which action accentuates their differentiation and

exaggerates their characters. In fact this membraniform layer can be

seen to become continuous, without a line of demarcation, with the

ectoplasm i)roper.

Further, a similar appearance was sometimes observed in sections of

the pike's urinary bladder, where (the myxosporidia being free and
motile) there can be no question of a cyst membrane. Moreover, the

distinction is much more apparent in sections after the action of re-

agents (under which conditions the limit of the 2 layers is clearly indi-

cated and marked by a continuous, often very pronounced, line) than

in fresh prei^arations.

Thelohan' says that, as Biitschli remarks, the age of the cyst can

be inferred from its size, the less advanced cysts being larger with a

central zone containing the older spores and an outer one containing

nuclei and s^Dores in j^rocess of formation. The oldest cysts are small,

contain no nuclei, and spore formation has ceased, only developed spores

being present.

SPORE FORMATION

GENERIC RELATIONS.

This process exhibits differences which not only serve as ordinal

characters, but which appear also to stand in some sort of relation to

generic lines.

Thus in Glugea we have polysporogenetic pansporoblastic spore for-

mation within a myxosporidium, the pansporoblast not subpersistent

as a sporophorous vesicle.

In Pleistophorawehave polysporogenetic pansporoblastic spore forma-

tion, no myxosporidium (completely transformed into pansporoblasts?),

the pansporoblast subpersistent as a sporophorous vesicle.

lAnnal. de Microgr., 1890, ii, p. 204.
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In Thelohania tbe myxosporidinm appears to be absent (completely

transformed into pansporoblasts?); the pansporoblast constantly pro-

duces 8 spores.

The i)rocess in Cystodiscvs is imperfectly known (see p. 280).

Nothing" is known of the process in Spha'7-omyxa.

The rule in Myxoholus appears to be pansporoblastic spore formation

with tripartite sporoblast segmentation. Although at first sight M. niill-

leri appears to constitute an exception to the rule, I have endeavored

elsewhere (p. 218) to show that this species really conforms to it.

Chloromyxum (as represented by C. leydir/ii; also C.incisum) through-

out all its various habitats is characterized by monosporogenetic pan-

sporoblastic spore formation. In C. miicronatum, however, Lieberkiilm

appears to have observed 2 spores in the i)ansi)oroblast.

Nothing is known of the process in l^phecrospora.

In My.vosoma also nothing is known beyond the fact that the spores

are devel()])ed within a myxosporidium.

Beyond the very striking peculiarity of bisporogenesis, nothing is

known as to the process in Ceratomyxa (see p. 274).

Myxidiion {M. UeherkiiJDiii) appears to be characterized by pansjioro-

blastic spore formation, witliout sporoblast segmentation. As, however, in

M. lieberlcUhnii the developed capsule is a structure plainly separate from,

and not continuous in substance with, the sporoplasm, its abstriction

from the latter must occur at some period of the development. As this

abstriction would differ from the Myxoholus segmentation mainly in the

time of its occurrence, the real amount of difference between the 2 pro-

cesses becomes problematical.^

From the following (which, unforturiately, I have been unable to

examine further) it seems to me probable that Leuckart recognized the

pansporoblast as early as 1817. In speaking of the spores, he says:^

Their formation takes place in an endogenous manner in tlic interior of special

cells, as I have already shown in another place (Gtittingiscbe Gelehrte Anzeiger, 1847,

p. 1032).

Leydig's description^ is as follows:

A clear pale-contoured vesicle is first differentiated, in which a number

'Prof. Biitschli (Rronn's Thier-Keich. 1882, i, p. 600) takes, apparently with special

reference to this species, the view that the capsules seem to lie not near, but in the

sporoplasm, which appears to cover them witli a delicate prolongation. This view

is also, he remarks, to be expected from the develoi)mental liistory. This, however,

doubtless means only that the capsules are surrounded on all sides by the sporoplasm,

not that they are continuous in substance therewith.

'ZArchiv. f. physiol. Heilkde, 1852, xi, p. 435.

•'' Muller's Archiv., 1851, p. 226. Leydig, it will be remembered, erroneously regarded

this structure as a vesicle (Tochierblase). His observations were made upon Vhloro-

myxum leydigii and C. inc'tHuiiu
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of grannies originate. Dnring tlie snbseqneut progress in development

up to the ripe psorosperm, changes take place in the form of the vesi-

cles, the character of the contour, and the contained corpuscles. The
latter first elongate, one ])ole becomes sharpened, the whole corpuscle

assumes the familiar clearness of outline, the granules diminish in

number and form (perhaps through fusion or after previous solution)

the 4 capsules. The contonr of the sporoblast also becomes sharp.

Lieberkiihn (see Ghloromyxum mucrofiatiim, p. 265) first noted the pan-

sporoblast as a solid plasma-sphere, but he did not trace the connection

of the solid sphere with Leydig's vesicles.

In 1880, Gabriel noted, in My.rldium lieherlcilhnU (see p. 287), that the

vacuole stage of the pansporoblast is a subsequent and not the original

condition. It is (luite evident, however, that he did not understand

the mode of pansporoblast formation.

In 1881, Biitschli ' showed that the pansporoblast is primarily not a

vacuole, but a plasma-sphere. The segmentation of this and the devel-

opment of the resulting sporoblasts were also traced.

PROCESS.*

Formation and segmentation of the pansporoblast.—The first step in

pansporoblast formation is the condensation around eachof the numer-

ous nuclei (of the endoplasm) of a small clear-contoured sphere of myxo-
plasra, which seems limited by a tliin envelope resulting from a conden-

sation of its x>eripheral layer, the whole constituting a pansporoblast.

This subsequently shrinks slightly, so as to appear as a ball surrounded

by a vacant space, and this latter in its turn by the inembrane. The
nucleus then divides (by karyokinesis) and redivides so that one very

soon has a sphere (pansporoblast) with a dozen nuclei. The sphere

then segments into two hemispheres (sporoblasts) which remain sur-

rounded by the original pansporoblast membrane. Each ' sporoblast

contains several nuclei (see below). The nuclei which do not enter into

the formation of the two sporoblasts are rejected and are found in a
small mass of protoplasm 'which remains (along with the two sporo-

blasts) within the original pansporoblast membrane.
In this connection it is well to quote from Kunstler and Pitres "' the

following erroneous description

:

This euvelope [the ectoplasm] -woukl contain, according to Biitschli, small nuclei.

The nuclei, in proportion as the cyst [membraned mysosporidiurn] enlarges, divide;

the protoplasm is condensed around them to form oval bodies, which Balhiani considers the

spores; tJds author has indeed seen there the formation of four falciform corjjuscles [italics

my own, for errors].

iZtschr. f. wiss. ZooL, xxxv, pp. 645-646; Bronn's Thier-Reich, 1882, 1, p. 596.

2 Description base^ upon Thelohan's (Compt. Rend. Acad. Sci. Paris, 1890, cxi,

p. 693). For the process iu the Cri/piocystes, see p. 201.

'^ Journ. de Microgr., 1884; viii, p. 471.

I- 92 6
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Development of the sporoblasts into the spore.—As noted by Butschli

and Balbiani' in the 2-capsuled forms {Myxoholiis)^ each sporoblast

divides into 3 unequal uniuucleated masses, 2 small and 1 large, des-

tined to form respectively the 2 capsules'^ and the sporoplasm.

a. Development of the capsules.—Very soon there is i)roduced in each

of the two smaller masses, ordinarily in the neighborhood of the nucleus

(see above) a siuall, rounded, clear vacuole, distinguishable from the

surrounding i)rotoplasm by the absence from all points of its wall, of

granulation. Next a small protoplasmic l)utton forms at some point of

the wall aud advances progressively into the vacuole, crowding its con-

tents back against the sides, so that after a time it becomes a pyriform

body surrounded by a clear layer (the vacuolic contents) and connected

"with the protoplasm by a pedicle. Little by little the pedicle becomes

strangulated, the pyriform body thus finally becoming free. During
this time it has acquired a membrane, and a filament is produced within

it, evidently at the expense of its protoplasm, although Thelohan was
unable to follow all the stages of the process. Around the capsule

thus formed one finds the nucleus,^ and debris of the protoplasmic

globule which has given birth to the capsule. The nucleus remains

most frequently attached to the cai)sule, but sometimes it becomes

separated and is found engulfed in the sjioroplasm. During develop-

ment the capsules have no fixed direction, orientation taking place later.

1). Development of the sporoplasm.—The third mass becomes the sporo-

plasm. Very early 2 nuclei, generally near together, are seen. They
persist to maturity. Thelohan was unable to determine whether these

exist primitively in the sporoblasts (which would then contain 4 nuclei

instead of 3, as Biitschli suj)poses) or whether they result from

division.

c. Development of the finished spore.—The spores, until now rounded or

oblong, very soon assume their definite and characteristic shape aud

acquire an envelope. The tail is folded against one side of the spore,

becoming straight only after the rupture of the pansporoblast mem-
brane, which latter persists a rather long time.

'Biitschli for M. milUeri; Balbiani for M. ellipsoides (see pp. 218, 223).

* Not rarely, especially iu Myxoiolus ellipsoides, 3 to 8 capsules are found. The
constant association with each of a nucleus shows that their formation takes place

in the usual manner. In this case the [panjsporoblast witbont doubt incloses an

abnormal number of nuclei. Sometimes it even seems probable that a single spore is

formed instead of 2 (Thelohan). [It would be exceedingly interesting to ascertain

whether in these cases the number of rejected nuclei is correspondingly less.

Unfortunately, at present nothing is known on this point.]

^ Thdlohau here remarks that iu a ])receding work (Com])t. Rend. Acad. Sci. Paris,

1889, cix, pp. 920-1, aud Annal. de Microgr., 1890, ii, p. 210) he considered these uucloi

as belonging to the sp()ro])la8m aud attributed to thom a dittcrcul origiu, an error

which a study of the development has rectilied.
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THE SPORE.

The myxosporidian spore always consists of at least 3 structures, viz

:

a shell, one or more capsules with filament, and the single mass of

sporoplasm. In Myxoholus (p. 207) there is also sometimes present a

fourth structure—the tail.

Pfeififer^ regards the myxosporidian spore as the equivalent of the

individual falciform germs [sporozoites) of the Coccidia.

The Shell.

This was noticed by even the earliest observers, who commented upon
its most prominent features, viz : its extreme transparency and resist-

ance to the strongest chemical reagents. Creplin^ was the first to

observe the separation of the valves after prolonged immersion in

water. It is extremely probable that the shell substance is the same

throughout the whole group, as we find the constant shell characters

to be the micro-chemical ones, variation appearing to be rather struct-

ural than chemical. This substance is thin, very transparent, insolu-

ble in the strongest acids and alkalies in the cold, certainly in some,

and probably in most species destroyed by (soluble in?) concentrated

sulphuric acid at its boiling temperature;** usually with little affinity

for staining reagents. The shell i)ossesses a minute pore (or pores)

for the exit of the spiral filaments.

Two types of shell are (provisionally at least) to be distinguished.

These are the bivalve shell, and a type in which no bivalve structure

has been detected.

The first type comprises 2 subtypes, viz : (a) plane of junction of

valves coincident with the longitudinal plane; characteristic of Myxo-

holus; and (b) plane of junction of the valves perpendicular to the

longitudinal plane; characteristic of the Cystodiscidw and the Chloro-

myxidce.

The second type is found in the Glugeidce and in Myxidium lieber-

Tciihnii.

Tail.—Confined within and described under the genus Myxoholus

(p. 207).
Capsules and Filaments.

morphology.

Capsule.—Always pyriforra, consisting of a thick, elastic, brilliant,

ordinarily opaque wall encompassing a central cavity; wall drawn out

' Die Protozoen als Krankheitserreger, 1891,2 ed., p. 8.

2 Wiegmauu's Arcliiv. f. Naturgesch., 1842, i, p. 63.

" Balbiani asserts (Journ. de Microgr., 1883, vii, p. 202) thatboiliug sulphuric acid

does not affect tlie shell. This Biitschli (Ztschr. f. wiss. Zool., 1881, xxxv, p. 634)

denies, stating that strong heating with sulphuric*acid destroys entirely the shell

substance. My own experience with several species tallies exactly with that of

Biitschli.
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anteriorly into a duct which pierces the shell near its anterior extrem-

ity, atrordiii<>- exit for the tihiment. Wall usually taking- (sometimes

retaining, sometimes yielding- up upon washing out) stains, especially

the nuclear. Th61ohan ^ considers the substance composing the capsu-

lar wall identical with that forming the shell, as both stain in the same
way Avitli safranin. From this view 1 must dissent, as in my experience

not only the optical character, but also all the prominent staining re-

a<;tions, ditfer. In ])articular the capsules are nitijonitly opaque^ the

lilaments never being visible through them, even in glycerin, while

the shell is transparent in the highest possible degree. Further, in

Miixobolns macrunis (other species were not tried) bismarck brown and
fuchsin each stain the capsule without even tinting the shell.

Two reagents render the capsular wall transparent, thus i)ermitting

the filament to be seen coiled in situ. Tlie first is iodine water (solu-

tion with potassium iodide). This reagent also causes extrusion of the

filaments, sometimes even in alcoholic specimens (i)p. 85, 120). The
second is strong ammonia water. I have never seen it i)roduce extru-

sion of the filament.

Biitschli^ and IJalbiani'' have observed that when the filament

is extruded tliere is (" as in the thread cells proper", Biitschli) a very

marked diminution in the volume of the capsule, from which Biitschli

infers that such extrusion is produced by the pressure of the stretched

elastic capsular wall.

This may be the cause of filament-extrusion, but might it not equally

well be interpreted as the result of such extrusion or, more properly,

as a co-result Avith the latter of a general increase of intrasporal pres-

sure? However this may be, it seems very probable that the filament-

extrusion which takes jdace under the influence of such energetic dehy-

drants as sulphuric acid, glycerin, etc, is merely a phj^sical effect,

the result of the intense intrasporal eudosmotic pressure. Thus in

several species (among others, Myxoholn.s transovalis) sulphuric acid

produces a pronounced swelling of the spore, extrusion (even in alco-

holic specimens) of the filaments, and finally the expulsion of the cap-

sules bodily, under an evidently great i)ressure. It can not, however,

be denied that the action of iodine water is not thus ex])licable.

Filament.—Exceedingly tenuous, attached at its proximal extremity

to the capsular wall, free at its distal extremity; usually coiled into a

spiral; in this condition entirely inclosed within the capsule cavity.

Ca])able of uncoiling and of extrusion {via the capsular duct) as a semi-

uncoiled or a fully uncoiled (nearly or quite straight) thread whose

length may be many times that of the spore. That the semiuncoiled

condition is merely an intermediate stage between the fully coiled and

the fully uncoiled condition, and is not a specific character, is shown
»

1 Anual. de Microgr., 1890, ii, p. 207.

sZtschr. f. wiss. Zool., 1881, xxxv, )>. 036.

» Journ. de Microgr., 1883, vii, p. 204.
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by tlie occurrence of both in the same species under the influence of

sulphuric acid. The other reagents which tend to produce filament-

extrusion are caustic alkalies, hydrochloric and nitric acids, ether,

glycerin, boiling water, mechanical x)ressure (e. g., the rolling of a

mass of spores in an insufficiency of fluid, under the cover-glass), etc.

As noted by Eiitschli,^ the extrusion in the latter case is apt to be more
or less abnormal.

Concerning filament-extrusion in preserved material, Thelohan^

says:

After the actioii of alcohol upon the spores the filament remains in the capsule

and it becomes impossible to make it go out.

While not usual, extrusion does sometimes occur with alcoholic speci-

mens, a certain (rather small) proportion of the spores emitting their

filaments under the action both of sulj)huric acid and of iodine water.

In my experience the filaments appear usually not to have much affin-

ity for stains; the capsule where stained, always shows a markedly

lighter center. Kolesnikoff, however, found them to stain in Myxoholus

JcolesniJcovi.

HOMOLOGY AND FUNCTION.

The capsules were first observed by Miiller (see p. 241), who consid-

ered them the embryos.

In 1852 Leuckart ^ regarded these structures as fat globules. He says

:

Also, they [the sjiores] contain s<>me plain granules of a fatty quality, which are

distinguished through their eonstant location in one or both poles.

In 18G3 Balbiani * discovered the filament and its capability of extru-

sion. Regarding the spore as an adult cryptogam, he assigned to the

filament the role of an antherozoid.

In 1875 Schneider^ remarked that

—

As regards a resemblance between the falciform corpuscles and the polar organs of

the psorosperms of fishes, it is impossible for me to find it. * * * The falciform

corpuscles are not such sacks occupied by a slender filament rolled into a spiral.

Commenting upon Balbiani's views, Leuckart says:^

The signification of the elements is unknown, but it may be safely admitted that

Balbiani's view, which sees therein an antherozoid, is without foundation. Perhaps
it is to be regarded as an attachment apparatus.

He further remarks that a comparison of the capsules with the falci-

form corpnscles is excluded by Lieberkiihn's and Balbiani's observations

of the exit and amoeboid movement of the sporoplasm.

iZtschr. f. wiss. Zool., 1881, xxxv, p. 635; see Myxoholus miilleri, p. 219.

^Annal. de Microgr., 1890, il, p. 207,

3 Archiv. f. physiol. Heilkde, xi, pp. 434-5.

• Conqit. Rend. Acad. Sci. Paris, lvii, p. 159. This discovery has since been con-

firmed by numerous observers.

* Archiv. de Zool. Exper., Paris, iv, pp. ,548-9. I have not seen a distinctly asserted

comparison between the capsules and the falciform corpuscles to which this could

refer, but such a comparison is implied by Leiickart's parallelism of Myxidium ( f)

sp. 102 (Archiv. f. physiol. Heilkde, 1852, xi, fig. 21 b) with the'spore from the testicle

of Lumbricus.

6 Die Parasiten des Menschen, 1879, 2 ed., p. 247.
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Upon tlie same subject Prof. Biitsclili ' remarks that:

Balbiani's view that they [the filauieiits] represent male fertilizing elements com-
parable to the antherozoids of the cryptogams, may be entirely rejected, as, apart from
the general improbability of this view (which, moreover, is not further supported by
actual observations), tlicre are, at present known, no vegetable spermatozoon-like

organisms whose structure permits of comparison with these nematocystoid polar

corpuscles.

Prof. Biitsclili '^ regards the capsule as comparable to the nematocysts
of the Coelenterates. This view is, he says, supported by its develop-

ment, the filament being originally in the extruded condition and only

subsequently becoming retracted and coiled.^ Further Biitsclili re-

marks that:

One might suspect that the capsular filaments serve for the attachment of the

spores to other tishes or to the food of the same.

Taking the two together, I interpret Prof. Biitschli's meaning to be

that morphologically they are nematocysts, but that here they function

dilferently.

Eeplying to the preceding criticisms of his theory, Balbiani* says:

This last observer [Biitschli] compares with reason these filaments to the urticat-

ing organs or trichocysts of the Ccelenterates. But, knowing the signification of

nrticatiug organs, I admit that I do not well understand in what way these organs

can serve psorosperms which are completely immovable and do not nourish tliem-

selves, for one knows that the trichocysts have for their object only the paralysis of

prey in order to render its capture more easy.

And further, among other repetitions of his theory, he says:

We have, in effect, here, all the phenomena of sexnal union (raj^prochement) ; first,

the embrace (rapprochement) of two individuals; then the presence of a female

element, the sarcodic globule, becoming free at that moment; and, finally, filaments

which I have compared to antherozoids. In a word, the process recalls involun-

tarily to the observer a cryptogamic sexual generation. But these interpretations,

although emitted with reserve, have drawn upon me on the part of Leuckart and
Biitschli a severe criticism. These authors prefer to compare them to urticant organs.

One can respond by asking them what would here be the physiological signification

of urticant organs, which are offensive or defensive weapons. What would be, in

these organisms, their r61e and utility? At all events the phenomena in question

deserve to be studied anew. I was then as much, if not more, in the right to

consider them as antherozoids, than Leuckart and Biitschli to make of them urticant

organs. We had, I believe, equal reasons, the German observer and I, to sustain our

interpretation.

Curiously enough Balbiani shows no indication of abandoning his

antherozoid theory (on the contrary it is further elaborated by the

designation ofthe sporoplasmas the " female element"), notwithstanding

' Ztschr. f. wiss. Zool., 1881, xxxv, p. 638; Bronn's Thier-Reich, 1882, i, p. 603.

» Bronn's Thier-Keich, 1882, i, pp. 599, GOO.

3 Biitschli's own observations for the Myxosporidia. The same very probable for

Hydra (Jickeli, Morphol. Jahrb., viii, p. 373). Without assigning any reason, Lutz

doubts Biitschli's observation (Centralbl. f. Bakt. u. Parasitenkde, 1889, v, p. 87).

* Journ. de Microgr., 1883, vii, pp. 204, 277, 278.
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the fact that at the same time he practically abandons^ Ms vieic of the

adult nature of the '^ psorosperm^

Kunstler and Pitres" think that the capsules " api)car to be true

neraatocysts."

Lndwig:^ accepts the Lenclcart-BUtschli attachment theory, regard,

ing the filaments as probably organs of attachment. He says that

though little is known as to the conditions under which filainont-extni-

sion naturally occurs, spores kept long in water extrude their lilamonts,

and adds:
Probably the filaineiits serve for the attachmeTit of the spores, which have reached

the water through the opened tumors of the tish, to auy living or dead substauces

whatever.

Thelohan* comments upon Prof Biitschli's view as follows:

Biitschli, after having severely criticised that idea [Balbiani's antherozoid theory],

compares them to urticant organs. At tlie outset, as Balbianiobst-rves, one can not

see what could here ba the rdle and the utility of urticating organs. Further, the

filament of tlie polar capsules resembles but little those of the true nematocysts;

after their exit they present most often a sinuous aspect, sometimes neatly spiral,

which is far from recalling tlie appearance of the urticant filaments which shoot out

abruptly from their capsules and jjresent themselves under the form of rigid bayonets.

Mingazzini^ takes a totally different view from other authors and
one which it is impossible to reconcile with the present evidence. In

the following passage, besides other errors, the (capsular) filaments are

confounded with certain shell-processes (ribbonettes) described by Balbi-

ani in Myxobolus ellipsoides, and farther Biitschli's view (given above)

of the function of the filament is curiously distorted:

Many observers have noted (in treating the myxosporidian spore with various

reagents) the exit from the polar bodies of a very long filament, which normally is

coiled within the polar body. As to the signification of this filament various opin-

ions have been emitted. Balhiani thinks that it can serve as the organ of dispersal of
the spore, functioning at the maturity of tlie latter in a similar manner to the elatcrs of
the Elaterinm spore.- Biitschli expresses the opinion that they caii have the signifi-

cation of urticant filainents.'^ But Balbiani has further observed that in the mature

spore these filaments are umvound and stand each around either the membrane of its own
spore or around that of a neir/hboring spore, and supposes that in the last case the fila-

ments have the signification of copulating organs. Again, however, Butschli, not
entirely satisiied with his first interpretation, has thought that the function of urti-

cant capsules for a spore which has a membrane resistant to acids and alkalies, is a

kind of luxury, and that the filaments could serve to attach the spore to other fishes

or to feed it [italics my own for errors].

From an analysis of the opinions it appears that none of them is entirely satis-

factory, while, in my opinion, from what I have seen of the gregarinoid forms, it

may be assumed that the polar bodies are nothing else than the embryos of the

Myxosporidia, homologous Avith the falciform bodies of the grcgarine and coccidian

spores, on which view the filament of the polar body would be nothing else than
the tail of the gregarinoid form which remains inclosed in the polar body while

' Journ. de Microgr., 1883, vii, pp. 198, 201, 276.

2 Journ. de Microgr., 1884, viii, p. 474.

3 Jahresber. d. rhein. Fisch.-Vereins Bonn, 1888, p. 33.

< Annal. de Microgr., 1890, n, pp. 207-208.

6 Boll. Soc. Nat. Napoli, 1890, iv, p. 163.

6 See above (p. 86).
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the mass of internal protoplasm wonkl represent the residual nucleus (niicleo di

reliquai) of the spore. The homology is deiuoustrated with all the greater proba-

bility, inasmuch as, aB in the gregarine and coccidian spores, the nninber of the

falciform bodies is constant with the species, ao also in the Mi/.rosporidia the number
of the polar bodies is constant in the did'erent species, and the residual nucleuB

would serve to feed them within the spore and perhaps to determine their exit at

maturity. There would thus be explained what was seen by Balbiani, viz, the exit

of the i)olar bodies at maturity without having recurrence to the forced interpreta-

tion of fecundation (which would not be constant) or to the unsatisfactory inter-

pretations of liiitschli. We can thus see in the spore of the Miixosporidia all the

parts that are encountered in that of the typical Kporozoa (the Gregarines and Coc-

ciVZirt), and in this waj' more easily discover the zuologic link which connects these

groups with the Myxosporidia.

Perugia* accepts the Leuckart-Biitsclili tlioory that the fihiments

are organs of iixatioii. He compares them to the long filaments of the

eggs of parasitic Trcmatodes. This writer has, however, followed

]\Iingazzini\s error, and confounded the ribbonettes (described b}^ Bal-

biani in My.roholus elli^jsoides, p. 223) with the capsular filaments.^ It is

necessary to direct special attention to tiiis error or we sliall soon find

an elaborate table of structural synonymy a necessity. He says:

Baroiani compares them to organs of dissemination such as the elaters of the Equiseti.

Having afterward observed that sometimes this filament is coiled around another spore he

saw in them an organ of cojiulation. Thclohan asserts that he has observed that many
spores are destiliite of such a filament and eviiiccs an inclination to regard the filamentous

organs as accidental productionH{!) [Italics my own for errors.]

Pfeiffer^ regards the filaments as organs of movement or attachment,

saying:

Probably this organ is no thread-cell, but serves for i>rogression or attachment.

He'' asserts that these structures also occur with the falciform germs

of Miescher's tubes, and says that the spores of the Myxosporidia and

Sarcosporidia are, according to his representation, not at all so widely

different from one another. Further, in the description of fig. Y, he says

:

A well-developed falciform corpuscle; to the right the large colorable nucleus; to

the left a noncolorable indefinite body with a beak-like process at the left pole

(thread-cell?).

Thus, in spite of the unqualified statement in the text, there appears

to be no certainty as to the nature of the structure in question. Turn-

ing to the figure, all that can be said is that it is entirely too indefinite

to sustain the weight of the assertion of its capsular nature, against

which view the verdict of " not proven " must be placed.

' Boll. Scientif., Pavia, 1890, xir, p. 137.

-Th^lohanhas recently jiointedout Perugia's error (IJull. Soc. philomat. Paris, 1892,

IV, p. 167).

3])ie I'rotozoen als Kranklieitserreger, 1 cd., 1890, ]>. 47; 2 ed., 1891, pp. 17, 132.

*Jbid.,l ed., pp. 47 (and footnote), 99, plate, (ig. v; 2 ed., p. 183. It will be noted

that Pfeifi'er says nothing of, nor do his lignres show, any extruded lilaments.

Nothing short of this could be accepted to prove the capsular nature of the body iu

buestion. See also pi. 7, tig. 5.
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Bemarl's.—Balbiaiii, Tlielolian, and Mingazzini appear to assume, as

the basis for tlieir criticism of Prof. Biitsclili's view, tliat a structure

morpliologically a nematocyst ]uust necessarily be urticant in function,

in otlier words tliat the terms nematocyst and urticant organ are

synonymous. This assumption is, to say the least, very dubious.

Concerning the homologies of the organs in question it is impossible

to see how, as suggested by Mingazzini, they are to be brought into

comparison with the falciform bodies of the gregarine and coccidian

spores, inasmuch as (as noted by Schneider; see p. 85) the falciform

bodies are- not in any respects structurally similar to the myxospori-

dian capsules, and further it would seem (as implied in Leuckart's view

above given) that the homology should lie between the protoplasmic

structure in the one spore, and the protoplasmic structure in the other,

whereas Mingazzini's parallel is between the protoplasm in the one and

a structure which shows no evidence of such composition in the other,

being apparently destitute of such characteristic protoplasmic struct-

ures as nuclei, vacuole, etc.

I can not, however, feel much greater confidence in their homology

with the coelenterate nematocyst. I can only interpret homologj^ to

mean such correspondence in development and structure as would (upon

the evolution theory) imply descent from a common ancestor, and con-

versely no homology seems possible except in cases where (upon the

same theory) one would be willing to admit such common origin.

In the present case, while the myxosporidian capsule shows a marked
histologic resemblance to the coelenterate nematocyst, it presents one

very important difference, viz, that it appears and functions at an en-

tirely different period of the life-history, i. e., it characterizes the spore

and disappears before the adult stage is reached. Add to this the

point cited by M. Th61ohan (p. 87), and their (probable) utter uselessness

to the myxosporidian spore as offensive or defensive weapons, and the

X)arallel is bj^ no means close enough to justify their assimilation to the

nematocysts. The fact that the myxosporidian filament agrees (how

closely?) with that of Hydra in having the filament first extruded and

only subsequently retracted-coiled, does not seem sufiBcient to prove,

the morphological equivalence of the structures, as it might be possible

that this mode of formation is the only one capable of jn^oducing the

necessary elastic tension^ Further,^ "nematocysts" are known in

some mollusks. All these facts render it very probable that these

"nematocysts" have been independently evolved in the different

groups. It may, however, well be a question to what extent of detail

all of these "nematocysts" correspond.

As regards the function of the capsules and filaments, the only intel-

ligible suggestion that has yet been made appears to be the view of

Leuckart and Biitschli, which sees in them an apparatus for attach-

ment. I can see no basis in the facts for Balbiani's antherozoid theory,

iLankester, E. Ray, 1878, Encycl. Britan., 9 ed., vi, p. 108.
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and no evidence in favor of Mingazzini's supposition that the capsules

repvosent the embryos, the fihinients functioninji- as flaiiella\^

On the contrary everything that we know about the Myxosporidia

favors the view that the embryo is not the capsule but the sporoplasm,

the presence in it of nuclei, of a vacuole, and of amoeboid movements
being quite conclusive. The most probable sn])position in relation to

the capsules is that they are accessory and temporary structures whose

function is to secure attachment and perliaps a certain amount of

motion, for the fultilhnent of both of which objects they seem very

well adapted. And it maybe noted in passing that nemsltocystoid

bodies are known wliich function for attachment, as well as those which

function for stinging, etc.^

Before discussing the mode of action of the filaments, a few words

may advantageously be devoted to the relative functions of the spore

and myxosporidium stages.

(1) Bifipcrsal i,s absolutclij necessary to the species: This dispersal can

take place only by the actual separation of myxosporidian individuals

from one host and their migration to another, unless we adopt one of

two very improbable sui)p()sitions, viz, either that they attach them-

selves to the eggs of the host and await their development or that they

develop in an intermediate host which feeds upon the fish.^

(2) The spore is the means by ichich such dispersal is effected:* Thus
Lieberkiihu^ saw some cysts "lost" and others opened, their contents

escaping into the water. Also Ludwig and Kailliet (p. 22») have

observed the rupture of cysts in situ with escape of their contents.

Thelohan*' has seen the same occur with Glugea anomala; and in Myx-

obolus ellipsoides he saw cysts shell out entire and burst."

' Mingazzini's description given above implies very strongly this idea as to the

fuuction of the filaments, nevertheless he does not distinctly so state. Compare here

Lieberkiihn's statement (Bull. Acad. Roy. Belg., 1854, xxi, pt. 2, p. 21) that the

capsiiles, when extruded with the sporoplasm from the spore, show not the slightest

trace of movement.
'^ In the body epithelium of the Ctenophora we iind peculiar adhesive cells with

uneven and sticky surfaces. Their bases are prolonged into spirally coiled con-

tractile filaments.—(Arnold Lang's Text Book of Comparative Anatomy, London,

1891, pt. 1, p.82.)

'The latter mode of change of host, though improbable, is not inconceivable.

Still, everything seems to point toward the view that the whole life cycle from the

attached spore in one generation to the liberated spore in the next, takes place in the

same host.

* The only place where this view is distinctly stated is the following (Mile.

Leclercq, 1890, Bull. Soc. Belg. de Microsc, xvi, p. 101):

"On account of the presence of organs compared to nematocysts, lut which seem

rather elaters, one can believe that the spore is the disseminating form of the para-

site, and that it can lead for some time a free life in the water." [Italics my own
for errors.] Here we again see the unfortunate results of the dual signification Ox

the term " filament."

^Muller's Archiv., 1854, p. 356.

e Compt. Rend, hebdom. Soc. Biol. Paris, 1892, iv, pp. 82-4.

' Annal. de Microgr., 1890, ii. pp. 203-4. The observation was upon a spore habi-

tant on the tench iMyxobolua dU^soidest).
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Finally that, in at least one species, dispersal could hardly take place

by the myxosporidinm is shown by Biitschli's observation ^ that in

Myxidium lieherlmhnii that structure dies rapidly when removed from

its natural habitat (the urine of the pike) to even "indifferent fluids."

(3) The myxosporidinm^ on the other ha7id, is the post-emhryo)iic,

comparatively stationary, growth-reproduction stage: There is little

reason to suppose that there is ever any migration from one host to

another during this stage. The evidence all points to the conclusion

that after (and probably soon after) its attaclnneut to the host, the

valves of the spore separate, freeing the sporoplasm, which thencefor-

ward is known as the myxosporidinm. Thus Lieberkiihn, Balbiani,

Pfeifler, and Perugia have all seen the sporoplasm leave the spore

and exhibit amoeboid movements.

]^ow, if this view as to their relative functions in the life-cycle be

correct, the capsular filaments may conceivably serve in several ways.

First, they may serve as a flagelliform swimming apparatus, a view

that I think quite improbable, dispersal being more probably effected

by currents, etc. Second, they may (and this is probably their most

important function) serve for attachment.^

Further, if it be conceded that, after attachment, motion is necessary

to the spore, the filaments might easily snbserve such function either

by a maximum extrusion, fixation of the tip, and a subsequent coiling-

retraction (similar to that of the Vorticella stem), the spore in this case

progressing " anterior" end foremost, or by a minimum extrusion fol-

lowed by fixation of the tip and progressive uncoiling-protrusion, the

spore in this case being pushed " posterior" end foremost. In Glugea

anomala, which has but one filament, 50 yu long, motion could hardly be

effected in the latter way. But such motion is easily conceivable with

the 2-capsuled {Myxobolus, etc.) spores; and if it were admissible to

suppose that the final lodgment preliminary to reproduction is ever

effected by the spore and not by the myxosporidinm, the latter being

liberated and growing in situ (a view which, however, the present

evidence tends to negative), this backward motion would be the best

possible for inserting the spore under a scale, especially for those species

provided with a tail, which latter structure would form an efficient

guide to such insertion. I incline, however, to the view that the func-

tion of the filament is attachment, and that the motion necessary for

the attainment of a place for reproduction-encystment is effected by

the liberated myxosporidinm.

1 Ztschr. f. wiss. Zool., 1881, xxxv, p. 639.

2 Perfectly consonant with this view is tlie observation of Biitschli (Ztschr. f. wiss.

Zool., 1881, xxxv, p. 635) that the filaments are extruded in spores which are pre-

served a long time in water. For we thus see the floating spores ready for instant

attachment to any object with which they may come into contact. A possible cause

for such extrusion might perhaps be found in osmotic pressure (preponderant endos-

raosis from the surrounding water) from within. At any rate, it is difficult for me to

attribute the rupture of the shelled-out cyst observed by M. Th^ohau (see p. 221)

to any other cause.
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SroRori-ASM

Tliis was noted (but apparently res'ai'dcd as a third capsule) by Miil-

ler,^ and it appears iuseveral of his ligures. Subseipieiitly Lieberkiihn
'^

observed its exit from the spore and its amoeboid movements. He also

notes its visibility within thc^ spore.^ These observations have been

conlirmed bj^ Balbiani^ and later by others (see j^p. 203,287).

The si>oroplasm is extremely transparent, more or less granular, and
contains nuclei (1 or more), sometimes a vacuole, and, at any rate in

the genus ^fijxoholus, a variable number of brightly refriugent granules.

IfuclcL—These were firstdemonstrated by Thelohan.' Their number
is variable in the same spore, according to the stage of development.

In Mi/.whoh(s ellipsoidcs, Thelohau demonstrated their origin by contin-

uous division from a primitive single one. He further says " that all

species studied by him (with the possible exception of the GJugcn species,

in which the small size of the spore prevented accurate determination)

have shown 2 nuclei. This accords Avith my own observati(nis.

Granules ("refringent globules," etc.).—These have been noticed in

several Myxoholus species. They are described under that genus (see

p. 209).

Vacuole.—This structure is of two types: (1) The noniodinestaiiiing

{aniodinopMle) vacuole. This is known only in, and forms a marked
characteristic of, the Crijpfofi/sfes. It is situated in the large extremity

of the ovoid or pyriform spores and is unaffected by iodine. This

structure was first observed, but not at that time recognized as a

vacuole, by Thelohan." Subsequently he recognized its true nature."

(2) The iodine-staining {iodinophile) vacuole. This is known only in,

and forms a marked characteristic of, the Myxoholidm. It is stained by
iodine dark brown against a light yellow-brown ground. This reaction

is best obtained with a dilute solution (aqueous, with potassium iodide).

Further details are given under Myxoholus (p. 208).

' Miillcr's Archiv., 1841, p. 484, pi. 16, fig. 3 i, k; cf. fig. 5.

^Miillcr's Archiv., 1854, pp. 353-4, pi. 14, figs. 7, 8.

3 Bull. Acad. Roy. ]5elg., 1854, xxi, pt. 2, p. 21.

••Comi)!. Rend. Acad. Sci. Paris, 1863, i.vii, p. 160.

'^Compt. Rend. Acad. Sci. Paris, 1889, cix, pp. 920-21. For Perugia's confirmation,

see Myxoholus / merlitcii (p. 242). For Blitschli's "nucleus", see j). 219.

«Conipt. Rend. Acad. Sci. Paris, 1892, cxv, p. 1092.

' Aiinal. de Microgr., 1890, ii, p. 211, pi. 1, fig. 17fl, h.

^Relative to the houujlogy of the vacuole, Th(51ohan says:

" Is there any connection hetweeu the central vesicle and the rest of segmentation

of the other ><poro:oa ? A certain fact is that the aspect of the plasmic mass of the

spores of the MyxosporhUa with that vesicle refi-actory to staining, and the nuclei

disseminated in the protoplasm, recalls in a striking manner certain phases of devel-

opment of the spores of the Gregarines."



THE MYXOSPORIDIA, OR PSOROSPERMS OF FISHES. 93

Exit of the SPOROrLASM.

This, tlic last phenomenon of the spore stage, was first observed by
LieberkiUin,^ who described the process as seen in Mt/xoholus sp. 65.

He also figured it as occurring in M. sj). 44. Gabriel ^ also describes

(bat in a somewhat different way, and possibly erroneously) the freeing

of the sporoplasm in Myxidium Jiebcrldlhnii. It was also observed by

Balbiani^ in Myxoholus ellipsoides, and recently it has been confirmed

by Pfeifter* and by Perugia.^

Biitschli,'' however, eijtertains some doubt as to the supposed sim-

plicity of the life-history based upon these observations. His objections

are chiefly that this view leaves no function for the capsules to perform.

As indicated above, tliis exit appears only to take place at a (for the

capsules) JJOs^/^fMc/^o»^r? period.

III.—ZOOLOGICAL POSITION.

Gluge ' regarded the spores of Glugea anomala as crystals modified

by an unknown cause. He says:

It is known from tlie researches of M. Ehrenberg that the silvery color of fishes

is produced by a great number of corpuscles of a crystalline structure and a form

cylindrical and a little recurved. It appears to me extremely probable, from all

that precedes, that the corpuscles contained in the cysts are only the crystals of the

normal state, but changed by an unknown cause.

Miiller'^ regarded the ^ii/xo.sporidia as agreeing neither with the s])er-

matozoa nor with the germs of develojiing animals, nor with the tailed

Entozoa or Cercaria^, and as deviating equally in structure from the

known fungi parasitic upon animals; finally, through their form, struct-

ure, development, specific distinctions, and absence of motion, they

deviate from all known normal and pathological cell formations. This

observer ^ bestowed upon these anomalous forms the name of "psoro-

sperms,"^" recalling both the cutaneous ''eruption" produced by them

and the resemblance of the tailed spores to spermatozoa.

The credit of first suggesting a definite zoological position for the

subclass is due to Creplin.^' It will be seen that he was the originator

of what may be called the " gregarine theory."

'Muller's Archiv., 1854, p. 354; Bull. Acad. Roy. Belg., 1854, xxi, pt. 2, p. 21.

2 Jahres-Ber. schles. Ges. vaterl. Cultur f. d. J. 1879, LVii, p. 192.

3Compt. Rend. Acad. Sci. Paris, 1863, lvii, p. 160.

•'Die Protozoen als Krankheitserreger, 1890, 1 ed., p. 47; 2 ed., 1891, p. 133.

•^Boll. Scientif., Pavia, 1891, xiii, p. 23.

«Ztschr. f. wiss. Zool., 1881, xxxv, pp..637-8; Bronn's Thicr- Reich, 1882, i, i).595.

7 Bull. Acad. Roy. Belg., 1838, Y, p. 776.

8 Miiller's Archiv , 1841, pp. 487, 488.

9 Mile Leclercq (Bull. Soc. Belg. de Microsc, 1890, xvi, p. 100) erroneously attrib-

utes the name to Gluge.
1" Derivation furnished by Balbiani (Journ. de Microgr., 1883, vii, p. 145) as follows

:

yjjupa, mange; aKspfza, seed.

" Wiegm. Archiv. f. Naturgesch., 1842, i, iip. 65, 66.
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Creplin says

:

Nothing even remotely similar has ever been seen by nie in the many kinds oi

small cysts which I have trecjnently found in the invertebrate animals and have

examined for Helminths. Since, liowever, I have seen v. Siebold's line Contribu-

tions to the Natural History of the Invertebrate Animals (Danzig, 1839) I believe I

have found somethinj:: iinalogous to them in Ihe organisms discovered by v. Siebold

in cysts in the small intestine of Sciara nUidicoUis, Avhich lie terms Navicella;. See

flf, 63 and the accompanying figures on Tab. iii. * * * Altliough some features

may api>ear to indicate a vegetable nature, the cyst bears distinctive marks of its

animal nature. Cyst formation precedes spore formation, the spores perhaps origi-

nating from the granules seen in the cyst fluid, or perhaps by free formation Avithin

that fluid, or by production from the cyst-wall.

Dujardin^ also sujigestod the correlatiou of the "psorosperms" with

the Gregarines in the. following:

Perhaps it is necessary to range with these productions those that one frequently

observes in the testicles of Lumhrici.

In 1851 Leydig^ developed the gregarine theory at some length. In

brief, his reasons were as follows:

On him they made the impression of gregarine-like bodies and he knew no weighty

reason against this view. They consist of roundish vesicles or vermiform tubes

with a delicate membrane, and semi-fluid contents with granule masses. Fre-

quently they appear as if a special membrane had not yet been separated from the

contents, in which case the gregariuoid bodies have in contour somewhat the ap-

pearance of segmentation spheres. The fact that they only sliow granules does not

coniraindicate their gregarine nature, nor does the absence of motion, as slight

moiions might have been present, and further in some Gregarines motion cannot

always be detected. Further, all who have studied the Gregarines unite in regard-

ing the s^ovas {Navicdlenhehalier) iiH proceeding from the Gregarine, But anyone
who has compared the psendonavicella? and the psorosperms will certainly admit

the conclusion that the uavicelUe, Miiller's psorosperms, and the forms discovered

by him in the diseased air Ijladder of Gadus callarias form one series, the dift'erent

members of which are related as the genera of a family.

Further Leydig, having, as he believed, demonstrated the Gregarines

to be life-stages of FilariaY\\.Q, nematodes,^ says (pp. 232-233) that the

Myxosporidia of the i)lagiostomes can perhaps also be brought into

unison with these views, by similar connection with the round Filaria-

like nematode which he found in the blood of several plagiostomes

and in the parenchyma of various abdominal viscera (especially in the

spleen-pulp) and rarely in the blood of the umbilical cord of embryos

of Mustelus hcvis.

Leuckart,'' in 1852, accepting Leydig's view that the Gregarines

were developmental stages of nematodes, regarded the "psorosperms"

as forming similar developmental stages, this view being based upon

' Hist. Nat. des Helminthes, 1845, p. 645.

« MuUer's Archiv., pp. 226-228.

' According to Mingazzini (Roll. Soc. Nat. Napoli, 1890, iv, p. 162, footnote 2) these

filarioid forms are referable to Trijpniwsoma.

* Arch. f. physiol. Heilkdo, xi, pp. 434-6.
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the great similarity between tlie spores and the pseudonavicellse. He
says:

For the furtlier fate of our psorosperms it is not without interest to observe that

they frequently occur free in the bile passages, while on the contrary they are no
longer to be found in the intestinal canal, in which they, however, incontestably

arrive. May they not here develop directly into those round worms which we not

rarely encounter in the intestinal canal of these fishes.

Charles Eobin was the first to assert their vegetable nature. In his

JBistoire Naturelle des Vcgetavx Parasites (Paris, 1853, pp. 291-2, 321),

he collected descriptions and figures of nearly all the previously

described species, placing them (as a special tribe, the Psoros;permece)

under the Diatoms. He says

:

Several facts have convinced me of the vegetable nature of these bodies. These

are the entirely peculiar aspect of the species' that I have had under observation;

the definite rupture of the coriaceous cells of which they are composed: the pres-

ence upon some of special opercles ; their contents partly homogeneous, partly

formed of drops of oil in suspension in a clear liquid; the solubility of the walls,

which often occurs in concentrated sulphuric acid in the manner of cellulose (although

they are not colored by iodine). Like Muller and Retzius * * * i believe that

these vegetables approximate by their form and general structure to the Diatoms,

among other forms to Nanicula and Melosira, etc., although they differ in the absence

of silica in the walls. * * * Like the Diatoms they can live either free or

reunited into colonies. * » * Although it is probable that the species described

below will one day form at least two genera, * * * j shall unite them provision-

ally [under one genus.]

Lieberkiihn^ in his first paper expressed the opinion that the "pso-

rosperms " could not be, as Leydig supposed, Gregarines, inasmuch as

they possessed no nucleus. In his second paper ^ he again rejects

Ley dig's view in so far as the innominate form {Gen. incert. sp. 12) found

by him under the skin of Gasterosteus aculeatus is concerned, saying

that

:

This mode of origin [the process of spore formation] is so peculiar that we cer-

tainly can not reckon such formations among the Gregarines. Their size, absence

of structure, occurrence in water, the importance for reproduction of the granules,

and the observed young stages, all give rise to opinions but not to certain knowl-

edge.

Further, it is doubtful, he says, whether any Gregarine lives in

water, whereas in all probability the psorosperm animal does, and
attaches itself to the skin merely for reproduction. That the " psoro-

sperms " are not amoebae is indicated by his failure, on careful inves-

tigation, to find any of them capable of taking up foreign bodies into

their substance. Also, he was never able to find an amoeba which had
just attached itself to the skin preliminary to reproduction. He con-

cludes by saying that his researches on the parasites of fresh-water

sponges promise to throw light on this subject, as he has there found

large psorospermiform bodies consisting of small and large globular

^ Psorospermia sciasnw-itmbrce Robin (see p. 166).

* Miiller's Archiv., 1854, j). 5.

^Jlid., pp. 357-367.
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heaps, amoebiform corpuscles of the same size with precisely similar

graimk's, which corpuscles protruded i^roccsses of various form, and

liimlly much larger lormations, containing, simultaneously, both hue
gjanules and psorospermiform structures which, moreover, showed
movements similar to those of the amoibiie.

Miixidium VwherlcHlinU is, however, referred to the Gregarines. The
presence of a membrane is not regarded as a character indispen-

sable to the definition of a Gregarine, inasmuch as in the earthworm

there exist forms possessing all the otlier characters of true Grega-

rines (viz, a similar nucleus, the same form and size of granules, the

same albuminoid substance, and the same manner of movement), and
also othei' forms sliowiiig a i)lain but i)roi)ortionately smalkn* nucleus,

no demonstrable nuMiibrane, and none or only extremely fine granules.

These forms possess amoeboid movements, without, however, having the

ability to take up into their substance foreign bodies or coloring mat-

ters. Tliese cliaracters permit of their classification under no other

group than the Gregarines. Whether they represent young stages of

these or special species is immaterial. Tliis mucli, however, is clear:

the nondemonstration of a structureless membrane does not exclude

them from the Gregarines. The same may be said of the failure of

demonstration of a nucleus, as either it may exist in spite of such fail-

ure, or it may be destroyed by the manipulation preliminary to exam-

ination, or it may be present at some other i)eriod of the life-history.

Furtlier, the opinion has been several times expressed tliat nonnucleated

Gregarines exist. May thay not rather be auueba*? From these

organisms they are delimited by their inability to take up into their

substance undissolved solid particles.

In 1S()."'> Balbiani ' expressed a decided opinion in favor of their cry|i-

togamic nature and, regarding the spore :is the adult organism, assigned

to the filaments the function of antherozoids, a view which he supple-

mented in 1883 by the designation of the sporoplasm as a " female ele-

ment."^ He further considered the " elastic ribbons " of Mi/xoholu.s eUip-

soicles comparable to the elaters of the Uquisvtitm spore and supposed

that, in addition to effecting valve separation, they serve to maintain

the contact of two individuals during what he considered a state of

conjugation. Tliese views he reaffirmed in 180<5.''

In 1875 Schneider^ placed himself on record in oiiposition to the

current theory of the close relationship between tlie Myxosporidia and

the Gregarines, saying that;

One knows that, un<Ier the name of Psorosperms, tliere have been tiuited (rather

by reason of taxoiioniie necessities than by the coordination of positive data and
sutticiently precise elements) four things, (Gregarines, Mtjxosporidia, Sarcosporidia

1 Compt. Rend. Acad. Sci. Paris, Lvii, pp. 157-161.

2 Jonrn. de Microgr., vii, p. 278.

^ Journ. Anat. et Pliysiol., in, pp. 600-G02.

* Archiv. de Zool. Exper., Paris, iv, ]»p. 548, 5(>1, and Notes et Revue, pp. xl, XLi.
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and Coccidia), which it is necessaiy, at least until further information is obtained,'

to regard as distinct.

He further says that he fails to see any homology between the

myxosporidian capsule and the falciform bodies of the gregarine spore.

Giard (see p. 170) suggests that the relation of the "psorosperms" to

the Gregarines maybe parasitic and not genetic; Lit/iocystis scluieideri

is regarded as a vegetable.

In 1879 Leuckart' recorded his opinion against the gregarine nature

of the Myxosporidia, remarking tliat:

It appears, however, scarcely permissible at present to unite these psorosperm-sacs

with the Gregarines, not mei-ely because they lack the shell-wall Avhich surrounds

the gregarine spore (rseiidonavicellen-Behalter) but still more because the formation

of the psorosperms begins at a time when the organism is still more or less removed
from its maximum size, and such formation progresses thence during the whole of

the subsequent existence. What is divided with the Gregarines into two successive

l>ha.ses falls with the psorosperm-sacs into one.

In several papers^ Gabriel refers the "psorosperms" to the Myxomy-
cetes. In his myxosporidian j)aper^ (upon Myxidium lieherldllmii) he
says that

—

The Myxosporidia can not be Gregarines, as they lack (1) the definite typical form,

(2) the differentiated membrane, (3) the nucleus, and (4) the monosporogenetic
centers. Further, they possess the following nongregariue characters: (5) the

manifold peculiar protoplasmic movements, (6) the "thread-drawing" substance,

(7) yellow pigment, (8) vacuoles, (9) polysporogenetic centers. The importance of

characters 1 to 4 demands the separation of the Myxosporidia from the gregarine

phylum. Further, while Lieberkiihu's ojiinion that a membrane is not essential to

a Gregarine might be admitted, the essentiality of a nucleus is less easily waived,

and the fact remains that no Gregarine is knowji which simultaneously lacks both
of these structures. Little satisfactory when considered alone, characters 5 to 9

confirm the myxomycetoid affinities of the Myxosporidia, as they are analogous to

many exclusivelj' raj'xomycetoid characters. Moreover, in Lieberkiilin's time many
subsequently discovered myxosporidioid, myxomycetons, and mycetozoan chai'acters

were still unknown.
Too much stress should not be laid upon the absence of pigment in gregarine

species, although it is not concealed that the presence of ijigment (yellow, brownish
yellow, dark brown, blackish brown) is highlj- characteristic of the Myxomycetes.
The Myxosporidia are, therefore, to be annexed (not subordinated) to the Myxomy-

cetes. The fact that they do not display typical myxomycete characters must not,

however, be ignored. Though nearly allied to the same phylum, they are phyloge-

netically of more recent date and represent a small, sharply defined group, interme-

diate between the Myxomycetes and the Gregarines, originating by progix-ssive

adaptation to restricted and new life conditions.

'Die Parasiten des Menschen, 2 ed., p. 245.

•^Tagebl. d. 51 Versamml. d. deutsch. Naturf. u. Aerzte, 1878, pp. 51, .52; Tagebl.

d. 53 Versamml. etc., 1880, pp. 82, 83; extracts, criticism, etc., Zool. Anzeiger, 1880,

III, p. 572; Zoolog. Jahresber., 1880, i, p. 161 ; Journ. Roy. Micr. Soc. London, 1882, ii,

pp. 358, 359.

3 Jahresber. schles. Ges. vaterl. Cultur f. d. J. 1879, lvii, pp. 188-195.

F c 92 7
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Ill lS81,as tlio result of ;iii extoiHlcd study of both Mi/.rosporidia aud

Grcgariues, Biitschli' expressed liis opiuioii substautially as follows:

That the relation between the Mi/xosporidia aud the Gregaiiiies is no very ii.ti-

niatt' one is showu both by the struetun- of the inyxos])ori(lium and by that of the

spore, aud also by the mode of spore formatiou. In the last two res])ccts the MyxuHpo-

ridia can be compared with the Grej^arines only in the most general way. There are,

indeed, some observations (e. jj., the dubions one of Claparide's on Monocysttn capitala

Leuek., and that of Ciabriel on a Grcgariuc oi' Jiiliis, the latter, however, too incom-

plete to serve as a basis for theoretic conclusions) which render a n<mencysted

(perhaps also an endogenous) spore formatiim in certain Gregarines not improbable.

The possession in common of bivalve and tailed spore shells is an unimportant

similarity. Above all, we have every right to regard the capsules as a character

especially indicative of the Mi/xosporidia, and of those no gregarine spore has so far

shown a trace, the two bodies found by Schneider in the Addea spore being scarcely

to be paralleled with them.

These conditions [the caj)sules] of the myxosporidiau spore speak just as strongly

against a close connection between the Myxosporhlia and the Myxomycetes, as the

spores of the latter possess no structures comparable to the myxosporidiau capsule.

The pigment found in a few Mijxosporidla {Mxjxidium lieberkiihnii, etc.) is not to

be compared to that of the Myxomycetes, as it is not of myxosporidiau but of

extraneous origin. Naturally, the ilyxomycetes, especially in the simplest forms,

show in their partly peculiar endogenous spore formation a certain similarity to the

MyxoHporidia, but such a similarity also exists between the Myxomycetes and certain

lihizopoda. Among the latter the Myxosporidia seem to possess some special relation

with the interesting Pelomyxa, inasmuch as the latter possesses a great number of

small nuclei, aud in addition it is probable that it ]irodnces endogenonsly chlamydo-

sp«)res, which, however, show no trace of capsules. I'mther, in the determination

of the systematic ]»osition of the MyxoKporidia stress should be laid upon the cap-

sules. From everything that we know tliey are comjiarable only to the thread cells,

which latter are exclusively auinuil structures which recent investigations have

shown to be preseut in the Protozoa. I do not conceal that this cri*^erion, like the

other barriers which have again and again been raised between the animal and

vegetable kingdoms, may be erected only to be overturned through more penetrating

research.

lu 1890 Pfeififer^ unites iuto his family " *S'/>o>y>//e» " the Myxospori-

dia, Microsporidia, aud Sarcofiporidia. He says:

As a transition to more dangerous parasites are next to be made known the Sarco-

upoiidia, of which Miescher's tubes in the transversely stri]»ed muscles of the warm-
blooded animals are already known to physicians, but which are also found exactly

similar, only with diUerently shaped spores, e. g.. in the liesli of the barbel.

Spore foruuitiou has, he says, no ('oustancy, trausitious being found

towards more highly developed forms and also toward the lower mem-
bers of the Sporozoa. Thus in the tenc^li fully developed forms are

found only upon the branchia* and in the air-bladder. In the gall

bladder and the cysts on the splenic artery, spore types are found which

form, step by step, transitions to the sim])le ])S('udonavicelh'e of the

(iregarines and to the structureless ovoids of tlie microsi)oridian cysts

of Bomhyx, Dcq)hma, etc., and to the condition observed in coccidian

' Ztschr. f. wiss. Zool., xxxv, ])]!. (U8-(i.")0; also IJronn's Tliier-Reich, 1882, I, pp.

«i01-(;(>3.

- Die Protozoeu als Kranklieit.sencgur, 1 ed., jtp. '2o-21, \1, 18, 74.
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infection of epithelium. Tlie typical myxosporidian spore-form is

accordingly not of siicli preeminent importance. Further

:

Whether the differentiation of the Sporidia, heretofore principally based upon the
structure of the spore, will permit itself to be maintained is a matter for zoologists.

The following investigations show too often how little stress is to be laid upon this

mark alone, and what variations occur through adaptation.

Compared with the Gregarines, the Myxosporidia show their lower
position by the lack of constant body form.

In the second edition of the same work (1891, pp. 7, 8, 10) he reduces
his family Sporidia to the rank of a subfamily of the fiimily Coccidia.

He regards the "psorosperm" as a resting spore, and says it may be
the equivalent of the individual falciform germs of the Sarcosporidia.

The capsules, lie says, also occur in the sarcosporidian spore (see p. 88).

The following is, I think, a fair summary of the evidence

:

The Myxosporidia differ from the remaining Sporozoa in the multi-

nucleate amoebiform adult, the pansporoblastic spore formation, ^d
especially in the capsulate spores, which never contain falciform germs.

At the same time the consensus, and I believe the evidence, favors

their retention in the Sporozoa^ of which they form a rather aberrant
subclass.

As regards the relation of the Myxosporidia to the Myxomycetes is

there any evidence that the myxosporidium is a plasmode? In the
diagnosis of the myxomycete plasmode the following are the most
important points

:

(a) Actual observation ofplasmode formation by fusion of individuals.

Now, not only has this never been seen^ in the Myxosporidia, but the
multiple nuclei of the myxosporidium are knoAvn in several cases to

(and in all probability always do) originate by the division of the primi-
tive single one.

(b) The presence of various shades of red, brown, or black pigment.
This has never been seen in the Myxosporidia. All pigment there found
appears to be of extraneous origin.^

Add to this the differences in the methods of spore formation (and
particularly the fact that spore formation in the Myxosporidia does not
terminate the life cycle) and the further fact that, asBiitschli remarks
no known myxomycete spore has any structure comparable to the

' Of course it may hereafter be found, but it will be time enough to approximate
the two groups when it is found.

Even if its existence were demonstrated (and, from sarcosporidian analogy, Pfeiffer
regards it only as probable), the process described by Pfeiffer (Die Protozoen als
Krankheitserreger, 1 ed., 1890, p. 34; 2 ed., 1891, p. 108; see also p. 227) in the
muscles of the barbel could not possibly bear this construction, as the myxosporidium
fusion here described is not zoologic, but secondary to common incapsulation, and
is rather comparable to fusion of abscesses and ovarian cysts, where the adjacent
walls disappear from pressure-atrophy, or otherwise.

This fusion process under pressure has also recently been observed by Korotneflf
(see p. 188).

* This statement must perhaps now be liualitied; see pp. 77,277,
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iiiyxosporidian ('a[).sule, and the evidence against the myxomycete

theory becomes very stronji'.

IV. DISTRIBUTION.

From the practical standi)oint there is no more important branch of

the subject than the conditions under which the growth of the parasite

takes phrce. Ck)sely rehited to tliese conditions is its distribution as

regards host and organ, space and season.

ZOOLOGICAL DISTRIBUTION.

The following table includes all the doubtful and true Myxosporidia

(species 7 to 102) arranged zoologically by hosts. This arrangement

reveals a few correlations between the taxonoinic relations of the hose

and those of the parasite.
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ORGANAL DISTRIBUTION.

ORGANAL DISTRIIUTTION OF THE GrENERA AND SPECIES.

Perugia^ remarks that there is a marked dittereuce in seat between

the Myxosporidia of marine and tliose of fresh-water fislies. In marine

fishes they occur principally in the gall bladder, while in fresh-water

fishes their organal range is much wider. The finding of cysts on the

brancliijE of the marine genus Mufjil (see p. 213) rather corroborates

than contradicts this view, inasmuch as these fishes ascend rivers for

along distance, and those which yielded the myxosporidian cysts also

yielded a Trematode of a genus i)eculiar to fresh-water fishes, viz, Tetra-

onchuH vanhenedenii Par. & Per.

The organal distribution of the MiixoHporUlUi is very extended. The
following points are of special interest, and (comprise the iirincii)al

anomalies of distribution not covered by the tables below.

Nervous system.
—

"NTo species have ever been reported.

Testicle.—No species have ever been reported, a fact which,^ consid-

ering their frequency in the ovary, is very surprising (cf. the presence

of ^^ Mi/xosporidium'''' hryozoides on the spermatoblasts of Alcyonella

J'imgosa; see p; 187).

Superficial tract.—General similarity of conditions, histologic struc-

ture, and fauna justify the fusion of the general surface, skin, scales,

the branchife, the eye, and the air bladder into one tract. The charac-

teristics of this tract are principally the i)redominance of connective

tissue, and (?) a relatively larger sui)ply of oxygen (see p. 224).

Air bladder: Only two species are known from this seat. Both of

these occur in Cyprinida\ in which the bladder communicates freely

with the intestine, and hence presumably contains oxygen. This fact,

the histologic similarity, and the fauna suggest very strongly the pro-

priety of including the air bladder in the external tract. The species

are Gen. incert. sp. 15 and Myxobolus ellipsoides.

Intestinal canal.—They would appear to be very rare here. I am not

aware that any sj^ecies has ever been reported from the lumen, the

nearest approach to it being one {Myxidiumf sp. 102) from the bile-

ducts. And yet such a species as the last must almost certainly find

its way into the intestine; probably, however, as separated, single

spores, very difiicult to find. In addition, Myxobolus elU2)soides and

M. sp. 51 (the latter from the wall), and finally Gen. incert. sp. 17

(which, however, may or may not be myxosporidian) occur on, or in the

intestine.^

'Boll. Scientif., Pavia, 1890, xii, p. 139.

-As remarked by Th^lohan (Auual. de Microgr., 1890, il, p. 197).

3The fact that M. ellipsoidi's aiul M. xp. 51 are, of all the Mfixosporidta, the species

haviug the widest organal distributiou, should not be lost sight of iu cousideriug

their presence iu unusual seats.
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Liver (exclusive of gall bladder and ducts). But two species are
known here, and these are the two wliich have the widest organal
range, viz; Myxobolus elUpsoides and Myxoholus sp. 51.

Kidney.—In only a few instances has any distinction been made
between the stroma of the kidney and the tubules. It seems, however,
not improbable that, as regards organal distribution, a distinction

should be made, and the tubules be regarded as a part of the hollow
fluid-filled urinary tract, the stroma forming a solid connective tissue

seat. The following occur here:

"Kidney": M. piriformis, M. brachycysfis, 3f. milUeri, Myxoholus sp.

51, 31. ? sp. Go, M. diplurus.

Kenal tubules: Myxobolus brevis, M. medius, Ghloromyxum (S.) elegans,

C. (S.) ohhnacheri.

Spleen.—This organ ha,s furnished: Myxobolus piriformis, M. brachy-

cysfis, M. EUipsoides, M. sp. 51.

Ovary.—From this are known: Myxobolus miilleri, M. sp. 51, M.
brevis (2 hosts), M. medius (2 hosts), M. ef. creplini, Ghloromyxum (S.)

elegans (2 hosts), G. sp. 91.

Excretory tract.—Fov purposes of organal distribution, the gall and
urinary bladders should be considered together, as they present prac-
tically identical environmental conditions, both being internal (which
means a uniform temperature) and both being fluid-filled. To these
cavities may perhaps be added, as exhibiting similar conditions, the
bile-ducts and the renal tubules.

If, now, we consider this tract as a whole, we find that its rich and
peculiar fauna stands in strong contrast to the species inhabiting the
remaining organs. For we find absolutely confined to it the following:
The Ghloromyxidw except only Ghloromyxum dujardini, the Gystodiscidw,
except the insecticolous Gystodisctis f ? diploxys, and the Myxidiidce.
Besides these, only the following species occur in this tract:

{a) In the gall bladder: Genus incert. sp. 9, '^Myxosporidium^^ congri,^
Myxobolus ? merlucii.^

(6) In the renal tubules : Myxobolus brevis, Myxobolus medius.
In the following table all the species—47 in number—whose generic

references are fairly certain and whose seats are known, are compared
as regards their organal distribution. The unit adopted is the occur-
rence of 1 myxosporidian species in 1 organ of 1 host. The number of
such "occurrences" is shown for each species by the Eoman, and for
each genus by the Arabic numerals.

' Spore unknown (genus f See pp. 110, 182).

« Generic reference, in the almost entire absence of a description, by no means
certaio.
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Organal dint) ibii lion.
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These data may be summarized as follows:

^

Species.*
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2. Are tlie present generic references of some species correct and are

tlieir structural characters accurately determined? While at present

the force of analogy is not so absolutely overwhelming as to justify a

positive assertion, I strongly suspect that species of genera now inde-

terminate will ultimately tend to range themselves in accordance with

the lines indicated : i. e., that species inhabiting gall bladders (Perugia's

'' Myxosporidium'''' congri, for example) will be found to be referable to

nouvacuolate genera.

GEOGRAPHICAL AND SEASONAL DISTRIBUTION.

Out of 70 species of hosts and 1>G forms of Myxosporidia (true and

doubtful; species 7 to 102) localities are known for only 27 species of

hosts and 19 forms of Myxosporldia, and many of the localities are so

vague that they amount to little. In the hope that future descriptions

will supplement this glaring deficiency, a table is given showing all

the localities and dates of collection heretofore reported.

The condition of the data as regards season is even worse than that

referring to locality. Even an approximate date of collection is known
in only about 25 per cent of the forms, and yet of all classes of data

this is certainly one of the most important. Many of the statements

are general in the extreme (e. g., " summer"), and in not a single instance

has the temperature of the water been recorded.

Geographical and seasonal distribution.

Locality.
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Geographical and seasonal distribution—Continued.

Europe—Continued.
France—Continued.
RoacotF

Concarneaii

.

Le Croisic

Seule RiTer
Marne River
Department of
Doubs.

Val^rv-au-Caux

Aus- and Sept.,
1892.

Mnr. 15 to Kov.
15; ad max.
July 15 to
Aug. 31.

Sept., 1892

Mar. 15 to Nov.
15; ad max.
July 15 to
Aug. 31.

Aug. and Sept.,
1892.

Vilaine,at Rennes.

Boulogne
Italy

:

Mincio.nearVerona
Mertiterraiiean Se;

(? near Cagliari
T.sland of Sar-
dinia; See Mill
ler's Archiv,
1851, p. 223).

Auo-., 1891 .

All"-, 1891

.

Lopliius piscatorius

Synguathus aequorens .

.

PaliBmon serratus

Ceratomyxa appendicu-
lata.

Myxidiuiu inenrvatum ...

Thelobania octospora

Dasyatis pa.stinica
,
Ceratomyxa agilis

Blenniu.s plioli.s Myxidiiim incurvatiim . .

.

Palsemon rectirostris Tlielohania octospora

Lopliius piscatorius

Phoxinus phoxinus.
Barbus barbus
Astacus fliiviatilis.

.

Graleorliiuu.s galeu.s

Galeu.s uiustelns
Leuciscus erytbrophtbal-
mus.

Crangon vulgaris

Palsemonetes varians

Europe (untuown lo-

calities) .

Africa
Nile

Nortb America:
Massachusetts: At-

lantic, at Woods
HoU.

New Jersey: Near
Woodbury.

Virginia: Four-mile
Run (tributary Po-
tomac River),"near
Carlins.

North Carolina : Kin-
ston.

Do
South Carolina: Co-
lumbia.

Missis-sippi : Tribu-
taries Fox River.

Do
Texas : Neches River,

14 miles east of
Palestine.

Iowa : Storm Lake . . -

Dlinois : Sycamore,
DeKalb County.

Ohio: Black River,
Lorain County, 6 m.
above Lake Erie.

South America

:

Guiana
Surinam
South American riv-

er.s.

Do

rScylliorhinus caniciila.

) Squalus acanthias

]
.Squatina squatina
^Torpedo torpedo

Aug., 1890 Leptocephalus conger.

Ceratomyxa appendicu-
lata.

Myxobolus sp. incert
.... -do
Tbelohania contejeani

Ceratomyxa sphferulosa .

.

do
Chloromyxum dujardini..

Thelobania giardi ,

Thelobania macrocystis ,

Chloromyxum leydigii.

.

do
do
do ;

April, May
Beginni ng o f

February, 189:

May, June
March 14, 1837

.

Aug. 13, 1890 .

.

Coregonus fera.
Lucius lucius..

Aug. 20, 1889;
Aug. 1, 1892.

June 29, 1892

.

March 21, 1880

Brazil (I locality). .

(2 localities)

Nov. 24, 1891

Aug. 23, 1890 . .

.

Sept..l892; July,
1893.

Sept. 1. 1890;
Oct. 5, 1891.

do
Acerina cernua
Merlucius merlucius

.

Labeo niloticus
Synodoatis schal

Cyprinodon variegatus..

Aphredoderus sayanus . .

.

Phoxinus funduloidea

Erimyzon sucetta oblon-

..^"do
do

Gen. incert. ("Myxospori-
dium") congri.

Myxobolus zschokkei - . .

.

Myxobolus of. creplini

Myxobolus schizurus.
Myxobolus creplini. .

.

My.Kobolus merlucii .

.

Myxobolus unicapsulatus
Myxobolus strongylurus .

Myxobolus lintoni

101
31

85
101
31

86

53
51
30

87
87
92

32

33

94
94
94
94

55

Myxobolus monurus 74

Myxobolus transovalis . .. 63

-do

Myxobolus oblongiis.

Myxobolus globosus.
do

.do

do Myxobolus oblongus..
Hybognathus uuchalis Myxobolus macrurus .

Ameiurus melas Myxobolus cf. linearis. .

.

Bufo lentiginosiis Chloromyxum ohlmacheri.

Notropis megalops Genus incert. sp

Pimclodiis clarias
do

Rhamdia sebifi

Myxobolus ineqnalis
do

Myxobolus linearis .

.

Pseudoplatystoma fasci- do
atum.

j

Bufo agua Cystodiscus inimersus.
Cystignathus ocellatus ......... do
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v.—CLASSIFICATION OF THE MYXOSPORIDIA.'

Although several times previously authors had proposed generic

names (apparently merely because the forms looked (piite different, and,

if we nuiy judge from the absence of even a single generic definition to

supi)()rt any of the generic names, i)robably without any clear idea of

the direction of generic lines) the first serious attempt at classification

of the subclass was made by Tlielohan.^ The following is Thelohan's

primary classification

:

Mi/xosporidiatis.

Pyrit'onn: caiisiile 1, at pointed extremity ; vacuole 1, ? I. (.Ilwjcidians.

"aiiiodiiiDpliile, at large extremity. >

( f Capsules 'J.. 11. Mi/xidiann.
Ko vacuole ; capsules J

I'orm vanablo....
,

| Capsules 4.. III. (Udurumijxans.

, Vacuolol, iodinopliile. Capsules 1-2. IV. Myxobolans.

The 3 principles laid down by him as a basis for classification may

be thus summarized

:

1. The liabitat furnishes no sound basis for specific distinctions.

Here the following judicious criticism byThelohan maybe quoted:

licyoud the difference of their liabitat, Perugia mentions no other characters

wliich enable him to distinguish specifically the organisms that he has observed.

But tlie habitat can not serve as a criterion, for, in addition to its being a fact entirely

removed from the mori>hologic, histologic, and developmental characters of the

parasite, it frequently liappiins that the same form lives at the expense of very dif-

ferent hosts, and, besides, a myxosporidiau habitually parasitic on one particular

host can accidentally invade a different species.

The conditions under which the parasite is encountered can not better be taken

as a distinctive character, for tlie same species can present itself under very differ-

ent states; for example, under the form of small, well-circumscribed tumors, or an

irregular infiltratlou of the tissues.

There is little to add to this, except the hope that it may succeed in

directing future investigations toward the parasite rather than the

host.

2. The myxosi)oridium affords no taxonomic criteria.

The myxosporidium exhibits cliaracters that ai(f too nearly identical and too little

contrasted to serve as bases for specific determinations. It is, however, jtossible

and advantageous to take account of it, especially in the forms living free in the

internal cavities, in which forms its differentiations are much more marked.

3. The spores alone (at least in the i)rcsent state of our knowledge)

offer characters suitable to serve as a basis for classification.

By noting the differences of form and size of these elements, the number of their

» The classification given below has already been published as a preliminary note

in tlie Bulletin of the Comunssion for 1891 (xi, pp. 108-112). Tfie present di.scua-

sion contains everything tiiere given with some amplifications.

»Bull. Soc. philomat. I'aris, 18i»2, iv, pp. 165-178.
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polar capsules, by taking accouut of the presence or absence of a vacuole in the

plasma, of their number in the [panjsporoblasts, one can, I believe, succeed in

obtaining elements suliicient for an attempt of this tind.

And further

:

I do not pretend to give a final classification of these organisms; I have wished
only to furnish a means, a provisional means, for assigning to tlie species that may
be discovered, a place in accord with their affinities; and above all I have vrished,

if not to terminate, at least todiminisli the confusion which results from the arbi-

trary and vague manner in which all species have been designated; a confusion

which I have only too often had occasion to recognize since I have stud'.ed these

parasites, and whicii I believe adds a serious obstacle to the progress of our knowl-

edge in their direction.

Upou the above extracts no criticism is needed. As far as they go

they exi^ress exactly the conchisions at which I had independently

arrived.

In any case, there can be no question as to the propriety of drawing
a trenchant line between the "Glugeidians" of Thclohan, and the

remaining Mi/xo.sporidia. This primary division (foreshadoAved as early

as 1890 by Thclohan) ^ can not, however, rest upon so comparatively

unimportant a character as the outline of the spore. I have regarded

it as of ordinal value, defining the two orders thus

:

I. Cryptoeystes. Myxosporidia in which the pansporoblast produces

many (at the fewest 8) spores; the last minute, without distinct sym-

metry, with a single capsule; type (and only) family, Olugeidcv.

Etymology: -/.fio-TO'^ concealed; x/^orfc, capsule.

II. Pha'nocystes. Myxosporidia in which the pansporoblast produces

few (at the most 2) spores;^ the last relatively large, with distinct

symmetry and 2 or more capsules;^ tyjie family, Myxoholidcc.

Etymology: ^a:Vw, I appear; x^jfrrj?, capsule.

Thclohan subdivides the Phcenocystes * thus:

No vflPiiole • "J or 4 eansiilps f ^ capsules. II. Myxidians.JNo\acuoic, wor4capsmes
^ 4 capsules. III. Chloromyxans.

^
S"^^'""

''"'^""^'" lor2cap-| ^^ Myxoholam.

While the structure of the sjioroplasm is of the ntmost importance

and the presence or absence, and the micro-chemical reactions of the

vacuole are undoubtedly its most important taxonomic features, to obtain

' He says (Anual. de Microgr. ir, p. 205)

:

" It is necessary to distinguish in the Myxosporidia two types of spores; the one of

small size, always ovoid, and deprived of polar capsules; these Gluge discovered in

the stickleback. The others, with which the authors have principally occupied

themselves, are distinguished by their more considerable size, the diflereut forms

which they present, and by the presence of capsules."

2 Three asserted in one si>ecies by Leydig (Miiller's Archiv., 1851, p. 229).

*Exc('i)t Mi/xohohis unicapsaJatus and M. piriformis. This qualification is omitted

by Braun (C<'ntnilh]. f. Bakt. u. Parasitenkde, 1884, xvi, p. 86).

'For the classification of the Cryptocijuics, see p, lUO.

F 92 8
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a satisfactoiy clussiliciitiDii ol' tlu! order it will be necessary to utilize

additional cliaiacteis, in particnlar those connected with spore t<>pog-

raphy and spore symmetry. This brings us to a ctmsideration of the

SY.MMKTKY OK THK M YXoSI'uKlUIAX SPORE.

Considering" the importance of tlie ])resence or absejice of symmetry

throuiihout the animal kingdom, it is strange tliat no attention lias

heretofore been paid to this leature olthe myxos])oriilian spore. These

bodies exhibit four varieties of symmetry, viz:

1. Absence or obscurity ofsymmetri/.—This is found in the Grypfocystes.

Anteroposterior symmetry is certainly absent; bilateral and supero-

iuferior symmetry (or asymmetry) obscure.

2. Bilateral symmetry (symmetry around the vertical plane). Present

in all genera of Fhanocystes except Ceratoiny.ra,^ which is asymmetric

as regards the position of the sporoplasm.

3. Snpero-inferior syinmetry (dorso-ventral symmetry: symmetry

around the longitudinal plane).—This is the rule in the Phwiiocystes,

but as no attention has been directed to the detection of asymmetry,

it may be that it is present in a few species. It certainly forms a

striking feature of Myxobohis macrnriis, in Avhich the difterentiation of a

dorso-ventral axis is perfectly plain. Further, the supero-median cornu

extends farther forward than the inferior median cornu in several (all

examined by me) Myxoholus species, furnishing another indication of

this diiferentiation and a clue to the homology of the superior and

inferior surfaces in ditierent spores (see pp. 122, 235).

4. Antero posterior symmetry (symmetry around the transverse plane).

This type appears to be characteristic of, and confined to, the genus

Cystodiscus, in which antero-i)osterior symmetry is equally present,

whether we regard the extremities of the spores as (anterior and pos-

terior) ends or as (right and left) wings.

The importance, for classification, of a study of spore symmetry is

soon seen. Employing the knowledge thus obtained for the purpose of

orienting the spore, we find that the characters of greatest taxonomic

value are:

1. Spore topography.—Thus in Myxidium lieberJcUhnii the presence of

bilateral and the absence of anteroposterior symmetry show that the

two pointed extremities of this spore, heretofore, like all other pointed

extremities, loosely termed " ends," do not correspond to anterior and

posterior, but to right and left. On the other hand the "ends "in

Cystodiscus appear to represent ends scjis. strict., i. e., to correspond

to anterior and posterior.

>Witli the further exception of two Mi/xobohta species (M. unicapsulatus with only 1

capsule, and M. inequaJis with 2 unecjual capsules), which, ou account of reduction

of characters, have suffered a correspond in <; loss of the perfect symmetry character-

istic of the genus. To make the exception absolutely complete, M. strongylurua may
be added (see p. 249;.
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2. Position and f/rotipinf/ of the capfsules.—Coiiipured to these all-

iiiiportaut characters, the mere number of the capsules is of minor impor-

tauce. For, m)t only does the same genus frequently show 1 or 2, 2 or

4, but the number may even vary in the same species, as (apart from

the entirely anomalous case of Myxoholu.s ellijjsoides, Avhere " accessory"

capsules may develop) My.vidium lieherhilhnii shows sometimes 2 and

sometinies 4 cai)sules.^ But Avhat is never varied in the same genus

is the topofjrapltio relation of the cai^sules. Thus in Myxoholus, while

in number they may be either 2 or 1, they are never arranged otherwise

than in one group, or placed otherwise than at the anterior end, and

similarly in all the other genera. In Myxidium the capsules are 2

or 4, but whether 2 or 4, they are always in two groujis at the right

and left extremities of the spore. Also in Cystodiscus they are 2 or 4,

but always in two groups, which, however, are probably anterior and

posterior in position (see p. 278).

In the following table I have plotted out the principal characters and

indicated their relations to generic lines.

Comparison of generic characters in the Phmnocystes.

[X=present; 0=rabseiit; ( ) = less uoual ;
— =condition not linown.]
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'3. iSphcvrospora and Myxosoma do not <lit1ei- at all in the characters

given (the distinction between these unispecitic genera resting solely

u])on the outline of the spore), and the two taken together present only

a single character in contrast to Chloronii/xum, viz, the number of the

ca])sules. They may therefore be fused as a subgenus of Chloromyxum.

4. Geratomyxa agrees sufficiently closely with (Jhlvromyxum to permit

its reference to the Chloromyxidfr.

5. Gystodiscus is certainly entitled to separate family rank. To it may

be i)rovisionally approximated 8ph(vromxya, it having the capsules in

two groups and a bivalve; shell. (Compare carefully p. 27H.)

6. Myxidium must form the type of a separate family, the entirely

ditterent position and grouping of the capsules forbidding its reference

to the Chloromyxidcc.

The following table shows the relations of Th61ohan's classification

to the one now proposed:

THfiLOHAN'S CLASSIFICATION.

2 capsules : Myxidians. Spores

No vacu
ole, 2 or 4
capsules.

f Fusiforui, 1 capsule at each extremity. Myxidium.

I
Eloucated; .shell formed of two hollow cone valves
soldered along their bases. Ceiatomyxa.

riatteued-ovoid, more or less elongate. Myxosoma.

[ Spherical. Spheerosiwra.

4 capsules : Chloromyxans Chloromyxum.

1 iodinopliilo
)

f Destitute of a tail; capsules 1 or 2. Ifyxobolus.

vacuole: 1 or >Myxobolans. Spore-shell . <

2 capsules. ) ( AVith a tail; capsules 2. Hennegitya.

PKOPOSED CLASSIFICATIOISr.

Genus.

Myxidium

Geratomyxa

Chloromyxum, et sub
geii. SphceroHpora (in

eluding Myxosoma).

Myxoboltu

Henncguya

Cystodiscui

? Sphceromyxa ,

Famuly.

Myxidiidce. .

.

Chloromyxidce

.

Myxobolidte.

Gystodincidce

Characters.

Bilateral but not anteroposterior symmetry;
cax>sulcs in two groups right and left; no bi-

valve shell ; no vacuole.

Bilateral but not autero-posterior symmetry;
capsules in one y:roMp (at the anterior end) ; a
bivalve shell, witli tin- valvc-Jniution plane
perpendicular to the longitudinal plane; no
vacuole.

Bilateral but not antero-posterior symmetry;
capsules in one group (at the anterior end) ; a
iiivalve shell with the valve-Junction plane par-

allel to the longitudinal plane; an iodinophilo
vacuole.

Bilateral and ant^^ro-posterior synunetry : cap-
sules in two gT()H))s. ;interi(ir and posterior; a
bivalve shell \\ itli the vah f-Junction plane per-

pendicular to the longit udinal plaIu^; condition
of eporoplasm unknown.
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SPKCiriC CHARACTERS.

Sporc-form: This is a somewhat variable character, e. g., elliptic

spores, varying iu breadth; nevertheless, considerable dependence may
usually be ijlaced upon it.

Tail: I have elsewhere (p. 207) indicated my belief that the presence

of a tail is a good specific character. The length of the tail relative to

that of the body (caudal index) will also prove useful.

Eidge index: As the width of the ridge bears a very constant ratio

to the whole width of the surface of w^hich the ridge forms a i)art, this

ratio is a good specific character, especially as it often differs markedly

in different species.

Capsular index: This is a character of great constancy, and hence of

much taxonomic value.

Nuclei : The presence or absence of the pericornual nuclei has proved

constant in several species examined by me (see p. 210). The position

of the remaining nuclei is inconstant.

VI.—PATHOLOGY.

Pfeiff'er says ^ that rayxosporidian infection is characterized by the

rapid disappearance of the nuclei of the infected cells, the infection of

the red blood corpuscles, and the attacking of all the elemental tissues

of the host, with the possible exception of those of the nervous system;

further, through the early spore formation which is unconnected with

any external evidence of maturity. And, farther, considering how the

blood parasites of Emys. Laccrta, birds, and of malarially diseased cattle

and men, employ the blood-cori^uscle membranes as protective coverings

for their naked bodies; also, that the youngest myxosporidia, just

out of the spore shell, attack the red blood corpuscles; and, further,

that the Mijxospoi-UUa spare no organ or elemental cells (the nervous

system i)ossibly excepted), the destructiveness of this grouj) of para-

sites must be recognized to be very great; and, further, that the para-

site withdraws directly or indirectly a large quantity of blood from the

host, is shown by the hiiematoidin crystals found in all myxosporidia.

Finally, a cachexia, comparable with the cancerous cachexia of the

warm-blooded animals, is produced.

By a reference to p. 187 it will be seen that Korotneff observed in

the polyzoan, Alcyonella fungosa, substantially the same process that

Pfeifter records in Lucius lucius, viz, an intracellular develoi^ment dur-

ing the earlier myxosporidium stages.

Mode of infection.—Leydig^ remarked that an organism like Gen.

ineert. sp. 4. could pass with the blood current into tlie various organs,

efl^Bct a lodgment, become encysted, and give rise to the "psorosperms."

'Die Protozoen als Kranklieitserreger, 1890, 1 ed., pp. 48-49; 2 eel., 1891, p. 135.

^Miiller's Archiv, 1851, p. 229.
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Jiit'berkiihii' believed that sucli anueboid or^^iaiiisms attach themselves

to the skin lor the purpose of reproduction. Ludwij;; -' thiidcs tliat the

greater frequency of occurrence on the gills indicates a greater ease

of infection througli this channel than via the alimentary canal. Also

he says:

The lymph channels of the conuective tissue appear to rejiresent the principal

paths through which the parasite spreads itself fiirtlicr through the hody.

He, however, fails to give any actual evidence in favor of this view.

Pfeiffer ^ says

:

The common occurrence of the Myxosporidia in all organs })resupposes a distri-

hntion via the circulatiou, a mode demonstrated by the infection of the red blood

corpuscles.''

Effects.—Upon this Balbiani^ has the following:

Unlike the Gregarines and the Coccidia, the psorosperms spread themselves tlirongh

almost all the organs, the deep as well as the superficial, the skin, spleen, kidney,

air bladder, and even the heai't and ovary. They are also found in the cells of the

urinary tubules, and in the young Graafian follicles, which they transform into a

pocket filled with psorosperms. As at the same time they increase with great rapid-

ity, it results that animals thus infested present grave diseases and may even die.

Certain morbid states of fish ought without doubt to be attributed to the Mifxospo-

ridia. Such is the case of that Merluche'' observed by J. Miiller and which was

remarkable for an extraordinary emaciation. I have myself often seen roach, tench,

and other fishes reduced by these parasites to a cachectic state characterized by a

decoloration of the tissues, destruction of the red blood globules, and augmentation

of the white globules; a veritable leucocythieniia. It is not, then, surprising that

this disease can cause great ravages among fishes, above all in the young, which are

most often afi'ected. Nevertheless this cause is not usually noted as ainong those

which destroy fishes. This is easily explained ; when the disease reigus attempts are

first made to explain it by macroscopic causes and ordinarily it is the worms which

are accused. This was the case in the epidemic of the tench in the dtangs of Doujbes

;

it was the Ligules which interfered with digestion and the fishes died of inanition.

Micro8CO])ic causes are not the ones most frequently suspected. I believe that more

frequent search would reveal microscopic lesions capable of explaining the mortali-

ties of young fish, jiarticularly those living in marshes and in aquaria.

Upon this point M. Th^lohan ^ remarks that these parasites are gen-

erally well borne, but that sometimes the tumors may cause death by

pressure effects, e. g., he saw a cyst in (UisterosieuH acnJeatiis produce

fatal pressure upon the heart.

The principal extensive epidemics have been those involving the

barbels and the crayfishes (see pp. 107, 231).

1 MiJllcr's Archiv., 1854, p. 3.57 (see also p. 185).

^Jahresbcr. d. rhein. Fisch.-Vereins, 1SS8. pp. 33-4.

'Die Protozoen als Krankheitserreger, 1890, 1 ed., p. 48.

* For the latter see p. 288.

e.Iourn. de Microgr., Paris, 1883, vii, pp. 280-281.

*I have elsewhere noted this error (p. 172), The fish in question ia Gadiin monhua

anil not Merlvcius merluciits. »

» Annal. de Microgr, 1890, ii, p. 203.
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VII.—MICROSCOPIC TECHNIQUE.

The older observers used no reagents beyond acetic acid, potassium

hydrate, etc. Biitsclili^ was the first to use a staining reagent. He

believed that alum carmine stained nuclei in the ectoplasm. The

first observer to employ modern technique was Henneguy."^ Subse-

quently Thelohan ' employed similar technique, and Pfeiffer'' devotes

some space to the technique of protozoan investigation. Finally Hen-

neguy and Thelolian ^ give a few additional remarks upon this subject.

The following is a summary of the methods recommended: Fixing-

and hardening preferably by chromic or osmic acid or both (Perenyi's

or Flemming's liquids ^) or corrosive sublimate solution. Washing out,

dehydration, parafHning, sectioning as usual. Affixing to the slide by

Mayer's albumen. Where alcohol-fixed material is the only kind avail-

able, much may be gotten out of it in the way of study of the spore.

Dissociation (1 per cent osmic acid solution; Eipart and Petit's liquid)

shows certain facts better than the section method.

Sections are necessary to determine the seat, and, above all, to

follow the different stages of development.

Culture in the blood (overhanging drop method) is recommended by

Pfeifier for the study of development.

Stains:" For alcoholic specimens, carmine; above all other forms

hydrochloric acid alcohol carmine is very reliable. For chrom-osmium

(and may be tried on alcoholic) specimens, especially gentian violet,

double stain AA-ith the violet by eosin. Sairanin, by Henneguy's

method,'' evmces an eloctivity valuable in the study of development

where we have to do with the most complex phenomena of cellular life

under circumstances in which the small size of the elements renders

observation extremely difficult. The sections must be decolorized in

clove oil for a very long time. Small stellate-grouped masses of crys-

tals, which are often precipitated and whose presence is very annoying

in the subsequent study of the section, may be easily removed by suc-

cessive alternate washings of the latter in chloroform and bergamot oil.

Valve separation: Most certainly effected by sulphuric acid (cold,

concentrated).

Vacuole : Best shown by very dilute iodine water (with potassium

iodide),

1 Ztschr. f. wiss. ZooL, 1881. xxxv, p. 632.

2 Mem. publi6e8 Soc. philomat. Paris I'Occas. Cciiten. Foiulatiou, 1888, p. 165.

3 Annal. de Microgr., 1890, ii, p. 196.

•Die Protozoen als Krankheitserreger, 1891,2 ed., pp. 19-24.

s Annal. de Microgr.. 1892, iv, pp. 620-621.

"Also Klbiuenberg's liquid (Henneguy, 1888).

7 Henneguy (1888) also nsed picrocarmine.

« Jouru. Anat. et Physiol., Paris, 1891, xxvii, pp. 398-400.
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FilaintMit extrnsiou: Most certainly produced in llie fresh state by

strong" sulphuric acid, iodine water, glycerin, nitric, hydrochloric,

acetic, formic acids, alkaline hydrates, boiling water, ether, etc., es])e-

cially the lirst two. In alcoholic specimens, also, occasional sjioics

extrude their lilaments under the action of sulphuric acid or iodine.

VIII.—DEFINITIONS.

Anterior (and i^osterior): There can be no question that the longitudi-

nal diameter is the anteroposterior axis of the body* The discrimina-

tion ofanterior from posterior is, however, in theabsenceof cephalization,

impossible. I have followed custom in calling the sharper, capsular end

"anterior," and the o])p!)site ronndcMl end " posterior.''

Capsules: The pyriform, hollow, lilament-containing bodies charac-

teristic of the myxosporidian spore ("twinned \-esicles" of Balbiani;

"polar capsules" of Biitschli). "0ai)sule" is preferred to "vesicle" on

account of greater detiniteness, and to "i)olar capsule," as the situation

implied by the latter is not constant.

Cornua: The pointed anteriorly projecting extremities of the sporo-

plasm. They are infero-, and superolateral, and infero-, and supero-

median. (See also Surface, superior, p. 122.)

Diameter, longitudinal: The line formed by the intersection of the

longitudiiml and vertical planes.

Diameter, transverse: The line formed by the intersection of the

transverse and longitudinal planes.

Diameter, vertical: The line formed by the intersection of the verti-

cal and tranvsverse planes.

Ducts: The ducts into which the ca])sule is drawn out anteriorly and
which serve for the exit of the filaments.

Ends (of the sp(n'e): The median (anterior and posterior) extremities

in contradistinction to the wings.

Filaments: The filaments which lie coiled within the capsules. The
"capsular filaments," "spiral filaments," and "coiled lilaments" of the

authors. Notto be confounded with theriljbonettes.

Host: In the usual sense; see also Seat.

Myxoplasm: The X)r()to])lasni of the my xos])()ridium.

Myxosporidium: The am(eb()id adult stage; Muitrrblase, Leydig.

Pansporoblast: see Sporohlast.

Pericystic space: The si)ace apparently empty (presumably fluid-

filled) surrounding the capsules.

Plane, longitudinal: ^ Horizontal ami i)ercapsular, passing through

l)oth capsules and the sporoplasm, ami dividing the si)ore into a supe-

rior and an inferior portion.

'For brevity .aud clearness these planes are dolined as if rectanjjiilarly arran<fed

abont tbe center of the Mjxobolun spore, the latter being supposed to bo viewed " on
the Hat."
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Plane, transverse:^ Vertical and (usually) post-capsular in position,

dividing- (roughly) the spore into a caj)sular (anterior) and a sporo-

plasmic (posterior) portion.

Plane, vertical : Longitudinal and intercapsular, passin^j between the

cajjsules and through the ends of the spore and the median cornua of

the sporoplasni, and dividing the spore into a right and a left half.

Posterior: See Anterior.

Protocysts : The two smaller segments of the MijxohoJus sporoblast,

which ultimately form the capsules.

Protosporoplasm: The larger segment of the Myxobolm sporoblast,

which ultimately forms the sporoplasm.

Ribbon: The shell processes described by Balbiani in Myxoholus ellip-

soides (see pp. 223).

Eibbonettes: The terminal subdivision of the ribbons, termed
"filaments" and confounded with the capsular filaments by some
writers (see pp. 87, 88, 203).

Ridge : The ridge or " welt " which extends around the circumference,

and marks the line of junction of each valve.

Ridge index: The ratio of the width of the ridge to the total width
of the surface on which the ridge is situated.

Seat: This term invariably denotes tbe organ or part of the body in

which the myxosporidian is located (see also Host).

Sporoblast (and pansporoblast): This term was first used (in the
Myxosporidia) by Biitschli^ for the transparent spherical globule formed
by the condensation around one of the nuclei, of a portion of the sur-

rounding myxoplasm. The spherical globule so formed subsequently
segments into two hemispheres (see p. 81), each of which gives rise to a
spore. Now, Balbiani, ^ and Thelohan,* and Henueguy and Thelohan, ^

apply the term sporoblast to the two hemispheres. Further, Pfeifter"

uses the term sporoblast as a synonym for the whole sporing myxospori-

dium. This latter use of the word should, I think, be unhesitatingly

rejected as having no warrant in analogy. By the advice of Dr. C. W.
Stiles (who has specially studied the equivalence of this and several

other terms'), I have followed the lead of Balbiani and Thelohan in

restricting the term sporoblast to the segments (the two hemispheres
above mentioned) formed by the division ofthe primitive sphere.' For the

latter (the sporoblast of Biltschli) the term pansporoblast is here used.

1 Equatorial plane of Lutz, 1889, Centralbl. f. Bakt. ii. Parasitenkde, v, p. 86.

^Bronu's Thiei-Reicli, 188SJ, i, p. 596. He says : "Since the spores originate from
the plasma globules, we may conveniently term tliem Hporohluats." Conqjare also an
exceedingly obscure sentence in Biitsclili's next paragraph.

^ Journ. de Microgr., Paris. 1883, vii, p. 275.

•• Compt. Rend. Acad. Sci. Paris, 1890, cxr, p. 693.

6 Annal. de Microgr., Paris, 1892, iv, p. 634.

"Die Protozoen als Krankheitserreger, 1890, 1 ed., pp. 32, 34, et al.

•'Notes on Parasites; .Journ. Compar. Med. & Veter. Archives, New York, 1892, xiil,

pp. 321-324.
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Si>(>id('.vst (ivjt'ctcd): Synonyiii loi- spore. Knii)loyed by Pl'eiHer.'

Spoi(»i»lasin : Tlx* " ])()sterioi' mass,"' ''plasmic mass," etc., of the s])<)re.

This term is used as the eqnivaleut of the phrase "protoplasm of the

spore."

Surface, inferior: Tliat upon whicli tlie inferior valve (</. v.) and the

infero-median (;ornu are situated (see also next).

Surface. su])erior: That upon wliicli the sup(M'ior valve {q. v.) and the

supero-median cornu are situated.

These are, respectively, the equivalent of dorsal and ventral, or of

ventral and dorsal. In the absence of Inenuil and nervous systems and

of an alinuMitary tract, the proper correlation of these surfaces with

the corresi)onding ones in extra-myxosporidiau organisms seeins impos-

sible. Inter .s'c, however, the superior surfaces may be correlated by a

greater convexity of the superior valve, but probably most frequently

by thii further projection fortrard of the supcro-medlan cornu, which may
( ?) even reach the extreme anterior end of the shell cavity.

Valve: Each shell half.

Valve, inferior: The less (;onvex valve; see also next.

Valve, superior : The more convex valve. The differentiation is prob-

ably possible in only a few cases. The supero-median cornu will

probably form a better guide to the dis(;rimination of the superior and

inferior surfaces

VieAV, longitudinal, transverse, or vertical ; view along the line of

the corresponding diameter {q. v.).

'Die Protozoen als Krankheitsern'ger. 1891, 2 ed., pp. 7, 8.
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Notice sur quelqnes points d'aiiatouiie patliologiqne coiupar^e, siiivie de

qnelqiies observations sur la structure des brancliies dans les 6pinoches;
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reproduced in Rayer's Arcli. de Med. comp., 1843, i, pp. 266-7, pi. 9. Tiie

next is also substantially a reprint of this.

1841. Gligk, G. II;

Beobaelitung zahlreicher Balggeschwiilste als epidemiscli Kraukbiit bei

Fischen; Auatom.-microsc. Uutersucbungen zur allgeui. u. speciell. Pa-

thol., Heft II, pp. 202-204, pi. 5. Substantially a reprint of the preceding.

MiJLLKR, Johannes. III.^
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pp. 477-496, pi. 16; abstr. and transl. Brit. For. Med. Rev., 1842, xiii,

pp. 232-233, and (the same article) Microscop. Journ. for 1842, pp.123-124;

French translation, 1843 (see below).
•

IV. 2

Krankhafter Hautausschlag mit specifisch organisirten Ktirperchen (Psoro-

spermien); Ber. d. preuss. Akad. d. Wisseusch. Berliu, 1841, pp. 212-221

(tide Roy. Soc. London Cat. Sci. Papers). Not seen.

V.2

Ueber die Psorospermieu ; Ber. d. preuss. Akad. d. Wisseusch. Berlin. 1841,

pp. 246-250 {fide Roy. Soc. London Cat. Sci. Papers). Not seen.

1842. Creplin, J. C. L. VL
Besclireibuiig d. Psorospermien des Kaulbarsches, nebst einigeu Bemer-

kungen iiber die der Pliitze; Wiegmanu's Arch. f. Naturgesch., 1842, .Jhg.

VIII, I, pp. 61-66; abstr. (French) Rayer's Arch, de M6d. comp., 1843, i, pp.

269, 270.

1843. RA.YER, P. VIL
Singulifere Eruption sur un v6ron {Cnjyrinits jylioxinns) ; Rayer's Arch, de U6d.

comp., I, pp. 58-59, pi. 9.

MUELER, J. VIIL

Recherches sur une vari<5te remarquable de production parasitique raorbide

avec des corpuscules seminaux sp<icifiquemeut organises (French trans-

lation of his paper of 1841); Rayer's Arch, de Med. comp., i, pp. 219-234,

pi. 9.

Rayer, p. I^
Expose succinct d. principales observations faites sur les maladies et sur les

anomalies des poissons; Rayer's Arch, de M^d. comp., i, pp. 260-270.

1845. DUJAR1>1N, F. X-

Histoire Naturelle des Helminthes, Paris, 1845, pp. 643-645.

1851. Leydk;, Franz. XI-

Einige Bemerkuugen ii. Psorospermien u. Gregariuen; Froriep'sTagsber. ii.

d. Fortschr, d. Natur-, n. Heilkde, Weimar, Abth. f. Zool. u. Pal., No.

305 (May, 1851), pp. 73, 74.

• Pfeifier, in his bibliography of the Myxosporidia (Ztschr. f. Hygien., 1888, iv, p. 436), erroneously

includes with the word 'Myxosporidia" the following: Blanchard, Bull. Soc. Zool. France, 1885, x,p.

291. The citation is an error and Blanchard's only paper in the volume (pp. 244-276) is sarcosporidian.

2 According to PfeiflFer (Ztschr. f. Hygien., 1888, IV, p. 4S6) these 3 articles are the same. They are

here given separately on account of the diflerent titles shown by the Royal Society's Catalogue.
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XVII.
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21-23; reprint, pp. 1-3.

.1855. LikbkukChx, N. XIX.
Les ])Sorospermies dos poissons ; Mem. Coiir. et Mem. S.av. Etrang. Acad. Roy.

Belg., 1855, XXVI, pp. 36-38, pis. x, xi.
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p. 186.;
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Snr Forganisatioii et la nature des psorospermics; Compt. Rend. Acad. Sci.
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1866. Baluiani, G. XXII.
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Acad. Sci. Paris, 1866, LXiii, pp. 383-391.

1867. Bai.iuaxi, G. XXIII.
Etudes sur les maladies psorospcrmi(iuos des vers a sole; .Tourn. Anat. et

Physiol., Paris, 1867, iv, i)p. 263-276, pi. xii; (!omi)t. Rend. Acad. Sci.

Paris, LXiv, pp. 574-578, 691-694, 1045-1049.

Besskls, Dr. E. XXIV.
[Oa the Psorosperms of Perca fluvial tils']; Tageblatt d. 41 Vcrsamndung
deutsch. Naturf. u. Aerzte in Frankfurt a. M., 1867, pp. 71-72.

1874. Cl.Al'AHEDE. XXV.
In Lunel's llistoire Xaturolle despoi.ssous du bassin du Lcman, Geneva, pp.
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1875. WiTTMACK, Dr. L. XXVI.
Beitriigc z. Fischerei-Statistik d. deutsch. Reichs, Berlin, 1875; Diseases

of Fishes, ]tp. 190-192.

SCII.XKIDEI!, AlMK. XXVII.
Archiv. de Zool. Expdr., Paris, 1875, iv, p]). .548-.549.

1877 Si.LCEU, Dr. XXVIIL
[" Psorosperm " of Crocodile; mention onlyj; .laliresher. schlcs. Ges. f.

vaterl. Cuitur, uv, pp. 44—45.
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1880. Rydei!, Prof. John A. XXx!
The Paorosperms found in Aphredoderm myanus; Amer. Nat., 1880, xiv, pp.

211-212, tigs. 1, 2.

Gabhiel, Dr. B. XXXI.
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review Journ. Roy. Micr. Soc. Loudon, 1882, ii, pp. 358-359.

1881. BuTSCHLi, Prof. O. XXXII.
Myxosporidia; Zoolog. Jabresber. for 1880(1881), i, pp. 162-164.

XXXIII.
Beiti-iige zur Kenntniss der Fiscbpsorospermien; Ztscbr. f. wisseuscb. Zool.,

1881, XXXV, pp. 629-651, pi. 31; abstr. Biol. Centralbl., 1881, i, pp. 294-297,
and Journ. Roy. Micr. Soc. Loudon, i, p. 766, and Zoolog. Record for 1881
(1882) XVIII, Prot. pp. 34-35.

1882. BuTSCHLi, O. XXXIV.
Myxosporidla; Bronn's Klassen u. Orduungcu d. Tbier-Reicbs, 1882, i, pp. 501,

590-603, pi. 38.

1883. Balbiam, G. XXXV.
Myxosporidia, ou les Psorospermies des Poissons; Journ. de Micro"-r. 1883

VII, pp. 143-147, 197-204, 270-281; numerous figures.

1884. Balbiani, G. XXXVI.
Lecons sur les Sporozoaires, Paris, 1884; Les Myxosporidies, pp. 120-124

pi. IV. Reprint of preceding.

[Erroneously attributed to Davaine, in Leuckart's Parasites of Man, 2 ed
1886, p. 191.]

Ladague. XXXVII.
Article in Petit Ardennais (July) upon tbe epidemic among tbe barbels in
tbe Meuse; also in Eeveil des Ardennes of August 22. Neitber of these
articles was seen (botb_^f?e Railliet, 1886, p. 137).

ZscHOKKE, Fritz. XXXVIII
Psorospermies de Coregonus /era; Arcbiv. de Biol., v, pp. 234-235, pi. x.

1885. Mkgnix, p. XXXIX.
Sur la role patbog(^nique de certaiues psorospermies ; Bull. Soc. Zool. France

1885, X, pp. 351-352, witb figure; abstr. Journ. Roy. Micr. Soc. London,
VI, pp. 265-266.

XL.
Epid^inie sur les Barbeaux de la Meurtbe; Compt. Rend, bebdom. Soc. Biol.

Paris, 1885, ii, pp. 446-447.

[An almost verbatim reprint of i^receding; no figure.]

Lankester, Prof. E. Rav. XLI.
Article Protozoa (Myxosporidia): Encycl. Britan., 9 ed., xix, pp. 853, 855.

1886. KoLESNiKOFF, N. F. XLII
O psorospermiakb (iniksosporidiakb— myxosporidia) v muskulature rib

[Psorosperms in tbe muscles of fisbcs] ; Vet. Vestnik, Kharkoff, 1886, V
pp. 242-248, 1 pi.

Railliet. XLIII.
Maladie des barbeaux causae par des psorospermies; Bull, et Mem. Soc.

Centrale d. M6d. V6ter. Paris, iv, pp. 134-137.

Leuckart, R. XLIV
Parasites of Man, 2 ed., 1886, pp. 195-197, figs. 98,99.

Leums.
Synopsis der Tbierkunde, 1886, pp. 1137-1138, figs. 1118-lllQ.

XLV.
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1886. I^vu.I.^l.T. XLVI.
Elements dc Zool-i^i'' M''<1- t't Afiiic.. Paris, pp. 1(57-108, lig. 72.

BoitXK. Max v. d. XLVII.
Haiulbuch d. Fiscli/uclil ii. Fiscliciei, lierliii. ]>. 211, lij;-. 21;").

1887. Koch. Alois. XLVIII.

Kiieyelop. <l. gesaiiuut. riiifihtilUdc ii. Thierzucht, Wieii u. Leipzij;, 1887,

IV, p. 94, Wg. ms.

MoNiKZ, R. XLIX.
Obseivatious pouu la iisvision ties Mieiosporidies; Compt. Reud. Acud. Sci.

Paris, 1887, civ, pp. 1312-1313.

Pfkifiek, Dr. Louis. L.

Beitriige z. Keuutuiss d.pathog. Gregaiiiien, I; Ztschr. f. Hygiene, Leipzig.

III, p. 475, tig. 2e-g.

1888. Pkeiffer, L. LI.

Beitriige z. Keniitniss d. patliog. Gregarineu, II; Ztschr. f. Hygiene, Leipzig,

IV, pp. 403, 408-409, 417-120, 423, 435.

Hexneguy, F, LII.

Coutvibntiou a I'etnde des sarcosporidies; note sur nn parasite des musclea

du FaUvmon recliro.slris; Mem. publiees Soc. pliiloniat. Paris a I'Occas.

Ceuten. Fondation, 1888, pp. 163-171, figs. A-D; alistr. Jour. Roy.Micr.

Soc. London, 1889, p. 76.

VOLKSZKITUNG, COBLENZ. LIII.

No. 209, Sept. 11 (year?). Not seen; fide Lndwig.

LuDWiG, Dr. Hubert. LIV.

Ueber die Myxosporidiiiiiikraukheit der Barben iu der Mosel; .Taliresber.

d. rheinisclien Fisclierei-Vereins Bonn, 1888, pp. 27-36; and separate, 10

pp., figs.; abstr. Centralbl. f. Bakt. u. Parasitenkde, 1889, v, pp. 419-421.

Date fide Pfeiffer (Virchow's Arcliiv. f. pathol. Anat. u. Physiol., 1890,

cxxii, p. 558).

1889. LUTZ, Dr. A. LV.
Ueber ein Myxosporidinni ans der Oallenblase brasilianisoher Batrachier;

Ceutralbl. f. Bakt. n. Parasitenkde,' .Jan. 12, v, pp. 84-88; tigs., ibid., Feb.

19; abstr. Jonrn. Roy. Micr. Soc. London, 1889, p. 537.

Hexneguy, F. LVI
Psorosperniies; Diet. Encyclop. Sci. Med., Paris, 1889, xxvii, pp. 771-776.

TiifcLOHAX, P. LVn.
Sur la constitution des spores des Myxosporidies; Compt. Rend. Acad. Sci.

Paris, cix, pp. 919-922; abstr. .lonrn. Roy. Micr. Soc. London, 1890, p. 194.

1890. TiiEi.oHAX, P. LVin.
Contribution h I'etude des Myxosporidies; Annal. de Microgr., Paris. 1890,

II, pp. 193-213, pi. 1; abstr. .Journ. Roy. Micr. Soc. London, 1890, pp.

346-347.

THl^n.oiiAX, p. LIX.

. Nouvelles recherches sur les s])ores des Myxosporidies (structure et d(?ve-

loi)penient); Compt. Rend. Acad. Sci. Paris, cxi, pp. 692-695; transl. (un-

abridged) Ann. Mag. Nat. Plist. London. March, 1891. vii, pp. 304-306;

abstr. Journ. Roy. Micr. Soc. London, 1891, pt. 1, pp. 55-56.

[Practically identical with preceding.]

SiBi.EY, Walter K. LX.
Psorospermia in relation to tnnior lorniation; Trans. Path. Soc. LoiuL.XLl,

pj). 322-325; abstr. Baunigartens .lahrcsber. Fortschr. Lehr<' Pathog.

Mikro-org. for 1888 (1889), iv, p. 322.

[Unimportant; psorospermosis of carp found labeled "multiple sarcoma."]

1 Misquoted by Pfeiflfcr (1890, infra, p. 49) as "Bacteriologisches Centralblatt, 1890."
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Railuet. M. a. LXIV.
La maladie des Barbeaux de la Maine; Bull. Sof. Centrale d'Aquicult.-

Paris, (about September 1) ii, pp. 117-120.

MiNGAZZINI, P. LXV.
Sullo sviluppo del Myxosporidi ; Boll. Soc. Xat. Napoli, September 23, 1890,

IV, pp. I(i0-164.

Thklohax, p. LXVI.
Recherches sur le develoj^pemeufc des spores chez les Myxosporidies ; Compt.
Rend, hebdom. Soc. Biol. Paris, Nov. 14, 1890, ii, pp. 602-604; abstr.

Joum. Roy. Micr. Soc. London, 1890, pt. 2, pp. 194-195.

X890-1891. Perugia, Alberto. LXVII.
Sullo myxosporidie dei pescimarini; Boll. Scientif., Pavia, 1890, xii, pp.
134-139; 1891, xiii, pp. 22-25, 1 pi.

1891. Thelohax, p. LXVIIL
Sur deux sporozoaires nouveaux parasites des muscles des poissons ; Compt.
Rend, hebdom. Soc. Biol. Paris, Jan. 23, 1891, iii, pp. 27-29; Compt. Rend.
Acad. Sci. Paris, 1891, cxii, pp. 168-171; Journ. de Microgr., Paris, 1891,

XV, pp. 145-147.

Garbixi. LXIX.
Contributo alia conoscenza dei Sarcosporidi; Rendiconti della Reale Accad.
de Liucei Roma, Feb., 1891, vii, pp. 151-153, ligs.

LixTOX, Prof. Edward. LXX.
On certain wart-like excrescences occurring on the short minnow, Cyprino-

don variegatus, due to Psorosperms; Bull. U. S. Fish Com. for 1889 (pub-
lished June 15, 18913), IX, pp. 99-102, pi. xxxv; review, Centralbl. f.

Bakt. Ti. Parasitenkde, 1892, xi, p. 475.
• LXXI.

Notice of the occurrence of Protozoan parasites (Psorosperms) on Cyprinoip
fishes in Ohio; Bull. U.S. Fish Com. for 1889 (published .July 7, 1891 3),

IX, pp. 359-361, pi. cxx; review, Centralbl. f. Bakt. u. Parasitenkde, 1892,

XI, p. 475.

Pfeiffer, L. LXXIL
Die Protozoeu als Krankheitserreger, Jena, 2 ed., pp. 7-8, 13, 17, 105-110

114-115, 127-135, 164-165, figs. 43, 45, 52-57; review, Centralbl. f. Bakt. u.

Parasitenkde, 1892, xii, p. 168.

1892. Thelohan, P.
*

LXXIII.
Note sur la Glugea microspora; Compt. Rend, hebdom. Soc. Biol. Paris,

Feb. 5, 1892, iv, pp. 82-84.

'In the second edition (1891, infra, -p. 7) Pfeiffer says the plate is rendered obsolete by the sub-
sequent discovery of the swarm-spores.

=< Misquoted "d'Agi-icult." iPfeiffer, 1891, infra, p. 105.)

^Date of distribution /de records of U. S. Fish Commissiou.
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XX, pp. 561-567, plate, ligs. 1-3.

GuRi.RY, R. R.
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1893, XIV, pp. 118-130, 1 pi.
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1893. Sticker, Dr. Anton. LXXXIX.
Ueber Infectionskriinkheiten bei Fischen; Arcliiv. f. Animal Nabruugs-
mittelkde, Kijln (about August), viii, pp. 121-124:.
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Some additioual notes on a myxosporidiau infection in tbe common toad;

N. Y, Med. Journ., Dec. 2, 1893, Lvm, pp. 660-862, 1 fig.

Railliet, a. XCI.
Traite de Zoologie M6d. et Agric, Paris, December, 1893, pp. 157-160, fig. 77.

1894. Thki.ohan, P. XCII.
Sur les affinit^s ri^ciproqucs dos Myxosporidies; Compt. Rend. Acad. Sci.

Paris, Feb. 19, 1894, cxviii, pp. 428-430 (abstract, p. 275.)
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XXXV.
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Do
Do
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Do

Do
Do
Do

IBililiographic
Date. rctcri'iico

nuiiibor.

1S89

ISilO

3890

18'JU

1891

1892

1892

1892

LVII.

LVIII.

LIX.

LXVI.
LXVIII.

LXXIir.

LXXX.
LXXXII.

Author.

Th61ohaii (see also Hen
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lohaii & Heiiiieguy )

Do
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Volkszeitung

Wcltiier

Whinery

Wittinack

Zschokke

Date.

]89:i

1894

1892

1888

1892

1893

1875

1884

Bibliographic
ret'eiouce
number.

LXXXV.
XCII.

LXXTII.
LIII.

LXXV,
XC.

XXVI.
xxxvin.

TABLE SIIOAYING THE DERIVATION AND EQUIVALENCE OF ALL FIG-

UliE« IN THIS PAPER REPRODUCED FROM PREVIOUS AUTHORS.

Tlie following' table shows the eciuivalcnce of all figures in the litera-

ture, including- those of species formerly considered myxosporidian but

noAv rejected. Figures to the right are copied from those farther to the

left on the same horizontal line, and those copied in this i)aper are, in

all cases, taken directly from the original. Further, wherever several,

series of hitters or figures (indicated, for economy of space, as "a-m " "1-

10, etc.) occur on the same horizontal line, the individual members of

such series correspond alivays and rigidly each to each, that is, a to a,

6 to 6, 1 to 1, 2 to 2, or 7 to 10, 8 to 11, etc., as the case may be. To

save space all intermediate columns not recpiired on any particular

page are omitted from that page. Such omitted columns will of course

api)ear on some other page, and their relative positions in the full

series of illustrated articles represented in this table, are indicated by
thebibliogra])hic reference number (Koman numerals). Plate numbers

(heavy type) are inserted only where absolutely necessary to prevent

ambiguity.

After much study of the literature certain figures can not now be

placed with any certainty. They are those to which no species number

corresponds in the table. It will be seen that they are principally some

of Pfeilfers and Ealbiani's and are mainly to be distributed between the

two probably very distinct but at present not very clearly delimited

species habitant on the tench, Myxobolus piriformis and M. ellipsoides.

On the plates I have thought it best to reproduce the groups of figures

entire and to leave to the future the apportionment of the individual

figures, and will only add that in the synonymy of M. piriformis and M.

ellipsoides I have ventured on a taxonomic guess, the dubious figures

being separated froiu those definitely placed by a period or a i)aren-

thesis.
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Table of equivalence offigures—Continued.
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Table of equivalence of figures—Continued.

i



134 REPORT (W THE COMMISSIONER OF FISH AND FISHERIES.

Tahle of equivalence offigures— Coiitiuued.

M
i-H

>

X

tf

3
CLi



THE MYXOSPORIDIA, OR PSOROSPERMS OF FISHES. 135

DESCRIPTION OF GENERA AND SPECIES.

Tabular Key.

The following tabnlnr key iuoludes all the species, which can by any

reasonable possibility be construed as myxosporidian, with their prin-

cipal characters x>lotted out. The order of arrangement is a trille more

artificial than that found in the text.

De>;cri])tions of the following species are omitted, as I believe there

is no rational chance of their h&mg Myxosporidia:

Psorospermium ha-clceUi Hilgendorff, 1883.

(Parasite of Asfacus fluviatiJis, Hackel, 1855, De iells quihuHdam Asfaci flnvi-

aiilis, Iiiarig. Disstjrt. Frietlr. Williclui. Univ. Beiliu, p. 42, pi. 2, lig. 25A-C;
ib. Hiickel, 1857, Ueber d. Gevrebe d. Flnsskrebses, Miiller's ArcLiv., pp. 561-2,

pi. 19, fig. 2oA-C; ib., Grobben, 1878, Beitriige z. Keimtn. d. miinnl. Gescb-

lecbtsoig. d. Dekapoden ; not seen.

Psorospermium hwckelii, Bericbt d. Gesellsch. Natnrf. Freunde Berlin, pp. 179-

181 (not seen) ; ib., Zacharias, 1888, Ueber Fsorospcrmium hackelii, Zoolog.

Anzeiger, xi, pp. 19-51 (abstr. Joiiru. Roy. Micr. Soc. London, 1888, vm, p.

240); i&., Wierzejslci, Kleine Beitriige z. Kenntn. d. Vsorospermium hackelii,

Zoolog. Anzeiger, xi, pp. 230-231 (abstr. Jonr. Roy. Micr. Soc. London,

1888, VIII, p. 598).

This form and the next have never been definitely referred to the

Myxo.<iporidia, but Prof. Linton's bibliography of the ''Fsorospermim''''^

includes the articles containing them. They have no connection with

the My.vosjioridia.

Psorospermium luccrnariwYnllentm, 1888.

Zoolog. Anzeiger, xi, pp. 622-623; abstr. Jonrn. Roy, Micr. Soc. London,

1889, pp. 75-76.

See note on preceding.

Pfeift'er^ states tliat My.rosporidia were found by Leuckart and
Lieberkiihn in the gall bladder and the kidneys of toads. Now, the

assertion, in so far as it concerns Leuckart, is, I suspect, an error. It

was probably copied from Lutz,-' who says:

The Myxosporidia are, as it is known, entirely parasitic, and in the largo major-

ity of cases live upon fishes. The only one of the authors accessible to me who men-
tions their occnrreuco in tlie Amphibia is Leuckart, who found them frequently in

the urinary bladder of frogs, ami also mentions the occurrence of a species described

by Lieberlciihu in the kiduey.

I have been unable to find any such observation of Leuckart's, and
correspondence with both him and Dr. Lutz failed to elicit a reference

or a substantiation of the statement; so that "Leuckart" is here prob-

ably an error for Lieberkiihn. Furthermore, there is absolutely noth-

ing to indicate the myxosporidian nature of the forms described by

1 Bull. U. S. Fish Com. for 1889, ix, p. 102.

'^Vlrchow. Archiv. f. pathol. Anat. u. Pliysiol., Berlin, cxxii, p. 557; Die Protozpen
als Krankheitserreger, 1891, 2 ed., p. 134; recently copied by Ohlmachcr, Jouru.

Amer. Med. Assoc, 1893, xx, p. 562.

•' Centralbl. f. Bakt. u. I'arasitenkde, 1889, v, p. 84.
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Lieberkiiliii.' On tlie contrary, both his descriptions and figures (which

show si)orcs, apparently of two dil't'erent species, containing falciform

corpuscles) justify the opposite conclusion. And Lankester^ distinctly

affirms its coccidian nature.

Possibly, Pleitfer-' says, a form reported by Kunstler and Pitres-*

from a pleural exudate ofman is perhaps referable here. But from their

descriptions and figure it is hard to see how by any ])ossibility it could

belong to the Myxosimridia. The smallest spores are 18 /< '' long" and
the largest 100 ju. In such large spores it is inconceivable that the cap-

sules could be missed, and Kunstler and Pitres appear to regard it as

coccidian.

Further, Pfeififer says

:

Also relations exist with a form found in chickens by Arloing and Tripier.

The following data will suffice for its rejection:

Arloing and Tripier^ tell us that they found oval bodies with granular

contents, a clear central nucleus, and a sort of "button" at each extrem-

ity of the longer diameter. These bodies measure 500 to 550 fi (400 to

450 jA, excluding the " buttons ") in length, and 200 to 220 /^ in breadth.

Balbiani, from an examination of hardened specimens, reserved his

opinion, but rather believed them to be " psorosperms." In vspite of

and after this, the authors tell us that they identified these oval bodies

by finding identical bodies in the oviduct of a worm found imbedded in

the same situation (oesophageal mucosa) j in other words, they are the

ova of a worm. It is hardly necessary to go further than their dimen-

sions to exclude them from the possibility of being myxosporidian spores.

It might, however, be added, that Balbiani would certainly have noted

in his Legons sur les Sporozoaires (1884) such an unprecedented anom-

aly as the occurrence of a myxosporidian in a bird.

I cannot, perhaps, better place the following remarks made by M.

Armand in the way of discussion of Arloing and Tripier's paper. M.

Armand, in concert with Balbiani, undertook, in 1873, the inoculations

of "psorosperms" both in warm and in coldblooded animals. The
attempt succeeded, and several pieces showing the proliferation and

modifications of these bodies transported into organisms very different

from their normal habitat were obtained, and preserved in the collec-

tion of the Laboratory of General Phj'siology of the Jardin des Plantes.

As the subsequent myxosporidian literature is silent upon this point,

it is probably safe to presume either that in this case " psorosperms "

did not mean Myxosporidia, or, if it did, that the myxosporidian branch

of the work proved barren of results.

' Miiller's Archiv., 1854, pp. 1-5, pi. i, figs. 1-19.

^Encyclop. Britan., 9 ed., xix, 1885, p. 855.

3 Die Protozoen als Krankheitserreger, 1 ed., 1890, p. 49; 2 ed., 1891, p. 135.

* Sur nue psorosperniie trouv6e dans nne hiuneur pleuritique; Journ. de Microgr.,

1884, VIII, pp. 469-474, .520-526, pi. 11, figs. 1-15; pi. 12, figs. 1-3.

'*L(?8i<)n8 organiques de nature parasitaire chez le poulet; Compt. Rend. Assoc

fraii9. TAvanc. Sci., 1874, 2d (Lyons) Sess., pp. 810-814.
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Parasite of Syijnaihus, Pfeiffer, 1891, Die Protozoeu als Krankheitserreger,

2ed., p. Ill, Jigs. 46-49:

From a perusal of the description and an examination of tlie figures

I can find no evidence of myxosporidian aftinities, and liave therefore

excluded this form. While this paper is i^assing through the press, I

have, however, observed, PfeiHer's paper,^ in which, in the portion

devoted to the Myxosporidia, he says:

Of the Syngnathus from the North Sea, which the author was able to investigate

two years ago in Helder (Holhmd), the relative conditions have been thoroughly

pictured by the author in another place.

Finally, a comparison with the following may perhaps not be inad-

visable :

Csokor, Gregarlnosis d. Forellen, Oesterreich. Ztschr. f. wiss. Veteriuiirkde, Wien,

1888, II, pp. 56-58.

The author says the forms observed were undoubtedly referable to

the "oviform and globular Coccidia (Gregarines)." From the general

tenor of his description I suspect they were not Myxosporidia, and in

any case there is at present no evidence to warrant their admission

into the subclass.

Hardly any explanation of the table is necessary. The grouping and

position of the capsules (and the correlated orientation of the si)ore)

is made the leading character. ISText come the other generic characters

(bivalve condition of shell, i^resence or absence of vacuole, etc.).

One of the most important uses of this table is to direct attention

to the gaps in our knowledge. Thus it will serve a useful purpose in

showing readily where work is most needed.

> Centralbl. f. Bakt. u. Parasitenkdc, 1893, xiv, p. 124.
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Tabular hey.

Seat.

septum.

Body cavity ; digest-
ive tube.

Air bladder

-

Pathologic
effect.

Blood -

Interstices of mus-
cles.

Body cavity, abdo-
men, tliorax, tail,

natatory feet,flrst

autennaB.

Branchiae ; ? also of
heart blood.

Branchias

.

Gall bladder

.

Branchiit
Gall bladder .

Subcutaneous
s«.e.

Subcutaneous
sue.

tis-

Atrophy of tail

muscles.

Remarks.

Spore leathery, con-
tents granular,
colorless, amber
or fuscous yellow,
forming indefinite
cylindrical, fila-
mentous or spiral
colonies; rarely
isolated.

A perfectly typical
monocystid Greg-
arine. Gregarine
stage passed usu-
ally in digestive
tube. Spores con-
tain 8 falciform
corpuscles.

Pathologic mass
whitish- yellow,
pasty, drawing
o n t into dirty
white threads.

Genus incert.Spore containing a
central globule
("nucletis") 7 to
11 /u. in diameter,
surrounded by
several fine gran-
ules.

' " Myxosporidium ;
" name not in good standing, see p. 206.

G Mus.

Psorospermia..

Lithocystis.

Genus incert .

.

.do,

Balbiania

Genus incert

Genus incert. .

.

.do.

-do,
.do ,

do,

-do^

Species.

scisenaB-umhrsB

.

schneideri

.

sp. incert

.

sp. incert

rileyi

sp. incei't

sp. incert

.

sp. incert

.

sp. incert
sp. incert
congri ...

sp. incert

sp. incert 13
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Spore.
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Tabular keij—Continued.
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Tabular ley—Continued.

Seat.

Air bladder.

Body cavity
Mucosa and muscu-

laris of intestine.

Roots of tongue . .

.

Heart ; heart blood
Scales
Subsquamous

Branchiw

Branchial "copiiles'

Body cavity

Intra-flbrillar.

Subcutaneous
Subcutaneonn.
Subcutaneous.

Inter-flbrillar.

Striated muscles.

Pathologic
ettect.

See p. 187

Death of poly-
zoan colony.

Degeneration
of muscle
fiber

.

No degenera-
tion.

Striated muscles Crayfish epid-
' einic?

Eemarka

Fish collected near
Kiel.

Capsules not yet
demonstrated.

Genua.

Genus incort

...do

.do
-do

.do

...do..

...do..

...do-.

...do. .

'Myxospori-
dium."

Glugea

.do

Diseased mass form-
ing white streaks
5 or 6 by 3 mm.

.do.

Pleistophora.

.do

Thelohania .

Species.

sp. incert

.

sp. incert

.

sp. incert

.

sp. incert

.

sp. incert .

sp. incert .

sp. incert .

sp. incert .

sp. incert .

.

sp. incert .

.

sp. incert .

.

sp. incert .

.

bryozoides.

destruens

anomala

.do contcjeaui

typicalis

FC92- -10

28

29

in
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Tabular Icctj—Contiiuied.
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Tahular Icey—Continued.

147

Spore.
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Tabular key—Coutinucd.
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Tabular key—Coatiaued.

149
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Tahitlar key—Contiuiied.
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Tabular key—Continued.

151

Spore.
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Tahidar key—Continued.
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Tabular key—Continued.

Seat.

Branchife airblad der.

liver, siileeu, intes-

tine, .' gall bladder
(seep. 224.)

Muscles ('see also

pp. 227-228).

Splenic artery

Surface of head

.

Surface of head .

Sides of body...

Body cavity

Inner surface of op-
ercle, p s e u d o-

branchiae.

Branchial mucosa .

Opercle, branch ife,

surface of head,
flns.

Branchial lamella.

Subsquamous

Gall bladder .

.

Kidney, body cavity
Skin, scales
Muscles of sides of
body.

Subcutaneous aind
superficial inter-
muscular tissue.

Cornea
BranchiiP
Opercle; branchiae-

Pathologic
effect.

Barbel e p i -

demic.

Remarlis.

Diseased mass fun-
{ioid, 4 by 2 to 10

by 4 mm.

Genus.

Myxobolus

Each myxosporid-
ium produces only
2 spores.

Ovary

Renal tubules and
ovary.—do

-do ?.

.do-,

-do.,

-do-.

.do.

..do

.do

.do?,

.do..

.do.

.do.

.do.

.do.

.do.

.do?.

.do?.
-do ?.

.do? ?.

.do.,

.do ..

.do..

.do.

.do

Species.

ellipsoides.

sp. incert -

.

sp. incert .

.

sp. incert .

.

sp. incert .

.

oblongus .

lintoui. .

.

sp. incert

obesus
cycloides .

sp. incert .

spheralis .

sp. incert

.

globosus ..

transovalis

merlucii

sp. incert

.

sp. incert .

sp. incert.

zschokkei

see sp.u8.
see sp.41

.

see sp.61.

see sp.52. ..

cf. crepliiii

.do brevis
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Tabular key—Coutiuucd,
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Tabular key—Contiuued.

Si>ore.
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Tabular key—Coutinued.
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Tabular Icei/—Coutiinied.

Seat.

Renal tubules anfl

ovary.
...do.

Surface of head.

I'athologic
effect.

Suboutaneons inter-

muscular tissue.

Surface of head..

Branchial arches.

Base of second dor-

sal fin.

Membrane lining
branchial cavity-

Branchial lamelke.

Orbit

Branchife
BranchiiB.
Interstitial muscu-
lar connective
tissue.

Muscles

Kidney
Gall bladder

.

Gall bladder

.

G all bladder

Gallbladder.

Eomarks.

Myxobolus medius

. do croplini

.

.do strongylurus

.do monurus.

.do I
macrurus

Species.

.do

.do

.do

.do

Bisporngenesis
generic feature.

Myxosporidium bi-

sporogenetic.

Myxosporidiiim by
sporogenetic.

.do

.do

.do

...do ,

Ceratomyxa .

.do

sp. incert

cf. linearis

.

linearis

.

71

72

73

74

75

7G

schiznrus.

psorospermicus

.

liolesnikovi

sp. incert

.

diplurus . .

.

.do.

.do

arcuata

agilis .

appendiculata .

79

82
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Tabular key—Coutiuued.

Gc'ucra.

Coratomyxa ,

Cliloro m y X II m

...do

89 ,....(lo

90 ....do

01 |....do

.do

Cliloromy X um
sens, strict.

...do

.do

90 |....do

Spore.

Capsules.

1 only.
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Tabular ley—Coutiuued.

15^

Spore.
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Tabular key—Continued.

Myxosporidium.

Size
in M-

a; a

1«
52

Nuclei.

= s

c g

Spherical or oval ;
young stages amreljoid, col-

orless, older yellowish; pseudnportia lobed,

motile; eiidoplasiii riddled with splioniles, 3

to i II in diameter containing pigment gran-
ules.

CyBt.

Size
in mm.

None

Shape. Color.

Host.

Galeorhinus galeus
Galeus mustelus.

1 2.^)0 .\])pa-

rem l.\

1500. mem-
brane-
less.

29 to

88.

29 to
147.

ad
max.
75.

lto4..

Many. X

X Ecto.
plasmic,

' lobed.
Mem-
brauei
less.

Prob-
ably.

None

None

1(?)

(??)

None

None

None

None ,

None

Gasteroatoua aciilo-

atus.
Pygosteus p ii n g i-

tins.

Phoxinus p h o x i-

niis.

Bufo lentigiiiosus.

.

Aceriua cernua.

Lota lota.

Lenciscus rutilus,
L e u c 1 s c u 8 e r y-

tliroplitlialnius.

Raja batis

Galeus nuiatelua
Scylliorhiuus canic-

ula.
.Scylliorhiuus stel-

laris.

Pristiurus mela-
nostomus.

Squalus acanthias .

.

Squatiua.sqnatina ..

Torpedo torpedo—
Torpedo marmo-

rata.
Ra.ja clavata
Dasyaria sj) ,

Cephaleutherus
aquila.
Leuciscus cephalns.

Lota lota ,

ad
max.
15(10 to
2000.

Numer
ous

"vesi-
cles".

None ,
l?ufo agua
Cystignathus ocellik-

tus.
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Tabular key—Contiiiuecl.
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1

Seat.
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Tabular key—Concluded.
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Tahnlar Jceij—Concluded.

Spore.
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Tabular key—Concluded.
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Tabular hey—Concluded.

Seat.

Body cavity

Pathologic
efl'ect.

Gall bladder

.

Gall bladder.

Excretory tract (see

r. 107).

Urinary bladder

.

Gall bladder

.

Gall bladder.

Gall bla;lder.

Gall bladder,
(iall bladder.
Bile ducts ...

Remarks. Geuus.

Cystodiscus??

Spbserorayxa .

Species.

diploxys

.

-do balbiaiiii.

Myxidium

.do??

-do?

inourvatum.

sp. in cert.

VIU

99

IX

lieberkiihnii 100

102
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NON-MYXOSPORIDIAN.

1. Psorospermia sciasnae-umbrae Robin, 1853.' PI. 1, figs. 1^.
Hist. Nat. des Veget. Parasites, pp. 314-321, pi. 14, figs. 14, 15; pi. 15.

Robin defined the species as follows:

Cellulne ovoideiB vel raro sphericse aut ovoideo-elongatie ; coriaceie, intiis granu-

losfB, acliromaticiB, luteo-succineiB vel luteo-fuscae. Long., mm. 0"027; lat., mm.
0-018; spbericae, mm. 0-017. In stratis (colonise) indefiuitis, vel cylindi-icis, fila-

meutosis, circiilatiiu flexuosis, continiiis coli;prentes, raro isolatie.

Hab. Infra membranam raucosam cavl brauchialis iusitam in septo abdoinino-bran-

cliio 8cia»nie-uinbr;e.

The species consists of three varieties. The description is Robin's

condeiised and rearranged.

Vahikty 1.—(Robin's plate 15, figs. 2a, h; 4a, h; 6.)

Microscopic.—Cells ovoid (27 by 18 ,a) or spherical (diameter 17 //.), a

little flattened on one side, having an amber-yellow tint with a white

shining retlex, strongly refringent, resembling fat drops; ovoid cells a

little flattened with clearly defined borders and double contoured walls

(1 ,a thick) rnptnrable by pressure, cell-contents then escaping. . Con-

tents clear, yellow, homogeneous, strongly refracting, liquid, in which
float 5 to 8 or more, strongly refringent granules, 1 /i in diameter. Cells

not altered by acetic acid or ammonia.
Macroscopic.—Cells cohering into grayish yellow, flexuous cylinders

(CDlonies) O-o mm. in diameter (plate 15, fig. 1) ; length sometimes 1 m. or

more. Cylinders convoluted, circular, endless, usnally united in pairs

by a double or triple delicate transparent connective tissue sheath

(fig. 2e, /, g), the whole forming a delicate string rolled upon itself, in

everj^ direction (pi. 1, fig. la of this paper) into a flattened spherical,

lobulated or nonlobulated mass, whose size varies from that of a nutlet

to that of a fist. •

Variety 2.—(Robin's plate 15, figs. 2c, d; 4c, d.)

Microscopic.—Cells ovoid, white, colorless, transparent, with a shining

reflex, with more numerous and larger granulations than the other

varieties.

Macroscopic.—Cells united into opaque, milk-white, filamentous, con-

tinuous, endless cylinders, eitlier by simple cohesion or by amorphous
matter, which latter forms around each cylinder a (hardly perceptible)

thin enveloping membrane (plate 14, figs. 2c, d; 46', d). These fila-

ments are only visible under a lens, being only -^^q to ^ as thick as the

cylinders of the first variety.

'This species was first described as a constituent part of the body of the host by
Robin, in his paper "Auatomie d'un organe deconvert sur Tombre (Schrna umbra)
read to the SocUU i)hUnmatique Nov. 28, 1846 (Proc^s verb. d. la Soc. philomat. Paris,

1846, p. 140; also .Tonrn. I'Institut No. 683, Feb. 3, 1847, Paris, xv, p. 41). Not seen;

jide Robin, 1853, p. 314.
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Vauiety 3.—(Robin's plate 15, iigs. 3; 5a, I; 8.)

Microscopic.—Cells regularly or irregularly ovoid, a little smaller tlian

those of the first variety, brownish yellow, presenting a peculiarity

found in no animal cell, viz, a round opercle.^ Cells unaffected by

acetic and nitric acids, and by ammonia.

Macroscopic.—Colonies of variety 3, consisting of small lenticular, or

irregular brown or white masses scattered here and there at the base

of or below the lobes, and especially over the submucous surface of

the parasitic convoluted-strtng mass.

(1) Brownish masses.—2 to 4 mm. thick, composed of masses or

colonies of irregular, cupped, operculate cells, the whole enveloped by

a layer of cellular tissue containing very fine capillaries. Masses some-

times sufficiently numerous to color quite an area of the mucosa black-

ish brown. Further, when the convoluted-string mass is absent, brown

bodies may occur in the same situation. These bodies are ordinarily

accompanied by small peasized,whitish corpuscles, composed of round

granules measuring about 020 mm., formed of strongly united fibers of

cellular tissuewound around a small transparent, apparently calcareous,

body, it contains in the center 1 to 8 or 12 cells, furnished with an

opercle similar to that above described.

(2) Whitish masses.—Composed of grains formed of 2, 3, 4, or 12

(rarely 1) cells, surrounded by a thick cellular tissue layer, the fibers of

which are strongly united by amorphous finely granular matter, the

whole forming rather hard, white, spherical or ovoid grains, ^ to ^ mm.
in size, often clearer in the center.

Calcareous granules forming an oval or circular mass (fig. 5) with

sharply defined borders (the latter sometimes split); granules forming

whitish, more or less flattened, friable, irregularly lobulated, pea-sized

miliary masses. Granular mass destitute of vascularity, the vessels

being confined to the tissue sheath.

Some masses are hard, yellowish white, of variable form, composed

of operculate cells, calcareous granules, and a great number of very

large, quadrilateral or rhomboidal, tabular crystals, the latter often

piled up, insoluble in acetic acid, in which only the calcareous granules

disengage some bullte of gas. Calcareous granules also occur without

crystals, being in this case whiter and less yellowish.

The convoluted string {cordon enroule).—As described above, the cells

of varieties 1 and 2 form continuous (endless) cylindrical filaments,

those of variety 1 farming yellow filaments, those of variety 2 forming

white filaments. The convoluted string is usually^ formed of G of these

' Robin gives the size of the opercle as 0'06 mm., but as he says the cells are smaller

than those of the firstvarietj^ (whose length is 0-027 mm.) this must be an error, pos-

sibly for 0'006 mm.
2 Sometimes, however, only 2 filaments (instead of 6) are present, viz, 1 large

yellow filament (instead of 2), and 1 (not 4) thin white filament. Also (very rarely)

the convoluted string contains only 1 (instead of 6) white filament (variety 2) and
2 or 3 successive enveloping sheaths.
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filaments (arraiijjed in two series, a and h below) tojiether with a con-

neetive tissue sheath [c below).

{a) First series, composed of one yellow filament (variety 1) and two
white filaments (variety 2), the latter applied one along each side of

the yellow filament. One of the white cylinders is always flexuous, the

other always straight and without undulations.

(b) Second series, consisting, like the first, of a yellow filament (vari-

ety 1) accompanied bj' two semitransparent, hyaline, whitish filaments,

which resemble the previously described filaments in being continuous

and endless, hut ichk'h appear not to he composed of cells. They consist

only of a thin wall filled with a semiliquid, finely granular substance.

One of these whitish filaments is fiexuous and undulating; the other,

instead of being straight throughout its whole length, undulates a

little from place to place.

(e) Sheaths fiu-med of connective tissue of the host, jjenetrated by
delicate capillaries.

Parasitic mass (as a whole).—Showing through the thin covering of

transparent mucous membrane of l)ranchial cavity as a grayish or

whitish mass of convoluted strings (varieties 1 and 2), strewn with small

brown masses (variety 3) of the size of a pea. Size of parasitic mass

varying from that of a millet seed to that of a large goose egg. Some-

times voluminous on one side and small on the other; sometimes com-

posed of two or three separate lobes. Form inconstant, generally con-

sisting of round or elongated lobes. Arteries and veins few, extremely

delicate; derived from vessels of neighboring muscles, which, with the

loose submucous tissue, form the only bond between the mass and the

tissues of the host. Injection with mercury (of the connective tissue

sheath, described above under variety 1) demonstrates that the mass

consists of closed lobules. When filled with mercury, no escape of the

metal occurs unless greater pressure j)roduces rupture. When very

small, the mass may be unrolled and shown to consist of a convoluted

string.

Habitafj etc.—Submucous connective tissue of branchio-abdominal

septum (between scapular and last branchial arch) of Sciwna umbra.

Among 9 fish (male and female) examined in September, it was absent

in 4. The size of the 5 hosts varied from 1'30 m. to 1-70 m. Sometimes,

but rarely, variety 3 exists alone, the usual condition, however, being

that varieties 1 and 2 are present together and are accompanied by
small colonies of variety 3.

Nature.—llobin regards it as referable to the Diatoms. Lieberkiihn^

says that:

The ijsorospernis of some marine fishes recently described by Robin behaA'e in

every respect like Trt^matode eg^^-

Whatever other view be taken of its affinities, this specnes is cer-

tainly not myxosporidian. As remarked above (p. 72), the generic

name must follow the type species.

> Mailer's Archiv., 1851, pp. 10-11.
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2. Lithocystis schneideri Giard, 1876. PI. 2, figs. 1, 2.

Sur uue uouvelle espece tie psorosperuiie {Lithocystis schneideri) parasite de
1' Echinocardium cordatum; Couipt. Reud. Acad. Sci. Paris, 1876, lxxxii,

pp. 1208-1210; trausl. Ann. Mag. Nat. Hist., London, 1876, xviii, pp.
192-194; also see Biitsclili, Bronn's Thier-Reich, i, pp. 590, 602; figured in

Schneider's Tablettes Zoologiques {fide Pfeifter, Die Protozoen als Krank-
heitserreger, p. 49) ; ib. Perrier, 1893, Traite de Zool., p. 459.

Cyst unknown.
Plasmodium.—Forming shining- black (pigmented) irregular masses.

Size varying from that of a point to 10 mm. by 4 or 5 mm., aspect and
consistence similar to that of the myxomycete jilasmodia; surface of

mass showing hyaline cysts with a structureless membrane, 2 mm. or

less in diameter, containing one or more, rarely several, white points

(crystal masses) and spores, the latter arranged in an irregular sphere.

Spores situated at the extremities of filaments, which radiate from a

central point, at which is a nucleus of a yellowish substance. Each
spore is sustained by 2 filaments tangential to the extremities of its

shorter axis. Wherever possible (principally in the larger cysts), the

spores become, at maturity, so rearranged as to form a number of little

groups; spores cohering by their previous peripherally-placed portions.^

At the same time the two filaments become applied to each other so as

to form a single tail like filament 3 or 4 times the length of the spore.

Tlie little groups then resemble colonies of Flagellata, but the tail-like

filament remains motionless. The coherence of the spores is due to a

secretion produced at the adhering ends of the spores.

Crystals insoluble in acetic acid, soluble in nitric acid, broken up at

maturity of cyst, forming a sort of network, which §eems to function

somewhat similarly to the capillitium of the Myxomycetes in the dissemi-

nation of the spores. Pigment of Plasmodium believed to be deri\Aed

from host. The amoebae present in.the fluid of the body cavity of the

host are regarded as originating from the falciform corpuscles, which

are seen to slowly lose their form, and Giard believes them to jjroduce

by their union and growth the plasraodia.

Spores.—Fusiform, length 6 to 10 pi, breadth 1 to 2 //. Some cysts

(apparently the smaller) produce microspores, others megaspores, both

of which classes differ from the ordinary variety of spore mainljMn
being more inflated towards the middle. Spore with 2 filaments (subse-

quently becoming 1, as above described) tangential to the shorter axis.

Contents of spores merely a granular protoplasm, or from 3 to 6 falci-

form corpuscles in course of formation, arranged around a central resi-

dual mass, which latter is finally reduced to 2 or 3 strongly refringent

granules, and may disappear at maturity.

Effects.—The parasite causes the formation of small nodosities on
the inner surface of the test, which may enable us to recognize the

presence of this parasite in fossil Echinodermata.

^I. e., the portion corresponding to the "anterior pole" of a myxosporidiau spore.
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ffahitat.—r>ody cavity of Echinocardinm cordatum (sea-urchin), par-

ticularly against tlie test between the mouth and subanal plastron, and

esi)ecially toward the conical point which terminates the ])lasti(ui

interiorly; also frequently on the inner side of the actinal curvature

of the intestine.

Nature.—Giard says:

I Lave found nothing resomblinj; tlio Orcsrarines, and the whole of the facts

observed lead ine to approximate the para.site not to the lower animals, but to the

lower plants (Myxomycetes and Chytridlnea'); on the other. hand, the spores being

identical with those described as arising in the cysts of the Gregaiines, one may ask

whether the relation of the Psorospennice to the Gregarines is not a relation of para-

sitism rather than of genetic bonds.

Prof. Biitschli, the only other 'author who has (as far as I know)

commented upon this form, says:^

It may indeed be possible that an organism as yet unfortunately only briefly de-

scribed by Giiird, his f»o-called Lilhocystis Hchticideri, occupies a sort of middle ground

between Gregarines and Miixosporidia, since it combines the plasmodioid nature with

the production of spores similar to the Myxonporldia, together with the develo))nieut

of sickle-shaped germs in these spores. Unfortunately, however, as said, Lithoi-ystis

has not yet been fully described, so that the decision is at present somewhat difticult.

Prof. Lankester ^ places LitJiocystis among the genera of the Alyxo-

sporidia. Pfeilfer^ says that this species forms "a transition to a still

unknown side."

Remarks.—First as to Giard's opinion, which is entitled to especial

weight as being derived directly from a study of the form itself, while

Biitschli's is here to a certain extent an opinion of an opinion. In

Giard's article I fail to find the slightest indication of a desire to api)roxi-

mate Lithocystis to the Myxosporidia. True he calls it a "psorosperm,"

but he uses this term in a very vague sense, its scope ai)peariiig to be at

least equivalent to that of the term Sporozoa. Further he states that:

The whole of the facts observed lead me to approximate the parasite not to the

lower animals but to the lower plants (Myxomycetes and Chytridinew).

Then he argues that since the spores of Lithocystis are identical with

the spore-like contents of the gregarine cysts, perhaps the latter

(which he also denominates " psorosperms ") are not gregarine spores,

but gregarine parasites.

Prof. Biitschli, however, says that Avhile its spores agree with those

of the Gregarines in containing falciform germs, Lithoeystis possesses

in common with the Myxosporidia^ a plasmodioid nature and the pro-

duction of similar spores.

• Es ware sogar miiglich, dass ein bis jetzt leider iiur fliichtig von Giard bcschrieb-

nerOrganismus, seine sogenaunte LithocystiH schneideri, cine Art Mittelstufe zwischeu

Gregariniden nnd Myxosporidien einuimmt, da er das plasuiodieuartige Wesen mit

Erzeuguug iihnlichor Sporeu wie die Myxosporidien, sowie der Hervorbildung

sichelformiger Keime in diesen Sporeu vereinigt. Leider istjedoch, wie ges.agt, die

Lithocyslis noch nicht eingehend beschriebeu so dass ihre Beurthcilung bis jetzt

etwas schwer fiillt (Hronu's Thier-Reich, 1882, i, p. 602).

^Encycl. Britau., 1885, 9 ed., xix, p. 855.

'Die Protozoen als Krankheitserreger, 1890, 1 ed., p. 49.
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However much (or little) this may prove as to tlie stability of body-

form iu the Gregarines, I can not see that it proves anytliiug as regards

the Myxosporidia. Further, I can not see any resemblance between the

spores of Hthocystis, which contains falciform germs and no capsules,

and the capsniate myxosporidian spores.

Perrier includes it among the Myxosporidia.

Finally, the following excellent pai)er (seen and incorporated at the

last moment) seems to settle the question beyond doubt, and serves to

remove almost the last " transition" form from the taxonomic doubtful

list:

L. Cu6uot: Commensaux et parasites des fichinodermes ; Rev. Biolog. Nord
France, Lille, v, Oct. 1,1892; Lithoci/stis sekneideri Giard, pp. 4-6, plate

1, figs. 1,2.

The following is an abstract:

L. schneideri is a perfectly typical monocystid Gregavine; tbe grcgarino stage

probably occurs in tbe digestive tube, being rarely encountered iu tbe body cavity,

the Gregarine probably encysting soon after traversing tbe intestinal walls. In fact,

cysts are encountered ujion, but not attached to, tbe intestinal wall. In tbe body
cavity tbe Gregarine was always found (wbetber accidentally or otherwise) in the

midst of a mass of cysts. Gregarine ovoid, about 65 ju long, protoplasm very vacuo-

late, inclosing a rather large number of clinorhombic crystals, which also occur in

the cysts; a voluminous nucleus, with large nucleoli, is present.

Masses of the spherical cysts, well described by Giard, occur of all dimensions (ad

max. 1 to 2 mm.) in different regious of the body, especially on the intestine and on

the oral surface. They inclose a considerable number of spores and a voluminous

rest of segmentation riddled with the same crystals that occur in the Gregarine.

Spores of variable dimensions (megaspores 24 /<, microspores 12/<), ovoid, distal

end neatly truncate, proximal end rounded; spores limited by a unique refringent

integument (endospofe) situated at the extremities of small, very delicately walled

tubes, which latter form a sort of more or less U7idulatiug epispore.

Spores arranged, at least in the large cysts, in a number of small, radial groups,

formed by the convergence of the tubes to a common center. Contents of young
spores granular; of mature spores 8 falciform corpuscles (4 at each eud), and a central

rest of segmentation. The falciform corpuscles are probably expelled on the death

of the host, and other Echinocardiums naturally become infected by swallowing the

sand containing them.

Pigmcut identical with the products of dissimilation spread through the tissues

of the host; if specially condensed around the cysts, it is as a result of the [increased

tissue] expenditure necessitated by their considerable growth.

The presence of small nodosities on the test could not be determined.

The cysts, united into more or less voluminous masses, are surrounded by a con-

siderable mass of black pigment and of amoeboid cells, the latter very evidently

Echinocardium amcebocytes accumulated around the foreign bodies. The latent life

of the cysts is probably not very long, as there are frequently seen, apparently in

process of degeneration, small ones inclosing only empty spores absolutely devoid

of nuclei.

As iu all the other Monocystids studied, the Lithocystis spore has dissimilar poles,

the one truncate, the other rounded and furnished with a long tube. The structure

of the cysts is appreciably diifereut from all other known Monocystids.
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3. Genus et sp. incert. 1^1. 2, fig. 3.

Parasite of Godiis c«//«r(rts, Miiller «fc Retzius, 1812, Uober parasiiische liild-

nngen; 1. Ueber eiue eigentliiiiiiliolic Kranklioit der Schwiiiiinblase beim
Dorscb, (iadiiH caJlarias, Miillei'.s Aichiv., pp. 19.3-8, pi. 8, fig. 1 ; ib., Raver
1813, Rayer's Archiv. de M<:'d. comp., i, pp. 281, 287-11, pi. 9, fig. 11 ; ib., Ley-
dig, 1851, Miiller's Arcbiv., p. 22, mention only

;
})sorospernis of G. callaiias,

Robin, 1853, Hist. Nat. V(5g(5t. Parasites, pp. 291,309, pi. 14, fig. 1; ? psoro-

spenu of bladder of codfish, St. George, 1879, Ucber die Feinde der Fische,

Giro. 3, Deutsch. Fiscli-Verein, p. 178, and Rep. U. S. Fish Com. for 1878

(1880),vi, p, 510; Myxosporidian? Coccidian? Biitschli, 1882, Bronn'sThier-

Reich, 1, p. 591, footnote; psorosjierm of Gadits merlucchis (error)' Bal-

biani, 1883, Jouru. de Microgr., vii, pp. 14.5, 280; ib. (error),' Balbiani, 1884,

L«^(;'ous sur les Sporozoaires, p. 122; ? psorosperras of cod, v. d. Borne,

1886, Handb. d. Fischzucht-u. Fisch(^rci, p. 211.2

Adult unknown.
Cyst.—Unknown. Pathologic formation consisting of a whitish-yel-

low, pasty mass drawing- out into threads of a greasy, dirty character,

mostly diffluent (evidently less advanced), with a firmer portion surround-

ing the softer, in quantity about G fluid ounces, odorless even after several

days exposure to the air; microscopic examination showing it to consist

of the below-described corpuscles with a small amount of granular

matter, the whole imbedded in and held together by a mucoid sub-

stance.

Spore.—Best described by comparison to a ribless ventricose Navi-

cula or to Agardh's Frustula caffeaformis, elliptic, length pretty uni-

formly 14 to 17 //, consisting of two valves, the substance of which is

shown by complete decomposition upon ignition to be nonsiliceous;

tlieir carbon incinerates with dit'ticulty ; each valve of an elliptic outline

with a convex outer and a concave inner surfiice,»usually in contact

with its fellow of the opposite side by the inwardly convex middle

portion of its border, the borders of the valves diverging towards their

ends; sometimes obliquely set so as to be in contact by one end only,

sometimes in contact for their whole length, thus forming a lenticular

corpuscle, along the median line of which the junction can be plaiidy

traced
J
middle of valves cemented together by a mass occupying part

of the body cavity; mass showing more or less plainly a number of

large and small granules, and apparently destitute of a surrounding

membrane.
Development.—By far the largest number of the corpuscles are desti-

tute of a surrounding membrane; some were, however, observed heai)ed

' Prof. Balbiani misquotes the name of fclic host as " the merluche, Gadiis mcrluccina."

The context (he refers to the diseased air bladder) renders it evident that this is an
error for G. callarias, and not (as might be expected) for G. merlanf/us. Inleventially

from his language he regards the form as myxosporidian. Perugia (Boll. Scientif.,

Pavia, 1890, xii, p. 134) has followed Balbiani's misquotation.

*"With the cod [Gadiis morrhua'\ and maclverel \^Scomhcr scomhrim'] the develop-

ment of large psorosperni-lum])S with great emaciation and later ulceration is very

well known, and not rarely there occurs in freshwater fishes, from the same cause, a

great mortality."
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3 or 4 together into irregular clumps. Many such clumps had no sur-

rounding membrane, but some showed such a membrane containing

several corpuscles. The features of the latter bodies were plainly dis-

cernible through the enveloping membrane. The corpuscles at this

stage are unsplit, the valves being united for their whole length, form-

ing a lenticular corpuscle. Further, similar cysts were seen which
showed no developed corpuscles, but only large granules. Finally, a

number of separated valves may be seen. From these facts Miiller

concludes that the corpuscles in question develop several in a cyst, are

set free unsplit, subsequently the valves separate, at first partially, at

last probably entirely, and then perhai)s the cycle is lepeated.

Habitat.—Air bladder of Gadus morrhua (= eallarias), cod.

Wature.—Rohin includes it among the " ijsorosperms."

Dr. L. Wittmack ^ refers to this as a " psorosperm."

Concerning this form Prof. Biltschli^ says:

It appears to me quite questionalile wliotlier these psorospermiform corpuscles

of the air bladder of Gadus eallarias are' to be referred to the Myxosporidia proper or

to the Coccidia. Their structure appears to approximate itself rather to the latter;

especially in the absence of the polar capsules so characteristic of the Myxosporidia.

1 can see no myxosporidiau structure in it, and have, therefore,

omitted it from the subclass.

Effects.—Mucous membrane of the air bladder red and swollen, infil-

trated by the parasitic mass. Tail unusually thin and shrunken, the

soft parts being markedly atrophied, the muscular tissue having dis-

appeared. Further observation must determine the constancy and
causality of relation between the two conditions. Such atrophy is

apparently not rare in Gadvs, as the fishermen at Bohuslan knew the

disease and informed Miiller that it rendered the fish unfit for food.

Miiller says that the difference between this form and the psoro-

sperms of fresh-water fishes is as great as that between different

genera of animals.

Atrophy of tail of Merlangus merlangus?

The following observation probably can not be better placed than as

an appendix to the similar disease of G. morrhua just described. Among
the Mediterranean fishes collected by Mr. Peters, Miiller and Retzius

noted a Gadus merlangus affected with complete atrophy of the tail

muscles, the tail being composed of nothing but skin and bone—not the

slightest trace of muscular tissue remaining. The junction of the nor-

mal and atrophied tissue was abrupt and was situated at the root of

the tail. Unfortunately, the air bladder had not been preserved.

' Beitriige zur Fischerei-Statistik d. deutsch. Reichs, 1875, p. 191, footnote.
s Bronn's Thier-Reich, 1882, i, p. 591, footnote.

'Miiller and Retzius, 1842, Miiller's Archiv., p. 198; sec also p. 172.
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4. Genus et sp. incert. PI. 4, fig. 1.

Eutozoau of Salmo J'ario, Vaieutiu, Uober eiu Entozoon im Bluto voii Halmc
fario, Miiller's Archiv., 1841, pp. 435,436, pi. 15, tig. 16; ib. Leydi^, 1851,

Miiller's Archiv., pp. 11, 12; cf. Davaiue, Trait»5 des Eiitozoaires, Paris,

1860, p. III.

Amoeboid sta(jc.—In blood obtained by puTicture of tlie abdoniiinil

aorta of ^Salmo J'ario (brown trout) V^alentin found, besides the blood

corpuscles, some dark globules similar to round pigment cells. They
have a quick, tremulous motion, also a definitely locomotive one.

Observed for some time, a clear "tail" comes into view, M'hich later

elongates; there thus becomes revealed an elongate animal with a rapid

motion, mostly of rotation, eft'ected by 1 to 3 variable processes of one

side of the body. Anterior and posterior parts clear; middle portion

containing numerous darlc corpuscles, perhaps pigment particles which

it had eaten. When rolled up into a ball it often had the appearance

as though each club-shaped process of the body contained one of the

globules (pi. 4, fig. le). No finer structure could be detected. Size 7-5

to 12-5 ju. Sometimes a round opening appeared to be present at the

anterior end. The posterior end is somewhat striate. The variable

processes always appear in the drawing as they would be seen in the

microscope on rhe right side. Perhaps the club-shaped peduncles are

to be reckoned as such. In drawn blood they remain living from 6 to

8 hours.

Nature.—These bodies are, Valentin says, probably referable to Pro-

teus or to Amoshei, of which they certainly form a new species, different

from all of Ehrenberg's. Doubting at first whether these organisms

really belonged to the blood, Vaientin investigated the whole fish. He
failed to find, either on the peritoneum, or in the kidneys, intestines,

air bladder, brain, etc., any trace of these infusorial Entozoa. Only

in the fourth ventricle (the favorite seat of tlie microscopic intestinal

worms) did he find a single specimen. On the contrary, they were so

numerous in the blood that often a single droplet contained 10 or more.

The blood itself presented nothing worthy of note. The fishes examined

showed numerous examples ofAscaris ohtuso-caudata Zeder. No other

intestinal worms were found.

Leuckart^ says:

Still less is the gregarine nature of the entozoan found by Valentin in the blood

of the trout to be mistaken.

Lieberkiihn regarded it as an amoeba. It could not, he says, be a

Gregarine, as it lacks a nucleus.^

Although this form has been referred to the Myxosporidia by Leydig,

the evidence to sustain such reference is wanting, and at present its

myxosi)oridian affinities can not be regarded as proven.

1 Archiv. f. physiol. Hcilkdc, 1852, xr, p. 431.

'Mnller's Archiv., 1854, j)]). 11, 12. For Lieberkiihn's subsequent change of view

as to the necessity of the presence of a nucleus in the Gregarines, see pp. 95, 96.
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5. Balbiania rileyi Stiles, 1893. PI. 3, figs. 1-5.

(Psorosperms of mallard duck, Leidy, 1875, Proc. Acad. Nat. Sci. Phila., xxvii,

p, 125).

Balbiania rileyi, Bull. 3, Bur. An. lud., Dept. Agric, i)p. 80-84, pi. 2, figs. 1-5.

Dr. Leidy's description may be summarized as follows

:

Cyst, oval, white, 2 to 4 mm. long, 0-7 mm. thick. Contents, myriads of fusiform

corpuscles. Spores fusiform corpuscles resembling minute navicellae; length n/n',

habitat, encysted in interstices of muscles of the mallard duck (Anas hoschas L.).

Nature.—Leidy says that

—

Similar bodies were first discovered by the late Prof. Miiller and described by him
under the name of psorosperms. They have been rejieatedly observed since by
Eetzius, Robin, and others, in the muscles and other parts of fishes, and they are

usually regarded as vegetable parasites. Though the mallard is not a fish-eater, the

bird may have become infected by eating infected fish.

From this extract it might uot unnaturally be supposed that in this

instance " psorosperm " referred to a myxosporidian.

Recently Dr. C. W. Stiles has reexamined the subject. He studied

material from two hosts and five localities, including one lot labeled

:

Oval, smooth bodies, no limbs. In muscles of Mallard. Anas hoschas. Dr. E.

Coues. Ex. Jan. 29. 1890.

The following is the diagnosis:

Parasite 1 to 6 mm, long by 0-48 mm. broad ; rather fusiform, ends not

sharply pointed. Cuticle not striated, about 2/( thick. Central core

not coloring and not containing falciform bodies. Peripheral zone
as broad as central core (0-16 mm. to O-KJ mm.) or even broader, coloring

in various liquids (acid carmine; methyl blue), containing numerous
falciform bodies. Form of meshes irregular but elongated radially.

Falciform bodies 12 to 14/^ long, more pointed at one extremity than
at the other; containing a very distinct nucleus (2/y) which stains clearly

in acid carmine or methyl blue, and which contains several chromato-
phile granules; vacuole quite indistinct.

Habitat.—Intermuscular connective tissue of ducks, the shoveler or

shovelbill duck or spoonbill duck [Spatula chjpeata), and the mallard
or tame duck [Anas hoschas). Development unknown.
North America. (?) Philadelphia, Pa. (Coues; Leidy); St. Louis,

Mo, (Riley); Clear Lake, Cal. (Brett); Minnesota (Liiger); Quebec
(Belanger).

Type material deposited in the TJ. S. Il^fttional Museum, in the Bureau
of Animal Industry, and in collection of Stiles, Washington, D. C.

Specimens are also to be found in the Army Medical Museum, Wash-
ington, D. C, and in collection of Leidy, University of Pennsylvania,
Philadelphia, Pa.

In conclusion, although ''measly duck" is not very appetizing in

appearance, there are no grounds for believing that it is dangerous to

man.
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6. Gentis et sp. incert. PI. 4, figs. 2-8; pi. 5, figs. 1-11.

Pilzsporeii of Cyclops, Chuis, 18G3, Die froilobeiulen Copepodon, Leipzig, p.

87; Mijxosporidiaf of Cyclops, of Diapt. cnendeits aud of Diapt. ricliardi,

Schmeil, Beitriige z. Keuutu. d. freilp.benden Copepoden Deutschlands,

Ztsclir. f. Natnrvviss. Halle, 1891, Lxiv, pp. 19-21; Entoparasitischo

Scblauche der Cj'clopideii Schowialcoff, Ueber eiuige elito-, aud euto-

parasitischo Protozoeu der Cyclopideu, Bull. See. Imp. Nat. Moscow,
1893, pp. 2, 15-26, pi. 1, figs. 17-34.

Claus says:

The bodies formerly * designated by me " spores of fungi," with which I have many
times found the body-cavity of Cyclops entirely filled, I have unfortunately not been

able to observe again in later times. From the earlier period, sulficieiit notes on

these bodies unfortunately are lacking, so tliat I am compelled to leave undeter-

mined tbeir nature and tlieir relation to Farkistuphytonovatiim, so full of significance

through the disease of the silk-worm.

To bis quotation of part of the abov'e Sclimeil (p. 21, footnote 1)

adds

:

" Thb organisms ohserved by me are, however, certainly not spores of fungi" [italics his

own].

Scbmeil further says (abstract)

:

I have observed another parasite in nearly all the Cyclops of the Halle

[Page 19] region, further in the specimens seen of Diapt. cmruleus Fisch. and D.

ricliardi Schmeil.

As this parasite is relatively very frequent—though absolutely (standig)

[Page 20] rare—one soon learns to tell the affected animals with the naked eye by
their striking gray color. Their movements are unafTected. Microscopic

examination shows individual parts of the body strikingly dark (in Cyclopids and
D. ricliardi Schm., black; D. cwruleus Fisch., dark brown); often the whole thorax,

the abdomen, and even the tail, the first antonnie, and natatory feet are either

entirely or partly filled by this dark mass. On closer examination this dark color

is seen to be due to an innumerable host of small fusiform or crescentic corpuscles,

whose form (plainly perceived by pressure-rupture of the copepod shell) places

them as psorosperm-like bodies. From Schmiil's description and drawings, Biitschli

considered thcra Myxosporidia. Size very variable; besides very small corpuscles,

one meets with larger ones 3 or 4 times the smallest, but the sizes of all those

occurring in the same individual are always nearly equal. These corpuscles appear

to possess a firm membrane, immediately within which a clear zone is situated. No
difierentiation of contents could be observed. Water and glycerin do not alter the

form.

Origin of these corpuscles unknown; repeated attempts to infect

[Page 21] healthy animals failed. Multiplication by division seems proven by the

occurrence of two or several corpuscles lying close together, often in con-

tact lengthwise; often, however, with their blunt poles surrounded by a common
membrane. Therefore, in case the explanation generally given is correct, a double

division in the transverse and longitudinal axes appears to take place.

On account of the lack of infected animals it is exceedingly difficult to reach safe

conclusions concerning these conditions.

Such Avas the state of the subject when Schewiakoff began his investi-

gations. The following are his results:

This condition has been observed at all seasons, first on Cyclops streniiits Fisch.

taken from under the ice of a pool (clay ditch near Schlettau).

'Place not stated; or whether published.
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Tubes Tiither fruqueut in very many fresh- water copepods, the affected

[Page 15] individuals beinj;- distin;L;uishable at first glance from the healthy by their

opacity, the places ^vhere the parasites lie appearing dark. If in great

number, the Ci/clop^i appear completely opaque, and, indeed, according to

[Page 16] Schmeil (loc. cit., j). 20), may appear dark brown to black. Discoloration

c;iiised by larger or smaller tubes tilled with pyriforra, spore-like cor-

puscles; tubes occurring in body-cavity, and various other places, as the thorax,

abdomen, tail, natatory feet, ar.d first autennaj ; sometimes in so great numbers that

no part of the body is free from them. Spores in some j^laces not in tubes but free

in body-cavity, then always found directly on the muscles.

These parasites were probably those which Clans observed in copepods and
regarded as spores of fungi ; also extremely probably those noted by other observ-

ers, in various Crustacea, e. g., Henneguy in Palwmon rectirostris and P. serratus,

Hennej^uy and Thelohan iu Crangon vulgaris and Aslaciis Jluviatilis, and Garbini in

Palcvmonetes varians. However, it can not with certainty be asserted that the

parasites found in the last-mentioned crustaceans are identical with the Cyclops

parasite, as to the short communications no figures ' are added, and the authors in

question were unable to follow the whole developmental history.

Technique.—The affected Cyclops was isolated in a drop of water on the

[Page 17] slide and covered with a cover glass provided with wax feel, fixed in posi-

tion by careful jiressure on the angles of the cover-glass, so that it

remains quiet and can be conveniently observed even with a high power (apochr.

4 mm.). Between the observations the Cyclops was at first kept in a hanging drop

in the moist chamber, but lived only a few (2-3) days, dying partly from starvation,

partly from other unfavorable conditions. Consequently the Cyclops was next

kept in a watch-glass of water, thus securing necessary food supply. Thus kept,

it lived 14 days, allowing the development of the parasites to be followed.

Several individuals were kept simultaneously and examined 2 to 4 times a day.

Investigation of dead or crushed specimens is not to be recommended, as great bacte-

rial development soon disturbs the study. For observation of the finer anatomical

features and the developmental stages, the parasites were isolated by crushing the

host and observed with very high powers (homog. immers. apochr. 2 mm,, oc. 12

and 18) . For fixation, picro-sulphuric, and chromo-aceto-osmic acids ; for stains, alum
carmine, ha-matoxylin ; also methyl violet, safrauin, and fuchsin. Examinations
were made partly in water, partly in glycerin.

1. Amwhiform stage.—Met with in all parts of the body; most easily

[Page 18] observed on the first antennae. Form amoeboid-variable, globular or

elongate; dimensions varying from 7// long by 3^ broad, to 20/z long by
6/1 broad. Plasma finely granular, capable of emitting on all sides blunt, lobulate,

hyaline pseudopodia, always possessing a nucleus (pi. 4, fig. 2 N) and a small con-

tractile vacuole (c. v.). Nucleus globular, showing the familiar vesicular structure,

that is, in its interior, a globular, homogeneous, more strongly refringent and more
deeply staining nucleolus [^jjmeiifcoVjje/-]. Contractile vacuole constantly situated

near the border, in the end of the body which during progression is hindermost, pul-

sating about once every 30 seconds ; no food vacuole perceptible.

This anweba ordinarily creeps about over the epithelial and muscle cells and prob-

ably feeds upon the same, as, although not directly observed, many epithelial cells

were seen destroyed, and upon them am(Bbte.

After attaining a certain size the amcebse gradually cease their movements, draw
in their pseudopodia, and encyst themselves.

The amrobie may fuse to large plasmodes; several "such fusions of 2 or 3 amtebse

(pi. 4, fig. 8) were directly observed. Size of plasmodes varying with size and

^The author is partly in error as regards the absence of figures. They will be
found in the papers of Henneguy and Garbiui.

p 12
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number of constituent amcebse from 18a long by S/x broad to iSfj. long by 23// broad.

In fusing the amccbre adliere closely to one another, finally after some time fusing

into one mass, which can then undergo further movements. Nuclei (pi. 4, fig. 8 N)

of plasiiiode vesicular, 2 to 3 according to the number of constituent aincebiu.

Union or fusion of the nuclei not directly observed; regarded, however, as very

probable, as frequently pretty large plasinodes of 22// and 18// (doubtless

[Page 19] formed by fusion of 2 or 3 am<eb;c) were seen containing only 1 large,

vesicular nucleus (pi. 5, fig. 2 N). Besides, plasmodes seen to originate

by fusion of 3 amujbui and to contain nuclei, showed on the next day only 1 large

nucleus.

Contractile vacuole not demonstrable with certainty in fusion plasmodes; its

presence, however, not regarded as impossible ; the plasma, on the contrary, con-

tains so many vacuoles as to appear vacuolate or frothy. Motion of plasmodes

ratlier slow. Plasma in the next 24 hours undergwing a change; the frothy, vacuo-

late structure changing to a finely granular condition, the vacmdes vanishing.

Nucleus, also, no longer visible; probably transformed by division iuto several

globular strongly relringent bodies (pi. 5, fig. 3 N), though this was not directly

observed. Motion of phismode in this stage quite slow, ceasing entirely after some

time; encystment following in 1 or 2 days.

2. Encystment.—The encystment of simple small amrebro and the alterations in

their body jilasma is first described; afterward the process witli the fusion plas-

modes. With the small amoebaj encystment begins when they have attaine<l a certain

size. They gradually draw in their lobulate pseudopodia and acquire an irregular,

more or less oval or pyriform shape. Locomotion still takes place, thongh very

slowly, small ragged pseudopodia being still emitted. After about 1 hour this move-

ment also ceases and the amoeba revolves slowly, gradually rounding itself oft" and
assuming with a state of rest a nearly globular form. After about 10 hours it has

transformed itself into a proper cyst (pi. 4, fig. 3) about 10// in diameter,

[Pago 20] consisting of a plainly bordered, extremely thin membrane and finely

granular contents, in which individual, small, strongly refringent gran-

ules, a vesicular nucleus (N), and a contractile vacuole (c. v.), which now pulsates

markedly more slowly, are percey)tible.

After about 24 hours (pi. 4, fig. 4) the membrane appears markedly thicker, double

contoured, and the strongly refringent granules have increased in number. The
nucleus no longer appears vesicular, but homogeneous and rather strongly refringent.

Contractile vacuole still always visible, although now pulsating extremely slowly

(about once in 5 minutes).

After another 24 hours (pi. 4, fig. .5) the protoplasm appears strongly brilliant, the

contractile vacuole has vanished, and the nucleus is not perceptible. In their places

are observed several round, strongly refringent structures (probably proceeding

from division of the nucleus), dift'erentiated from the other cyst-plasma granules

already mentioned, by their more considerable size and their affinity for stains.

Though the falling to pieces of the nucleus was not directly observed, the granules

may with tolerable safety be admitted to hav(! originated through nuclear division.

Schewiakolf thinks that first the nucleus divides, and about 10 hours later the spores

(pi. 4, fig. 6) are formed, since around every nucleus a portion of the protoplasm

delimits itself from the remainder.

Encystment of plasmodes occurs in the same w:iy. Locomotion becomes con-

tinually slower until finally it is extinguished. The plasmode then rounds itself

ofl", acquires a somewhat elongate oval form, which, as also the size, varies

greatly. It then secretes a thin membrane, which envelops it closely on every side

(pi. .5, fig. 4).

[Page 21] In 1 to 2 days the membrane becomes markedly thicker, then appearing

homogeneous, strongly rcfringeut ?m4 doubje contoured, During the

nejtt day spore forpiation begins.
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Plasmode encystment thus differs from that of simple amcebaj only in the fact

that the conditions observed in the amoeba cyst (granular state of the protoplasm,

vnnishiug of the nucleus, or, in other words, its peculiar falling to pieces into indi-

vidual small nuclei) wear themselves off with the jilasmodes during their motile stage.

3. Spore formation.—Beginning about 3 days after encystment; not originating

through successive division of the nucleus aud protoplasm, the nucleus falling to

pieces into several small, strougly refringent corpuscles (pi. 4, fig. 5N), around which,

later, portions of protoplasm segregate themselves from the remainder. In this way
the spores are formed. Thus in a simple amojba cj-st, 10 hours after the falling to

pieces of the nucleus, 6 spores (pi. 4, fig. 6) were seen, eacli with a small globular

nixcleus. Besides these, the cyst still contained plasma in which were seen, along

with many small, strongly refringent granules, isolated small, round nucleiform

structures (N). About 24 hours later the number of spores had doubled; neverthe-

less, there was still jjresent undifferentiated i)lasraa as well as nuclei. After 24 hours

more the number of spores had so increased as to entirely fill the cyst; no free

protoplasm remained (pi. 4, fig, 7).

Spore formation in the plasmode cysts (also accurately followed) takes place in

the same way. In plasmode cysts containing numerous small nuclei (very probably

originating through successive divisions of the nucleus) are formed small bodies,

globular to oval, delimited from the surrounding protoplasm by a delicate membrane
(pi. 5, fig. 4), fine-grained, some allowing a small, globular nucleus to

[Page 22] show through. After about 6 hours these bodies acquire a somewhat pyri-

form shape, the membrane becomes thicker and sharper, the protoplasm

more hyaline, the nucleus thus becoming more distiuctly visible. This transformation

proceeds so that after 24 to 36 hours the bodies are pyrifnrm, sharply contoured, com-

pletely hyaline spores (pi. 5, fig. 5), in which a globular nucleus is always plainly

visible. Along with this transformation new spores are formed from the surrounding

protoplasm, until all the free protojilasm is used up, the cysts transforming them-

selves into spore cysts or spore tubes. Number of spores in cyst variable, dependent

upon the size of the cyst, whose diameter varies from about 10// (simple amoeba
cysts) to 30 to 60/t (plasmode cysts) ; often also elongate-oval spore tubes are found
lOjLi long and 24// broad.

Spores: Length, 3*3 to 4//, oval or pyriform (pi. 5, fig. 8), rather strongly refrin-

gent, completely hyaline, bounded exteriorly by an extremely thin homogeneous
layer, the pellicula. In the broader end of the body a globular, very strongly

refringent, homogeneous nucleus (N), 1"6//, is found. Tlie spores thus originating

still further increase through a somewhat oblique-running, transverse division, the

nucleus dividing karyokinetically (pi. 5, tig. 10a-?). Division was followed intra

ritavi, and the study completed in specimens fixed with chromo-aceto-osmic acid

and stained with hajmatoxyliii. Nuclear division, requires about ^ hour, and pro-

ceeds in about the same way as that of the micronucleus of the ciliated Infusoria.

The membrane or external border-layer of the nucleus remains quiescent during the
whole process, only in the last stages (pi. 5, fig. 10/() appearing some-

[Page 23] what indistinct preliminary to reappearing with distinctness in the

daughter nuclei.

Owing to the small size of the nucleus, karyokinesis could be followed only in the

principal steps. The first alteration observed in the nucleus is a marked increase

in size; simultaneously it loses its homogeneous character, acquiring a netted,

honeycomb-like structure ( pi. 5, fig 10a ) with tolerably strongly staining granules.

This netted form passes into an elongate, striate-fibered structure (6), the nucleus at

the same time enlarging and assuming an ellipsoid form whose long axis coincides

with that of the spore. Between the nuclear poles run meridional strife, in which
the chromatin granules are imbedded. These latter become concentrated toward
t}je ecjuator, wljen a so-called nuclear plate (c) forms, which consists of bacuUforn^
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chromosomes which lie close to tho ciclicivte but perceptible threads of tiie achro-

matic spindle. Rejjarding tho spore from the posterior end (d), tho chromosomes
are seen to be S, and to lie rather peripherally. After the formation of the nuclear

plate, a halviuj^ of the chromosomes takes place in the equator (e), tho halves reced-

ing until they rea(;h tho polos of tlie nucleus (/). Meauwliile the spore has changed

from pyriform to ellii)soidal, aud the hyaline itr()t()i)!as;M lias bccouu! by degrees

granular.

As soon as the chromosomes have reached th(! poles an annular constriction becomes
visible at tlie equator of the spore as well as of the nucleus {(j); between the daughter

chromosomes, achromatic spiiuUe libers are very plainly observed. Soon at the

e(juatorlal constriction, an annular thickening of tho spore membrane forms {h),

running obliquely to the; longitudinal axis, from above downward. In this stage the

membrane (or external border) of the nucleus becomes indistinct and the fi))ersof the

achromatic spindle also do not stand out so sharply. The annular constriction grows

gradually inward and subsequently forms the partition wall dividing the 2 spore

halves. Meanwhile the familiar after-formation of the chromosomes (() takes place

in the daughter nuclei, the nuclear membrane becomes again more distinct, and the

achromatic fibers are scarcely visible.

[Page 24] In the next stage (k) a.distinct division wall between the 2 spore-halves

is observed and the daughter nuclei show a linely reticular appearance,

whence result later homogeneous nuclei (I). Division of the daughter spores soon

takes place.

A somewhat peculiar phenomenon was often observed. Among the many dividing

spores some were encountered with their anterior (narrower) ends more or less inti-

mately united (pi. 5, fig. lla-h). Schewiakoft' could observe neither the union nor

the division of the 2 spores. As, however, they differ essentially from the observed

division stages, it may be questioned whether we have not here to do with a

conjugation. This conjecture is strengthened by the presence, in the usually homo-

geneous nucleus, of structures (pi. 5, fig. lla), which remind one of the nuclei of

many conjugating Infusoria.

The s])ores increase considerably in number, the spore cyst becoming ultimately

entirely filled by them. After a couple of days the cyst bursts at one place (pi. 5,

tig. 6) aud the spores are scattered with considerable force around the body cavity.

They then mostly lie (pi. 5, hg. 7) in great masses, or in groups of 3-5, on the muscles.

As to the further fate of the spores nothing definite is known. After about 2 days

they lose their homogeneous appearance and show an indication of a granular condi-

tion. Four days later they possess an irregular form (pi. 5, fig. 9) with finely granu-

ulated protoplasm and a distinct homogeneous nucleus. Size 3 toiu- No movement
or transition into the a«ia>boid stage (which transition is, however, regarded as very

possible) could be demonstrated. The manner of infection also remains unexplained.

J^atnrc.—Without doubt Schewiakolf says, sporozoan. Schmeil, he says, considered

it myxosporidian. (See above; tho conjecture Avas Biitsehli's.) These parasites,

especially the spores, have a great similarity to those found by Henueguy aud
Th<^lohan in some decay)ods and by them ranked with the Alijxosporidia.

Schewiakoff, however, doubts the myxosporidian nature of the Ctjclops parasite.

Henueguy and Tln^lohan gave their forms this place on account of their discovery

of the tilamoiit. They only observed this extrusion a few times under the action of

hydrochloric or nitric acid, and it was difficult to evoke. Since Schewiakoff could

not discover either filament or capsule, he did not feel justified in referring the

Cyclops parasite to the Myxosporidia. He, however, neglected to employ strong acids

and alkalies, which is, he says, perhaps the reason of the failure.

It appears tolerably certain that the Cyclops parasite is not identical with their

Thclohariia species, as the latter have no amfoboid stage, the globular cysts (sporoblasts

of H. & Th.) are of constant size (14//), aud have always 8 spores with a different

structure.
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The presence of a contractile vacuole in tbe adult, the iieculiarities

in the process of spore formation, the falling to pieces of the nucleus,

the apparent absence of pansporoblasts, the occurrence of reproduction

only at and as the end of the life cycle, and the fnrther multiplication

by the division of fnlly formed spores, all absolutely contraindicate any

niyxosporidian affinities. Further, the constant presence of pigment^

corroborates this conclusion, which is still further enforced by negative

evidence from the structure of the spore, the most prominent feature ot

which is, of course, the absence of the capsule. Indeed it seems safe to

go further and say that no organism with a contractile vacuole can, in

the present state of our knowledge, be regarded as sporozoan (cf. Lan-

kester, Encycl. Britan., 1885, 9 ed., xix, p. 854).

PROBABLY MYXOSPORIDIA. (Imperfectly described.)

7. Genus et sp. incert.

Amcebiform corpuscles of gills of Cyprinus irama, Lieberkiihri, 1854, Miiller's

Archiv., pp.6, 7; I ib. of heart-blood of same fish," p. 14; cf. also Miiller,

Miiller's Archiv., 1841, pp. 491-2.

Cyst.—Membrane so transparent that all details could be as well seen

before as after expression of its contents. Contents "psorosperms"

and amcebiform corpuscles, or amcebiform corpuscles only.

Myxosporidium.—Numerous, partly granular, partly granule-free,

the latter usually smaller than the former, alterations of appearance

very manifold, processes rather sharp than blunt, size not equal to that

of a blood corpuscle of the fish
;
granules extremely small, held together

by a mucoid substance.

Spore.—Unknown.
Habitat.—Encysted in the gills of Ahramis hrama L. (bream) in

November.
Remarks.—Its habitat suggests that this species is probably a Myxo-

holus.

8. Genus et sp. incert.

Sarcode masses of Perca flnviatilis, Lieberkiihn, 1854, Miiller's Archiv., p. 353.

Cyst.—Apparently no true cyst (see mention below of membrane).

Myxosporidium.—Consisting of granular i)rotoplasm presenting a

great similarity to that of Chloromyxum mucronatum, very variable in

appearance, oval, lenticular or dendroidly branched. Size 27 to 440 fx

(sV to \"')
; some specimens surronnded by a structureless membrane,

others not; sometimes the whole substance is seen to have fallen apart

• While it is, of course, not contended that this alone would suffice to prove a species

noumyxosporidian, pigmentation, such as exists in the Cijclops cyst, would raise a

strong presumption against its myxospoiidian nature.

"Those [amcebiform corpuscles] of the heart blood of Cyprinus hrama completely

parallel in their form the above-described amcebiform masses found on the gills of

the fish, and are differentiated among themselves in the same way as the gill forms

[i. e., they are either granular or granule-free]. Their movements are, on account

of their small size, difficult to observe.
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into g'lobules (])misporoblasts) every one of wliicli contains 2 spores or

perliaps only faint indications of sncli.

Sjtore.—Not described.

llahitat.—On branchiae of Perca Jliiviatilis L. (yellow perch).

9. Genus et sp. incert. PI. 6, fit;". 1.

Myxosporitlinm of Lota vidijKrifi, Lieberkiilin in Biitsclili, 1882. Bronn's Tliier-

Reicli, I, pi. 38, fig. 20.

No description.

Hahitat.—Gall-bladder of Lota lota L. {= vnl(/aris), ling.

10. Genus et sp. incert. PI. 6, fig. 2.

Myxosporidinm of Lo(a vi(I(faris Lieberkiilin in Biitschli, 1882, Bronn's Tliier-

Reich, I, pi. 38, fig. 24.

No description.

Habitat.—Branchiic of Lota lota L. {=vulgaris)^ Ibig.

11. Genus incert. ("Myxosporidium") congri Perugia, 1891. PI. 6, figs. 3-8.

Myxosporidium coiif/ri Perugia, Boll. Scientif., Pavia, xiii, pp. 24-5, figs. 15-20;

ib., Tbeloban, 1892, Bull. Soc. pbilomat. Paris, iv, p. 166; Chloroinj/xum ff

congri, Gurley, 1893, Bull. U. S. Fisb Com. for 1891, xi, p. 419; ih., Braun,

1894, Centralbl. f. Bakt. u. Parasiteukde, xv, p. 87.

Myxosporidium.—Found attached to a calculus-like compact mass

consisting of fungus (probably FcnicilUum), bacteria, and crystals.

Individuals numerous, form variable, movements incessant, slow, amoe-

boid. Perugia observed in some a clear space which he believed to

be a '< vacuole " (pansporoblast), but careful examination failed to detect

the spores.

Hahitat.—Gall-bladder of Leptocephalits conger {=Conger vulgaris),

eel, collected in August, 1890.

The generic name Myxosporidium is not in good standing (see p. 206).

In the absence of knowledge of the spores the generic reference of this

form is entirely uncertain.

12. Genus et sp. incert. PI. 7, figs. 1-3.

Psorosperm of Notropis megalopn, Linton, Bull. U. S. Fisb Com. for 1889 (1891),

IX, pp. 359-61, pi. 120, figs. 1-3; ib. Braun, 1893, Centralbl. f. Bakt. u. Para-

sitenkde, xiii, p. 97.

Cyst.—Globular, discrete or aggregated into clusters, white, with

minute patches of black pigment from host; size varying from 2-5 mm.
(single cysts) to 7 by 5 mm. (clusters); wall composed of connective

tissue, thin, collapsing when punctured, indistinguishable from deeper

layers of derma, staining deeply with ammonia-carmine. Contents, a

milky fluid.

Myxosporidium unknown.
,Spore.—Somewhat top-shaped, one end broadly rounded, slightly flat-

tened, the other tai^ering to a point, length 17 /<; breadth 10 /<; thick-

ness 6 1.1. Shell, thick and strong, resisting for a long time the action of

sulphuric acid and ofpotassium hy<lrate solution ; sliape not changed by

those reagents, by acetic acid or by glycerin, not staining with carmine;

showing when viewed on edge an elevated ridge [junction of valves?].

Capsules could not be detected. Protoplasmic contents appear in most

cases to be finely granular. Tail absent.
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HaMtat.—Siibcntaiieous tissue of all regions of tlie ho^j oi Notro]^is

merialops Raf. (red finned minnow) taken in Black River, Lorain County,

Ohio, (3 miles above Lake Erie, September 1, 1890 (also October 5, 1891;

see below). Collector, Mr. L. M. McCormick. Identification by Dr. D.

S. Jordan.

With this species of fish were taken Noturus miurns, Catostomus teres,

and Moxosioma macrolcpidotum, and, in the immediate neighborhood,

Ictalurus and Roccus. None of these, however, were affected.

Effects.—The epidermis of the fish is sometimes marked by dark
purplish blotches. Scales are absent from the surface of the cyst in

most cases, although a few were observed quite loosely attached to one

of the larger clusters. All of the fishes appeared to be in fair condition.

Mr. McCormick has kindly furnished me the following additional

information

:

The fish were taken in the pool formed by Day's Dam, near the center of Sheffield

Township, Lorain County, Ohio. Although he has diligently explored the streams

of Lorain County for material for his " Descriptive List of the Fishes ofLorain County,

Ohio,"^ he has never seen X. 'meyalops infested by this parasite except in this very

limited locality. The same day that specimens were first secured there he seined

Black River thoroughly from Elyria to below Day's Dam (distance 10 miles), but saw
no other diseased specimens. In spite of the admitted fallibility of negative results,

he believes this parasite to be restricted to a very narrow geographical range. Fish

first taken September 1, 1890 (about a dozen); a few more October 5, 1891 (the first

time of seining the pool that year).

13. Genus et sp. incert. PI. 7, fig. 4.

Psorosperms of Gasterosteus acuJeatus, Lieberkiihn, 1854, Muller's Arcliiv., pp.
9-10, 22, 24, 354-7, pi. 2, fig. 28, pi. 14, figs. 9-12.

The following observations by Lieberkiihn relate to a puzzling form
found on Gasterosteus aculeatus (stickleback). His remarks are to me
somewhat obscure, and I am not certain that I always understand

his meaning. For that reason the translation is a literal one.

[Page 9] I am still in entire ignorance as to what becomes of the psorosperms ot

Gasterosteus. In the skin of this fish Gluge found cysts filled with entirely

structureless granules which had a marked similarity to those of the Gregarines.

Johannes Miiller has confirmed this discovery. I investigated about 100 cyst-bearing

8i)ecimen8 selected from a corresponding number of healthy sticklebacks. Among
10 fishes there was, in the spring, about 1 available; in late autumn, on the con-

trary, only 1 in about 100. The cysts varied greatly in size; the largest attract

.attention at once, the smaller are only to be discovered upon close examination.

They have a very irregular form, mostly rod-shaped, and contain ordinarily the

structureless granules mentioned by Gluge. A few contained bodies with more defi-

nite structure and characters, reminding one of the psorosperms, for which reason

I will so name them. They are all nearly globular and somewhat smaller than the

ordiuary psorosperms; they consist of a transparent membrane, within which I have
observed 3 kinds of contents, namely, in some a single small globule which is not

large enough to come in contact with the membrane by its upper surface; in others

lay, between the surrounding membrane and the upper surface of this

[Page 10] small globule, a small mass of exceedingly fine granules; in still others

the globule appeared to have divided, as 3 or 4 smaller globules were
present. Several of the smaller cysts contained a far more finely granular mass than

'Bull. 2, Oberlin College, Ohio.
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that described by Gliige; I was not able to discover anythiii<r definite therein. So

far I have found the largest eysts to contain (mly Gliigc's strnctnreless granules. lu

any case these facts are not yet sufficient to establish a developmental series.

Ill recapitnlivtino- and siiramaTizing liis results (tlie order of sncli

summary and the place therein of the following' extract showing' tliat it

refers to and is intended as the summary of the preceding quotation)

Lieberkiihn says:

In the skin of Gasierostcns occur, besides the grain-containing cysts discovered by

Gluge, also such as contain psorospenns of peculiar species.

In a subsequent article Lieberktihu again discusses these problem-

atical organisms. Uesajs:

[Page 354] As regards the ])sorosperin-lilve bodies of the sticklel)aclc, to which I

have already, in my preceding -rticle, devoted some words, I have now

succeeded in making the requisite observations preliminary to a knowledge

of their developmental history. After I had, in the course of the preceding

autumn and winter, examined in vain several thousand specimens of Gasterostius for

those cysts, I refonnd them tirst in March of this year in great numbers. Of the

cysts discovered by Gluge I am not at present able to give any explanation, other

than that they are entirely different from'the ones now to be discussed.

Pao-e 355] The latter I have frequently found, to the number of 30 or more, dis-

tributed over the skin, the fins, and the cornea; some had bored through

the fins and floated with l)oth ends free in the water; otliers lay closely appressod to

the skin for their whole length ; others again were detached on one side. Individual

fishes had their tail-ends so beset that scarcely anything of the scales could be seen.

Their usual form is cylindrical; rarely they are ellipsoidal or spherical. They strii<e

the eye with the first glance at the fish. The length of the rod-shaped is from

^ to 1 line; the greatest diameter of a cross-section about one-fifth line or more.

The membrane of the cyst is plainly visible, and one can easily obtain it for exami-

nation by removing it by means of a knife. I could not discover any structure in it.

The contents present great variations. In some I found notliing but an albuminous

substance, in which fat-like granules were suspended in great numbers; these were

globular and measured 0-001'". If one moves them to and fro under the cover glass

for some time many of them flow together to large oily drops. Other cysts contain

partly these, partly much smaller but apparently similar granules. In still other

cysts the granules of the smaller variety were united by a mucous substance into

globules; many of these were distinguished by a much larger fatty granule lying in

the middle between the smaller ones, and which often had an irregular form.

In still others this was seen to be 2 or 3 times as large, and in these cases the small

granules were usually entirely absent; furthermore, the whole psorosperm had a

proportionately greater size. The diameter of such a body was 0-008'", of the

nucleus [A'er«] 0-005'", of the fine granules about 0-0007'". In the largest, granules

began to appear anew, and it sometimes seemed as though they separated them-

selves from the nucleus. The expression nucleus has here no further significance

than that which it receives through the investigation. Sometimes I was able to

observe the same isolated, when for some unknown reason the surrounding mem-

brane became ruptured and expressed its contents. It showed nothing but what

one could see through the surrounding membrane. When the psorosperm dries on

the cover glass it acijuires an entirely different refrangibility, the sharp contour

disappearing and not reappearing when water is added. In s(mie cases I found also

in fresh cysts such nuclei of feebler refrangibility within the smaller psorosperms.

They vary greatly in size; were often simultaneously provided with granules, such

being, however, often absent. In order to learn the further alterations of the cyst

contents, I kept a number of cyst-bearing fish alive for some weeks in my room.

Apparently the thin cysts increased in circumference, and then contained only the
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larjifest kinds of psorosperras. Several fisli lost their cyst contents entirely. In an

apparently lialf-empty cyst microsciopie investigation showed the following ohjects:

1. The largest form of the psorosperms, with a nnclens lEern~\ of 0*005''' in

diameter and containing many of the smallest granules.

2. The largest form of the psorosperms, with a much smaller "nucleus," namely,

of 0'003"' in diameter, and lilled with a much larger number of the smallest granules.

3. Corpuscles of the same size with the same striking ''nucleus," with the same
granules, but with a far less prominent surrounding membrane.

4. Corpuscles of the same kind, but without demonstrable membrane, slowh pro-

jecting a part of the body substance and again withdrawing it, whence resulteu

marked changes of form.

[Page 356J 5. Corpuscles with all these characters; also provided with such a.

"nucleus," but with a diameter twice as great.

In order to determine whether the structures described occur in the organism of

hshes and migrate in the spring to the external skin for the purpose of

[Page 3.57] reproduction, I examined a series of the individual parts of the fish. In

the blood I found moving colorless corpuscles, which agreed not with
those of the fish, bvit much more closely with those destitute of grains and nuclei,

originating from the psorosperms. And I also discovered in the kidneys of

Gasterosteits receptacles with tailed psorosperms and the various developmental

stages of the same, just as they occur in the gills of tlie pike. As the cysts

often beset the skin of the stickleback in such great numbers that their sub-

stance forms a not inconsiderable fraction of that of the whole fish, it would
have been difficult for them to have escaped me in my frequent examinations had
they been jiresent within the body of the fish. Everything speaks much more
for the view that certain aquatic animals attach themselves in the spring to the

skin of the stickleback, surround themselves with a cyst membrane, and in repro-

duction fall apart into the psorospermiform bodies. It is this animal which con-

sists of a mucous substance, and which contains many scattered fat-like gi'anules,

and measures as much as 1'" long and about i'" thick. The fat-like granules are

employed in reproduction; they break up first into smaller parts and then form
with a certain quantity of the structureless substance a globule which already con-

stitutes the embryo of the new being. This grows gradually, one of the granules

progressively increases in size and the remainder vanish. Growth then continues

for a long time, until granules show themselves anew, which increase at the expense

of the nucleus; the heretofore plainly visible surrounding membrane becomes appa-

rently thinner or vanishes entirely, and thus a body is formed consisting of a

mucous mass containing many small scattered granules and a nucleus [A'crw]

only a little larger, a body capable of motion and growth.

14. Genus et sp. incert.

Psorosperms of Lcucinciis dohula, Leydig, 1851, Miil]ci''s Arcliiv., p. 229.

Cyst not mentioned.

Myxosporidium.—Two or tliree spores develop in each i)ansporoblast

[Toi'hteyhlase).

Spore.—Untailed.

Hahitaf.—On Leuciscus {Squalius) ceplialus {=dohula).

15. Genus et sp..;lncert.

Spores of Sif^toJius cephaUis, Schneider, 1875, Archiv. de Zool. Exjidr., Paris, IV,

pp. 548-9.

Cyst and myxosporidium not mentioned.

Spore.—Capsules 2, with very long- filaments, extruded under action of

glycerin.

Habitat.—Air bladder of Leuciscus {Squalius) ceplialus.
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16. Genus et sp. incert.

l'sor().s])(M'iiis ol" (robius JliiriatiUs, IjC.ydi^, 1851, Miiller's Arcliiv., p. 223, iiamo

only; ib. of Goh'io [error] JlurlatiUs Ludwif?, 1888, Jahresber. d. rheiu.

Fisch-Yerciiis, 1888, ]). 30.

Hnhiiai.— l>0(ly cjivity of Gohim fluriatilis L.' (goby).

17. Genus et sp, incert.

Psor().s|ierm of crocodile, Solgor, 1877, Jahi'e.sber. sclilea. Gesellscli. f. Vatcrl.

Cnltiir, i.iv, p. 45.

Name only, witli stateinei)t that it will be fully described elsewhere.

Habitat.—In mucosa and musciilaris of intestinal canal of "croco-

dile."

18. Genus et sp. incert.

I'sorosperm oi' Cltondrosioma nasus, Leydig, Miiller's Arcbiv., 1851, p. 222.

No description or figure.

Habitat.—Cysts in roots of tongue of Chondrostoma nasus L.

19. Genus et sp. incert.

Psorospenns of Lendscna riitihis, Leydig, Miiller's Arcliiv., 1851, pp. 222-3.

Xo description or figure.

Habitat.—White clumps of "psorosperms" in the heart (auriculo-

ventricular valve) of Leuciscus rutilus; also in heart blood of same fish.

20. Geniis et sp. incert.

Psorospenns of Cjjprhiiisiiiica, Lioberkiibn, 1854, Bull. Acixd. Roy. Belg., xxi,

pt. 2, p. 22.

No description.

Habitat.—Scales of Tinea tinea L. (tench).

21. Genus et sp. incert.

Psorospernis of CjiprbiKS criilhrophlhahnns, Lieberkiibn, 1854, Bull. Acad. Roy.

Belg., XXI, pt, 2, p. 22.

Mention of occurrence only; no description.

Habitat.—Subs(piainous, b\\ Leuciscus {IScardinius) erythrophthalmus.

22. Genus et sp. incert.

Psorosperms of GaMcrosteus acnleatus, Henseii,'- in Wittraack, 1875, Beitriige

z. Fiscberei-Statistik d. deutscb. Reichs, p. 190.

Mention only; no description.

Habitat.—On (Jasterostcus acnleatus L. (stickleback) near Kiel.

23. Genus et sp. incert.

I'sorosponns of Lucioperca satidra, Hockel &. Kner, 1858, Die Siisswasserfiscbe

der (Kstreicbische Monarcbie, Leipzig, p. 12; ib. Wittmack, 1875, Beitriige

z. Fiscberei-Statistik d. deutscb. Reicbs, p. 190.

Heck el and Kner say:

Tbeir gills arr, often beset witli small cysts lillcd witb a gelatinous fluid (tbe so-

called psorosperms) and in tbis condition tbey are regarded as unfit for food.

'Tbe great similarity of name between tbe present fisb and Gobio JfHviaiUls, and
tbe i)reaence of a species upon tbe bitter in tbe same situation (body cavity, see p.

243) suggests tbe possibility of an ortbogranbic error.

2 In response to aii in(|niry,Dr. Wittmack kindly informed me Ibat Prof. Heuseu's

observation is uiipublisbed, btiving been made upon a statistical question sbeet.
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I am indebted to the kindness of Dr. Wittniack for this reference.

Hahiiat.—Branchiii". of Stizostedion lucioperca (pike perch).

24. Genus et sp. incert.

Cyst of branchial "copiiles" of Gasierosicns aciileaius Tli61ohan, 1890, Amial.
de Microgr., ii, p. 203.

No description.

Effects.—Pressure on the lieart caused death.

Habitat. —Branchial " copules" of Gastcrosteus acuJeatus (stickleback).

25. Genus et sp. incert.

Psorosperms of mackerel, v. d. Borne, 18SG, Handb. d. Fisclizuchtu. Fisclierei,

p. 211.

No description (cf. p. 172).

Hahitat.—On Scomher scomhrus (mackerel).

26. Gen. incert. ("Myxosporidium") bryozoides Korotneff, 1892. Pis. 8, 9.

Korotneft"s
myxosporidian
of Alcyonella
fungosa.
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seiMi ill way of lui-tlier division), tbe cell-iuicleiis being as yet unaltered.

AVitli ('oiitiuually pro.uressins; division, both of the myxosi)oi'idiuni and

the cell nuclei, and with progressive growth of the cell bodj', the origi

ually simple cell metamorphoses itself into a Plasmodium, Thus a

young ]>lasinodinni was seen in wliicli 1 of the 2 daughter nuclei C"

the host cell had fallen apart into 2 granddaughter nuclei, Avhile tlu

niyxosi)ori(lian nuclei had in the same time increased much more. In

the next developmental steps of the Plasmodium the number of the nuclei

increas<\s very rapidly, and with such increase their energy becomes

exhausted; the nucleoli vanish and the nuclear reticulum appears as a

fine-grained granulation. Finally, the nucle«r membrane shrinks and

assumes an irregular contour. The cell nuclei then soon entirely vanish

and we get a plasmode in which only myxosporidium nuclei are found

With age the myxosporidia become displaced from the funicle and

occupy the whole cavity. The zooid, thus become a rayxosporidium-

filled tube, closed at both ends. At this time the increasing mutual ])res-

sure produced by the continually growing myxosporidia results in their

fusion to large plasmodes. Further growth produces rupture of the

wall of the zooid and the myxosporidia come directly into contact with

its chitinous investment.

The morphological characters of the adult myxosporidium are here

interpolated.

,]Iijxosporidiumf {structureofadult).—ISTakedjinembraneless, anueboid-

variable, size 20 to 200 /^; form varying greatly with age, the youngest

being globular, the older ones oval or lobulated from adaptation to

external pressure-conditions. Ectoplasm perfectly transparent and

hyaline. Nuclei very numerous, consisting of dear round vesicles

showing in the fresh state round nucleoli. Ap]died against the out-

side of (never within) each nucleolus is a small glittering globule.

Pseudopodia formed by the ectoplasm, very fine, delicate and hair-

like, ordinarily confined to a part and seldom covering the whole sur-

face, often also forming small ramitied tufts. Korotneflt" w^as unable to

state whether the pseudopodia serve for attachment, but with the young

myxosporidia the fixation to the funicle appeared really to occur through

these structures.

Probably the direct influence of the water is injurious to them, and

occasions a falling apart of the i)lasmodes and a freeing of the spores,

which then fill the spongy chitin-masscs of the atro])hied colony. In

this state the spores remain the whole winter, and in A])ril follows, prob-

al)ly, the infection of the young Alcyondla (just out of the statoblast) by

the amo'ba-brood from the spores.

The time of the api)earance of the myxosporidia corresponds with the

development of the s])ermatoblasts. which ordinarily begins (around

Moscow) at the end of May, and the number of parasitic individuals

increases iniri pasnu with that of the spermatoblasts. While at the
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first their existeuce is appreciable by the microscoiDe, soon (July) tbey

are visible to the naked eye, tbe lower end of the zooid tube losing

its transparency and becoming milk white. In August the alteration

becomes very marked, the cavity of the zooid being distended and

comiiletely opaque.

Sporeformation.—How and whence do the spores originate'? In arxj

case their origin is endogenous (in the endoplasm) and probably occurs

in the manner observed by Prof. Biitschli in Myxldinm lieberl-iihuiij

where a spore membrane is formed around a trinucleate globule. In

our case are often found, in the Plasmodium, nuclei in state of division.

Around such nuclei, which are still united by the threads of the spindle,

a resistant shell appears often to be x>resent. Could this be a spore?

Korotneff is able to confirm Biitschli's observation that spore formation

does not mark the end of the life cycle. In M. hryozoidcs, however,

the spores always appear at a definite i^eriod of that cycle, viz, after

the complete disappearance of the nuclei of the host-cell.

Spore.—Elongate-oval, resembling a melon seed, sharp anteriorly,

rounded off posteriorly. Shell extremely hard, very resistant, lustrous,

apparently with an opening at the sharp (anterior) end ; no bivalve

structure demonstrable, though empty spores are not rare. Often, but

not always, two vacuoles are visible. In the sj^ring he was able to

distinguish at the anterior end of the spore a glittering point whose

signification was unknown. It might possibly be a capsule (nemato-

cyst; Nfissellmpsel).

Habitat.—In very considerable numbers in the body cavity of Aley-

onella fungosa (a fresh-water polyzoan) in the neighborhood of Moscow,

in the beginning of summer. The infection appears to be endemic, as

Korotneff has never observed it in southern Eussia and as it appears

to be absent from western Europe.

Scat and pathological anatomy.—Princij)ally grouped around the

funicle upon which the spermatoblasts (which serve as food for the

young myxosporidia) are produced. No tissue except the spermato-

blasts is attacked. Eepeated careful investigations showed the absence

of myxosporidia from the polyp and from the walls of the zooBcium.

Effects.—The extensive infection exerts a direct (but only a mechan-

ical) influence on the polyp, producing, as a result of its continued

growth, a progressive atrophy, which, by the end of August, results in

the complete disappearance of the polyp. The infection extends itself

through the colonies, scarcely a single zooid escaping. The death of

the colonies occurs much earlier than it would naturally under the

influence of cold.

Remarks.—Henneguy and Thelohan believe the reference of this

form to the ALyxosporidia absolutely justified; although the capsule has

not been demonstrated.
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TRUE MYXOSPORIDIA.

Ordo I. Cryptocystes Gurley, 1893.

Etymology: Kpv-ror, concealed, Kvanc, capsule.

Bull. U. S. Fish Com. for 1891, xi, p. 409; ib., Braun, 1894, Centralbl. f.

Bakt. u. Parasiteukde, xv, p. 86.

Myxosporidia in Avhicli the pansporoblast produces many (8 or more)

spores; the latter minute; without distinct symmetry; with but a single

capsule; type (and only) i'amily Giugcidce.

Fam. GLUGEID.li: Gurley, 1893.

("Glugeiddes" TIk'IoIkui, 1892, Bull. Soc. philoiiiat. Paris, IV, pp. 173-4; Glu-

geidea [TlioL] Brauu, 1893, Ceutralbl. f. Bakt. n. Parasiteukde, xiv, p.

739).

Glufjeidce, Bull. U. S. Fish Com. for 1891, xi, p. 409; Glgeidae (error), Brauu,

1894, Centralbl. f. Bakt. u. Parasiteukde, xv, p. 86.

Definition (provisional as regards negative characters).

—

Cryptocystes

destitute of a bivalve shell, with the capsule at the anterior extremity;

an aniodiuophile vacuole; type genus Glugea.

This family now includes Glugea, Pleistophora, and Thelolmnia. Before

the proposition of Plcistophora, only 2 genera had been proposed. Their

distinction was practically based upon 3 characters, a comparison of

which indicated very strongly that either there were too many genera

or too few. If, as Henneguy and Tlielohan and the writer believe,

these characters are competent to determine generic lines at all (in the

opposite case cadit qmmtio and everything reduces to Glugea)^ then the

spore of Cottus scorpio should form the type of a new genus, for (see

table below) of the 3 characters but 1 is common to it and Glugea, and,

although 2 are common to it and Thelohania, the third (divergent)

character is one of no slight importance in Thelohania, as it is common

to all the 3 (probably 4) typical species. For this genus I have pro-

posed the name Pleistophora.

Myxosporidium.
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I. GLUGEA Thclohaii, 1891.

Etymology: Gluge.

Compt. Rend, hebdom. Soc. Biol. Paris, iii, p. 29; Gluegn [error] Th^lohan,

1891, Compt. Rend. Acad. Sci. Paris, cxii, p. 171; ib. Tlullohan, 1891, Jonru.

de Microgr., Paris, XV, p. 147; Glugea Thelohun, 1892, Bnll. Soc. philomat.

Paris, IV, p. 174; lb. Henneguy and Th^lohan, 1892, Aun.al. de Microgr.,

IV, pp. 630, 636 ; ih. Gurley, 1893, Bnll. U. S. Fish Com. for 1891, xi, p. 409 ; ib.

Braun, 1893, Centralbl. f. Bakt. u. Parasitenkde, xiv, p. 739 ; i^. Braun, 1894,

ibid., XV, p. 86.

Definition.—Glugeidce possessing a myxosporidium, and in wliich the

pansporoblast produces an inconstant but large number (always more

than 8) of spores; pansporoblast membrane not subpersistentj type,

G. microspora Thol. (synonym for anomala Mouiez).

27. Glugea destruens Th^lohan, 1892.

Callionymus
lyra, "corpus-
cles," etc., of
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28. Glugea anomala Mouioz, 1887. Plate 10, lii^s. 1-3.

Gastcros-
t(Ml.S acu-
ity;! tUH.

"corpus-
des,"

etc., of.
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Cyst structure:-l^mnhev, 1 to 4 (sometimes a dozen, Thelohan), rarely

more, in contact or more or less widely separate; the majority as large

as a small pea, some, However, attaining only the size of a pms head;

size of tumor bearing no relation to that of the fish being variable in

the same individual; shape regnlarly spherical or only alitt.o ronnc^d;

color usually whitish-when covered by the epidermis of the fash

silvery. Membrane always present, resistant, usually covered by the

epidermis, which forms an outer cyst; surface granulated by alcoho ;

Contents consisting of a small quantity of a colorless fluid coagulable

by alcohol, holding in suspension immense ^^^nibers ot corpusc es which

vield bubbles of gas (CO.?) with mineral acids. Muller (18-41, p. 491)

found also sonie microscopic crystals. Thelohan (1890, p. 204) adds that

the average thickness is 5 ;.; under high powers the membrane shows

a fibrillary structure parallel to the surface of the cys Tlielohan

believes the membrane to be nonnucleated and considers this a strong

argument in favor of its derivation from the similarly nonnucleated

mvxosporidian ectoplasm. '

. . • n
.

MuJosporidinm.-^pove formation:^ Myxoplasm contamiDg small

nucleated globules which surround themselves with a thin membrane,

divide, and end by forming small spheres filled with very numerous

rounded nucleated elements which later will yield the spores.
^

^pore-Very numerous, transparent, regularly ovoid, o to o j.i long,

2 to 3 n broad, size and form constant in spores Irom the larger cysts,

less clear in those from the smaller. Shell bivalve; structure not

demonstrable; chemical characters the same as those of other spores.

Interior of spore showing a shaded portion at the smaller, and a clear

portion filling the larger, extremity. Capsule 1, filament very fong

(50 u) extruded under the infiuence of iodine. No other reagent pro-

duced such ^extrusion. The central (iodinophile) vacuole appears to

be absent; a vacuole uncolorable by fodine is P^^^^^^, however usually

in the larger end, less frequently subcentral. Thelohan (1890, p. .1.)

has traced the division of the nuclei up to 4, a number which he has

never seen (but which he does not wish to assert may not be) exceeded.

Micro-chemistnj.-Acetiii acid produces no change. Sulphuric acid

causes evolutfon of bubbles of gas (Co/?), the corpuscles at the same

time becoming less clear but not dissolving. Potassium hydrate causes

an agglomeration similar to the "rouleaux" of Wood corpuscles

(Gluoe). The best stains for this species, Thelohan found to be gen-

tian vfolet; but above all, safranin by the Gram-Bizzozero method.

mZ>itot-Subcutaneous cysts of Gasterosteus aculeatus (stickleback

in European rivers, occurring only once in every 20 or 30 fishes examined

(Muller). Subcutaneous cysts of Fygosteus pungUius (9-spmed stickle-

1 DescriDtion Gluffe's unless otherwise stated.

.Shan's observations on a myxosporidiu.n in G. aculeatus (Journ. do M^crogr.,

1891, XV, p. 147).

FC 13
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back. Tlie forms habitant on these 2 tisbos are identical, (lifferin<^ only

a little in tlie size of the cysts (jill./i(/e Thelohan). Snbcutaneous cysts

of Aphya alba {= Qohius minutus and G. albus). In the last the deform-

ity is even greater than in 0. aculeatus.

Xature.—For Gbige's opinion, see p. 93.

Effects.—Even where the tumors occupy the internal surface of the

opercle the fish did not appear to be hampered in its functions. Tliose

which carry the tumors on the fins, nevertheless move the latter as

freely and actively and execute all movements with the same facility as

the sticklebacks not so affected. The tumors nmy be carefully removed
without injuring the lish, which appears as well as ever after the oi)era-

tion. Upon careful dissection, Gluge was unable to find any change in

the intestine or in the blood. Thdlohan (1890, p. 203) states that in

certain cases the muscles are comjiressed and atroi>hied by pressure of

the tumors, and the viscera are also compressed and no longer present

their normal iiosition or relations.

II. PLEISTOPHORA Gurley, 1893.

Etj'mology: Tr/leiorof, very niiiny; (peptir, to cari'y.

Bull. U.S. Fish. Com. for 1891, xi, pp. 409, 410; ib., Brann, 1894, Centralbl. f.

Bakt. u. Parasitcukde, XV, p. 86.

Definition (provisional as regards negative characters).

—

Gluffeidw

destitute of a myxosporidium and in which the pansporoblast produces

an inconstant but large number (always more than 8) of spores
;
panspo-

roblast membrane subpersistent as a polysporophorous vesicle j type,

P. tijpicalis.

29. PIei3tophora typicalis Gurley, 1893.

(Corpuscles of Cottus scorjpio Tli<51nlian, 1890, Anual. do Microgr., ii, pp. 203, 212;

ib. Tht^lohan, 1891, .Journ.de. Microgr., xv, pp. 145,146; ib. Tliololian, 1891,

Compt. Reud.bebdom. Soc. Biol. Paris, iii, pp. 27,28; ib. of CoUus (error)

Th61ohan, 1891, Compt. Reud. Acad. Sci. Paris, cxii, p. 170; ib. Pfoiffer, Die

Protozoen als Krankbeitserreger, 2 ed., pp. 113-115 ; ib. Thdloban, 1892,

Compt. Reud. liobdom .Soc. Biol. Paris, iv, pp. 82, 83 ; ib. Thfrlohan & Henne-

guy, 1892, ibid., p. 586; ib. Tli61ohau, 1892, Bull. Soc. philomat. Paris, iv,

pp. 165, 174; ib. Henneguy & Tb61ohan, 1892, Anual. de Microgr., IV, pp.

618,619,622,631,636.)

ricistophora tiipicaJis, Bull. U. S. Fish Com. for 1891, xi, p. 410; ib. Braun, 1894,

Centralbl. f. Bakt. u. Parasitenkde, xv, p. 86.

Cyst.—None.

S^yore formation.—Thelohan observed between tlie fibrillre small sepa-

rate masses of protoplasm, each with a distinct membrane and nuclei.

These masses woic 4/1^ long by 2-5 to 3/^ broad. Thelohan believed them

to represent the first stages of development, but emitted this opinion

with reserve, not having seen a sufficient series of stages. Some pro-

toplasmic masses inclosing several nuclei exhibit, however, intermediate

stages between the masses already described and the pansporoblasts.

* "4 Cent." in Joam. de Microgr., xv, p. 146.
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ransporoblast spherical, average diameter 15 to 18 /^; menibraue

thin, transparent, containing, besides fully developed spores, sporo-

blasts in diiterent stages of development, some of them measuring 2-5

to 3 yu, and containing one or several colored granules representing

nuclei.

^S^jom—Ovoid, resembling that of Ghigca anomala; length, 3 /<;

breadth, 1-5 to 2 //; a single capsule with a filament is present
j
large

extremity showing a mass refractory to staining iiuids, the remainder

of the spore cavity containing sporoplasm, and a body apparently repre-

senting the nuclear element of the spore, staining strongly with reagents,

and in certain cases decomposable into separate granules whose num-

ber never exceeds 4.

jff«&ito<.—Muscles of CoUns scorpio (sculpiu); position interfibrillar.

Effects.—Diseased mass forming small white streaks of an average

size of 5 to 6 mm. by 3 mm., consisting of spores. The fibers affected

increase in bulk; they are filled with the pansporoblasts disposed

without regular order between the fibrillne, which latter become sepa-

rated and distorted, without, however, presenting any alteration of

structure or diminution in the clearness of their tranverse striation.

III. THELOHANIA Henneguy, 1892.

Etymology : Th^lolian.

In Thelohaii, Bull. Soc. philoinat. Paris, iv, p. 174, footnote; t&. Henneguy, in

Henneguy and Theloban, Annal. de Microgr., Paris, 1892, i\', p. 639; ib.

Gurley, 1893, Bull. U. S. Fisli Com. for 1891, xi, pp. 409-410; ib. Braun,

1893, Ceutralbl. f. Bakt. u. Parasiteukde, xiv, pp. 739-740 ; ib. Braun, 1894,

Centralbl. f. Bakt. u. Parasiteukde, xv, p. 86.

Befinition^ (provisional as regards negative characters).— (^twf/ei^fe

destitute of a myxosporidium and in which the pansporoblast pro-

duces constantly 8 spores; pansporoblast membrane subpersistent as

an octosporophorous vesicle; type T. giardi?

Henneguy and Thelohan remark that in this genus the spores unques-

tionably approximate those of Glugea anomala and those of PleistopJiora.

The number of spores formed in the pansporoblast and the absence of

a myxosporidium differentiate Thelohania from Glugea. On the con-

trary, the last character and the subpersistence of the pansporoblast

membrane as a sporophorous vesicle, approximate it to Fleistopliora.

1 Henneguy's definition is

:

" Spores pyriform, with one polar capsule at the small extremity and, at the opposite

extremity, a clear vacuole with contents not colorable by iodine. Sporoblasts pro-

ducing only 8 spores surrounded by an envelope persisting after the formation of

these last; no plasmic mass, properly speaking."

As constituted by Henneguy the genus included only 3 species, T. octospora, T. giardi

and T. contejeani.

sType proposed by the author in Bull. U. S. Fisli Com. for 1891 (1893), xj, p. 410.
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30. Thelohania contejeani Ilenueiruy, 1892. PI. 10, fi^s. 4, 5.

'Parasite of crayfish, Iloimoirny and Thololiau, 1892, Compt. Rend, hobdom.

Soc. Biol. Paris, iv, p. 719.)

TlieJohania contejeani, in Theloban, Bull. Soc. pbiloniat. Paris, iv, p. 174, foot-

note; U)., Hcnneguy and Tlielobau, 1892, Annal. tie Microgr., iv, pp.

637-9, pi. 4, figs. 26-7; ib., Branu, 1893, Centralbl. f. Bakt. u. Parasitenlcde,

XIV, pp. 739-740; ib., Dubois' (Rapbad) 1893, Reeberebes de patbologie

coniparee sur la peste des ^crcvisses, Compt. Rend, bebdom. Soc. Biol.

Paris, V, pp. 158-9, figs. A,B; ib., Gnrley, 1893, Bull. U. S. Fisb Cora, for

1891, XI, p. 410; ib., Braun, 1894, Centralbl. f. Bakt. u. Parasiteukde,

XV, p. 86; cf. La Maladie des I^crevisses en Alleniagne; Bull. Mensuel Soc.

Nat. d'Acclimat. France, February, 1884, p. 200 (trausl., Bull. U. S. Fish

Com. for 1884, iv, pp. 299-302).

Cyst.—None. Parasitic mass producing au opacity of the affected

muscles, as in rahvmoii and Cranyon. Opacity more difficult of obser-

vation tbaii ill the last, ou account of the greater tliickness of the test;

easily detected, however, on the inferior surface of the abdomen.

Adult.—In some places only spores are seen; in others small plasma-

spheres, containing a variable number of nuclei, occur. These are

evidently developmental stages, but a full series could not be found.

' Tbis observer noted 2 (entirely distinct) parasites, viz: one wbicb Heuneguy

and Tb^loban pronounced a fungus, and one \vbicb he determined to be Thelohania

contejeani.

1. The former he describes as follows:

Spore.—Cellules elongate, ovoid, cylindrical, or strangulated toward the middle,

according to the degree of development. Shell double-contoured; protoplasm

A'acuolate, escaping amuiboidly through a small lateral orifice. Spores apparently

not capable of growth in nutritive fluids.

Habitat.—Confined to the intestinal canal of the diseased crayfishes. The observa-

tions were made in June and July (1892), the months of maximum severity of

the epidemic.

Crayfish epidemic.—Causes: Alterations of streams by industrial or agricultural

products can have only a subordinate and local influence.

Area invaded divisible into 3 zones: (1) Lake Mantua (and its outlet to the sea,

the river Ain); formerly renowned for its crayfishes, which constituted an important

revenue; now destitute of crayfishes. (2) The Merloz rivulet, an aflluent of the

lake, containing sound and diseased crayfishes, the latter showing the symptoms of

the pest. (3) The sources or Doye des NeyroUes feeding the lake and the Merloz

rivulet, from which latter it is separated by a dam, above which all the crayfishes are

healthy.

The stoppage of its advance by the dam and its inability to grow in nutritive fluids

caused Dubois to susj)ect it to be an animal (possibly a sporozoan) which ascended

the watercourse from the sea, perhaps brought by a fish. Tb61oban and llenneguy,

however, from an examination of bis material, believed the form to be a fungus.

The Distome described by Baer in 1827 (when no epidemic existed), to which Harz

attributes the crayfish epidemic, was sought for in vain.

2. Thelohania con ^e/eani.—Feeding experiment: Sound crayfishes were isolated

in reservoirs and fed, some with butcher's meat, and others with the flesh of trout,

carp, pike, and roach. After three months those fed on roach showed parasites iu

the abdominal muscles. This parasite was identical with Thelohania contejeani.

Dubois asks: Do relations exist between the parasite found in the muscles and the

intestines in October, and that found in July iu the abdoment
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l^pore formation.—Xumher of spores found in each sporigenons area

variable, always, however, more than 8, in which respect the present

species differs from the spores of Palcemon and CrangonJ Spores some-

times free, sometimes S tog«'ther in a common envelope, as in Palcemon.^

>Spore.—Size approaching and appearance the same as that of T. octo-

spora; ovoid, length 2 to 3 yu, with a clear vacuole in the larger end.

Habitat.—Striated muscles of Astacua fluvlatilis (crayfish) from the

Department of Doubs, France; collected by M. Contejean in 1890.

Pathological anatomy.—On section the muscles show nearly the same
appearance as in Paliemon and Crangon ; the fibrillre being separated by
parasitic masses, which in transverse sections appear as numerous
deeply stained punctules, and which in longitudinal sections assume the

appearance of irregular chains separating the fibrillar; the latter have
preserved their normal appearance, the striae beiug perfectly distinct.

Xature.—The material was available only in alcohol, to which it had
been transferred from Fol's liquid. Owing to this, Hennegiiy and The-

lohan were unable to demonstrate the capsule with filament. The
similarity to the other species leads them, however, to believe it a

myxosporidian.

Effects.—A notable diminution of muscular vigor was clearly estab-

lished with the myograph by M. Contejean.

Epidemics.—In the Department of Doubs this disease has raged with

intensity among the crayfishes during several years and has caused the

death of a very great number of individuals. It seems now to have
disappeared. Moreover, this parasite can hardly be special to the

watercourses of Doubs, and, remembering the considerable mortality

caused by it in that Department, it is to be presumed that this hitherto

unknown organism has played a role in the genesis of the epidemic

which raged for several years in the East, and which has almost com-

pletely destroyed the crayfishes of that region.

31. Thelohania octospora Henneguy, 1892. PI. 10, fig. 6; pi. 11, figs. 1-5.

(Parasite of Palcvmon rectirostris and of P. serratus, Henneguy, 1888, M^m.
pnbli^es Soc. philomat. Paris I'Occas. Centen. Fondation, pp. 163-71; ii.,

Tlielohan, 1891. Joum. de Microgr., xv, p. 146; ih. of P. rectirostris,

Th^lohan, 1891, Conipt. Rend, hebdom. Soc. Biol. Paris, iir, p. 28, name
only; ih., Th^lohan, 1891, Journ. de. Microgr., xv, pp. 146-7; ih., Pfeiffer,

I'^ni, Die Protozoen als Krankheitserreger, 2 ed., pp. 114-5; ih., Theloliau

and Henneguy, 1892, Coifipt. Rend, hebdom. Soc. Biol. Paris, iv, p. 586.)

Thelohania octospora in Th^lohan, Bull. Soc. philomat. Paris, iv, pp. 165-6,

174, footnote; ih., Henneguy and Thdlohan, 1892, Annal. de Microgr., iv,

pp. 621-27, 629-032, pi. 4, figs. 1-8; ih. Gurlcy, 1893, Bull. U. S. Fish Cora,

for 1891, XI, p. 410; ih., Braun, 1893, Centralbl. f. Bakt. u. Parasitenkde,

XIV, pp. 739^0; ih., Braun, 1894, Centralbl. f. Bakt. n. Parasitenkde,

XV, p. 86.

1 Henneguy and Th^lohan, Compt. Rend, hebdom. Soc. Biol. Paris, 1892, iv, p. 749.

*Henueguy and Th^lohau, 1892, Annal. de Microgr., ii, p. 638.



198 REPORT OF THE COMMISSIONE!? OF FISH Am) FISIIEKIES.

Life hisfori/.—All the individuals, whether wholly or only partly

invaded, showed the same developmental stage. It seems fair to sup-

pose the first stage to be a jilasmodioid mass in which the spores form.

The constant presence of 8 spores suggests their origin by successive

bipartition, as occurs with the falciform corpuscles of Oregarines (Hen-

neguy, 1888). The stage of development of the parasite of P. serratus,

taken in connection with the date of capture, indicates that the course

of development of the parasite is the same in this crustacean as in 1*.

rectirostrh (Ilenneguy and Thdlohan, 1892).

Cyst.—Henneguy vainly endeavored to detect, even under very high

powers and with different reagents, in material, fresh or fixed, dissu-

ciated or sectioned, a cyst membrane, and believes the cyst to be

absent. This view is, he thinks, confirmed by the irregularity of the

distribution of the pansporoblasts between the fibrilLne.

rauHporohlast (''vesicles" of Henneguy, 1888).—Rounded, diameter,

10 /< ; membrane thin, transparent, resisting potassium hydrate solution,

apparently not presenting local thickenings as in T. (jiardi.

Spore formation.—Each pansporoblast i^roduces 8 spores, which fill

only a portion of its cavity and are disposed without order.

Spore.—Length, 3 to 4 pi; pj^riform, very refringent; capsule present;

length of filament 40 to 50 u; exit, produced, after failure of all other

reagents, by ether, whose action is rapid and perfectly definite, and

affects a large number of spores; usually extruded completely, some-

times, however, only partially uncoiled; capable of staining with aniliu

stains, among others violet 5B. The electivity of the filament for ether

is a striking peculiarity.

ILahitat.—Interior of muscular fibers (between the ultimate fibrillae)

of FaUemon rectirostris Zadd (prawn), from the salt marshes at Le Croi-

sic; the same seat in P. serratus from Concarneau and from Roscoff. In

P. serratus less common than in P. rectirostris, in which latter it is (at

least at Le Croisic) extremely frequent. It is never found in the diges-

tive tract, nervous system, glands, sexual organs, or anywhere but in

the muscles.

Affinities.—By its exclusive seat in the muscles, and by the form and

grouping of the spores, the parasite ajjpears to be incontestably a sar-

cosptnndian, differing from those of the Mammalia in the absence of a

surrounding membrane.. The spores, also, are a little different from

those of the other Sarcosporidia. They recall certain myxosporidian

spores. This form also presents much affinity with the Microsporidia

of the Artliropoda. the latter having the same refringent aspect and

more or less oval shape of the present species, and being, like it, inclosed

in "vesicles." One finds them in all tissues, but not in the interior of

the muscle fiber. There, then, probably exists a rather close relation

between the Micro-, Myxo-, and Sarcosporidia, and the parasite of

FaUemon appears to represent a transition form between the 3 groups

(Uenneguy, 1888).
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Tlie discovery of the capsule settles the question in favor of its myxo-

sporidiau nature. It is thus neither a sarcosporidian nor a transitional

form (Henneguy and Thelohan, 1892).

Microscopic technique.—Henneguy fixedby alcohol, osmic acid solution,

Flemming's, Perenyi's, or Kleineuberg's liquids, dehydrated, paraffined,

sectioned, affixed with Mayer's albumen, and stained, preferably with

gentian violet (Ehrlich's) and eosin. Parasites (also nuclei of muscles,

connective tissue, epithelia, nerves; which, however, can be washed out)

violet; muscles rose-red. Picro-carmine; muscles red, spores yellow.

Safranin; tissue nuclei red, spores same, but fainter.

T. octospora differs from T. giardi in the smaller size of the panspor-

oblast, and apparently also in the absence of thickening of its mem-
brane.

Pathological anatomy.—Macroscopic: Easily recognizable by the chalky

or porcelaneous opacity^ which forms a constant and characteristic sign

of the presence of these Myxosporidia. Opacity limited to the muscles

invaded, consequently varying in extent with the degree of infection

;

in slight (and in the beginning of all) cases being limited to some
white string in one or several abdominal segments, or only one or two
segments (most frequently then the first ones, the disease appearing to

progress from before backwards) are opaque white. Ad maximum^ the

entire body becomes white except the region of the heart and stomach

which always, and some parts of the claws, antennoe, beak, and abdom-
inal segments which usually, remain transparent. These exceptions

constitute the only difference between this condition and the opacity

produced by heat or alcohol.

Microseoi)ic.—Low powers: In examining a teased or slightly com-

pressed muscle fragment, one immediately i)erceives, besides the normal
primitive fiber bundles (easily recognizable by their transverse stria-

tion), elongated spaces parallel to these bundles, contrasting strongly

therewith, and apparently filled with a peculiar finely granular sub-

stance. Dimensions of spaces approximating those of the normal

fiber bundles; their transverse diameter, however, a little greater.

Number of spaces varying ^flri^rtss?^, and the intervening sound tissue

varying inversely, with the intensity of the infection, the opaque spaces

being in contact or more or less widely separated by sound fiber bun-

dles. The proportion of the fibrillin invaded is best appreciated in

transverse sections of the muscles. In extreme cases nearly all the

fibers may bo aff'ected. Longitudinal sections show the parasite in the

form of violet chains between the rose-red normal fibrillar (gentian

violet; safranin).

Higher powers : At first sight one would believe that each of these

productions is entirely composed of a parasitic mass interposed

between the primitive fibers, but a more thorough examination shows

'The same opacity is found in the mnscles of CalUonymus lyra, Coitus scorpio, and
Bnrius iarins, and outside the muscles the parasites exhibit the same color.
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tliat each space corresponds to a i»riinitive liber Imiidlc whose normal

aspect is profoundly niodifted by the presence between its fibrilhe of

elements of a parasitic nature, whence results a slight increase of width

of the fiber bundle. Most often tlie fibrillar- do not present a sensible

alteration. Sometimes (probably when a great quantity of the para-

sitic element has led to a considerable separation) the elasticity of the

fibrilliii is overcome, rupture resulting*. Even under these conditions,

however, the muscle stria? remain exceedingly clear, no degeneration

ever having been observed, as in Callionymus and the barbel.

The nuclei of the muscle fiber are more numerous and smaller than

normal; this feature is particularly well shown by safranin (Henneguy,

1888).

Ufects.—The muscular vigor is considerably diminished. Thus, if a

number of P. rectirostris living in the rivulets of the salt marshes be

frightened out of their shelter among the vegetation, even although

the new shelter sought by them be near at hand, the diseased white

individuals (immediately recognizable against the strongly contrasted

muddy rivulet bottom) lose ground and remain considerably beliind the

sound ones. Further, one knows with what ease the prawns jump out

of the vase in which they are held captive. If sound and opaque

prawns be placed together in a basin, after some hours the sound ones

have nearly all dispersed around the vessel, while the opaque are there

still, or have only succeeded in sticking to the wall of the basin, how-

ever small the bound required to overleap the barrier. Considering

the intensity and universality of the muscle infection, the dimiiuition

of muscular vigor is quite natural; indeed, the surprising feature is

the relatively great agility retained by muscles the bulk of whose con-

tractile substance is much inferior to that of the parasite, and in some

cases it is truly astonishing that muscnlar power is not completely

destroyed. Among the diseased Pal^emons no egg-bearing females

were seen. Perhaps this may be a case of " parasitic castration," Tlie

diseased individuals do not survive very long, all succumbing by the

end of autumn, as during the winter not one can be found.

Conditions and mode of infection.—The prawns affected are usually

found in small shallow ditches containing a layer of water 0-10 m. to

0-20 m. deep, along the slope separating the compartments from | the

salt marshes. Tlui water of these ditches is rarely renewed and acquires

an elevated temperature. These are probably tlie conditions favorable

to the developuient of the parasite. It is difificnlt to decide whether

the parasite finds an entrance by way of the alimentary canal. Ilen-

neguy seems to favor the contrary view, as the first lesions are found

at places remote from the digestive tract.

Artificial infection.—Captive Pahemons fed for several months with

diseased tissue showed no signs of infection. It was impossible to pro-

long the experiment to see whether infection would ultimately ensue

Cllenneguy, 1888). P. rectiroatris fed for months with diseased tissue
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never showed, under the most careful microscopic examination, tlie

slightest trace of infection (Henneguy and Thelohau, 1892).

Season.—Bisea^e most frequent and at maximum of development

from aboui July 15 to the end of August; number affected diminishing

in September; diminution more pronounced in October; disappearing

entirely after November 15; reappearing about March 15 or the first

days of April.

32. Thelohania giardi Ilemieguy, 1892. PI. 12, figs. 1, 2.

Crangoa
vulgaris,
"parasite"

etc., of.

giardi.

Thelohania

Thelohania

Thelohania
Thelohania

Thelohania

Date..

1892

1892

1892

1893
189:^

1893

1894

Authority; reference.

Thfelohan & Henneguy, Compt. Eend. hebdora. Soc.

Biol. Paris, IV, pp. 586-7.

Hennoguy in Tlielohan, Bull. Soc. philomat. Paris,

IV, pp. 165, 174, footnote.

Henneguy & Tliclohan, Annal. deMicrogr., IV, pp. 621,

624, 626-31, pi. 4, figs. 9-25.

Ohlmacher, Journ. Amer. :Med. Assoc, XX, p. 562.

Gurley, Bull. V. S. Fish Coiu. for 1S91, XI, p. 410.

Braun. Centralbl. f. Bakt. u. Parasitenlide, XIV, pp.
739-740.

Braun. Centralbl. f. Bakt. u. Parasitenkde, XV, p. 86.

* Crangnon ; error.

Cyst unknown.

Spore /or»mtioj«.—Pansporoblast spherical; diameter 14 /< (12 to

14 yw); in the young stages consisting of a very thin membrane

resisting potassium hydrate, inclosing a very transparent, scarcely

granular, shghtly refringent protoplasm, having at its center a rather

large nucleus (pi. 12, fig. la, b), often visible in the fresh state, becoming

much clearer under the action of reagents.

(1) Segmentation of the pansporoblast: The nucleus first presents

the typical resting structure with a distinct membrane. The chromatin

can take on different arrangements, sometimes forming one grain much

larger than the others, sometimes a variable number of smaller sub-

equal grains, or sometimes crowded back against the membrane, pre-

senting here and there- thicker portions (pi. 12, fig. 1). Subsequently

a remarkable modification occurs: the chromatin has become arranged

in filaments, the membrane has disappeared, and the nucleus assumes

the arrangement known as the chromatic coil; very soon the chro-

matic filaments orient themselves into a very distinct equatorial plate,

which becomes double, the process resulting in the formation of 2

daughter-nuclei. We thus have a true karyodieresis. The achromatic

filaments were not seen, doubtless owing to their rather small size and

partly, Henneguy and Th61ohan believe, to the nature and optical proper-

ties of the protoplasm . Protoplasmic segm en tation soon follows nuclear

division, and one sees, within the primitive pansporoblast membrane, 2

small distinct nucleated masses. In their turn these 2 masses divide

and redivide, the process ending with the formation of 8 small plasmic

bodies (sporoblasts) within the original pansporoblast membrane. The

divisions do not take place very rapidly, and between successive ones
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tlie nuclei have time to return to a state of rest, whence they again pass

through the same stages preliminary to division.

The sporoblasts have no regular arrangement within tlie pansporo-

blast membrane; their shape is inconstant, varying with their arrange-

ment; they generally approximate a truncate-pyramidal form. Each
sporoblast develops into a spore. Spores thus contained 8 in each

pansporoblast membrane, without regular arrangement, not nearly

filling the cavity. This is the last stage of development reached in the

muscles of the host.

Pansporoblast membrane retaining its original dimensions, perfectly

transparent, very thin, although the double contour is easily visible,

showing in optical section marked thickenings, often 2 in number (pi. 12,

fig. Ik).

(2) Development of sporoblast into spore: Owing to the very minute

size of these bodies, it is almost impossible to follow this development
in detail or to confirm the facts discovered in the larger forms by Thelohau,

viz, sporoblast segmentation, number of nuclei, etc.

Development of capsule: A peculiar arrangement, believed to be

connected with the development of the capsule, was noted, viz : often in

the body of the sporoblast, near the nucleus, a clear rounded space, into

which a small protoplasmic button projects. This observation is, how-

ever, a very delicate one, and the figures are slightly diagrammatic.

MorplioJogyoftlie uporopliorous vesicles.—The constitution and develop-

ment of the spore-i3roducing vesicles permit us to consider them only as

the morphological equivalent of the pansporoblasts of the other Myxo-

sporUUa. These octosporophorous pansporoblasts form a transition

from the oligosporogeuetic pansporoblasts of the larger species to the

polysporogeuetic pansporoblasts of Glugea^ which latter produce a con-

siderable and inconstant number of spores. Above all, one fact is here

to be noted, viz, the entire absence of a myxosporidium. ISTo structure

whatever could be detected which could be regarded as its morpho-

logical or physiological equivalent.

But whence come these spore-producing vesicles! Evidently they do

not represent the first stage of development. Now if, as is usual, they

are formed in the interior of a protoplasmic mass, what has become of

the latter? In all other known species a considerable protoplasmic

residue remains, even of myxosporidia whose development is completed,

and in which young pansporoblasts are no longer to be found, but only

entirely mature spores. But here are young pansporoblasts at their

simplest (uninucleate spherules) \x\t\\ not the slighest trace of a sur-

rounding ])r()t(>plasm. As long as we had only found these organisms

in the mature state (as sporophorous vesicles) that absence might have

been explained, in case of necessity, on the supposition of a complete

previous transformation of the myxosporidium into pansporoblasts, the

myxosporidium vanishing in the process or leaving only insignificant

vestiges. But in the presence of the now known earlier phases of

development this hypothesis seems hardly admissible.
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Heuiiegiiy aud Tlieloliau add

:

Is it necessary to admit the existence of a plasmic mass [myxosporidium] which is

completely transformed into sporoblasts? This mode of view can evidently he
defended ; no fact, however, comes to its support, and it has the grave fault of deviating

widely from what one knows of the development of the other species. On the whole
we must admit that there is here a point in the history of our parasite which our
researches have not elucidated, aud the state under which it is presented constitutes

a curious peculiarity which, at least in appearance, establishes an important distinc-

tion between it and the other Myxosporidia.

Abnormalities ofdevelopment.—One ratlier frequently encounters spores

which are larger than the others and which exhibit a constriction (pi.

12, fig. 11). At first view one is tempted to question whether this is

not a phase of division. Similar productions are rather frequent in

Glugea anditi the Microsporidia (whose spores offer much resemblance

to those of TheloJianla),v^'heYe they I av.' been seen by Pasteur/ who
considered them as corpuscles in process of division. On the contrary,

Balbiaui, who has studied them with care, regards them as the result of

malformations, a view which Henneguy and Thelohan adopt in the pres-

ent species. If fig. 12, pi. 1 1, be considered, it is quickly seen that this

is the only interpretation admissible. One sees there 4 normal spores,

and 2 larger structures constricted toward their middle and presenting

attenuated extremities similar to the small ends of normal spores. The
appearance of these elements and their dimensions cause one to think

of 2 spores soldered by their large extremities. There can no longer

remain any doubt in this respect if one considers that by supposing

these spores separated the typical number of spores in the pansporo-

blast is made up. In reality, then, the 2 spores in question have, in

consequence of an accident which has occurred in the course of their

development and by a process which we have not been able to follow,

contracted an intimate adhesion at the level of their large extremity,

the point where this soldering has taken place remaining marked by a

constriction. The limited number of spores in each pansporoblast ren-

ders the proof much more easy here than in Glugea and the Microsporidia,

where the number of spores is much greater and not constant.

[I can not see why these could not be more simply and better explained

as malformations, the result of development from imperfectly segmented
pansporoblasts, i. e., as developing from a quarter-segment of the

pansporoblast which failed to divide completely. The partial fusion of

2 spores where no pressure-atrophy of the shell could be assumed, seems
very improbable, (cf. p. 180). E. R. G.]

Finally, although not pertaining directly to the Myxosporidia, in this

connection the following from Kunstler and Pitres^ may be quoted:

The small forms often show themselves constituted in such a manner that they
appear to be in way of division (figs. 8-12). The multiplicity, the variety, and the

constancy which these appearances present seem to show well that this is really a

'Etudes sur les maladies des vers h sole, Paris, 1870.

* Journ. de Microgr., 1884, viii, p. 522.
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process of division. So)no divide into 2 equal parts (lig. 8) ; in others the parts are

of unequal dimensions (liffs. 0, 10), and often this division recalls strongly a phe-

nomenon of terminal or lateral budding (iig. 11).

Spore.—Very refringent, pyriforra; anterior end mucli more acute;

length 5 to G //; sliell with very fine h)n,i;itu(linal striaj; coiikl not deter-

mine wliether bivalve or not.

Capsule : In fresh material the highest powers reveal nothing suggest-

ive of a capsule, the anterior extremity appearing merely more shaded,

seeminglyoccupiedbyahomogeueous, refringent substance. Onesome-

times sees, however, near the anterior end, a clear streak (pi. 12, lig. lo)

believed to be due to the capsule, but it is too indeQnite and exceptional

to prove the existence of that structure. Stained sections afford no aid

here.

Filaments: Extrusion not produced by iodine, potassium or sodium

hydrates, glycerin, heat, acetic or formic acids, or by ether. Hydro-

chloric and nitric acids produced extrusion; the latter difiBcultly obtain-

able, observed only in a very small number of cases in spite of repeated

efforts. Strangely enough, this method failed completely to produce

extrusion in T. octospora and, on the contrary, ether, the only agent

which succeeded in that species, was without effect on the spores of T.

giardi. Filament 15 to 20 /^ long; usually extruded completely, some-

times, however, extruded only partially uncoiled; susceptible toanilin

stains, among others violet 5B.

Sporoplasm : Safranin or gentian violet (apparently the best stains

for these organisms) yield 2 different appearances, according to the

degree of decoloration. If slightly decolorized, the vacuole alone is

visible, but when decolorized ad maximum only some colored grains

remain in front of the vacuole. Sometimes two or three are distin-

guishable; most frequently, however, only a small colored band (appa-

rently formed of fused granules of indeterminate number) is seen.

Vacuole aniodinophile.

Habitat.—Seen only once in Grangon vulgaris Fabr. (shrimp), from

Boulogne. Probably the course of development is the same as in

Palcemon, as in the single specimen taken the state of development of

the parasite corresponded to the state of development in Palcemon at

the same date.

Patlioloyy.—Everything under T. octospora relative to the opacity

produced in the host applies equally to T. giardi, except that, by reason

of the less perfect normal transparency in, and the pronounced tegu-

mentary pigmentation of, Crangon vulgaris, the modification is less

striking, though it is always sufficiently sharp to permit the recogni-

tion of the infected individuals without any difficulty.

Effects.—Ehrenbaum^ noted abnormal individuals of a paler, more

opaque color, destitute of the normal greenish tone, apparently con-

siderably enfeebled, dying more rapidly than the normal ones when

'Zur Nalurgeschichte von Crangon vulgaris, Berlin, 1890, pp. 11, 12.
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thrown out of the water. The abnormal individuals never included

egg-bearing females.

This, Henneguy and Thelohan think, recalls the asjiect of Crustacea

infected by Myxosporidia. They have also never seen egg-bearing

females among the infected Paliemons. Perhaps we have here, they

think, another case of " parasitic castration."

Infection experiments.—A Caradina desmuresti fed for 71 days with

the muscles of an infected Crangon, showed, on the most careful exami-

nation, no sign whatever of infection.

33. Thelohauia macrocystis Gurley, 1893. PI. 12, tig. 3.

(Sarcosporidian o£ Pakeriioaetes varians Garbini/ 1891, Rend. Real. Accad. Liu-

cei Roma, vii, Sem. 1, pp. 151, 152 with fig. ; myxosporidian of ibid., Thdlo-

han and Henneguy, 1892, Compt. Rend, liebdom. Soc. Biol. Paris, iv, p. 586.)

Thelohaniamacrocjjstis, Bull. U. S. Fish Com. lor 1891, xi, p. 410; ib., Braun,

1894, Centralbl. f. Bakt. u. Parasiteukde, xv, p. 86.

Sporophorous vesicle.—Elongate fusiform. This is the principal char-

acter distinguishing this species from T. octospora, which has perfectly

rounded vesicles.

S2)ores.—Eight in number, pyriform, shell difficultly stamable, col-

oring only in a 0-5 per cent boiling solution of eosinj spores easily

staiiuible by Gram's method; in the larger posterior end a distinct

round "nucleus" more clear and transparent than the surrounding

sporoplasm. Together with these forms are others with a thicker and
more difficultly stainable shell, within which 8 corpuscles are Avith diffi-

culty discernible; probably these represent more advanced stages of

the same parasite. Garbini failed to lind other developmental stages

corresponding to those found by Henneguy in T. octospora. Inocula-

tion of healthy animals proved a failure.

Habitat.—Occurring in great numbers in the muscles of Palcemonetes

varians (prawn) from the Mincio in the neighborhood of Verona.

Nature.—This species has much analogy with Thelohania octospora,

but presents some noteworthy differences that warrant its specific sep-

aration.

Ordo II. Phsenocystes Gurley, 1893.

Etymology: (pfio^^, I appear; kvotiq, capsule.

Bull. U. S. Fish Com. for 1891, xi, pp. 409, 410; ib., Braun, 1894, Centralbl. f.

Bakt. n. Parasiteukde, xv, p. 86.

Definition,—Myxosporidia, in which the pansporoblast produces few

(1 or 2) spores; the latter relatively large, with distinct symmetry and
2 or more capsules;^ type family, Myxoholidoi.

1 First described in Garbini's "lutorno ad ua nuovo microorganismo p.arassita del

Palcemonetes varians (title only); Atti Real. Accad. Lincei Roma, 1890, vi, p. 526;

unpublished.

^Except Myxobolus U7iicaj)8ulatus and M. 2ii>'ifonn,is, This qualification is omitted

by Braun.
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Fam. MYX0B0LIDJ3 Gmloy, 1893.

(Mijxosporidieoe^ Perugia, 1891, Boll. Scientif., Pavia, xin, p. 28; Myxobo-
Ices Tiielolian, 1892, Bull. Soc. plulomut. Paris, iv, pp. 173, 176.)

MyxoboUdiv, Bull. U. S. Fish Com. for 1891, xi, p. 413; Myobolca [TlnH.]

Brauu, 1893, Ceutralbl. f. Bakt. u. Parasiteukde, xiv, p. 739; ib., Braun,

1894, Centralbl. f. Bakt. u. Parasitenkdo, xv, p, 86.

Definition.—Fluvnocystes, wLose spores are destitute of aiitero-pos-

terior, but possess bilateral, syinnietry;^ capsules 2, iu 1 groui) at the

anterior end; a bivalve shell, the plaue of junction of whose valves is

parallel to the l()ni>itudiual i)huie; an iodinophile vacuole; type (and

only) genus Jllyxoljolus.

IV. MYXOBOLUS Biitsclili, 1882.

Etymology uot giveu.

Bronu's Tbior-lteicb, i, pi. 38, figs. 6-10, aud of subsequent authors; j7).,Lauk-

ester, 1885, Eneycl. Britan., 9 ed., xix, p. 855; ib., Thdlohan, 1890, Auual.

de Microgr., ii, p. 213; Myxosporidium^ Perugia, 1891, Boll. Scieutif., Pavia,

XIII, p. 23; ih., Weltner, 1892, Sitzgsber. Gesellsch. Naturf. Frounde
Berlin, p. 34; MyxosporUlium, ibid., p. 35; Myxobolus et Hennefjuya* Th61o-

hau, 1892, Bull. Soc. philomat. Paris, IV, pp. 176, 177; Myxobolus, Perrier,

1893, Traitd de Zool., p. 460; ih., Gurley, 1893, Bull. U. S. Fish Com. for

1891, XI, pp. 411-13; i&., Braun, 1894, Centralbl. f. Bakt. u. Parasiteukde,

XV, p. 86.

Definition.—Characters, those of the family.

Hennegnyais separated from Myxohohis by only 2 characters, viz, (1st)

capsules constantly 2, and (2d) the presence of a tail. Tnasmnch, how-

ever, as all the numerous typical Myxoholus species have 2 capsules, and
only 2 species are known to deviate in this respect in the direction of

capsule-rednction, the typical number of capsules in Myxoholus is 2; so

that the 2 ditferential characters in reality reduce to the siugle one of

the presence of a tail. This in itself is not sufficient to warrant a

generic separation, especially in view of the entire accord betweeji the

tailed and untailed forms in regard to symmetr^^, similar position of the

valves, exactly similar vacuole, nuclei, etc. Besides, it may be noted

that it has been several times asserted that tailed and untailed forms

occur iu the same cyst. Thus Miiller,^ Lieberkiilm,'^ and Biitsclili''

^ Myxosporidiam Perugia (synonym for Myxobolus BiitscMi?) proposed as type

of Fam. Myxospondiuo} Perugia, by the author in Bull. U. S. Fish Com. for 1891,

XI, p. 413.

^Except species which have suifored reduction of characters {Myxobolus iDiicapsn-

latus, M. inrifovnus, M. incqualis). Porliaps M. sirongyhirus should be added.
^ Myxosporidium merhicii proposed by the author (Bull. U. S. Fish Com. for 1891

(1893), XI, p. 413) as the type species. The name Myxosporidium, having been pro-

posed as a new name for a genus formed by the fusion of several good genera each

of which already possessed a name in good standing, must be suppressed.

* ITenncynya psorospennica proposed as the generic type by the author (Bull. U.

S. Fish Com. for 1891 (1893), xi, p. 413).

''See Myxobnhis sp. 01. ]>. 210.

"Miilltr's Anhiv., 18JI,p. 6; M(5iu. C'our. et Mom. Sav. Tltraug. Acad. Roy. Belg.,

185.-1, XXVI, p. 37.

Bionn's Tiiicr-Koieh, 1882, I, p. 5!I7. This is i)robal)ly only an opinion as to the

consensus, and not an independent one.
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have all asserted this couditioa. It is, however, almost impossible for

me to believe that a tailed species is ever (except of course from break-

age, and I have seen many spores deceptively broken) iintailed or that

an Iintailed species is ever tailed. I do not recognize as true tails those

l)rocesses evidently monstrous (as shown by their aspect, their great

rarity, their wide divergence from the tyjiical forms, and the lack of

transitions thereto) which are very rarely observed in untailed species.

Thus I have seen among hundreds of spores of Myxoholus ohlongus

such a form. But that (and also those reported by others belong, I

suspect, to the same category) should not be confounded with a true

tail. In other words, I believe the j)resence or the absence of a tail to

be a good specific character, but not a generic one. Finally, even if the

above observations should be admitted to be accurate, might not the

conjunction be better exijlained on the supposition that the 2 forms

were in the same tumor, but not necessarily (at least until i)roven) in

the same cyst, i. e., produced by the same myxosporidium. Although
such a close apiDrosimation of 2 different species in the same tumor has
not been seen, Th^lohan is authority for an equally close api)roxima-

tion of 2 different genera in the renal tubules of Gasterosteus aculeatus

and those of Pygostcus imngitiiis. Finally, in this connection pp. 245, 246

should be consulted. I saw Weltner's res'ults long after writing the
above, and perhaps they may demand some modification of it.

Shell.—This structure is bivalve throughout the whole of the genus,

the valves being superior and inferior.

Ribhons ("elastic ribbons" of Balbiani).—These curious and prob-

ably abnormal modifications of the ridge are found only in, and are

described under, Myxoholus ellixisoides (j). 223).

Tail (see also pp. 245, 250, 254).—Tliis structure is found only in some
species of Myxoholus. It was first noted by Mliller, who says ' that it

is merely a solid prolongation of the shell substance not containing any
extension of the body cavity. This is also, I believe, the view of its

structure entertained by all subsequent observers.

Balbiani regards the tail as formed by the coaptation along the
median line of his "elastic ribbons" (p. 223). The tail would thus
consist of 2 lateral halves. This view may be safely rejected, as, if the
tail is really composed of two halves, the latter must be superior

and inferior, and not right and left. The latter view of its structure

(2 halves, superior and inferior) is taken by Th^lohau,^ who says that

the tail is composed of 2 halves (the respective superior and inferior

positions of which are necessarily implied, since he says the bifurcation

always takes ijlace in the longitudinal plane), whose occasional imper-
fect coaptation results in the bifurcate condition frequently observed.

Finally, since writing the above, I have been enabled, by the kind-

ness of Prof Beth E. Meek, to examine Myxoholus of. linearis (p. 253), in

1 Miiller's Archiv., 1841, p.. 479.

«Aunal. de Microgr., 1890, ii, p. 206.
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wliicli tlie composition of the tail by the coaptjitioii of a superior and

an iufoiior half is easily deiaoustrable.

In at least one species, liowever, this structure of the tail appears

not to obtain. In Myxoholus macrurus the structure in question seems

not to be a shell process at all, but an independent structure with dif-

ferent optical and (;hemical properties. Although at lirst inclined to

suspect the existence of the two lateral pieces (without the median

Ijiece; see p. 250) in the untailed forms, 1 was unable to detect any

trace of them, as iodine failed to separate such a structure. Further,

I was unable to prove the constancy of the initial ^^os^^^rior divergence

of the valves which in M. macrurus I suspected to be correlated with

the described structure of the tail.

i^porojilasm.—Correlated with the typical number and position of the

capsules is the characteristic peltate shape assumed by the sporoplasm.

The shape and the topographic features of this structure are described

in detail under Myxobolus macrurus (p. 251). The si)oroplasm contains

nuclei, an iodinopliilc vacuole, and " granules."

Nuclei (see also "granules" below).—These were first observed by
Theloban. He desciibes' the condition as follows: A series of spores

proijerly stained shows some with 1 nucl:Mis (frequently situated at or

near the median cornua) and others with 2, 3, or 4 nuclei, everything

pointing to their origin by division from the single one. The subse-

quent ones ai)pear to migrate at first outward and then backward.

Vacuole (iodinophile).—Although visible on some of Miiller's figures,

Biitschli^ was the first to direct attention to this structure. He
described it as a nucleus, remarking that, though sometimes visible iu

the fresh state, it became more distinct upon the addition of acetic acid

or iodine solution. lie failed in his efforts to stain it, a result that he

attributed to failure of penetration through Lhe shell of the staining

fluid.

In 18S9 Thelohan^ corrected this erroneous interpretation, showing

that the structure in question is a vacuole. Little differentiated in the

fresh state (on account of similar refrangibility) from the sporoi)lasm,

it becomes evident when the latter is coagulated by alcohol, acetic,

nitric, or osmic acids, or by silver nitrate solution (2 per cent). Its

chief niicro-cheniical characteristic is its extreme resistance to nuclear

stains, which affect all the surrounding parts.'* Iodine alone stains it

a brownish red, the remainder of the protoplasm taking a pale yellow

hue. The iodine reaction exactly resembles that exhibited by glyco-

' Annal. de Microgr., 1890, ii, p. 210.

^Ztschr. f. wiss. Zool., 1881, xxxv, p. 636.

'Compt. Rend. Acad. Sci. Paris, cix, pp. 019-920. For Perugia's confirmation sco

il. merlucii, p. 243.

••Biitsclili, indeed, states the contrary, butmy own results are throughout in accord

with those of Thclohau, as are also those of I'crugia (Boll. Scieutif., Pavia, 1891, xiii,

p. 2i).
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geiiic matter. The vacuolic conteuts further resemble tlie hitter iu

being insoluble in alcohol. Spores kept in this liquid preserve tlieir

reaction towards iodine. The vacuolic matter shows a further resem-

blance to glycogen in its solubility in alkalies. Acids modify it so that

after their action it no longer exhibits the iodine reaction. Thelohan

was never able to obtain the reduction of the cnpro-i)otassium solution.

Pfeiffer^ regards it as a nucleus, as does also Weltner.^

My own observations are in entire accord with those of M. Thelohan.

The structure in question never colors with any staining reagents

nuclear or jilasmic. It stains (alcoholic specimens) with iodine, exactly

as stated by Thelohan, and is, I think, unquestionably a vacuole.

The vacuole is single, subglobular, usually central or subcentral,

differentiated negatively (unstained against a dark ground) by staining

reagents, and positively (dark brown against a light ground) by iodine.

Granules ("globules,'' etc.).—As late as 1881, Balbiani^ regarded

these as latent capsular germs, destined to develox) into accessory cap-

sules at the period of reproduction.

These granules appear to be of three kinds

:

1. " Globules " present in fresh material. Those situated far forward

(usually found at the side of, and apparently connected with, the

capsule) were first observed by Biitschli'* in Myxoholus onillleri, and
subsequently by Thelohan ^ in M. oriforniis. I have also seen them in

M.macrurus. According to Thelohan, these are fatty, as they blacken

strongly with osmic acid and dissolve in alcohol.

2. " Granules " distributed irregularly through the plasma are men-
tioned by Biitschli (loc. cit.).

3. The pericornual nuclei. The " granules " forming this series are 2

in number, mimite, brilliant, subsymmetrically situated near both the

lateral cornua and the ])osterior extremitj^ of the capsule. These bodies

were first noted by Miiller.*^ Subsequently (as above mentioned), Bal-

biani regarded them as capsular germs.

In 1881 Butschli described at some length the different appearances
presented by these bodies in Myxoholus miilleri (p. 220).

^ Die Protozocu als Krankheiiserreger, 1891, 2 eil., p. 17.

2 Sitzungs-Ber. Ges. Naturf. Freunde Berlin, 1892, p. 32.

^CoDipt. Reud. Acad. Sci. Paris, 1863, LVii, p. 160; L^§ons sur les Sporozoaires,

1884, p. 144. In the latter place he says

:

" One remarks iu the cavity of the psorosperm other small corpuscles which appear
as refriugent globules to the number of 3 or 4, symmetrically disposed, often placed
at the base of the twin vesicles. I have considered these small globules as vesicles

with a filament in a rudimentary state, destined to be developed at the moment of
reproduction, for at this moment the psorosperm contains 3 or 4 ^esicles with fila-

ments. Biitschli has attacked this manner of view, nevertheless I believe I should
maintain it."

•• Ztschr. f. wlss. ZooL, 1881, xxxv, p. 637, pi. 31, fig. 2.

6 Annal. de Microgr., 1890, ii, p. 211, pi. 1, fig. 8.

6ASeep.240,pl.28, fig. 6^.

P C 14
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Th^lohau ^ was the first to recoffuize tlicir nuclear nature, lie first

believed them to belong to the sporoplasm, supposing theiu to be situ-

ated at its 2 antero-external angles (lateral eornua). Subsequently,

from a stud^^ of capsule development, he' regarded the bodies in ques-

tion as persistent embryonal nuclei, the remnants of such development,

lie further expressed the belief that these nuclei could in some cases

become detached fi-omthe capsules and engulfed in the sporoplasm.

Pfeift'er"^ terms them "safi-anophile corpuscles," but does not comment
ui^on their nature. In Mi/xobolus maeruriiH I have studied these bodies

(which, from their position, may be termed pericornual nuclei) with

great care, and with the following results, which apply especially to

M. macrurus, but equally well to J)/. Untoni:

1. There can be no question whatever that thej' are nuclei, as they

take nuclear stains and sh.ow nuclear stru(;ture.

2. Their in'esence or absence and their position (at least in the fully

develoi)ed spore) appears constant for the same species. As regards

constancy of j)osition they contrast strongly with the third and fourth

nuclei.

3. The only qnestion is as to their seat. It will be seen above that

they have been regarded as belonging to the capsule and also as

belonging to the sporoplasm. As is implied by this difference of opinion,

their seat is by no means easy of determination, and, after much studj^,

I am as yet uncertain whether they are capsular or sporoidasmic.

Three appearances may sometimes be seen on the same specimen

:

{a) They api)ear in one focus-plane almost certainly connected with the

infero-lateral cornu; or, (&) they appear almost as certainly attached

tothedrawn-out posterior end of the capsule; or, (c) they appear discon-

nected from both and appear to be borne on a broad triangular sjiur

projecting inwards from the shell.

An interpretation which seems possible is that each nucleus is

imbedded in the sporoplasm near the tip of the supero-hxt^dT'dX cornu,

whence it happens that optically its i)osition almost exactly coincides

with that of the jjosterior end of the capsule.

In some species {Myxoholus cf. linearis, M. transovaUs) I failed to

find any bodies which on account of the constancy of their position,

etc., I could regard as the pericornual nuclei, and this absence appears

to be here as definite a specific character as does their x)resence in M.
macrurus and M. Untoni.

34. Mysobolus unicapsulatus Gurley, 1893. PI. 13, lig. 1.

(I'soiosiiorm of Laheo niloticus Miillor, 1841, Miiller's Arcliiv., p. 487, pi. 16, fig.

5 a-d; ib. Robiu, 1853, Hist. Nat. d. Vogdt. Piirasites, p. 299, pi. 11, fig. 7.)

Mijxobolua unicapsulatus, Bull. U. S. Fish Com. for 1891, xi, p. 414; i6. of Lahro

[error] niloticus Hrauii, 1894, Ceutralbl. f. Bakt. u. rarasitenkdo, xv, p. 8G.

Cyst and myxosporidium unknown.

1 Compt. Rend. Acad. Sci. Paris, 1889, cix, pp. 920-1 ; ibid., 1892, cxv, p. 1097.

'Die Protozoeu ala Krauklieitscrreger, 1891, 2 ed., p. 7.
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Spore.—or the form and size of Chloromyxum flnjardiui. Capsule only

1, situated on one side of the anterior end, obliquely directed.

Rahifaf.—On Labeo niloUcus from tlie Nile.

35. Myxoboius piriformis Tli<;]olian, 1892. Phite 13, fig. 3 {pars), 4 {pars)
;
pi. 18.

(Peorosperins of the tench {pars) Balbiani, 1883, Joum. de Microgr., vir, pp.

197-198, fig. 66 &, c, ? d-f; ib. {pars) Balbiani, 1884, L6gons sur les Sporo-

zoaires, pp. 125-6, fig. 47 b, c, ? d-f] pi. 4, figs. 1, 2, 8A {pars) \ ? 3B, C

;

? ih. {j}ars) Pfeiffer, 1890, Die Protozoen als Kraulieitserrcger, 1 ed., pp.

48,55, fig. 16; ? ih. {pars) 1891, 2 ed., p. 132, fig. 56.

ITyxoioliis piriformis, Bull. Soc. pliiloiuat. Paris, iv, p. 177; ih., Gurley, 1893,

Bull. U. S. Fish Com. for 1891, xi, p. 414; ih., Brauu, 1893, Centralbl. f.

Bakt. u. Parasitenkde, xiv, p. 739; ib., Braun, 1894, Centralbl. f. Bakt. u.

Parasitenkde, xv, p. 86.

Synonymy.—M. Thelohan informs me (letter, 1893) that :

M. piriformis has very probably been seen by Reniak, although hia figures and his

descriptions do not prove it absolutely (pi. 5, fig. 5). He does not figure the polar

cajisules, but his figures almost certainly belong to the species in question.

Fig. 8 represents 2 spores from the kidney- of the tench, which I do not know to

what sj)ecies to approximate. The presence of 2 capsules separates them from M.

piriformis. The form of its spores and the small size of the capsules do not i)ermit

of its apiiroximation to any of the forms that I have encountered.

The typical spore of M. piriformis contains but 1 polar capsule. As in all species,

one can find monstrous spores which inclose 2 capsules, but tbey have seemed to me
very rare. This si^ecies is often accompanied, above all in the spleen of the tench,

by M. ellipsoides. Almost all the spores with 2 capsules, represented by the authors,

belong, I believe, to the sjjores, more or less monstrous, of this last species.

Balbiani considered M. piriformis a degraded form of M. ellipsoides. I have been

able to convince myself that this mode of view is not correct. It is a species abso-

lutely distinct and well characterized, as I have been able to determine by numerous
observations.

After reading the above, I restudied the synonymy as between this

species and M. hrachycystis, and can not but feel that all of Remak's

figures are referable to 1 species, which probably is, as Thelohan thinks

and contrary to my former opinion,^ distinct from his M. viriformis.

The following are the conclusions at which I have arrived

:

(a) Remak's figures are referable to 1 species. His fig. 8 (referred to

in the second paragraph of the above quotation) is not from the kidney

but from the spleen. There appears to me to be, especially in view of

Remak's statements which tend to show that he considered the question

carefully, no ground for a separation between these 2 developed spores

1 The figures in the rows on Balbiani's plate iv, fig. 3, are numbered in order from

left to right, in the reproduction of it on pi. 13, fig. 3. The proper specific refer-

ences of some of the figures of groups 3 and 4, on that plate, are dubious. The fol-

lowing is about all that can be safely said at present

:

Indeterminate: Figs. 3 B, C; M-f. (either M. jnriformis or M. ellipsoides).

Mijxoholus piriformis : Figs. 3 A, Nos. 1, 2, 6; ib, c.

Myxoboius ellipsoides : Figs. 3 A, Nos. 3, 4, 5, 7 (the last with some certainty, the

rest iDrobably, "abnormal" spores) ; 4a.

'^ These spores (Remak's tig. 8) are from the spleen.

" Bull. U. S. Fish Com. for 1891, xi, p. 409, second footnote, where it is stated that

1 Myxoboius species x^ossesses, perhaps inconstantly, a single caj)sule. At that time I

inclined to fuse M. brachyoyatis with M. piriforviit.
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of tbe spleen and the iioncapsulate spores (developing sjjoros; sjjoro-

blasts), also from the spleen, shown in Eemak's fig. 5. And, finally,

between the inimatiirc forms of fig. 5 from the spleen and the simihirly

immature forms from the kidney represented in Eemak's fig. 7, specific

identity seems almost certain. Another argument which is especially

worthy of note is the fact that the spores represented in all 3 figures

are almost exactly the same size. Kemak does not, it is true, statt; the

dimensions in the text, but on the plate he gives the multii)lication

ratio for the figures, and calculations from careful measurements of them

sliow that all of them agree very closely. I therefore think, with

liemak, that they are all one species.

(/>) That species is distinct from M. piriformis. Among the 3 criteria

cited by Thelohan as distinguishing M. hrachyej/stis from ilf. piriformis,

viz, spore-form, presence of 2 cajisules and their small sixe, especial

emphasis should be laid upon the latter, that is ui)on the small capsular

index.

Cyst and myxosporidium unknown.

^jwre.—Pyriform; closely resembling a pumpkin seed; being flat-

tened-ovoid with a very acutely attenuated anterior extremity.

Length, 10 to 18 //; greatest breadth, 7 or 8 /<.

Habitat.—Branchiae and sjileen of Tinea tinea L.j kidney of Misgur-

nns fossilis.

36. Myxobolus inequalis Gurley, 1893. PI. 13, fig. 2.

(rsorospernis of rimelodns hlocJiii Valcuc. , Miiller, 1811, Miillcr's Archiv., p.

487, pi. 16, fig. 6a, b; ib. Miiller, 1843, Rayer'H Arcliiv. do Mi'^d. comp., pi. 9,

fig. 6; ih. Robin, 18.53, Hist. Nat. des V6g6t. Parasites, p. 299, pi. 14, fig. 8.)

Myrobolus inequalis, Bull. U. S. Fisli Com. for 1891, xi, p. 414; Mtixoholus

inwqnalis [error] of Pirnelodes [error] blochii, Brauu, 1894, Ceutralbl. f.

Bakt. u. Parasitenkde, xv, p. 87.

Cyst and myxosporidium unknown.

Spore.—hQugth, 11 ju (0-005:^"'); breadth, 7 /x (0-0033'")
5 capsules 2,

of unequal size.

Jfahitat.—On Pimelodus clarias Bloch (= iSilunis clarias Valenc.)

from Guiana and Surinam.

37. Myxobolus brachycystis sp. nov. PI. 14, figs. 1-3.

(rsorosperms o£Tinca chnjsitis, Remak, 1852, Miillor's Archiv., pp. 144-116, jil. .5,

figs. 5, 7, 8.)

Compare carefully p. 211. Eemak compares it (by reference to Miil-

lcr's figures) to Chloromyxum dnjardini.

Spore formation.—Pansporoblast: Oval vesicles usually situated on

the walls of the blood vessels of the kidney or spleen; either in connec-

tion with, or separate from, the pigment follicles; jiansporoblast always

monosporogenetic. In the developing spores Kemak not infrequently

missed the capsules, but comi)arison with developed forms which

occurred in other cases left no doubt as to their nature.

Spore.—Pyriform, long drawn out.

Habitat.—Kemak gives this as the pigment follicles of the spleen and



THE MYXOSrOI7IDIA, OR PSOROSPERMS OF FISHES. 213

of tlie kidney of Tinea tinea L. (teucli). He farther asserts that the same
form is found on the branchiae, but as lie does not figure any spores

from the hxst seat it may perhaps bo a question wliether the brauchite

yiehl the present species in addition to M. piriformis.

In the kidney a 3-chambered pigment cyst was seen 27 /< (sV)
long, the end compartments of which were occupied by pigment and the

central one by a pyriform spore.' The piguient-follicles of the sj)leen

almost always contain untailed psorosperms in considerable numbers,
lying without order between the pigment-holding cells. The pigment
follicles of the kidneys always contain the same species as that found
in the spleen and upon the gills (liemak).

38. Myxobolus ? sp. incert. PI. 14, fig. 4.

Psorosperms of Cyprinns tinea, Lieberkiilin, 1854, Miiller's Archiv., pp. 6,24,

353, pi. 2, figs. 21-27.

Lieberkiihu's description is substantially as follows

:

Cyst imbedded in coruea immediately under the inner surface. Upon slight pres-

sure very mriTiy spores, partly witli and partly without tail-like aiipendages, and
whose shell was no longer smooth but wrinkled, and whose capsules were no longer
together but occupied unusual positions, were seen. Individual shells contained
only 1, and others no capsule. A number of free " nuclei " which had preserved tlie

club-shape of those within the spore also were seen. Finally, very small diaphanous,
nongranul.ar, amcebiform corpuscles occurred, which plainly, though slowly, moved
with blunt or sharp processes.

Habitat.—Encysted in cornea of Tinea tinea L. (tench).

Concerning these figures, Thelohan (letter to author, 1893) says that

they are not to be approximated to 31. piriformis. Lieberkiihu's fig. 21
would, he says, rather suggest Ghloromyxum dnjardini.

39. Myxobolus ? mugilis Perugia, 1891. PI. 14, figs. 5, 6.

Myxosporklinm m?((/t?js Perugia, Boll. Scientif , Pavia, xiii, pp. 23-24, plate, figs.

7,8; iZ'.jWeltner, 1892, Sitzungsber. Gesellsch. Naturf. FreundeBerlin, p.35.
Myxobolus mugilis Thelohan, 1892, Bull. Soc. philomat. Paris, iv, p. 166- ib.

Gurley, 1893, Bull. U. S. Fish Com. for 1891, xi, p. 414; ib. Brauu, 1894*

Ceutralbl. f. Bakt. u. Parasitenkde, xv, p. 87.

Cyst membrane.—Having removed with care one of the cysts from
the branchioe of M. eapito, Perugia observed it to consist of 3 (others

contain 2) separated myxosporidia surrounded by a common investing

membrane evidently derived from the branchial lamella, which latter at

no point showed any solution of its continuity. From this he concluded
that the cyst is a production of the host. Some cysts contain 2 or 3

myxosporidia filled with spores, and with a residue of a very few granu-
lations of protoplasm.

Myxosporidium not described.

Spore.—Free; "without a proper membrane "^^ length, 7yw.

Habitat.—Encysted in the branchial lamellae of Miujil auratus and of
M, eapito (gray mullets). Eare; found only twice in 300 Mugils.

' Remak here erroneously refers to his fig. 5a instead of fig. 7A.
*Froui other similar expressions by the same author I interpret this to mean: "No

pansporoblast membrane."
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Eelative to its gcueric relations Perugia says:

This form might be referred to the genus Myxohobts, i'rom which it seems to mo

to dilVer only by :i litlle. The diflereut hosts and the form of the spores only uiight

cause it to be regarded as a distinct species.

40 Myxobolus sp. incert. PI. 14, fig. 7.

(Pso#Dspcrm of jVais proboscidca, Lioberkiihn in Blitschli, 1882, Bronn's Thier-

Reich, I, p. 590, pi. 38, fig. 23; ih., Th<51ohan, 1890, Annal. deMicrogr., ii, p.

193; ib. Pfeiifcr, 1890, Virchow's Archiv. f. pathol. Anat. n. Physiol., cxxil,

p. 557; ib. Brauu, 1893, Centralbl. f. Bakt. u. Parasitonkde, xiv, p. 739.)

No description. Its symmetry sliows it to be a Mtjxoholua. Observed

by Lieberkiilin, and communicated by him to Biitschli; published only

by the latter.^

Uahltat.—Ifais proboscidea (a worm)'

41 Myxobohis sp. incert. PI. 15, figs. 1-G.

Psorosperms of Fsox hiciiii; Liehcrkiihn, 1855, M<<m. Conr. et Mi^m. Sav. Strang.

Acad. Roy. Belg., xxvi, p. 37, pi. 10, figs. 10-12, pi. 11, figs. 1-1; ? ib. Butschli

1882, Bronn's Thier-Reich, i, pi. 38, fig. 11.

Ct/st.—Size 8 mm. (0-31 inch) by 4-25 mm. (v')-17 inch) ; contents "granu-

lar matter" alone, spores alone, or both '• granular matter" and spores,

in variable proportion.

Myxosporidium unknown.

Spore.—Oval or circular, tailed or untailed; the 2 kinds often mixed

without order in the same cyst.

Uahltat.—Cysts of branchife of Lucius lucius L. (pike).

It is hard to know what to do Avith this form. In spite of his asser-

tion that tailed and untailed forms occur in the same cyst, Lieberkiilin

appears to figure only untailed forms. In view of this, and provision-

ally until some other observer shall confirm this observation, I prefer

to recognize this as a "form" distinct from the tailed one having

approximately the same habitat. (See also p. 256.)

42 Myxobolus oviformis Thdlohan, 1892. PI. 14, fig. 8.

( "Mysosporidian spore (M. miilleri Buischli'?)" o? Cijjyrinits carpio and of

Gobiofliiviatilis,-^ Thdlohan, 1890, Annal. de IMicrogr., ii, pp. 200, 204, 209,

210,211,213, pi. 1, figs. 8-11; spore of C. carjno, Thelohan, 1890, Compt.

Rend. Acad. Sci. Paris, Cix, p. 921).

MyxoboJus oviformis Tlidlohan, Bull. Soc. philomat. Paris, i v, p. 177 ; ib., Gurley,

1893, Bull. U. S. Fish Com. for 1891, xi, p. 414; ?&., Brauu, 1893, Centralbl.

f. Bakt. u. Parasitenkde, xiv, j). 739; ib., Braun, 1894, Centralbl. f. Bakt. u.

Parasitonkde, xv, p. 87.

Cyst and myxosporidium not mentioned.

Spore.—Flattened-ovoid, with notably attenuate anterior extremity;

length, 10 to 12 //; breadth, 8//; cai)sules relatively large (G//); nuclei

ad x^lu^; ^', vacuole, present.

' Brairn's language is slightly ambiguous: "Eine iiltere Notiz, von Lieberkiihn,

erwiihnt" the occurrence of Myxosporidia in invertebrates.

^An ambiguous expression of Lieberkiihn's (Bull. Acad. Roy. Belg., 18^, xxi,pt.

2, pp. 22-23) may refer to an observation of a species upon the branch ise of this fish.
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HaMtat.—Common on fins (where the spores exist in great numbers

in the subcutaneous tissue) of Gobio goMo L. (gudgeon); branchia) of

same fish, of Cyprinus carpio L. (cari)), and of Alburnus alburnus L.

43. Myxobolus ? cf. oviforinis.

Psorosperms of C>iprini(s carpio, Balbiani, 1883, Journ. tie Microgr., vii, pp. 199-

201; ib., Balbiani, 1881. Lcfous sar les Sporozoaires, pp. 128, 130, 131.

Cyst and myxosporidium not mentioned.

S2Jore.—Length 18 yw; breadth 13 //.

Habitat.—On Cyprinus carpio L. (carp).

The dimensions differ so markedly from those of M. oviformis that

on the present evidence 1 have not felt justified in fusing the 2 forms.

It is, however, worthy of note that the ratio between the dimensions is

the same as that in iif. oviformis^ and also that " 18" may not impossibly

be an error for 8. M. Thelohan writes that he has never found in the

carp spores measuring 18 by 12 //, and suggests that these dimensions

may be an error.

44. Myxobolus sp. incert. PI. 15, fig. 7.

Cyprinus
Drama,
"psoro-
sperms,"
etc., of

—
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lislies the concliision that his reference to Cohio Jli(ri(iiil!f< was due

to an erroneous correhition between Lioberlciiliirs text a.nd Lieber-

kiihn's figures. Finally, Biitschli's i\g. 18a appears to be the transverse

view of ISh.

Concerning!: the relation between this form and 71/. sp. 45, J\r. Thelo-

han (letter to author, 1893) says:

It is impossible to say wlietlior this iignro should bo approxiinfited. to uiy Myxohohis

of the bream.

No description.

Habitat.—Branchiae o^ Abramh hramn L, (bieani).

45. Myxobolus sp. incert.

Myxobolus of bream, Thdlolian, 1892, Bull. 8oc. philomat. Faris, iv, p. 178.

Cyst and myxosporidium not mentioned.

Spore.—Length, 8 /^j breadtli, G to 7 //.

Habitat.—Branchiae of Abramis broma (bream).

Bemarlcs.—Differs from M. onulleri only in the smaller size of the

spores. Sec also remarks on the preceding species.

46. Myxobolus miilleri Biitsclili, 1882. Pis. 16, 17.

(Myxosporidian spores of Squalius cephahis, of Barhus fluviatilis, and of other

. liesh-water Cyprinoids, Biitsclili, 1881, Ztschr. f. Tviss. Zool., xxxv, ]).

030, footnote, pp. 030-8, 646-8, pi. 31, figs. 1-24.)

Mi/xoboliis miilleri, Brouu's Thier-Reich, i, pp. 595-7, pi. 38, figs. 6-10; ib. Laii-

kester, 1885, Encycl. Britau., 9 ed., xix, p. 855, fig. xvii, 40, 41; ih.,

Leunis, 1880, Synopsis d. Thierkde, ii, pp. 1137-8, figs. 1118-9; ih., Thelo-

hr.n, 1802, Bull. Soc. philomat. Paris, iv, pp. 166, 167, 178; ib., Gurley,

1893, Bull. U. S. Fish. Com. for 1891, xi, p. 414; ib., Braun, 1893, Ceulralbl.

f. Bakt. n. Parasitenkde, xiv, p. 739; ib., Braun, 1894, Ccntralbl. f. Bakt.

n. Parasitenkde, xv, p. 87.

Synoiii/).'!!/.—Biitschli (1881) says the My.rosporidia investigated by

him came principally irom the Cyprinoids, but that he could not give the

species of host exactly, as he investigated large numbers of excised

branchi*. In part, however, these latter ^yere derived from Sqiialms

ceplialus and from Barbus fluviatilis. He further states that he was

unable to recognize any specific distinctions between the spores of the

series he examined. Biitschli's type figures of 1882 are copies of his

figures of 1881. Parenthetically, also Lankester's and Leunis's are

copies of these. Of those who have studied the pathogenic mus(;le-

form of Barbus barbus {=JiuviatUis), all admit its close similarity to, and

some assert its identity with, M. milUcri (see p. 225). Further, Pfeitfer

states that in the Ehine basin, in which the epidemic produced by the

muscle-form is very extensive, the branchiie are free from My.rospori-

dia, a nonassociation that would seem to favor the idea of specific dis-

tinctness. So fcir, then, no direct comparison has been made between

the spores inhabiting the branchine of B. barbus and those inhabiting

the muscles of the same fish. In the meantime it is probable that

Lcuciscus (sqiialins) ce2}haJus L. should be regarded as, so to speak, the

type host of M. miilleri.
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CysV—Exclusively confined to the branchial lamelhTc, appearing by
reflctited light as white pUvStules, usually elongate-oval, 2 to 3 nun. long;

with greater development distending the flat branchial lamellae. On
closer examination of the freshest possible branchiae, the cysts are seen
to be neither extra-, nor intra-, but sub-epithelial, the blood vessels
of the mucosa running over their surfaces. Their seat is thus the
submucous connective tissue layer which immediately surrounds the
supporting central cartilaginous rod of the lamella, and which underlies

each and separates both of the layers of mucous membrane, which
latter form the opposite faces of the lamella and in Avhich run, super-
ficially, the afferent and efferent blood vessels and the capillaries of the
mucosa. One can easily convince himself of this situation of the
myxosporidium by external observation. One then remarks that the
transverse-running capillaries superficially girdle the myxosporidium.
A transverse section through the mass thus shows the supporting cen-

tral cartilaginous rod girdled by the myxosporidium, and the latter in

its turn surrounded by the vascular laj^er of the mucosa. If the myx-
osporidium attain a greater growth, it naturally distends the lamelhp,

more and more, and, since the transverse capillaries girdle the myxo-
sporidium ring-wise and oppose an obstacle to its expansion, the latter

structure bulges out, sac-like, in the intervals between them, its whole
outline being thus multilobate. From some further observations on
very large myxosporidia, Biitschli believes that finally, through the
continued growth of the myxosporidium, the restraining capillaries

become ruptured, which explains the blood extravasations observed by
him in the superficial portions of large myxosporidia, the girdling

capillaries in these cases being absent.

Membrane: By careful manipulation the myxosporidium can some-
times be removed intact from its seat in the branchitie. In both of the
two successful instances, Biitschli observed a distinct membrane which
possessed special interest in differing from the type usual among the
unicellular organisms and particularly from that found in the Gregarines.
It is of a plasmatic nature, being composed of clear, very finely granular
protoplasm, in which numerous small nuclei are imbedded. ISTeither

acetic acid nor staining reactions show any evidence of cell outlines.

The finely granular nuclei possess a distinct dark membrane, show a
somewhat irregular outline, and stain intensely with alum carmine. It

is dififlcult to determine with certainty whether this membrane is a
production of the myxosporidium or of the tissues of the host. As
opposing the former view (a view which, however, Biitschli considers as
in no wise excluded) is the fact that the nuclei of the membrane are
somewhat larger than those found in the endoplasm.

'The description is Biitschli's. He calls it the myxosporidium, but it appears
from his description to be the cyst (which, however, is probably only a later stage
of growth of the imbedded myxosporidium). Pfeiffer erroneously states that these
observations were made upon Pcrca Jiuviatilis (Die Protozoen als Kraukheitserreger,
2ed., 1891, p. 130).
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.Vyxosporldiiim.—Myxospoiidiuin usually showing- no clear dilfercn-

tiation of ectoplasm and oiuloplasni cx((>pt iu thin sections, wlieie certain

jwrtious exhibit very plainly a tolerably thick, i^riwiule-free exteiior

zone, possessing' a great interest on account of its very distinct line

radiate striation. Riidoi)lasiii thickly studded with very small but

distinct nuclei which in thin sections are, even in the fresh state, rather

plainly visible as faint roundish corpuscles, in which dilute acetic acid

ditlfercntiates a dark somewhat granulated membrane, a small dark

nucleolus, and, sometimes quite clearly, fine nuclear threads radiating

from the nucleolus to the membrane. This structure, together with

their intense affinity for stains, perniits no doubt as to their nuclear

nature.

Spore formation.^—This species never shows a paired spore-devrlop-

ment, or a development within a pansporoblast ("?; see below), the

spores being directly imbedded in the endoplasm. These spores, how-

ever, show indications of a similarity in their development to the other

MyxosporkUa in their origin from a trisegmented ("trinucleate") plasma-

globule, 2 of whose segments develop the capsules and the third the

sporoplasm.

Development of spore?—In the myxosporidium, inclosed in a delicate

membrane, a number of mature spores are seen, many things pointing

to their origin from the proto])lasm. They always contain o pale,

almost spherical, but somewhat angular bodies. The membrane fre-

quently shows an excavation and an opening at one end. At this end

the 2 protocysts are situated, the protosporoplaam being remote there-

from. Further observation shows the protosporoplasm to de\ elop into

the sporoplasm of the mature spore and the two protocysts to give

origin to the capsules. The latter structures develop within the proto-

cysts, the filament appearing first in the extruded condition, apparently

forming a prolongation of the capsular wall.

Subsequently, in the light of his observations on the development of

Myxidium licberlcuhnii, Biitschli inclined to interpret thus: That the 3

spheres (viz, the 2 protocysts and the protospuropla&m) represent

not plasma-spheres but nuclei, the latter being, on this supposition,

imbedded in a plasma mass which he had failed to see, probably on

account of strong swelling and great transparency.

The observations of Balbiaui and of Th(51ohan, however, render it

almost certain that Biitschli's observations were accurate and that his

subsequent interpretation was erroneous (see also pp. 82, 223). Upon
this view the present species would seem to develop pansporoblasts,

eacli with a single spore.

Spore.—Lenticular-oval, anterior end sharpened, showing quite plainly

a shallow funnel-shaped depression; posterior end rounded off; dimen-

sions 10 to 12 ;u by 9 to 11 /<. On vertical view, contour rather variable,

'Butschli, 1882, Broun's Tliier-Reich,!, p. 597.

*The description is Biitschli's (Ztschr. f. wies. Zool., 1881, xxxv, pp. 64G-8).
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often almost circular, anterior end only slightly attenuated, border of

suture exhibiting fold.s or crimpings varying in nuniber from 7 to 9.

Shell : Substance dark and somewhat glittering, possessing a marked
resistance to chemical reagents; warmed with concentrated sulphuric

acid the valves fall apart; stronger heating effects their complete

destruction. Valves 2, superior and inferior, with a tolerably thick

ridge or welt along the border (line of junction), visible very plainly as

a ridge on transverse view.

Capsule : Wall tolerably thick, glittering, inclosing a cavity occupied

by the coiled filament which appears paler than the wall; showing,

with the normal extrusion of the filaments, a very noticeable diminu-

tion of volume, whence the conclusion that (as with the thread-cells

proper) such extrusion is the result of the pressure of the stretched

elastic capsular walls. The capsules are destroyed by gently warming
with concentrated sulphuric acid. Filaments extruded under the

inlluence of i)otassium hydrate solution, glycerin, and especially con-

centrated sulphuric acid ; also by mechanical pressure. The extrusion

produced by the last means is frequently abnormal and very irregular,

the filament being ejected in a more or less spiral form, or only incom-

pletely, or sometimes through a rupture in the capsular wall, eitlierinto

the shell cavity, or through the shell, or, in the last case, more probably

between the (by the j^ressure) partially loosened valves. Biitschli addsa

few interesting remarks to the efl'ect that the capsules, so constant in

the Myxosporidia, doubtless have some important and yet to be discov-

ered function.

Sporoplasm: Mostly very delicate, cloudy, granulated, nearly filling

the posterior portion of the shell cavity, projecting forward in the

median line and on the outer side of the capsules ; this projection could

not be traced all the way around the capsules. Containing a variable

number of granules. Vacuole,' frequently quite plainly visible even

in the fresh state as a circular or oval clear sjwt. It becomes more
prominent, however, after the addition of dilute acetic acid or iodine

solution and then shows a dark, somewhat granulated membrane and a

number of rather pale granules strewn through the contents, resisting

all stains,''^ according to Biitschli sometimes invisible, a result that he

attributes to great condensation of the protoplasm. Some spores

appeared to possess 2 vacuoles, but upon this point Biitschli was not

certain.

'This is Biitschli's descriptiou of liis " nucleus.

"

^A circumstance explained (but erroneously) by Biitschli as being due to a failure

of the stain to permeate the shell. He says the noustaiuing can not be taken as a

contraindication of the nuclear nature of the structure in question, as the protoplasm

also resists tlie stain. From my own experience I should say that would depend on
the kind of stain used, plasmatic stains generally being, nuclear stains generally not

being, retained.
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"Granules."—Biitsclili siimmaiizcs liis results thus:

There arc very constiintly found in the ])iot<)i)lasni 2, or sometimes more, strongly

refractile glittering granules of a roundish forui. Tliey are usually, though by no

means always, situated tolerably symmetrically, just at the posterior ends of th(!

polar capsules. No decided regularity obtains either as regards the number or

position of the granules, as they are sometimes placed farther forward betweeu the

capsules, and sometimes are strewn entirely irregularly through the plasma.

I have also observed, with louger preservation of the spore in water, an appearance

which was not clearly intelligible, but which I will briefly describe. In spores so

preserved one sees after some time nothing more of the 2 dark granules usually

present, but on the other hand one sees on each polar capsule posteriorly a dark

punctule which occupies nearly the same position as the above-mentioned granule.

It gives the impression as though the dark granule had fused with the capsular mem-

brane and had developed into the punctule. I must, however, regard the iuterpreta-

tion mentioned as a mere conjecture.

affects.—Invades the connective tissue and ovules of Phoxinns phoxi-

nns (TMlohnn, 1892).

Habitat.—Branchiie of various cyprinoids, particularly Leuciscus

{SquaUus) cephalus L.; Barhns harhus h. (bAvhL']), both fide Biitschli.

Fins of L. cephalus; kidney and ov^ary of Plioxinus phoxinus L., and on

Crenilahrus melops atEoscoff (Th61oban).

47. Myxobolus? sp. incert.

Psorosperm (second species) of Platijsioma fasciatum Miiller, 1841, Miillor's

Archiv., p. 489.

Cyst and myxosporidium unknown.

Spore.—Oval, untailed; size equals thatof ilf. sp. 01.

Habitat.—On branchial arches (espc(nally at their angles where the

mucous membrane is soft) of Fseiuloplatystoma fasciatum.

48. Myxobolus bicostatus Gurley, 1893. PI. 19, fig. 1.

(Myxosporidian spore of Tiiica vulgdr'ts, Lieberkiihn in Biitschli, 1882, Bronn's

Thier-Reich, i, pi. 38, iig. 19.)

Myxobolus hicostatiis, Bull. U. S. Fish Com. for 1891, xi, p. 414; ib. Braun, 1894,

Ceutralbl. f. Bakt. u. Parasitenkde, xv, p. 87.

No description.

Habitat.—Branchiae of Tinea tinea L. {=vnlfjaris), tench.

This species is distinguished from M. eUipsoides by its larger capsular

index (0-50 as against 0-33 in M. eUipsoides) and by the 2 oblique ribs

on the shell.
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49. Myxobolus ellipsoides, TIi^loLau, 1892. PI. 13, ligs. 3, 4
1 ;

pis. 18, 20; pi. 19, iigs.

2-^
;
pi. 21, figs. 1, dd, 5, ( ? 2, da-c, c ; r? 4 ; ? pi. 22, tigs. 1-3).
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of, spores
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urinary bladder of Lucius hiciuSj consisting of small free masses linii^g

the internal surface of the organ, the second consisting- of drawn-out,

chain-like masses in the midst of the tissues of the organ. The second

he believes to be merely a more advanced stage of the lirst. When the

parasite is only sligntly developed its presence is recognizable only bj^

small opaque streaks in the otherwise transi)arcnt bladder, on opening

which the myxosporidium is found upon its internal surface. In other

cases snmll white prominences are found, presenting a transition between

the large mammillated masses described by Balbiani, and which can

attain 10 mm. in thickness. Sections showthe myxosporidium intimately

united to the epithelium. Tlie latter soon becomes broken up and the

plasmic chains insinuate themselves between the fibers of the connec-

tive tissue.

By serial sections one can follow progressively the march of the para-

site into the tissues. Tliese last allow of separation and stretching of

the fasciae, such change being progressive and slow. Soon, however,

under the continuous pressure produced by the growth of the invading

mass, the fibers arrive at the limit of extensibility and finally rujiture.

Thus are formed irregular spaces, iu the middle of which oue finds the

debris of the tissue of the organ, surrounded by the rayxosporidia.

During this time spores are formed. They finally almost entirely

replace the protoplasm. In other parts of the same mass earlier and
intcrn.iediate stages can be seen. In the air bladder, as in the kidney,

the distinction between the ectoplasm and endoplasm is little evident

and, beyond the fact of the absence of nuclei from the ectoplasm, it is

ditticult to find characters to sei)arate these layers.

{h) Of the external surface, Balbiani ^ gives, as the results of his

investigations, the following account of the development:
'

Of all freshwater fishes the tench is most frequently affected with Myxosporidia

and at all seasons. This, together with the transparency of the fins of the young,

renders it especially favorable for investigation. Balbiani frequently observed

upon the fins, mingled with developed psorosperms, small amoeboid bodies of very

variable size. These move like the most agile amccbis (e. g., A. diffliicns), 9 changes

of form occurring in less than 15 minutes; temperature had great influence, heat

accelerating, cold retarding. The pscudopodia were large and obtuse, the mass

appearing lobed. as in A. diffluens. Unless obscured by fat globiiles (numerous in

the later stages), the nucleus is plainly visible, particularly at the time of the exit

of the mass from the spore. It is the nucleus of which Biitschli has proven the

existence in the interior of the psorosperm (cf. p. 208). There is no contractile

vacuole, and from this point of view these bodies differ from the ordinarj^'aracEba).

While thus wandering over the fins, the small amcoboid bodies absorb nutriment,

grow, show more or fewer fatty globules, tend to take a rounded oval, or somt-times

irregular form with expansions and lobes, and tor surround themselves with a thin

envelope easily visible in water. As the water penetrates the fin tissue, the amoeboid

movements become more and more slow and finally cease. Independently of its

thin proper uuinibrane, the small mass is encysted in the same manner as other

foreign bodies, by the conuective tissue of the host.

1 Journ. de Microgr., 1883, VU, pp. 272-4.
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Spore formation.—^YiiAx the growth the number of nuclei increases by successive

divisions ' (ni;iny of which were seen to occur). Subsequently eacli nucleus con-

donk^es around it some of the myxoplasm, thus forming the pansporoblasts. These

"row, become elliptic, and the rudiments of the capsules appear in them, at first as

very pale, then as brilliant bodies. The mode of their development was not entirely

satisfactorily ascertained. They usually develop 2 in each pansporoblast, some of

these sporoblasts containing 3 granular globules, 2 small and 1 large, which prob-

ably develop respectively into the capsules and the sporoplasm. Also incompletely

developed spores were seen inclosing elements believed to be capsules in process of

development. These were: (1) Two spherical vesicles containing each a small cen-

tral globule placed in the substance of the spore remote from the poles. (2) Two

small similar vesicles placed one beside the other at one pole. (3) Two pyriform

vesicles with a small central globule, sometimes remote from each,other, sometimes

approxinuited to each other and situated at one extremity of the spore. These vesi-

cles were no doubt the small organs with spiral filaments. Their origin could

not be cleaiiv determined.

^^ore.—Flattened-ellipsoid, rather elongate, the two ends similar;

length 12 to 15 ir, breadth 9 to 11 /q length of capsules 4 //; nuclei of

capsulogenous membrane persisting to maturity of spore; vacuole

present; nuclei originating by continued division from a primitive one,

not more than 4; when of this number, 2 are situated before and 2

behind the vacuole (Thdlohan, pp. 209-210).

Degenerate forms [of this species i] from the gall bladder may have

3 capsules or none, and the bivalve character of the shell maybe absent

(Pfeifier).

Eibbons : Balbiani ^ has made some curious but dubious observations,

arriving at conclusions which by no means accord with the general

consensus of opinion. He describes an elastic, ribbon-like process

(the rihhon) as existing along the border of each valve of the shell,

stating that at the time of maturity of the spore (the only period at

which such ribbons are visible, as at other periods they are closely

appressed to the valves) they become unrolled and recurved, such action

resulting in the splitting apart of the valves and the consequent release

of the amceboid sporoplasm. The ribbons divide at their distal

extremity into 2 or 3 ribbonettes. These elastic structures he regards

as comparable to the cruciform elastic filaments (elaters) of the Equise-

tum spore, remarking that in the Myxosporidia they serve a different

function, their action here being valve-separation and not spore-disper-

sal. He further says that these elastic ribbons have another function,

viz, to maintain contact of 2 spores during what he regards as a state of

I From Balbiani's language it is plain that he did not recognize the vacuolic

nature of Biitschli's "nucleus." Still he must have seen nuclei (and not vacuoles)

in the later myxosporidiura stages, as he states that he repeatedly observed them to

divide. Probably Thflohan's observation of karyokinetic division (Compt. Rend.

Acad. Sci. Paris, 1890, cxi, p. 693) was upon M. elUpsoides, though itisnot distinctly

BO stated. Among other figures he saw a spindle with an absolutely typical equa-

torial plate.

^ Jouru.de Microgr., 1883, vii, pp. 276-7: L65ons sur Ics Sporozoaires, 1884, pp.

142^.
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conjugation. And still liirtlicr, in some individuals tlie filaments

instead ol'lyiug along- the borders oftlie valves, extend tlieiuselves in the

direction oftlie axis of the body, and, reuniting themselves for a variable

distance, constitute the simple or double caudal prolongation that

Midler and other observers describe as a specific character of certain

psorosperms. (See also p. 207.)

Concerning these, Biitschli ^ states that he could find no evidence

whatever oftlie existence of such ribbons, either in the whole spore or

in the separated valves. He seems to think that such ribbons are an

illusion due to an abnormal extrusion of the capsular filaments.

Thelohan's observations seem to throw some light upon this discrep-

ancy. This observer'^ says that he has never seen them except in the

present species. They are frequently absent, yet the spores split open

perfectly. Having found all possible transitions between the ribboned

spores and spores evidently monstrous and abnormal, he regards the

ribbons as structures, accidental rather than fundamental and neces-

sary to the development of the spore.

Habitat.—Thelohan gives this as the branchiae, air bladder, liver,

intestine, and si)leen (last fide letter to author, 1893) of Tinea tinea L.

(tench). Baibiani says the My,xx>si)oridia are always confined to the

short anterior portion of the air bladder.

Speaking collectively of a poorly delineated and very probably multi.

specific group of forms, Pfeiffer says that perfectly developed forms

occur on the brauchite and in the air bladder, this stage of development

being possibly connected with an abundance of oxygen. In the gall

bladder incompletely developed forms occur, with 3, 1, or no capsules;

also entirely undeveloped forms, destitute of xi bivalve shell, compara-

ble to the Mlcrosporidia or to the pseudo-navicelhe found in Lumbricus.

Transition forms to the Coeeidia also occui-. Possibly (from Pfeifier's

figure) M. ellipsoides may also occur in the air bladder or gall bladder.

Effects.—The Myxosporidia do not confine themselves to existing

cavities. Thus, in the kidney of Tinea tinea, Thelohan (1890, p. 200)

has seen the tissue of the organ invaded while the tubes remained free

(see also the above description of changes produced in the structure

of the air bladder by the myxosporidium fountl in that organ).

50. Myxobolus ? sp. incert. PI. 22, fig. 4.

Psorosperms of Cypriniis leuciscus, Miillcr, 1811, Miiller's Arcliiv., p. 186; ib.,

Dujardin, 1845, Hist. Nat. des Heliuintlies, p. 644; ib., Leuckart, 1852,

Archiv. f. pliysiol. Ileilkde, XI, p. 436, lig. 21c, d; ib., Kobiu, 1853, Hist.

Nat. des Vdgdt. Parasites, p. 299.

Synonymy.—This is little more than a collection of references to

spores found on '' Gyprinus leueiscun." llobin's mention is, however,

certainly the same as Miiller's.

Cyst and myxosporidium unknown.

iZtsohr. f. wiss. Zool., 1881, xxxv, p. 633; Bronn's TUier-ReicL, 1882, i, p. 598.

« Compt Keud. Acad. Sci. Paris, 1889, cix, pp. 920-1.
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Spore.—Eesembling Ghloromyxum dujardini; 11 /f (0-0051'") loug

and 7 /< (0-0034'") broad.

Hahitat.—On Leuciscus {Squalius) grislagine L. {= Cyprinus leuciscus).

Tumors less common than on Leuciscus rutilus.

It seems strange that Miiller should approximate this form to the

"sharp corpuscles of C. rutilus,'''' ^ asLeuckart's figure resembles much

more closely the elliptic form figured by Miiller (Miiller's figs. /, (j)

pi. 28, figs, of, g).

51. Myxobolus sp. incert. PI. 22, figs. 5, 6; pis. 23-25.

"psorosjiornis.''

etc., of—
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Further, Megnin's ligures would not by themselves induce me to fuse

the two forms.

Besides, after considerable study ofLudwig's description, I am unable

to decide how much of it represents his own observations and how much
is coi)y of Biitschli'sdescription of ^F. ni Ulleri. It seems to be part original

and part coi)y, but how much of each it is impossible to determine.

It would seem as thouj?h Ludwig first determined in his own mind the

specitic identity of the present foriii (il/. sp. 51) with M. mullcri and then

applied to the former {M. sp.^X) Biitschli's descrii^tion of M. mulleri, at

the same time incorporating therewith certaiu observations, e. g., the

dimensions of the spoi-e which must be his own (made upon M. sp. 51)

inasmuch as they are not, to my knowledge, to be found in any i)re\"ious

description of 31. mulleri. My reason for this view of the subject is

Ludwig's statement that

—

I can only confirm Butscbli's results upon the finer structure of Mtjxobolua.

Further, his figures bear some indication of being semidiagrammatic

generalized composites of several of Biitschli's figures of j\[. millleri.

And still further his description (except the few additions) is Biitschli's.

This course has rendered it impossible for me to distinguish how much
of the composite description represents Ludwig's actual observations

on j1/, sp. 51 and how much of it merely pertains to M. mulleri generally,

and is regarded as api)lying to M. sp. 51, by virtue of its supposed

identity with M. miilleri. Under these circumstances I have credited

to 31. sp. 51 only the minimum (viz, the residual after subtracting from

the com])Osite, Biitschli's description of 31. onillleri); as, though this

residual may be incomplete for 31. sp. 51, it is all that can be positively

asserted to belong to that species.

PfeitTer's figures (pi. 25, figs. 5, G) a])proximate the present form much
more closely to ilf. ellipsoidcs than to 31. mulleri.

Finally, Th^lohan says that the present species

—

Presents a groat resemblance to M. miilleri; perhaps it should, however, be con-

sidered as speciiically distinct.

Cyst.—IVIembrane thin, probably formed by host. Contents clear

living i)rotoplasm, in which are imbedded very fine dark granules, very

small nuclei corresponding to those of true cells, and spores (Ludwig).

Composed of an irregularly concentric-fibered layer inclosing a second

double-contoured layer, which latter surrounds the cyst cavity filled

with spores. The large white, stout-walled, walnut-sized, or smaller

nniscle cysts are situated near the skin or ])leura; 30, 40, or more

jnyxosporidia occur near together, surrounded by a loose web
formed by the host. Each myxosporidium is to be regarded as an

individual, and the multicamerate tubes result from the common encap-

suling by the host of many such individuals of nearly equal age, which

individuals subsequently, he thinks (from sarcosporidian analogy, etc.)

fuse, the process recalling the so-called conjugation of the large free-

living intestinal Gregarines (Pfeifier),
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MyxosporidUim.^—Pfeiffer lias seen the exit of the sporoplasm. He
did not have the opportunity to cultivate the spores via the over-

hanging drop, but says such cultivation would be easy and would show
the stage at which infection occurs. He did not actually see the

myxosporidium penetrate the muscle cell, but he has found within that

cell all growth-stages of the myxosporidium. The elongate myxo-
sporidia often show, in their center, pansporoblasts containing well-

developed spores, while at the ends these structures are smaller and
contain only 1, 2, 4, or more nuclei. Tliis proves that, as in the Sareo-

sporidia (also with the tubes of Sygnathus a,nd,Jide Thelohan, with those

of Gottus Scorpio), growth takes place at the ends of the tubes. Have
these younger developmental stages originated from gerjns from the

interior of the large tube, do tliej- i^roceed from residual germs of the

first multiple infection, or. do they develop from newly immigrated

germs "? A positive answer can not yet be given, but in the barbel Pfeiffer

regards the second mode (viz, a supplementary outgrowtli from the

germs which penetrated en masse in the first infection) as the more
probable. In the myxosporidium tubes germs migrate from the center

to the circumference, where they find better food conditions and through

progressive division become new pansporoblasts (Sporenkugeln). The
cejiter of the cyst is also empty in the cysts of the sheep, those of

the tench's air bladder, and that of the kangaroo's intestine. When
the myxosporidia have attained a certain size, they are found free in

the interstices of the muscular fiber. When crowded, they fuse to an
irregular mass ; only at the edges are some unfused myxosj^oridia to be
seen. Hjematoidin crystals are found in the myxosporidium.

Spore formation.—This appears in the smallest circular cysts with 16

to 20 germs; also in uniloculate elongate cysts thickly filled with 100

to 200 germs. In places large granule cells are imbedded in the muscu-
lar fiber. At another ( ? later) stage the dancing granules have vanished
and the contents of the cells have separated with 10 to 20 or more pale

globules one-tliird the size of the ripe germs. Also some fibrilloe show
in their interior well-developed spores, with capsules and nuclei, single

or in rank and file (? accident; 1 pressure on cover-glass). The possi-

bility of these must be admitted, yet the contents of the capsules

appeared to have been voided.

Spore.—Lenticular or oval; length 12 /a, breadth 10 pi, thickness 6 jn

(Ludwig); bivalve, shell cavity containing sporoplasm and 2 capsules,

the latter extruding filaments under the influence of potassium hydrate
(Megniu); by glycerin (Pfeiffer).

Have the Myxosporidia resting spores? Mega-, ajid micro-spores

(differing only in size) occui'; also defective spores with 1 capsule,

with caudiform appendages, or with a subrotund form (Pfeiffer).

Habitat.—Encysted and free in muscles, mostly of belly and sides of

body (ne^'er elsewhere, the liver, spleen, ovary, eggs, and gills being

I Description, Pfeiffer's {loc. cit., 2 ed., 1891, p. 106).



228 REPORT OF THE COMMISSIONER OF FISH AND FISHERIES.

free) of Barbus barhufi L. (barbel) from the Rhine, Mosel, and Saar,

the barbels of the Elbe and Weser territory being free from them

(Pfeiflfer). Also once in heart cavity (Ludwig). In barbels from the

Marne, probably also from the Aisne and Seine (Railliet). Balbiaui

failed to find " adult psorosperms" in the viscera in Megnin's material

(Megnin).

Liver, kidney, spleen, connective tissue of various organs; found in

ovary by Balbiani.^ In one case tlie myxosporidia and sjjores were

lodged in a sort of cavity in the connective tissue of the intestinal wall

10 cm. from the anus. They produced a very conspicuous thickening,

almost completely obliterating the lumen,

Patholo(]\j.—Tumors:'^ A badly infected barbel showed about 40

tumors; fully 10 per cent of all the muscular fibers were filled with

spores. This condition must have resulted from auto-infection. The

tumors may soften to an irregular stinking abscess containing spores,

wandering cells, and the large bacilli (Pfeitfer ; see below under Ulcers)'

Tumors, usually 10 to 15, ranging in size from a nut to a hen's egg,

with a very resistant wall 1 to 1-5 mm. thick; hemispherical or slightly

elongate; sometimes uniting into i)atches 17 to 20 mm. long by 7 or 8

mm. broad in fishes of 2*5 kilos (about 5 pounds) weight. Scales over

tumor raised, easily detachable, finally falling oif. 2S"ot all tumors open,

some fishes djiug before the ulcer stage.

Some fishes die without external tumors, these being found located

in the viscera (Meuse; Railliet), Uusually of walnut size; sometimes,

however, 50 mm. long and 20 mm. thick, single or multiple, usually on

belly or sides; filled with a yellow or caseous purulent mass (Mosel,

Saar; fide Ludwig).

^Fide Th(>lohan (Annal. de Microgr., 1890, ii, p. 200 ; Compt. Rend, hobdom. Soc. Biol.

Paris, 1893, V, p. 268) who refers to Bnlhhiu'fH Lei^ons sur ler Sjyorozodircs. The only-

page of the last work to which the reference could apply is p. 147, and as M. Tholo-

han says (letter to author, 1803), Balbiaui is there not at all explicit.

2 The following notes of four cases are from Lud wig. The ti.sh were { akeu al i ve from

the Mosel above Trier, died en route, and were examined the next day:

1. ^ 30 cm. long; on left side .just above veuti-al fin a tumor 50 mm. long, 40 nun,

broad, and 30 mm. thick, extending above lateral lino; skin and omentum in neigh-

borhood of tumor normal.

2. $ 47 cm. long; two tumors: (rt) on right side above ventral fin, under trunk

muscles (which latter were, around the tumor, reddened), 45 mm. long, 35 mm. broad,

and 15 mm. thick; covered by normal skin. Tumor so extended into body cavity as

to have driven the omentum heniia-like before it. {h) On left side in front of

pelvic bone, length 50 mm., breadth 15 mm.; already oiicned; orifice 10 mm. in

diameter with an irregular strongly reddened border, surrounded by reddened skin.

Cavity of ulcer filled wi>h l»loody mucus, which, apart from the admixture ofblood,

agreed with the tumor contents.

3. $ 44 cm. long; on left side at level of lateral line, between ventral and anal

fins, a tumor 25 mm. long, 12 mm. broad, and 12 mm. thick; heart cavity filled with

same substance as tumor conteuts.

4. (? 30 cm. long; in front of left ventral fin a tumor 35 mm. long, 25 mm. broad,

and 25 mm. thick, projecting but little externally, but greatly into abdominal cavity.
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Opening of the tumors : The active agents in the pnriform transfor-

mation and opening- of tlie tumor are the bacilli first observed by Pfeif-

fer in the ulcer contents. These are only found in the myxosporidian-
infected muscles, never in other organs. The presence of these microbes
either prevents connective tissue proliferation entirely, or prevents it

from becoming complete, the tissue undergoing gangrene (a digestion-

liquefaction, so to speak), which soon results in the destruction of the
overlying tissues.

Subsequently the bacilli were studied by Thelohan (see synonymy,
1893) who observed two kinds of them:

1. Bacilli: Large, motile, as long as tbe spores, showing with haBmatoxylin 4 or 5
red granules, and a short flagellum; frequently several cohere by their surfaces;

also long separated threads occur (Pfeift'er, 1891, p. 105).

Length 6 fi ; sometimes isolated, sometimes in linear colonies, no motion seen; rap-

idly liquefying gelatin upon which it gives large, slightly yellowish-white colonies;

in rabbits provoking a small, very limited abscess; staining easily with methylen
blue, gentian violet, fuchsin, etc. (Thelohan, 1893).

2. Cocci: More rarely, sometimes with last, sometimes alone, another species

consisting of Cocci isolated or united under the form of Streptococci or Diplococci

occurs.

Ulcers: The tumors subsequently soften and burst, forming deep
crateriform bloody-bordered ulcers filled with a yellowish purulent
mass consisting of spores and of cell detritus. Among the latter large

bacilli crawl.

Cell infection: Tbe primary seat of infection is the interior of the
muscle cell. Myxosporidia are found within well-preserved (distinctly

transverse-striate) or markedly atrophied nuiscular fibrillae; also be-

tween healthy fibrilloe. Atrophied muscle-cells are seen containing long
rows of well-developed spores, which, on account of the absence of

filaments within the capsules, Pfeifter inclines to believe have reached
their present position by a general immigration. In places the fibrillse

are beaded, such nuiscle bead-strings beiug ordinarily heaped near
together in the neighborhood of the hard cysts. Around the cysts the
muscular tissue is infiltrated with blood, the infiltration, where super-

ficial, being visible through tlie skin. Near the ulcers the muscular
vsubstance is broken up, loosened, fatty-degenerated, and contains blood-

colored tubes with numerous myxosporidia not yet encapsuled and also

well-developed spores.

Thelohan ^ says

:

In the ovary they are very frequently encountered, M. Balbiani has studied
them in the ovary of the barbel and he has seen that the psorospermic matter does
not confine itself to traveling via the connective tissue, but often invades the young
ovules.

Pathologieal anatomy.^—The presence of the parasite in the primitive

muscle fiber seems to lead rapidly to degeneration. On examining

' Annal. de Microgr., 1890, ii, p. 200.

^Description Thelohan's (Compt. Rend, hebdom. Soc. Biol. Paris, 1893, V, pp.
267-270),
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fragiiients in the fresh .state, libers are seen, which, in places, liave i)re-

served their normal aspect and their striation, and at other points more

or less considerable spaces, where the muscular substance is filled with

a vitreous refringent mass, around and in the intervals of wliich lie

fattj^ droplets, yellowish granules, and spores. The degeneration invades

gradually the muscular substance of the primitive fibers, and one finds

it in parts of these elements, where the parasite appears not to have

penetrated. On the contrary, the neighboring, noninfested, primitive

fibers seem exempt from that alteration, and one frequently observes a

degenerated fiber surrounded by healthy ones.

The fiber thus degenerated and broken up, is soon invaded by pha-

gocytal cells coming, some from the sarcolemma, others from the con-

nective tissue. This latter, at the diseased points, is the seat of a very

marked irritative proliferation.

It is necessary to distinguish, in the degenerated fiber, the parts

where spores are found in great number, and those where these elements

are few or absent, the degenerative process in the latter case having-

originated from the j)resence of the parasite at a ditlerent point.

In this latter case the cells which have penetrated into the degen-

erated tissue multiply rapidly; in proportion as their number augments,

one sees the muscular debris diminish; very soon they have completely

disappeared, the place of the fiber being- finally occupied by connective

tissue. While these phenomena occur, the irritation is propagated, the

connective-tissue iiroliferation extends itself, and a sclerosis of the

neighboring muscle region, with atrophy of the primitive fibers, is pro-

duced.

At the points where the degenerated fiber incloses a great number

of spores, the formation of connective tissue is at first limited to a

thickening of the perimysium. There are thus formed connective-tissue

bridges, separating- the spaces occupied by the spores, and which

correspond to disappeared primitive fibers. These facts are seen

especially clearly on transverse sections. Little by little these bridges

increase in thickness, at the same time their tissue becomes more dense;

they thus form around each space a fibrous shell, which tends to con-

tract more and more. There seems to be here a true encystment of

the parasite, such as is produced around foreign bodies introduced into

the tissues.

Symptoms.—Barbels attacked are less lively than usual and have

much difficulty in ascending streams; surface of body, dull, grayish

yellow, oily, slippery (Meuse; Railliet).

Less lively than usual, easily caught in the hand, breasting the cur-

rent with difficulty, avoiding rapid water (their usual haunt), taken in

great numbers in bow-nets. Some affirm, others deny, that the sick

fish will not bite at the hook. Diseased fish are of all sizes. Those

seriously aftected are of a weight much below that imlicated by their

external appearance, the body being in fact more or less dilated. On
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this account the fisbermeii often estimate the wei.ulit at nearly double

the actual (Eailliet.)

According to Vet. Surg'. Hanzo, the affected fishes float on the siu-face

as though poisoned with Goecuhis indious.

Epidemics.—In the Meuse it has manifested itself with the characters

of a veritable epidemic during three consecutive years, from 1883 to

1885, inclusive. It became progressively more aggravated, reaching

its maximum of intensity towards the middle of 1SS5. On certain days

of that year M. Ladague had interred nearly 100 kilograms of barbels

;

the Meuse was covered with dead fish. The disease subsided little by
little, and actually appeared to become extinct, but it could almost be

said that the combat closed for want of combatants.

In the district of Ardennes it was remarked only in the Meuse itself;

all the affluents have always been spared. The maximum intensity,

according to Railliet, was reached about the middle of 1881. On certain

days, at Mezieres alone, as many as 100 kilos (about 200 pounds) were

interred. Some years later the disease had disappeared from that

region, but raged down stream at Montherme and Givet.

In the neighborhood of ISTancy the barbels die in great numbers

(Megnin).

In the Aisne Ivailliet was informed of ravages of the disease occur-

ring near Eethel. The disease, he thinks, extended to the Aisne a,ud

the Marne from the Moselle via the canals.

In the Marne a considerable number of barbels floated dead or unable

to escape, down the lower Marne. The disease appears to have begun

(at least in the neighborhood of Charenton) about June 15; thence it

progressively increased, attaining its maximum at the time of emptying

of the St. Maurice Canal. It persisted till the end of July, at which

date Eailliet's information ceased.

In the Seine it did not extend above the Port a 1'Anglais dam. The
Grenelle fishermen, Railliet was informed, had seen a great number of

sick barbels. The Seine thus ai3pears invaded, without doubt consecu-

tively, fi'om the Marne.

In the Rhine and its tributaries, the Saar and Mosel, according to

Ludwig, it seems to have appeared at least several decades ago without,

however, ever having attained the magnitude that it has reached in

l^te years in the Mosel. Tlie disease has there been observed since the

end of 1870 and has so increased that, especially in the warm summer
months, the dying and dead fish from the upper Mosel and Saar pass

Trier by the hundreds, and at Zell (on the Mosel) it is reported that they

spread a carrion-like odor. According to Pfeiffer, in the Saar and Mosel

during the summer of 1890 no very extensive mortality occurred.

Contributory causes.—As regards age as a predisposing factor, Railliet

observes that in the Meuse the young barbels are attacked as well as

the old, the weights of dead fish varying from 22 grams to 6 or 7

kilograms.
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Ill the 3 German streams Trepliu^ believes 3 series of cases to be dis-

tinjiuisliable: (1) Mostly small fisli(ui) to 100 grams), still well nomislicd,

with only iiuliN'idual, or without recognizable, indurated patelies, and
which present m the abdominal region, at most, 1 hard tumor. (2)

Somewhat larger fish (up to 200 grams), which almost always show in

several x>h^ces on their sides hard, somewhat swollen, patches; also

tumors similar to those on the smaller fishes, mostly on the abdominal

region. These fishes already begin to emaciate. (3) Fishes of and
above the preceding weights, showing on the sides, belly, or back large

ulcers, mostly lying immediately under the skin. A i)art of the same
is already broken up; borders foul and red; interior containing a yellow

pus. The fishes have emaciated greatly, and die.

Season, Itailliet thinks, appears to have no inlluence, fish being seen

dead in nudwinter as well as in June, July, and August.

Pollution of streams Kailliet considers a minor factor, saying:

The diversion into the Meuse ot" manufactory refuse is often hhanied for the existence

of this condition of affairs, hut the investigations of M. Ladague tend to incriminate

rather the erection of dams at certain points on the river, these structures diminish-

ing the rapidity of current, in the midst of which the barbel ordinarily lives.

Treplin ' believed that the young barbels receive the germ from

refuse deposits of industrial establishments (breweries, malt houses,

tanneries, distilleries, etc.) on the headwater of the Saar andMosel;
and, further, that these germs enter by the alimentary canal, passing

thence into the rest of the body, and first make their exit therefrom

{via the ulcers) in the second or third year. Herr Hanzo,^ on the

contrary, considers the cloth and paper mills as chiefly responsible, as

these establishments handle old rags which are, he says, saturated with

infective material.

Of the views of Treplin and Hanzo, Ludwig considers that of Treplin

to have the greater degree of probability. Both, however, he remarks,

consist only of opinions and probabilities, and further leave out of sight

other sources of contamination. While no sufficient evidence exists for

holding pollution of water by different indnstrial establishments respon-

sible for barbel myxosporidiosis, an indirect connection between such

water pollution and the disease is by no means to be entirely rejected.

It is very easily possible that such pollution may favor myxos]>oridian

increase and development, and esi)ccially that it may, by injuriously

affecting the general life conditions, diminish the normal resistive

power of the fish, thus rendering infection more easy. This view ex-

plains the fact {fide the fishermen) that the barbels at Bonn recover,

while they die in the Saar and Mosel, in which latter streams pollution

must, on account of the smaller volume of water, affect the fish more
injuriously.

M. Brauu •' places less stress upon fouling of the water, as once

' In liUdwig, Jahresber. rhein. Fisch.-Vereins, IJonn, 1888, p. 34.

'^ In Ludwig, loc. cit., ])p. 31, 35.

^Review of Ludwig iu Centralbl. f. Bakt. n. Patasitenkde, 1889, v, p. 420.
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healthy whitefish sickened from introduction into water in which a

whitefish affected with myxosporidiosis had died, and as the same dis-

ease is not rare upon Coregonus from Lakes Peij)us and Ladoga.

Exciting causes.—This may be safely assumed to be the presence and

dev^elopinent of the myxosporidia. Pfeiffer/ from numerous exami-

nations, states that these latter are always present in barbels from the

Rhine, Mosel, and Saar, becoming pathogenic only at irregular inter-

vals, probably when other causes so diminish lish vitality that the

reactive encapsuling of the parasite is no longer j)0ssible. The latter

then obtains the supremacy, and through the accompanying bacteria

rapid death of the fish may result.

Megniu's opinion is as follows:

Mode of infection.—One now understands how tho fish become infected; the paoro-

spernis which escape from the ulcers are ingested witli the water during deglutition

or respiration ; under the form of an amoeboid they enter the circulatory current,

then arrive in the subcutaneous cellular tissue, which is th«ir seat of election, where

they undergo their last transformations.

Upon this subject Ludwig remarks that

—

The greater frequency of occurrence upon the branchiiB suggests that infection

occurs less through the alimentary canal than through the respiratory tract. The
lymph paths of the connective tissue appear to represent the principal channels by

which the parasite spreads through the body, but nothing certain is known.

-

The infection of previously healthy fishes is brought about, Pfeiffer

remarks, through the extensive fouling of the water by the numerous

fish corpses, and the durable construction of the spores. Infection may
then take place via the stomach, gills, or wounds. The last are of fre-

quent occurrence in the spring at the time of breaking up of the ice.

Remedies proposed.—"How, now, to arrest the eindemic? It is diifi-

cult. I see no other method than to collect all the dead or sick fishes

and destroy them by fire" (Megnin).

Ludwig thinks that our ignorance of the complete life-history of the

parasite, and especially of the way in which it secures a lodgment in

the fish, precludes rational radical measures and permits us only to

adopt certain proi^hylactic makeshifts. With reference to myxospo-

ridiosis, as also for a number of other reasons, the waters, especially the

Saar and Mosel, should be maintained in the highest state of purity,

and to that end all pollution of the rivers mentioned, by communities

or industrial establishments, should be interdicted. That most dan-

gerous contamination of the water, by the Myxosporidia from the ulcers,

cannot, of course, be stopped entirely, but it is evident that it will be

less if all fishermen are impressed with the importance of destroying^

all diseased and dead fish, instead of throwing them back into the

water. Such destruction must be so effected as to prevent the reentry

of the germs into the water.

'Die Protozoen als Krankheitserreger, 1890, 1 ed., p. 67; 2 ed., 1891, p. 110.

'^No actual observations are cited in support of this lymph-path theory.

=* Pfeiffer (loc.cit.,\. ed., 1890, p. 37) quotes Ludwig as recommending that they be

buried.
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liailliet (loc. cit., 1890) further says that every one up totlie present

appears to be iu accord as to tlie means of combating the disease.

It is, above all, expedient to collect the diseased fish and to bury them
at a cert.ain deptli and at a great distance from the water course. This

is what was done on the Meuse and one has just seen that this course

succeeded sufUciently well. Thus at the end of some years the disease

appears to have left no traces. ThusKailliet saw taken, even at Mezii res,

3 barbels, the smallest of which weighed 1*5 kilos or 3 pounds.

Pfeifter ' says that jirophylaxis must obviously be directed to the

careful removal of all fishes dead of the disease. They should be

burned or buried with caustic alkali. By this means, perhaps, the

extermination of the barbel may yet be prevented.

The only attempts at cure are cited by Eailliet, who says that M.

Ladague succeeded by opening the tumors in gTeatly prolonging the

life of the fish, and sometimes in curing it. If, on the contrary, the

disease is allowed to take its course the tumors increase rapidly and
the fish soon dies.

52. Myxobolus ? sp. incert. PI. 26, fig. 1.

Psorosperms of Cypriiins erythrophlhalmus, Remak, 1852, Miiller's Archiv., pp.

144, 149, pi. 5, fig. 9B.

Spore.—Tailed and untailed were seen.

Hahitat.—From pigment follicles on wall of splenic artery of

Leiiciscus (Scardiniiis) erythropJithalmiis L.

Rcmarls.—As the relation between this form and ChJoromyxnm

diijardini is at present doubtful, the present form is jprovisionally left

separate.

53. Myxobolus sp. incert. PI. 20, fig. 2.

Globules of Cyprinus phoxinus Rayer, 1843, Rayer's Arcliiv. de Mi'^d. conip., I,

pp. 58-9, pi. 9, fig. 13.

Cysts.—In the single specimen observed, 2 in number, yellowish

white, the size of a pin's head; contents, a mass of ovoid spores. Ether

rendered the cyst contents more transparent, ammonia more cloudy.

Myxosporidium and spore unknown.
Habitat.—Encysted on left .side of head oi Phoximis phoximisJj.,{rom

the Seule Eiver. Disease apparently rare.

54. Myxobolus oblongus Gurley, 1893. PI. 26, figs, 3-6.

(Psorosperms of Catostomus tuberculatus (Le Sueur), Miiller, 1841, Miiller's

Archiv., pp. 487-90, pi. 16, figs. 7-9; ih., Miiller, 1843, Rayer's Arcliiv. de

U6a. conip., I, p. 229, pi. 9, figs. 7-9; iZ>., Robin, 1853, Hist. Nat. d. V^g^t.

Parasites, p. 301, pi. 14, figs. 9, 10.)

Myxobolus ohhmgus, Bull. U. S. Fish Com. for 1891, xi, p. 414; ib. Brauii, 1894,

Centralbl. f. Bakt. n. Parasiteukde, xv, p. 87.

Myxosporidium unknown.

Cyst.—Round or elliptic, not over 1 mm. in diameter; membrane

'Die Protozoeu als Kraukheitserreger, 2 cd., 1891, p. 110.
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resistant; contents whitisli, consisting- of spores, witli more or less

granular detritus.

Spore.—Outline spatular, approacliing roundisli-oblong; untailed;

length 14 to 17 //, breadth 8-5 //, thickness 5 to 6 /v.

Shell substance thin, almost perfectly transparent, insoluble in cold

and moderately warm concentrated sulj)huric acid, quickly destroyed

when heated with the concentrated acid to near its boiling jjoiut;

insoluble in concentrated solution of caustic potash, cold or hot.

Valves separating in sulphuric acid (cold, concentrated), equally con-

vex, the spore on transverse view appearing symmetrical on both

(superior and inferior) sides of the wide ridge. Greatest convexity of

valves well forward (at about the junction of the anterior with the

second fourth of the length;) ridge index nearly ^.

Capsules 2, pyriforni, of equal size, containing a coiled filament visi-

ble (in iodine water) through the capsular walls; capsules drawn out

anteriorly into the ducts, orifice visible. Methj^l-green stains the

cai)sular walls bright green ; the filaments, sporoplasm, and shell not

at all. Under this treatment there are differentiated in the uniformly

bright green capsular walls several dark green granules. Sometimes
only 2 are seen, and these are then often situated approximately in the

long axis of the capsules. Other specimens are seen with 4 or 5, which
are usually arranged without ma.rked regularity, generally, however,

being collected near the center. Their nature is problematical. Their

presence, position, and numerical range appear to be constant.

Sporoplasm: The outline was not accurately traced, but the results

obtained by staining, suggest that upon the superior surface it may
perhaps extend to the anterior end of the shell; upon the inferior sur-

face it only reaches the posterior ends of the capsules. Upon this

view of the relations, the capsules would indent the inferior surface of

the sporoplasm. A similar condition appears to have been observed
in other species (pi. 34, fig. M). It is obvious that between the greater

(but partial) anterior projection of the sporoplasm upon the superior

surface in M. macrurus, and its complete anterior extension upon one
surface in the present species, various transitions might occur, and I

believe tliat this greater anterior projection alTords, even in the absence
of valvular inequality, a criterion for the discrimination of the superior

from the inferior surface, the greater projection being always superior

and the capsules always more or less inferior.

Nuclei: Besides the deeiny methyl-green staining bodies in tJie

capsular walls, 3 series of bodies, which have a constant position and
stain with both carmine and gentian violet, occur. Those forming the
first series have every appearance of being, and I believe are, nuclei.

The second and third series are much more dubious, for if all tlje

granule-like particles which stain with gentian violet are to be regarded
as nuclei, the number of the latter must be reckoned as 1 or 2 score. I

have, therefore, merely described the appearances presented by the
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specimens, and will direct attention to the possibility of si)oroplasinic

degeneration liaviiig' taken place.^

Series 1 : Consisting constantly of 2 deeply-staining globules (best

shown by carmine), always found in the median tongue-like process

of the sporoplasm, usually disposed submedianly, one behind the other,

though not infi-equciitly obliquely or even transversely directed; often

seen closely approximated, sometimes flattened on their adjacent sides.

Series 2: Forming 2 curved lines whose direction and j^osition coin-

cide in a general way both with the concave anterior margins of the

sporoplasm, and also with the adjacent postero-iuner border of the cap-

sule; best stained by carmine. Each line is resolved by high powers

into several deeply-stained dots; its outer end approaches so closely

the usual position of the i)erieornual nucleus tliat I suspect that this

latter structure may form the last dot. Further, with one pair of such

lines distinctly in focus, a second pair (parallel and slightly anterior to

the first) can sometimes be seen. That this pair exists on another

focus-plane becomes evident by change of focus, when it comes into

distinct view, the first pair at the same time receding into obscurity.

Finally, at the anterior median cornu a distinct deeply-stained granule

is also sometimes seen.

Series 3: These chromatophile bodies are best shown by gentian

violet. This reagent differentiated, besides the lightly tinted shell,

three kinds of substances which stain, respectively, not at all, medium,

and very dark. There is never any difficulty in distinguishing these

from one another; that is, there are no transitions between the tints.

The medium-stained portion is the general protoplasm. Without pro-

nouncing such to be their nature, I may say that the dark-, and non-

staining portions behave toward gentian violet precisely as would

nucleolar and nuclear substances, respectively. Moreover, the order of

succession (from the center of the space outward) is always deepest-

staining, nonstaining, medium-staining, the nonstaining portions form-

ing circular, oval, or slightly irregular spaces, which are delimited by
a sharp, clearly defined border from tlie surrounding medium-stained

protoplasm on the one hand, and from the inclosed deeply stained gran-

ules on the other.

As regards their location, though they often seem to, and apparently

sometimes do, honeycomb the protoplasmic portion of the spore, they

nevertheless show a decided tendency toward peripheral aggregation.

In most cases there can be distinguished in the posterior two-thiixls of

the spores 2 zones, a more deeply stained tongue-shaped median, and

a markedly lighter band-like circumferential portion. The latter is, by
preference, the seat of the third series of chromatophile bodies. The

'The fishos had been kept for years in rather weak alcohol and their condition of

preservation was by no means perfect. Further, the results of stainiujj; with gen-

tian violet were by no means constant, only a single slide serving as a basis for the

descrijjtion given. The action of carmine was less variable.
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anterior eud of eacli series appears usually to be (is?) formed by one
of the pericornual nuclei. Sometimes these latter are the only ones to

be seen. Almost always they are the largest. Starting- anteriorly with

these two, an increase may be traced up to 6 (3 on each side^), the 3

pairs being often subsymmetrically arranged. In cases of deficiency it

is the posterior ones that are absent. These facts would seem to suggest

a possible origin of the series from the two large pericornual nuclei.

Besides the structures already described, others more or less similar

may be seen, especially anteriorly and in the higher (presumably also

in the lower) focus-planes. Some of these show the same combination

(deeply stained granules in unstained areas) as those already men-
tioned, but often no surrounding unstained areas were visible.

Vacuole: I could not detect this structure, but do not wish, on the

strength of the material available, to positively assert its absence.

Habitat, etc.—Encysted immediately beneath the skin, on the external

(scaleless) surface of the head, never elsewhere except twice in skin of

body immediately behind head oi l^rimyzon sucetta ohlongus {— Catos-

tomus tuherculatus Le Sueur, Jide Jordan and Drayton^), chub sucker.

Apparently a scaly surface constitutes an almost impassable barrier

for this species.

Observed on fish collected as follows

:

U. S. Nat. Miis. Cat. No. 20105. Tributaries Fox River, Mississipj)!. Collector, Prof.

S. F. Baird. Tumors very numerous on 2 specimens. Fish adults.

U. S. Nat. Mus. Cat. No. 20523. Kinstou, North Carolina. J. W. Milner, collector.

A single tumor on 1 fish ; the latter rather young.

This species was not found in the following:

U. S. Nat. Mus. Cat. No. 20254. Near Piermont ( fPicrpont) New York. Collector

Prof. S. F. Baird. Fish half-grown.

U. S. Nat, Mus. Cat. No. 25573. Columbia, South Carolina, March 21, 1880. Col-

lector, Col. Marshall McDonald.

The striking contrasts between the very great number of cysts present

on the fish from Mississippi and their extreme rarity upon those found

at the other localities is interesting. Data are, however, wanting for the

proper appreciation of relative potency of geographic location, tempera-

ture, season, and age of the fish.

EemarJcs.—This species is, I believe, identical with the one described

by Mliller.^ Although he states the branchife to be the principal seat

of this species, I have only found it imbedded under the skin covering

the head. The cysts found on the branchiae, besides being-distinguished

^I have not seen more than 3 nucleiform bodies (deep-stained granules in the

midst of a non-stained area) on a side, though the number of deep-stained granules

may be greater, 2 being sometimes found in one unstained space.

2 Bull. 12, U. S. Nat. Mus., pp. 100, 115; var. ohlongus, Jide Prof. B. W. Evermann.
'Miiller'y description in brief is:

Cysts conspicuous, elongate, 2 to 4 mm. long, imbedded principally under mucous
membrane of branchial lamelhe, also in that of the branchial chamber and in skin of

head of Catostomus tuherculatus from North American rivers. Cysts found in all of

the 3 fish examined, being in one case numerous.
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by their much smaller average size, contain a quite distinct species {M.

glohosus) which is much smaller, subcircular, and with a much larger

capsular index.

55. Myxobolus lintoni Gurloy, 1893. PI. 26, figs. 7,8; pi. 27.

(Psorosixn-ins of Ci/prhiodon variegatns, Linton, 1891, Bull. U. S. Fish Com. for

1889, IX, pp. 99-102, pi. .35, figs. 1-16; ib. Br.iun, 1893, Cciitralbl. f. Bakt.ii.

Parasitenkile, xiii, p. 97.)

Myxoholns Untoni, Bull. U. S. Fish Com. for 1891, xi, p. 414; ib. of Cypsinodon

[error] varief/atus Braun, 1894, Ccntralbl. f. Bakt. n. Parasitenkde, xv,

p. 87.

Cysts.—A])parently no closed cysts. Fungoid masses of an irregular

shape, varying in size from 4 by 2-5 mm., to 10 by 4 mm., projecting

as much as 3 mm. above general surlace of skin.

Myxosporidium unknown.

Spore.—Shape and size very uniform; biconvex-lenticular, outline

broadly rounded-elliptic, length 13-9 /<, breadth 11 /7, thickness about 8

//. Shell thick, sh(jwing under action of osmic and sulphuric acids a

low longitudinal ridge, resisting the action of concentrated sulphuric

acid and of potassium hydrate solution and a 10 days' maceration in

sea water; staining brown with iodine and deeply when treated with

methyl green and eosin; collapsing under action of glycerin. Cap-

sules 2, situated and converging anteriorly, pyriform, transparent,

retractile, not staining deeply with methyl green and eosin, showing,

with osmic acid, a minute pore at anterior end; containing filaments

which are extruded under the influence of sulphuric acid; filaments

when extruded nearly straight, undulate, or more or less closely spiral,

of the same thickness throughout, distal ends tenuate. Sporoplasm

showing, on addition of acetic acid or after 8 days' immersion in sea

water, a "nuclear vesicle"; in many specimens showing the " smaller

supplemental retractile bodies" represented in pi. 27, fig. 2. Spore

associated with calcareous particles of irregular shapes (fig. 14).

The above is Prof. Linton's description, condensed and rearranged.

To it I am able to add, partly by way of correction, the following datar

Spore.—Shell composed of 2 valves, superior and inferior; easily

and rapidly separating in sulphuric acid (cold, concentrated); ridge

present. Capsules extruding the filaments (alcoholic specimens) in a

loose spiral or straight, under the action of iodine water. Sporoplasm

showing, with iodine, a rather large vacuole with clearly defined borders.

Nuclei, at the most, 4, 2 of which are the pericornual.

These 2 specimens were also from the Atlantic, at Woods Holl,

Mass.; collected by Mr. V. N. Edwards, August 1, 1892.

Habitat.—Imbedded in the subcutaneous tissue of Cyprinodon varie-

gatns (short minnow), taken in the Atlantic at Woods Holl, on August

20, 1889; also August 1, 1892.

Ejfccis.—The skin of the host overlying these tumors is more or less

cracked and broken, and the scales scattering.
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56. Myxobolus sp. incert. PI. 28, fig. 4.

Cyst and myxosporidium unknown.
Spore.—Broadly elliptic; length, 14 /i,- breadth, 10 /.q thickness, 5 yu;

shell bivalve; valves equally convex; ridge index about 0-25. Cap-
sules 2, equal; capsular index not quite O'oO. Sporoplasm showing a
clear, round space, witliout doubt the vacuole.

Habitat.—Body cavity of Garassius Garassius L. (goldfish), from Ger-

many.
Remarls.—For this species I am indebted to Dr. C. W. Stiles, who

mounted the spores in Leipsic. The exact locality whence the host

came is unknown. The si^ecimen was mounted unstained in Farrant's

solution. For this reason the vacuole could not be stained or the

nuclei be determined.

57. Myxobol'js ? obesus Gurley, 1893. Pi. 28, fig. 7.

(Psorosperm of the "Ablette," Balbiani, 1883, .Journ. rle Microgr., vir, p. 203,

fig. 43; ib. Balhiaui, 1884, LdQons sur les Sporozoaires, p. 133, fig. 39.)

Myxoholua ohesnn, iJiill. U. S. Fish Com. lor 1891, xi, p. 415; ib. of Albunms
lucidus^ Braiin, 1894^ Centralbl. f. Bakt. u. Parasiteiikde, xv, p. 87.

No description.

Habitat.—On Alburnus alburnus L.

58. Myxobolus cycloides Gurley, 1893. PL 28, fig. 5.

CPsorosperms of Cyprinus rutilus, Miiller, 1841, Miiller's Archiv., pp. 481,

486, pi. 16, fig. id-fi; ib.,^ Creplin, 1842, Wiegraanu's Archiv. f. Natur-
gcsch., I, p. 63 (footnote); i&., MiilJer, 1843, Rayer's Archiv. de. M<^.d

comp., I, p. 226, pi. 9, i\g.id-fj; io., Rayer, 1843, ibid., p. 269; ib., {pars)

Robiu, 1853, Hist. Nat. V^get. Parasites, p. 299, pi. 14, fig. 6.)

Myxobolus cycloides, Bull. U. S. Fish Com. for 1891, xi, p. 415; ib., Brauu, Cen-
tralbl. f. Bakt. u. Parasiteukdc, xv, p. 87.

Gijst.—Xot described. Creplin states that the membrane is very
delicate and that it is "dissolved" by water.

Myxosporidium unknown.
t^pore.—Snbcircular-ovate or broadly rounded-elliptic, resembling M.

cireiilaris; length, 12 /i (0-0054'").

Habitat.—Encysted, most frequently on inner surface of ojiercle and
particularly on the iJseudobranchiae {NcbeHkiemen) of Leuciscm rutilus

from German rivers. Disease of very frequent occurrence, principally

in May and June. Crei>lin's specimens were taken May 8, 1835, and
January 31, 1839.

59. Myxobolus sp. incert.

Myxosporidiau spore of Gardon, Th^lohan, 1889, Compt. Rend. Acad. Sci. Paris,

cix, p. 921.

iSpore.—Vacuole present; maximum number of nuclei, 3.

Habitat.—Oil the " Gardon.''^ At present this form is entirely indeter-

minate, as M. Thelohau informs me (letter, 1893) that Gardon is applied
indiscriminately to both Leuciscm rutilus and L. erythrophthalmus.

1 The question between the two specific names is merely that of the advisability
of the use of a specific name identical with the generic.

* Creplin compares his form to Miiller's, iig. id.
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60. Myxobolus spheralis Giirley, 1893.

(Psorospernis oiCoregonna fcra, Clapal•^de, 1874, in Lunol's Hist. Nat. d. poissons

du bassia du L^inan, pp. 113-14.

)

Mijxohulus spheralh, Hull. U. S. Fisli Com. for 1891, xi, p. 415; Myxoholns sphce-

ralis [cMTor] Hraun, 1891, Ceutralbl. f. liakt. u. Parasitcukde, xv, p. 87.

Cyst.—Diameter, 0*25 to 0*33 mm.
Myxosi)()ri(lium unknown.

Spore.—Very diffeicnt from those contained in the cysts of tjie

muscles of the same lish, untailed, perfectly spherical, 9 /u in diameter,

containing a single splierical, very strongly refringent "nucleus" and

some small granules. Some cysts contain spores with less refi'ingent

nuclei ami Avith very numerous small granules. This difference is per-

haps only one of age.

Uahltat.—Cysts imbedded by thousands in the mucosa of the branchiaB

of Corcfjonus /era Jur. Their abundance gives to the branchia? a gray-

ish color apparent at the tirst glance.

Remarlis.—01apar(>de remarks that it might naturally be supposed

that a generic bond exists between the small cysts of the branchiae and

the large cysts of the muscles, but observation was unable to justify

this hypothesis.

61. Myxobolus sp. incert. PI. 28, fig. 6.

Psorospernis oi Lnclopcrca sandra, Miiller, 1841, Miiller's Archiv., pp. 480-6, pi.

16, figs. 3a-l ; ib., Miiller, 1843, Raver's Archiv. de Mdd. comp., i, pp. 222-6,

pi. 9, fig. 3a-I ; ib., Dujardin, 1845, Hist. Nat. d. Helminthes, p. 644; ib.,

Robin, 1853, Hist. Nat. d. V6g6t. Parasites, p. 295, pi. 15, fig. 5.

Cysts.—Flat white vesicles or pustules, 1-09 to 2-18 mm. (A to 1'") in

diameter, usually few and discrete; contents a small quantily of gran-

ular matter, mostly, however, consisting ot the spores.

Myxosporidium unknown.
Sjyore.—Almost exactly round, untailed or very rarely (once in 200

to 300 times) tailed, the tailed forms occurring in the same cyst and

resembling especially M. schizuriis, from which species, however, they

differ in having the tiHl no longer or only a little longer than the body;

with double-contoured border, thickness equal to one-half the breadth;

ridge present; capsules 2, of equal size, converging and appearing as

though united by a knot at their anterior extremities (tig. Ga). Among
multitudes of typical specimens, Miiller says an occasional one is seen

containing 3 bodies, the third being iilaced behind and between the

other two. Spore frequently showing a dark punctule just behind the

posterior end of each capsule which sometimes sinmlates an oblique

line extending from the border to the capsules; at others, a slight

projection of the shell.

Bevelojjment.—Traced (naturally enough, but erroneously ') by Miiller,

as follows: (1) Spores occur in which the capsules are no longer at the

' It must be remembered that Miiller was not aware of the existence of the myxo-

sporidium. Recently Miugaijziui lias attempted to revive this view of" the office of

the capsules Csec p. 87).
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anterior end, but in the middle, and have tlieir axes parallel (fig. 3h).

(2) Namerous mother vesicles [pansporoblasts] are seen containing 2

spores standing on edge, in contact, with their longitudinal planes

parallel; such spores show capsules in their interior in the usual place.

(3) Eare cases occur (fig. Ge) where the mother vesicles contain 3 such

spores; these correspond to the rare cases in which the contents of the

spore consist of 3 x)arts. He concludes that the capsules are the germs

of new spores.

Habitat.—Encysted in skin of the external or internal surface of the

opercles, in the rays of the branchial membrane, on upj^er surface of

head or on the fins of Stizostedion lucioperca {z=Lucioperca sandra), pike

perch, from German rivers and from the Don. Disease very frequent,

mostly in May and June. Miiller found it in from 20 to 25 per cent of

the young fishes examined. They were taken during the fii'st of the

winter.

62. Myxobolus globosus Gnrley, 1893. PL 28, figs. 1-3.

Bull. U. S. Fish. Com. for 1891, xr, p. 415; ih., Braun, 1894, Centralbl. f. Bakt.

u. Parasitonkde, xv, p. 87.

Cysts.—Varying from very minute to n maximum of 0-5 mm., elongate-

elliptic or rod-shaped, apparently (judging from ease of rupture) with

a very thin membrane; color, whitish; contents, spores.

Myxosporidium unknown.

Spore.—Globose, subcircular in outline, untailed; length, 7 orSyu;

breadth, 6 or 7/^; thickness, oia. Shell substance thin, very trans-

parent, composed of 2 valves (sui)erior and inferior in position), which

present a heavy ridge whose width nearly equals one-third of the thick-

ness of the spore. Valves equally and very convex oti their external

surfaces, appearing symmetrical on either side of the ridge. Oaijsules, 2,

of equal size, rather strongly diverging; capsular index somewhat more

than 0-50. Xuclei 3 or 4, viz: the 2 j^ericornual and 1 or 2 others, the

latter the usual and presumably the fully developed condition (see p.

92). Vacuole present. Owing to the great convexity of the sporoplasm

surface and the great thickness of its substance, it is not so clearly

outlined as usual.

Habitat.—Encysted on the branchial lamelli© of Erimyzon sucetta

oblongus Lac. {= Catostomiis tuberculatus Le Sueur'), chub sucker.

This species was found upon fishes from the first 3 localities; on those

from the fourth none were detected.

The following is the record of fishes examined:

TJ. S. Nat.
Mus. No.

20.523

2557.3

20105

Locality. Date.

Kinston, N. C
Columbia, S. C \ Mar. 21, 1880
Tributaries Fox Eivor,

j

Mi.ssi.s.sippi i

Neai Pi<Tiiiont (?Pier-
pou t) , N. Y

Collector.

J. W. Milner.
Marshall McDonald.

S. F. Baird.

S. F. Baird.

' Fide Jordan & Drayton, Bull. 12, U. S. Nat. Mus., pp. 100, 145; var. obJongus
, fide

Prof. B. W. Evermann.

FC 16
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63. Myxoboliis transovalis Gnrloy, 1893. PI. 29, iis- 1.

Bull. U. S. Fish Vom. for 1891, XI, p. 415; ib., Braun, 1891, Cciitralbl. f. nal<t.

u. Parasitenkde, xv, p. 87.

Ci/at.—Existence not evident, the spore-mass appearinj;- to be held

tog-other by a small soft gelatinous or mucoid mass which has no atta<,*h-

ment to the subjacent connective tissue, as it invariably conies away
with the scale. It forms a thin discoidal mass situated in the center

of the concave under surface of the scale. When at its thickest it

elevates the scale slightly, and this elevation is the i)riu('i])al guide to

its detection. In addition its color when coagulated is a slightij' deeper

yellow than that of the surrounding tissues. It is exceedingly difficult,

in fact nearly impossible, to detect its presence in tlie fresh state.

Myxosporidium unknown.

Spore.—Length, 6 /,/; breadth, 8 //; shell thin; substance almost per.

fectly transparent, insoluble in concentrated sulphuric acid, bivalve;

the valves superior and inferior in position, equally ventricose, with a

narrow ridge; valves separating easily when placed in cold concentrated

sulphuric acid, also sometimes in strong glycerin, or when the mass is

rolled under the cover slip.

Capsules: Two, of equal size, containing a coiled filament extruded

under the influence of glycerin and of sulphuric acid; capsular index

about 0-50.

Sporoplasm: The great convexity of the sporoplasra renders it diffi-

cult of determination whether the deeper iodine-stained portions rep-

resent merely greater thickness or a vacuole. Sometimes the latter

view was suggested by the rather sharp outline of such deeper-stained

areas. Hydrochloric acid alcohol carmine stains 2 (very rarely 1 only)

comparatively large (1 to 1-5 /.i in diameter) nuclei, which are always

and plainly situivted in the sporoplasm with a site by preference along

or near one of its concave anterior borders; pericoruual nuclei appar-

ently absent.

Habitat.—Under scales on external surface (mostly on posterior half)

ofFhoxinus {Clinostomu.s)J'ii)ifluloi(les Girard, taken in 4-mile Kun (trib-

utary of Potomac Eiver), near Carlins, Va., June 29, 1892 ; collector, the

author. Among fishes collected from the same locality, August 29,

1892, no diseased s])ecimens were found.

64. Myxobolus ? meiiucii Perngia, 1891. PI. 29, fips. 2-7.

Myxosporidium merhicil Yemghi, 1891, Boll. ,Scieiitif., Pavia, XTII, pp. 22,24,

figs. 9-11 ; jifi/roholns ^nerhiccii [error], Tli61olian, 1892. Bull. Soc. pliiloniat.

Paris, IV, pp. 1(56, 178; M. merhicii, (Jurloy, 1893, Bull. U. S. Fish Com. for

1891, XI, p. 415; ib., Brauu, 1894, Centralbl. f. Bakt. u. Parasitenkdo, xv,

p. 87.

Myxosporidium.—Occurring under various forms; no differentiation

of ectoderm; no pansporoblast membrane. The spores are expelled at

their maturity from the myxosporidium. Perugia adds:

I have .also spcu form 2 contiguons vacuoles which do uot present the slightest

trace of capsules, but ouly a few grauulatious.
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Spore.—xllways 2, oval, with 2 capsules situated " at the superior

border in the transverse diameter." Perugia did not see the extrusion

of the filaments under the action of reagents. He adds that he has

convinced himself of the accuracy of Tlielohan's opinion as to tlie

vacuolic nature of Biitschli's ''nucleus" and also of that of Th^lohan's

observations upon the nuclei of the spore.

Hah ifat.—(xall -bladder of MerluGius merlucius {= esculentus, = vul-

garis), hake, collected August 13, 1890.

EemarJcs (see also ]). 275).—This is a rather peculiar species, and the

generic reference is provisional. As indicated elsewhere, gall-.bladder

species of Myxoholus are so rare that this habitat is a caution-mark as

to the generic reference of imperfectly described forms. The present

generic reference is made provisionally and very doubtfully upon Peru-

gia's assertion of the presence of an iodinophile vacuole. Finally,

attention may be directed to Perugia's figure 9 (pi. 29, tig. 2), which

differs entirely from the others.

65. Myxobolus ? sp. incert.

Psorosperms of Gohio Jluviatilis Lieberkiiliii, Miillor's Arcliiv., pp. 353-4; ib.,

Lieberkiilin, 18.54, Bull. Acad. Roy. Belg., xxi, pt. 2, pp. 21-2; ? myxo-
sporidian of kiduey of G. fltiviatilii Thelohan, 1890, Aunal. de Microgr.,

II, p. 198; ib., of Gobius [error] Pfeiffer, 1890, Die Protozoen als Krank-
heitserreger, 1 ed., p. 49; ib., Pfeiffer, 1891, ibid, 2 ed., p. 134.

Cyst.—Nearly spherical, about 0.22 mm. in diameter; contents, "pso-

rosperms," empty shells of the same, " free nuclei " of the same, and
amoeboid bodies with amoeboid movements.

Mi/.vosporidiiini.^-The above and below mentioned amoeboid bodies

in all probability represent the earliest stages.

Spore.—Untailed, Lieberkiihn repeatedly saw spores contract to an
hour-glass shape and extrude an amoeboid body, which formed blunt

processes, and moved slowly over the field, the movements continuing

for a long time 5 amoeboid bodies diaphanous, destitute of granules

and of apparent structure, usually invisible within the .spore, but some-

times plainly seen; size, that of a colorless blood corpuscle.

Habitat.—In the kidney and encysted in body cavity between the

kidney and the air-bladder of Gohio gohio L.

Rcmarlcs.—The habitat and the " encysted " condition of this form

imply Myxoholus aflBnities.

66. Myxobokis ? sp. incert.

Psorosperms of Percrt,^Hrm/j/(\<(, Miiller, 1841, pp. 481, 490; t&. Robin, 1853, Hist.

Nat. des V^g6t. Parasites, p. 296; ib. Lieberlviihn, 1854, Miiller's Archiv.,

p. 365; ib. Bessels, 1867, Tagebl. d. 41 Versamml. d. deutsoh, Naturf. u.

Aerzte, pp. 71-72.

Cyst mentioned but not described by Lieberkiihn; myxosporidium
unknown.

Spore.—Untailed. Bessels observed the extrusion of the filaments

as a result of 8 hours' immersion in glycerin.

Mabitat.—In May and June encysted in the skin of Ferca Jluviatilis



244 KEPORT OF THE COMMISSIONER OF FISH AND FISHERIES.

(yellow perch) in German rivers and in the Irtisch (Miiller). Scales

(Lieberkiihu; Bessels). Disease not coimiion.

Remttrls,—Bessels"s form seems probably referable here, as he si)eaks

of having- observed the, longitudinal splitting into 2 symmetrical halves

of an eni])Soid form.

67. Myxobolus sp. iucert. PI. 29, fijr. 8.

I'sorospei-iiis of Lenciscus rutihis, v. tl. Bonio, 1886, Haiulb. d. Fisclr/ucbt u.

Fiseherei, p. 211, lig. 215.

Ko d(4Scription.

Ilabitat.—On Lcuciacus rutilus L.

68. Myxobolus ?? zschokkei Gudey, 1893. PI. 31, fi.i?. 1.

(Psorosiicrnis oJ' Con';jo)niK fcra, Zschoklce, 1884, Archiv. de Biol., V, pp. 234-.5,

pi. 10, lig. 16; ib., Liutoa, 1891, Bull. U. S. Fish Com. for 1889, ix, p. 101.)

Mijxoiolus ?? zschokkei, Bull. U. S. Fish Com. for 1891, xi, p. 416.

Cyst.—Oval, white, size varying from that of a small pea to that of

a large nut; multiple, sometimes as many as 30 on one fish, the largest

usually situated in dorsal muscles; cyst membrane thick, very resist-

ant, without apparent structure; contents a milky fluid, occasionally a

caseous mass, coagulable by alcohol.

Myxosporidium unknown.

Spore.—I quote in substance Zschokke's description

:

Body lenticular or oval, a little wider in front than behind; often bearing in front

a blunt prolongation; posteriorly one distinguishes 2 " tails" (queues), 6 to 8 times

longer than the T)ody, attenuating posteriorly, curved and undulating ;
the number

of 2 "tails" is constant; at the pole opposite to the "tails" are 2 oval, trans-

parent anteriorly-converging vesicles; one sometimes sees, however, an extremely

line canal extending from the posterior end of each vesicle to the base of the corre-

sponding "tail"; the vesicles then probably play here also the role of receptacles for

the " tails." Round refractile globules are also seen at the bases of the vesicles; the

remainder of the body is filU'd by a homogeneous plasmic mass, which frequently

contracts to tlie center of the body cavity, forming a clearly distinct round or oval

mass.

Habitat.—Encysted in the subcutaneous and superficial intermuscular

tissue of Goregonus /era. Observed during April and ]May. Disease

stated by fishermen to be of very frequent occurrence.

Effects.—The skin is irregularly swollen and the scales fall easily.

As to myxosijoridiosis of Goregonus, see also p. 233.

This form is a very puzzling one. As a]>pears from the above

description and from the figure (pi. 31, fig. 1), the 2 structures, called

by Zschokke "tails" {queues), are seen at one end, and at the opposite

end are 2 structures (the " vesicles" of the above description) approxim-

ating to the position of and presenting somewhat tlie appearance usual

to the capsules, and Zschokke considers them to be the capsules.

They converge, as do the capsules of most species, toward the end of

the spore, at or near which they are situated, and they diverge in the

opposite direction. From these facts one would be inclined to pro-

nounce this end (viz, the one at whicli these " vesicles " are placed and

toward which they converge) the anterior, and the ox)posite one (the
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one from which the ''tails" proceed) as the posterior. Zschokke, how-
ever, states that he has often seen a fine canal running from the (on
the above supposition) posterior end of each capsule to the base of the
" tail," and expresses his belief that, in this species as in those observed
by Balbiaui, the function of the "vesicles" is to contain the "tails."

Both he and, subsequently, Linton' perceived the anomaly which, upou
his view, is presented by this species, but neither of them discusses it at

length. It is almost as difficult to reverse the position of the spore and
consider the " tails" as corresponding to the filaments which in other

species are extruded from the capsules, as this view would necessitate

the admissions that the capsules are placed at and converge toward
the posterior end of the body, and tliat the filaments are extruded from
their posterior ends, a state of things occurring in no other known
species.^ I may add that the filiform aspect of the so-called " tails " is

quite diflerent from that shown by the stout tails of other species,

while it closely resembles that of the capsular filaments.

69. Myxobolus cf. crepliiii. PI. 30.

Myxosporidian spore of £sox htciiis, Weltner, 1892, Sitziings-Ber. Ges. Naturf.

Freuude Berlin, 1892, pp. 28-36, figs. 1-16.

The fish was a spawner, weight estimated at 1 kilo; it showed a mass
of milk-white eggs whose contents consisted of myxosporidian sjiores,

a granular mass, and a few yolk granules. The material was first exam-
ined by Hilgeudorf, who recognized the myxosporidian spores.

Spore dimorphous, untailed and tailed forms occurring. Anterior

end more or less bluntly rounded. Posterior end showing great differ-

ences, as a rule gradually drawn out without any boundary into the

thin tail. More rarely the alternation is sudden and the tail is then

delimited from the body. With some spores there is found at the

place of transition of the body into the tail a wing-like expansion,

which lies at the border of the spore. The untailed spores have the

posterior end rounded, much blunter than the anterior ; otherwise they

are formed entirely like the tailed. The tailed spores are of a fasiform

shape.

Eelation of untailed to tailed : It might readily be believed that the

tailed develop from the untailed by the appearance of a short stump,

which would subsequently grow in length and breadth; thus the body-

length of the 2 forms is about the same, the whole length of the tailed

consequently exceeding that of the untailed only by the length of the

tail. Also the maximum width is about the same for both spore-forms.

Shell consisting of 2 thick almost always unequally arched^ valves

which can gape apart anteriorly for more than half their length ; by

'Bull. U. S. Fish Com. for 1889 (1891), p. 101.

^M. diplurus has (if Biitschli's figure be correct, pi. 36, fig. 4) the capsules poste-

riorly placed, but their convergence and divergence is not evident, and nothing is

known about the capsular filaments.

3 Weltner refers to his figs. 8 to 11, in which the inequality of valve-convexity

might perhaps be the result of the oblique positions of the spores.
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l^ressiire on the cover-glass they cau be separated ahnost completely.

They remain, however, couuected at the posterior eud; ridge present.

On longitudinal ("end") view the valves are seen to unite with

each other, either by direct fusion and without ;!p]>reciable line ot

demarcation, or to be soldered by the thick interiorly i)rojecting welt-

like ridge (in optical section, circular).

Weltner believes that the tail structure (in tliis species) always con-

sists of a superior and an interior hall", each half being a process of the

corresponding valve. For, in the very few cases in which the valves

diverged ])()steri()rly (remaining connected anterioi'ly), he saw this (jnito

plainly; with some shells the tail-halves were sh(uter; with others

longer; also iuequidity of length is very frequent in the same spore,

and one valve-process may be very long and the other very short.

Other spores have only one valve sharply drawn out, the other showing-

no trace of a tail. Tail thinner than that of 31. psorosjJODiicus (Lieber-

kiihn's figures in Biitschli).

The spores in which the tail is double may lie in 3 positions:^ (1)

Most frequently the tails are plainly visible only on a transverse (or at

least an oblique) view. The tail-halves (which on vertical view cover

each other) then diverge. (2) With other spores things are difterent;

here the tail-halves appear side by side, on vertical view. (3) The third

position is that in which the tails cross (in the manner of a crossbill's

beak) both on vertical and transverse views.

Capsules: 2, fusiform, length 5*1 to 5*9 /<; their posterior end

bluntly rounded off and often obliquely truncated.^ The separated

capsules are rouuded pyriform. Capsules mostly parallel-appressed,

mutually flattened. In spores whose capsules lie separated from each

other the granulated sporoplasm is seen between them. Longitudinal

(" end ") views show the capsules to be imbedded in the sporoplasm.

Weltner only once certainly observed the sporoplasnuc covering to

extend as far forward as the apex of the capsules. The latter is always

clear and glistening when containing the filament; dull when empt}'.

The capsule of the present form ditfers from that of M. i)sorospeymicu8

(Lieberkiihn's figures in Biitschli) in shape; also here the capsular index

is smaller. In M. schizurus the shape and position of the capsule is

also different.

Filament: Not visible (under a i>ower of 1,000 diameters) through the

capsular wall; only a dark shadow being seen. Exit produced by
glacial acetic acid; also (spores in alcohol), by pressure on the cover

glass; the last method produced the extrusion of many filaments;

extruded filaments often quite straight; length, 47*9 yu.

' It socrns to me that all this is produced merely by a slight lateral shifting of tho

valves and by the flexibility of the tail. At any rate all tiiose aspects arc so ])roduced

in M. cf. linearis (see p. 254).

*A similar apparent marked truncation is au oi)tical illubion iu J/, macruruii.
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Sporoplasm: lu the preparatiou this had run to a mass with phiiiily

visible coarser and finer granules. Sporoplasm traceable only to the

root of the tail, where its lateral borders converge sharply j in the

untailed forms it is rounded off posteriorly.

No nucleus was discovered; bodies staining with hsematoxylin,

borax-carmine, bismarck brown, gentian violet and Kernschwarz were

resolved by a Leitz Jq immersion into coarse granule-heaps, having
little similarity to nuclei.

Microscopic technique.—Material received fresh ; the pathologic mate-

rial was placed in glycerin and water (equal parts) and fixed with some

drops of saturated sublimate solution ; 14 days later it was transferred

to 50 per cent, and subsequently to 70 per cent alcohol. In alcohol the

eggs remained soft. In this form the material was catalogued as Pro-

tozoa No. 1661 in the collection of the Konigliches Museum, fiir Natur-

Jcunde. Bismarck brown stains the capsules only; borax carmine, only

the sporoplasm.

Habitat.—Ovary of Lucius lucius (pike) collected at the beginning

of February, 18DL>.

Remarks.—Of Miiller's forms, the present species resembles most, but

is not identical with, M. scliizurus. This species also bears a great

similarity to Lieberkiihn's figures (in Biitschli) of il/. psorospermicus, but

here too, specific differences exist. On the contrary, he believes the

present form to be identical with 31. crepUni^ as the shaj)e and size of

the two agree well; it is, however, to be noted that the thickness is

seldom as great as that of the last-named species.

70. Myxobolus brevis Thelohau, 1892.

(Cf. tailed pHorosperms of kidney of Ga^ferostetis aculeatus, Lieberkiihu, 1854,

Miiller's Arcbiv., 1851, p. 357 (see p. 185); rhyxosporidiau spores of G.

acuUaims and G. pungiims {pars) Th^lohan, 1890, Auual. de Microgr., ii,

pp. 198-200, 209, pi. 1, fig. 1 ; ih. (pars) Tli61ohan, Conipt. Rend, hebdom.
Soc. Biol. Paris, ii, p. 604.)

Eenneguya Irevis Tbelobau, 1892, Bull. Soc. pbilomat. Paris, iv, p. 177.

Myxoholus brevis, Gurley, 1893, Bull. U. S. Fisb Com. for 1891, xi, p, 416.

Sennef/uya drevis, Brauu, 1893. Ceutralbl. f. Bakt. u. Parasiteukde, xiv, p. 739.

Myxoholus brevis, Braun, 1894, Ceutralbl. f. Bakt. u. Parasiteukde, xv, p. 87.

Cyst and myxosporidium not mentioned.

Spore.—Small; length, 15 yu; breadth, 5 to 6 yu; anterior portion more
swollen; tail very short, caudal index hardly 0-50.

Habitat.—Renal tubules and ovary of Gasferosteus aculeatus (stick-

leback) ;
renal tubules and ovary of Fygosteus pungitius (9-spined stickle-

back); ^Wfide Thelohan, letter, 1893.

Effects.—The following from Thelohan probably refers to this species:

At the moment of tbe exi)ulsiou it is not rare to see tbe normal spawning replaced

by tbe expulsion of a small mass of gluey and viscous matter iu wbicb tbe micro-

scopist easily recognizes i)sorosperms, aborted eggs, etc.
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71. Myxobolus medius TlK^lohan, 18!)2. PI. 31, ligs. 2-S.

(01'. tailed jtsorosixa'ins of kiduoy of (iastevusicuH acuUaiuH Lieberkiihu. 1854,

Miillcr's Archiv., 1854, p. 357 (see p. '['><'>)
; luyxosporidian spores of G. acule-

aius and of G. pmif/itius, Tln'^lobau, 1890, Aimal. deMicrogr., ii, pp. 198-200,

209, 211, pi. 1, figs. 1, 18 {hxst fide Tliolohaii, letter); ib. Tlidlohan, 1890,

Coinpt. Rend, liebdom. Soc. Biol. Paris, ii, p. 604.)

Jlcniirniiya media Theloban, 1892, ]5iil]. Soc. plulonint. Paris, iv, p. 17n.

Myxobolus mediittt (iurley, 1893, Bull. U. S. Fish Com. for 1891, xi, p. 416.

Hcnneguya media Braiui, 1893, Ceutvalbl. f. Bakt. ii. Parasiteiikde, xiv, p. 739.

Myxobolus mrdius Braun, 1894, Centralbl. f. Bakt. u. Parasitenkdo, xv, p. 87.

Cyst none; myxos])oridiuui iinkiiowD.

Spore formation.—Pansporoblast apparently raonosporogenetic (see

pi. 31, fi^. 4, reproduction of Thelolian's ii^. 18).

AS>re.—Fusiform ; lengtli, 20 to 22 y< (Theloban, 1802); total length,

24 to 30 ju {ibid.y lSi)0) ; shell striate; tail present, resembling especially

that of ]\r. psorospcrmicns, curved close against the body during
development, straightening only after rupture of the pansporoblast

membrane; nuclei unknown; vacuole i^resent.

Habitat.—Renal tubules and ovary of Gastcrosteus acuJeatus L.

(stickleback); renal tubules and ovary of Pyyosteus iJiUKjitius (O-spiued

stickleback).

Ejfects.—The following probably apply to this species, to M. brevis,

and to Chloromyxum elegana:

Upon the kidney, Thelolian's observations are as follows

:

The organ is ofteu almost entirely invaded. Upon section one sees nearly all the
tubes completely obstructed by psorospermic matter. The canaliculus invaded is

dilated and attains i-elatively enormous proportions, the entire kidney being conse-

quently enormously augmented in volume, and its function evidently must be almost
completely a])olished. A remai'kable fact of this invasion of the renal caualiculi by
the Myxosporidia is the small amount of disorder that they occasion. Beyond the
dilatation of the tubes one observes only a little augmentation of volume of the nuclei

of the epithelium. The cells are otherwise respected, aud I have never seen the
protoplasm of the myxosporidium invade them or insinuate itself between them.
This is due without doubt to the dilatability of the renal tubules.

The following upon the ovary x>robably applies both to M. medius
aud to 3£. brevis :

Upon sections of this organ one sees the connective tissue invaded by theplasmic
masses, which separate its fasciae; certain invaded ovules have completely lost their

normal aspect and present in their interior more or less conllueut islets of psoro-

spermic matter.

72. Myxobolus crepliiii Gurley, 1893. PI. 32, figs. 1, 2.

(Psorosperms of Accrina vulgaris, CrepHu, 1842, Wiegm. Ar(diiv. f. Natnrgesch.,

1842, I, pp. 61-3, pl. 1, tigs.A-E; ib., Rayer, 1843, Rayer's Archiv. de M<«d.

Comp, I, pp. 268-9; i&., Dujardiu, 1845, Hist. Nat. d. Helmiuthes, p. 644;

"tailed" psorosperm of ,4 ceriwa Leydig, 1851, Miiller's Archiv., p. 222;

psoros])erm of Acerina vulgaris Louckart, 1852, Archiv. f. physiolog.

Heilkde, xi, p. 436, fig.21e; ib., Robin, 1853, Hist. Nat. de V<?gdt. Parasites,

pp. 312-14; spore of Acerina vulgaris, Weltner, 1892, Sitzgs-Ber. Ges.

Naturf. Freunde, Berlin, 1892, pp. 29-31, 34).

Myxobolus crepUni, Bull. U. S. Fish. Com. for 1891, xi, p. 418; ib., Braun, 1894,

Centralbl. f. Bakt. u. Parasitenkde, xv, p. 87.
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Cyst not described; myxosporidium unknown.
Spore.—Perfectly transparent, colorless, much larger than any of

Miiller's species, body elongate, strongly ventricose-elliptio, ll-Spt long-

by 5'8/f broad; shell bivalve, of firm texture, enabling the spore to

retain its shape on drying, splitting open after several days' immersion

in water, the resulting median fissure extending nearly to the root of

the tail ; tail present, simple, diminishing in thickness from origin to

its fine pointed extremity, about as long as or a little longer than the

body (in 1 specimen 2^ times that length), often more or less deflected

fi'oni the line of the antero iwsterior axis of the body; contents of body
cavity perfectly clear, granule-free, showing no trace of structure other

than the capsules; capsules 2 (on transverse view only 1) of equal

size, ijale yellow, subcylindrical, situated at the anterior pole, diverg-

ing posteriorly or adnate to each other along their inner borders ; in a

single specimen beginning as a single cylindrical tube (^ the length

of the capsules), which divided posteriorly into the 2 capsules; the

latter diverging from their origin to their blind posterior extremities

(fig. d). Capsules become strongly wrinkled on drying.

RaMtat.—On Acerina cernua L. ; collected March 14, 1837.

73. Myxobolus strongyhirus Gnrley, 1893. PI. 31, fig. 5.

(Psorosperms of Sijnodontis sclial, Miiller, 1841, Miiller's Archiv., pp. 480-1, pi. 16,

fig. 2 ; ib., Muller, 1843, Rayer's Archiv. de Med. Comp., i, pp. 222, 227, pi. 9,

fig. 2; ih., Robin, 1853, Hist. Nat. de V^g^t. Parasites, p. 295, pi. 14, fig. 4.)

Myxobolus strongyhirus, Bull. U. S. Fish Com. for 1891, xi, p. 417; Myxobolus

strongylura [eiTor], Braun, 1891, Centralbl. Balct. u. Parasitenkde, xv, p.87.

Cijst.—OYdY 2-18 mm. (1'") in length.

Mj^xosporidium unknown.
Spore.—Body blunter anteriorly than in M. scMzurus; length without

tail 9/^ (0-0040'") ; breadth, 5-4/y; tail always undivided, very peculiar

in being constantly oblique in the longitudinal jjlane, appearing straight

when seen in transverse view; capsules, 2, of equal size. Spore some-

times showing at posterior end of capsule a dark punctule which occa-

sionally causes a slight projection of the shell at this part.

Habitat.—Encysted in skin of cephalic region of Synodontis schal

from the Kile.

74. Myxobolus monurus Gurley, 1893. PI. 32, figs. 3, 4.

(PsoTosYierms of Aphredoderus sayanus Ryder, 1880, Amer. Nat., xiv, pp. 211-2,

figs. 1, 2; parasite of Aphredoderussavanus^ [error] Th(51ohan, 1892, Bull.

Soc. philomat. Paris, iv, p. 177.)

Myxobolus monurus, Bull. U. S. Fish Com. for 1891, xi, p. 416; ib. of Aphrodode-

rus [error] sayanus Braun, 1894, Centralbl. Balit. u. Parasitenlide, xv, p. 87.

Cyst.—Lenticular, large, bulging^ white, opaque, numerous (about 20

in the only fish seen), imbedded in the subcutaneous muscles, arranged

as a rule in pairs on the opposite side of the body of the fish; mem-
brane very thin; contents, a thick, white, creamy mass, containing

multitudes of spores and of excessively minute round granules.

' " The parasite described by J. Ryder in Aphredoderus savanus constitutes prob-

ably a fourth species " [of Th^lohan's genus Henneguya\.
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Myxospoi'idiuni iiii known.

Spore.—Body lenticular or slightly obovate; tail present (rarely

absent), thick at origin, attenuating' gradually, more oi' less curved,

between 2 and o times as long as the body, undivided; capsules, 2, of

equal size, subparallel, on lougitudinal view seen to be eccentric.

Ilabiiat.—Encysted in subcutaneous intermuscular tissue of Aphredo-

(Icnis s((i/ti)ius Gilliams (pike percli), taken near Woodbury, N. J.

75. Myxobolus macrurus Gnrlcy, 1893. PI. 32, fig. .5; pi. 33, figs. 1-4.

{Myxosporidia of Ilnhognatltns iiiicltaUH, Everiuann, 1892, Bull. U. S. Fish Com.
for 1891, XI, p. 76).

Myxobolus macrurus, Bull. U. S. Fisli Com. for 1891, xi, p. 416 ; ib. of Hypogna-

ihus [error] uuchalis, Branu, 1894, Centralbl. Bakt. u. Parasitcnkde, XV,

p. 87.

Cyst.—^lultiple (usually 15 to 20 or more), the size of a pin-head, some-

times separated, more rre(juently in contact, forming elongated masses

6 mm. by 2, or less, imbedded in the subcutaneous connective tissue;

almost invariably situated upon some portion of the head. Out of a

multitude of cysts upon more than 80 tish,Ihaveseen but one exception,

a cyst situated at the base of the pectoral tin, a few millimeters behind

the head. The great majority of the cysts are concentrated in 2 lines

along the 2 halves of the inferior maxilla between the bone and the skin.

Myxosporidium unknown.

Spore.—Tailed; body rounded-oblong, 10 or ll/< long, G to 8/^ broad,

4/^ thick. Shell substance thin, colorless, perfectly transparent, very

resistant to the strongest acids and alkalies, not stained by any of the

reagents tried. Valves 2, superior and inferior, unequally convex.

Superior valve with a very convex outer surface, to which corresponds

internally a surface deeply concaved for the reception of the larger por-

tion of the capsules and sporojdasm. Inferior valve outwardly convex-

tlattish, with a shallow line of depression across the middle i)ortion of

its external surface, to which corresponds on the internal surface a

broad, gentle ridge, marking the space between the capsules and the

.sporo])lasm. Eidge forming the anterior continuation of the tail, at the

anterior extremity of the spore, projecting slightly in transverse view

(optical section), as a blunt, nasute process.

Tail substance somewhat less transparent than that of the shell,

completely dissolved by sulphuric acid (cold, concentrated) almost

(usually entirely) invisible in balsam, the species then appearing

untailed. Tail very long when complete (30 to 40// or less), the very atten-

uate i)osterior portion easily (and consequently frequently) broken off,

the tail then appearing short, thick, and blunt. Tail consisting of

a single long, posteriorly-directed median piece, and of two short,

anteriorly-directed lateral pieces. Median jjiece, usually straiglit, fre-

quently, however, more or less deflected to the right or left, or upward
or downward, thick at its origin, attenuating gradually thence to the
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aciiate posterior extremity, destitute of apparent structure,' very

liable to break off", the fracture always taking" place evenly and never

producing a ragged end. Lateral pieces 2, strongly curved, extend-

ing forward on either side from the anterior eiul of the median piece,

applied closely to the rounded i^osterior i)ortion of the shell about as

far forward as the junction of the posterior and middle thirds of its

outer margin; thickest at their origin, becoming very thin toward their

anterior extremities. They have a slight expansion over the superior

and inferior surfaces of the shell, thus tending to form a slightly cup-

shaped receptacle for it. It is probable that they really extend forward

along upon the surface and over the sides of the ridges, Avhich struct-

ures appear as though continuous with them.

Capsules: 2, pyriform, somewhat diverging x^osteriorly, attenuated

at the anterior end into the ducts which converge forward toward tlie

median line, on either side of which they open. Capsular wall staining

readily with and retaining tenaciously bismarck brown and fuchsin;

rendered transjjarent by iodine water and by strong ammonia water.

The filaments are thus seen lying coiled within the capsule. They
appear not to stain with reagents which stain the walls, the capsule

usually showing a ligliter central and a darker circumferential portion.

Eelative to the occasional jiresence on or near the capsule of a dark

"granule," see p. 220. The capsules are always surrounded by a

clear space, tjie periciistic. This space never shows a double contour,

never stains, and presents no appearance suggestive of an outer mem-
brane. It is apparently a natural and presumably (by exclusion and
analogy) a fluid-filled space. It does not stain with iodine, agreeing

in this respect with the space (with which it is continuous) everywhere

lining the inner surface of the shell, and differing in the same respect

from the vacuolic space.

Sporoiilasin : Inferior surface convex in all directions, showing a

rounded posterolateral margin,'^ extending from about the middle point

of the lateral border of the spore on one side to the corresponding point

on the opposite side. From these two points (infero-lateral cornua)

the 2 antero-lateral borders curve inward and forward with a sharp

anteriorly directed concavity to the median line where the sporoplasm

is drawn out to a point (the infero-median cornu) which forms also the

inferior extremity of a ridge shortly to be described as the supero-

inferior intercornual ridge. The infero-median cornu is situated about

at the level of the middle point of the antero-posterior diameter of the

shell cavity. Lateral surface, extending forward for some distance

' locliue (aqueous solutiou with potassium iodide) produces a decided beadiug of

the mediau piece, trausverse lines of division appearing, constituting a decided

pseudo-segmentation. My atteutiou was directed to this phenomenon by Dr. Stiles.

- Common, of course, to it and to the superior surface, being the line of intersec-

tion of the longitudinal plane with the interior surface of the shell.
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convexly, both antero-posteriorly aiul su])ero-iiif'oriorly, the cross-section

of the sporo])lasin at this ])oiiit being" unequally bicouvex-lenticutar.

Anteriorly, however, each lateral surface is ])robab]y excavated for the

lodgment of the i)osterior end of the capsule of the same side. The
cross-section ot the sporoplasni at the level of the infero-niedian cornu

is a biconcavo-convex isosceles triangle. Superior surface convex in

all directions with its posterolateral margin (joineident with the same
margin of the inferior surface; dift'ering from that surface mainly in the

slighter concavity of the anterolateral margins (and the consequently

less mucronate sliai)e of the su])ero lateral cornua) and in the greater

extension forward both of the supero-median and of the superolateral

cornua. The supero-inferior int ercornual ridge menfioned above curves

(in tlie vertical ])la!ic) from the superomedian cornu downward and
backward throngli rhc interior of the shell cavity to terminate in the

infero-median cornu.

Micro-cliemistry.—Hydrochloric acid alcohol carmine stains the nuclei

better than other reagents. Iodine (aqueous solution with ])otassium

iodide) stains the vacuole dark brown; stain removed by alcohol ; stain-

ing most intense at first, the vacuole staining more rapidly than the

sporoplasm. This reagent causes the sei)aration of the tail from the

body, and a beaded appearance of the tail. As, however, I have not

detected this condition in other examination media, I suspect that it is

not the normal structure. Finally iodine renders the capsular walls

transparent and the filaments visible. Sulphuric acid (told, concen-

trated) dissolves the tail (the shell remaining unaffected) and causes

the valves to gape open, and finally to separate. Gently warmed, no

further effect is produced. Heated to the boiling point, the valve sub-

stance is destroyed (dissolved?). Ammonia water renders the capsular

walls transparent and the filaments visible. Balsam renders the tail

invisible, the shell remaining visible. »

Habitat,—Encysted on head of Hi/hognathns nuchalis Ag. (identifi-

cation by Prof. B. W. Evermann), collected November 24, 1891, in the

Neches Kiver, 14 miles east of Palestine, Texas, by Prof. B. W. Ever-

mann, U. S. Fish Commission. Water temperature 9-4° C. (49-5^' F.),

Disease very frequent.

Ejfects.—Although the tumors form quite extensive patches, the

effect upon the fish could hardly, I think, be serious. That the move-

ments of the jaw are not materially impaired is shown by the excellent

nutrition of the fish. Indeed the present species seems rather a sub-

commensal than a true parasite. Thelohan ^ reports that he saw a cyst

shell out of its place in the tissue of the fish and fall into the water.

Everything implies that a similar process takes place here, as super-

ficial pitted scars were seen upon several specimens. These show no

trace of long-continued ulceration, being very free from the pnckerings

1 Annal. de Microgr., 1890, ii, pp. L'03-4.
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thus caused. Moreover they conform very closely to the shape of the

cysts. This is especially well shown where a cyst situated in the center

of a group has shelled out, the surrounding cysts, preserving the shape

of the cavity.

In this species, under influence of cold, concentrated sulphuric acid

(which dissolves the tail) the valves separate, the divergence appear-

ing always to begin at the posterior end. The appearances seem to

favor the view that such divergence was the result of the previous

solution of the tail, the 2 lateral pieces of which would thus act as a

splint. As, however, examination of untailed species (in which I sus-

pected the lateral pieces might exist without the median) failed to show

evidence of the existence of the lateral pieces or even of the constancy

of the initial posterior divergence, this function of the tail must be

regarded as dubious. In any case, at least, one other causal factor must

be involved in valve separation, as iodine, which produces separation

of the tail, does not j)roduce separation of the valves. I suspected that

this might be exosmotic pressure from within, and attempted to produce

valve separation by the action of strong glycerin used after iodine

had detached the tail, but the results were indecisive.

This species is particularly interesting as exhibiting decided supero-

inferior asymmetry, the superior valve being conspicuously more con-

vex, and the sui^ero-median cornu projecting farther forward. It is

also important to note that the tail is not a shell process, but is, on the

contrary, an independent structure with distinct optical and chemical

characters.

76. Myxobolus sp. incert.

Psorospermsof Coregonusfera, Clapar^ue, 1874, in Luiiel'sHist. nat. despoissona

d. bassin du L^iuan, p. 114.

Cyst.—A single one seen, 1 mm. in diameter; contents entirely differ-

ent from those of the other branchial cysts, approximating to, without

being perfectly identical with, those of the cysts of the muscles of the

same fish.

Myxosporidium unknown.
Spore.—Distinguishable from those of the muscle cysts by their

shorter and usually single tail, which, however, in a great number of

individuals was bifurcate at the extremity.

Habitat.—Branchial arches of Coregonus /era.

77. Myxobolus cf. linearis. PI. 33, figs. f>-8.

Cysts of base of dorsal fin of Ameiurus melas, Gurley, 1893, Bull. U. S. Fish

Com. for 1891, xi, p. 417.

Cyst.—Subspherical, about 1 mm. in diameter, 7 in number in a row
at the bases of the spines of the second dorsal fin.

Myxosporidium unknown.
Spore.—Body lanceolate; length of body, 19 j.ij breadth, 5 or 6 /^;

thickness, about 3 /^,
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Shell consisting of 2 valves, superior and inferior in position; ridge

present, fornung continnation of tail. The tail in this species is a

shell ])r()cess, consisting of 2 halves, a superior aiul an inferior, eacli

connected with and forming a solid process of the corresponding valve.

Length of tail, 38 ;/ . Valves separating very slowly in sulphuric acid

(cold, concentrated), the gradual lateral shifting of one valve over

another beginning witiiin a few minutes aud continuing for 20 or 30.

Coincidently the two tail halves diverge, serving well as indices of the

amount of lateral sliifting of the valves. Iodine fails to loosen the

coniu^etion of the tail (or of eitlu^A' half) with the valves.

Capsules long, narrow, parallel-api)ressed ; capsular index about O-IO

;

walls rendered transpiuent and filaments visible by iodine water.

Sporoplasm showing the usual anterior extension of the supero-

medinn cornu. The other cornua are also recognizable. Vacuole pres-

ent, subcircnlar in outline, usually placed toward the anterior end of

the sporoplasm. As regards nuclei, hydrochloric acid alcohol carmine

always stains as many as and usually 2, rarely 3; position inconstant,

one or both being either before or behind the vacuole. In addition,

tliere are constantly present, at or close to the extreme posterior end

of the sporoplasm, 2 deeply stained dots, which are too minute to show

any structural details.

Hahifdt.—7 or 8 cj^sts at bases of the spines of the second dorsal fin

of Ameiitrus melas Enf (bulUiead) from Storm Lake, Iowa, collected

August 23, 18D0,by Prof. Seth E. Meek, to whose kindness I am indebted

for the specimen.

This species can only be compared with the next. The following

summarizes Miiller's scanty diagnosis of tluit form:

Body very narrow, 3 to 4 times as long as broad; capsules parallel-

appressed; tail simple, occasionally double.

The present species answers to all of these characters, but they are

too few to warrant the fusion of the two forms, although their identity

may be strongly suspected. If established, their identity would con-

stitute a very interesting fact, both in zoological and in geographical

distribution, for we should then have a species found (so far) confined

in its zoological range within the Siluridce and with a very wide geo-

graphical distribution.'

'For the geographical distribution (in South America) of i?.sp&(T and of P.fasc'iaium,

see Eigenmann & Eigenmann, Revision So. Amer. Neinatognatbi (Occas. Papers Calif.

Acad. Sci., San Franc, 1890), pp. 123, 209. Considering the names used hy Miilh^r,

the date of his writing, etc., it seems rather probable that his k)calitios were those

known to Cuvier aud Valenciennes (1840), viz, for 7?. scbo',, Surinam, Cayenne, Rio

Janeiro, Bnenos Ayres, and for P. fasciatum,, Sin inam.
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78. Myxobolus linearis Gurley, 1893. PI. 36, fig. 2.

(Psorcsperm of Fimelodus selxe and of Plafystomafasciatiim, Miiller, 1841, Miillcr's

Archiv., p. 489, pi. 16, fig. 10 ; U>., Miiller, 1843, Rayer's Arch, dc MM. comp.,

pp. 228-229, pi. 9) fig. 10; ib., Robin, 1853, Hist. Nat. d. V<^-get. Parasites, p.

300, pi. 14, fig. 11.)

Myxoholus linearis, Bull. U. S. Fish Com. for 1891, xi, p. 417; ib. of Pimelodea

[error] etc., Braim, 1894, Centralbl. f. Bakt. ii. Parasitenkde, xv, p. 87.

Cyst not described; myxosporidiiim unknown.

Sj)ore.—Body very narrow; ]onotli,3 to 4 times breadtli; capsules

parallel-appressed, in contact along their entire length; tail simple,

occasionally double.

Rabitaf.—Gjfits in membrane lining branchial cavity of Bhamdia sehoe

Cuv. & Val. ; cysts on branchial lamellse of FsendopJatystoma fasciatum

L., from South American rivers.

79. Myxobolus schizurus Gurley, 1893. PI. 36, fig. 1.

(Psorosperms of Esox hicius, Miiller, 1B41, Miiller's Archiv., pp. 477-478, pi. 16,

fig. 1; ib., Miiller, 1843, Rayer's Archiv. de M6d. Comp., i, pp. 219-222,

pi. 9, fig. 1; ib., Dujardiu, 184.5, Hist. Nat. des Helminthcs, pp. 643,644;

ib., Rohtn, 1853, Hist. Nat. des V^g^t. Parasites, p. 292, pi. 14, figs. 2, 3;

ib., Lieberkiihu, 1854, Miiller's Archiv., p. 5; ? ib., Th^lolian, 1890, Compt.

Rend, hebdom Soc. Biol. Paris, ii, p. 604; ib., Weltner, 1892, Sitzgsber.

Ges. Naturf. Freunde Berlin, pp. 29-35.)

Myxobolus schizurus, Bull. U. S. Fish Com. for 1891, xi, j). ill ;
Myxobolus schio-

zurus [error] Brauu, 1894, Centralbl. f. Bakt. u. Parasitenkde, xv, p. 87.

Cyst.^—Whitish, 044 to 1-09 mm. (f4"0 in diameter, membrane deli-

cate, contents white, unaffected by water, consisting of finely granular

matter and spores, the latter motionless.

IVIyxosporidium unknown.

^^;ore.—Body oval, double contoured, resembling and about the same

size as the oval blood corpuscle of the fish; length 12 // (0-0054'"),

breadth 6 // (7 /< Eobin ; 0-0026'"), thickness about one-half the breadth;

border flattened-rotuud, marked by a ridge which extends forwards on

either side of the shell, projecting slightly in front; tail stout at origin,

attenuating gradually, 3 to 4 times length of the body, not articulated,

very frequently (probably as a rule) bifurcate at the tip, or for more

or less of its length. XJntailed forms very rare; capsules 2, of equal

size, always diverging posteriorly; remainder of shell cavity filled with

a transparent, rarely granular substance, differentiated by refraction

from the shell substance.

Rabitat—Ency&ted in the orbit (never found elsewhere) in the cellular

tissue of the eye-muscles, in the sclerotic, and between the last and the

choroid of young Lucius lucius L. (pike) in May and June. Found in

only about 10 per cent of the fish examined. Miiller failed to find this

disease in the ISforth American pikes examined.

1 These cysts are not to be confounded with similar white entozoan cysts. The

latter are of more frequent occurrence in the orbit than the myxosporidian cysts.

They are smaller in size (about 0-50 to 0-65 ram.) and have thick walls. Under the

microscope the entozoan can be seen moving with transverse wrinklings of its cj^st,
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80. Myxobolus psorospermicus Tli*')lohan, 1892. PI. 34.

(Psorospermsof Fcvca Jluviatilis, Biitsclili, 1882, Broiin's Thier-Reich, i, pi. 38,

lig. IG; ib., Balbiani, 1883, Joiirn. do Microgr., vii, pp. 201, 203, iig. 42;

psorospermsof /^.sox" lucius,ih\d.,-^\^. 201-2, fig. 41; ih., Balbiani, 1884. Lc^ous

sur les Sporozoaires, p. 132, fig. 37; psorospenus of Perca flur'tuliliH, ibid.,

p. 133, fig. 38; ib., Lankestor,1885, Ency. Britan.,9 ed., xix, p. 855, iig. xvii,

43, 44; ib., Tii^lohan, 1889, Compt. Keud. Acad. Sci. Paris, cix, p. 604; ib.,

Thdlohau, 1890, Annal. do Microgr., II, pp. 202, 207, 211, figs. 5-7; ib., Th6-

lolian, 1890, Compt. Eoud. Lebdom. Soc. Biol. Paris, ii, p. 604 ; tailed pso-

ros]ierms of pike, ibid.; -paoTosirnvnisof Perca fluviatilis, Pfeitler, 1890, Die

Protozoeu als Kraukheitserreger, 1 ed., p. 43; ib., Pfeifter, 1891, ibid., 2 ed.,

p. 130.)

JTcinivguna psorospermica, ' Bull. Soc. pbilomat. Paris, iv, pp. 167, 176.

Mijxobohia psorospermica Gnrley, 1893, Bull. U. S. Fish Com. for 1891, xi, p. 418.

Hctincnin/a psorospermica Braun, 1893, Ceutralbl. Bakt. u. Parasiteukde, XIV,

p. 739.

Myxobolus psorospermica, Brauu, 1894, Ceutralbl. Bakt. u. Para8iteukde,XV,

p. 87.

Cyst and myxosporidium not described.

Spore.—Anterior extremity obtu.se; length, 35 to 40 ;< (Tlielolian,

1892; 30 /f, Balbiani for spore of Lucius; 30 //, Thelolian, 1890, for spore

of Ferca) ; breadth, 4 /x (Th^lohan, 1890). Tail curved close against ttie

body during develoiiment, becoming straight only after the rupture of

the pansporoblast membrane; caudal iuflex, 1. Capsules, 6 to 8 /< in

length. Maximum number of nuclei, 3; vacuole present (Th(!Iohan,

1890).

Habitat.—Branchiae of Lucius lucius L. (pike) and of PercaJluviatilis

(yellow perch).

ReynarJcs.—In view of Th(elohan's positive statement as to the identity

of the forms habitant on the branchiie of 7v. lucius aiul F.JJuviafiUs, I

believe we are justified in referring all the forms fignred to one siiecies,

although fig. 34 (pi. 4) differs somewhat from the rest.

81. Myxobolus kolesnikovi Gurky, 1893. PI. 35.

(Psorosperms of Coregonvs, Kolesiiikoff, 1886, Vet. Vestiiik Kbarkoft', v, pp.

242-248, plate, figs. 1-3.)

Myxobolus lot esriikovi of Coregonus fera [error],- Bull.U. S. Fish Com. lor 1891,

XI, p. 417.

Cyst.—Numerous, sometimes as many as 80, length 10 to 30 mm.,

breadth 7 to 20 mm., spherical or oval, bean-shaped, yellowish-white,

surface of cyst-wall smooth and shining, membrane of the thickness of

a cigarette paper, rupturing by the slightest pressure of the forceps.

Contents thick, yellowish-white, creamy, consisting of spores and an

oily substance.

' "One finds on the branchiae of the pike and of the perch a myxosporidian abso-

lutely identical in the two cases and which it is certaiuly necessary to consider as

constituting but a siugle species" (Th61ohan.)

The words " Psorospermies do J. Miiller" were evidently attached to this species

inadvertently. Miillor knew no species on the branchiai of L, lucius. In this fish

he observed them only in the orbit.

' Kolesuikort' does uot mention any species.
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Myxosporiilinm.—The following may refer to tliis stage. To me it is

rather obscure

:

Between the tidied spores were fouad in great numbers protoplasmic bodies of tlie

size of a blood corpuscle or sniaJler, wliich were ruuiul and contained "semen"
(fspores). The protoplasm of these bodies was seminal (?sporigenous). The nucleus

was sharply delined and contained several semina (? granules).

Spore.—Round or oval with a sharj) anterior end; sliell double-con-

toured; substance homogeneous, texture reminding one of chitin, unaf-

fected by acids and by alkaline hydrates; capsules "2, anteriorly placed;

lilaments gradually extruded under the influence of gentle heating.

By means of staining with fuchsin or methylen blue performed after

warming, there appeared in the spore a sharply deti.ied '' nucleus". Tail

single or double, consisting of a substance similar to the shell, thick at

its origin, attenuating gradually to its free extremity; shai)e similar to

that of the tail of M. psorospermicus as figured by Biitschli.^

Micro-chemis'tn/.—Fuchsin and methylen blue stain tlie spores and
the extruded capsular filaments, but not the shell or the tail.

Habitat.—Cysts irregularly distributed in the interstitial connective

tissue of the thoracic and intercostal mnscles of Goregonus. Loosely

united to the surrounding muscular tissue by spongy connective tissue

and easily separable therefrom by its rupture.

As to the relation of this si^ecies to the next, see next page.

82. Myxobolus sp. incert.

Psorosperms of muscles of Coregontis fera, Claparede, 187A, in Lunel's Hist. nat.

d. poissons du bassiu du Leman, p. 113.

Cyst.—Five in number, varying in size from that of a filbert to that

of a small walnut. Characters constant. Contents, a milky finid or

(from resorption of the more liquid portions) a caseous mass. This

fluid or semifluid mass consists of i^sorosperms in great number, with a

granular protoplasm between them.

MyxosporicUum.—This granular protoplasm is without doubt the

remains of the anneba at the expense of whose protoplasin, and within

which, the psorosperms were formed. Tiie protoplasm in fact contains

"vacuoles" (pansporoblasts) which in tlie beginning are destitute of

proper walls, but which form the i)oint of departure for psorosperm

liroduction. The examination ofone fragment of protoplasm is sufticient

to show all transitions between the simple vacuoles (pansporoblasts) and

the vesicles containing the 2 oval corpuscles [capsules] characteristic

of the psorosperm, and a tliird corpuscle, whence will be derived the

"blastema" (sporoplasm) which fills theposterior part of the body of the

psorosperm. It is only a step from these vesicles to the imperfectly

developed psorosperms disseminated througli the protoplasm. These

last already show all essential traits of the fully developed psorosperm

' Bronn's Thicr-Eeich, 1882, i, pi. 38, fig. 16.

F C 17
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except that the 2 tails arc still short auddistaut from each other at their

orio-iii, licsidcs tliey sliow an extreme traiisi)ai'euey, their degree of

icfriiioeiicy being- very intV'iior 1o that of the i»sorosperm, thns easily

escaping- search in the midst of the very similarly retiingentpiotojilasm.

Spore.—(Jharacters constant; body lenlienlar; length, S to 10//; tail

not merely Itifurcate, but donble from the base, this featuie, however,

being only recognizable in a portion of thcprolile, as when the spore is

seen from the face one tail exactly covers the otliei-; capsnles 2, ovoid.

Hahitat.—Encysted in the muscles of Coregonus /era.

Remarks.—Very probably this form should l)e correlated with the

preceding; but as Kolesnikoft" has given no measurements and i'lapa-

rede no figures, it is thought advisable to retrain from fusing them.

83. Myxobolus? dipluius Gurloy, 1893. PL 30, lig. 4.

(Psorosperui-s from kUhn^j of Lola vulgaris, Biitselili, ].><ii2, Jjioiui's Thii-r-Keii'li;

I, pi. 38, fig. 21; ih., Lankcster, 1885, Kucycl. Britiui., 9 ed., xix, p. 855,

fig. xvii, 42.)

Myxobolus dijylurus, Bull. U. 8. Fisli Com. for 1891. xi, p. 418; ib., lUauu,

1894. C<Mitri\lbl. f. l^akt. n. Pavasiteiikde, xv, p. 87.

Xo description. If l>iitschli's figures are to be de[)en(led upon, this

species is at once distinguished from all others of the genus by the

posterior position of the capsules.

Hahitat.—Kidney of Lota lota L. (ling).

Fam. CHLOROMYXID.F. Gurley. 1893.

("Cbloromyxocs," et ''Myxidiees '' (pars), Thclohan, 1892, Bull. Soc. pliilomat,

Paris, IV, pp. 173, 176; Chloromyxca [Thel.] Brauii, 1893, Contralbl. f.

Bakt. u. Parasiteukde, xiv, p. 739.)

Chloromijxida', Bnl\. U. S. Fish Com. for 1891, xi, pp. 412,418; ib., P.rann,

1894, Ceiitralbl. f. Bakt. u. Parasiteukdo, xv, p. S7.

Definition.—Phamocystes destitute of antero-posterior, but possess-

ing bilateral symmetry; ' capsules in 1 group at the anterior end; a

bivalve shell, the plane ofjunction of whose valves is perpendicular to

the longitudinal; '^ no vacuole; type genus Chloromyxum.

Vacuole.—Thelohan^ is authority for the statement tliat this

structure is absent from the sporoplasm of tl»e Chloromyxida' as here

constituted. My observations on C. {S.) ohlmacheri confirm this.

Pigment.—Leydig (see p. 260) notes in the myxosporidium of C.

lei/digii a yellowish coloration which he atti'ibuted to bile-staining.

Mingazzini ' also mentions this coloration, but does not comment upon

its origin.

1 Imperfect from unilateral position of sporoplasm in Ceratomyxa.

• kn examination of C. (S.) ohlmacheri has confirmed the opinion hazarded in a

former paper (Bull. XT. S. Fish Cora, for 1891, xi, p. 412), that in the ChloromyxidcB

the valve-junction plane is the vertical.

^Bull. Sop. philouiat. I'aris, 1892, iv, p. 173.

< Boll. Soc. Nat. Napoli, 18i)0, iv, p. 160.
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FiDally Tlielolian's observations ou Ceratomyxa spluer alona (pp. 7(!,

277) indicate that perhaps a proper pigment (and not merely an extra-

neous one, as hteniatoidin) may exist in this genns.

VI. CIILOROMYXUM Miugazzini, 18C0.

Etymology not given.

Boll. Soc. Nat. Napoli, iv, p. 160; ib., Thelohan, 1892, Bull. Soc. pliilomat.

Paris, IV, pp. 173, 176; ib., Gurley, 1893, Bull. U. S. Fish Com. for 1891,

XI, pp. 411, 412, 418; ih., Braun, 1893, Ceutralbl. f. Bakt. u. Parasitenkde,

XIV, p. 739; ib., Braun, 1894. Ceutralbl. f. Bakt. u. Parasitenkde, xv, p. 87.

Definition.—Chloromyxidw with subspherical or ovate spores, whose
breadth does not much exceed the length; valves hemispherical; spo-

roplasm bilaterally and synnnetrically situated; type 6'. Icydiyii.

Synonymy.—By reference to table on page 1 15, it will be seen that

Sphcerospora and My.vosoma differ in none of the characters there given,

the genera at present resting solely upon spore-forin. This is entirely

insufficient to warrant the retention of both genera, especially as any
reason which would justify the generic separation of the ovate from
the subspherical bicapsulate spores, would equally justify a similar

separation of the ovate from the subspherical quadrlcapsulate spores.

From Ghloromyxum the Sphcerospora-31y,vosoma section has indeed
the additional character of 2 capsules as opposed to 4 in Ghloromyxum
proper. I have already given (p. 115) my reasons for regarding the
number of the capsules as a character secondary in importance to their

grouping and position. Sphwrospora (including il/7/x'osoma) is therefore

here accorded subgeneric rank.

Ghloromyxum, sens, strict.

Definition.—QuadricaT>sulate Ohioromyxa; type C. leydigii.

93. Cliloromyxum incisum Gurloy, 1893.' PI. 37, fig. 1.

(Psorosperms of Raja batis, Leydig, Miiller's Archiv., 18.51, pp. 225-6, 234, pi.

8, fig. 4a-/.)

Ghloromyxum incisum, V^nW. U. S. Fisli Com. for 1891, xi, p. 419; ib., Braun,

1894, Centralbl. f. Bakt. u. Parasitenkde, xv, p. 87.

Cyst unknown.
Myxosporidium.—Biliary-yellow, mostly roundish or somewhat elon-

gate, 29 to 88 /A {•01'S5--04:05"') in diameter, without or with Ito 4 pan-

sporoblasts (Tochterblase), most of which last contain spores. As in

the spore of Squatina aquatina [M. /cyrZir/ii), thesporoblasts increase at

tiie expense of the other portions of the cell contents until they nearly

till the cell (fig. le,/).

Spore.—Sharply cuneate-ovate, ^ost^erior border radiate-incised (caus-

ing it to resemble a radiate-ribbed Lamellibranch shell); capsules 4,

situate anteriorly, converging.

Habitat.—Free in gallbladder of Raja batis L. (skate); present in

great numbers.

' Concerning the relation between this species and the next, see the latter, under
Synontfmy.
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94. Chloroinyxum leydigii .Miui;:i/znii, IStlO, I'l. ;!7, li.^s. 2-7; pi. 38; pi. 39,

fiKS. 1-3.

Sciuil-

tiii.i

an^rcliia,
" p.sori)-

speriiis''

of.
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structure of the spore, viz, " ItvS tliecUi sIioavs au obli(|ue striatiou in

two contrary directi()]is." Moreover, lie unfortunately fails to indicate

the species of fishes which he examined.'

Perugia, however, has given a list of the species of fishes he exani-

iued, which includes 2 species investigated by Le\^dig. He says:

While l^eydig had observed that CvTtaiu sjiores were striated and others not,

Minsazztui says that the striie are coiiiniou to nil, and is of opinion that there is

question of but a single species, an o))iui()u whicli I believe to be correct.

In describing GhJoromyxum l('i/di;/ii, Thi'lohau^ says it has

Great stria' upon the shell, which, in passing round tlie posterior part of the spore,

give it a toothed appeiirance.

It is tlius evident that he includes with the present species (J. incisum.

As there is nothing, however, anywhere iu the literature to show that

he himself ever studied the spores of G. incisum, it is very probable that

this statement is oidy intended as representing the consensus of opinion,

that is, Mingazzini's and Perugia's views.

As regards Mingazzini's, we have (1) no evidence that he ever

examined tlie gall bladder of K<ij<( hatis, and (2) only the very loose

statement given above (which practically amounts to nothing), so that

his oi)iniou that there is but one species is a mere dictum, and even that

does not necessarily, as far as the record shows, refer distinctly to this

case.

Further, although Perugia notes the discre[>an('y l)etween Leydig's

and Mingazzini's ob.servations and ranges himself with Mingazzini, it

appears that he did not examine the gall bladder of jK<yV( hatis, and the

general statement that "the stride are common to all" seems to me too

vague to warrant the fusion of 2 such <listiuct spore-forms as those here

separated as Gldoromyxum Ici/digii and G. inci.sioii. Until distinct and
detailed comparisons between the spores habitant in the gall bladder

of Eajn hatis and those habitant in the gall bladders of the other

Plagiostomes shall have been made and i)roperly recorded, the specific

identity of the 2 forms can not be admitted.

Mijxosporidium?—Examined in the bile they have the form of true

plasmodes, consisting of a diversely ramified, yellow globular proto-

plasm, movements exceedingly slow. A few minutes after being placed

on the slide they suddenly undergo modification, throwing out an

external layer of colorless refracting protoplasm, which (especially at

the extremities of the individual) suddenly jirotrudes filiform thin

l)seudopodia, which soon become more robust. They also nu)dify tiieir

' In this connection the fdlowing judicious criticism of Perugia's upon Mingaz-

zini's work may be quoted: "He had an opportunity to make interesting observa-

tions, but he might well have set them forth in greater detail in his paper, especially

as regards the various phases of formation of the spore, which he affirms he ob-

ssrved taking place in the vacniolos designated by Leydig as daughter-cells'" [pan-

sporoblasts].

•^Bull. Soe. philomat. Paris, 1892, iv, p. 176.

- Description, Mingazzini's.
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form, becoiniii,!;' globiilav or more or less ellipsoidal, [tis important to

not(> that in some individuals the entire ])rotoplasm is translbriiied,

ciiangin.:;- from globular and yellow to s[)()ngy and eolorles.s, the sevn-ral

globules disappearing- almost in an instant, changing directly into clear

])rotoplasm, not growing* smaller, as might be thought. This shows

how rapidly the proto])lasm may change its constitution. Xucleus not

found either in fresh material or in that treated by hydrochloric or

acetic acid. Anilin stains oidy show here and there deeper colored

granules, which, however, could not have the signirtcation of nuclei.

Relative to the nuclei, Thelohan, however, says:

In the inyxospoiidiuiiiofC/(/o?'ow]y.rHwZ('i/rfj(yti, as ill the other forms, I have bctMi able

to prove the presence of numerous nuclei; they are, indeed, of rather small size, but

novertlieless are easily recognized in sections, and if, as is pro);ablc, Mini!,;fxzini did

not observe them, he did not have recourse to this method.

" Gregarinoid forms.''^—In some gall bladders of the plagiostomes,

ISIingazzini found in summer also other forms of a very ditiereut figure,

which were often united to the myxomycctous forms. These forms were

uniformly cylindric elongate, Avith one end obtusel}' rounded and the

other drawn out to a sharp point in the form of a long tail four or tive

times as long as the bod}^, sometimes multiple. Size varying" greatly:

no very small ones seen ; large ones equaling the size of adult myxospo-

ridians. Movements rather rapid, always taking place blunt end fore-

most. Protoplasm hyaline, or showing- round hyaline globules arranged

in regular longitudinal rows. Many contain a snbcentral nucleus.

Anteriorly the i)rotoplasm contains rather numerous sinall, strongly

refractiu g- gran ules. This form thus resembles a mouocystid G regarine,

but possesses peculiarities which differentiate it therefrom. For, first,

an external membrane is wanting, as shown by negative microscopic

investigation and by the i)rotrusiou (in individuals kept for many
hours on the slide) from the blunt end of thin pseudopodia, which

bear a great resemblance to those emitted under the same conditions

by the MyxoHporidia; and, second, no known mouocystid possesses

such a whip-like tail. Besides these forms others occur, which, while

resembling in figure the preceding, have their protoplasm more or less

charged with yellow granules resembling- those of the adult Myxoxpo-

ridia. Between these and the Myxosporidia are found other forms

departing for the most part by more i)rofound alterations of form from

the first ones. Further, the more advanced gregarinoid forms, Avhich

possess refracting hyaline globules, take on the character of more

adult forms, transforming, their hyaline globules into yellow globules.

From Avhat precedes we thus see that the greyarinoM forms are phases in

the dei'elopincni of the my.vosporidia of the plagiostomes [italics his own].

Commenting ni)on this view, after noting that Mingazzini remarked

that these views of the development of the Myxosporidia (i, e.. via the

"gregarinoid forms") did not accord with those held by Lieberklihn and

Balbiani, Perugia^ says that his own observation of the exit of the

Boll. .Scioiitir., Pavia, IS'JO, Xli, pp. 138, 139.
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amceboid spoioplasm from the spore (see below) causes liim to support

the opinions of" Lieberkillin and Balbiani. Unfortunately, however,

he adds the following':

Filially, also, tlie observiitious of Thelolian upon tho failure of the lilauients iu

the capsules of many spores is not favoraV.le to the mode of view of Miugazziui.

Here again we have the ribbonettes and the capsular filaments con-

founded, another instructive Avarniug against the application of the same

name to two entirely different structures (see also p. 87).

Perugia further remarks (p. 138) that if the " gregarinoid forms" be

regarded as larval stages the adult forms represent a retrogression,

inasmuch as the ^' gregarinoids" with a nucleus and the protoplasm

regularly disposed, need only a cuticle to be monocystids, while the

adult stages, destitute of a nucleus and with the protoplasm never

regularly disposed, are much farther removed therefrom. Perugia was,

however, unable to find any such " gregarinoid forms."

Kruse, however, says

:

Very interesting is an observation of Mingazzini's, which the author can confirm.

In the gall bladder of the Selachians are found, besides typical Myxosporxdia, long-

drawn-out, tailed bodies, which move in Gregarine fashion, but which, on the other

hand, are connected by manifold transitions with the amoeboid forms.

Spore formation.—K'^\mV\iY of spore formation is truly extraordinary,

most of the individuals having spores formed or in course of formation

in less than 15 minutes. At undetermined points in the endoplasm (in

the middle or near the periphery) appear round vacuoles of clear proto-

plasm, which, like the ectoplasm, originate by a rapid transformation

of tlie yellow protoplasm. Tliis vacuole presently acquires an envel-

oping membrane, and within it is formed the spore. Its theca sliows

an oblique striation in two directions. Spores may arise in individuals

whose protoplasm is little modified, i. e., almost entirely composed of

yellow granules, the spores being then inclosed in a membrane, round

in form, formed from the yellow protoplasm, and containing also a col-

orless refracting liquid ; or the spores may form in colorless protoplasm,

in this case without the enveloping membrane, the spores issuing free

and floating in the bile. Where, as sometimes happens in the first case,

spores forjn at the periphery, they form, in growing, a sort of crown

around the individual, and the sp(n-e is not set free until the enveloping

membrane is well formed (Mingazziui).

Normally the pansporoblast shows at some portion of its circum-

ference a distinctly semilunar aggregation of protoplasmic granules.

Under the iafiuence ot reagents (e. g., osmio and sulphuric acids) the

pansjioroblast membrane bursts, discharging its contents, and remaining

as a. hyaline empty sac (Perugia).

^^^ore.—Untailed: cuncate-ovate; capsules 4. Perugia saw the exit

of the sporoplasm from a spore of the gall bladder of T. narl<e. The

large strite on the slndl render the posterior border of the shell in con-

tour dentate (Thelohan, 1802 j see also p. 2(51).
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Table of hosts.

Lovilig.*

SoyIlium caiiiciiln

JVIin^az-

ziiii.r

Mustelns

Scyllium..

Priatiunis
Spiuax vulgaris
Siiuatiua iiiigchis .1

Squatina .

Torpedo narke.
Toriiedo .

.

[Kaja batis ;]

Poriijiia.

Mustelns licvis ,

Scyllium stolinro. . .

.

Acantliiaa vulgaris.

Torpedo iiarco

.

IJa.ja—
Trvgon

.

Torpedo iiKiniiorata.

Raja clcivata

Myliobatis aquila.

Latest syiionyiiiy by Dr.
Tlicodoi'c CJill.

Galons sp
Galons mustelns.

pylliorhinus canicnla L

Soylliorhinus sp
Scylliorliinus stollaris

I'ristinrusmelanostiuuii.sBon
Squaliia acanthi. is L
Squat iua snnatina I>

Squat in a sj)

Torpedo torjiedo Gniel. .
.'

Torpedo sp
Torjiedo marmorata

Kaja sp
Kaja c.lavata

Dasyatis sp
Cepiialcutherns aquila

.

Common
names.

Smooth dog-
fi.sh.

Large-spotted
dogfish.

Spiny dogfish.
Angcl-tisb.

Electric ray.

Skate.
Tliornhack.
Stingray.
Eagle ray.

* By an evident misprint (rinvenne instead of rinvenni; "lie found " insteiul of " I found ") Pcnigii

(IJoll. Scieutif., Pavia, 1890, xii, p. l.'JG) states that Leydig, instead of I'cnigia liimself, found tliis lonii

in the series of hosts examined by Perugia.

tMiugazzini gives nothing but the generic name of the host. As there is nothing to indicate the

identity of the species of hosts with tliosc examined by the other authors, they are noted separately.

; This sjiecies I regard as distinct (see p. 261).

95. Chloromyxum fluviatile Thdlohau, 1892. PI. 39, (i;.;. 4.

Bull. Soc. pliiloiiuit. Paris, iv, pp. 173, 17G, tig. 2; ii., Giirley, 1893, Bull.

U.S. Fish Com. for 1891, xi, p. 418; ib., Braun, 1893, Centralbl. f. Bakt. n.

Parasitenkde, xiv, pp. 738, 739 ; ib., Biauii, 1894, Ceiitralljl. f, Bakt. u. Para-

sitenkdc, xv, p. 87.

Cyst none.

Mtjxosporidium.—Tlie ectoplasm emits lol)ed pseudopoclije. Enclo-

l)lasm, wiien yoiiug, c;)U)iless; when oltlcr, yellow; color appearing not

to be located in special spheres.

Sporeformation.— ^mnher of spores formed in each myxosporidium

indefinite.

Spore.—Nearly regularly spherical ; size about 5 to 7/<; shell bivalve

;

bearing small, often difficultly visible, spines; ridge present; capsules

4; sporoplasm noiivacuolate.

Habitat. —G'dW bladder of Leuciscus [SquaUus) ccphalus L.

Tliis species is apparently rather rare; seen only twice; it is nearly

related to C. leydigii (Tbelohan).

96. Chloromyxum mucronatum fiurley, 1893. PI. 39, figs. 5,6.

(Psor().s])cnii of Gadas lota Liebc-rkiihn, 18.>4, Miiller's 2Vrcliiv., ]ip. 352-3,

3G8, pi. 14, figs. 5, 6; ib., Lieberkiilm, 1854, Bull. Acad. Roy. Belg., xxi, pt. 2,

p. 22, name oiily; ?6., Leuckart, 1879, Parasi ten des Mensclieu, 2 od.,p.248,

fig. 99a; i?)., Biitschli, 1882, Bronn's Thier- Reich, i, pi. 38, fig. 17; i?>.. Bal-

biaui, 1883, Joiiru.de Microgr., vii, pp. 201, 203, fig. 45; it., Balbiaui, 1884,

L«S(;ons sur les Sporozoaires, pp. 130, 133, fig. 41; i ib., Leuckart, 1880, Para-

sites of Mau, 2 ed., p. 197, fig. 99«; ih., Koch, 1887, Eucyklop. d. gesauimt.

Thierheilkde u. Tliier/ucht, iv, p. 91, fig. 6(i8, 3.)

Chloromnriim uiiicroiiainm, Bull. U. !S. Fish. Coui. for 1891, XI, p. 419; ib., P.raun,

1894, C.'titralbl. f. Bakt. ii. Parasitcnkdo, xv, p. 87.

1 See also below, under C. clcgans (p. 266).
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Myxosporid'mm.—The largest attaining 75 /< (gV'" Lieberkiibu), tlie

smallest the size of a blood corpuscle; spherical or ellipsoidal, ]uore

rarely irregular, membraueless, containing irregularly scattered fat-like

globules.

Spore formation.—Many myxosporidia appear destitute of fat gran-

ules, but show a large number of structureless gelatinous globules;

other myxosporidia shoAV partly the same globules, partly similar ones

of the same size containing 4 capsules whose apices are approximated.

Many globules show only faint indications of such capsules. Sometimes

2 such globules occur inclosed within a common structureless mem-

brane. Besides these, developed psorosperms occur, both individually

and in heaps, held together by a mucoid substance.

Spore.—Sharp-contoured, subglobular, mucronate anteriorly; length

ad max., 8 /<; capsules 4, converging anteriorly.

Habitat.—Free in urinary bladder of Lota lota L. (ling). Found in

about 20 per cent of the fishes examined.

BemarJis.—Lieberkiihn emphasizes the striking resemblance between

this species and those described by Leydig from the gall-bladder of the

riagiostomes {Cldoromyxum leydigii and G. incisum). He notes, how-

ever, that C. mucronatum differs from Leydig's forms in the absence of

a membrane around the myxosporidium, and in the absence of the pan-

sporoblastic vesicles (Leydig's Tochterhlase). From later researches it

is easy to interpret Liebeikiihn's results in harmony with those of Ley-

dig, as the vesicle stage of the pansporoblast is merely a later stage of

the gelatinous globules of the above description (see pp. 81, 28G).

SUBGEN. SPH.EROSPORA Th61obau, 1892.

Etymology not given.

Bull. Soc. pliilomat. Paris, iv, p. 175; Myxosoma et Mixosoma^, ihicl., p. 175;

subgen. (including Myxosoma and Mixosoma) of Chloromijxmn, Gniley,

1893, Bull. U. S. Fisli Com. for 1891, xi, pp. 411-412,418-419; Sphwrvsjwra

et Myxosoma, Braun, 1893, Centralbl. f. Baltt. n. Parasitenlcde, xiv, p. 739;

ib., Braun, Centralbl. f. Bakt. u. Parasiteukde, xv, p. 87.

Definition.—Bicapsulate Chloromyxa; type Chloromyxum (S.) eleyans.

Species.—The study which, through the kindness of Dr. Ohlmacher,

I was able to make of C. {S.) ohlmacluri enabled me to recognize 2

other species in the literature which should be referred to this sub-

genus. The first is Balbiani's spore of Acerina cernua, which I have

named Myxoholus perhttus. The median anterior and posterior mucro-

nate projections and the median line shown in Ball)iani's figures, can be

respectively interpreted only as the ends and the intervening portion

of the ridge. In other words, the valve-junction plane is vertical. The
appearances are identical with those shown by C. ohimacheri. The
second is Biitschli's spore of the ovary of Lota lota. Though Biitschli's

figures represent it as bicapsulate it should be compared with C. mucro-

nfituin.

'Type ?r ;X(iS'ina <lii>-n-<Vnii.
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88. Chloiomyicum (Spheerospora) ele§5'ans Tliololi.-ni, 1S92. I'l. 10, tig. 1.

(Myxosporidian s])ore8 of (iastcrostciix ncitlcalus iMid H. jj(/*);/(h';(s (i/arx), Th61o-

hiui, 1890, Annul, do jMLcrogr., il, pp. 193, 200, 20.% 209. ])1. 1, iig. 1.)

Spharospora elegaun, Bull. Soc. iiliiloniat. Paris, iv, i)p. 167, 175.

Cliloromyxum eleijam, Gurley, 1893, Bull. U. S. Fish Com. for 1891, xi, p. 419.

Sphwrospora elegauH, Braun, 1893, CentralM. IJakt. u. Par.-isitenkde, xiv, ]>. 739.

(Itloroini/xum eletjans, Brauu, 1894, Centralbl. Bakt. u. I'arasitenkde, xv, p. 87.

Si/no III/my.—In 1S90 Th61olian described the jn-eseut species and M.

mediufi n.s spores occurrinj^^ in the renal tubules of G. acuJeatns and 1*.

pun(/itius. He remarked that the 2 entirely different forms of spore are

found in close association, occurrinf^ not only in the same kidney, but

side by side in tlie siuno tube of the kidney. Their relation to each other

could not be determined, as he was unable to trace them back to the

myxosporidium.

M. Thelohan writes me (1803) that:

lu puttinj:; uii interro^^ation point iu regard to the presence of Spharospora elegaiis

iu the kidney of Lota lota, I had in mind Balbiani's tig. 41. The spores which th;it

tigure represents are indeed a little less regularly spherical than those of Spha-ro-

spora and present a more pronouncedly attenuated extremity. Not having observed

Myxosporidia in the Lotas that I have been able to examine, I do not know whether

these fish contain exactly the same .species as G. aculentus. The figures of Lieberkiihn

(Miiller's Archiv., 1851, pi. 11, figs. 5, 6) certainly do not belong to Spharosjyora.

They, in fact, present 4 polar capsules, and are rather near Chloromi/xitm fluviatUe.

Still they form, I believe, a distinct species.

A close study of these lii^ures has led me to doubt seriously whether

Balbiani's fig. 41 can be correlated with Ghloromyxum (SpJucrospora)

eJegans. The whole question hinges upon the number of capsules in

Balbiani's spore. The close similarity between his figure and Lieber-

kiihn's fig. G, the fact that quadricapsulate forms have frequently

been figured by the authors as bicapsulate, and finally the close

approximation iu habitat (kidney and urinary bladder of same fish '),

all point toward the synonymy given above.

Cyst none; myxosporidium unknown.

Snore.—liound, nearly spherical, uutailed, 8 to 10 /i (Tlielohan, 1892;

9 to 12 //, t&i(7., 1890). Ridge present, terminating in a slight projection

at each end of the spore.

Habitat.—Almost constantly present in the renal tubules of Gasteros-

teus aeuJeatus (stickleback) and those of Fygosteus pungitius (9-spined

stickleback) ; ? also in kidney of Lot'i Iota ~ (ling) :
" accidentally" in-es-

ent in kidney of Phoxinus phoxinu.s L., ovary of G. aculeatus and that of

P. pungitius (all JideTh6lo\iSin; the last two in a letter to the author,

1893).

IJffects.—Hee p. 248.

'Balbiani does not give the seat. Thelohan cites it as the kidney {fide specimens

in Coll(^ge de France?).

•The form habitant here I have referred to Chloro7nyxum mvcronaium (sec that

Bpecies, and the paragraph above in this one).
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89. Ciiloromyxum (Sphaeiospora) ohlmacheri Giuie.v, ISdo. I'l. 40, tig. 8, i>l. 11,

figs. 1-3.

{Myxosporidia of Bufo lentiginosus Shaw, Olilmaclier, 1893, Jonni. Amer. Med.

Assoc, XX, pp. 561-7, plate, tigs. 1-4.)

CMoromixam ohlmacheri, iu Whiuery, N. Y. Med. Joiiru., lviii, pp. G60-()62,

figure.

Cyst unknown.
Myxosporidium.—Ko myxosporidium could be detected. From this

Olilinacher concludes that:

It is probable that, in this case, the parasite did uot reach its adnlt condition in

its batxachian host, but hero only passed one stage of its existence, that is, the spore

stage.

Spore.—Transversely elliptic, about // long- and 8 /< broad. Shell

bivalve, valvejunction plane per[)endicnlar to the longer axis of

the spore; staining with gentian violet (vj rani's method); exhibiting

a well-defined undulate-parallel longitudinal striatiou, the optical

expression of the spiral-coil structure of the sbell. Ridge present,

marking the line of junction of the valves. No loosened band (appar-

ently springing;, like a loosened barrel hoop, from tlie uniting edges of

the spore-valves), such as Lutz describes, could be demonstrated.

Ticlative to the arrangement of the spore contents, Olilmacher says:

On the side of the pole corpuscles opposite the plasmatic body the vacuole

occurred. This space Avas unstained in s])c'cimens iu -vvliich the excess of stain had
been washed out; but in overstaincd sjiores the vacuole retained the dye, though

not so strongly as the pole corpnscles and the plasmatic body.

Interpreted in connection witli the orientation of the spore, this may
be construed to mean that the contents of the shell cavity consist (from

before backward), first, of a clear, n onstaining space (part of the peri-

cystic space, and of course not to be confounded with the Aaouole, which

is intra-sporoplasmic); next, the capsules, and last (and most poste-

rior), the sporoplasm.^

Capsules: Lying side b}' side, 2, occasionally only 1, a condition

explicable, at least iu part, Ohlmacher thinks, as spore mutilation in the

teclmiqne; length, 3 to 3
-.5 /^; staining bright red, but showing no evi-

dence of structure with Pfitzner's alcoholic safranin. Kelative to their

position, Ohlmacher remarks that

—

The situation of those polar corpuscles on the side of the spore is i>e(uliar, and in

this respect our myxosporidia differ from those thus far described.

As shown below, this view is due to a nonorientation of the spore.

In safranin preparations the bright red capsules were frequently

observed outside of the spores in the tissue of the kidney. Whether
these extra-sporal capsules had migrated during life or had been dis-

placed by the technique, it is, Ohlmaclier says, impossible to assert

positively. He continues:

I am of the opinion, however, that the migration of tlu> pole corpuscles is a natural

phenomenon in these organisms, and that it has as nuich or more weight in the life

' Subsequent examination of the spore confirmed this orientation.
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liistov.v than the migration of the iilasniatic; miss usually described. The presence

of many empty lapsuh^s ' in the sections would lend weight to this view of the

expulsion of the nontents of the spore, and in lig. 4a I have represented a capsule'

with a single pole corpuscle, whidi apjx'arcd to bo in the act of csca]iing througli a

rent in the capsule.

Filaments best seen in sections, stained with Babes's anilin-water

safranin where they stain i)roininently yellow; lenoth varying consid-

erably, many oecnrriiig- curled up at the end as though only partly

unwound, measuring when fully projected to 8 times the spore-breadth,

extending far into the surrounding tissues; sometimes dimly visible

through capsular wall; extruded parallel to the shorter (anteroposte-

rior) diameter of the spore,

Sporoplasm varying considerably in size and shape, and sometimes

filling all tlie extra-capsular portion of the shell cavity; in this con-

dition presenting no evidence of segmentation. In other cases less

extensive, being sometimes very small and shrunken,- the sporoplasm

then frequently showing a well-delined segmentation, the line of division

extending through its middle |i^ e., coinciding witli the vertical plane j.

Each si)oroplasm-half envelops, in the form of a well-defined crescent,

the corresponding capsule. Nonvacuolate (letter to author, 1893).

The sporophu;m stains with Pfitzner's alcoholic safranin a light i)iiik-

ish hue. appearing under a Leitz j\r in anilin-stained sections, delicately

granular; no other structure discernible. Nucleus and evidence of

nuclear contents invariably absent. (Jhlmacher adds:

I could not even dcuioustrate the micrococci-likc particles in (he plasmatic body,

as have been described by Lutz, or the sairauophile particles of Jiiitsclili.

IMicro-chemistry: Ohlmac^her finds the sporoi)lasm constantly cyan-

ophilous, the capsules constantly erythrophilous. This occurs with

carbolic fuchsin and carbolii*- iodine green (liussell's method); the

capsules staining a brilliant red, the sporo[)lasm light green. The tint

of the sporoplasm (consecjuently also the degree of dicliromopiiilisni)

varies from violet to a well-defined green. This difference depends in

large part on the developmental stage of the sponqdasm. Wherelarge

and unseginented and occupying a large part of the shell cavity the

green stain was less clearly defined; where more condensed and'divided

into the 2 crescents closely ap]died to the capsules, the green was well

marked. A striking dilTerentiation is produced by Pfitzner's alcoholic

safranin, followed by aque(nis methyl blue, rapid washing in alcoliol,

and clearing in xylol. The Biondi-Heidenhain triple stain and Wat-

ase's cyan.in-ehromatrop failed, a result attributed to uonpenetration

of the shell by the stain. On the other haiul, the success of fuchsin-

iodine-green and safranin-methyl-blue seems, Ohimacher says, to be

due solely to their more powerful staining projjerties, which permit them

to penetrate the somewhat resi.staiit shell.

This dichromoi)hilism of the capsule and sporoplasm Ohbnaeher eoni-

' By this term he means the spore-sliell.

-Due. T think, lo absujnte alcohol fixation.
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pares witli the observations of Auerbacb and others,^ but without

affirmiug- Aucrbach's iuterpretaiiou of dichroinophilism as indicative

of nuclear bisexuabty.

Habitat.—Host: Bufo lentiginostis Shaw (a toad). The single speci-

men was a large female, sent with a lot of frogs (which latter sliowed

no unusual mortality) from the country to the laboratory early in

September. A gradual increase in size took place in the toad and
finally became particularly noticeable, but this was unconsciously

ascribed to development of ova. About November 15 the specimen

was noticed lying on its back, apparently dead, showing on carefid

examination, however, a faint flutter of the pleural wall over the heart,

but no respiration.

Dr. Ohlmac'her has kindly informed me (lctt('r, 1893) that the locality

whence all tlie specimens were obtained is Sycamore, DeKalb County,

~

Illinois. Three more specimens of B. lenticjinosus collected tliere July,

1893, showed the same myxosporidian species, but not in such numbers.

All of the toads thus far examined have been females. (Later the

same condition was found in tlie males.)

Seat: xVlmost invariably present in larger or smaller groups in the

lumen of the urinary tubules; never within the epithelial cells, which
latter never show the nuclear metamorphosis occurring with the intra-

cellular Sporo.z'oa-, occasionally found in sections among the blood cor-

puscles in tlie large blood vessels, it being here impossible to say that

it might not have boju due to displacement during the technique;

never found iu the glomeruli; occurring sparingly in the collapsed

folds of the urinary bladder, always on the bladder surface, never

imbedded in the bladder wall; also free in the urine.

Microsc.'pic teGhiiique.—Fixation by absolute alcohol or Flemming;
imbedding in xylol-paraffin; afiixing by the water-albumen method;
staining witli various anilins.

Mode of infection.—As to the origin of the myxosporidian infection,

it can oidy bo conjectured, Ohlmacher says, that it must have occurred

by way of the cloaca to the bladder, and from here the parasites

ascended the urinary passages. It is probable that in this case the .

parasite did not reach its adult condition in its batrachian host, but
here only passed one stage of its development, the spore stage.

Pathohxjy.—Abdomen containing a large quantity of straw-colored,

serous fluid derived from the abdominal cavity and the subcutaneous
lymph sinuses; to this fluid the distension was in large part due. The
organs showed notliing unusual, except that the urinai-y bladder was

' OMraaclier gives reference as follows : Anerbacli, Uebcr einen sexuellen Gegen-
sutz in der chromophile der Keiuisubstanzen ; Sitzgsber. k. prens.s. Akad. d. Wissenscli.

Berlin, Jnne 25, 1891, pp. 713-750; Adamkiewicz, Untersucliuug ii. d. Krebs n. d.

Princip. seiner Heliandlnn,i>-, Wien u. Leipzig, 1893; Xoeggeratli, Heitriige z. Struktur
n. Entwickelnngd. Carciuoms, Wiesbaden, 1892; Watas^, Jonrn. Morphol., 1892. vi,

pp. 481-493.
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largely distended and the kidneys were twice the normal size. ( )vai ios

modoiTitely developed, but not sufficiently to account for the abnormal

distension. Besides the Myxosporidia, the kidneys showed an extensive

invasion of bacteria.

Effects.—There can, Ohlmacher says, be scarcely any doubt that the

Miixospoyidia were tlu; direct factors in the i)atliologic changes. Their

number was very great, the tubules of botli kidneys being tilled. The

mere mechanical elfect must have been obstruction of secretion and as

a remote result ascites and general o'denia. Undoubtedly the presence

of large numbers of bacteria (to be regarded as a secondary infection)

was a ])otent factor in hastening death.

Subsequent (comparisons with sections of the kidneys of other toads

show the tubules in the first toad to have been dilated and their lining

cells to have been tlattened and less rich in i^rotoplasmic material than

normal. The kidneys of the 3 comparatively slightly infected toads

collected in July, 1803, showed no macroscopic lesions. IMicroscopically

no bacteria could be found. The absence of the bacteria, Br. Ohlmacher

thinks, probably had as much weight in determining the comparative

innocuity as the smallnessof the number of Jfi/xosjyoridia (letter, 1803).

Through the kindness of Dr. Ohlmacher I have been enabled to

examine his specimens, and can add the following:

Orienfatlon of the spore.—The capsules are 2. in I group, anterior;

valve-junction plane, vertical; shorter axis of spore, anteroposterior;

longer^axis, transverse. Sporoplasm showing no evidence of a vac-

uole, even in iodine-stained sectioTis. Beyond a slight median notch

in its posterior border (produced, I believe, by a slight inward, as well

as outward, projection of the ridge), I was not able to find any evidence

of sporoplasm-segmentation, and am therefore compelled to regard this

as an optical illusion, produced by the overlying ridge and reinforced by

the posterior median notch.

This orientation necessitates the reference of this species to Chloro-

myxum [SpJicvrospoi-a). From C. (S.) eleguns it is distinguished by its

transversely elliptic outline and its dimensions. The fact of its iden-

tical organal distribution (renal tubules) should also be noted.

Finally, Dr. J. B. Wliinery has recently published the results of a

careful detailed restudy of this species. He gives the following table,

showing the equivalence of Ohlmacher's nomenclature with that 1

have adopted:

Ohlmacher'H term.
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From Dr. Wliiuery's paper the following data are condeused:

[Page 660] All the toads examined (ahntit a dozen in all) were from Sycamore, Do Kalb
County, 60 miles west of Chicago.- The toads were kept in the laboratory

sink, and taken from this, from time to time, for examiuaiion.

The extent of the infection must vary with the surroundings and env^ironment of

the animals. Seven toads examined—2 males and 5 females—showed 1 male and 4

females infected. It is quite probable tliat the uiortality was increased by the con-

finement in a comparatively small space. During the confinement the toads became
stupid, moved about but little, and in 2 or 3 days began to die, 1 dying every day
or two. Some of them liA^ed about 3 weeks. Before death no change in external

ap])earance was noticed, except in some cases a distension of the abdomen. Post

mortem some increase in amount of peritoneal fluid vv^as usually noticed, but in the

toads examined by Wliiuery this was never so large in amount as in the toad examined
byOhlmacher. The abdominal viscera showed signs of congestion; the intestines

being usually distended Avith gas and the kidneys enlarged and in a congested state.

The parasites were found only in the tubules and in the urinary bladder, and in the

spore stage. Ohlmacher's view that they probably kill by mechanical pressure seems

very plausible on account of the large number of pai'asitesiu the tubules.

[Page 661] This number variss in difierent specimens; sometimes only scattering

tubules, in other cases large areas of tubules being filled with parasites.

They were never found in the glomeruli or epithelial cells. In the bladder they Avere

found in the folds of the mucous membrane. Ohlmacher has found them in urine

collected during chloroform narcosis, in a clean basin.

Detailed Morphology of Spore.—Length about 6 /i; breadth about 8 y^; size slightly

varying in the same prejiaralion. Sliape, slightly oval. Shell, showing a distinct

striation, the stri.'e appearing to proceed from the shell of each lateral half and to

center at the valve-junction, midway between the anterior and posterior ends.

Spore showing at each end a sliglit projection,' running between which 2 points is

the faint transparent ridge, marking the valve-junction. The projections represent

the vertical opiical section of the ridge. The spore is thus composed of 2 valves,

their junction plane dividing the sjiore into 2 symmetrical halves. Two small knob-

like thickenings (which show well in the fresh, unstained spore) can be seen at the

anterior projection, 1 belonging to each valve. The spores often show cleavage at

the anterior end along the line of the valve-junction. Capsules 2, round, 3 u to 3'5

fj.
on an average, situate at the anterior end, 1 in each valve. A filament arises from

each capsule, and, penetrating the shell, leaves the spore at the anterior end. The
capsules seem to have the power of projecting and drawing in these filaments.

Length of filaments often more than 4 t.o 8 times the diameter of the spore. Just

after entering the spore, before reaching the capsule, they often appear in a spiral

roll preparatory to being coiled in the capsule. Sporoplasm situated in the poste-

rior end, extending to the sides, in form approaching a crescent; not completely

filling the space posterior to the capsules; under high powers (-i^ Leitz) appearing

homogeneous and finely granular; showing in fresh preparations the more highly

refractive grannies designated nuclei bj- Tht^lolian; these apparently vary in number
and position in fresh spores, and never appear in hardened and stained preparations.*

A vacuole could not be discovered in this species.

'" Termed by Gurley the 'micronate [mncronate] projection,'" This name was
employed by me in a letter in a general sense only {a mucronate projection) and was
not intended as an additional special term.
-Ohlmacher had only hardened material, a fact which, Whinery thinks, explains

his failure to find nuclei. I can not believe, from Dr. Vv hinerys description, that the
bodies he calls "nuclei" are really such, since t\\&j disappear entirely in hardened and
stained specimens. Although I have not seen Dr. Whinery's material, I venture to
suggest the possibility of their being fat globules.
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Micro-chcminlry.—The ]);nasitos were studicfl fresh (l)y teasini;- kidney tissue, anil

examiuiiig this in a liaiiying drop, or in iluid media of ditfevent kinds), and also

after treatment with various tixing and staining agents. In the fresh state, a dilute

solution of potassium hydrate caused a swelling of the spure, and brought out the

shell and tilauients plainly. Glycerin acts well as a medium for the examination of

the fresh spore. Probably the best medium to use for the hanging drop is toad's urine.

Iodine (a<|ueou8 solution) colors the spore a uniform brown. In tixing cover-glass

prejiarations, no advantage was gained by fixing them in alcohol and ether, or in

osmic acid, over that obtained by passing tlie covers through a llame. In the fresh

state the lihinients were made jdainer in fixed cover-glass preparations

[Page Gt)2.] by a number of reagents. Acjueous methyl blue and Babes' anilin

water safraiiin bring the filaments into view quite satisfactorily.

As fixing agents, Flemiuiug's solution, Keidenhain's mercuric chloride solution,

absolute alcohol, Caruoy's acetic alcohol, and Perenyi's fluid were tried, the first and

last being found unsuitable on account of the production of shrinkage and distor-

tion. The fixed material was imbedded in xylol paraffin by the usual methods.

Numerous separate and combined stains were cmph)yed with varying results, the cap-

sules with almost all stains showing the greatest affinity for the coloring nuitter, the

de<n-ee of alifinity varying son\c\vhat in dill'erent spores. Pfitzner's safranin is espe-

cially good, with a striking affinity for the capsules. Ohlmachor's dichroniopbilism

was demonstrated with fuclisin and iodine green (Russell's method), and with

safranin and methyl blue (Oblmacher's method). "This chroinophilous reaction is a

very striking and possibly significant phenomenon in these organisms."

90. Chlororayxnm (SphBcrospora) perlatum Gnrley, 1893. PL -10, fig. 2.

(Psorosperm of Acerina ccrniia, Balbiani, 1883, Journ. de Microgr., Vii, pp. 201,

204, lig. 44; ib., Balbiani, 1884, Lemons sur Ics Sporozoaires, p. 133, fig. 40.)

Myxoholns jm-laliis, Bull. U. S. Fish Cora, for.1891, xi, p. 415; ib., Braun, 1894,

Centralbl. f. llakt. u. Parasitenkde, xv, j). 87.

No description (sec also p. 205).

Habitat.—On Acerina ctniua L.

91. Chloromyxum (Spliaerospcra?) sp. incert. PI. 40, fig. 3.

Spore of Lota vulgaris, Butschli, 1882, Bronn's Thier-Keich., i, pl.38, fig. 22.

• Cyst unknown.
MyxoHporidium.—Not described. Tlie sporoblast produces a single

spore ?

'

kSporc.—Not described. For the reasons given on p. 205, the present

generic reference of this species is probably the correct one, and the

species should be closely comj^ared with C. mucronatum.

Habitat.—Ovary of Lota lota L. (= vulgaris); ling.

' " Each spore in a special transparent membrane."
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92. Chloromyxum (Sphaerospora) dujardini Th^lohan, 1892. PL 40. fig.s. 4-7.

Cyprinus
futiliis,

"psoro-
sperms"

of.
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V. CERATOMYXA Thdlohau, 1892.

EtymolngjT not given.

Bull. Soc. philoinat. Paris, iv, pp. 1G9, 171, 175; ib., Gurley, 1893, Bull. U. S.

Fish Com. for 1891, xi, pp. 411-12, 420; ih., Brauu, 1893, Centialbl. f.

Bakt. u. Parasitenkde, xiv, pp. 738-9; ib., Brauu, 1894, Ceutralbl. f. Bakt.

u. Parasiteukde, XV, p. 87.

Befinition.—Chloromyxidoe with bilaterally symmetrical, trau.sversely

exteuded, siibisosceles-triaiigular si)oics wiiose breadth yreatly exceeds

the length; valves hollow-conical with solid tips; sporoplasm uuilater-

ally and asymmetrically situated; typ3, C. sphcvrulosa.

The position of this genus in the system depends upon the interpre-

tation of its symmetry. Admitting (as we may safely do) that the

position of the capsules marks the anterior extremity, the question

arises whether the plane of junction of the valves is the vertical or the

longitudinal. If it be vertical, we then have: (1) Vertical plane iuter-

capsular; (2) spore laterally extended; (3) valves bilaterally subsym-

mctrical; (4) decided sporojjlasmic bilateral asymmetry.

On the other hand the supposition that this plane corresponds to the

longitudinal necessitates the following snpi)o&itions: (1) That the ver-

tical plane cun he perca2)siilar; (2) that the spore is vertically extended;

(3) valves superior and iuferiorly subsymmetrical; (4) decided (sporo-

plasmic) supero inferior asymmetry.

While admitting the striking anomaly exhibited by this species in

its bilaterally asymmetric distribution of the sporoplasm (which cer-

tainly warrants its generic separation), it seems more easy to accept

this than to admit (a) that the longitudinal i)lane can be percapsular., ^

and [h) that the spore is greatly extended supero-inferiorly, of neither of

which conditions any other known species exhibits an example. There

are, however, species which exhibit, though in a less degree, bilateral

asymmetry [j\[yxoholns nnica2)snlatus, ilL ineqnalis, M. strongyUirus).

Two other characters should be noted. As in the other forms hab-

itant in the tiuid-filled organs, the Ceratomyxa species are never seen

"encysted." Further, 3 out of the 4 known species possess the strik-

ing peculiarity of hisporogenesis, each myxosporidium producing only

2 spores. The fourth species presumably (from Th^lohan's silence) does

not possess this character. It is well to note that this character is

possessed by only one other species, viz: Perugia's Myxosporidium mcr-

lucii, a gall-bladder species provisionally and doubtfully referred to

Myxoholus (see p. 242).

Finally, while this paper was passing through the press, M. Th61ohan's

recent paper^ was seen. It seems to imply very strongly two things,

' No known instance exists of 2 capsules being placed one above the other (i. e.,

in the vertical ])lane, -which -would thus be x)ercap8ular). Tho only species in which

by any possibility the vertical piano could be asserted to be pen'ajjsular is Ci/s^o-

discus? di2)lojys, but here the couditioTi is at least eciually we^l (and I think much
better) explained on tiio view that the iiiti'rc(q}.iii}ar i)lano is the vertical.

"Compt. Rend. Acad. Sci. Paris, 1894, cxviii, pp. 428-430.
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viz : (1) That bisporogeuesis must be admitted as a (very striking) generic

feature; and (2) that if, as Perugfa asserts, Myxoholus merlucii possesses

this character, it is in all probability a Ceratojnyxa, and not a, Myxobohts.

And two facts confirui this latter view, viz:' The improbability in Myxo-

holus of a gall-bladder habitat and the rarity of spores whose breadth

exceeds the length. Perugia's species is, however, provisionally left

under Myxoholus, on account of his positive statement as to the presence

of an iodiuophile vacuole.

The following is an abstract of Thelohan's paper:

^^ ,„ Besides the species fornieiiy published ' iu which the mvxosporidium
L o - J produces but 2 siiores, I have since confirmed the s;ime peculiarity iu a

rather large number of new forms in the gall-bladders of certain Mediterranean fi.shes.

All these 2-8poring species belong to ii y family " Myxidi^es," the greater part of them
being clearly referable to Ceratomyxa, while the others, by successive moditicatious

of spore-form, establish a transition between that genus and Splucrospora. This

last connects the 2-sporing species with the many-sporing, and at the same time, by
its habitat, the free species to the tissue-imbedded forms.

There is thus no absolute separation between the 2-sporing and the other Myxospo-

ridia. The 2-sporiug always live a free amoeboid life in the bile-fluid and exhibit a

very great motility, owing to specialized pseudopodia heretofore described.

These 2-sporing Myxosporidia with localized pseudoitodia and rapid movements
represent the most elevated type of organization. As regards the interpretation of

the facts, are they perfected types derived from inferior, or are they
'- '

* -' the primitive type, the others, especially the tissue- imbedded species,

being forms degraded by a more pronounced (a, so to speak, more intimate) parasit-

ism ? Th61ohan favors the latter view. Great stress is to be laid upon the pro-

gressive increase in the number of spores occurring pari passu with degradation

of form and increase of parasitism, such increase of reproductive elements being
always one of the most constant attributes of parasitism.

84. Ceratomyxa arciiata Th^lohan, 1892.

Compt. Rend. Acad. Sci. Paris, cxv, p. 1091.

Cyst none.

Myxosporidmm.—Of variable form, diameter apparently not exceed-

ing 35 or 40 /i; destititte of prolongations. Endoplasm finely granular

and homogeneous, containing some scattered fatty globules; destitute

of sijherules. Pseudopodia ectoplasmic, lobed; the filiform variety

absent.

Spore.—Eelatively very small; length, 5 //; breadth, 40 //.

Hahitat.—Gall-bladder of Onus tricirratus {=Motella tricirrata) col-

lected at Koscoff, in August, 1892.

Bemarlis.—This diflers from the other species of the genus princi-

pally in its much smaller size.

85. Ceratomyxa agilis Thdlohan, 1892.

Compt. Rend. Acad. Sci. Paris, cxv, pp. 962-3.

Myxosporidium.—Attaining a maximum length of 85 ;/, and a maxi-

mum breadth of 20 /Y ; assmning various forms, most frequently elong-

ated, subcylindric, a little swollen at the middle. One end (which on
account of being constantly foremost in progression is to be regarded

"Compt. Rend. Acad. Sci. Paris, 1894, cxviii, pp. 428-430.
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as the anterior), rouuded; the other (posterior) usually attenuated,

pointed, sometimes, however, swollen, rounded or bifurcate, or 7-, or

8- (or more) lobed. Limit between ectoplasm and eudopiasm almost

indistin<;uishable; myxoplasm finely granular, presenting constantly,

near the anterior end, grouped in variable number, some small, very

refringent, fatty globules.

Pseudopodia diii'ering markedly from those of other 3fi/xosporidia,

always limited to anterior end; number variable up to 7 or 8, perfectly

distinct from one another, almost filiform, progressively attenuating

to their drawn-out pointed extremities; length very considerable, ad

max. one half that of the myxosporidium ; composed of exceedingly fine

granular plasma resembling the ectoplasm of other Myxosporidia^

whence their ectoplasmic nature may be inferred.

Movements of i)seudopodia very rapid, describing a semicircle,

always from before backward. Thelohan could not determine whether,

upon arriving at their limit of backward motion, the pseudopodia fuse

with the myxosporidium or move forward to repeat their sweep. Loco-

motion of myxosporidium thus produced, relatively rapid (3 times its

length in 25 seconds). Remainder of myxosporidium motionless, appar-

ently, however, possessing a certain contractility, as is seen when the

anterior (pseudopodia!) end becomes lodged against an obstacle.

Spore.—Similar to that of Ceratomyxa splicemlosa; breadth 60 //.

Never more than 2 spores in one myxosporidium.

Habitat.—Free in the gall-bladder of Basyatis pastinica L.
(
= Trygon

vulgaris) sting-ray at Coucarneau in September, 1892.

86. Ceratomyxa appendiculata Thelohan, 1892.

Compt. Rend. Acad. Sci. Paris, cxv, pp. 963-964.

Cyst none.

Myxosporidium.—Presenting special characters which clearly dis-

tinguish this species. Fully developed forms assume very irregular and

very variable shapes; renuirkable for the i^resence of 1 to 4 or 5 immov-

able prolongations, composed of an endoplasmic axis and an ectoplasmic

covering, which extend out from a central portion of a very variable

form. Length of prolongations may reach twice the diameter of the

central portion. Pseudopodia lobed, originating from the ectoplasm of

the central mass at no fixed point, which is changeable from moment

to moment.

Spore-formation.—Taking place in the above-mentioned central por-

tion, each myxosporidium producing 2 spores.

^j,ore.—Length (?), 5 to 8 //; breadth (?), 65 }x.

Habitat.—Free in the gall-bladder of Lophius piscatorius (angler)

collected at Koscoff and at Le Croisic in August and September, 1892.
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87. Ceratomyxa sphaerulosa Tli61olian, 1892. PI. 41, fig. 4.

Bull. Soc. pMlomat. Paris, iv, pp. 171-3, 175, fig. 1; i6. Tholohan, 1892, Compt.

Reud. Acad. Sci. Paris, cxv, pp. 961-2 ; ib. Gurley, 1893, Bull. U. S. Fish Com.

for 1891, XI, p. 420; ih. Brauu, 1893, Centralbl. f. Bakt. u. Parasitenkde, xiv,

pp. 738-9; ib. Brauu, 1894, Ceutralbl. f. Bakt. u. Parasiteukde, XV, p. 87.

Cyst, none.

Mi/xosporidium.—Sjyhericid or ovoid
;
youngest stages exhibiting very

distinct amoiboid movements, colorless 5
older individuals yellowish,

presenting a very remarkable constitution. Ectoplasm thin, emitting

lobed pseudopodia, with very slow movements. Endoplasm appearing

riddled with small (3 or 4 //) clear spheres between which lies a gray-

ish, finely granular plasma. Spheres often exhibiting, grouped at their

center, a variable number (most frequently 5 or 6) of small yellow, brown,

or greenish granules which resist nitric acid and potassium hydrate

longer than the gpheres which envelop them. Th^lohau was unable to

express any opinion as to the nature of the spheres, which, he remarks,

constitute one of the most remarkable peculiarities of this species.

Spore formatmi.—E-cich myxosporidium forms at the most 2 spores;

never more. Solid distal portion of valve folded back along the pos-

terior border during development. Thdlohan notes the similarity in this

respect to the development in the tailed Myxoholus species (see p. 248)

and says that the anterior convexity of the curve presented by the long

(transverse) axis seems the effect of this primitive arrangement.

^jjore.—Transversely extended, symmetrically (or subsymmetrically)

double scalene-triangular ; length, 8 to 10 or 12 yu; breadth, 90 to 100 /^.»

Shell bivalve; valves right and left; symmetrical or subsymmetrical

;

shape of each valve hollow-conical, with the distal extremity solid for a

variable distance; valves united along the cone bases, a slender ridge

marking their line of junction. The shell cavity thus consisting of 2

(lateral) halves, one of which is always occupied by a variable number

of small very pale masses whose exact nature is unknown, but which

seem to represent the residue of capsule formation.

Sporoplasm.—Goiii^tantlj situated in the other half of the shell cav-

ity, of which it occupies only a relatively very small portion; finely

granular; no iodinophile vacuole.

Capsules.—T^o, the largest known, filament very clearly seen, coiled;

extrusion easily produced by potassium hydrate or ether, each capsule

presenting as a rule a special opening placed ou one side of the suture.

Eahitat.—Gall bladder (free floating in bile) of Galeus tnustelus

{=Mustelus vulgaris) smooth dogfish and of Galeorhinus galeus {= Galeus

canis) taken at VaMry-au Caux, by Balbiani, in August, 1891.

1 Th^loliau gives tlie dimensions reversed (i. c, as length 100, breadth 8 to 10 or

12 n) but this is of courso a wrong orientation. Similarly with other species.
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Fani. CYSTODISCIDiE Gurley, 1893.

Bull. U. S. Fish Com. for ISill, xi, pp. 412-13; ih., Brann, 1894, Centralbl.f.

Biikt. n. riuasitcukdc, XV, p. 87.

Definition.—Pha'noci/stes wliose spores possess antero-posterior and

bilateral symmetry; capsules in 2 groups situated at the (anterior and

posterior) ends; a bivalve shell, the plane of junction of whose valves

is j)erpendicular to the longitudinal plane; condition of sporoplasm

unknown; type genus Cystodiscus.

To the family as thus defined, I have provisionally (b}^ way of taxo-

nomic necessity) approximated Thclohan's genus Sphccromyxa. It is

characterized, Th(!^lohan says, by the structure of the spores, especially

by the form of the filaments and their disposition in the capsule. In

the absence of figures, the orientation of the spore, upon which classi-

fication must be based, is uncertain. The double grouping of the cap-

sules necessitates the approximation (at least among known genera)

of this genus to Afyxidium or to Cystodiscus. Between the last two, the

presence of a membrane around tiie myxosporidium and especially the

bivalve structure of the spore would seem (at a taxonomic guess) rather

to approximate ISplueromyxa to Cystodiscus.

It maybe frankly admitted that, as at present composed, this family

is somewhat unsatisfactory and must be held subject to revision, prob-

ably in the direction of elision. For of the species with the capsules in

2 groups we nowknow (excluding j¥?/j7ifZmu f sp. 102, about which hardly

any data exist) 5 species: Cystodiscus immersus, Cystodiscus ff diploxys,

Sphccromyxa balhianii, Myxidium lieberlilUinli, Myxidium f incurvatum.

Of these M. lieberMhnii presents a sufficiently distinct group of char-

acters to warrant its delimitation as tlie type of a family. The other 4i

species then agree in two very important characters, viz:

1. Arrangement of capsules in 2 groups.

2. Presence of a bivalve shell.

Further than this, however, our analysis can not, for want of data,

be at present safely pushed. Indeed, I have even left Myxidium ?

incurvatum under Myvidium (where in all probability it does not

belong) rather than place it elsewhere at random. Obviously the next

step is the determination of the 3 symmetry planes and the orientation

of the valve-junction plane. I suspect the future will separate generic-

ally C. f? diploxys from C. i?>/»<r>-.s».s', the former appearing to have the

valve-junction ])lane parallel and the latter to have it perpendicular

to the longitudinal plane. In the present uncertainty, however, espe-

cially as long as the symmetry-relations of Sphicromyxa are so dubious,

the present provisional arrangement is probably preferable to another

new genus, and perhaps a family.
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VII. CYSTODISCUS Lntz, 1889.

Etymology not given.

Centralbl. f. Bakt. u. Parasitenkde, v,p.88; t&., Gurley, 1893, Bull. U.S. Fish
Com. for 1891, xi, pp. 411-13; ib., Braiin, 1894, Centralbl. f. Bakt. n. Parasi-

tenkde, XV, p. 87.

Definition.—Characters those of the family; type, (J. immersus.

Whatever may be the ultimate taxonomic destination of the species

here included, the genus will, I tliink, stand, as it is the first in order

of priority, having the spore with the capsules in 2 groups, and a
bivalve shell.

97. Cystodiscus immersus Lutz, 1889. PI. 42, figs. 1-10.

Centralbl. f. Bakt. u. Parasitenkde, v, pp. 84-88, figs. 1-10 separately and
subsequently; ii., Gurley, 1893, Bull. U. S. Fish Com. for 1891, xi, p. 413;
iJ)., Braun, 1894, Centralbl. f. Bakt. u. Parasitenkde, xv, p. 87.

Cyst none.

Myjcosporidium.—Youngest forms unknown. Hoping to find them
in the tadpoles, Lutz examined about a dozen, but the gall-bladders

were entirely free; in frogs and toads only a little larger, however,
myxosporidia were found, but they (even the very small ones, less

than 04 mm. in diameter) already showed the stiff disk form. In

number, usually several, often very many (30 to 50), visible through the

bladder wall, appearing macroscopically as round transparent disks or

leaflets, as thin as pa])er, with frequently a whitish border in which the

upper and under surfaces meet directly (without the intervention of a

lateral surface as in a cylinder) ; upper and under surfaces very slightly

convex, the thickness being only -^ to -^q- of the diameter; body-form

thus feebly biconvex lenticular, ranging in diameter from the limits

of visibility to 1*5 or 2 mm.
Ectoplasm forming a plainly perceptible, transparent, structureless

membrane, completely resistant to the bile and noticeably so to chemi-

cal reagents, disintegrating on prolonged immersion in water; preserv-

ing the form of the organism which otherwise almost certainly would,

on account of its great thinness, become wrinkled and folded, but
whose borders have a subcircular outline. Ectoplasm often containing

great numbers of micrococcus-likc bodies, which, as they brown only

very slightly with osmic acid, can scarcely be pure fat. They also can
not be cell-nuclei,

Endoplasm containing numerous large vesicles, polygonal-flattened

by mutual pressure, producing the appearance of a cellular structure.

Vesicles possessing a subglobular contour, showing no trace of a
nucleus; upon rupture of the ectoplasm, escaping spontaneously into

the bile, in which (also in alkaline solutions) they immediately vanish

under the eyes of the observer, probably on account of the solution of

a delicate surrounding membrane and the subsequent solution of their

contents. Amoeboid movements are completely excluded by the juem-
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branous character of the ectoplasm. No traces of change of form or

place wore seen.

Spore formation.—Beginning with individuals scarcely one-tenth the

maximum size, the number of spores being then, however, relatively

as well as absolutely less; number increasing pari |>^/,s'.sh with growth,

individuals of equal size not necessarily showing, however, equal num-

bers. In specimens largest and most rich in spores the latter show

themselves scattered over the surface at very short intervals, while on

the borders they form a compact zone visible macroscopically as a white

ring.

Pansporoblast?: Myxosjiorldia of various ages tolerably frequently

show a spore-foundation [Sporenanluge] in the form of a smaller, more

elongate, and only delicately outlined oval, containing two small pale

perfectly round capsules (somewhat removed from the poles), which

inclose a tolerably large dark biconcave-ended cylindrical rest-body

{liestlcorper). The delicately outlined oval contracts its bulk, its out-

line clears up, and the shell and capsules become thicker and very promi-

nent. Valve-connection takes place through a process of the shell, and

the spore becomes more ventricose.

Spore.—Lying outside the vesicles, always arranged in pairs, the lat-

ter rather irregularly scattered under and only loosely connected with

the ectoplasm, concentrated in greatest numbers along the borders,

forming a white ring. Length of mature spore, 12 to 14 /<; breadth,

9 to 10 f-i] regularly oval, with blunt ends; spore showing no independ-

ent movements except filament extrusion.

Shell rather thick and firm, indistinctly and finely transversely striate,

possessing the usual resistance to chemical reagents; bivalve, the valve-

junction plane oblique (like the diagonal of a rectangle), inclined about

45° to the "^equatorial" [transverse?] plane. This condition doubtless

stands, Lutz says, in connection with the position of the capsules at

either end, one valve lodging each. Around the border of each valve

is placed, hoop-like, a little elastic rod, plainly projecting in profile,

rebounding, when treated with potassium hydrate, in the form of a more

or less extended band, the valves thereby becoming loosened, a piece

often being torn away. Lutz remarks that these observations agree

with Balbiani's (p. 223). Lutz, however, never saw any connection of

spore-pairs through the medium of the loosened bands.

Capsules 2, separated, 1 at each end, subglobular-pyriform, slightly

shari)er anteriorly, glittering strongly in water or in bile, only sliglitly

so in glycerin and other refractile fluids; size diminished by extrusion

of filaments, walls plainly double contoured. Filaments difticultly per-

ceivable when fully coiled, plainly visible when half uncoiled; extrusion

frequent in bile, not so connnon in water; extrusion also producible by

various reagents, most certainly by potassium hydrate. Length, 4 to 5

times that of the spore-length.

Sporoplasm transparent, first becoming plainly visible after the action
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of coagulants, as an irregular, very low and biconcave-excavated

cylinder. Lutz could find no true nuclei, either before or after develop-

ment. Micrococcus-like corpuscles (similar to those in the ectoplasm,

see above) were present, but on account of their inconstancy, these must
be regarded as jilasmatic secretions.

Exit of sporoplasm.—N"ever observed, prolonged immersion in water

produfing only a gaping of the valves, with or without a falling out of

the capsules.

Habitat, etc.—Gall-bladder (free-floating in and escaping with the bile)

of Bufo agua (toad) in every one of 50 half-grown to grown individuals

taken at the most various times at one locality in Brazil
;
parasites

mostly multiple, sometimes as many as 50; also in young specimens

of Gystignathus ocellatus (toad) from 2 localities in Brazil. On the

contrary they were absent from 2 large individuals of Brtfo agua from

other provinces of Brazil. They were also absent from all the tadpoles

examined and from metamori)hosed toads from several localities.

Effects.—The myxosporidia observed ax)peared in nowise to impair

the histological integrity of the gall-bladder.

98. Cystodiscus ? ? diploxys Gurley, 1893. PI. 42, figs. 11-13.

PyraHs
(or Tortrix)
viridana,

psorosperms



282 REPORT OF THE CO^BHSSIONER OP FISH AND FISHERIES.

Concerning tliis species Biitschli says:

Ball)iniu has observed cysts in the body cavity of .a butterfly (Pyralis vu-idinua)

Tvhich were filled with corpuscles possessing a structure similar to that of tlie myx-

osporidian spore. The observation is, however, not sufticient to demonstrate that it

belongs to the Myxosporidia.

Th^lohan and Henneguy regardit asamyxosporidian, and it is diffi-

cult for me to tliink otherwise.

VIII. SPH^ROMYXA Thc-lohan, 1892.

Etymology not given.

Conipt. Rend. Acad. Sci. Paris, cxv, p. 1093; ih., Br.aun, 1893, Centralbl. f. Batt.

u. Parasitenkde, xv, p. 737.

Definition.—Characters to be inferred from those of the type species,

S. balbianii.

After several vain attempts to draw nj) a satisfactory generic defini-

tion as between this genus and Cystodiscus, I liave concluded that at

present there are not in the record sufficient data for their accurate

delimitation.

99. Sphseromyxa balbianii Th^lohan, 1892.

Compt. Rend. Acad. Sci. Paris, cxv, pp. 1091-3; ib., Braun, 1893, Centralbl. f.

Bakt. n. Parasitenkde, xv, p. 738.

Myxosporiclium.—Generally visible to the naked eye as a small

opaque, more or less regular, usually subspherical mass, occupying a

variable part of tlie bladder and escaping with the bile; yellowish or

greenish-yellow, of a relatively firm consistence, permitting of handling.

Attempts at teasing render evident the presence of a thin metnbrane.

Under the microscope the myxosporidium shows absolutely exceptional

characters. Ectoplasm forming a clear, homogeneous zone, presentnig

in sections a very clear striation. Endoplasm more granular, inclosing

numerous spores.

ASporc.—liesembling that oi Myxidium lieberJmhniij elongate, slightly

sw^ollen at middle; extremities abruptly truncate, cut squarely off, so

to speak, so as to present very sharp " lateral " angles ;
" length "

[ ?] 13 to

16 ii; "breadth" [1J 5 //, Shell bivalve, finely striate, parallel to the

longer axis. Capsules 2, one at each "extremity," their axes obli<}ue

and oppositely directed with reference to the longer [transverse?] diam.

eter of the spore. Filament very j)eculiar, forming a relatively very

short (average length 15//) cone, the diameter of whose base nearly

equals the breadth of the extremity of the spore. Exit produced by

iodine water, potassium hydrate, sulphuric acid, etc. The mode of coil-

ing is equally i)eculiar, the axis of the coil being perpendicular to the

long axis of the capsule. Sporoplasm forming a single mass, destitute

of an iodinophile vacuole; nuclei, 2; the pericornual nuclei "(Th^lohan's

"nuclei of the capsulogenous cellule") are also present.

Habitat.—Free in the gall bladder of Onns tricirratus and 0. macu-

latus {=Motella tricirrata and M. maculata)'^ very common, especially at

Roscoff.
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Fam. MYXIDIIDyE Gnrley, 1893.

("Myxidioes" (pars) Tholohan, 1892, Bull. Soc. philomat. Paris, iv, pp. 173, 175)

;

Myxidiido', Bull. U. S. Fish Com. for 1891, xi, pp. 412, 420; Myxidiea [Thol.]

Braun, 1893, Ceutralbl. f. Bakt. n. Par.asitenkdo, xiv, p. 739; Mi/xidiidw,

Brann, 1894, Ceutralbl. f. Bakt. u. Parasitoiikde, xv, p. 87.

Definition (provisional as regards negative cliaracters).

—

Fhcenocystes

destitute of aiitero-posterior, but possessing bilateral symmetry; cap-

sules in 2 groups in the (right and left) wings; no bivalve shell; no
vacuole; type (and only) genus Myxidium.

IX. MYXIDIUM Biitschli, 1882.

Etymology not given.

Bronn's Thier-Reich, i, pi. 38; ih., Lankester, 1885, Encycl. Britan., 9 ed., xix,

p. 855 ; i6.,Th(^lolian, 1892, Bull. Soc. philomat. Paris, iv, p. 175; 77).,AVeltner,

1892, Sitzgsber. Ges. Naturf. Freunde Berlin, p. 351; il)., Terrier, 1893,

Traitode Zool.,p.460.

Definition.—Characters those of the family; type, M. lidherMlJmii.

100. Myxidium lieberkiihnii Biitschli, 1882. Pis. 43-46; pi. 47, figs. 1-5.

Esox
luciiis
" psoro-
sperms"
etc., of.
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The deaoriptioii is bn'^od upon the (in tlic main) accordant results of

Lieborkilhn, Balbiani, Biit.sc.hli, nnd PfoifCer, i)articalarly upon those

of the last two observers. Gabriel's accordant results have been incor-

porated, his divergent ones mostly footnoted.

Li/e-histor;/ (PfeifFer).—Emerging from the spore, the young myxo-

sporidiuui (until now the sporoplasm) next penetrates into the interior

of the red blood corpuscles or of the cells of the bladder epithelium.

Its intracelhilar existence continues until its increasing size ruptures

the cell wall, when it escapes, differentiates its own protective ecto-

plasmic layer, and resumes amoeboid movements. Finally endogenous

(pansporoblastic) spore formation takes place, the spores ultimately

become free, and the life-cycle is complete.

Cyst none.

Myxosporidiiim,}—Form varying much with age; at exit from spore

globular amoeboid: while within, and at the time of exit from the

epithelial and red blood cells, roundish; older forms cylindrical, ribbon

or club shaped, or irregularly amoeboid, presenting a A'^ery grotesque

appearance, with branches, forkiugs, and long appendages. Size vary-

ing with age up to a maximum length of 300 /< (Biitschli) by a breadth

of 136 yt/. Youngest myxosporidia colorless; older ones colored yellow-

ish or reddish or brownish-red by inclusions of extraneous pigment in

tlie endoplasni. Myxoplasm, in all but the youngest stages, presenting

a clear difierentiation of ectoplasm and endoplasm.

Ectoplasm forming a rather thick, very transparent, colorless, deli-

cate, linely granular layer, containing none of the characteristic eiulo-

plasmic elements; end in contact with the mucous membrane, colorless,

destitute of granules, leafy or pronged for attachment. Opposite end

richest in granules and in pigment, free-floating, usually rounded; free-

floating forms partly agreeing with the above, differing, however, in

being destitute of pronged processes, showing at times some peculiar

differentiations, particularly the appearance shown on pi. 44, fig. 3,

where it seems permeated by a system of canals. One end of body

often more or less plainly radiate-striate, the usual distinction between

the ectoplasm and endoplasm being here absent. This Prof. Biitschli

regards as the attached (pronged) end. Also not rarely are seen a series

' Gabriel believed that the bladder does not furnish a suitable environment for

motasporal development, consequently the latter mnst, he thinks, take place in or

via the external world. In his opinion the myxosporidia living within the bladder

represents not normally developing, but progressively degenerating forms. Such

development as occurs within the bladder, by which apparently the way has been

prepared for the replacement, at least within certain limits, of the perishing mother

organisms, does not exclude the possibility of ripe spore-containers or free spores

tiniling their way to the outer world and there under favorable (but as yet unknown)
conditions developing. This supposition, a necessary postulate, becomes a certainty

when it is remembered tliat only thus [by active or passive migration] could the

parasite have roacliod the bladder. Probably repeated, though perhaps (as indicated

by the variatioaa iu their occurrence) not continuous, iufoctiou-immigrationa occur.



THE MYXOSPORIDJA,. OR PSOROSPKRMS OF FISHES. 285

of dark, longitudinal, ectoplasmic laminae separated by clear, somewhat
reddish, apparently semifluid interlaminse. Not iufrequeutly there exists

a similar clear reddish boundary layerbetween ectoplasm and endoplasm

(Biitschli).

Endoplasm consisting of colorless or yellowisli myxoplasm, usually

tinted reddish to reddish-brown (see Hcematoidin below); distinguished

from the ectoplasm by its color and by the presence of granules, globules,

numerous small nuclei, vacuoles and inclusions (notably hoematoidin

crystals). Granules minute, arranged without order. Globules num-

erous, irregularly scattered; in all probability fatty, being soluble in

alcohol ; ^ containing ha^niatoidin crystals. The older writers also

include the nuclei under the term globules.

Nuclei very numerous, small, with a dark surrounding membrane,

granular contents, nucleolus and radiating fibrilhe (Biitschli). Pfeifier

remarks ^ that these are to be referred back to the original single

nucleus of the young myxosporidium.

Vacuoles (apparently nonpulsating; indefinite as regards number
and position), are sometimes seen in forms with few granules.

Hsematoidin crystals: These were first observed by Lieberkiihn.^

They were subsequently noted by Biitschli, * who rightly remarked

that they must be derived from the blood of the host; i. e., tliat they

are of extramj^xosporidian origin. They occur in the fat globules, and

are found free in the protoplasm only after solution of these globules by
alcohol. They can be found from the smallest beginnings up to a more

conspicuous size, the fat globules then forming a proportionally slight

covering for them (Biitschli).

Pfeiffer * describes and figures a red blood corpuscle as included

within the endoplasm. This he regards as the source of the hcema-

toidin crystals. He asserts that they are constantly present and that

they occur free or within the fat-globules. He adds that if the myxo-

sporidium has amoeboidly surrounded these blood corpuscles and now
consumes them, then in spite of the structure of the spores the Myxo-

sporidia can no longer be regarded as Gregariues.

Pseudopodia of 2 kinds: (1) Blunt, obtusely rounded, usually

formed of ectoplasm alone, endoplasm taking part in formation only

where the body as a whole forks. (2) Fine, hair-like or bristle-like,

usually rigid, frequently branched, comparable to similar processes of

many amcebse, frequently covering whole surface, not rarely, however,

limited to a certain region of same (e. g., the end, as in certain amoebse)

;

1 Biitschli, Bronn's Tliier-Reich, 1882, i, p. 594.

2 Die Protozoen als Kraaklieitserreger, 1890, 1 ed., p. 44.

^Miiller's Arcliiv., 1854, p. 350; see also next footnote.

* Ztschr. f. wiss. Zool., 1881, xxxv, p. 642; Biouu's Thier-Keicb, 1882, i, p. 594.

•Biitschli credits their discovery to Lieberkiihn and Meissner. I infer from Lieber-

kiihn's statement, that Meissner's results were communicated to him orally but were

not published.

6 Die Protozoen als Krankheitserreger, 1890, led., p.4G; ih., 1892, 2 ed., pp.17, 132.
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both varieties may be retracted and again extruded; some of these

processes are, bo^Yever, optical illusions, being views iu optieal section

of transverse ectoplasmic folds (Biitsclili; Pfeift'er).

Ama^boid movements^: Slow, well seen when examined in the urine

of the fish; absent (from rapid death of myxosporidium) in water and

many "indifterent" fluids, e. g., egg-albumen solution. Best seen in

l)ike's urine at 21° C; the ectoi)lasm executes very extensive ama-boid

movements, wrinklings, and ibldings (Pleiller).

Spore formation}—Not confined to adult forms, but found in rayxo-

sporidia of all sizes. Thus few-si)ored large, and many-spored small

myxosporidia are often seen (Gabriel). This occurrence at ditferent

times is explained by successive ripenings of the different individual

myxosporidia composing the plasmode. Small round myxosporidia not

yet entirely freed from the epithelial cell-remnants often contain 2 or

more spores (Pfeiffer).

Pansporoblast formation: This, the first step toward spore for-

mation, takes place by the differentiation within the myxoplasm of a

number of small, clear, transparent plasma-spheres
(
pa)is2)orobIasts), each

consisting of one of the many nuclei of the myxosporidium, together

with a portion of the surrounding myxoplasm which it has attracted

to it. Sometimes early, and in all cases later, each pansporoblast is

surrounded by a thin darlc membrane,^ and is found to contain a

number of nuclei, usually 6.

Pansporoblast-segmentation : Subsequently, instead of the pansporo-

blast consisting, as originally, of the pansporoblast membrane contain-

ing a single (usually sexanucleate) plasma-sphere, it comes to consist

of the same membrane containing two * (usually trinucleate) plasma-

' Gabriel (loc. cit.) gives a very detailed description of these movemeuts, concluding

that they are so complex and peculiar as to find no parallel with the Gregarines, and

none appears admissible with the ]iseudopodial movements of the Protozoa. Special

emphasis is placed on the presence iu the myxoplasm of a "thread-drawing" (Faden-

ziehenden) substance, ca])able of emitting psciidopodioid processes, lut incapable of

retractinfj them. This, Gabriel asserts, finds a parallel only iu myxomycete plasmodea,

of -which it is an exclusive feature, Biitsclili (1881, p. GIO) has, however, observed

the retraction of these processes.

- Description Biitschli's, unless otherwise stated.

'Pfeifter couiirms. Upon examining a myxosporidium in a dilute solution of

eosin, or other stain, the spores stain only after rupture (by pressure on cover-glass)

of this membrane. Gal)riel dissents, regarding the pansporoblast as a " wall-less

vacuole, which first takes on the vesicular appearance described by Leydig at a

later stage." According to Gabriel the pansporoblast does not always persist to

maturity, so that in the later stages it may bo vainly sought. Gabriel was unable

to trace a genetic relation between the ''granules" (? nuclei) of the myxosporidium

and the spores, whence he concluded that the latter originate by a process, not of

niyxoplasmic integration but by one of secretion, the uujrphologic substratum of the

sporigeuous vacuoles being regarded as polysporotjcnetic centers strongly contrasted

with the monosporogeneiic centers of the Gregarines.
• Spores in this species always developed in ])air8 (Biitschli). Spores not always,

though usually, developed in pairs; such paired development may be absent among
both developing and free spores (Gabriel).
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liemisplieres {sporohlasts-^ sen-s. strict.) which ultimately develop into 2

spores still contained withiu the pansporoblast membrane.
Develoj)nieut of sporoblast to spore: The fate of the 3 nucleus-like

bodies remains in doubt. The central one BUtschli observed to develop

into the spore-" nucleus." The other two do not ^ (as would naturally

be supposed) develop into the capsules; on -the contrary, the 3 nuclei

disappear, while the capsules appear in the protoplasm independently

of them. Gabriel sometimes observed the sporoblasts (i. e., spores still

within the i^ansporoblast membrane) to undergo a slow progressive con-

traction to a globular shape, showing their membrane (presumably the

future spore-shell) to be not yet rigid. A similar contraction was seen

by the same observer in spores with jiartially disorganized shells.

Spore.—Transversely and unerpially biconvex-lenticular; length, 5 /^

(too'"? Lieberkiihn; 4 to 6 //, Thelohan);- breadth, 20 /< or less (BUts-

chli ; 15 to 20 /;, Thelohan). Shell plainly visible, sharp contoured,

rather thick, frequently showing a delicate anteroposterior striation;

bivalve structure unknown, sulphuric acid producing no effect. Cap-

sules 1 in each wing-; filaments 2 to 3 times the breadth of the spore.

Sporoplasm almost completely filling the shell-cavity, extending even

to the wings, there surrounding, as a thin layer, the capsules, Nuclei,

2 {fide Thelohan, letter 1893), Concerning them and the vacuole-like

structure shown in Biitschli's figures, M. Thelohan writes

:

The spore of Myxidium HeherkUhnii does not contain a vacuole. This is a fact of

wliich I have assured myself many times. The dark streak shown in Biitschli's

figures belongs, without doubt, to the 2 nuclei of the plasmic mass which are often

ajjproximated, and, after the action of slightly elective stains, appear blended into

a single mass.

Uxit of sporoplasm (Pfeiffer).—Easily observable by examination of

bladder-raucus in urine of pike at 24° C. After 4 to 12 hours a scat-

tered mass of burst shells are seen; also many spores not yet burst,

showing the contents much more plainly separated than in fresh speci-

mens. In some individuals the sporoplasm is seen to flow amoeboidly

out " between the shells" (which are peculiarly unraveled) and wander
away,

Gabriel states that during the whole year that he studied this species

lie never saw the shell split to give exit to the sporoplasm. On the

contrary, lie describes the process substantially as follows

:

Shell undergoing a rather easily observable fluidiiication or resorption, its contour

(heretofore, though thin and delicate, plainly percej^tible), after a variable period,

entirely disappearing. Sometimes during the resorption stage, always by time of

' On the contrary, Pfeiffer (Die Protozoen als Krankheitserreger, 1890, 1 ed., p. 98;

1891, 2 ed., p. 132), however, states that the capsules are formed from these 2 nuclei.

'^Sometimes only 1 capsule at l"end,'Wery rarely 2 capsules together in the

center (Lieberkiihn). Rarely ventricose monstrosities are seen with 2 capsules

situated together at 1 "end" (Biitschli). Balbiaui figures, beside the usual forms,

others with 2 capsules in each wing.
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disupi^earanco of sbell-ooiitonr, siijniticant oliangos ooour, involvinj; oapsnles as well

as sporoplasm, the capsules behaving throughout as integral parts of the " luoto-

plasiuio contents." The sporophisni, previously very transparent, bluish, rather

strongly refringent and destitute of granules, becomes paler, sharply contoured

granules rapidly appear in spots, and these very delicately contoured, round-

elonuate or irregular [formerly sporoplasuiie. now become myxoplasniic] masses grow

shnvlv or rapidly to small, strongly granulated plasmodos which already show some

yellowish or reddish-yellow pigmented spots.

Gabriel lias also the Ibllowino- strange statement as to the subseqnent

eoiirse of develo})nient

:

Now it appears very peculiar that these 3 constantly present, morphologically

individualized, delimited, constituent parts [sporoplasm and 2 capsules] should, in

their further development, be restricted to a double course, viz, either fusing to a

single protoplasmic mass or remaining in the original state of separation; in the

latter case, falling apart by a rapidly progressing division, each into 2 (rarely more),

approximately equal, parts.

Groicth of myxosporidium (Pfeitter).—The young myxosporidium

[heretofore termed the sporoplasm], immediately after its exit from the

spore, ])euetrates into the interior of the red blood corpuscles and of

the cells of the bladder epithelium. The infection of the former nuiy

be followed under the microscope. After 8 to 12 hours they show

a noteworthy alteration, having become pale and, instead of 1 nucleus,

coninining 2, 3. or more nuclei. One of these nuclei is Jaggah or

wrinkled; the other (or others) is somewhat smaller, smooth, round,

shining, and occupies (with reference to the jagged nucleus) a variable

position. HaMuatoxylin stains the jagged nucleus dark, the smooth one

bright. With the increasing growth of the smooth nucleus the jagged

one rapidly falls to pieces, and its remnants become pressed against the

cell wall. ^lethylen blue and phloxin red stain the disrupted jagged

nucleus black-blue, the other a unifoiui red. From these observations

and the analogy of Lacerta and Testudo blood, the jagged nucleus is

to be regarded as the cell nucleus, and the smooth nuclei as intruded

myxosporidian germs. Here, too. the multiple infection [MchrUntjsin-

feliion) is repeated.

Jdicroscojiic techniijue.—Removed from their normal habitat, the

myxosporidia rarely rentain intact more than 24 hours, and then oiily

in "inditlerent" liquids, preferably (besides iodized serum) a 1-5 per

cent sodium carbonate solution or a 0-5 per cent sodium chloride solution

(Gabriel). Phloxin red and methylen blue stain the ectoplasm a

sharply detined red, the entoplasm inclusions blue. This striking result

causes the myxosporidium to resemble a true rhizopod (Pfeitfer).

Habitat and frequcnei/.—Uriuary bladder of Lucius lucius (pike).

Most frequent and most highly developed in late summer and autumn;

rare in winter: thence increasing in frequency. Size and age of host

exert no influence (Gabriel). Free-floating in urine or attached (by-

pronged end). Biitschli observed young examples with one end partly

surrounding an epithelial cell which had been torn away, thus present-

ing a Gregarine-like mode of attachment. Observed by Lieberkiihn
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attached firmly to Distoina folium (frequently found in the pike's blad-

der); also attached to other myxo.sijoridia. Observed by Biitschli in

December.

All individuals of TAicius from the Khine and Saar have myxospo-
ridia in the bladder, while those from the Elbe and Weser territory only

exceptionally show them (PfeifiFer, 1891, i). 110).

Perrier erroneously cites the habitat as the air hladder.

Pathology (Pfeiff'er).—The coarser anatomical details cau be seen

(under 300 or 400 diameters) by carefully stretching a bladder tightly

over a cork, placing a cover glass underneath, brief fixation, and hard-

ening by alcohol and staining. Control expeiiinents may be made by
maceration in diluted acetic acid. The infection of the bladder was
also followed by capillary cultures.

Mucous membrane, when slightly affected, showing individual clusters

of 4, 5, 100 or more epithelial cells infected with myxosporidia ; thence

all grades of hypertrophy fnp to 10 to 30 times the normal size) can be
traced.

Hypertrophy of epithelial cells: When slight, the cells are swollen,

shining, ap[)arently lobed. Pfeiff'er failed to differentiate the nucleus

and the intruder, probably owing to early succumbing of the nucleus.

With greater hypertrophy the cells are filled with and overdistended

by the parasites ; subsequently, continued growth of the myxosporidiam
ruptures the cell membrane; the myxosporidium flows amoeboidly out in

gi-otesque shapes, and immediately differentiates its hj-aline ectoplasm;

rupture of cell membrane visible under the microscope. Ha;matoxylin
or phloxinred-methylenblue stains a narrow-bordered, dark globule in

the interior of the swollen epithelial cells; nucleus of latter invisible;

largest cells indicating, by ragged coloring of contour, the degeneration
of the epithelial remains.

Effects (of this species??).—Of late years dead pike and perch have
frequently floated down the Mosel and the Khine. It is doubtful

whether the disease here is the same as the muscle infection of the

barbel. According to a statement [unpublished, I infer] by Dr. T. W.
MUller in Greifswald, the spore found in the flesh of the pike is not the

same as that of the barbel, but is formed upon the type of M. lieher-

Mhnii (Pfeiff'er).^

Whether the pike and perch in the Mosel die from myxosporidiosis is

unknown With the perch, fungous disease concurs (Ludwig).^

101. Myxidium ? ? incurvatum Th^lohan, 1892.

Coijipt. Rend. Acad. Sci. Paris, cxv, pp. 1093-1094.

Cyst, probably none.

Myxosimridium.—Hmail], feebly motile. Ectoplasm (in sections) very
clearly striate. Pseudopodia lobed, sometimes fjrming a bristly, shaggy
coat, as in Myxidium lieberkuhnii.

'Die Protozoea als Krankheitserreger, 1892, 2 eA., p. 10.5.

^Jahresber. d. rhein. Fiscb.-Vereiiis Bonn, 1888, i>p. 27, 28.

F C 19



290 REPORT OF THE COMMISSIONER OF FISH AND FISHERIES.

Spore.—Possessing only one i)lane of symmetry, viz, tlie valve-

junction plane, ditlering in this respect from most other myxosporidiau

spores, Avhich have another such jjlane perpendicular to valve-juuctiou

plane. Form very remarlcable, comparable to a pod whose acuminate

extremities are oppositely directed; length
(
?),4to5// ; breadth (?), 8 to

9// . Capsules, 1 at each end (or wing?), their long axes oblique and

oppositely directed with reference to tlie long (transverse'?) diameter of

the s])ore. Filanumt extrusion very diflicult of i)roduction; produced

by nitric acid; length of til anient, 113//; sporoplasm nonvacuolate.

Habitat.—Gall bladders of Onus trieirratus {= Moteila tricirraia),

Syngnathus {=Untelurus) ccquorcus (pipefish), and Blennius pholis, all

from Koscoff; in B. pholis from Concarneau; in Biphostoma {= Syngna-

thus) aeus (pipefish) and Callionymus lyra.

The description of this species is not sufficient, in the absence of

figures, to warrant a positive ()i)iiiion as to its generic attinities. I have

attempted to construct from Tlielohan's description a diagram of the

spore, but without success. The prevalent very loose use of such terms

as "ends," ''extremities," "length," "breadth," etc., renders them

invalid for taxonomy, and the only course open seems to be to retain

this provisionally in Myxiilium^ noting that in its bivalve structure it

differs markedly from M. UeherlcUhnii^ the tyx)e S])ecies.

102. Myxidium? sp. incert. PI. 47, iig, 6.

Psorosperms of liaja batis, Leydig, 1851, Miillcr's Arcliiv., pp. 226, 234, pi. 8, fig.

4*7; ib., Leuckart, 1852, Archiv. f. yjbysiolog. Heilkde., xi, p. 436, fig. 21b.

Myxidium? sp. Gurley, 1893, Bull. U. S. Fish Com. for 1891, xi, p. 420.

No description. The distinctness of this form from Chloroniyxum

incisnm was recognized by Leydig (j). ^I'A).

Jffabitat.—Free in bile ducts of Ra^a batis L, (skate).
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EXPLANATION OF PLATES.

All figures copied are either of the same size as, or 1^ times the size of, thefigxire*

from which they were copied; that is, in copying only 2 ratios were used, 1:1 and

f:l. The relative sizes of the copied and the original figures are in every case

indicated hy the figures inthin the j)arcntheses. All figures outside the parentheses

indicate the total ami)liticatiou i'rom the specimens. For the derivation of any figure,

see table, pp. 131-134.

Plate 1.

Figs. 1-4. Psorospermia sciamcF-itmirce (after Robin, x |).

Irt. Tlie couvoluted string (cm-don enroaU). X 1^.

lb. Section of fig. la. X 1^.

2. Cells of varictv 1. X 600.

3. Cells of variety 2. X 600.

4. Operculate cells of variety 3. X 600.

Plate 2.

Figs. 1-2. LHhocyslis schneideri (after Cu^not. X |).

1. Gregarine stage, with volumiuous nucleus and clinorhombic crystals.
2a. Spore at the extremity of the tube, showiug the truncated distal au...

rounded proximal extremities, and the sporozoitcs in course of formation.
2b. Fully developed spore contaiuiug 8 sporozoites.

Fig. 3. Genus incerf. sp. 3 (alter iliiller & Retzius. X |). Spores fi'om the diseaaoa
air bladder of Gadiis niorrliiia.

Plate 3.

Figs. 1-5. Balbiania riletji (after Stiles. X 1).

1. A portion of the pectoral muscles of Jnas boschas in the condition known as
"measly duck."

2. Longitudinal section of parasite (greatly enlarged).
3. Transverse section (greatly eularged) : et, connective tissue cyst with numer-

ous nuclei; cu, cuticle of the parasite; m, sections of muscle.
4. Microtome section ol meshes containing falciform bodies greatly enlarged.
5. Falciform bodies: a, stained, showing nucleus and vacuole; b, unstained.

Plate 4.

Fig. la-m. Genus incert sp. 4 (after Valentin. X I).
la. The original globular form.
Ib-d. Different stages of the unrolling of the tail.

le. A globule in which the separate dark granules aiipear to be inclosed iu w..»»a-

rate peduncles.
If. Peduncle ideally enlarged.
lf/-m. Various forms of the deve]f)p('d animal.

Figs. 2-8. Genus incert. sp. 6 (after Schewiakotf. X 1).

2. Amcebiform stage. X 1500.
3-5. Encvstment. X 1500.

6. Cyst with 6 spores. X 1500.

7. Cyst thickly filled with spores. X 1500.

8. Plasmode proceeding from the fusion of 3 amoeba}, X X500.
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Plate 5.

Figs. 1-11. Geftu.9 hiccrf. sp. 6 (after Schewiakoff. X 1).

1-3. Developiiu'utal stages of the plasniode. X 1500.

4. Eucystment. X 1500.

5. Cyst-tube with spores. X 1500.

6. A ruptured cyst with emerging spores. X 1500.

7. Spores sessile on the inuseles. X 1500.

8. ludividunl spore. X 2600.

9. Small plasmatic corpuscles proceeding from the spores. X 2G0O.

10«-/. Transverse division of the spore; the nucleus dividing karyokinetically.

X 2600.

llo-fc. Conjectural conjugation stages of the spores. X 2600.

Plate 6.

Fig. 1. Getnts incert. sp. 9 (after Lieberkiihn in Biitschli. X 3). X about 195.

Myxosporidium from the gall bladder of Lota Iota.

Fig. 2. Genua incert. up. 10 (after Lieberkiihn in Biitschli. X §). X about 195.

Myxosiioridium i'rom branchi:e of Lota lota with a very thick ectoplasm.
Figs. 3-8. Genns incert. ("Myxosporidium") congri (after Terugia. x 1).

3-4. Two forms with "vacuoles."
6. An individual attached to a vegetable lilament.

Plate 7.

Figs. 1-3. Genus incert. ap. 12 (after Linton. X 1).

1. Notropis megalops with dermal cysts caused by "psorosperms." X 1^.

2. Spores from cysts, highly niagniHcd.
2a. Vertical view of 8])ores in caustic potash.

2a'. Same, more highly maguilied.
2b. Transverse view of spore.

2b'. Same, more highly maguilied.
2c. Spore treated with sulphuric acid.

3. Portion of thin section of cyst: a, pignuHit spot; h, granular protoplasm;
c, spores; d, Avail of cyst and dermis. X about 150.

Fig. 4. Genus incert. sp. 13 (after Lieberkiihn. X f ).

4a. Spores from a subcutaneous cyst of Gasterosteus aculeatus. X 870.

ib-e. The same in different stages of develo]unent; 6, spore with plain "nucleus''
of usual size; o, d. with smaller "nucleus;" e, "nucleus" scarcely ])er-

ceptihle, the previously plaiu membrane no longer visible, aniuuil
mature.

Fig. 5. Sarcosporidiau spore of sheep with a " cai)sulo " (after Pfeiffer. x 1).

Plate 8.

Figs. 1-4. Genus incert. ( "Myxosporidium" ) hryozoides (after Korotneff. X 1).

1. I'lnicio of Alcyonella funqosa, with the spermatozooids and the parasite on
them. X 3.50.

2. A parasite inclosed in an Alcyonella zooid. X 3.50.

3, 4. Creeping adults with nuclei and spores. X 750.

Plate 9.

Figs. 1-4. Genus incert. {" Myrosporidiam") hryozoides (after Korotneff. X 1).

la. Grou]) of spermatoblasts, 2 of them containing very young stages of the
parasite. X 900.

Ib-d. Difierent stages in the conversion of a spermatoblast into a plasmode;
cell nuclei and parasite nuclei shown. X 900.

le. riasmoile in wliich 1 daughter, and 2 granddaughter cell nuclei are A'isible.

Nuclei ol' ]>arasite numerous. X 900.

2. A ]dasmode in whieli t lie cell nuclei are atroi)hving and jjossess a jagged con-
tour. X 900.

!). .S]ior(^8 in which vacuoles and tirticant organs ;ire to be distinguished. X 900.

4. ^uclei of the parasite of jilate 8, (ig. ;.I.
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PiTate 10.

Figs. 1-3. Ghigea anomdla.
la-h. (After Gluge. X 1.)

la, h. Showing Gasterosteus aculeatus with tumors on sides of body and on tail.

X 1.

Ic-e. Spores variously magnified. X 255-840.

If, g. The same "coagulated."
lit. Cyst meiiibrane.
2. Section sliowing, from above downward, subcutaneous connective tissue, cyst

memltrane, protoplasmic contents of cyst, and spores (after Tbelohau. X 1).

3a-i. Group of spores: a, b, fresh; c-i, safranin stained; c, d, spores with 1

nucleus; e, f, with 2 nuclei; g, with 3; h, i, with 4 (after Th61ohan. X 1).

Figs. 4-5. Thelohania contejeani (after Henueguy and Tliclohan).

4. Longitudinal section of diseased craytish muscle (X 1).

5a. Spores in sporophorous vesicle, and free (x f).
5b. Individual spore, more highly maguilied (X i).

Fig. 6. Thelohania octospora (after Henneguy. X 1).

6«. Sporophorous vesicle with spores,
6b. Individual spores.

6c. Longitudinal section of diseased muscle of Palcrmon rectirostris, showing
sporophorous vesicles between the separated librillae.

6d. Portion of c more highly magniiied. ^

Plate 11.

Figs. 1-5. Thelohania ociospora (after Henneguy and Tlu^loban. X 1 except fig. 5).

1. Transverse section of entire abdomen of a badly diseased Palivmon rectirostris,

showing, opposite the letters, the following : m, m, affected muscles ; dt, diges-
tive tube; n, uerve cord; cl, sections of the cJaws.

2. Longitudinal section of muscle showing the dissociation of the fibrillai.

3: Transverse section of diseased muscle.
4. A part of fig. 2, more highly magnified, showing fibrillar with very clear stria-

trion, and the sporophorous vesicles.

5a-d. Showing the spores: b, in the fresh state showing the vacuole; a, c, d,

after action of ether; a, with the filament partially, c and d with it com-
pletely, extruded (X I).

Plate 12.

Figs. 1-2. Thelohania giardi (after Henneguy and Thdlohan).
I. Spore formation (X ?).

la. Young pansporoblast.
1^. Pansporoblast whose nucleus has lost its membrane and presents itself under

the form of an equatorial plate.
Ic. Pansporoblast whose nucleus lias segmented into 2.

Id. Pansporoblast the protoplasm of which has segmented into 2 uninucleate
plasma hemispheres.

le. Pansporoblast in the iv stage; fresh state.

If. Pansporoblast in the iv stage, the augumeutation of size of nuclei and change
in disposition of chromatin preliminary to division.

Ig. Pansporoblast in the iv stage ; nucleus in repose.
lh,i. Pansporoblast in the viii stage; different dispositions of the sporoblasts

(the 8th in i is not represented, being hidden by the others).
Vic. Sporophorous vesicle inclosing 8 ripe spores.
II. Pansporoblast inclosing 4 normal spores, and 2 bodies each formed by the

soldering together of 2 spores by their large ends : a, thickening of the pan-
sporoblast membrane; b, spores soldered; s, normal spores.

Im, n. 2 sporoblasts with crescentic nucleus. In the concavity of the latter, a
clear vacuole. At n a small protoplasmic button projects into the vacuole.

lo. Spores in fresh state showing at the large end a clear vacuole and at the small,
a brilliant point corresponding to the capsule.

Ip. Spores showing the vacuole and the longitudinal shell-stria^.

l^, r. Spores after action of sulphuric acid: g, filament incompletely unrolled;
r, filament completely unrolled.
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Pi,ATE 12—Contimied.

Fig. 2. Patliolii.2;ii'iil anatomy (X i). Loiigitn diual section of diseased muscle of
Crdinjini riih/aris, sliowinji tlbrilhe with normal aspect preserved, and pau-
sporoblasts in different staj^es of development, and spores.

Fig. 3. Thelohania macroeystin (after Garbini. X I).

3«-c. Sporophorous vesicle and s])ore3.

Sd. Spores.
3e. A section of the diseased tissue.

Platk is

Fig. 1. Miirohnhis uuiropsulnius (after Miiller. X 1).

\a, h. Vertical view of .spores, showing the single capsule and the sporoplasni.

lo. Vertical view of spore, showing sporo})hism (and va(niolef).

Id. Transverse view of spores.

Fig, 2. ^^l|xoboJlln inci/ualis (alter Miiller. X 1).

2rt. ^'^ertical view, showing the unecjnal capsules and the sporoplasni.

2h, Transverse view.
Fig. 3. Miixoholus piriformis and M. ellipxoidest Spores highly magnified from

Malpighian corpuscles of spleen of Tinea tinea (after Balbiani. X 1).

3A. Nos. i, 2, 6, Muxnholus piriforminf (see p. 211, footnote 1), showing the elon-

gate pyriforin outline and the single capsule.

Nos. 3, 4, h, 7, .]r!ixoboliis ellipsoides':' (see p. 211, footnote 1).

3B, C. M>ixol)oliis piriformis or M. eUipftoidcs (which?).
Fig. 4, "Degenerated Ibrms" from the spleen, liver, and kidnej'^ of Tinea tinea (after

Balbiani. X I).
4a. Mifxoholus ellipsoideH? (see p. 211).

ib, c. Mi/xobolits ])iriformin (seep. 211).

4d-/. Myxobolus piriformis or M. eUipsoides (which?).

Pl.ATK 14.

Figs. 1-3. iljixoholus hravhiienstis (after Remalc),
1, Pigment iuUicle from si)leeu of Ti nea tinea, coniam\n<x 3 ''vesicles" [pansporo-

blasts], each with apyriform spore. To the right some of the pigment-con-
taining vesicles which till the cyst. (All ./(f/e Remak. X 1.) X 200.

2, Three oval vesicles with pyriform spores from the kiduev of T. tinea (X f).

X 375,

2a. Showing spores and numerous pigment cells.

2b. Showing 2 smaller vesicles, eacli with a pyriform spore.

2c, A vesicle showing conspicuous thickenings of its wall.

3, Vertical view of 2 pyriform spores with 2 capsules from tubiform cysts of the
spleen of T. tinea. Similar spores are also found on the brauchia3 and in the
kidneys, (All ^de Remak, X S,) X 675,

Fig, ia-g. Mi/xobulusf sp. 38 (after Lieherkiihn. X f), X G75.

4rt. Vertical view of spore.
ib-d. Spore in act of giving exit to sporoplasm.
ie-g. Free sporoplasmata of spores.

Figs, 5,6, Mi/xobolus? mugilis (after Perugia, X 1).

5, Branchial lamella of Mugil auralus with cysts,

6, Vertical view of spore.

Fig. 7, Mi/xoboliis sp. 40 (after Lieherkiihn in BLitschli. X I), X about 1050,

7a. Vertical view,
lb. Transverse view.

Figs. i<a-d. Mi/xobohis oriformis. From cyst of fins of Gohio goMo; safraniu and gen-
tiaji violet (after Thelohan, X 1),

Sb. Vertical view of spore showing 1 nucleus.
8c, Same, with 2 nuclei,

8d. Same, with 3 nuclei.



The MYXOSPORIDtA, OR PSOROSPERMS OF FISHES. 295

Plate 15.

Figs. 1-6. iiri/,ro/>o?»s? sj>. 41 (after Lieberkiibii; except 1).

1. Two spores inclosed ia the pansporoblast meiiibraue (alter Butsclili. X %).

X about 1050.

2. Cyst from brancbiic of Gasteronteus aciilealiis ( X 1).

3. Free spores from cyst of fig. 2. (X f.) X 675.

4. Another cyst iu which spore formation has taken place ( X 1). X mv.
5.' Another cyst (X 1). X 220. „ -. x, • •o/sra\
6a~c. " Diftereiit forms [? developmental stages] ot spores" of this species {X i^)

Fig. 7«-c. Mijxobolus sp, ii.
. .. io-n

7a. Transverse view of spore (after Lieberkiihn in Butschli. X t). X l^oO.

7&. Spore with valves separating, giving exit to sporoplasm (after LieberkuUn.

7c. Sporoplasm undergoing amoeboid movenents (after Lieberktihu. X i)>

X 1350.

Plate 16.

Fio-s. 1-6. MyroUlKs miiUcri (after Biitschli. X 1, ex'cept fig. 1).

"
1. Two branchial hunell* of a cyprinoid, one containing a conspicuous myxo-

sporidium. c. The cartilaginous rod supporting the lamella- ( X i).

2. A portion of the membrane '^of fig. 4, more strongly magnified, showing nu-

clei."

.3</. Transverse view of spore.

3&. Transverse view of 2 separiited valves,^

4. An isolated small mysos]ioridium with its membrane*

5. Nuclei of the myxosporidium.
6. A series showing the developmental stages of the spore.

6ft. Sporoblast which Las segmented into the 2 protocysts and theprotospord-

plasm.
, ^ X , 1 •

,<.

b-c. The segments have oriented themselves; the protocysts show beginning

capsule formation.
i u

d, e. Later sta^^es of capsule formation. In e orientation of the capsules has

taken place.

Pl.\te 17,

FigR. 1-7. Myxoholus miiUeri (after Biitschli. X 1).
. , i

^

1«. Vertical view ; showing capsules, sporoplasm, vacuole and poricoruual nuclei.

lb. Vertical view; showing capsules, "globules," sporoplasm, and vacuole.

Ic. Vertical view, showing a common focus-appearance (ffocus-illusion), the

pericornual nuclei apparently attached to the posterior extremity of the

capsules. Biitschli says the sporoplasm is " contracted " and hence the vac-

uole is invisible.
1 , . 'J ii

2. Transverse view of spore after action of concentrated sulphuric acid; the

filaments are extruded and the valves are beginning to gape apart.

3. Vertical view of spore' with extruded filaments, sporoplasm, and "globules.

ia-d. "Abnormal" tailed spores; c, spore Avith 3 capsules.

5. A separated valve, viewed transversely.

6. Spore with filaments extruded by pressure.

7a. Capsule not yet completely developed, with the filament extruded.

lb. A fully-developed capsule with extruded filament.

Plate 18.

Fias 1 2. Mijxobohisim-iforniis and j\l. eUipsoides (after Ba'ihinm. X 1).

i. Section of splenic'artery of Tinea tinea, showing on the branches Malpighian

corpuscles, most of them containing 3/i/.TO.s/)0)-i(i/rt.

2 The same, more highlv magnitied, showing well-developed bicapsulate torms

(M. eUipmides) and pyriform unicapsulate or noncapsulate and degenerate

forms (if. piriformis).
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Plate 19.

Fig. 1. Myxflhnlus hicosUiliis (after Lieberkiihn in Riitsolili. X ?). Vertioal view of
spore showing the 2 oblique ridges on the shell, the capsules, and the
sporoplasiu.

Figs. 2-8. Miixohohis eUipsoidcs.

2, 8. I'leitl'cr's copies of figs, la, lb of ])late 20 (X 1).

4. Mesenteric artery of Tinea tinea with sessile or peduncnlate cysts developed
at the expense of the connective tissue (-oat of the vessel. Cyst contents
myxosporiilia, ahine or with imbedded brown (hajmatoidin-colored) gran-
nlar matter (aiter Halbiani. X 1).

5. Section of diseased air bladder of T. tinea, showing spores and, at the left-hand
margin, the internal epithelial surface of the air bladder. Borax carmine,
gentian violet (after Theloiian. Xl).

6. Section of cyst of branchiie of T. tinea; showing in order, from above down-
ward, the braiH'hial epithidiiini, cyst membrane, myxojjlasm, si)<)res, and the
nuclei of the last. Picro-carmine and gentian violet (after Thc^lohan. X !)•

7. Transverse section of air bladder; carnune, celloidin (after Pfeitfer. X 1).

X 100.

8. Portion of rig. 7 (after Pfeiffer. x 1). X 400. On the wall of the cyst the
younger, still uninuclear, parasites; to the right triuucleate sporoblasts.

Plate 20.

Figs. 1-4. ^fyroholnH rlUpKoirJcs.

la-c. Myxos])oriilinm and cyst from fins of Tinea tinea, with spores in course of
development (after J^albiaiii. X 1).

Irt. Small myxosporidium containing only nuclei.

1^. More advanced stage.

Ic. Large encysted myxosporidium containing numerous spores, mostly mature.
2a-c. Three stages in spore formation, showing paired deveiopmeut of 8]iores in

a mass of homogeneous ])lasma, and the spores contained at maturity in a
vesicle (after Balbiani. X ?).

3a-c. Spores from air bladder of T. <(jica showing ribbons (after Balbiani. x 3).

3a, 6. Spores united by the ribbons, the sporoplasm rolled into a ball, and the
"accessory" capsules.

3c. Isolated spore with extended ribbons; capsules empty; sporoplasm in a ball.

4a-e. Spores from the air bladder of T. tinea, showing different stages of devel-
opment of the nuclei ; carmine, gentian violet (after Th(Slohan. X 1).

4a. Spore with 1 uu(d(ui8.

4?). Spore witii 2 nuclei. ,

4c. Spore with 3 nuclei.

id, e. Spores with 4 nuclei.

Plate 21.

Figs. 1, 2. Mji.roholus elUpsoides.

la-h. (After Balbiani. X i).)

la. Vertical view of spore, showing pericornual nuclei and anteriorly a
"globule."

lb. Transverse view, showing the equ.al convexity of the valves and the equality
of the two ends of the spore.

Ic. Vertical view of spore, showing capsules witli tilaments extruded, pericornual
nuclei, anteriorly a "globuh;," and jiosteriorly the sporoplasm (? contracted
under the action of reagents).

1^/. Spore in vertical view, showing ribbons, and sporoplasm in act of exit.

Ic. Capsule with filament coiled.

If-h. 1 "'ifterent degrees of extrusion of iilamcnt.
2a-e. Sporoplasm after exit, showing changes of form (after Balbiani. X f ).

H, "nucleus" [? vacuole].
Fig. 3. "Degenerate processes of the spores of Tinea tinea with 3, with 2 approxi-

mated, with 1 capsule, with caudiform drawing out of one pole, with
approximation to the sarcosporidian germs. The same are found in the gall

bladder of the tench and in aneurisms on the splenic artery " ( after Pfeill'er.

X 1 ). X 1000.

d. Myxobolns elJipsoides (apparently; remainder indeterminate).
Fig. 4a-^. Myxobolus eUipnoides?? "Spores inclosed iu a cell [?pan8poroblast] mem-

brane becoming stained at the moment of birth, with eosin" (after and
jideYiV\\\GV. X 1). X 700.

Fig. 5. Alyxobohix cUipsoides. "Matun; spore, with band-like connection of shell, and
with vacuole at place of expelled germ" (after and_/ide Pfeiffer. X 1). X 7y0.
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Plate 22.

Figs. 1-3. Myxoholns elUpsoides ? (after Pfeiifer. X 1).

1, 2. Spores from the gall bladder of Tinea Uiica.

3. Spores from the air Ijladder of T. thica.

Fig. 4o, b. Mysobohis sp. 50 (after Leuckart. X 1).

4n. Vertical view of sjjore.

46. Transverse view of spore.

Figs. 5,6. Myxohohtu sp. 51 (alter Pfeiffer. X 1).

5. Myxosporidian infe<tion of Barhus barhus.

6. Tumors of mn.scle.

Plate 23.

Figs. 1-2. Myxobolus sp. 51. Myxosporidian infection of Barhus harbus (after Pfeif-
fer. X 1).

1. From a photomicrograph.
2. Infection of the muscle cells and the interfibrillav connective tissue.

2a. General innnigration of myxosporidian spores into muscle with degenera-
tion of the neighboring parts of the mnscle and with beginning of incapsiil-
ing on the part of the host.

26. Split spores. To the left, the exit of the sporoplasm; to the right, empty
shells undergoing solution.

2c. The myxosporidium (sporoplasm) in the first stages of growth; on the right
the same, after hardening and hiematoxylin.

2d. Nest growth-stage of myxosporidium; adhesion of individuals to a "sorus."

Plate 24.

Figs. 1,2. Myxobolus sp. 51 (after Pfeiffer. x 1).

la-/). Sections of muscles of Barhus harbus, showing myxosporidian cysts, spores,
etc. For details, sea Hibliography, Lxxii. p. 127.

2a. A large muscle ceil of abdominal wall beaded by myxosporidian cysts; the
transverse striation and the substance of the muscle has disappeared. Size
of cysts, variable; contents, spores. X 100.

2b. Fragment of muscle cell. Showing 5 spore cysts. Between the upper and
the next to the upper cysts lie 7 spores in the muscle cell (supplementary
immigration ?). X 100.

2c. Fragment of another muscle cell with 6 cysts. The upper 2 with maturt
spores; between them 6 spores, whose capsules lack the oblique striatioi
(filaments extruded ?). The third cyst with the contents divided into pan.
sporoblasts, in which as yet no spores are visible. The fourth and fifth

(from above) showing nuclei, surrounding dancing grannies, and a hyalint
ectoplasm; both are inclosed in a mesh of the original muscle cell. X 400

2d. Myxosporidium free in the intertibrillar connective tissue, x 750.

2c. Mature spore. X 750.

Plate 25.

Figs 1-6. Myxobnhis sp. 51.

1 a-h. Group of spores, most of them viewed vertically (after Meguin. X f).
1&. Spore with filaments extruded.
Ic. Isolated capsules.
Id. Same, with extruded tilamont.
Ic. Spores viewed transversely.
If-h. Spores apparently imbedded in the myxosporidium.
2. Showing a, vertical, and b, transverse views of spore, and c, a transversa ciew

of a separated valve (after Ludwig, X 1). X 2000.
3. Spore viewed vertically (after Pfeiffer. X 1).

4. Isolated myxosporidium, showing spore formation (after Pfeiffer, Y 1).

5. Spores and the extruded amoeboid sporoplasm (after Pfeiffer. X 1).

5a.Vertical view, showing one capsule with filament extruded, sporoplasm,
vacuole, and 3 reft-ingent bodies of undetermined significance.

56. Transverse view of spore showing ridge.
5c. Sporoplasm, after exit, in various locomotive stages.
6. Spores, showing filaments extruded, and sporoplasm in the act of, and after

exit, apparently also the vacuole (after Pfeiffer. X 1). X J/jO.
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Plate 26.

Fig. 1. Mi/xobohis sp. 52. Section of a pigment follicle of the walls of the splenic

aitcrv ; after slight ])ressure the pigment globules are seen showing untailed

spores (after Reniak. X 1). X 200.

Fig. 2. MiiJ-obolus sp. 53 (after Rayer. X !)• Vertical views of spores.

Figs. 3-6. Jilyxohohnf ohlniigus.
'

3. Brauchite with cysts (after Miiller. X 1).

4. Individual lauudla' with cysts (after Miiller. X 1).

5. 8i)()res (after Miiller. X 1).

5rt. \'ertical view.
5&. 'J'ransverse view.
6. Spores (original).

Oa. Broadest forui, sliowiug. in the sporoplasm, the central tongue-shaped
dark-staining portion iind the first and third series of nucleiforni bodies.

Gentian violet; slightly iliagraniniatic.

6/). More elongate form, showing the tongue-like process and the second and
third series of nucleiform bodies. Gentian violet; somewhat diagrammatic.

6c. Narrower form, showing the first and second series of nucleiform bodies.

Hydrochloric acid alcohol carmine.

Gd. N.arrow form, showing the 3 series of nucleiform "l»odies and posteriorly an
Tinusual appearance. Hydrochloric acid alcohol carmine.

6e. Transverse view of spore, showing equality of valves and relative width of

ridge (ridge index).

Figs. 7-8. MiixoholHuUntoni (original). Vertical views of 2 spores, showing cap-

sules' and sporojjlasm, tiie latter with vacuole aud 4 nuclei (2 of them the

pericornual). Hydrochloric acid alcohol carmine.

Plate 27.

Myxohohis linfoui (after Linton. X 1). Nos. 2-13, highly magnified.

1. Ciiprinodou raric(i<iti(t<, with excrescences caused by this species; one on
i-igiit side, and another on left side showing above outline of back. X 1^.

2-3. Spores showing the pericornual nuclei. In fig. 3 there are a few small

retractile globular masses near the posterior end.

4. Spore treated with osniic acid, showing mouths of the ducts.

5-6. Spores in transverse view, showing the ridge.

7. Spore treated with acetic acid, showing vacuole (exaggerated).

8. Diagram of cross-section, showing lenticular shape of spore.

9-11. Specimens tieated with concentrated sulphuric acid.

9. With a few retractile bodies and 1 filament extruded.

10. Spore with both filaments extruded and a number of small refractile glob-

ules.

11. Spore with sporoplasm "contracted" [? shrnnken by reagents]; ''a thread
also appears at the end opposite the polar vesicles."

12-13. Free capsules and filaments, after treatment with concentrated sulphuric

acid.

14. Calcareous bodies found in the abnormal tissue, associated with the M.
livtoni. X 200.

15. Three of the same, with a few spores. Sketch from material after action of

potassic hydrate. X 100.

16. Spores in silu: (a) nests of spores; (h) section of blood capillary; (c) con-

nective tissue. Sketch made from a section of decalcified abuoi-mal tissue.

Plate 28.

Figs. 1-3. Myrohohis qlnhosns (original).

la. Vertical view of s})ore, showing capsules and sporoplasm, the latter con-

taining a vacuole and 4 nuclei, 2 of them biiing the pericornual.

\h. Transverse view of spore, showing tlio e(iual convexity of the valves and
the wide ridge.

2, 3. Vertical views of spores exhibiting the same features as fig. Irt.

Fig. 4. MyxoboluH sp. 56 (original). Vertical views of spores, showing capsules

and sporoplasm, the latter with the vacuole.
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Plate 28—Continued.

Fig. o.* Myxoiohis cycloides (iiftov MnWev. X 1). X 1.

5a. Group of cysts, iwtural size.

od. Vertical view of broad form.
5c. Transverse view of same.
5/. Vertical view of elongate form.
5y. Transverse view of same.

Fig. 6. Mijxoholus sp. 61 (after Miiller. X 1).

6n. Vertical view of spores.
6h. Transverse view.
6c. Rare aberrant form among the remaining normal forms in tlie same cyst.
6d. Pansporoblasts with 2 s])ores.

6c. Rare forms of pansporoblast containing 3 spores.
6/. A rare method of grouping of 3 spores.
6g. Spores with pnnctate borders [illusion due to the simultaneous presence in

(approximate) focus of the supero-antcrior and infero-anterior borders of
the sporoplasm].

6h. Spore with developing germs (see p. 2J0).

6/, A'. Rare spores with 3 "vesicles."'

6/. Rare form; seen only once.
Fig. 7. Myxoholus obesus (after Balbiani. Xf ).

7a. Vertical view of spore, showing pericornual nuclei.
7b. Vertical view of spore, showing capsules witli lilainents extruded, and the

sporoplasm with its cornua, and the supero- and infero-anterior margins.

Plate 29.

Fig. la-d. Mi/xohohis IratisoraUs (original),

la-c. Vertical view showing outline, capsules, sporoplasm, vacuole, and nuclei.
Hydrochloric acid alcohol carmine.

Id. Transverse view showing equal convexity of valves, and the narrow ridge.
Figs. 2-7. Mi/xobolus f merlacii (a,iter Perng'ia. x 1).

2-6. Various forms of the myxosiioridinm; showing also the spores.
7. Two spores making their exit from the myxosporidium.

Fig. 8. Myxobolus sp. 67 (after v. d. JBorne. X 1).

8rt. Group of spores.

86. Leucisciis rutUtis with the myxosiioridian tumors.

Plate 30.

Fig. la-q. Afyxoholnn cf. crepTnil showing different views of spores (after Weltner.
X 1). n-p, X .528; (/, X 720. All were drawn with Al)be camera; m, ii, are
optical sections at the level of posterior end of capsules; <r, separate caj)-

sules; one dull and with filament still coiled; the other transparent with
filament extruded.

Plate 31.

Fig. la-e. Myxobohts ?? zscltolikei (after Zschokke, Schieclc Oc. 2, Obj. 7. X f).
Vertical views of spores with extruded "tails"; also the capsules (?).

Fig. 2. Myxobolm meditis and Chloromyxiim elegans. Section of tube of kidney of
Pyt/osteus puiu/itius, showing spores of the two species surrounded l)y epi-
thelium of tube. Borax carmine and gentian violet (after Thdlohan.
X 1).

Fig. 3. Myxobolus medius (original enlargement from preceding. X about 4).
Fig. 4. Myxobolus medius. Spore in pansporoblast (after Th61ohan. X 1).
Fig. 5. Myxobolus strorif/yhiriis (niter Muller. X 1).

5a. Vertical view.
5b. Transverse view.

* For b and c, see Ohloromyxum dujardini, plate 40, flg. 4.
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Plate 32.

Figs. 1, 2. Afurohohts creplini.

\a-e. (Aft*T Creplin. X 1.)

la, h. Vertical view ofsiiorcs.

Ic. Transverse view.
Irf. Vertical view (of an illusory appcinanco? Sec p. 249). The larger size of

this figure merely re])rcseiits hi;;inT magnification.

If. Transverse view of spore with the valves gaping anteriorly.

2. Vertical view of spore (after Lenckart. X 1).

Figs. 3, 4. Myxoholus monnrus (after Ryder. X 3).

3a. AphrifdoderiiH Kni/aiius with tumors.
3/;. Cyst, much cnhirgcd.
3c. Vertical views of 2 spores, showing capsules and tails.

Ab-d. * Vertical views of spores.

Fig. 5. Mijxobohis macriirus (original). Vertical view of spore, showing capsules,

sporoplasm with vacuole and 3 nuclei (2 the pcricoruual), and the full length
of the tail (about 4 times that of the body).

Plate 33.

Figs. 1-4. ^f!|.^'ohohis ma(^riinis (original).

1. Transverse view showing, on the riuht side, the more convex superior valve
and the greater anterior projection of the supero-raedian coruu; on the left,

tlie less convex inferior valve; along tlie center, the narrow ridge.

2. Vertical view, showing the vacuole «nd nuclei.

3. The same, sliowing aiso the beading of tlie tail after the action of iodine.

4. A tail separated from the body by iodine.

Figs. .5-8. Myxobnius cf. linearis (original).

5. Vertical view, showing divergence of valves under action of sulphuric acid,

and the tail separating into a 8U])erior and an inferior half.

6. Transverse view, showing snpero-inferior synnnotry and narrow ridge.

7. Vertical view of unstained spore, showing vacuole.

Sa-d. Vertical views of spores, showing vacuole, nuclei, and flexibility of tail.

Hydrochloric acid alcohol carmine.

Platic 34

Figs. 1-4. Mi/xobolus psorospermicus.

1. From branch ia) of Perca fluviatilis (after Lieherkiihn in Biitschli. X f).

X about 97.5.

la. Vertical view of spore with a simple tail.

lb. Transverse view of same.
Ic. Vertical view of spore with a double tail.

2a-c. From a branchial cyst of P. flitriatilin, showing capsules, sporo])]asm,

A'^acuolo, and nuclei, a, with 1 nucleus; b, with 2 nuclei; c, with 3 nuclei.

Carmine and gentian violet (after Thelohan. X 1).

3a-df. Spores from i'erca_^M)na<i?is (after Balbiani. X i).

3a. Vertical view.
3&. Transverse view of spore with 2 tails.

3c. Form slightly abnormal.
3d. Vertical view of spore, showing capsule with filaments extrudea, coruua o.

sporoplasm, and pericornual nuclei.

4. Spores from Lucius lucius (after Balbiani. X f ).

4a. Vertical view.
4&. Transverse view.
4c. Spore with valves separating to permit exit of s]»oro])lasm

id. Vertical view showing filaments extruded, and coruua of sporoplasm.

Plate 35.

Figs. 1-7. MiixoboJus kolesnikori (after KolesnikofF),
' 1-6. Cysts (X 1).

7a-o. Spores showing extruded filaments and single .and double tails (X |).

7g. Separated cai)sule with extruded hlamcut.

* No a to this figure.
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Plate 36.

Fig. 1. M)ixoholus schizurus (after Miiller. X 1).

la. Showing cyst contents, consisting of spores and finely grannlar matter.

lb. Individual spores.

Ic. Aberrant spores seen only once among the contents of a cyst.

Id. Group of spores; vertical and transverse views.

"Fig. 2. Myxoholus linearis. Group of spores shoT?ing the narrow outline and the

single and double tails (after Miiller. X 1).

Fig. 3. Mj/xobolus sp. 61. Rare forms of spores reproduced among tailed forms,

from plate 28, fig. 6.

Fig. 4. Myxoholus diplarus (after Lieberlciihn in Biltschli. X i). X about 1050.

Vertical view showing posterior position of capsules and double tail.

Plate 37.

Fig. 1 a-/. Chloromyxuminoisum {2iitBT'L&jA.\g. X 1).

la. Myxosporidium without pansporoblasts.
16. Same with 1 pansporoblast, but no spores.

Ic, d. Same with sporoblasts.

le, /. Same with fully developed spores showing the crenate posterior border.

Fig. 2-7. Chloromyxum leydigii (after Perugia. X 1).

2. The myxosporidium.
3. The same, containing numerous spores.

4. The same, giving exit to 3 monosporophorous pansporoblasts.

5. 6. Pansporoblasts with spores; in fig. 5 the spores with 4 capsules.

7. Spore giving exit to the sporoplasm.

Plate 38.

Figs. 1, 2. Chloromyxum leydigii (after Leydig. X I).

1. From gall bladder of Eaja baiis.

l«i, az. Myxosporidia of viirious sizes without pansporoblasts.

lb, e. Myxosporidia, showing (b) pansporoblasts and various stages in spore
formation ; also outline of spore.

1/. Longitudinal ("end") view of spore, showing the 4 capsules.

2a-c. From gall bladder of ^S^wa^Ms ocaui/uas. Myxosporidia without pausx^oro-

blasts.

Plate 39.

Figs. 1-3. Chloromyxvm leydigii.

1. Myxosporidia from gall bladder of Torpedo torpedo (after Leydig. X f).

la. Without pansporoblasts.
16. With pansporoblasts and spores.

Ic. With pansijoroblast and sporoblast.

2a-6. Myxosporidia from gall bladder of ScylUorhinus sanicala (after Leydig.

xi).
2ai, a^i. Myxosporidia without pansporoblasts.
26. Myxos|ioridium with 12 pansporoblasts, each containing 1 spore.

3. Myxosporidium. This figure appears to be generalized irom figures ai, an, of

the preceding (after Leuckart. xl).
Fig. 4. Chloromyxum flutiatile (after Thelohan. X f ). Vertical view showing the

capsules in 2 lateral pairs, the nonvacuolate sporoplasm, the vertical

position of the ridge, and the minute sj^iues on the shell.

Figs. .5, 6. Chloromyxum mucronatmn.
5a, 6. From urinary bladder of Lota lota (after Lieberkiihn. X f ).

5a. Longitudinal view of spore, showing the 4 capsules.

56. Vertical view showing the mucronate anterior extremity, capsules, and
sporoplasm.

6. From Lota lota (after Balbiani. X i).

6a. Vertical view showing capsules, pericornual nuclei, and vertical position of
the ridge.

66. The same; also beginning of valve separation.

6c. The same; aLso corkscrew extrusion of tilameuts.
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Plate 40.

Fig.la-c. Chloromyxum elegnna (original eulargenient from plate 31, fig. 2. X
about 3). 'niiT(i vifws of spores, showinj^ outline, ridge, aud capsules.

Fig. 2a-h. Chloromyxum perlalum {;\Xicv WMnnm. X ?). Vertical views of spores

showing outline, capsules (b with lilaments extruded), and vertical position

of ridge.

Fig. 3. Cliloromiixum xp. 91. Vertical (?) view of spore from the ovary of Lota lola

(after Biitsclili. X f). X about 'JOO.

Figs. 4-7. Chloromyxum dujardini.

4. From lAitchcus ruiUns (after Miiller. xl).
4ft. Vertical views.
4c. Transverse views.
5. Myxosporidium from branclii!« of Leucisctts erythrophthalvms (after Dnjardin.

Xi). X 12.

6. Spore showing outline and capsules; from L. irylhrovhthaimtts (after Dujar-
din. X 1). X 800.

7. Free amccboid myxosporidium from a branchial lamella of Leucisvun crythroph-

thalmus (after 15iitselili X I). X about 30.

Fig. 8. Chloromyxum ohlmachcri (after Ohlmacher, Leitz obj. 3, oc. 4. X 1). From
photomicrograph of section of kidney; showing at o, and elsewhere, luyxo-

sporidian masses in the tubules; at h extravasatetl blood corpuscb^s; at c a
large blood vessel tilled with blood corpuscles. Fuchsin and iodine green.

Plate 41.

Figs. 1-3. Chloromyxum ohlmacheri

.

1. Spores (after Ohlmacher. Leitz pantachromatic oil imm. 2 mm., oc. 4. X 1).

1«. Vertical view of spore, showing capsules with extruded tilaments. Camera
lucida; Babes's anilin water safrauin.

li. Vertical view showing capsules, spiral-coil structure of shell, and vertical

position of ridge.

Ic. Striae are seen "running nearly meridionally "; at one "side" of spore a
ciipsnle "appears in the act of escaping throngh a rent" in the shell.

Id. Fragment of shell in which the striie appear to corresi»ond to ridges

encircling the shell.

2. Kidney tubule, inclosing 3 spores, showing capsules and sporoplasm, the lat-

ter structure being represented in 1 spore as divided into L' lateral halves.

(An error; see p. 270.) Pfitzner's alcoholic safranin (after Ohlmacher;
camera lucida; Leitz pantachromatic 3 mm., oc. 4. xl).

3. Diagrammatic figure of spore; a, shell; b, sporoplasm; c, capsule; d, posterior

extremity of ridge aud spore; e, ridge; /, anterior extremity of ridge and
spore; g, filaments, much shortened; a, b, e, are on the lett side of spore;

c on the right. (After Whinery. X 1).

Fig. 4. Ceratnmyxa spharulosa. Spore showing hollow-cone valves, vertical ridge,

and valve-junction ])lane, capsules, ami (spo.) the unilateral sporo]dasm,
and (x) pale corpuscles of indeterminate nature (after Tht^lohan. X f).

Plate 42.

Figs. 1-10. Cysfodi/tcus immn-ftus (after 'Lntz. X 1).

1. Gall bladder of Bufo aqua with myxosporidium disks shining through. X 1.

2. Portion of medium-sized s])eeimen with large number of spores. X about 70.

8. The same; the ruptured ecto)dasmperuntting the exit of the contents in the
form of vesicles. X about 70.

4. Ripe spore-pairs.

5. Vertical (?) view of mature spores, showing ridge.

6. Longitudinal (?) view of same.
7. Spore with extruded filanuMits, showing the stria; of the shell.

8. Spore with valves se])arated.

9. I)evelo])nient'al eonditicm of spore.

10. Mature s])ore; contents made plain by carmine; containing micrococcoid
granules. X about (iOO.

Figs. 11-13. Cystodtsms ?? diploxys (after Balbiani).

11,12. Spherical cysts in process of spore fornuition (X 1). X 85.

13. Spores from tlie cysts (X i). X about 1500.

13a. Vertical view.

I3fc, 0. Transverse views.
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Plate 43.

Figs. 1-5. Myxidium lieherkvhvii.

1. Myxosporidia (after Lieberkiihn. X 1).

la. Showing tlie ,u,raiiule-free, pronged end by which attachment is effected,
and a pansporoblast containing 2 spores. X 330.

lb. Myxosporidiain whicli has mostly broken up into pansporoblasts, x 900.
2. Specimen covered with transverse wrinkle-like elevations; atone end some

psendopodia (after Biitschli. X f). X 160.

3. Three successive stages in the development of clear ectoplasmic pseudopodia
at one end of a large myxosporidium (after Biitschli. X 1).

4. Small myxosporidium attached to a nucleated bladder cell (after Biitschli.

X 1).

5. Strongly amoeboid-branched specimen (after Biitschli. X §). X about 90.

Plate 44.

Figs. 1-5. M/ixidium lieherJciihnii (after Biitschli. X 1).

la,b. Large forking myxosjioridia; a, with fine hair-like ectoplasmic pro-
cesses.

2. Large myxosporidium, showing interlaminie between ectoplasm and endo-
plasm.

3. Portion of border of myxosjjoridium showing the peculiar canaliculate struc-
ture mentioned on p. 285.

4. Part of border of large myxosporidium'with branched horn-like ectoplasmic
processes.

5a-d, Four yellowish fat globules, inclosing hai'matoidiu crystals.

Plate 45.

Figs. 1-3. MyxUlhim lieherkiilinii (after PfeitFer. X 1).
la. Smallest form.
lb. Small form with fat globules, haematoidin crystals, with only 1 pair of

ripened spores; ectoplasm evident.
Ic. Motile myxosporidium with very strong soap-bubble-like ectoplasm; in its

interior a well-preserved red blood corpuscle, with fat globules and hiema-
toidin inclusions.

Id. Specimen with amn?boid pseudopodia.
le, f. Large forms with scattered spores.
Ig. Carmine staining after removal of fat by chloroform; the whole endoiilasm

ri<ldled with nuclei. As yet without spores.
lb. Isolated spore X 1200.

2,1. Superficial epithelial layer; 6 healthy epithelial cells with nuclei, and 2
separate strongly hypertrophied cells in which, very soon after infection,
the nucleus is destroyed.

2, Ilfl. Myxosporidium fallen out of epithelial cell. Still without ectoplasm.
h. Young form, iree in urine with peculiar pseudopodioid motile ectoplasmic

processes extruded and retracted on a slightly warm stage and many fat
globules in the endoplasm.

2, Ilia. Pansporoblast formation ; a, small myxosporidium with bristle processes.
b. Sexanucleate pansporoblasts, which later form 2 triuucleate sporoblasts;

in each sporoblast 2 nuclei form the capsules, the third the sporoplasm (iide
Pfeifier).

8. Transverse section of tirinary bladder of pike, alcohol-hardened, celloidiu-
imbedded, hsematoxylin-stained.

3a. Showing, from right to left, the external muscle layer, the internal muscle
layer ciit transversely, the submucosa, the epithelium with infection in the
superficial layers, and free brown-colored myxosporidia containing ha-ma-
toidin and sporoblasts. X 80.

3fc. Portion of a. To the right the monstrously appearing myxosporidia and
sporoblasts. X 400.

3c, Natural size of the bladder sectipii,
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, Plate 46.

Figs. 1-3. Myridium Ueberkiihnii.

1. E]>itlielial infection of bladder from fresh and also from hrematoxylin-stained
ni;itori;il {-.xt'tov PfoilVer. X 1).

la. 'I'o the left lit'altliy, to the rifrlit slightly hypertrophicd epithelia which have
lost their nuclei. At the riglit border, monstrously enlarged epithelia, or

rather myxosjioridia, with fat anil ha'inatoidin contents; nncleu.s ohscuri;.

Below to the left an isolated epithelial cell with early infection, and the
disrnpted epithelial nucleus.

Ifc. IiiiMiigration of young myxosporidia into tliered blood corpuscles of Lucius
luciii.'i. Nucleus, where preserved, dark. In the u])per row the middle cor-

pusclt! shows a nuiltipli" infection. J.ower row shdwiui; not sjxue formation,
but fat globules, uu<-lei, and ha'iiiatoidiu crystals. Iji tlie lower right-hand
figure Ihe myxosporidium has left the blood corpuscle and developed its

hyaline ectoplasm.
2. Myxosporidia (after IJalbiani. X 1).

2a. Myxosporidium (illed with fatty granules without pansporoblasts.
2b. Myxos])oridium with well-developed spores.

2c, (I. Very young myxosj)oridia.
3. Pansporoblast containing 2 mature spores (after J.ieberkiihn. X i).

Plate 47.

Figs. 1-5. Myridium licherkiilmii.

1. Spore formation (after Biitschli. X 1).

la. Pansporoblast with nuclei.

lb. The pansporoblast has contracted its bulk somewhat, elongated to an oval,

an<l oriented its nuclei preliminary to division.

Ic. The sexanucleate pansporoblast has divided into 2 spherical trinucleate
s.|)oroblasts.

\d. The sporoblasts have elongated and oriented themselves and their nuclei.

Ic,/. Showing the develo]nnent of the capsules independently of the vanishing
terminal nuclei. In the center of the spore its nucleus (see p. 287).

2. Developed spore (after Lieberkiihn. X §). X 900.

3. Mature spore (after Biitschli. X 1). Showing outline, bilateral symmetry,
capsules, sporoplasm, and nucleus (see p. 287).

4. The same (after Jialbiani. X 1).

4a, /(. Most common Ibrm of spores with 1 capsule in each wing; h, with fila-

ments extruded.
4c. Rarer form of spore with 2 capsules in each wing.
5. Si)ore with filaments extruded (after liiitschli. X 1).

Fig. 6. Myxidium 1 tip. 102. Showing spore with capsules separated (? iu each wing.)
(After Leydig. X t).
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contents, tables of distribution, and the tabular key (pp. 138-165), and as a rule

subjects embraced in those tables are not indexed. For the species occurring on
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generic and specific names, including all synonyms; (&) all generic and specific
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Pago.Page.

Acanthias vulgaris ; seeSqualus a(?antliias.

Aceriua vulgaris ; see Acerina ceruua.

acus, Syngnathus; see Siphostonia acus.

JBquoreus, Entehuus; see Syuguatbus

a?quoreiis.

Affixing, meaning of term 119

Air bladder, disease of 172, 173

species found in 106

Alljurnus lucidus; see Alburnus albunius.

An.as boscbas, parasite of 175

Angel fisli; see Squatina 8(iuatinn.

angelus, Squatina; sec Squatina squatina.

Angler; see Lophiua piscatorius.

anomala, Glugea 77, 102

Anterior 120

Apbrododerus (error) 24.9

aquila, Myliobatis; see Cepbaleiitberus

aquila.

Arloing & Tripier, parasite described by.. 138

Armand, cited 136

Ascaris obtuso-caudata 174

Astacua fluviatilis, parasite of 135

Bacteriologiscbes Centralblatt (error) 12G

Balbiania rileyi 175

balbianii, Spbeeromyxa 282

Barbel; see Barbus barbus.

bicostatus, Myxobohis 220

Bisporogenesis 80, 243, 274

blochii, Pimelodus ; see Pimelodus clarias . . 212

Bobuslan, disease of Gadus morrliua at 173

bomby cis. ISTosema 192

boschas, Anas 175

brachycystis, Myxobohis 211, 212

brama, C.yprinus; see Abramis brama.

Bream, European ; see Abramis brama.

brevis, Myxobolus 247

bryozoides, "Mysosporidium" 187

Bulletin Socifete centrale rt'Agriculture 127

Bullbead; see Anieiurua melas

callarias, Gadus ; see Gadus morrbua.

canicula, Seyllium; see Soylliorbinus ca-

nicula 264

canis, Galeus; see Galeorbinus galeus.

Capsule 74,82,120

deTclopment of 82, 202

asserted existence in Sarcosporidia . 88

homology and function of 85

morphology of 83

Capsules, " accessory," development of 82

position and grouping, taxouomic

value of 115, 259

regarded as germs 87, 241

Capsule wall, nature of substance of 84

Carp; see Cyprinus carpio.

Catoslomus tuberculatus ; see Erimyzon

sucetta oblongus.

Ceratomyxa 115,110,274

cemua, Gymnocephalus ; see Acerina cer-

uua.

Characters, generic, comijarison ot 115

specitic 117

Chicken, parasite of 13t5

Chloromyxea (error) 253

Chloromyx^es 115,116,258

CblnromyxidiB 116, 258

Chloromyxum 115, 259

spore formation as a generic

character of 80

? ? congri 182

chrysitis. Tinea: see Tinea tioca 21^

Chub sucker; see Erimyzou sucetta oblon-

gus.

Chytridinefe 170

clarias, Silurus; see Pimelodus clarias.

Classifications, comparison of the ditierent. 116

Claus cited 176

clypeata, Spatula 175

Cobitis fossilis; see Misgumus fossilis.

Coccidia 99

Cod ; see Gadus morrbua 172

cccruleus, Diaptomus 176
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Colhis (error) i'^i

Conger viilgnris; seo'Lcpi^i-epluiliis cimpcr

congri, Cliloromyxiini aud " ^lyxospori-

diiini" 1*^2

contc.jeani, Tlicloliania 177. lOli

cordafnni, EcliinixMrdiiun I'iO

Ci>ie;;ouus fora ii'rror) 25(i

(,'oriiiia ofsporoiilasiii 120

Crayfish; sne Astatus fliiviatili.s.

creiilini, Jlyxobolus 248

Crocodile, species on 180

Cryptocysles li:!. 190

generic cliarTlctcrs in 190

Csolvor cited II'V

Cii(''Uot cited 1"!

cycloides, Slyxobolus 229

Cyclops 179

streinuis, ])arasito of 179

Cypriuiis brauia; see Abramis brania

erythroplithalnius; sec LciuiscuH

erytliroi)htlialniu8.

louciscus; see Lcuciscns grisla-

gino.

plioxiiius; scePlicxiuusphoxinus.

rntihis; see Lcuciscns rutilus.

tinea; see Tinea tinea.

Cypsinodon (error) 233

Cyst development 192

Cyst membrane, structure of 77,217

Cystodistida; IIG, 278

Cystodisciis 115, 116, 279

spore formation in 80

Davaino cited 174

eri'or for I'albiani 125

Definitions 120

destruens. Glugea 191

Diameters 120

Diaptomiis cn'rulcus, parasil e of 170

richardi, parasite of 170

diploxys, Cystodiscus ? ? 281

dii)luru8, Myxoboliis 2:"S

DJstoma ftdium 289

dobula, Leuciscus ; see Lcuciscns cepbahis.

Dogfish, large-spotted; see Scylliorliinus

canicula.

smooth; see Galeus mnstelus.

spiny; see Squalus acanthias.

Dubois cited 196

Duck, common or mallard; see Anas bosclias.

shoveler or spoonbill; see Spatula

clypeata.

Ducts 120

dujardini,Mixo8oma,Maysosoma,a!!d^>ph;c-

rospora; see Cliloi-omyxum duj;irdiui.

Echinocardium cordatum, parasite of 169

Ectojdasm, structure of 75

Eel; sec Leptocephakis conger.

Eigeinnann <k Eigeumann cited 254

Elaters, ribbonettes conipaied to 223

elegans, Chloromyxum 206

ollipsoides, Myxobolua 221

Endoplasm, structure of 76

Entelurus aquoreus; see Syngnatlnis
ffiquorcus.

erythrophthalmus, Cyprinus; see Leuciscus
erythropbthalmus.

Pago.

osculeudis, Mcrlucius; see M. mcrlucius.

Esox luclus; sec Lucius lucius.

Excretory tract 107

fario. Salino 174

fasciatum, I'latystoma; see Pseudoplatys-

toma fa.sciatum.

Fat-globules in the myxosi)oridium 70

niameu ts 74, 84, 120

confounded with ribbonettes. .87,88, 203

extrusion of 84, 85, 120

homology and function of 185

morphology of 84

lluviatile, Chloromyxum 204

iluvialilis, Barbus; see J la rb us barbus.

Gobio; sec Gobio gobio.

Gadua callarias; see Gadus morrhua.

lota; see Lota lota,

merlaugus; see Merlangus merlan-

gus.

merluccius, see Mcrlucius meilucius. 172

luerlucius, error for Gadus callarias- 172

morrhua, parasite of 173

Galeus eanis; see Galeorhinus galeus.

Gall bladder, species found in 107

Garden, species on 239

Gasterosteus pungitius; see Pygostcus

pungitius.

Giard, species described by 1C9

giardi, Thelohania 177, 201

Glgeidffi (error) 190

globosus, Myxobolus 241

"Globules" 70.92,209

Gluega (error) 191

Glugea 191

spore-formation, as a generic char-

acter of 79

Glugeidiu 190

Glugeidea (error) 190

Glugeidees 190

Gobio aud Gobius 180

fluviatilis, error for Abramis b!;ima;

see Gobi'j gobio 152

gobio (—. fluviatilis) sjiecies on ? 214

Gobius and vTohio 183

niinutus 192

Goldfish; see Carassius carassius.

"Granules" 92,219

G regarincs 93, 171

Gregarinida, proposed as type order of

Sporozoa 71

" Grcgarinoid " forms 202

Grobben. cited 135

Gudgeon; see Gobio gobio.

Gymnocephalus ceruua; see Acerina cer-

nua.

Habitat, taxonoiuic value of 112

Hiickel cited 1 35

hirckelii, Psorospcrmium 135

Hiematoidiu; see Pigment.

Henneguya (synonym for Myxobolus) 115, 206

Hensen, species described by 186

Hilgendortf, species described by 135

Host 120

Hydra, develo]mient of nematocyst in 86

Hypognatbus (error) 250

immersus, Cystodiscus 279
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hiajqiiali's (error) 212

iiicisuii, Chloroniyxum 259

incnrvatum, Myxidium 200

ludex, capsular, as a specific cliaTacter .... 117

caudal 117

ridge 117, 121

liicunalis, iMyxobohis 212

lui'ectioii, bacillary, of Barbiis barbus 229

of Enfo Icntiginosns.. 270

myxosporidian, attempts at arti-

iiiual induction of '190,200,205

mode of 117,233

of cells of host 117, 187, 227, 289

Iiitestiiies, species found in 100

Kidney, species found in 107

tubules of; see Kenal tubules.

kolesnikovi, Myxobolus 256

Kunstler and Pitre.s cited 203

parasite described by 130

Labro (enor) 210

Leidy cited 175

leueiscus, Cyprinus: see Leueiscus grisla-

gino.

Leueiscus dobula; see Leueiscus ce])halus.

Leuekart, asserted discovery of Myxospori-

dia in Anipliibia by 135

leydigii, Cliloroniyxuni 260

lieberkiilmii, Myxidium 283

Line 69

linearis, Myxobolus 255

Ling; see Lota lota.

Linie equivalent in /j's and in millimeters. 69

lintoni, Myxobolus 238

Literature by authors 129

clironologically 123

Litliocystis sclmeideri 169

Liver, species found in 107

lota, Gadus; see Lota lota.

hicidus, Alburnus; see Alburnus alburuus.

Lncioperca sandra; see Stizostedion lucio-

perca.

Mackerel; see Scomber scombrus.

macrooystis, Tbelohania 177, 205

macrurus, Myxobolus 250

maeulata, Motella; see Onus maculatus.

"Measly duck" 175

media, Henneguya; seoMyxobolus uiedius.

medius, Myxobolus 218

Merlangus merlangus 173

merluccii (error) 242

Mcrluccius (error) 172

merlucii, "Myxosporidium" ; seoMyxobo-
lus merlucii.

Merlucius esculentus; see M. merhicius.

vulgaris; see M. merlucius.

Micro-chemistry 119

microsjiura, Glagea; see Glugea anomala.
Minnow, red-finned ; see Notropis megalops.

short; see Cyprinodon variegatus.

miniitus, Gobius; see Aphya alba 192

Mixosoma; see Myxosoma.
mouurus, Myxobolus 249

niorrhua, Gadus, parasite of 173

Motella maeulata; see Onus maculatus.
tricirrata; see Onus tricirratus.

mucrouatum, Chloroniyxum 181,264

Page.

Miiller & Eetzius, species described by 172

miilleri; see Myxobolus miilieri (below).

Mullets, gray; see Mugil.

Mnstolus; see Galeus.

lasvis; see Galeus mustelus.

Myliobatis aquila; see Cephaleutherus

aquila.

Myxidiea (error) 233

Myxidieos 115, 258, 283

Myxidiido3 110. 283

Myxidium 115,116,283

lieberkuhnil regarded as a Gre-

gariue 90

spore formation as a generic char-

acter of.. . 80

Myxobolea (error) 206

]\I yxoboli' es 2U0

Myxobolidas 116, 206

Myxobolus 115,206

spore formation as a generic char-

acter of 80

Myxobolus elliiisoidcs, "accessory" cap-

sules in 82

mvillcri 214, 216, 225

perlatus; see Chloromyxum
perlatum.

Myxoplasra 120

Myxosoma 115, 116, 205

spore formation in 80

Myxospora (eri'or) 71

Myxosporidre (error) 71

Myxosporidia 71, 73

dispersal, necessity of, and
means for CO

distribution of,

geographical 110

organal 100,103

seasonal 110

zoological 100

effects of, on host ... 118, 194, 197,

200,204,231,248.270,289

epidemics produced by... 197,231

fusion of; see Plasuiodes.

Myxosporidicae 200

Myxosporidium 120

description of 73, 75

taxononiic value of 112

"Myxosporidium" 182,187,200

bryozoides 187

congri 110, 182

merhicii; see Myxobolus
merlucii.

mugilis; see Myxobolus
mugilis 213

plagiostomi; see Myxo-
bolus leydigii.

Niigeli, cited 192

narce, Torpedo; see Torpedo torpedo,

narke. Torpedo ; see Torpedo torpedo.

Nematocysts, homology of, with capsules. 89,90

Nosema anomala; see Glugea anomala 192

bombycis 192

Nuclei, oapBulogenous; see Nuclei, pcricor-

nual.

division of 179,187,201
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Nuclei in Myxoboius 208

of niyxosiioiidiiiiii 76

of spore 92

pericornual 82, 209

as a specific character 117,210

obesna, Myxoboius 239

oblongus, Myxoliolus 234

oclospora, Theloliaiiia 177, 197

olilniailiori, Cliloroniyxum 267

Spore, orientation of, in Cystodiscida) 278

Ovary, species found in 107

oviforinis, Myxoboius 214

Pansporoblast 80, 81, 120, 121

Patliolo-y 117,197,222,228

Perca fluviatilis (error) 217

Perch, yellow; see rcrca flviviatilis.

Pericystic space 120

perlatus, Myxoboius ; see Cbloromyxum

perlatum.

Pfeitler, species described by 137

Phfenocystes, definition of generic charac-

ters in 113,205

pboxinus, Cyprinus; see Phoxinus phox-

inus.

Pigment, in the Myxosporidia 7G, 258, 277

Pike; see Lucius Incius.

Pike perch ; sec Stizostedion lucioperca and

Aphredoderus sayanus.

Pimelodes (error) 212

Pimelodus blocbii: sec Pimelodus clarias.

seba;; see Khamdia sebip.

Pipefish; see Siphostoma and Syngnallius.

piriformis, Myxoboius 211

plagiostomi, "Myxosporidium"; seeChloro-

myxuni leydigii.

Planes of symmetry 120

Plasmatic (and ]ilahiiiit) mass; sec Sporo-

plasm.

Plnsmode formation 75, 99, 177, 188, 227

Platystoma fasciatum; see Pseudoplatya-

toma fasciatum.

Pleistophora 194

spore formation as a generic

character of 79

Polar (and pole) capsules; see Capsules.

Posterior; see Anterior.

Posterior mass ; see Sporoplasm.

Prawn; see PaUemon and Pala;monete3.

Protocysts 121

Protosporoplasm 121

Pseudopodia 77

aberrant 270

error as to 77

Psorosperm, etymology of term 93

equivalent of spore 75

former use of term in nomen-
clature 71, 72

Psorospcrmeac . » 72

Psorospeniiia, nomcnclatnral valueof term. 72

proposed as typo of Psoro-

siicrmeu! 72

sciaiiic-uiiibra; ICG

psorosporniica, Ilcuneguya; seoMyxoboluj
j)sijnispormicus.

psorodpermicus, Myxoboius 256

Page.

Psorospormium, references to use of term . . 73

ha;ckelii 135

luceruari;e 135

Psorosperms 71

attemiited iiiocnliilidu of 130

regarded as the adult 75

represent tlie spore stage 75

suggested parasitic relation

of, to Gregarines 97

pungitius, Gasterosteus; see Pygosteus

pungitiiis.

Raia; sec Raja.

Ray, eagle; see Cephaleutherus aquila.

electric; see Tori)wlo torpedo,

sting; see Dasyalis.

Renal tubules, species found in 107

Ribbon 121, 223. 2S0

Ribbonettes 121,223,280

confounded with filaments; see

I'ilaments.

supposed function of 96

richardi, Uiaptomus, parasite of ITG

Ridge 121

rileyi, Balbiania 175

Robin, species described by 106

rutihis, Cyprinus; seeLeuciscusrutilus.

Salmo fario 174

Sandra, Lucioperca ; see Stizostedion lucio.

perca.

savanus (error) 219

Schewiakofl^ cited 176

schiozurus (error) 255

schizurus, Myxoboius 255

Sclimell cited 176

Schneider cited 1G9

sehneideri, Lithocystis 109

scicCniB-umbrie; see Psorosperm ia scitenic-

urabrfe.

Scyllium canicula; see Scylliorliinus cani.

cula.

stellare; see Scylliorliinus stcl-

laris.

Sculpin; see Cottus Scorpio.

Seat 121

sebjc, Pimelodus; see Rhamdia seboe.

Shell 74

taxonomic value of bivalve 278

types of 83

Shrimp; see Crangon vulgaris.

Silurus clarias; see Pimelodus clarias.

Spatuhi cly peata, parasite of 175

sphairalia (error) 240

Sphaironiyxa 115, 116, 282

Sphierospora; see Chloroniyxum J15, 116, 265

spore formation in 80

sivha'rulosa, Ceratomyxa 277

spheralis, Myxoboius 240

Spinax vulg;tri»; see Squalus acanthi.is.

Si>leeu, species found in 107

Spore, and myxosjioridium, respective
functions of 90

dichromophilism of, literature of 209

Olihnacher on.. 268

general description of 74

Spore, orientation of, in Ceratomyxa 2V4



INDEX TO MYXOSPORIDIA.

Pace.

172

Spore, taxononiic value of

Spore t'orni as a spcci lie cliaractor

asserted inconstancy of 9J

Spore formation. . > 74, 79,

as a generic character

Spore synimetrj', taxonomic value of

Spore topograplij', taxonomic value of

Spores, abnormal, degenerated, and "mon-
strous"

constricted in middle 180,

Sporidia

Sporidien

Sporoblast 82,

Sporocyst

Sporophorous voskcle

Sporoplasm 74, 92, 121,

exit of

Sporozoa, delinition of class

Gregarinida proposed as type

order of

Squalius, subgenus of Leuciscua.

Squatina angolus; see Siiuatiua squatina.

St. George cited

Stickleback: see Gasterosteus aculeatus.

9-spincd ; see Pygosteus pun-

gitius.

strenuus, Cyclops, parasite of 176

Btrongylura (error) 249

strongylurus, Myxobolus 249

Superficial tract 106

Surfaces 122

Sygnatliu.s, parasite of 137

Symmetry of .spore 114

planes of 120

Syngnatlius acus; see Sipliostonia acus.

Synonymy, method of compilation of 66

Tail 207, 2-!5, 250, 254

development of 82

supposed formation by approximation

of ribbouettes 224

taxonomic value of 117, 207, 245

Tail muscles, atrophy of 172, 173

Tench ; see Tinea tinea.

Testicle, absence of Myxosporidia from 106

Tetraouclius vanbeuedenii 106

Thelohan cited 211,216,228,248,206,

273, 287

Page.

Thelohania 195

spore formation as a generic

character of 80

tinea, Cyprinus; see Tinea tinea.

Tinea chrysitis; see Tinea tinea.

tinea, synonymy of forms habitant on. 221

vulgaris; see Tinea tinea.

Toads; see Bufo and Cystignathus.

asserted existence of Myxosporidia

in kidney of 135

Torpedo narke; see Torpedo torpedo.

transovalis, Myxobolus 242

tricirrata, Motella; see Onus tricirratus .. . 282

Trout, brown ; see Salmo fario.

Trygon vulgaris ; see Dasyatis pastinica.

Trypanosoma 94

tuberculatus, Catostomus; see Erimyzon
sucetta oblongus.

Twinned vesicles; see Capsule.

typicalis, Pleistophora 194

umbra, Scisena 166

unicapsulatus, Myxobolus 210

Vacuole, aniodinophile 92

contractile 181

iodinophile 92, 109, 208

orgaual distribution of 109

Vacuoles in myxosporidium 76

Valentin, species described by 174

Vallentin, species described by 135

Valves 122

viridana, Pyralis; see Tortrix viridana.

viridiana, Pyralis ; see Tortrix viridana.

vulgaris, Acauthias; seeSqualus acantliias;

Accrina; see Acerina cernua.

Barbus; see Barbus barbus.

Conger; see Leptocephaliis conger.

Lota; see Lota lota.

Merlucius; see M. merlueius.

Spinal; see Squalus acantliias.

Tinea; see Tinea tinea.

Trygon; see Dasyatis pastinica.

Welt; see Ridge.

Whitefi.sh, see Coregonus.

Wierzejski cited 135

Zacliarias cited 135

Ziirn cited 71

zschokkei, Myxobolus 244
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3.-A BIBLIOGRAPHY OF PUBLICATIONS IN THE ENGLISH
LANGUAGE RELHIVE TO OYSTERS AND THE OYSTER
INDUSTRIES.

By Charles H. Stevenson.

INTRODUCTION.

From the period of the Roman Empire to the present time, oysters

liave occupied a prominent position as a food product; and the grow-

ing, harvesting, and marketing of them have given employment to vast

numbers of persons and much capital. The subject has consequently

aftbrded an attractive theme for naturalists, historians, government

officials, political economists, and miscellaneous writers, and an anmz-

ing amount of information in reference thereto has been recorded.

This information is so widely distributed through publications and

periodicals of almost every description that to the casual inquirer the

literature of oysters and the oyster industries appears very meager. In

view of the growing attention bestowed on oysters in this country and
elsewhere, it is thought that the accompanying compilation of the

literature of the subject will supply a need of many persons directly or

indirectly interested in oysters and the industries dei^endent thereon.

Several incomplete bibliographies on this subject have already been

published. One of these, consisting of 38 references, 26 of which are

to publications in foreign languages, appeared in an appendix to the

Report of the Maryland Fish Commission for 1881.* A second list,

giving the names of 70 papers in the English language, was published by
the Nederlandsche Dierknndige Vereeniging in 1883 1; this has been of

considerable assistance in the present compilation. In a recent report

by the writer on the oyster industry of Maryland| there was i^rinted a

list of 27 articles relating to the subject of that paper. None of these

reference lists, however, furnishes a satisfactory idea of the extent and
imijortance of oyster literature.

*Report of T. B. Ferguson, a Commissioner of Fisheries of Maryland, January,

1881. Hagerstown, Md., 1881.

t Verslag omtrent Onderzoekingen op de Oester en do Oestercultnnr betrekking
hebbende uitgebracht door de Commissie voor het Zoologisch Station der Xeder-

landsche Dierknndige Vereeniging. Leiden, Januari, 1883. 8°, 112 pp.
tThe Oyster Industry of Maryland. By Charles H. Stevenson. Bulletin U. S.

Fish Comuussiou for 1892, pp. 203-297, plates i.vi-LXxr, Vv^ashington, 1891.
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Tlic piopaiivtioii of a coiiiplcto bil)!i<)^rai)liy of oysters and the oyster

industries was originally contemplated, but the facilities for examining

many publications in foreign languages are so unsatisfactory that the

present pajxH' lias been restricted to works in the English language.

It is recognized that such a bibliograi)hy must necessarily omit refer-

ence to some foreign publications of value. The num])er of these,

however, is much reduced by the enterprise of American scientists and

economists in causing most of the imporiant foreign publieati()ns to be

translated into I'^^nglish. Among the; valuable foreign leports which

have been translated may be mentioned Voyage d'Ex])loration sur le

Littoral de la Frame et de I'ltalie, by elean Jacques Coste (Paris, 18(11,

4°, 297 pp.), translated in the Report of the K. S. Fish Commission for

1880; T^Uude sur riiulustrie Iluitriere des Krats-rnis. by I*. De Broca

(Paris, 1805,12°, 2()0 i>p.), translated in the Report (jf the V. S. Fish

Commission for 187^J-74 and 1874-75; and Die Auster uud die Austern-

wirthscliaft, by Ivarl Mobius (Berlin, 1877, 8'^, 120 ])\).). translated in

thelieportof thelJ. S. Fish (Commission for 1880.

There are, however, several important reports on the anatonjy and

biology of the oyster that have not yet been translated into English.

Among these are several of the i»ublicati(>ns of the Nederlandsche

Dierkundige Vereeniging from 1881 to 1885. Tiie prominent i)ioneer

works on the developnient of the oyster by Davaine* and Laca/.e-

Duthierst are also without English translations.

It is not within the sco[)e of the piesent comi)ilati»>n to refer to

pa])ers dealing only with the nomenclature and classitii-ation of oysters,

or to encyclopedia articles. Omission has also been made of a very

extensive repository of infornmtion relative to regulations governing

tlu> oyster industries, viz, the session acts of various legislative bodies.

The bibliography here presented contains references to 540 separate

publications, the work of over 278 authors. Of these papers, 201 weie

issued in the United States, 20 in Canada, 170 in England, 25 in t^cot-

land, 10 in Ireland, and 115 in various other countries. Of the American

publications, 7.') were issued by the F. S. l^^ish Commission, of which 25

were translations and 48 original articles.

Brief abstracts of impcntant or interesting statements in many of

the papers are given, in order to increase the usefulness of the paper.

The compilation is accompanied by a subject index and an author's

index to facilitate the iinding of references to works on various subjects

and the papers of individual writers.

*C. Davaine: Rccherches sur la G<5n<iration des Huitres, in Comiites Rendns and

Mom. de la Sor. de Riolonfie, Paris, vol. iv, 185^, pp. 2i)5-33{), with '2 plates.

t H. Do Lacaze-Dntliiers: M('inoire sur lo 1 >("V<3loi)])euiciit des Ac^pliales Lanielli-

l)ranolie8(08tiea), iu f'oniptos Ivoudus dol'Aoad. des .Sc. Paris, vol. xxxix, i)p. lOoef

Hiq. Also, Xouvollos Obsorvatious sur lo Dovolopptuucnt dos lluitre.s, in Coinjjtos

Rcudus de I'Acad. des 80. I'aris, vol. xxxix, pp. 11!»7 <t xeq., etc.



BIBLIOGRAPHY OF PUBLICATIONS IN THE ENGLISH LANGUAGE
RELATIVE TO OYSTERS AND THE OYSTER INDUSTRIES.

1655—Auzout, M. Shiuiug worms iu oysters. <[Philosoj)hical Transactions, Lon-
don, May 7, 1665, No. 12, pp. 203-206.

Withiu over 240 oysters which the writer examined he discovoi-od a .shining substance
which, after inspecting with a microscope, he describes as worms; " and these of three

sorts; one sort was whitish, having 24 or 25 foot on eacli side, forked, a black speck on one
side of the head and tlie back lilce an eel stript of Iier skin; tlie second was red, and
resembling the common glowworm, found on land, which folds upon their backs, and feet

like the former, and with a nose like that of a dog, and one eye in the head ; the third sort

w;is speckled, having a head like that of a seal, with many tufts of whitish hair on the

sides of it."

1668—Worlidge, J. Systema AgriciilturjB ; being the Mystery of Husbandry Dis-

covered and Laid Open. London, 1868. 4°, 278 pp.

Describes the uses of oyster shells for agricultural purposes. See 1675.

1669—Sprat, Thomas. The history of the generation and ordering of green oysters,

coimnouly called Colchester oysters. <^ History of tlie Royal Society.

London, 1669. 4-^.

This, the lirst paper of importance witliin the scope of this bibliography, is so concise

aiul interesting that it is here transci-il)fd nearly entire, tlies^i extracts being from pp. 307-

309 of tlie third edition, publisheil in London in 1722: " In the >[ontli of May the Oysters

cast their Spawn (which the Dredgers call their Spat) ; it is like to a drop of Candle, and
al)0\it the bigness of a halfpenny. The Spat cleaves to Stones, old Oyster-shells, pieces of

Wood, and sucli like things, at the bottom of the Sea, which they call ' Cultch.' 'Tis

probably conjectured, that the Spat in 24 lioTirs begins to have a Shell. In the month of

May the Dredgers (by the law of the Admiralty Court) have liberty to catch all manner
of Oysters of what size soever. When they have taken them, with a knife they gently
raise tlio small brood from the Cultch, and then they throw the Cultch in again, to pre-

serve the ground for t!io future, unless they be so newly spat that they can not be safely

severed front the Cultch, in that case they are permitted to t.ake the stone or shell, etc.,

that the Spat is upon, one sliell having many times 20 spats.

" After the montli of Alay it is Felony to carry away the Cultch, and i)unishable to take
any other Oysters, unless it be those of size (that is to say) about the bigness of a half

crown piece, or when tlie two shells being shut, a fair shilling will rattle between them.

The places where tliese Oystois are chielly catched are called Pont-Burnham, Maiden,
and Colnewaters. * * * This Brood and other Oj'sters they carry to Creeks of the Sea
at Briukel sea, Mersey, Longno, Fringrego, Wiiienho, Tolesbury, and Salt-coase, and
there throw them into tlie Channel, wliich they call tlieir Beds or Layers, where they grow
and fatten, and, in 2 or 3 years, the smallest Brood will be Oysters of the size aforesaid.

Those Oysters which they would have green, they put into Pits about 3 foot deep, in the

Salt-marches, which are overflowed only at Spring-tides, to whicli they have sluices, and let

out the Saltwater until it is about IJ foot deep. These Pits from some (xuality in the Soil

coiiperating with the heat of the Sun, will become green, and communicate their color to

the Oysters that are put into them iu 4 or 5 days, tliougli the^' commonly let them con-

tinue there BAVeeks or 2 Months, iu which time they will be of dark green. To prove that

the Sun operates in their greening, Tolesbury Pits will green only in Snmmer; but that
tlio Earth hath the greater power, Brisklo sea Pits griicn both Winter and Summer; and
for further proof, a Pit within a foot of a greening Pit will not green ; and those that did
green very ivell, will in time loose their (luality.

"The Oysters when the tide comes in, lie with hollow shell downwards, and when it goes

out they turn on the other side; they remove not from their place unless in cold weather,
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to cover thomsolvea in the Ou3e. The reason of the scarcity of Oysters, and consequently

of their dearneas. is hocaiiso tliey are of hite years bought up by the Dutch. There are

great penalties by the Admiralty Court, laid upon tlioso that iish out of those ^rrounds

which tlie Court appoints, or that destroy the Cultch, or that take any Oj'Sters that are

not of size, or that do not tread under their feet, or throw upon the shore, a I'ish wliich

they call a Five-fiuj;or, resembling a Spur-rowel, because that fish gets into the Oysters

when they gape, and sucks tlieiu out. The reason wliy such a penalty is set upon any
that shall destroy the Cultcli, is because they liud that if tliat be taken away the Quae
will increase, and tlien muscles and cockles will breed tliere, and de>flroy tlio Oysters,

they having not wluiroon to stick their Spat. The Oysters are sick after tliey have Spat;

but in June and July they begin to mend, and in August they are perfectly well: Tlie

Male Oyster is black-sick, having a black Substance in the Fiu; the Feiuale white-sick (a.s

they term it) having a milky Substance in the Fin. Thoy are salt iu tlie Pits, Salter iu

the Layers, saltest at Sea. " See 1722.

1675—"Worlidge, J. Systema Agricnltnr;^ ; tlie Mystery of Husbandly Discovered.

The second editiou. Loudon, 1675. 4'^. Sec 1681.

Keprint of 1668. See 1681.

1681—Worlidge, J. Systema Ajjcriculturic, the Mystery of Husbandry Discovered.

The third edition, with one whole section added (of fish, carp, trout, and
oyster ponds). London. Tho. Driug. 1681. 4'^.

Not seen. Title from Verslag onitrent onderzockingen op de oester en deoestercultuur

betrekkiug hebboude der Nederlandsche Dierkundige Vereenigiug, Leiden, 1883, p. 680.

See 1098.

1693—Leuweuhoek, Anth. van. Animalcules iu muscles and oysters. <^Phil-

osophical Transactions, London, January, 1693, No. 196, pp. 593-594.

The animalcules iu theoj'sters were possibly the young oysters. To this famous oppo-

nent of the doctrine of spontaneous generation belongs the honor of having discovered the

existence of spermatozoa iu oysters.

1697—Leuweuhoek, Anth. van. Part of a letter concerning the eggs of snails,

roots of vegetables, teeth and young oysters. <^Philos()phical Transac-

tions, Loudon, December, 1697, vol. xix, No. 235, pp. 790-799.

Discovered September 3, 1097, in " an English oyster," a grayish stuff which he took to

be young oysters; yet in 50 others nothing of the kind was discovered. Hence he

.surmises "that one oyster bringetli forth its j'onng ones much later than the other."

1698—"Worlidge, J. Systema Agriciilturae, the Mystery of Husbandry Discovered.

The fourth edition. London, John Taylor, 1698, 4°.

A reprint of 1681. See also 1668.

1720—Rovylands, M. Stocking the river Mcne with oysters. <[Philosophical

Transactions, Loudon, 1720, No. 369, p. 250.

States that the beds in Meuai then furnislied an abund.ance of oysters, notwitlistanding

the fact tli.at none existed in that locality twenty-four years iireviously, the growth
having been started by the personal industry of one planter.

1722—Sprat, Thomas. Tlie history of the generation and ordering of green oys-

ters, commonly called Colchester oysters. <^Hibtory of the Royal Society.

Third edition. London, 1722, pp. 307-309.

A reprint of 1669.

1744—Bartram, J. Some observations concerning the salt-marsh muscle, the

oyster banks and tlie fresh-water muscle of Peiisilvauia. <]Philosophical

Transactions, London, 1741, vol. XLViii, No. 474, pp. 157-160.

Likens the growth of oysters in Pennsylvania to that of " spitntia " or Indian (ig.

1755—Ellis, John. Corallines on oyster shells. <^ Philosophical Transactions,

Loudon, 1755, vol. xlvjii, part ii, pp. 627-633, with two plates.

Classifies th(! forms and describes the manner in which corallines grow on oyster sheila

•round the British coasts.
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1808—Chrisolm, C. On the poison of fish. <^ Ediuliurgli Medical and Surgical

Journal, Edinburgh, October, 1808, vol. iv, pp. 391-422.

On pp. 400-401 a case ia reviewed iu which certain persons suffered " cholera and excru-

ciating tormina" after eating of oysters that grew on the copper sheathing of a sunken

ship.

1814—Home, Everard. The digestive organs of the oyster. <^ Home's Lectures

on Comparative Anatomy, London, 1814, vol. ii, p. 77.

Locates and describes the mouth, stomach, intestines, anus, and adductor muscle of the

Ostrea edulis.

1827—Home, Bverard. The mode by which the propagation of the species is carried

on in the common oyster and tlic large fresh-water mnscle. Croonian lec-

ture for 1826. Read November 17, 1826. <^ Philosophical Transactions,

London, 1827, pp. 39-48, plates iii-vi.

Discusses with much detail, on pp. 41-44, the anatomy and reproduction of Ostrea edulis.

The plates indicate the locations of the several organs, and the various stages in the

development of the ovaries and young oysters. See 1828.

1828—Home, Bverard. Development of the ova of the common oyster. <[ Home's
Lectures on Comparative Anatomy, London, 1828, vol. vi.

A reprint of 1827.

1836—Deshayes, G. P. Conchifera. <^Todd'8 Cyclopedia of Anatomy and Physi-

ology, London, 1836, vol. i.

Treats of the anatomy of the oyster.

1837 a—Garner, Robert. On the nervous system of molluscous animals. <; Trans-

actions of the Linnjean Society of London. London, 1837, vol. xvii,

pp. 485-501, plate xxiv.

The special featiire of this article is the author's refereuce to the visual powers of

oysters. " In Pecten, Spondylus, and Ostrea we find sra.all, brilliant, emerald-like ocelli,

which from their structure, having each a minute nerve, a pupil, a pigmentum, a striated

body, and a lens, and from their situation at the edge of the mantle, where alone such
organs could be useful, and also placed as in Gasteropoda, with the tentacles, must be
organs of vision."

The question of the ability of oysters to see has also been answered in the affirmative

by Will (in Froriep's Neue Notizen, No. C22), who states that there are as many as 30

distinct eyes projecting from the border of the mantle. But Siebold denies that such is

the case, and regards the so-called eyes as simply excrescences devoid of optical powers.
There can, however, be little doubt that these moUusks are sensitive to light. For further

information on this interesting subject see Mitt, aus der Zool. Stat, zu Neapel, vol. VI,

1866; Froriep's Neue Notizen, Nos. 022 and 023; Siebold's Anatomy of the Invertebrata,

Boston, 1854, vol. 1, pp. 201-202; and The Eye of Pecten, by Sydney J. Hickson, Studirs

fiom the Morphological Laboratory in the University of Cambridge, Part n, 1882, pp. 1-12.

1837 b—Anonymous. The oyster. ^Penuy Magazine, London, June 24, 1837, vol.

VI, pp. 235-238.

A description of the oyster industry of Great Britain with notes on the natural history

of the oyster.

1838 a—N C. Acrustaceous tour; by the Irish Oyster-Eater. <] Blackwood's
Edinburgh Magazine, Edinburgh, November, 1838, vol. 44, pp. 637-649.

A humorous discussion of the Irish oyster beds and their products.

1833b—AnouymouE. An essay on oysters. <]Colburn'8 New Monthly Magazine,
London, 1838, vol. 53, pp. 541 et seq.

1839—Parliamentary Paper. Convention between HerMajestyand tlieKingof the

French, Defining and Regulating the Limits of the Exclusive Right of the

Oyster Fishery on the Coast of Great Britain and France, dated August,

1839. Loudon, 1839.

3841 a—Garner, Robert. On the Anatomy of the Lamellibranchiate Conchifera.

<^Transaction8 of the Zoological Society of London, London, 1841, vol. ii,

pp. 87-102, pi. XIX.

[Conununicated December 8, 18:>5.]
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1841b—Gould, A. A. Report (»n fcho Iiivertebrat.i ol' MiiSHacliiisftts, Coiiiprisiiijr tlie

Molliisca, Crustacoa, Annelida, and Radiata. Cambridge, 1841, 8 \ xiii +
373 pp., 15 plates.

See 1870 d.

1843 a—Akeiiy, Samuel. Siiell'lish of Ricluiiond County. <^Tran.sartion8 of tlie

New York t^tate Agricultural Society, togetiuu' with an Abstract of the

Proceedings of the County Agricultural Societies for the year 1842.

Albany, 1843, vol. ir, p. 19().

KefV'i'.s to tlic oxliaiwtion of tlie natural oy.slcr reela and the(levelopinei)t nf the planting

indnsliy on the sdiilli side of Staten Island, New York.

1843b—Dekay, James E. Zoology of New York, or the New York Fauna; Com-
prising Detailed DcecriptJons of all the Animals Hitherto Observed
witliin the State of New York, with Brief Notices of those Occa.sionally

Found Near its Borders, aud Accompanied bj' Appropriate Illustrations.

Part VI, Mollusca. Albany: W. &, A. AVhite &, J. Vis,scher, 1813, 4^, 271

pp., 40 plates.

Di.sciisses the occiu ronco and distrilnUion of oystens along tlie slioresof New York State.

1846—Reade, J. B. On the ciliaaud ciliary currents of the oyster. <^Rep()rtof the

Britisli Association for the Advancement of Science, lifteenth meeting,

1845. London, 1846, pp. 06-67.

Describes the gullet of tbe oyster a.s covered witli fine, silky liairs or cilia, wliicli by a

waving motion cause a current of water to flow towards the month, thus .siii)iplyiiig the

niollnsk witli food. Also states that the food consists wholly of infusoria.

1849—Forbes, Edward, and Hanley, Sylvanu.s. On the geographical distribution

and uses of the common oyster {Oatrca cdulis). <^E(liuburgh New Philo-

sophical .lournal of Natural Science, Edinburgli, October, 1849, vol. xlvii,

No. xcn-, pp. :i3'J-248.

Rei)rint of part xx of Forbes and Hanley's History of J'>ritisb Mollusca. See 1853.

1850—Perley, M. H. Report on the Sea and River Fisheries of New Brunswick
within the Gulf of St Lawrenc<! and Bay of (,'haleur. Frederictou : J.

Simpson, Printer to the Queen's Most Excellent Majesty. 1850. 8°, 176 pp.

Tbe oyster resources of New Brunswick are described on pp. i:!2-13;}.

1851—Haywarde, Richard. The lirst oyster-eater. <::^The Knickerbocker, New
York, May, 1851, vol. xxxvii, pp. 385-388.

An arclui'ological discussion.

1852a—Williams, Thomas. On the structure of the Bronchi ;e or media nism of

breathing in the Pholades aud other Lamellibranchiate inollusks.

<^Report of the twenty-first meeting of the British Association for the

Advancement of Science; heldat Ipswich in , I uly, 1851. London, 1852, p. 82.

An abstract of tbe addre.ss delivered.

1852b—Anonymous. Shelllisli, their waysand works. <[The Westminster Review,

London, February, 1852.

Discusses the "morals" of oysters. See 1852c.

1852 c—Anonymous. The happiness of oysters. <^Iuternati()nal Magazine, New
York, March 1, 1852, vol. \, p. 311.

Extracted from 1852 b.

1852 d—Parliamentary Paper. Memorial and Letters Relative to Dredging for

Oysters in Deep \\'at('r During the Sunuiier Montlis. Loudon, 1852.

1853—Forbes, Edward, aud Hanley, Sylvanus. On the gc()gr,ii>hical distribution

and uses of tlu' couimou oyster {Oxtrea e(Julis). <;ilistory of British Mol-

lusca, and their Shells. London, 18.53, gr. 8°, 4 vols., in8 plates.

Indicates the location of tbe princii)al oyster beds of the British coast, including tb.ose

of Scotland and Ireljind, and refers to tlui existing tisbcry regiilations. D(8cril)es the

oyster enemies, ea]>e(ially the stai-tishes, whelks, sjHinges, and certain aiuielids. The work
also contains many anatomical details. Several other editions have been published.
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1854a~ Seibold, C. Th. v. Anntomy of the liiviut<'l>i:it:i. Roston: rimilfland Liu-

coln, 1854, 8", 470 i)i>.

The A(e])lialii iiie described on p\t. 184-222.

1854b—Parliamentary Paper. Letters from the BoartI of Trade of April 28, 1847,

to the Commissioners of ('ustoins, and of July 31, 1819, to Messrs. Rayson,
Alston and Gibhs, on tlic Sul>,ject of the Oyster Fishery on the East Coast
ofLnglancL Lomlon, 1854.

1855 a—Bush, George. A monstrous oyster shelL <[Annals and Magazine of Nat-
ural History, London, February, 1855, pp. 91-92, 1 plate.

I>e.sfribe.s a very large o.v.ster .sliell, which somewhat re.seinbleil tlio shell of Pliolas

Candida, and dis.'iis.so.s.its oiifjin.

1855 b—Gray, J. E. A monstrou.s oyster shell. <^Aunals and Magazine of Natural
History, I^oiidon, Marcli. 1855, p. 210.

A coiiliiniatiou of the I'oregoiiig di.scussion.

1855 c—Henslo-w, J. S. A monstrous oyster shell. <[Annals and Magazine of Nat-

ural History, l^ondon, April, 1855, vol. xv, p. 314.

A ci'iitiiuiiitioii of the disrussion started hy Bnsli. See 1855«.

1856—Eyton, T. C. Tlie oyster and the oyster bods of the British shores. <Edin-
burgh New Philosophical Society of Natural Science, Edinburgh, October,

1856, vol. lY, No. II, pp. S54-355.

A rejirint of 1H57 r.

1857 a—Carpenter, Pliilip. Report on the present state of our knowledge Avith

regard to tin; moll iisca of the west coast of Noi-th America. <Report of

tietwenty-sixtli meeting of the British Association for the Advancement of

Science, held at Cheltenham in August, 1856. London, 1857, pp. 159-368.

Species of O.'^frca are listed and described.

1857 b—Eyton, T. C. ()> ster breeding. <Annual of Scientific Discovery, Lon-
don, 1857, p.3ii5.

Calls attention to the etTect of the depth of water on the spawning sea.son of oysters

and computes the brood of three oyster.s at 3,000,000.

1857 c—Eyton, T. C. The oyster and the oyster beds of the British shores. <Report
of the twenty-sixth meeting of the British Association for the Advance-
ment of Science, held at Cheltenham in August, 18.56. London, 1857, pp.
368-370.

Discu.sses briefly: (1) The oyster beds of England and the laws respecting them; (2)

An account of the individual beds from the author's per.sonal observation and inquiries;

(:!) The natural hi.story of tiie oyster (Ostrea eduUs). See 1856 6.

1857 d—MacAndrew, Robert. Report on the Marine testaceous molluscs of the

northeast Atlanticaud neighboring seas, and thephysical conditions atfect-

ing their development. <Report of the twenty-sixth meeting of the
Biitish Association for the Advancement of Science, held at Cheltenham
in August, 18.56. Loudon, 1857, pp. 101-158.

Lists and describes Ostrea on pp. 114 and 1.35.

185 7e—Parliamentary Paper. Directions for Giving Effect to Certain Rules Made
by the Committee of Council for Trade on May 21, 1857, Respecting the
Oyster Fisheries in the Seas between the British Lsles and France. Lon-
don, 18.57.

1858 a—De Bow, J. D. B. Oyster Trade of Virginia, Baltimore, and Fair Haven.
<Dc Bow's Commercial Review, New Orleans, March, 1858, vol. 24, pp.
259-260.

A stati.Htical review of the iudu.'itry iu each of the three loc.ilities mentioned.
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1058 b—Hyton, T. C. A History of the Oyster iiud the Oyster Fisheries. I^ondon,

John Van Voorst. 1858. 8^, 40 pp., 6 plates.

Treats of (1) llistorj* and antiquity of the oyster as an article of food. (2) Laws of Great

Britain relative to oyster li.sliurios. (3) Natural history and anato!iiy of the oyster. (-1)

Kcproduction and growth {O^treaeduUs). (5) Enemies of the oy.st(^^. (6) List and account of

the principal oyster beds of (heat IJritain. (7) Snggeations for the formation of now

oyster beds and the preservation of old ones.

1858 c—Auonymoiis. Essay on oysters. ^Irish Quarterly Keview, Duliliii, 1858,

vol. VII, pp. 801 ft scq.

1859 a—Pell, Robert L. Edible fishes of New York. ^Transactions of tiie New
York State Aj;ricnltiiral Society, with an Abstract of the Proceedings of

the County Agricultural Societies. Albany, 1859, vol. xviii, pp. 334-397.

Tlie oyster is discussed on pp. ;j94-396, the principal feature being statistics on theextent

of the industry in Maryl.nnd in IS.'iS.
''

1859 b—Anonymous. Oyster culture in France. <^Londou Practical Mechanics

Journal, Loudon, May, 1859.

Di'scribo.s briefly the experiments made in oyslercullure by the Government of France

iu the Hay of St. Brionc, on the coast of France.

1859 c—Anonymous. Oyster manufactui'e. <^Journal of the Franklin Institute,

Philadelphia, 1859, vol. 68, pp. 197-198.

Abstract of 1850 6.

I860—Martin, W. C. L. Traveling oyster bods. <^Recreative Science, London,

1860, vol.1, p. 96.

1861a—Dickens, Charles (Editor). Oysters. <A11 the Year Round, London,

March 16, 1861, vol. iv, pp. 541-547.

Discusses the '• morals " of the oyster and its edible qualities, with many references to

historical celebrities who were fond of them.

1861b—Hall, Anna Maria. Concerning oysters. <;St. James Magazine, London,

August, 1861, vol. II, pp. 66-74.

A compilation of well-known facts relative to the distribution and abund.Tueo of oysters.

Also reviews briefly the oyster nicss-age of Governor Wise, submitted to the Virginia

Legislature in ISOO.

18Slc—Anonymous. Oysters. <[Chamber8' Journal. Edinburgh, 1861, vol. 36,

pp. 336 et seq.

1862 a—Bertram, James G. The fisher folk of the Scottish east coast. <^Mac-

niillan's Magazine, Loudon, October, 1862, vol. vi, pp. 501-512.

Contains a description of the oystermen of Great Britain and their operations.

1862 b—Anonymous. Cultivation of oysters on the west coast of France. ^Times,
London, November 13, 1862.

Uescribes the operations of the French Government and the results thereof.

1862 c—Anonymous. Kentish oysters. <[Loudon Society, London, 1862, vol. iii,

p. r.61.

1853 a—Fortin, Pierre. Listof theCetacea, Fishes, Crustacea, and Moliusca, which
now inhabit and have inhabited the Canadian shores of the Gulf of St.

Lawrence, and are the object of fishing operations, whetlier on a lai'ge or

small scale, and which are used as bait, etc. <^Annual Report of Pierre

Fortin, Esq., Magistrate in Command of the Expedition for the Protection

of the Fisheries in the Gulf of St. Lawrence, during the Seasons of 1861

and 1862. Quebec, 1863, pp. 109-124.

1863 b—Jeffreys, John Gwyn. OsUridce. <Britiah Couchology, London, John
Van Voorst, 1863, vol. ii, pp. 37-48.

Brielly reviews several previous writings on the subject of oysters and their culture.

1863 c—Masson, David. Oysters: A gossip about their natural and economic his-

tory. <Macmillau'8 Magazine, London, March, 1863, vol. 7, pp. 401-408.

A compilation relative to the methods of culture then practiced in France and Kagland,
with references to many historical celebrities who were foad of oysteri.
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1863d—Anonymous. The Ouster; Where, How, ami When to Find, Breed, (!ook,

;!n(l Ivit it. l.i)!i«lon, 1863.

Sei' ISC'}/.

1863 e—Anonymous. Greeu oysters. <^The Field, London, Maixh 14, 1863.

1863 f—Anonymous. The Oyster; Wliere, How, and When to Find, Breed, Cook,

and Eat it. Second edition, with a now chapter, tlie Oyster Seeker in Lon-

don. London, Scribner &.. Co., 1863. 12"=, 106 pp.

Discusses very cleverly the following subjocta: (1) The oyster season; (2) Ancient his-

tory of the oyster; (3) Modern history of the oyster; (4) Natural history of the oyster;

(5) Distribution of oysters about the British shores; (6) The cooking of oysters; (7) ilod-

icinal properties of oysters; (8) Distribution of oysters in foreign countries
; (9) Oysicr

pearls; and (10) The oj'ster shops of London. See 1863d.

1864 a—Buckland, Prank. Spawning oysters. <^Times, London, August 3, 1864,

1864b—Dickens, Charles (Editor). Oysters and oyster culture. <^ All the Year
Round, London, 1SG4, vol. xr, pp. 161 et seq.

1864 c—Esdaile, David. Oyster culture. <[Good Words, London, 1864, vol. v, pp,
553-557.

A compilation of information having particular reference to the experiments of M.
Coste, prosecuted at the instance of the French Government. States that in 1849 the

quantitj- of oysters consumed in Loudon nmouutod to 130,000 bushels.

1864 d—Lawsou, Henry. Oysters and oyster culture. <;Popular Science Review,
London, 1864, vol. iii, pp. 448-459, one plate.

A review of the knowledge then existing relative to Ostrea edulis. Discusses particu-

larly its distribution, anatomy, reproductiou, .age, enemies, the fishery in Great Britain,

tlie French methods of culture, and the necessities for similar operations on the shores of

Great Britain.

1864 e—Pearce, M. Propagation of oysters. Brighton, 1864.

Abstracts of reports relative to the experiments of Coste and Kemmerer.

1864 f—Anonymous. Oyster investigation. <Morning Post, London, August 29,

1864.

An account of the investigations of the P;\rlianientary commissioners (see 1866 6) on
the condition of the deep-sea fisheries of Great Britain.

1864 g—Anonymous. New oyster beds. <^Sporting Gazette, London, December
24, 1864.

Reports the discovery of new oyster bods in Glenlnce Bay, in the district of Gallo-

way, Scotland, and cites the possibilities for further di.scovcries of a similar nature.

1865 a—Bertram, James G. The Harvest of the Sea. Loudon, John ISIurray,

1865, 8°.

On pp. 333-381 the following subjects are discussed by the author, the observations hav-
ing particuhir reference to Oitrca edwJu: (1) Proper time for oyster fishing to begin; (2)

Description of the oyster; (3) Controversies .about its natural history; (4) Spatting of the
oyster; (5) Growth ; (0) Quantity of spawn emitted by the oyster

; (7) Social history of the
oyster; (8) Great men who were fond of oysters; (0) Oyster breeding in France; (10) Lake
Fusaro .and the methods therein; (11) Bceuf's discovery of artificial culture

; (12) Oyster
farming in the Bay of Biscay; (13) The celebrated green oysters; (14) Marennes

; (15) Dr.
Xenimerer'splan; (16) Lessons to be gleaned from the French piscicultiu-ists

; (17) How to

manage an oyster farm; (18) Wliitstable; (19) Cultivation of natives
; (20) The Colne oyster

trade; (21) Scottish oysters; (22) The I'andores; (23) Extent of oyster ground in the Firth
of Fortli

; (21) Dredging; (25) Extent of American oyster beds. See 1868 6.

1865b—Buckland Frank. Oyster culture. <Report of the thirty-fourth meeting
of the British Association for the Advancement of Science; held at Bath,
in September, 1864. London, 1865, pp. 89-90.

Discusses briefly the natural history and culture of oysters, with notes on the causes
of the failurj of spat during the preceding seasons.

1865 c—Buckland, Prank. Oyster enemies. <Land and Water Journal, London,
1865, vol. 1.
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1865d—Buckland, Frank. Heaps ol' oyster sliclls. <^r!ic I'ield. I .middii. I'diiii-

aiy 4. 1X65.

llefers to provimus (ILsdibiition of oysters, as (l(;tenniiio(l by riMii;iiiiiiig .shell heaps.

1865 e—Buckland, Frauk. Young oysters. <;Timea, liondoii, Augu.st, 1865.

1865 f—Caird, James: Huxley, T. H. ; aud Lefevie, G. S. Report of the Com-
iiii-ssioners .\ppoiiited to Iii(|iiire into the Sea Fisheries of the United

Kingdom. Vol. II. Minute-s of Evidence and Index. London, Parlia-

mentary Paper, 18fi5, 4°, llOlt jij).

Sec 1861) b.

1865 g—Clark, Hanry James. Miiul in Nature: or tiie Ori_i;;iu ol' l-il'e .nid tlie Mode
of Dovelopuient of Animals. New Vori<, 18li5, H-, 'o2'2 pp.

The anatomy ami tlip biolojry of the oy,-;li-r arc disciissi'il on iip. l'.'9-203.

1865 h—Grimshaw, T. W. Snpposed eases of iioisoniug by oysters. <^Medical

Press, Dnblin, October 2;"), 1865, vol. Liv, p. 372.

Cites an iustatice in which t hroo persons weie mado ill from t ho eatin<; of oy.sters.

18651—Randall, Alex. ()i>inion in Relation to Taking Oysters in the <Jhesa])ealve

liay and its Tributaries, to the (Jeneral Assembly of Maryland. Annap-

olis, 1865, 8>^, 8 pp.

'rheo])inion of Iho altoriioygeueral of Maryland in reforouce to the authority of Iho

Slati' to I'cstiic t the takin;; of oysters to the citizeu.s thereof and to issue Hrenses therefor.

1865J—Anonymous. Oyster ftirming. <^C()rnliin M.-iga/ine. London, .January,

18C.5, vol.xi, PP.52-G1.

An exposition of the methods jHid results of oyster-culture on the western coast of

France and the soiitlurn roastof England, with valuable statistical data.

1865 k—Buckland, Frank. Oyster-culture. <^Tlie Fisliernian's Magazine and

Review. London, October, 1865, vol. ii. pp. 470-17.3.

An .abstract of address delivered at the thirty-tilth meeting of the British Association

for tlie Advancement of .Science. See IHGtwr.

1866a—Buckland, Frank. Report on the cultivation of oystiTS hy natural ;ind

artihcial methods. <^Report of the thirty- tilth meetitigof the liritish Asso-

ciation for the Advancement of Science; held at Birnnnghani in Septem-

ber, 1865. London, 1866, pp. 3-15.

This report of personal ohservations and experiments discusses tlu; following subjects:

(1) The cultivation of oysters by natur.al means. (2) Tlu' cuIti^ ation of oysters by artiti-

oial means. (3) Experiments in hatching oyster eggs by artificial heat. (1) Experiments

on a large scale ou the fore shores. (5) The chemical analysis of the oyster. (6) Dredg-

ing and its effects. (7) Comparisons of French and English systems of oyster-culture.

(8) Experiments in developing oyster-8i>at. (9) The c.ius(>s of greenness in oysters.

1866 b—Caird, James; Huxley, T. H., and Lefevre, G. S. Report of the Commis-

sioners Appointed to Inquire into the Sea Fisheries of the United Kingdom.

Vol.1. The Re])orl, and Appendix. London. Parlinuient.'iry Paper. IStiG,

4°, cvii and 72 ]»p. One map.

After making a very careful and exhaustive inquiry into the conditioi; of the oyster

industry of Great Britain, the commission summed up its observations as follows:

" \Vt^ Hnd that the sni>p!y of oysters has very greatly fallen off ibu'ing tlie last tlirec or

four years. That this decrease has not arisen from overfishing, nor from any causes over

which man has dirert control, but from the very general failure of tlie sjial, or young of

the oyster, which a]>pears, during the year:«-in i|ueslion, to have been de.-troyed soon after

it was produced. A similar failure of spat has frequently happened before, and ]>robably

will often hajqien again. That the best mode of providing against these j'eriodical fail-

ures of the spat is to facilitate the procecidings of those individuals or conijiauies who maj*

desire to acquire so much property in favorably situated jiortions of the sea bottom as may
8U Oil o to enable them safely to invest cai)ital in preparing and preserving these jioi'tious

of the sea bottom for oystcT-culture. * * »• That no regulations or restrictions upon

oyster fishing, beyond such as may be needed for the object just defined, have had, or are

likely to have, any benelicial etVeet upon the sujqdy of the oj'Sters." J^ee !SG5/anil li-tiBc'.
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1866c—Knight, Thomas P. Descripfcivf ('ataU)giie of the Fishos of Nova Srotia.

Published by direction of the Proviiioial Goveriimeut. Halifax, N. S.

Printed by A. Grant, Printer to tiie Queen's Most Excellent Majesty.

1866, 8'^, 54 pp.
The "Edible molluaca of Nova Scotia" are described on pp. 43-54. Thia portion of

the work is really by Willis, for Mr. Knight saj's: "The author is indebted to J. R.

Willis, Esq., of Halifax, for the following ample description of our edible mollnsca, which

has already been published in a, colonial periodical." No trace has been found of the

periodical herein referred to.

1866 d—Mearns, J. R. Oysters and dredgers. <^Once a AVeelc, Loudon, December
15, 1866, vol. XV, pp. 655-666.

Describes the ancient oyster companies of Favorsliain and Whitstable, district of Kent,

England, their origin and their oyster-grounds.

1866 e—0'Shaughnes.sey, Arthur W. E. On green oysters. <^Annals and Magazine

of Natural History, London, September, 1866, vol. xviii, pp. 221-228.

A review of nearly everj thing that was known relative to this subject in 1866, with

special reference to the papers of Crosse f Journal de Conchyliologie, 1863, vol. XI, p. 221;

;

Cuzent (Coniptes Kendus de rAcad6iuio des Sciences, 1863, vol. lvi, pp. 402-403) ; C'hrisolm,

C. (Edinburgh Medical and Surgical Journal, 1808, vol. iv, pp. 391-422) ; Gaillon (Journal de

riiysique, 1820, vol. ill, pp. 220-22.3; Bull. Science Soc. Philoni., 1820, pp. 129-130; and Fror.

Nat., 1821, vol. I, No. 1, pp. iVT) ; Valenciennes (Fror. Nat., 1841, vol. xvm, No. 379, pp. 6,^-67)

;

liizio (Ricerche sopra il colorauieuto in verde delle branche delle Ostriche, Venezia, 1845)

and Buckl.and (The Harvest of the Sea, London, 1865).

J866f—Parliamentary Paper. The Home Bay, Hampton and Reculver Oyster

Ei^he^y Company. Evidence Taken in a Committee of theHouseof I^ords,

April 19 and 20, 1886. London, 1866, 8^.

1866 g—Anonymous. Oysters on the south coast of England and the north coast of

France. <^Time8, London, Septernber 6, 1866.

Discusses and compares the French and the English methods of 0578ter-cultHre.

1866 h—Anonymous. The exposition of Arcachon and its object. <]Fra8er^

Magazine, London, September, 1866, vol. 74, pp. 297-308.

Discusses the fl-sheries exposition of Arcachon, referring ]iarticularl.v and in detail to

the advance made in methods of oj-ster-culture in the bay of Arcachon.

18661—Anonymous. Touching the oyster. <^Once a Week, London, August 4,

1866, vol. XV, pp. 124-126.

Refers to the scarcity and high prices for oysters in England and the necessities for

better methods of obtaining a continuous supply. See 1866 j.

1866]—Anonymous. Touching the oyster. <^Every Saturday, Boston, September

1 , 18(i6, vol. II, pp. 244-246.

An abstract reprint of 1866).

1867 a—Euckland, Frank. On oyster cultivation. <^Report of the thirty-sixth

meeting of the British Association for the Advancement of Science; held

at Nottingliam. August, 1866. London, 1867, pp. 70-71.

An abstract of the address delivered, which discussed particularly the development

and movements of oy.stcrspat, and the chemical constituents of oysters.

1867b—Chambers, "W. and R. An oyster-island: Oyster fisheries on He de Re
<^Cliambers' .Tonrual, J^dinburgh, April 27, 1867, vol. 44, pp. 257-260.

Oysters formerly grew naturally about the shores of this i.slaud, situated on the west
coast of France, and which is so celebrated for its salt and oyster i)roducts; but the

increased consumption or other causes led to the depletion and finally to the destruction

of the natural beds. In March, 1858, the present system of oyster-culture was inaugu
rated by a poor stonemason, named Hyacynthe Brenf. This paper describes the experi-

ments of I5iBiif and those of Jean Jacques Coste, which followed tlie former, and notices

with nuiili detail the general methods of culture practiced at tlie date of its publication.

1867 c—Dickens, Charles (I^ditor). Oyster nurseries. <A11 the Year Round,
Loudon, .July 27, 1867, vol. 18, pp. 116-118.
Discusses oyster enemies, the scarcity of oysters, and the necessities for the !nrina<ion

of oyster-cultural stations on the shores of Great Britain, the operations in France bsu:g
the basis of the latter port' ip. of the paper.
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1867 d—Fellows, F. W. Oyster culturo. <^Amcrii;ui Naturalist, Siileui, 18G7, vol.

1, pj). ]9(;-202.

A sliort compilation ou the generntion and n.ifiiral history of oysters, wi,th particuhir

refereiu'e to the results of the invest igatiims of Coate and Davalne.

1867 e—Fellows, F. W. Oyster-culture in France. <[American Naturalist, Salem,

18(57, vol. 1, pp. 346-351.

A conipihitiou from various French pnhlications relative to the methods of oyster-

culture practiced in the imperial or model stations {pares) in the hay of Arcachon.

1867f—Lobb, Harry. Successful Oyster Culturo. Loudon, 1867, 8^.

1867 g—Lovell, Matilda Sophia. The Edible Molluscs of Great Britain and Ireland,

wi tb Keccijits for Cooking Tbem. Loudon, Reeve & Co., 1867, 8°, 207pp.,

12 plates.

Ostreidce are discussed on pp. 68-97.

1867 h—Pennell, H. Cholmoudeley. Report to the Board of Trade upon the State

and Progress of tbe Roach River Oyster Fisbery. I'arliauientary Paper,

London, 1867.

1867 i—Pennell, H. Cholmondeley. Report to the Board of Trade upon the Orders

Applied fi»r under " Tbe Oyster and Mussel Fisheries Act, 1866," with Refer-

ence to tbe River Black-svater, by "Tbe Blackwater Oyster Fishing Company
(limited)," "The Maiden Oyster Fisbery Company,'' and "Tbe Fish and

Oyster Breeding Company." Parliamentary Paper, London, 1867.

1867 j—Parliamentary Paper. Return of Applications Made to tbe Board of Pub-

lic Works in Ireland for licences to Form and Plant Oyster Beds, with

Dates, etc. ; also of the Expense Incurred by the Board of Works in Ireland

with Relerence to the Sea and Oyster Fisheries for 1864, 1865, and 1866.

Dublin. 1867.

1867k—Parliamentary Paper. Copies of Application to tbe Board of Public

Works in Ireland of tbe Right Hon. John Wynne, to Plant Oyster Beds in

Sligo Bay; Proceedings Taken Thereon, and Report Relative to the

Same. Dublin, 1867.

18671—Parliamentary Paper. Report by the Board of Trade of tbeir Proceedings

under tbe Oyster and Mussel Fisheries Act, 1866. London, 1867.

1867m—Anonymous. Oysters and oyster-culture. <^Edinburgh Review, Edin-

burgli, 1867, vol. 127, pp. 43 et seq.
'

1867 n—Anonymous. Oyster-culture ou the south coast of England and north

coast of France. <Times, London, October 15, 1867.

1867o—Anonymous. The Oyster fisheries. <^North British Review, Edinburgh,

Marcb, 1867, vol. 46, pp. 190-222.

An important compilation on the oyster, with particular reference to its natural history,

and its gastronomical status among the Ancients. Also reviews the report of the Parli.-i-

mentary commission of 1866. See 1866 6.

1867p—Knight, Thomas F. Sbore and Deep Sea Fisheries of Nova Scotia. Pub-

lisbed by Direction of tbe Provincial Government. Halifax, N. S., printed

by A. Grant, Printer to the Queen's Most Excellent Majesty. 1867, 8^,

VI -f113 pp.
Di.icusses the oyster fisheries of Nova Scotia from an economical and political point of

view.

1868 a—Arnold. Oysters in brackisb water. <Qnart6rly Journal of Science, Lon-

don, 1868, vol. XIX, p. 237, and vol. xxi, pp. 15-19.

Descrihrs an instance in whicii oysters grew in a small pond in which the saltness of

the water was scarcely one-sixth that of the sea.

1863 b—Bertram, James G. The Harvest of the Sea. Second edition. London,

1868, 8^, 519 pp., with 50 illustrations.

Beprint of 1865 ft.
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1868 c—Caird, James; Huxley, T. H,, andLefevre, G. S. Report of the Conimis-

sionors Appointed to Inquire into tlio Sea Fisheries of the United Kingdom.

Presented by command, 1866. Loudon, 1868. 8*^, 179 pp., one majj.

A reprint of the report contaiued in 1866 b.

1868 d—Calder, J. B. Oyster-culture: a Comj)ilation of Fact. Tasmania, 1868, 8"^,

3 plates.

1868 e—Dallas, S. S. British oysters at Rome. <^Onco a XV'eek, London, February

29, 1868, vol. XVIII, pp. 186-190.

Reviews much of the existing iuforniatiou relative to the oou.suniptiou of British oysters

by the Koiiiaiia and speculates as to their methods of obtaining them.

1868 f—Dallas, E. S. French oyster nurseries. <[Once a Week, London, Septem-

ber 19, 1868, vol. XIX, pp. 231-235.

Describes the imperial stations or paros in the bay of Arcachon, France, and themeth.ods

therein employed, with references to the necessity for similar procedures on the British

coast.

186Sg—Dempster, Henry. Tlio Deck-welled Fishing-boat, and Fisheries and Fish-

market Reform: being Dialogues on those Important Subjects, with full

Information on the Oyster Question. Glasgow, 1868, 8°.

1S6C h—de Vere, Scheie. Mine oyster. <^Putnam's Magazine, New York, October,

1868, vol. II, pp. 418-431.

A coni])ilation and discussion of the natural history of the oyster.

18681—Pennell, H. Cholmondeley. Report made to the Board of Trade on the

Oj'^ster and Mussel Fislieries of France, and the Applicability of the French
System to British Waters. Parliamentary Paper, London, 1868.

1868J—Anonymous. Oysters, and the oyster fisheries. <^Edinburgh Review,
Edinburgh, January, 18 8, No. cclix, pp. 22-39.

Reviews and comprises much of the valuable material contained in the following publi-

cations : "A history of the oyster and the oyster fisheries ;
" by T. C. Eyton, London, 1858.

"Voyage d'Esploration sur le Littoral de la France et de I'ltalie; " par M. Coste, Paris,

1861. "The Oyster, where, how, and when to find, breed, coolc, and eat it; " London, 1863.

"The Harvest of the Sea;" by James G. Bertram, London, 1865. "Report of the Commis-
sioners appointed to inquire into the sea fisheries of the TTnited Kingdom;" London, 1866,

and "Successful Oyster Culture;" by Harry Lobb, London, 1867.

1868 k—Parliamentary Paper. Sea Fisheries Act, 1868. I'art iii. Oyster and
Mussel Fisheries. Board of Trade Regulations for the Instruction and
Guidance of Persons applying for Fishery Orders under Part ui of the Sea
Fisheries Act, 1868 (31 and 32 Vict., chap. 45). London, 1883. 4°, 12 pp.

1869 a—Buckland, Prank. On the progress of oyster and salmon cultivation in

England. <Report of the British Association for the Advancement of

Science, thirty-eighth meeting, held at Norwich in August, 1868. London,

1869, pp. 90-91.

Attributes the failure of spat along the British coasts during the preceding six years

to the cold weather and the rough water iirevalent throughout the spawning season.

1869 b—Jeffreys, John Gvwyn. Ostrea edulis. <^British Couchology, London,
John Van Voorst, 186;), vol. V, pp. 165-166.

Refers to several writings in which this species is discussed.

1869 c—K , W. The oyster trade in the United States. <The Field, Loudon,
May, 1869, vol. 33, p. 388.

Reviews three consular reports emanating from the I$ritish Foreign Office, relative to

the oyster industry of Chesapeake Bay, Louisiana, and New England waters.

1869 d—"Ostrea." Artificial oyster culture. <^The Field, London, February 13,

1869, p. 139.

1869 e—Pennell, A. Francis. Oyster culture. <^Times, London, January 29, 1869.

J869f—Wilcocks, J. C. Oyster fisheries. <The Field, London, 1869.

Describes the location of certain oyster beds on the coast of Great Britain and cites the

probabilities for dtacovering now areas.
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18S9 g Anonymous. Oysters. <^Bioa(hviiy, l.oiulon. 18(5!), vol, V, ])p. 405 et seq.

1870 a—Blake, J. A. ; Francis, Francis; Hart, G. W., nnd Brady, T. F. Report of

the Coininissioii Ai)itointe(l to IiKiiiiro into the Methods of Oyster Culture

ill the liiitetl Kingdom and Fi'anee, with ii View to the Introduction of

Improved Methods of Cultivation of Oysters into Ireland. Dublin, Her

Majesty's Stationery (Mlic-tv 1870. .S-^, 51 pp., with appendic(;s. pp. 5.5-102,

and 10 platt'sJ.

This coniniissioii was apiiointcil in Octobor, 1808, and was diieetcrt to visit the prinoipar

oyster regious ol' France, Kiigland, ami Ireland, to consult the best-informed authoritioB

on tlie oyster industry, lo ascertain, so far as possible, the causes which had led to fail-

nrt'S in the oyster fishery and to suggest the remedy. The report discusses the natural

history of the oyster, the various brandies of the oyster industry, including an inti-resting

eiiitouieof Coste's experiments and the results thereof and concludes with the following

recommendations

:

1. All reguhitions witli regard to close liini- around the liisli coast slioiild bo strictly

maintained.

2. I'he inspectors of Irish lislierios should have power, whenever they determine to

resirve a banl< or any portion thereof from public dredging for thw purpose oi' recovery,

to make such arrangements as may seem desiraldo forkeei)ing the restricted part free from

weeds and vermin.

:!. There should be procurable at each coast-guard station, at a .small cost, general infor-

mation as to oyster-cnilture and simple instructions as to tlie best modes of procewling.

^ ie * * -k *

(). I'acililies sliould be atforde<l to llu> coast population to acquiie the use of small por-

tions of foreshore, or sea bottom, for oyster cultivation, and to obtain loans on satisfactory-

security for the preparation of sanu', and for tlie purchase of oysters, collectors, etc.

1870 b—Brady, Thomas F. Digest of the Acts of Parliament and the By-Laws at

jireseut in force in Ireland for the Iieoulation of the Oyster Fisheries, to

which is added an Abstract of the Law Enabling certain Persons to Form

or Plant Halt Beds. Appendix to Report of the Commissioners Appointed

to Intiuire into the Methods of Oyster Culture in the United Kingdom and

France, Avith a View to the Introduction of Imju'oved Methods of Cultiva-

tion of Oysters into Ireland. Dublin, 1870, p|>. 155-105.

1870 c Davidson, Hunter. Report upon the Oyster Resources of ^Maryland to the

General Assembly. Annajiolis, William Thompson of E., 1870. 8'^, 20p]).

1870 d Gould, A. A. Report on the Invertebrata of Massachusetts. Second edi-

tion, edited by W. G. Binney. Boston, 1870. 8°, viii-|-52-l: pp., 12 plates

and uKiny wood cuts.

See 18tl b.

1870 e Knight, T. F. Oyster culture in France. <^Proceedings and Transactions

of the Nova Scotian ln.stitute of Natural Science, for 1867, 18(58, 1869,

1870. Vol. II, part ii. jip. 42-51. HalifaK, 1870.

A "-roup of facts ol)taincd from two authorities: (1) A pamphlet in French, by J. L.

Soubeirau, secretary of the Imperial Society of Acclimatization of France, 1866. (2) The
Harvest of the Sea, by James (i. Hertniin, 180.').

1870f—Pennell, H. Cholmondeley. Report to the Boaidof Trade upon the State

of the Oyster Fisheries in the Rivers lilackwater and Roach. Parliament-

ary pa]>er, London, If^lO.

A detailed rei>ort on thi' upeiations of an ovster coniiiany in each of llie rivers nieu-

tioneil.

1870 g—Sullivan, W. K. Composition of the Soils of Oyster (Grounds. A])piiidix

to Re])ort of the Commissioners Ai)i>ointed to Inquire into the Methods of

Oyster Culture in the United Kingdom and France, with a View to the

Introduction of Improved Methods of Cultivation of Oysters into Ireland.

Dublin, 1870, pp. 166-.176.

Because of the small amount of attention which this subject has ri'ceived and the

dilUi'ulty ill olitaining or consulting coiiies of this re))ort, the ciHiclusions of Prof. Sullivau

(who was & chemist rather llian a naturalist) are here (juoted in full:
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1. The influence of the soil ui)oii the bioodiiij; and ^iiowth of oysters is comiilicnted by:

temperature, especially ilnrinj;- the spawning season ; sudden alternations of heal and cold

due to currents; alternation of dei)th of water, especially as regards whether the maxi-

miim of sun-heat and light concords with low water during the spawning season;

velocity of tide; angle of inclination of shore, etc.

2. The soil of oyster-grounds may he made up of materials of any of the great classes

of rocks, arenaceous, argillaceous, or calcareous, provided they contain more or less of a

line flocculent highly hydrated silt, rich in organic matter, which indicates that Diato-

maceaj, Khizopoda, Infusoria, and other minute creatures abound.

3. The character and abundance of such organisms in a locality seem to be the true test

of a successful oyster-ground.

4. Although oysters do nndonbtedly assimilate copper from water where mine-water

containing traces of that metal flows into the sea in the neighborhood of the oyster beds,

the copper is chiefly, if not exclusively, contin', d to the body of the oyster, and does not.

appear to reach the mantle or beard. That the so-called green oysters of E.^sex,

Marennes, and other places, on the other hand, are green-beanled and contain no copper,

nor can the moat minute trace of copper be detected in the soil of the oyster-gi-nuiids

where such grecii-biarded oyMters are produceil.

1871 a—Lord, J. Keast. Oysters. <Lei.snre Hour, London, September 16, 1N71,

vol. -XX, pp. .581-582.

Discusses oyster st^asons from a gastronomical point of view.

1871b—W , E. P. Oysters in Ireland. <Nature, London, December 14, 1871,

vol. V, pp. 12S, 129.

A review uf 187U «.

1872 a—Be tram, James Gr. Toncliing oy.sters. <]St. Paul's Magazine, London,

1872. vol. 12. ))]). 47:"! et svq.

1872b—Browne, Orris A. Report to the Auditor of Public Accounts on the Oyster

Bcd.s of Virginia. Riclimoud, 81icppersou & Graves, 1872. 8*^, 21 pp.

A statement of tlie duties performed by the Virginia oyster inspector during the pre-

ceding year, with reference to the general condition of the oyster industry and recom-

mendations to the State Legislature. Also contains many extiacts from the " Report of the

commission appointed to inquire into the methods of oyster-culture in the United Kingdom

and France, with a view to the introduction of improved methods of cultivation of oysters

into Ireland," Hublin, 1870; and other papers. See 1877c.

1872 c—Davidson, Hunter. Report on the Oyster Fisberies: Potomac River Shad

and Herring Fisheries, and the Water Fowl of Maryland to his Excellency

the Governor, and other Commissioners of the State (). P. J'orce, January

1, 1872. Annapolis, S. S. Mills, L. F. Colton &. Co., 1872. 8°, 48 pp.

One of thi' most c-.>;uprelieusive of the early reports on the oyster industry of Maryland,

especially rich in statistical data.

1872 d—Parliamentary Paper. Return of Particulars of all Inquiries and Exam-
inations Held by the Inspector Appointed by the Board of Trade under
" The Oyster and Mussel Fisheries Act, 1866," and " The Sea Fisheries Act,

1868,'' in Each Year 1868 to 1872; of the Names, Duties, and Salaries of

the Persons Employed, etc. London, 1872.

1873a—Saunders, Silbert. Development of oyster spat. ^Quarterly Journal of

Microscopic Science, London, 1873, vol. xiii, pp. 439-440.

Summary of a popular lecture delivered July 10, 1873, before the East Kent Natural

History Society.

1873b—Timmons, William E. Report of the (.'ommander of the Oyster Fisheries

and Water-Fowl of Maryland, to his Excellency the Governor, and the

Commissioners of the State Oyster Police Force, .Tanuary 1, 1874. Annap-

olis, Wm. T. Iglehart & Co., 1873, 8°, 11 pp.

Discusses the general condition of the oyster flshery of Maryland in 1873, with recom-

mendations for further legislation.
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1873c—Veirill, A. E. Report upon the iiivortobrate animals of Viney.ird Sonnd

and tbo adjacent waters, with an account of the physical cliaracteiistics

of the region. <Report U. S. Fitsh Commission, 1871-72. Vv'ashington,

1873, vol. II, pp. 295-778.

Enumerates and dosoribos, on pp. 472-478, the animals found iuli;il)itinj4 oystor-beds in

brackish waters off the southern coast of Now England.

i874a—Chambers, William. Sea fu«h and oysters. <^Cliainber3' Journal, Edin-

burgh, Ja*uary 17. 1871, vol. 51, pp. 43^6.

A. review i)f James (}. Bertram's "Harvest of the Sea," London, 1?65, with orij;inal obser-

vations.

i874b—Lockwood, Samuel. The natural history of the oyster. <Popular Sci-

ence Monthly, New York, No. 31, November, 1871, pp. 1-20, and No. 32,

December, 1874, pp. 157-173.

An illustrated popular article; one of the most interesting contributions from tliis well-

known naturalist. See 1879 t.

1874c—McCrady, John. Observations on the food and the reproiluctivc organs of

Ostrea virr/'niiatia, with sonic account of the Bucephalus culcnlus, nov. spec.

^Proceedings of the Boston Society of Natural History, Decembers, 1873,

Boston, 1874, vol. xvi, pp. 170-192.

Concludes that Oatrea virginiana (the American spcc'os) is heniiaphrodite. Aiso states

that the food of oysters along the South Candina coast consists largely of diatoms and

sporules of algip.

1874 d

—

"Whiteave.% J. F. Report on further deeji-sea dredging operations in the

Gulf of St. Lawrence, with notes on the present condition of the marine

fisheries and oyster beds of part of that region. <:^Sixth Annual Report of

the Department of Marine and Fisheries, for the year ending the 30th

June, 1873. Printed by order of Parliament. Ottawa, T. B. Taylor, 1874.

pp. 178-204 of appendices.

This report is devoted jirincipally to the oyster industry of the Gulf of St. Lawrence,

the observ.ations being based on an examination of the oyster beds of Northumberland

Straits and of the coast of New Brunswick. See 1874 e and 1874/.

1874e—Whiteaves, J. F. Notes on the marine fisheries, and particularly on the

oyster beds, of the Gulf of St. Lawrence. <Cauadian Naturalist, 1874,

vol. VII, pp. 336-349.

An abriilged reprint of 1874 d.

1874 f—Whiteaves, J. F. Report on Deep-Sea Dredging Operations in the Gulf of

St. Lawrence, with Notes on the Present Condition of the Marine Fish-

eries and Oyster Beds of Part of that Region. Ottawa, printed by T. B.

Taylor, 1874, 8vo, 30 pp.

A reprint of 1874 d.

1875—Buckland, Frank. Report on the Fisheries of Norfolk, especially Crabs,

Lobsters, Herring, and the Broads. House of Commons, London, August

11, 1875. 8°, 84 pp., 4 plates.

Contains numerous references to tlie oyster lisherics along the coast of Norfolk, England,

on pp. 21-'2:i and 42-45.

1876a—De Broca, P. On the oyster iudustries of the United States. <Rei)ort

U. S. Fish Commission, 1873-74 and 1874-75. Washington, 1876, vol. iii,

pp. 271-320.

Translated from fitude sur I'industrie hnitri6re des l5tats-Unis, faite par ordre do S. E.

IT. lo Compto de Chassolnup Laubat, ministre de la marine et des colonies. Suivie de

divers apcr(,'us sur I'industrie de la glace en Am^'rique, les bateatix de pficlio pourvus de

glacifires, les reserves flottantes k poisson, la iiicho du maquereau, etc. Par il. P. Do
Broca, lieutenant de vaisseau, dirccteur des mou\ emonts du port du Havre. Nouvclle

C-ditioa,augmeut6o do divers documents et do notes. Paris, 18C5, 12mo. 2 pi., 266 pp. This,

the first extensive report on the economic a^id commercial phases of the oyster industry

iu the United States, is based on an investigation made in the summer of 1803 by tho

author, acting under instructions from the French Uoverumeut.
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1876b—Francis, Francis. The breeding of the oyster. <The Field, London,

November 18, 1876.

1&76C—Francis, Francis. The breeding of the oyster. <The Field, Loudon,

December 2, 1876.

1876d—Hamilton, Lord Ciaud; Lefevre, G. Shaw; Stanhope, Edward (and

others). Report from the Select Committee ou Oyster Fisheries; together

with the Proceedings of the Committee, Minutes of Evidence, Appendix,

and Index. House of Commons, Loudon, July 7, 1876. 4^^, xx + 334 pp.

This comiuitte« was appoiuted to inquire " the reasons for the preseut scarcity of oysters

on the British coasts." The report of the committee is briefly summed up as follows:

There are not, in consequence of the increasing demand and consequent high price, so

many full-grown oysters loft to spat as there ought to he, hence the scarcity. The paper

contains 3,941 questions and answers relative to oysters and the oyster industry of Great

Britain.

1876 e—Kent, Saville. Reproduction of oysters. <The Field, London, April 22,

1876.

1876 f—Lavoine, Napoleon. Oyster fishery in the G! ulf of St. Lawrence. <Report

of the Commissioner of Fisheries, for the year ending 31st December, 1875.

Ottawa, printed by Maclean, Rogers & Co., 1876, pp. 53-54.

A brief review of the condition of the industry in 1875.

1876 g—Lockyer, J. N. Our oyster fisheries. <Nature, London, August 3, 1876,

vol. xiv, p. 285.

lieviewH briefly the report of the British parliamentary "select committee on the oyster

fisheries" of 1876.

1876h—Woods, W. Fell. The breeding of the oyster. <The Field, London, Novem-

ber 25, 1876.

18761—Parliamentary paper. Report of Inspectors Appoiuted by the Board of

Trade, uuder the 45th Section of '-The SeaFi.sheries Act, 1868," to Inquire

into the State of the Fisheries Established under Orders made by the

Board, in Pursuance of part 3 of the Above Named Act. London, 1876.

Describes the oyster fisheries of Blackwater (Essex), Bosham, Boston Deeps, Emsworth,

Emsworth Channel, Firth of Forth, Greshernish, Hamble, Holy Loch, Langston, Lynn

Deeps, Pagleshaiii, Roach Eiver, and Swansea.

1876J Anouymou.?. Oysters: native and foreign. <VVhittalver'8Jotirnal of Amus-

ing and Instructive Literature, London, 1876.

1876k—Anonymous. The oyster. <Saturday Review, London, August 26, 1876,

vol. XLii, pp. 260-261.

Reviews and deprecates the necessity for the report of the "seloot committee on the

oyster fisheries " of 1876.- See 1876 d.

1877 a—Bouchon-Brandely, G. Oyster Culture on the Shores of the Channel and

of the Ocean. Parliamentary paper, Londou, 1877.

Translated from Journal offlciel de la R6publique Fran5ai8e, of January 22, 1877.

1877b—Brooks, "W. K. The affinity of the Mollusca and Molluscoida. <Pro-

ceedings Boston Society of Natural History, February 2, 1876. Boston,

1877, vol. XVIII, pp. 225-236.

1877 c—Browne, Orris A. Report on the oyster beds of Virginia. <Annual Report

of the Fi.sh Commissioner of the St.ate of Virginia for the year 1877.

Richmond, 1877, 8°, pp. 26-43.

An abridgment of 1872 h.

1877 d—Dyer, W. T. Thiseltou. Greening of oysters. <Nature, London, Septem-

ber 6, 1877, vol. XVI, p. 397.

Refers to the green color being particularly common in the oysters in the vicinity of

Croisic, and attributes it to certain diatoms iu the food of the oyster, especially Nociciila

futi/ormis GiTinow, var, ostrearia.

F C 21
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1877e—Kiug, John T. Oysters. <TIie :SIirror, Baltimora, January 13, 20, aud 27,

and Novt'uibor 1, 1877.

A compilaliou on Iho natural liistory of oystors and on the oyster industry of tlio Ches-

apoalie Bay.

1877 f—Lockyer, J.N. Oyster culture. <Nature, Loudon, October 11, 1877, vol.

XVI, pp. 499-500.

A brief review of Die Austor und die AtwtoniwirlbscLaft, by Karl iiobiut., Berlin, 1877.

See 1883 u.

1877g—Page, John R. Oyster-beds aud oysttr culture iu Virginia. <Annual

Report of the Fish Couunissioner of the t?tate of Virginia for the year 1877.

Richmond, 1877, pp. 23-25.

A brief diacusHion of tlie area and location of the oyster beds of A'lrginla, with reference

to their injurious efiecls on the agticuKural interests of the tide-water counties of the

State. Keconiniends individual ownership of oyster beds.

1877 h—Richardson, James. American oyster culture. <Scribuer'8 Monthly, New
York, Deceniljor, 1877, vol. xv, pp, 225-238.

Touches upon the uatur.il history of tlio oyster and describes the origin and develop-

ment of tlie oystei'-i)lanting industry iu the western part of Couuectiout, with references to

the industry in otlier Amoricau localities.

18771 Woods, W. Fell. Letters on Oyster Fisheries; the Causes of Scarcity; the

Remedies, etc. Reprinted from the "Field," London. Edward Buuipus,

1877. 8^, 44 pp.
These letters appeared in the "Field," London, in 1870, and were intended to controvert

evidence which had been given before the "Select Committee on Oyster Fisheries," of 187S.

1877J—Beale, Anne. Oyster dredging. <Good Words, London, November, 1877,

vol. XIX, pp. 756'-759.

A popular account of a visit to certain oyster beds on the shores of Great Britain.

1877k—Jones, J. Matthew. Mollusca of Nova Scotia. <Proceediugs and Trans-

actions of Nova Scotian Institute of Natural Science, 1877, vol. iv, part

III, pp. 321-330.

1877 1—Anonymous. The lobster, crab and oyster fisheries. <The Quarterly

Review, London, October, 1877, No. 288, vol. cxLir, pp. 474-498.

An abstract publication and review of the following: (1) Report from the Select Com-

mittee on Oyster Fisheries; together with the Proceedings of the Committee, Minutes of

Evidence, Appendix and Index. Ordered by the House of Commons to be printed, .July

7, 1876. (2) Keport on the Fisheries of Norfolk, especially Crabs, Lobsters, Herrings,

aud the Broads. By Frank Buckland, Inspector of Salmon Fisheries. Presented by Her

Majesty's Command. Ordered by the House of Commons to he printed, August Uth, 1875.

(3) Keport on the Crab and Lobster of England and Wales, of Scotland and Ireland. Pre-

sented to both Houses of Parliameut. I5y Comni.and of Her Majesty. 1877.

1878a—Bledsoe, A. T. The oyster at home. <|Southern Review, Baltimore, Octo-

ber, 1878, vol. XXIV, pp. 385-404.

A popular discussion of the oj'ster tishery of the Chesapeake Bay, with brief abstracts

from Guide praticjuo de I'ostreiculteur et precedes d'61ovage et de multiplication des races

marines comestibles. By F61ix Fraiche, Paris, 1865. 12°, 174 pp.

1878 b—Chambers, W. and R. French oyster nurseries. <Cnamber8' Journal,

Edinburgh, August 3, 1878, vol. T.V, pp. 516-518.

Describes tlie oyster industry of Arcachou, He d'016ron, Cancale, Vannes, and Auray,

on the French co.-ist, and discusses the possibilities for applicationof the methods of those

localities to the shores of Great Britain.

1878 c—Hayes, Jos. Report on the Principal Oyster Fisheries of France; with a

short Description of the System of Oyster Culture pursued at some of the

most Important Places, from Inspections made in September and Octo-

ber, 1877. Presented to both Houses of Parliameut by command of Her

Majesty. Dublin, 1878. Royal 8", 28 pp., 3 maps.

Reports on the oyster fisheries of (1) CourseuUes sur Mer, (2) Grand Camp, (3) St.

Vatist de laHoguc, (1) Granville, (5) Cancale, (6) Brest, (7) Auray, '8) Vannes, (9) Lea

Sables D'Olonne, (10) He de K6, (11) He D'CJluion, (12) Maiennea, (13) La Trembla<le, (14)

La Vcrdou, aud (15) Arcachou.



OYSTER BIBLIOGRAPHY. 323

1878 d—King, John T. The Auatomy, Propagatiou and Cultivatiou of the Oyster.

Waahingtou, D. C. Harvey & Holden, 1878, 12^, 32 pp.

A popular summary of -well-known facts relative to the natural history of the oj'ster,

with notes on the oyster industry of Chesapeake Bay. See 1879 A.

1878 e—Lockyer, J. N. Oyster beds of the Chesapeake Bay. <^Nature, Loudon,

October 17, 1878, vol. xvui, p. 653,

Refers to the inauguration by the U. S. Coast Survey of an investigation of the oyster

beds of James River, Virginia, and of Tangier and Pocomoko Sounds, Maryland and Vir-

ginia.

1878

f

—Smith, E. A. Ostrea assuming the sculpture of another shell {Trochus

maculatus) to which it adheres. <^Froceediugs Zoological Society, Lou-

don, 1878, p. 730, pi. XLVi, fig. 12.

1878 g—Winther, Or. On the geographical distribution of the common oyster.

<Annals and Magazine of Natural History, London, March, 1878, 5 ser.,

vol. I, pp. 185-189.

Abstract translation of Oiii vore Haves Naturforhold med Hensyn til konstig Oestersavl

og om de i den henseeude anstillede Forsijg. Kopenhagen, 1876. Nordisk Tidskrift for

Fiskeri. Discusses briefly Ostrea edulis and the oyster areas of Europe.

B78 h
—
"Woodward, S. P. Manual of the Mollusca, third edition, ^Vith appendix

by R. Tate. London, 1878, 8°, with numerous plates aud woodcuts.

.8781—ParUamentary paper. Report to the Board of Trade upon Four Applica-

tions made under "The Sea Fisheries Act, 1868," for Orders for the Estab-

lishment of an Oyster Fishery in the River Blackwater. Loudon, 1878.

1878 j—Anonymous. Society of Oyster Culturists of Morbihan. Dublin, 1878.

Explanatory pamphlet for the International Exposition of 1878.

1879 a—Brooks, W. K. Preliminary observations on the development of the

Marine Prosobrauchiate Gasteropods. <^Chesapeako Zoological Labora-

tory, Scientific Results of the Season of 1878. Baltimore, 1879, pp.
121-142, one plate.

1879 b—Brooks, "W. K. Abstract of observations upon the artificial fertilization

of oyster eggs and the embryology of the American oyster. <^American
Journal of Science, New Haven, December, 1879, vol. xviii, pp. 425-427.

A concise statement of the observations published in the report of the commissioners

of fisheries of Maryland, dated January, 1880. See 1880 b.

1879 c—Brooks, W. K. Propagating oysters. <^Science News, 1879, vol. i, pp.
249-251.

A brief citation of the results noted in 18806.

1879 d—Buckland, Frank, and Walpole, Spencer. Report by Frank Buckland,

Esq., and Spencer Walpole, Esq., Inspectors of Fisheries for England and
Wales, and Commissioners for Sea Fisheries on the Sea Fisheries of

England and Wales. London. Her Majesty's Stationery Office, 1879.

8°, 282 pp., 1 map.

Contains numerous brief references to the oyster beds along the coast of England aud
"Wales.

1879 e—Gray, Barry. Oysters and oyster eaters. <lThe Sea World, New Haven,
November 17, 1879, vol. i, No. 14.

1879

f

—Hopson, W. B. Catching oysters by steam power. <^The Sea World,
New Haven, August 4, 1879, vol. i. No. 1.

1879 g—Hurlbutt, A. M. On the structure of the blood corpuscles of the oyster.

<Medical Press, New York, 1879, vol. xxix, pp. 23-30.

The results of a microscopical examination with a lens of 1,200 diameters.
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1879 h—King, John T. Wouders and Food Luxuries of the Sea. The Auatomy,

riopagation, Habits, Food, and Cultivation of Oysters, Clams, Crabs,

Lobsters, Fish, and Maninose, and their Migrations. Baltimore, 1879, 16^-',

152 pp.

Tlie data relative to the oyster are largely a modificaliini of a paper publi.shed in 1878.

See 1878 d.

18791—Lockwood, Samuel. The natural history of the oyster. <;The Sea World,

Branford, Conn., vol. i, Nos. 2-7, August 18-September 21, 1879.

A reprint of 1874 b.

1879k—Mobius, Karl. How can the cultivation of the oyster, especially on the

Cerman coasts, bo made permanently prolitable? <^ Report U. S. Fish

Commission, 1877. Washington, 1879, vol. v, pp. 875-884.

Translated by Herman Jacobsoii from circular No. 3 of tlio Doiitnche Fischerei- Vereiu,

Berlin, March 21, 1877. Describes thelocation and chari'.cterof llie nadiral oy.ster-gronndu

oi Germany, the reasons for there being no oysters on the barren grounds, and the methods

for and ditliculties of utilizing the latter.

1879 1—Patterson, Carlile P. Investigations of Oyster Beds: Questions to Oys-

tormen. Washington, 1879. Royal 8*^, 21 pp.

Contains 187 questions relative to the oyster beds, oysters, and the oyster industries.

This jjublication was issued for distribution to the Cliesapeako oystermen, to aid in tko

investigation, the results of which are noted in 1882 j.

1879 m—Robinson, John A. Abstract of laws regarding oyster fishing in the sev-

eral States from Maine to Virginia, inclusive, except Counecticnt. <^The

Sea World, New Haven, October 15, 1879, vol. i. No. 9.

Cites briefly the regulations of these States, under tlio following captions: (I) By whom
private rights of cultivation may be granted. (2) To whom licenses may be granted. (3)

Extent of area gi-antcd. (4) Form of conveyance. (5) Conditions on which land may be

granted. (6) Fees for granting private oyster beds .and taxes thereon. (7) Forfeitures of

planting gTounds. (8) Special licenses for oystoring. (9) Dredging licenses and prohibi-

tory provisions. (10) Special provisions.

1879 n—Sinimonds, P. L. Oysters and other edible niollusca. <^The Commercial

Products of the Sea. New York, 1879, 8'\ viii -|- 484 pp.

1880a—Balfour, Fr. M. A Treatise on Comparative Embryology. Loudcm, 1880.

8^, vol. I.

Treats of Lamellibi-anchiata on pp. 214-223.

1880 b—Brooks, W. K. Development of the American oyster. <A])pendix to

Report of the Commissioners of Fisheries of Maryland. January, 1880.

pp. 1-81, 10 plates.

Describes the first successful attempt to propagate the Ontrea virgimana. and is the

standard authority on the anatomy and development of this species. See 1880c.

1880 c—Brooks, W. K. The development of the oyster. ^Studies from the Bio-

logical Laboratory, Johns Hopkins University, Baltimore, 1880, No. iv,

pp. 1-106, 10 plates.

A reprint of 1880 h.

1880 d—Brooks, "W. K. The acquisition and loss of a food yolk in molluscan eggs.

<^Studies from the Biological Laboratory, Johns Hopkins I'uiver.sity,

r>altimore, No. IV, pp. 107-116, one plate.

1880 e—Brooks. W. K. Observations upon the artilicial fertili/ation of oyster eggs

and on the embryology of the American oyster. <[Annal8 and Magazine

of Natural History, London, January, 1880, Fifth series, vol. v, pp. 82-83.

A reprint of 1879 6.

1880f—Brooks, W. K. Biology of the American oyster. <^North Carolina Medical

Press, Wilmington, January, 1880, pp. 253-258.

A brief summary of 1880 b.
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1880 g—Buckland, Frank. Tlie oyster's food, young, and foes. <:^Tlie Sea World
and Fishing Gazette, New York, October 12, 1880, vol. ix, No. 9.

1880 h—Buckland, Frank. Oyster culture in China. <lThe Sea World and Fishing

Gazette, New York, November 23, 1880, vol. ii, No. 15.

1880 i—Goode, G. Brown. Bulletin of the U. S. National Museum. Exhibits of

the Fisheries and Fish Culture of the United States of America, Made at

Berlin in 1880. Prepared under the direction of G. Brown Goode, Deputy
Commissioner. Washington, 1880, 8°, 263 pp.

The exhibit of oysters and methods of cultivating oysters is catalogued on pp. 43-49.

1880J—Hopson, W. B. Oysters and oyster culture. <[Tlie Sea World, New York,

IMay 11, 1880, vol, i. No. 39.

1880k—Hopson, W. B. The oyster supply in Connecticut. <^The Sea World, New
York, January 20, 1880, vol. xxi. No. 49.

18801—Hopson, W. B. The oyster trade of New York City. <The Sea World,
New York, September 7, 1880, vol. ii, No. 4.

1880m—Hore, J. P. The Deterioration of Oyster and Trawl Fisheries of England

:

its Cause and Remedy. By J. P. Hore and Edward Jex. London, Elliot

Stock, 1880. 8°, 128 pp.

On pp. 1-51 is given a brief review of the oyster industry of Great Britain from early in

the seventeenth century to 1880. Tbo a\ithor attributes the depletion of the beds to (1)

overdredging; (2) annihilation of the parent stock; (3) the want of an effectual close

seasou; (4) to impediments under the present state of the law to artificial cultivation.

This paper is particularlj' valuable because of the abstracts from manuscript documents of

tlie seveiiteenth century preserved in the public record oflice of Great Britain.

1880 n—H.—-, M. C. The green color of oysters. <Naturo, London, October 7,

1880, vol, XX, p. 549.

1880 o—McDonald, Marshall. Report uj)ou the Fisheries and Oyster Industries

of Tidewater Virginia with Recommendations of such Legislation as is

Necessary to Regulate the Same and Derive a Revenue from Them. Made
in Obedience to a Joint Resolution of the Geueral Assembly by M.
McDonald, Commissioner of Fisheries of Virginia. Richmond, 1880. 8°,

20 pp.

1880

p

—Macleay, William (President). Legislative Assembly. New South Wales.

Fisheries Inquiry Commission. Report of the Roj^al Commission, Ap-
pointed on the 8th of January, 1880, to Inquire into and Report upon the

Actual State and Prospect of the Fisheries of this Colony; together with
Minutes of Evidence, and Appendices. Ordered by tlie Legislative Assem-
bly to be Printed, 13th May, 1880. Sydney : Tiiomas Richards, Government
Printer, 1880. 4°, 42 + 128 + 21 pp.

Contains numerous brief references to the oysters and the oyster fisheries of New South
Wales, strongly urges immediate legislation for the protection of the fishery, and suggests
the formation of oyster farms under the control of inspectors.

1880 q—Macleay, William (President). New South Wales. Fisheries of New
South Wales. Report of the Royal Commission, Appointed on the 8th of

January, 1880, to Inquire into and Report upon the Actual State and Pros-

pect of the Fisheries of this Colony. Sydney : Thomas Richards, Govern-
ment Printer. 1880, Royal 8°, 110 pp.

This is a reprint of the tirst 42 pages of 1880 p, and contai'is the report proper of the
Commission.

1880 r—Power, Alfred. Ode to an oyster, <;Colburn'8 New Monthly Magazine,
London, .June, 1880, vol.117, pp. 670-671.

1880 s—Ryder, John A. On the course of the intestine in the oyster (Ostrea vir-

giniana). <;American Naturalist, Philadelphia, September, 1880, vol. xiv,

pp. 674-675.
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1880 t—Winslow, Francis. Extracts from report of investigations of the oyster

beds ill Tan.nit'i' and rocoinoko sounds and parts of the Chesapeake P>ay,

conducted dnriuf; portions of the years 1878 and 1879. ^Appendix to

Report of the Coniniissioners of Fisheries of Maryland, January, 1880, pp.

103-220.

A preliminary and abridged publication of 1882 j.

1880 u—Anonymous. T]ie oyster season: An epicure analyzing the animal and

intellectual properties of the biv^alve. <The Sea World, New York,

September 14, 1880, vol. il. No. 5.

1880 V—Anonymous. The oyster. <^Chamber8' Journal, Edinburgh, 1880, vol. 59,

pp. ,^)9 et seq.

1880 w—Anonymous. Mine oyster. <;Tbe Sea World, New Haven, February 9,

1880, vol. 1, No. 26.

A description of tlio oyster industry of Louisiana.

1831a—Brady, Thomas P. Oyster Fisheries, Ireland. Digest of the Acts of Par-

liament and the By-Laws at Present in Force in Ireland for the Regulation

of the Oyster Fisheries, to which is added a List of the Licenses Granted

for Oyster Beds, an<l an Abstract of the Law Enabling Certain Persons to

Form or Plant Bait Beds. Dublin, Her Majesty's Stationery Office, 1881.

8°, 43 pp.

1881b—Dickens, Charles (Editor). Something about oysters. <A1I the Year

Round, London, March 26, 1881, vol.46, pp. 534-537.

Discusses oysters gastronomieally.

1881 c—Ferguson, T. B. The oyster. <Report of T. B. Ferguson, a Commissioner

of Fisheries of Maryland, January, 1881. Hagerstown, 1881. pp. cv-cxiv.

Cites tho scientific investigatiosn that had been made toward the preservation of the

Maryland oyster industry.

1881 d—Harding, Charles W. Prize Essay, National Fisheries Exhibition, Nor-

wich, 1881, on the Utilization of Localities in Norfolk and Suffolk suital)le

for the Cultivation of Mussels and other Shell Fish. Norwich, 1881. 4°,

4 pp.

1881 e—Ingersoll, Ernest. The Oyster Industry. U. S. Fish Commission, Wash-

ington, 1881. 4°, 252 pp,, 22 plates.

This paper, the most voluminous and comprehensive yet published relative to the oyster

industry of America, cont.iins a description of the industry in each of the United States, a

com]iilation of notes on the natural history of Ostrea vir.yiiUana, and a "glossary of

terms or oystoniian's dictionary."

1881 f—Ryder, John A. An account of experiments in oyster culture and observa-

tions thereto, made at St. Jerome's Creek, Maryland, during the smnmer

of 1880. <[Appendix A to Report of a Commissioner of Fisheries of Mary-

land, January, 1881, Hagerstown, 1881. pp. 1-64.

Discusses the anatomy and food of the oyster (Ostrea virginiana) and the fauna? of

oyster beds, and describes certain methodsfor breeding oysters in continemont. See 1884«.

1881 g—Shanks, "W. F. G. Oysters and oyster culture. <Lippincott's Magazine,

Philadelphia, May, 1880, vol. xxvii, pp. 479-492.

An important discussion of the oyster industry of the Atlantic coast of the United

States, with a review of the cultural methods employed in France.

3881 h—Winslo-w, Francis. Deterioration of American oyster beds. <Popular

Science Monthly, New York, November and December, 1881, vol. xx, pp.

29-43 and 145-156.

Discusses the deterioration of the reefs in the Chesapeake Bay, particularly those of

Tangier and Pocomoke sounds, and] suggests methods for restoring them to their former

condition of abundant ])roductivene9s. Tlie second chapter is devoted to the "natural

history of the oyster with especial reference to the process of reproduction and the con-

ditions influencing its rate of increase."
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1881 i—Winslow, Francis. An .icconnt of an experiment in artificially fertilizing

the ova of the European oyster (Ostrea cdiilis). <^Appendix to Report of a

Commissioner of Fislieries of Maryland, January, 1881. Hagerstown.
188 J, pp. 65-75.

Dosc'.-ibos the development of Ostrea edulis from tlie earliest phases.

1881 j—Anonymous. Advent of the oyster. ^American, Philadelphia, 1881, vol.

II, p. 324.

1882 a—Brocchi, P. Oyster Culture on the Shores of the Channel and of the Ocean.
Parliamentary paper, London, 1882.

Translaipd by T. H. F.irrer from Journal Officiel de la R6publique Fraii5ai8e, Novem
ber, 1881, pp. 6181-filSG. See 1884 c and 1884 d.

1882 b—Horst, R. On the development of the European oyster (Ostrea edulis

L.). <Quarterly Journal of Microscopical Science, London, October, 1882,

vol. XXII, pp. 311-346, 1 plate.

Abstract from Tijdschrift dcr Nedorlandsche Bierknndige Vereeniging, 1882, vol. VI.

1882 c—Lockyer, J. N. The oyster industry of the United States. <;Nature, Lon-
don, November 9, 1882, vol. xxvili, pp. 39-40.

A review of 1881 e.

1882 d—Pike, R. G. ; Hudson, "W. M., and Woodruff, G. N. Report of the Com-
missioners of Shell-Fisheries of Connecticut. Presented to the Legislature,

January session, 1882. Hartford, 1882, 8°, pp. 37-132, 2 maps.

This first report of the Connecticut Sholltisli Commission describes the organization of

the Commission, the area and location of the natural oysler-gronnds of the State, the areas

of ground preempted, and the methods of culture pursued in the State. The appondis
contains the State laws regulating the oyster industries. One of the maps indicates tlie

location of the oyster-grounds, both public and private, and the other contains a sketch of
the triangulations executed in 1881 in connection with the oyster surveys.

1882 e—Ryder, John A. Notes on the breeding, food, and green color of the oyster.

<Bulletin U. S. Fish Commission, vol. i, 1881. Washington, 1882, pp.
403-419.

Eeviews the history of investigations in the subjects noted and gives many original

observations. See 1882/, 1882 g, and 1883 af.

1882 f—Ryder, John A. Notes on the breeding, food, and cause of green color of
the oyster. <Trausactions of the American Fish-Cultural Association,

Eleventh Annual Meeting. New York, 1882, pp. 57-79,

Eeprint from Bulletin U. S. Fish Commission, vol. I, 1881. Washington, 1882, pp. 403-
419. See 1882 <.

1882 g—Ryder, John A. Notes onthebreeding, food, and cause of green color ofthe
oyster. <Forestand Stream, New York, May 25, 1882, and June 1, 1882,

vol. XVIII, pp. 331-332 and pp. 349-351.

Abstract of 1882 e.

1882 h—Ryder, John A. A summary of recent progress in our knowledge of the
culture, growth, and anatomy of the oyster. <Forest and Stream, New
York, November 30, 1882, vol. xix, pp. 351-352.

1882 i—Walpole, Spencer. Report on the manner in which the Heme Bay, Hamp.
ton, and Reculver Oyster Company are Cultivating the Oyster Grounds
within the Limits ofthe Fishery granted them by "The Heme Bay Fishery
Act, 1864." Parliamentary paper, London, 1882.

1882 j—Winslow, Francis. Report on the oyster beds of the James River, Va., and
of Tangier and Pocomoke Sounds, Maryland and Virginia. <Appendix
No. 11, Report U. S. Coast and Geodetic Survey, 1881. Washington, 1882.

4°, 87 pp., 3 maps.

A report on the delineation of the oyster beds of the localities cited in the title, with
notes on the tides and currents, density of the waters, characteristics and abundance of
the oysters, effects of ice and gales, with general notes on the condition of the fishery. The
three maps indicate the locations of the oyster beds. See 1879 I and 1880 1.
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1882 k—Anonymous. Success iu oyster culture. <Forest and Stream, New York,

Septcuiber 14, 1882, vol. xix, p. 121.

A description of tlie experjnientfl made by Prof. Heury J. Rice in the summer of 1882.

See 1S83 aa.

1883 a—Anderson-Smith, W. Oyster Culture iu Scotlaud. Selection of tbe Prize

Essays of the International Fisheries Exhibition, Edinburgh, 1882. Lon-
don, Blackwood, 1883.

1883 b—Anderson-Smith, W. Various Methods of Oyster Culture. Selection of

the Prize Essays of the International Fisheries Exhibition, Edinburgh,
1882. Loiulcu, Blackwood, 1883.

1883 c

—

Atwater, W. O. Report of progress of an investigation of the chemical
composition and economic values of tisli and invertebrates used for food.

<Report U. S. Fish Commission, 1880. Washington, 1883, vol. Vlii, pp.
231-286.

Con<iiiii8 an account of au.nly.ses of oystei-s, iuchuling description of e.nmplcs, tabular

Btatcmcnts of results, and methods of analyses; also summarizes the more immediately

practical results oftbework, especially in its relations to the nutritive values oftbe samples
analyzed, the detailed accoiint of tbe more abstract investigations being reserved for

another report. See 1885 a.

1883 d—Bouchon-Brandely, G. A report on oyster-culture iu the Mediterranean.

<Koport U. S. Fish Commission, 1880. Washington, 1883, vol. viii, pp.
907-930.

Translated from pp. 45-103 of Eapport au Ministre de I'lnstruction publique sur la Pisci-

culture en France ct VOstri^'iculture dans la Mfediterranee, par 'M. Bouchon-Brandely.

Paris, 1878. E.^trait du Journal Offlciel des 16, 17 et 18 Mai, 1878. Small 8^, 103 pp.

Discusses the methods and conditions of oyster-culture as prosecuted at Lake Fufiaro

I'arento. Toulon, Peninsula of Giens, Berre, Caronto, Thau, Leucate, and Agay.

1883 e—Bouchon-Brandely, G. Report relative to the generation and artificial

fecundation of oysters. ^Bulletin U. S. Fish Commission, 1882. Wash-
ington, 1883, vol. II, pp. 319-338.

Traii.slated by John A. Ryder from Rapport relatif Jl la g6n6ration et k la f6condatioii

artificielle des buitres, adress6 au Ministre dela Marine et des Colonies, par M. Bouchon-

Brandely. Journal officiel de la Rcpublique Franyaise. December 16 and 17, 1882, pp.
6762-6704 and 6778-6782.

This is at present the standard authority on the embrjology and biology of Ostrea

angulala, or Portuguese oyster. See 1883/.

1883 f—Bouchon-Brandely, G. The Generation and Artificial Fecundation of Oys-

ters. Parliamentary paper, Loudon, 1882.

Anolher traiLslation of the preceding paper.

1883 g—Coste, Jean Jacques. Report on the oyster and mussel industries of France
and Italy. < Report U.S. Fish Commission, 1880. Washington, 1883, vol.

viii, pp. 82.5-884.

Extracted and translated from pp. 89-193 of Voyage d'Exploration sur le littoral de la

France etdel'Italie. Deuxi6me <!dition. Paris, 1861. 4°, 297 pp. This well-known report

pictured the success of tLe oyster-cultural processes of Italy and strongly urged their

introduction on tbe French coast, and resulted in the institution, under the jiatronage of

Is^apoleon III, of a series of experimental measures, which have finally resulted iu the

present important oyster industry on the coasts of Franco. The following aulyccts are

discussed in the translation: (1) Artificial oyster beds of Lake Fusaro. (2) Green oysters

of Marennes. (3) Mussel weirs of the Bay of Aiguillon. (4) Condition of the oyster beds
along tbe coasts of France, and the necessity of restocking them. (5) Artificial oyster
beds created in the Bay of Saint-Brieuc. (6) Restocking of the Basin of Arcachon. (7)

Appliances suitable for the reception of oyster spat.

1883 h—Cox, James C. On the edible oysters found on the Australian and the

neighboring coasts. <Proceedings Linna-au Society of New South Wales,
Sydney, 1883, vol. vii, pp. 122-134 and pp. O-w-.^OO.

Describes thirteen species occurring on those coasts, with notes on the oyster beds and
the oyster industry.
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18831—De Bon, M. Repoifc on the condition of oys ter culture in France in 1875.

<^Reiiort U. S. Fish Commission, 1880. Washington, 1883, vol. viii, pi».

885-906.

Translated from Notice sur la Situation de rOstr6iculture en 1875; prec6d^e d'nn

Kapport adresa6 au jMinistre de la Marine et de.s Colonies, jtar if. Do Bon. (Extrait de

la Revue Maritime et Coloniale.) Paris, 1875. 8^, 27 pp. In addition to describing the

condition in 1875, this report slietches the liistory of oyster-culture in France from its

origin.

1883 j—Fraiche, Felix. A practical guide to oyster culture, and the methods of

rearing and multiplying edible marine animals. <^Report U. S. Fish Com-
mission, 1880. Washington, 1883, vol. viii, pp. 7.53-824.

Translated Cy H. J. Rice from Guide Pratique de rOstr6iculteur et Procfidt's d'ifilevage

et de Multiplication dea Races Marines Comestibles, par M. Fflix Fraiche. Paris, E.

Lacroix, 18C5, 12^, 174 pp., 25 woodcuts. Discuase.s the natural history of the common
European oyster (Ostrea edulis) and other mollusks, cites tlie history of oystcrcnlture in

France, and desci-ibes with much detail the methods of culture pursued in that country.

1883 k—Hausser, A. E. Oyster culture in Morbihan. <;Report U. S. Fish Com-
mission, 1880. Washington, 1883, vol. viii, pp. 943-1000.

Translated from L'Industrie Huitri6re dans le Morbihan. Rapport adress6 au nom de

la Commission du concours de Vannes, par A. E. Hausser, Paris, 1876, 12°, 152 pp.

The methods of culture practiced at Morbihan, France, in 1875, are described with great

minuteness. The principal subject-captions areas follows: Breeding parks in general,

collectors, liming, formation of breeding parks, removal of young oysters from the col-

lectors, their preservation, enemies of the oyster, parks for raising and fattening oystera,

and measures required to insure the prosperity of oyster-culture.

1883 1—Hoek, P. P. C. Results of the investigations relative to the oyster and its

cultivation at the end of the first year of these investigations. <^Report

U. S. Fish Commission, 1880. Washington, 1883, vol. viii, pp. 1001-1036.

Translated by Herman Jacobson from Overzicht van don stand van het onderzoek de

oester en haar cultuur betrelfende aan het einde van het eerste onderzoekingsjaar. In
1880 the Netherlands Zoological Association devoted its attention to investigations respect-

ing the minute anatomy and the biology of the oyster, and an account of the general

outline and results of that work appears in this paper.

1883

m

—Hoek, P. P. C. Researches on the generative organs of the oyster {Ostrea

edulis). <Bulletin U. S. Fish Commission, 1882. Washington, 1883, vol.

11, pp. 343-345.

Translated by John A. Ryder from Recherches sur les organes g6uitaux des huitres,

par M. P. P. C. Hoek. Comptes rendus des s6ances de I'Acad^mie des Sciences, Paris,

Novembrc G, 1882. States tliat the generative org.ans (of the Ostrea edulis) do not consist

of localized glands, but extend over nearly the whole of the body mass. They are not
separated on either side of the body from the integument. It is the same cul-de-sac v.hich

produces at one time the spermatozoa and the ova. See 1890 a.

1883 n—Horst, R. A contribution to our knowledge of the development of the

oyster {Ostrea edulis). <Bulletin U. S. Fish Commission, 1882. Wash-
ington, 1883, vol. 11, pp. 159-167.

Translated by John A. Ryder from Tijdschrift dor Nederlandsche Dierkundige Veroeni-

ging, vol. VI, 1882.

1883 o—Hovey, H. C. Oyster farming in Connecticut waters. <[Science, Cam-
bridge, September 14, 1883, vol. ir, pp. 376-377.

Abstract of a paper read before the American Association for the Advancement of

Science, August, 1883.

1883 p—Hubrecht, Thomas. Oyster Culture and Oyster Fisheries in the Nether-

lands. One of the Papers of the Conferences held in Connection with the

Great International Fisheries Exhibition. London, Clowes & Sons, 1883.

1883 q—Huxley, Thomas H. Oysters. <The Fish Trades Gazette and National

Fisheries Record, Loudon, May 26, 1883, vol. i, pp. 5-6.

Abstract of an address on the natural history of the oyster and results of oyster fishing,

delivered at the Royal Institution, London, May 11, 1883. See 1883 r.
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1883 r—Huxley, Thomas H. Oysters and the oyster question. <^The English

IllustinttMl Mnuazinc, Loudou, October, 1883, and November, 1883, vol. i,

pp. 47-55, and pp. 112-121.

A Icctnn- delivered at the lioyal Institution, London, on M.ay H, 1883, with additional

notes. Describes, in a popular manner, the minute anatomy .ind the biology of Ostrea edulis,

and reviews the oyster industry of Europe, with notes on the etliciency of certain regula-

tions. Concludes that the abundance or scarcity of oysters depends on causes that can

not be materially affected bj' i-estrictive legislation. All such legislation is in itself

objectionable, inasmuch as it creates new oflenses and tends to make the administration of

justice odious, and the burden of proof is .ilwoys on those who advocate it to show that its

utility is so great and nmuifest as to outweigh the inconvenience.

1G83 s—Lockwood, Samuel. Natural hi.story of the oyster. .<^American Monthly
Microscopical Journal, IJostou, .Tanuary, 1883, vol. iv, pp. 7-8.

Abstract of a popular address delivered by the author before the Xew York Microscop-

ical Society, December l.'j, 1882.

1883 1—Lockyer, J. N. Oysters, oyster fishing, and oyster culture at the Fisheries

Exhiliilion. ^Nature, London, August 30, 1883, vol. xxviii, pp. 415-41G.

Recites briefly the exhibits made in these lines by various countries at the London

risheries Exhibit, 1883.

1883 u—Mobius, Karl. The oyster and oyster-culture. <]RoportU. S. Fish Commis-
sion, 1880. Washington, 1883, vol. viii, pp. 683-752.

Translated by H. J. llice, from Die Auster und die Au.sternwirthachaft ; von Karl

Mobius, Berlin, 1877, 8-, 126 pp. Discusses the following branches of the subject, especial

reference being made to the SchleswigHolstein oysters: (1) The sea flats. (2) Oyster

banks and oystering. (3) The reproduction of the oyster. (4) Why oysters are not found

over all portions of the sea flats. (5) Artificial oyster-breeding in France. (6) Attempts

to introduce the French system of oyster-bnediug into Groat Britain. (7) Can the French

system of artificial oyster-breeding bo carried on in the waters of tlie German coast? (8)

Can natural oyster-beds be enlarged, and can new beds be formed, especially along the

Germ.an coast? (9) Growth and fecundity of the oyster. (10) An oyst«r-bed is a hioconoiie

or a social connnunity. (11) Concerning the increase in the price of oysters and in the

number of consumers, and the decrease in the number of oysters. (12) The chemical con-

.stituents and flavor of oysters. (13) The objects and results of oyster-culture.

1883 V—Osborn, Henry L. The structure and growth of the shell of the oyster.

<^Studics from the Biological Society of Johns Hopkins University, Balti-

more, 1883, vol. II, pp. 427-432, with 1 plate.

1883 w—Pike, R. G ; Hudson, "W. M., and "Woodniff, Geo. N. Second report of

the Shelllish Commissioners of the State of Conuocticnt. to the General

Assembly, January session, 1883, Middletown, Conn., 1883, 8", 44 pp., 1

map.

A record of the proceedings of the Conunission in 1882, wth official designations of the

several natural oyster beds under the exclusive jurisdiction of the State, and the State

laws relating to shell fisheries enacted in 1882. The map shows the triangulation work
executed in 1882.

1883 X—Rasch, H. H. On the reason for an extraordinarily rich production of

oysters in .a natural b:isin. <^Report U. S. Fish Commission, 1880. "Wash-

ington, 1883, vol. vni, pp. 1037-1014.

Translated by Tarleton IT. Bean from Nordisk Tidsskrift for Fiskori, 1880, pp. 49-58.

The natural basin consisted of a small lake situated a fewfeet higher than the open sea

close outside of it, and which could receive salt water from the sea only during severe

storms.

1883 y—Renaud, J. An account of the Portuguese and French oysters {Ostrea

augiilataaud. Ostrea ediilis) cultivated in the Bay of Arcachon. <Report
U.S. Fish Commission, 1880. Washington, 1883, vol. viii, pp. 931-938.

Tmnslatcd from Notice sur I'Huitre Portugaiso et Fran^aise c»iltiv6o dans la Bale

d'Arcachon, Arcachon, 1878, 4°, 33 pp.
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1883 aa—Rice, H. J. Experiments in oyster propagation. ^Transactions of the
American Fish-Cultural Association, twelfth annual meeting, New York,
1883, pp. 49-56.

Describes a process by means of which he was enabled to propagate the Ostrea vir-

giniana jind retain the young oysters alive for fourteen days. See J 883 ab.

1883 ab—Rice, H. J. Experiments in oyster propagation. < Forest and Stream,
New York, August 9, 1883, vol. xxi, pp. 28-29.

An abstract of 1883 aa.

1883 ac—Ryder, John A. Preliminary notice of some points in the minute anatomy
of the oyster. < Bulletin U. S. Fish Commission, 1882. Washington,
1883, vol. n, pp. 135-137.

1883 ad—Ryder, John A. The microscopic sexual characteristios of the American,
Portuguese, nnd common edible oyster of Europe compared. < Bulletin

U. S. Fish Commission, 1882. Washington, 1883, vol. ii, pp. 205-215.

1883 ae—Ryder, John A. Note on the organ of Bojanus iu Ostrea virginica.

< Bulletin U. S. Fish Commission, 1882. Washington, 1883, vol. ii, pp.
345-347.

1883 af—Ryder, John A. On tlie green color of the oyster. <^ American Naturalist,

Philadelphia, January, 1883, vol. xvii, pp. 86-88.

Report on the continuation of the observations noted in 1882 e.

1883 ag—Ryder, John A. Rearing oysters from artificially fertilized eggs, together
with notes on pond culture. < Bulletin U. S. Fish Commission, 1883.

Washington, 1883, vol. in, pp. 281-291.

Describes the experiments made by the author in tlie summer of 18S2 at St. Jerome
Creek, St. Mary County, Maryland. For journal of operations see 1881 r.

1883 ah—Ryder, John A. Rearing oysters from artificially impregnated eggs.

< Science, Cambridge, February 23, 1883, vol. i, pp. 60-G2.

An abstract of 1883 ag.

1883 ai—Ryder, John A. Rearing oysters from artificially impregnated egga.

< New Zealand Journal of Science, July, 1883, vol. i, pp. 455-459.

An .abstract of 1883 ag.

1883 aj—Ryder, John A. On the mode of fixation of the fry of the oyster. < Bul-
letin U. S. Fish Commission, 1883. Washington, 1883, vol. iii, pp. 383-387,

9 figs.

1883 ak—Ryder, John A. Oyster culture in Holland. <:^ Science, Carahridge,

July 20, 1883, vol. ii, p. 79.

A review of Varslag oratrent ondcrzoek op de oester on do oestercultuur betrekking
hebbende. Aflevering i-. Leiden, 1883, i'^, 253 pp., 5 plates.

1883 al—Ryder, John A. The protozoan parasites of the oyster. <^ Science, Cam-
bridge, June 22, 1883, vol. i, pp. 567-568.

Reviews a paper by M. Cortes on the protoeoan parasites or commensals of Ostrea
ediilis.

1883 am—Ryder, John A. The oyster problem solved. <^ Forest and Stream,
New York, August 30, 1883, vol. xxi, p. 90.

Cites briefly the results of the author's experiments at Stockton, Maryland, in the
summer of 1883. See 1883 an.

1883 an—Ryder, John A. Rearing oysters from ai'tificially fertilized eggs at Stock-

ton, Maryland. < Science, Cambridge, October 5, 1883, vol. ii, pp. 463-464.

An account of experimeuts made by the aullior during the summer of 1883.

1883 ao—Sole, Mary. Oysters and oyster fisheries. < The Fish Trades Gazette and
National Fisheries Record, Loudon, July 28, 1883, vol. i, pp. 209-210.

Argues the desirability of improved regulaiions for the formation of oyster-cultural

companies in England.
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1833 ap—Winslow, Francis. Cataloguo of the Economi(5 Molliisoa and the Appa-
ratus and Ai)i)lianccs used in their Capture and Preparation i'or ^[arkct,

Exhibited by the United States National Musenni at the Great Inter-

national Fisheries Exhibition, Loudon, 1883. Washington, 1883, 8^, 86 pp.

Oil pp. 14-41 the author discu.sses the hiologj' of Oitrea virginiana and the oyster in-

dustry ill the Uuiteu States, with statistics of the businesa, the latter being ab.strac-ted

from 1881 c; and on pp. 02-85 is given a list of tiieniatt^rials exhibited by tlieU. S. National

Museum for illustrating the oyster and the oyster industry.

1883 aq—Winslow, Francis. Chesapeake oyster beds. <^ Science, Cambridge,

September 28, 1883, vol. ii, pp. 440-443.

A review of 1882 j.

1883 ar—Anonymous. Progress in oyster culture. <^ The Scotsman, Edinburgh,

October 29, 1883, p. (5.

1883 as—Anonymous. Artilical oyster rearing. <^Chambers' Joiufnal, Edinburgh,

1883, vol. LX, pp. G02.

1883 at—Anonymous. Oysters in China. <Special catalogue of the CIiiue.se collec-

tion of exhibits for the International Fisheries P^xhibition, London, 1883.

Describes the methods of oyster-culture on the coasts of China.

1883 au—Anonymous. The United States at the Fisheries Exhibition. <^ Engi-

neering News, London, September 14, 1883, vol. xxxvi, pp. 2.'l>-230.

A brief review of an address delivered hy G. Brown Goode at the Groat International

rishories Exposition, Loudon, 1883.

3833 av—Anonymous. The Oyster Epicure: Collation of Authorities on tlie Gas-

tronomy and Dietetics of the oyster. New York, White, Stokes and Allen,

1883, 12'^, 61 pp.

The following branch subjects are discussed: (1) When in season
; (2) How to eat it;

(3) How to serve it; (4) "What to drink with it; (5) How many to eat; (6) How to open it;

(7) Koasted in its own shell; (8) "Which to choose, and where; (9) Dietetics of the oyster;

(10) Famous oyster eaters.

1883 aw—Bouchon-Brandely, Gr. Oyster culture in France. <The Fish Trades

Gazette and National Fisheries Record, London, June 2, June 9, and

June 16, 1883, vol. i, pp. 30-31, 64, and 92-93.

A reprint of 18S3 d,

1883 ax—Bouchon-Brandely, Q. On the sexuality of the common oyster (0. ediilis)

and that of the Portuguese oyster {0. anfjnlata), Artillcial fecundation

of the Portuguese oyster. < Bulletin U. S. Fish Commission, 1882.

Washington, 1883, vol. ii, pp. 339-341.

Translated by .John A. Ryder from De la aexualitfe chez I'huilre ordinaire (O. edulit) et

chez rimitre portugaise (O. angulala). F6condation artificielle de I'huitre portugaise.

Comples rondus hebJomadaires des Stances do I'Acaddmie des Sciences. Vol. xcv, No. 5

(31 Juillet, 1882), pp. 255-259. Paris, 1882.

1883 ay—Faber, G. L. The Fisheries of the Adriatic and the Fisli Thereof. Lon-

don, 188.3, Royal 8^, 292 pp.

1883 az—Seal, Matthew (Chairman). Royal Commission on the Fisheries of Tas»

mania. Report of the Coinmissioner-s, together with General and Critical

Observations on the Fisheries of the Colony; Classified Catalogue of all

the known species; Abstract of the Minutes of Proceedings of the Com-
mission; Evidence taken before Commissioners; Statistics, etc. Tas-

mania: William Thomas Stoutt, Government Printer, Hobart, 1883. 4°^

LXVi-t-86 pp.

Contains numerous brief references to the oj'sters and the oyster industries of Tas.

mania, and the, regulations governing the taking of oysters.

1883 ba—Hoek, P. P. C. Oyster culture iu the Netherlands. <Report U. S. Fish

Commission, 1880. Washington, 1883, vol. viii, pp. 1029-1035.

Translated from Circular No. 2. 1879, of the Deutsche Fischerei-Yereiu.
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1883 bb—Moblus, Karl. On experiments, begun iu 1880, to plant American oysters

in the Western Baltic, and the usefulness oi continuing these experiments,

with the aid of the German Fishery Assooiation. <^ Bulletin U. S. Fish

Commission, 1883. Washington, 1883, vol. in, pp. 213-217.

Translated by Herman Jaoobsou, from Circular ^o. 2, 1883, of the Deutsche Fiacherei-

Verein, Berlin, April 30, 18S3.

1833 be—Anonymous. International Fisheries Exhibition, 1883. Official Cata-

logue. Loudon: Wiiliam Clowes & Sons, Limited, 1883. 8°, xci-f 382 pp.

Eefers to the exhibits of oysters and the methods of oyster-culture made by various

countries.

1884 a—Anson, C. V., and Willett, E. H. Oyster Culture. Prize Essay issued in

connection with the Great International Fisheries Exhibition. London,

Clowes & Sons, 1884. 8°.

1884 b—Bouchon-Braudely, G. Report to the Minister of the Marine relative to

oyster-culture upon the shores of the British Channel and the ocean.

< Report U. S. Fiah Commission, 1882. Washington, 1881, vol. x, pp.

673-721.

Translated by Marshall McDonald from report published in the Journal Offlciel de la

E6publiiiue Frangaise, January 22, 24, 25, and 26, 1877.

1884 c—Brocchi, P. Report on the condition of oyster culture in France in 1881.

<Bulletin U. S, Fish Commission, 1884. Washington, 1884, vol. iv, pp. 97-

111.

Translated from JoiU'nal Oflieiel de la It6publique Frangaise, November 8, 1881, pp.

6181-0180. A very interesting and important statistical paper by a zoologist thoroughly

conversant with the industry. See 1882 a and 1884 d.

1884 d—Brocchi, P. Report on the condition of oyster-culture in Franco iu 1881.

<Report IT. S. Fish Commission, 1882, Washington, 1884, vol. x, pp.

725-739.

A reprint of 1882 a, ^Yhich is another translation of the original of 1881 o.

1884 e—Brooks, W. K. ; Wardell, J. T., and Legg, W. H. Report of the Oyster

Conunissionof the State of Marjdand, January, 1884. Annapolis, 1884, 4°,

183 pp., 4 maps, 13 plates.

This commission was authorized and directed by the general assembly of Maryland to

"examine the condition of the oyster beds of the State and report the same to the next gen-

eral assembly, with such recommendations as will conduce to the protection of this impor-

tant industry." Tlie report discusses the results of an examinatioii of the oyster beds, the

causes for their exhaustion, the necessary procedures for their improvement, the methods

and possibilities of oyster planting, with particular reference to the practices in France,

the oyster industry and oyster regulations of Massachusetts, Rhode Island, Connecticut,

New York, New Jersey, Delaware, and Virginia, and recommendations for the imjjrove-

ment of the industry in Maryland, with a minority report by W. H. Legg, stating his

objection to some points of the report. The maps represent portions of the Chesapeake

Bay. See 1884/.

1884f—Brooks, W. K.; Wardell, J. T., and Legg, W. H. Report of the Oyster

Commission of the State of Maryland, January, 1884. Baltimore, 1884, 4°,

193 pp., 4 maps, 13 plates.

A reimut of 1884 e.

1884 g—Goode, G. Brown. The oyster industry of the world. <^Tran9actions of

the American Fish-Cultural Association, thirteenth annual meeting. New
York, 1884, pp. 146-148.

Presents an approximation of the oyster products of the world. See 1884 ft.

1884 h—Goode, G. Brown. The oyster industry of the world. <^Bulletin U. S.

Fish Commission, 1884. W^ishington, 1884, vol. IV, pp. 468-469.

A reprint of 1884 jr.



334 REPORT OF THE COMMISSIONER OF FISH AND FISHERIES.

1884 i—Greene, Albert R. Shell fisheries of Rhode Island : public heariiio- by the

.ioiiit special roiiimittee of the general assembly. < Providence Journal,

Providence, Rhode Island, March 5, 1891.

1884 j—Hoek, P. P. C. Oyster Culture. Prize essay issued in connectiou w ith

the (ireat International Fisheries Exhibition. London, Clowes & Sons,

1881, 3G pp., 3 plates.

1884 k—Hovey, Horace C. Oyster fanning in Connecticut. <^Proceeding8 of the

American Association for the Advancement of Science, thirty-second

annual meeting, held at Minneapolis, August, 1883. New York, 1884, pp.

400-466.

1884 1—Hudson, William M. Tlie shell fisheries of Connecticut. <Tratt8action8

of the Fish-Cultural Association, thirteenth annual meeting. New York,

1884, pp. 121-146.

Considers the relations existing liutwcen the Slate .lud the public aiul private oyster

areas in Long Island Sound within the boundaries of Connecticut, witli" especial refer-

ence to leoislation aflecting the oyster industry.

1884 m—Lockwood, Samuel. An oyster on a crab. <^Anierican Naturalist, Phila-

delphia, February, 1884, vol. xviii, p. 200.

Describes a female Cancer irroratus (Say), one-fourth full-grown, and with the caudal

flaps didteuded with eggs, carrying attached to the right side of its carapace an oyster 2i

inches in length and 2 inches in width.

1884 n—Pike, R. G. ; Hudson, W. M., and Woodruff, G. N. Third Report of the

Shell Fish Commissioners of the State of Connecticut to the General

Assembly, January session, 1884. Middletown, Conn., 1884. 8°, 40 pp.

Contains the official designation of the natural beds under the exclusive jurisdiction

of the State, and refers to the general condition of the oyster industry of Connecticut

in 1883.

1884 o—Puysegur, M. On the cause of the greening of oysters. With a supple-

mentary note on the coloration of the blood corpuscles of the oyster, by

John A. Ryder. <Report U. S. Fish Commission, 1882. Washington,

1884, vol. X, pp. 793-805.

Also reviews much of the existing literature relative to this subject. This first part of

this article is translated from Xotice sur la Cause du Verdissement des Huitres. Paris,

Ber-er-Levrault et Cie, 1880. 8°, 11 pp., 1 jdate.

1884 p—Rumpff, Carl. The oyster as a popular article of food in North America.

<15ulletin U. S. Fish Commission, 1884. Washington, 1884, vol. iv, pp.

356-358.

Translated by Herm.in Jacobson from Circular No. 3, 1884, of the German ri.«hery

Association, Berlin, April 4, 1884.

1884 q—Ryder, John A. On a new form of filter or diaphragm to be used in the

culture of oysters in ponds. <Bulletin U. S. Fish Commission, 1884.

Washington, 1884, vol. iv, pp. 17-31.

The filter described consists of barriers of sand confined between gunny clotli and

galvanized wire cloth, which works quite successfully. This article also describes the

methods of constructing the oyster ponds or claires.

1884 r—Ryder, John A. Journal of operations on the grounds of the Eastern

Shore Oyster Company, on Chincoteague Bay, near Stockton, Md., during

the summer of 1883. <Bulletin U. S. Fish Commission, 1884. Wash-
ington, 1884, vol. IV, pp. 43-47. •

This journal contains a daily record of the work, the results of which were published

in Bulletin U. S. Fish Commission, 1883, vol. in, pp. 281-294, in a paper entitled

"Bearing oysters from artificially fertilized eggs, together with notes on pond culture."

See 1883 ay.
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1884 8-Ryder, John A. Au account of experiments in oyster cultnre and obser-

^^.tio^s relating thereto. <Report U. S. Fi«lx Commiss.ou, 1882. Wash-

ington, 1884, vol. X, pp. 763-778.

A continuation of an article by tMs author, published in the report of the Maryland

Fish Commissioner for 1881. See 1881/.

1884t-Ryder, John A. The metamorphosis and post-larval stages of development

of the oyster. <Report U. S. Fish Commission, 1882. Washington, 1884,

vol. X, pp. 779-791.

1884 u-Ryder, John A. A contribution to the life-history of the oyster {Ostrea

lainlca Gmelin and O. edulis Linn.). <The Fisheries and Fishery Indus-

tries of the United States. Washington, 1884, sec. 1, pp. 711- <o8.

Di9CU9se3-(l) Outline sketch of the coarser anatomy of the oyster.

(2) Theminuteanatomy of the oyster.
„ , . . , v r.^

(3) Sex, sexnal products, and differences of the sexual habits of the American and J^uro

yean oysters. „ ^, ,

(4) New methods of distinguishing the sexes and of taldng the eggs of the oyster.

(5) Kate of growth of Ostrea virgmica.

(0) The food of the oyster.

(7) On the cause of the green color of the oyster.

(8) Local variations in the form and habits of the oyster.

(9) The oyster crab as a messmate and purveyor.

(10) Physical and vital agencies destructive to oysters.

(11) Natural and artificial oyster banks.

1884 v-White, H. P. ; Long, C. W., and Bock, Thos. H. The Local Oyster Law

of Somerset County. Codified as Public Local Laws, Article xix. Sections

91-101 Inclusive. Also Regulations and Designations made by the County

Commissioners of said County. Crisfield, Md: From Crisfield Leader

Press, 1884. Royal 8^, 6 i)p.

1884 w-Winslow, Francis. Report of experiments in tl.e artificial propagation of

oysters, conducted at Beaufort, N. C, and Fair Haveu, Conn., m 188..

<Report U. S. Fish Commission, 1882. Washington, 1884, vol. X, pp.

741-762.

These experiments, like those of Dr. Brooks in 1879 and of Prof Ryder and Lieut.

Winslow in 1880, resulted in impregnating the egg and maintaining the embryo ahve for

a short period, after which it die.l. This report cites the methods and apparatus employed

and thclnfluence of the various natural conditions affecting the development ot the egg.

1884x-Winslow, Francis. Memorandum of the present condition and future

needs of the oyster industry. <Bulletin U. S. Fish Commission, 1884.

Washington, 1884, vol.xv, pp. 233-234.

Briefly refers to the necessity for model oyster farms and continued investigations of

the embryological life of the oyster.

1884 y-Winslow, Francis. Notes upon oyster experiments in 1883. <Bulletin

IT. S. Fish Commission, 1884. Washington, 1884, vol. iv, pp. 3o4-3o6.

1884 z-Winslow, Francis. Present condition and future prospects of the oyster

industry. <Trausactions of the American Fish-Cultural Association,

thirteenth annual meeting. New York, 1884, pp. 148-163.

Refers particularly to the Chesapeake region.

1884 aa-Winslow, Francis, and Otliers. Ownership of oyster grounds. <Trans.

actions of the American Fish-Cultural Association, thirteenth annual

meeting. New York, 1884, pp. 241-247.

Recommends the adoption by each State of the principle of individual ownership ot

ovster-grounda.

1884ab-Anonymous. Oyster fishery in Connecticut. <Science, New York, March

20, 1884, vol. V, p. 234.

A brief review of the fourth annual report of the Shellfish Commissioners of the State

of Connecticut. See 1885 o.
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1884 ac—Duvar, J. Hunter. Oysters iu Prince Edward Islaud. <^Report on the

Fisheries of Canada for the year 1883. Ottawa, 1884, pp. 177-180.

A discussion of tlio couditioii of tlio oyster iiulustry of Prince Edward Island during tho

preceding year, with notes on tlie ineflieiency of the regulations governing the flslury and
reconiniendations for additional restrictions on tho iml)lic li.shery and for encouragement

to oyster-culturists.

1835 a—Atw^ater, W. O. Contribntions to the knowledge of the chemical com-

position and nutritive values of American food fishes and invertebrates.

<Roport U. S. Fish Commission, 1883. Washington, 1885, vol. xi, pp.

433-500.

A continuation of 1883 c. On pp. 486-488 is given a tahio of percentages of water and

nutritive ingredients iu 38 specimens of fresh oysters and 3 specimens of canned oysters

from various localities in America. See 1888 a.

1885 b—Blackford, Eugene G. Report of tho Commissioner of Fisheries of the

State of New York in charge of the Oyster Investigation. Albany, 1885,

8°, 70 pp.

The first of tho three reports of this investigation discusses the decrease of oysters iu

Kew York State and the means of increasing the supply, the locations and conditions of

tho reefs, and the enemies of tho oyster, the investigation relating to those beds west of

Patchogue on the south side and Port Jefferson on the north side of Long Island.

1885 c—Blackford, Eugene G. Report of the worlc of an Oyster Investigation with

the steamer Loolcout. <^15ulletin U. S. Fish Commission, 1885. Washing-

ton, 1885, vol. V, pp. 52-57.

Describes the conditions of the oyster-grounds at City Island, Perth Amboy, and the

south side of Staten Island, Cold Spring Harbor, Hempstead Harbor, Little Neck Bay,

Manhassetor Cow Bay, Execution Lighthouse rock. Port Chester and Kye Beach, North-

port Harbor, Princess Bay, and Spuyten Duyvil Creek, all in the State of New Tork.

1885 d—Blackford, Eugene G. The oyster beds of New York. -^Transactions of

tlie American Fisheries Society, fourteenth annual meeting. New York,

1885, pp. 85-89.

Describes briefly the preliminary work in the investigation of the natural oyster beds
of New York, begun in 1884, and cites the possibilities for oyster-culture in that State.

See 1885 e.

1885 e—Blackford, Eugene G. The oyster beds of New York. <|Forest and
Stream, New York, August 13, 1885, vol. xxv, p. 50.

A reprint of tho preceding paper.

1885 f—Brooks, W. K. Oyster farming for North Carolina. <Forest and Stream,
New York, April 16, 1885, vol. xxiv, pp. 230-231.

A paper read at the Fishermen's Convention at lialeigh, October 15, 1884.

1885 g—Cunningham, T. J. Resting position of oysters. <Nature, London, Octo-
ber 22 and December 10, 1885, vol. xxxii, p. 597, and vol. xxxiii, p, 129.

Disputes tho statements of many well-known nialacologists that oysters rest on the
convex valve, and advances the theory that they rest on the llat valve because that side is

nearly always the cleaner, being more nearly free from worm tubes, hydroids, etc. Se«
1885 Jt, 1885 m, 1885 «, 1885 m, and 1885 1).

1885 h—Garman, Samuel. Protecting the oyster beds from starfish depredations.

<lJullctin U. S. Fish Commission, 1885. Washington, 1885, vol. v, pp. 127-

128.

Urges the use of divers iu the rejuovnl of sttirfish from the oyster beds iu Long Island.

Sound.
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18851—Hoek. P. P. C. Coiiiparutivo examinatiou of cultivated and uncultivated

oysters, with the view to determine the number which, durinj,' the lirst

year, took part in reproduction. <Bulletin U. S. Fish Commission, 1885.

Washington, 1885, vol. v, pp. 193-196.

Translated by Herman Jacobson from pp. 481-495 of Tijdschriffc der Noderlandsche Dier-

liundige Vereeniging, Supplement Dell 1. Leiden, E. J. Brill, 1883-84.

These experiments were made in Holland, and, being conducted under very unfavorable

crrcurastances, were, according to the writer, not conclusive.

1885 j—Hopson, W. B. An Essay on the Oyster Industry of the United States.

New York: The McWilliams Printing House, 1885. 8°, 78 pp.

Discusses: (]) Oyster cultivation in Connecticut; (2) Experiences in oyster-planting in

Connecticut; (3) Enemies of the oyster; (4) Food of the oyster; (5) Anatomy of the oyster;

(6) "Drinking oysters"; (7) The oyster trade of Boston and Providence; (8) The Connecti-

cut trade ; (9) The oyster trade of New York City ; (10) Shipping seed oysters to California

;

(11) European shipments; (12) Blue points; (13) Rockaways; (14) Shrewsburys; (15) The

oyster trade of Delaware Bay; (16) The Baltimore trade; (17) Chesapeake Bay oyster

Industry; (18) Hints regarding the cooking of oysters.

1885 k—Hunt, Arthur R. Resting position of oysters. <Nature, London, Novem-

ber 5 and December 17, 1885, vol. xxxiii, pp. 8 and 154. ,

Argues that they rest on the convex side.

1885 1—Mather, Fred. Successful oyster-culture. <Forest and Stream, New York,

October 1, 1885, vol. xxv, pp. 190-191.

Describes the experiments of the author in 1885.

1885m—Mobius, Karl. Report on planting Canadian oysters near the Island of

Aaroe, in the Little Belt, November 6, 1881. <Bulletin U. S. Fish Com-

mission, 1885. Washington, 1885, vol. V, pp. 257-260.

Describes the details of the planting of 17 barrels of oysters in Kovember, 1884. The

success of the operation was not noted.

1885 11—Mobius, Karl. Resting position of oysters. <Nature, London, November

19, 1885, vol. XXXIII, p. 52.

Replies adversely to T. J. Cunningham's arguments on this subject. See 1885 g.

1885 o—Pike, R. G. ; Hudson, W. M., and Bill, J. A. Fourth Report of the Shell

Fish Commissioners of the State of Connecticut, to the General Assem-

bly, Jantiary session, 1885. Middletown, Conn., 1885. 8°, 32 pp.

Completes the official designation of the natural oyster reefs under the exclusive juris-

diction of the State of Connecticut. Refers to the proceedings of the commissioners and

the general condition of the oyster industry in 1884. Appendix contains the shellfish

enactments of 1884.

1885p—Pike. R. G.; Hudson, W. M., and Bill, J. A. Fifth Report of the Shell Fish

Commissioners of the State of Connecticut, to the General Assembly, Jan-

uary session, 1886. Middletown, Conn., 1885. 8°, 26 pp.

Contains notes on the procedures of the commissioners and the condition of the

oyster industry of Connecticut in 1885, and the shellfish enactments of the State during

the same year.

1885 q—Rice, H. J. The propagation and natural history of the American oyster.

<Siipplemeut to the Report of the Commissioner of Fisheries of the State

of New York, in charge of the Oyster Investigation. Albany, 1885. 8°,

pp. 71-137.

A brief summary of the present knowledge regarding the natural history of Ostrea vir-

giniana, and its application to the waters of the State of Ifew York. Discusses particu-

larly the distribution of the species, structure of the shell, the coarse anatomy of the

animal, the generative organs, feed oysters, food of the oyster, coloration of the oyster,

its friends and enemies, artificial propagation, and the methods of obtaining spat.

F C 22
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1885 r—Ryder, John A. The oj ster problem actually solved. <Foie8t aud Stream,

New York, October 22, 1885, vol. xxv, pp. 249-250.

1885 s—Ryder, John A. Resting position of oysters. <]Natiue, Loudon, November
26, 1885, vol. xxxni, pp. 80-81.

Opposes the theory advanced by T. J. Cuiminghain that oystiTa rest on the convex

side. See 1885(7.

1885 1—Ryder, John A. New system of oyster cultiire. <^Scienfe, New York,

November 27, 1885, vol. vi, pp. 465-467.

The principles of the new system .are as follows

:

(1) Oyster embryos diffuse themselves tliroughoiit the three dimensions of a body of

water, and will aiiix tliemselves to collecting surfaces similarly distributed, up to and even

above low-water level.

(2) The floating fry will adhere to sniooth surfaces as well as rough ones.

(3) Tlie surfaces upon whick spatting occurs must be kept as free as possible from sedi-

ment and organic growths, in order that the very small mollusks may not be smothered

and killed during the most critical ])eriod of their lives.

(4) Artiiicial fertilization of tlie egg of the oyster is feasible, and will become an impor-

tant ad,juuct to successful .spat-culture.

(5) The water charged with embryo oysters may be passed through a steam pump
without injury.

(6) Oyster fry usually adheres most freely to the under surface of shells or other collec-

tors, because the lower side is cleanest, and most favorable to the survival of the animals.

(7) The spat of the oyster will grow and tlirive with comparatively little light.

(8) The specific gravity of the water may range from 1.003 to 1.0235.

(9) The most favorable temperatures of the water for spatting seem to be from 68° to

about 80° F.

.

(10) Spatting will occur just as freely in ponds or tanks with a free circulation as in

open water.

1885 u—Stuart-Wortlej'-. The resting position of oysters. <^Nature, London,

October 29, 1885, vol. xxxii, p. 625.

In this writer's experiments "the young oysters born in tanks rested on the flatter

shell when tliey obtained a fliit surface, such as a tile, to adhere to; but when so arranged

that tliey had irregular surfaces to deal with, such as litthj bundles of twigs, some adhered

one way and some another. But where young oysters, nearlj' two years old, were moved
from their original supports, and were compelled to find new ones, they selected the flat

shell to rest upon in every instiince, except where they were jilaced on sand, in which case

they rested on the convex shell, in order apparently to avoid clogging the mouth of the

shell with sand." See 1885 jr.

1885 V—Turner, "W. Resting position of oysters. <^Nature, Loudon, November
12, 1885, vol.xxxiii, p. 30.

1885 Mv—Verrill, A. E. How long will oysters live out of water. ^Bulletin U. S.

Fish Commission, 1885. Washington, 1885, vol. v, pp. 161-162.

In the instance described the oysters lived ten weeks under very unfavorable circum-

stances.

1885 X—"Winslovy, Francis. The North Carolina oyster industry. <^Fore8t and

StreaiM, New York, May 7 and 14, 1885, vol. xxiv, pp. 292, 293, and 332.

A pai)er read at the Fishermen's Convention, Kaloigh, October 10, 1S84. Cit-es instances

of the depletion of oyster beds in all parts of the world, reviews the development of the

oyster, and outlines the practical application of the information to the water areas of North

Carolina.

1885 y
—
"Wood, W. M. Report of operations at St. Jerome station, in laying out

oyster ponds, by the steamer Finh IlawJc, in 1883. <^Report U. S. Fish

Commission, 1883. Washingtou, 1885, vol. xi, pp. 1153-1156.

Cont.ains a brief table showing the results of dredging on oyster beds by the steamer

Fiah Ilawk in various localities in Maryland from November 15 to 24, 1883.

1885 z Ailonymous. Oyster commission of Now York. <[Forest aud Stream, New
York, February 26, 1885, vol. xxiv, p. 91.

Koviews the first report of the New York oyster commissioner. See 1885 b.
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1885 aa—Anonymous. Whitstable oysters. <^Cliauibers' Journal, Edinburgh,
i 1885, vol. LXii, pp. 481 ct seq.

1885 ab—Anonymous. Prices of English oysters. <^Staiidard, London, March 19,

1885,

1885 ac—Anonymous. Whitstable and her natives. <;London Daily Telegraph,

London, August 31, 1885.

Describea the company of free fialiernien and dieiluers of Wliitstal)lo, Ensland.

1885 ad—Anonymous. Oyster-culture in Connecticut. <^Forest and Stream, New
York, December 17, 1885, vol. xxv, p. 410.

Reviews the Fifth Annual Report of tlie Shellfish Commissioners of the State of Cou-

necticut. See 1885p.

1885 ae—Anonymous. Clinton oyster lands. <^New Haven Register, New Haven,
September 15, 1885,

An account of the controversy relative to the rights to oyster-grounds in the chaunel of

the Hanunonasaet River, Connecticut.

1885 af—Harding, Charles W. An Apparatus for Storing, Keeping Alive, and Pro-

tecting from the Force of the Sea Edible Molluscs, London. Published

and sold at the Patent Office Sale Branch, 1885. 4°, 4 pp., 2 plates.

1885 ag—Ryder, John A. The rate of growth of oysters at Saint Jerome Creek
Station. <Bnlletiu U. S. Fish Commission, 1885. Washington, 1885, voL
V, pp. 129-131,

1886 a—Blackford, Eugene G, Oyster-culture iu New York, <;Commercial Ad-
vertiser, December 28, 1886.

A discourse on the necessity of giving to the oyster-cultivators of New York State some
certainty of tenure in the grounds used by them.

1886 b—Both-well, A." J. On the half shell: a description of oyster lishing. <^Re-

view, Brooklyn, N, Y., February, 27, 1886.

1836 o—Buch, S. A, Oyster-culture as seen at the London Fisheries Exhibition.

<Report of the U. S. Fish Commission, 1884, Washington, 1886, vol.

XII, pp, 913-924,

Translated by Herman Jacobson from Norsk Fiskeritidende, Bergen, October 188i, vol.

ni, Nos. 3 and 4.

1886 d—Hodson, Thomas S. Long Island oyster beds. <Tho Sun, Baltimore,

August 2, 1886.

1886 6—Hodson, Thomas S, Steam oyster dredges : their work iu New England
waters. <[The Daily American, Baltimore, August 5, 1886.

1886 f—Hodson, Thomas S. Private oyster beds : cultivation needed in Maryland.
<^The Daily American, Baltimore, August 14, 1886.

Suggests methods for increasing the abundance of the Chesapeake oyster yield.

1886 g

—

Horst, R, The development of the oyster {Ostrea edulis L,), <^Report

U, S, Fish Commission, 1884. Washington, 1886, vol, xii, pp, 891-911, 2

plates.

Contains an historical r68um6 of the investigations iu this subject, with an account of

the individual researches of the author.

1886 h—Mather, Fred. Oyster-culture, <^Transactions.of the American Fisheries

Society, fifteenth annual meeting. New York, 1886, pp. 26-36,

A review of experiments made at Cold Spring Harbor, New York, during the summer
of 1885.

1886 i—Mather, Fred. Oyster- culture. <Forest and Stream, New York, July 15,

1886, vol. XXVI, p. 491,

A modified reprint of 188(JA.
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1886 j—Fhillips, Thomas. Aiuerican oysters. <^The Fish Trades Gazette and

(iaiiie and r()ultr3- Trades Clironiclo, London, October 30 and November 6,

1881), vol. IV, Nos. 180 and 181.

Tlie English trade in Aiiiciican oysters from tho staudpoint of a Liverpool oystor

dealer.

1886 k—Pike, R. G.; Hudson, W. M., and Bill, J. A. <Sixtb Report of the Shell

Fish Commission of tho State of Connecticut to tho General Assembly,

January session, 1887. Middletown, Conn., 1886. 8°, 30 pp.

A report of the procedures of tho comniissiouers, tho jioneriil condition of the oyster

industry in tho State during the preceding year, and the shelllish enactments ot 1885.

See 1886 I.

1886 1—Pike, R. G. ; Hudson, W. M., and Bill, J. A. The oyster industry. <The
New Haven Register, New Haven, November 26, 1886,

A reprint of 1886/>-.

1886 m—Verrill, A, E. How long will oysters live out of water. <^The Fish

Tr;<des Gazette and Poultry Trades Chronicle, Loudon, July 3, 1886, vol.

IV, No. 163.

A reprint of 1885 j«.

1886 n—White, William. Tho American oysters. <Eagle, Brooklyn, September

12, 1886.

A lengthy acconut of tho developnicni and methods of the exportation of Americin

oysters to England.

1886 o—Wiiislovy, Francis. Report on the Waters of North Carolina, with Ref-

erence to their Possibilities for Oyster-Culture; together with the Results

Obtained by tho Surveys directed by tho Resolution of the General Assem-

bly, ratified March 11, 1885. Raleigh, 1886. 8°, 151 pp., 2 maps.

Discusses for each water area of the State the character of the bottom, the depth and

specific gravity of the waters, the strength and direction of the currents, and the character

of the indigenous fauna. Tlie maps indicate the location of the public and private oyster

beds and the areas considered suitable for cultivation. See 1889 n.

1886 p—Anonymous. Shell tisli in Connecticut. <^Scionce, New York, January 15,

1886, vol. VII, pp. 59-60.

Reviews briefly the fifth report of the shellfish commissioners of the State of Connecti-

cut. See 1885p.

1886 q—Anonymous. Oyster grotmds. <^A11 the Year Round, London, 1886, vol.

Lix, i)p. 250 et seq.

1886 r—Anonymous. The Oyster Packers of Crisfield. <^The Times, Philadelphia,

February 1, 1886.

1886 s—Anonymous. Maryland's oyster wealth. <^Tho Sun, Baltimore, August 10,

1886.

1886 t—Anonymous. Our oyster supplies. <The Fish Trades CJazette and Game
aud Poultry Trades Chronicle, London, September 25, 1886, vol. IV, No. 175.

Discusses tho oyster supplies available for the London niarlvet.

1886 u—Anonymous. The Connecticut shell-fish commission. ^Forest and

Stream, New York, December 30, 1886, vol. xxvii, p. 449.

A review of the sixth annual report. See 1886 A-.

1886 V—Duvar, J. Hunter. Oysters in Prince Edward Island. <^Anuual Report of

tho Department of Fisheries, Dominion of Canada, for the year 1885.

Printed by order of Parliament, Ottawa. Printed by Maclean, Ixogers &
Co., 1886. 8'^, pp. 257-261.

A report on the condition of the oystor industry of Prince Edward Island during 1885.
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1887 a

—

At'water, W. O. The chemical changes produced iu oysters in floating, and

their effects upon the nutritive value. <[Tran8action8 of the American

Fisheries Society, sixteenth annual meeting. New York, 1887, pp. 37-52.

In floating or fattening oysters in fresher water, as is commonly done in preparina; tliem

for market in certain localities, the animal gains from one-eighth to one -fifth in bulk and
weight by taking up water, but at the same time parts with some of its salts, with small

quantities of nutritive ingredients which escape at the same time, the gain of water and

loss of nutriment being evidently due to osmose. The flavor of the oysters is said to be

thereby improved and they bear transportation and keep better.

1887 b—Atw^ater, W. O. The chemistry of "oyster fattening." <^Popular Science

Monthly, New York, November, 1887, vol. xxxii, pp. 77-87.

An adaptation from 1887 a.

1887 c—Atwater, W. O. The chemical changes in oysters by floating. <^Forest

and Stream, New York, December 1 and 8, 1887, vol. xxix, pp. 368-369

and 389-390.

A reprint of 1887 a.

1887 d—Blackford, Eugene G. Report of an oyster investigation in New York with

the steamer Lookout. ^Re^jort U. S. Fish Commission, 1885. Washington,

1887, vol. xni, pp. 157-164.

Describes conditions of the oyster-grounds in Peconic Bay, Hudson River, Port Jefierson

Harbor, Princess Bay, and in the vicinity of The Kills and Execution Light-House Rock.

1887 e—Blackford, Eugene G. Second Report of the Oyster Investigation and of

Survey of Oyster Territory, for the years 1885 and 1886. Transmitted to the

Legislature January 20, 1887. Albany, The Argus Company, 1887. 8°, 47

pp., one map, 5 plates.

Describes the oyster beds of The Kills, Execution Light-liouse Rock, Hudson Riv^er,

Port Jeflerson Harbor, Princess Bay, Hempstead Bay and other localities contiguous to

New York City. Reports the area of the natural beds to be 15,586 acres, and of grounds
available and suitable for cultivation 39:!, 600 acres. The map indicates the location of a
large portion of the natural oyster beds of the State.

1887 f—Bouchon-Brandely, G. Report ou the artificial fecundation and generation

of oysters. <Bulletin U. S. Fish Commission, 1886. Washington, 1887, vol.

VI, pp. 225-240.

Translated by Herman Jacobson from Rapport sur la f6condation artifioielle et la g6n6ra-

tion des huitrcs, Paris, 1884.

"The following has been the endeavor of our researches: (1) To find out whether
artificial fecundation could yield practical results in entirely closed waters; and (2) To
ascertain whether the raising of the Portuguese oysi&v (Ostrea angulata) is possible and
profitable in the ponds on the Mediterranean."

1887 g—Brooks, W. K. On the artificial projtagation and cultivation of oysters in

floats. <Bulletin U. S.Fish Commission, 1886. Washington, 1887, vol. vi,

pp. 443-445.

Reprint from Johns Hopkins University circular, vol. v, No. 43.

1887 h—Dean, Bashford. The food of the oyster; its conditions and variations.

<^Second Report of the Oyster Investigation and of Survey of Oj^ster Ter-

ritory, for the years 1885 and 1886. Albany, 1887. Supplement, pp. 49-78,

3 plates.

Tlie observations were made entirely within the water.q of the State of New York.

18871—Duvar, J. Hunter. Oysters in Prince Edward Island. <[Annual Report of

the Department of Fisheries, Dominion of Canada, for the year 1886.

Printed by order of Parliament. Ottawa, printed by Maclean, Roger &
Co., 1887, pp. 181-182.

Reports the condition of the oyster industry in 1886. The product was 33,125 barrels,

valued at $99,375.
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1887 j—Ganong, W. F. Tho marine mollusca of New Brunswick. ^Bulletin of the

Naliiral History Society of New Brunswick, Saint John, N. B., 1887, No.

VI, pp. 17-61.

Ecfors to the rojiioiis in which oj'sterfl are found in the Province of New Brunswick.

1887 k—Ingersoll, Ernest. Tho oyster industry. <^The Fisheries and Fishery

Industries of the United States. Washington, 1887. Sec. v, vol. ii, pp.

505-565.

A modified reprint of " Tlie Oyster Industry," U. S. Fish Commission, "Washington, 1881.

4°, 252 pp. Sec 1881 e.

1887 1— Ninni, Alexander. Fish and oyster culture in the Province of Venice.

<^Bu]h'liii U. S. Fish Commission, 1886. Washington, 1887, vol. vi, pp.

177-186.

Triinshited by Herman Jacobson from I'rogetti per estendere la pescicoltura ed intro-

durre la cocleocoltura nel fondo situato nei oomuni censuari di Lugugnana e Caorle in

Distretto di Portogrnaro, Provincia di Venozia. Rome, 1885.

1887 m—Pike, R. G.; Hudson, W. M.,and Bill, J. A. Seventh Report of the Shell

Fish Commi.ssioners of the State of Connecticut, for the year ending

October 31, 1887. Middletown, Conn., 1887. 8°, 44 pp.

Devoted principally to the procedures of tho Commissioners. From 1881 to 1886, inclu-

sive, the State revenue from the oyster industry was $77,331.67, and the disbursements

$07,773.51.

1887n—Ryder, John A. A contribution to the life-history of the oyster (Osfrca

virginicaGvaclinand O. cduUsIAnu.). <^The Fisheries and Fishcrj- Indus-

tries of the United States. Washington, 1887. Sec. 1, vol. i, pp. 711-758,

plate 259.

Discu.ises the following branches of the title subject: (1) The coarse .anatomy of the oyster;

(2) The minute anatomy of tho oyster; (3) Sox, sexual products, and diflforence of sexual

habits of the American and European oysters; (4) New methods of distinguishing the

sexes and of talcing the eggs of the oyster; (5) Kate of growth of 0»/reo t'irptnica; (6) The
food of the oyster; (7) On the cause of the green color of the oyster; (8) Local variations

in the form and habits of the oyster ; (9) The oyster-crab as a messmate and purveyor

;

(10) Physical and vital agencies destructive to oysters, and (11) Natur.al and artificial

oyster banks. See 1893 p.

1887 o—Ryder, John A. An exposition of the principles of a rational system of

oyster culture, together with an account of a new and practical method of

obtaining oyster spat ;)n a scale of commercial importance. <^Report U.

S. Fish Commission, 1885. Washington, 1887, vol. xiii, pp. 381-424.

Outlines a method by which "it is possible to certainly secure an abundance of spat

tinder conditions which can be controlled, and within such an area and at such a cost as

will render it possible for persons possessing the proper knowledge to undertake spat-

culture or the actual propagation of the oyster as a business."

1887 p—Stearns, Silas. Some of the fisheries of western Florida. <;Bulletin U.

S. Fish Commission, 1886. Washington, 1887, vol. vi, pp. 465-467.

Approximates the area of oyster beds on the west coast of Florida at 12,800 acres, and

the i)roduct in 1884 at 75,000 bushels, for which the fishermen received $45,000.

1887 q—Worth, S. G. North Carolina encouragement to shell-fish culture. <^Tran8-

actions of the American Fisheries Society, sixteenth annual meeting.

New York, 1887, pp. 53-59.

Reviews the history of the enactment of the North Carolina oyster-planting law of 1887,

and quotes that l.iw in its entirety.

1887 r—Worth, S. G. North Carolina encouragement to shell-fish culture. <For-
est and Stream, New York, August 11, 1887, vol. xxix, pp. 50-51.

A reprint of 1887 q.
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1887 s—Toung, Archibald. The Salmon sea-trout, and oyster and mnssel fisheries

iu the Orkney and Shetland Islands. <Fifth Annual Report of the Fish-

ery Board for Scotland, being for the year 188(3. Edinburgh, Her Majesty's

Stationery Oflice, 1887. Appendix G, pp. 361-413.

The oyster resources of the Orkney Islanda are described on pp. 37G-382, and of the

Shetland Islands on pp. 393-39.5. This paper contains an exhaustive review of the oyster

fishery in the Orkney lalaads since the beginning of the sixteenth century, the same

being written by Mr. W. G. T. Watt.

1887t—Anonymous. The oyster problem : difficulties in the way of North Carolina

planters. <The Sun, Baltimore, April 21, 1887.

1837 u—Anonymous. The New York Oyster Commission. <Fore8t and Stream,

New York, July 28, 1877, vol. xxix, pp. 9-10.

A review of the "Second Report of the Oyster Investigation and Survey of Oyster Ter-

ritory, for the years 1885 and 1886." Transmitted to the Legislature January 20, 1887.

Albany, 1887. 4°, 47 pp., 1 map, 5 plates. See 1887 e.

1887 V—Anonymous. Oyster fishing : the industry in Rhode Island and how car-

ried on. <The Providence Journal, Providence, November 6, 1887.

A comprehensive description of the methods of growing oysters in Rhode Island waters.

1887w—Anonymous. New York oyster franchises. <Forest and Stream, New
York, November 17, 1887, vol. xxix, p. 329.

1887X—Anonymous. French and Irish oysters. <The Fish Trades Gazette and

Game and Poultry Trades Chronicle, London, February 5, 1887, vol. iv,

No. 190.

1887y—Anonymous. Delaware Law. An act in Relation to Oysters. Passed at

Dover, March 28, 1887. Dover, Delawarean Print, 1887. i°, 10 pp.

1887 a—Seed, "William. Fish-culture in New Zealand. <Bulletin U. S. Fish Cora-

mission, 1886. Washington, 1887, vol. VI, pp. 213-216.

Refers to the regulations governing the oyster fishery of New Zealand and estimatOB

the extent of the product.

1887 aa—Ryder, John A. On a tumor in the Oyster. <Proceedings of the Acad-

emy of Natural Sciences of Philadelphia. Philadelphia, 1877, pp. 25-27.

1888a—Atwater, W. O. Oysters as food. <Report of the Oyster Investigation and

Shell I'ish Commission, for the year ending November 30, 1887. Appendix

A, pp. 53-78. Albany, 1888.

A continuation of 1883 c and 1885 a.

1888 b—Atwater, "W. O. Fattening of oysters. <Report of the Oyster Investi-

gation and Shell Fish Commission for the year ending November 30, 1887.

Appendix B, pp. 79-92. Albany, 1888.

Reprinted from Transactions of the American Fishcrii'S Society, sixteenth annual

meeting. New York, 1887, pp. 37-ri2.

1888c—Bertram, James G. Oyster-growing in England, France, and America.

<National Review, London, September, 1888, vol. xii, pp. 102-114.

1888 d—Blackford, Eugene Gr. Report of the Oyster Investigation and Shell

Fish Commission, for the year ending November 30, 1887. Transmitted

to the Legislature January 25, 1888. Albany, 1888. 8°, 106 pp.

This, the third and final report on oyster iuvestigation authorized by the General Assem-

bly of New York, discusses on pp. 1-52 the dapletion of the public beds of that State .and

the necessity for private culture; also the pollution of the water contiguous to the oyster

beds by refuse from oil refineries and similar establishments. The .appendix contains the

vState shellfish enactments of 1887.

1888 e—De Salis, Harriet A. Oysters a la Mode ; or, the Oyster and over 100 Ways

of Cooking it, to which are added a few Receipts for Cooking all kinds of

Shellfish. London and New York, Longmans, Green & Co., 1888. 12°, 68

pp.

CoBtkina 112 recii>M for cooking oysters.
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1888 f—Duvar, J. H. (Secretary). Report of the Commissioners Appointed to Report

on the Eohster and Oyster Fisheries of Canada. Ottawa, 1888, 65 pp.

1888 g—Fryer, Charles E. Report to the Board of Trade by Mr. C. E. Fryor, In-

8]ie(lor of Fisheries, on the Injury Alleged to be Caused to tiio Fisheries

by the Deposit of Rubbisli in the Estuary of the River Thames. London,

1888. 4^, 11 pp.

Cites the diiniago done to the oyster beds at the mouth of the Thames by the deposit of

rubbish and rccoiinucuds certain regulations for preventing it.

1888 h—Morgan, C. Lloyd. Oysters. ^Murray's Magazine, London, January, 1888,

vol. Ill, pp. 87-91.

'•All that I propose to do here is to say a few words, suitable for those who do not like

lobe altogether ignorant of such matters, but have neither the time nor the inclination to

be fully instructed, on the life-history of the oyster from its birth to its descent into the

eager and expectant tomb." See 1888 i.

18881—Morgan, C. Lloyd. Oysters. <Littell'8 Living Age, Boston, January, 1888,

vol. 176, pp. 164-168.

A reprint of 1888 A.

1888 j—Oeniler, A. Needs of the Georgia oyster industry. <[The News, Savannah,

Ga., November 20, 1888.

1888k—Pike, R. G.; Hudson,W. M., and Bill, J. A. Eighth Report of the Shellfish

Commissioners of the State of Connecticut, for the year ending October

31, 1888. Middletown, 1888. 8°, 27 pp.

Contains an account of the procedures of the Commissioners and the gcner.al condition

of the oyster industry of the State in 1888. The area of ground held by individuals for

planting purposes on October 31, 1888, was 78,11)7.56 acres.

18881—Segrave, E. S. Report on the Oyster Fisheries of Maryland. Foreign

Office, Misc. series, No. 8, Reports on subjects of general and commercial

importance. United States. London, 1888. 8°, 7 pp.

A compilation of data previously published relative to the extent of the oyster indus-

try of ilaryland, with notes on the shipment of the so-called "locked-oyslers."

1888 m—Winkley, Henry "W. Molluscs ibund in the oyster beds of Cognac, N. B.

Bedeque and Suiiinierside, P. E. I. <^Bunetin of the Natural History So-

ciety of New Brunswick. No. vii, pp. 69-71. Saint John, N. B., Barnes

& Co., 1888.

1888 n—Anonymous. Oyster-culture at Arcachon. <^Blackwood's Magazine, Lon-

don, March, 1888, vol. 143, pp. 366-371.

1888 o—Anonymous. Our oyster navy. <^The Sun, Baltimore, November 20, 1888

A description of the Maryland oyster police force and its efHciency.

1888 p—Anonymous. The oyster war. <:^The Telegraph, Philadelphia, December

12, 1888.

An account of the troubles in the Chesapeake li-.iy in 1888.

1888 q — Anonymous. Oyster Laws Enacted by the General Assembly of Mary-

land at the January sessions, 1881, 1886, and 1888. Annapolis, 1888. 8°,

30 pp.

1888 r—Anonymous. Article lxxii. Oysters. Annapolis, 1888. 8^, 36 pp.

A compilation of all the general oyster laws of Maryland operative in 1888.

1889 a—Cowen, John K. The Maryland oyster in State jjolitics. <^TheSun, Balti-

more, February 4, 1889.

A compreliousive discussion of the political reasons for the lack of encouragement to

oyster-culturists in the State of Maryland.

1889 b—Delmonico, Charles. The Blue I'oint fraud. <;The Evening Star, Wash-

ington, October 26, 1889.

A gnstronomical discussion.
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1889 c—Doyle, Edward P. (Socretary). Seventeenth Report of the Commissioners

of Fisheries of the State of New York. Transmitted to the Legislature

January 10, 1889. Albanj-, 1889. 8^, 244 pp.

On pp. 107-162 18 published the report of the shellfish commissioners of Xew York
State for the year ending November 30, 18S8.

1889 d—Folsom, Montgomery M. Gathering oystera: a night on the waves with

the fishermen of Brunswick. <^The Atlanta Constitution, Atlanta, Ga.,

March 10, 1889.

1889 6—Ganong, W. F. The economic mollusca of Acadia. <^Bulletin of the

Natural History Society of New Brunswick. Saint John, N. B., 1889. No.

VIII, pp. 3-100.

This paper reviews, on pp. 46-63, the history of tlie oyster flsliery iu Canada from earliest

times and contains a table showing the value of the oyster product in the three oyster-

producing provinces, viz—New Brunswiclv, Nova Scotia, and Prince Edward Island. See

1889/.

1889

f

—Ganong, W. P. The economic mollusca of Acadia. Rejirinted from Bul-

letin No. VIII of the Natural History Society of New Brunswick. St.

John, N. B. Barnes & Co., printers. 1889. 8°, 166 pp.

A reprint of 1889 e.

1889 g—Nelson, Julius. Oyster interests of New Jersey: New Jersey Agricultural

Exi)erimeut Station. Special Bulletin. Trenton, 1889. 8°, 40 pp.

A report on the extent, condition, and product of the naturjil oyster beds of New Jersey,

the extent and condition of the oyster planting industry, and the means of extending the

cultivation of oysters in the State. Eeporfs the are^a of natural beds to be 79,000 acres,

with an annual product of 2,000,000 bushels.of oysters, the greater portion of which are

planted in the State; the area of the planted grounds to be 14,990 acres, tlie annual product

of which amounts to 2,052,000 bushels, valued at one dollar per bushel.

1889 h—Oemler, A. The. Life History, Proj)agation, and Protection of the American

Oyster. An E,ssay read before the Georgia Historical Societj', March 4

and April 1, 1889, iu the Interests of a Bill which is to be Introduced in

the Georgia Legislature for the Protection and Developinent of the Oyster

Industry of Georgia. <^Savannah, The Morning News Print, 1889. 8'^,

28 pp.

1889 i—Raveuel, W. de C. Report of operations at St. Jerome oyster-breeding

station for the year 1886. < Report U. S. Fish Commission, 1886. Wash-
ington, 1889, vol. XIV, pp. 765-777.

1889 j—Rowe, H. C. Blundering oyster laws. <^The Post, Now York, February

25, 1889.

A criticism of certain features of the Connecticut oyster-cultivating regulations.

1889k—Smith, Charles Sydney. Connecticut oyster legislation. <^Provid(nce

Journal, Providence, February 7, 1889.

This is the report of a joint special committee appointed by the Icgislatureof the State

of Rhode Island to inquire into the .system of oyster legislation adopted by the State of

Counecticut, and the practical workings thereof.

18891—Smith, Charles Sydney. Connecticut oyster legislation. ^Register, New
Haven, February 11, 1889.

A reprint of 1889A;.

1889 m—White, Charles T. Enemies of the oyster. <^The World, Now York,

September 1, 1889.

1889 n—"Winslow, Francis. Report on the Sounds and Estuaries of North Caro-

lina, with reference to oysfcer-culture. <^Bulletin U. S. Coast and Geo-

detic Survey, No. 10, 4'^, 136 pp., 3 maps.

See 18860.
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1889 o—Young, Archibald. Short report on the oyster and ninssel fisheries in parts

of Argyleshire, Ivernoss-shire, Sntherlandshire, and Ross-shire in 1888.

<^Seventli Annual Rajtort of the Fishery Board for Scotland, being for the

year 1888. Edinburgh, 1889.

1889 p—AnonymoTis. Washington's oyster trade. <^The Evening Star, Wash-
ington, January 26, 1889.

1889 q—Anonymous. New Orleans oysters. <[ State, Kew Orleans, February 14,

1889.

1889 r—Anonymous. The Shellfish Commission. <The Hartford Courant, Hart-

ford, Conn., February 15, 1889.

Reviews thefinances of the Connecticut Sliollfisli Commission.

1889 s—Anonymous. Scarcity of oysters. <^Forest and Stream, New York,

October 21, 1889, p. 270.

1889 1—Anonymous. The Potomac di^5pute: Hog Island Flats. <^Thc Sini, Balti-

more, November 30, 1889.

1889 u—Anonymous. War on Raritar. Bay: A row over oysters and clams. <The
News, Newark, New Jersey.

A discussion of the New York-New Jersey honnd.arj' line in Raritan Bay so far as it

afl\!c(s the oyster industry.

1889 V—Jackson, R. T. The develoiiment of the oyster, with remarks on allied

genera. <Proceedings of tlie Boston Society of Natural History, Boston,

1889, vol. XXIII, pp. 531-556, 4 pis.

1890 a—Bourne, Gilbert C. The generative organs of the oyster. <^Journal of

the Marino Biological Association of the United Kingdom. Plymouth.
Published by the Association, 1889-90. Vol. i, pp. 268-281, pis. xxii and
xxm.
Abstract translation of De Voortplantiugsorganen van de Oester. Bijdrage tot de

Kennis van hun Bouw en Flunctie. Door Dr. P. P. C. lloek. Tijdschrift der Nederlandscbe

Dierkundige Vereeniging, vSupplemcnt Deel 1. Leiden, E. J. Brill, 1883-84, pp. 113-254.

Tills paper gives the result of the ob.servations of Dr. Hoek and reviews the conclusions

of other naturalists. See 1883 7)i. It also contains an abstract translation of Vergelijkend

Ondorzoek van Gekweekte en in het wild Opgegrooide Oestors, * * * Door Dr. P. P.

C. Hoek. Tijdschrift der Nederlandscbe Dierkundige Vereeiiiging. Supplement Deel 1.

Leiden, E. J. Brill, 1883-8i, pp. 481-495. See 1885 i.

1890 b—Boyd, Thomas J. (Chairman). Oysters. <^Eighth Annual Report of the

Fishery Board for Scotland, being for the year 1889. Edinburgh, 1890,

pp. 27-33.

A review of the condition of the oyster industry during the preceding seven years, with

notes on the progress of oyster-cnlture in other countries.

1890 c—E , T. P. An oysterman's views. ^The Daily American, Baltimore,

December 23, 1890.

Urges a better eul'orcemontof the cull law in Maryland.

1890 d—Fovyler, G. Herbert. Notes on oyster-culture. <^Journal of the Marine

Biological Association of the United Kingdom. Plymouth. Published by
the Association, 1889-90. Vol. i, pp. 257-267, pi. xxi.

A detailed description of the practical operations in oyster-culture on the Eastern

Schclde, in the Dutch province rff Zeeland, with notes on recent legislation relative to

English oyster fisheries.

1890 e—FuUarton, J. H. Oyster culture in France and Holland. ^Eighth Annual

Report of the Fishery Board for Scotland, being for the year 1889. Part

III. Scientilic Investigations. Edinburgh, 1890, pp. 220-229.

This report is based on observations made by the author during a visitto the chief oyster

centers from the East Scheldt in Netherlands to Arcachon in the southwest of France.

1890 f—Hackett, Ed-wrard. Oysters in Prince Edward Island. <Annual Report

of the Department of Fisheries, Dominion of Canada, for the calendar

year 1889. Ottawa, 1890, pp. 152-153.

A report oa Hk* oyster Indastrj of Prince Edward Island dari ng th« year ISM.
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1890 g—Hotchkiss, Samuel M. Fifth Annual Report of the Bureau of Labor
Statistics of the State of Conuecticut, for the Year ending November 30,

1889. Hartford, Conn., The Case, Lockwood & Brainard Co., 1890. 8°,

215 pp., 5 plates, 2 maps.

On pp. 91-153 is given a statistical resume of the extent of the oyster industry of Con-

necticut for the year ending May 1, 1889. The maps, which are worthy of special notice,

indicate for the year 1889 the location of aU the public and private oyster areas of the

State.

1890 h—Lome, Marquis of. Oyster-culture. <^Good Words, London, March, 1890,

vol. XXXI, pp. 161-171.

A discussion of present methods practiced inlTrance, with comparisons of the abun-

dance of oysters in France and Great Britain. Illustrated by H. R. H. Princess Louise.

18901—Montagu, Lord. Letter on oyster-culture. <^Journal of the Marine Bio-

logical Association of the United Kingdom. Plymouth. Publislied by the

Association. 1889-90. Vol. i, pp. 282-285.

An account of experiments made in oyster breeding in the BeauJieu River bj' Lord Mon-
tagu of Beaulieu.

1890 j—Nelson, Julius. Report of the Biologist. <Tenth Annual Report of the

New Jersey State Agriculture Experiment Station and tlie Second
Annual Report of tlie New Jersey Agricultural College Experiment
Station for the year 1889. Camden, N, J. F. F. Patterson, State Printer.

1890, 8°, pp. 197-220.

Contains an historical resume of ostreicultur.al experiments and methods, with notes on
certain experiments conducted by the author during the summer of 1889.

1890 k—Thomas, R. S. Oysters and revenue. <;The Richmond Dispatch, Rich-

mond, January 12, 1890.

Discusses methods of increashig the oyster revenue in Virginia.

1890 1—Hyatt, Alpheus. The Oyster, Clam, .and other Common Mollusks. Boa-

ton, D. C. Heath & Co., 1890. 16°, 65 pp., 16 plates.

A guide to the popular anatomical study of these mollusks.

1890 m.—Kent, W. Saville. Oysters and the Oyster Fisheries of Queensland.

[Blue Book Rept.] Brisbane, 1890, fol., 17 pp., 9 pis.

1890 n—Anonymous. Blue Point oysters. <; The New York Herald, New York.

September 28, 1890.

1890 o—Anonymous. The fate of our oyster industry. < The Daily American,

Baltimore, November 29, 1890.

Refers to (he fishery in Maryland.

1891a—Agnus, Felix. Is it reform or ruin? <;The Daily American, Baltimore,

January 9, 1891.

Observations made during a cruise over Maryland's oyster territory, with notes on the

necessity for a change in the oyster regulations of the State.

1891b—Brooks, W. K. Oyster-farming needed. <The Daily American, Balti-

more, January 13, 1891.

Discusses the ineflSciency of cull laws and the need of regulations for oyster cultivation

in Maryland.

1891 c—Brooks, V7. K,; Cowen, J. K.; McDonald, Marshall, and Hodsou, T. S.

Oyster beds. <^The Daily American, Baltimore, March 19, 1891.

Abstract of addresses delivered at a meeting held in Baltimore on M.irch 18, 1891, to

promote the adoption of an oyster-ciiltural system in Maryland.

1891 d—Brooks, W. K. The Oyster. Baltimore, Johns Hopkins Press, 1891. 12mo,

230 pp., 14 plates.

A popular summary of all the writings of this erudite biologist on the oyster and the

oyster industries.
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1891 e—Drake, J. C. Sounds find estuaries of Gooro,ia, with reference to oyster cul-

ture. <Hu]l(;tiu U.S. Coast and Geodetic Survey, No. 19. Washington,

1891, pp. 179-209, 7 maps.

Describes tbo specific gravity, currents, and clinracteristics of the bottom of each

tide-water area in the State. The .area of natural oyster reefs of the State was determined

to be 1,756.8 acres. The maps indicate the location of Iho reefs on a scale of jnJorn-

1891 f—Dii Bois, C. A. The necessity for restricting dredging a few years. <'l'he

Daily American, Baltimore, February 2, 1891.

1891 g~Felton, Franklin. What oyster farming would do for Maryland. <The
Daily Ameriran, Baltimore, April 11, 1891.

1891 li—Gilbert, Charles H. Report upon certain investigations relating to the

planting of oysters in Southern California. <Bulletin U. S. Fish Com-

mission, 1889. Washington, 1891, vol. 9, pp. 95-98.

Discusses the advantages and disadvantages in the planting of oysters possessed by

Alaniitos and Newport bays and tlie Gulf of California.

1891 i—Hodson, Thomas S. Oyster laws. <Th6 Daily American, Baltimore, Feb-

ruary 2, 1891.

Compares the oyster regulations of Maryland with those of Connecticut.

1891J—Hopkins, Jenny Ii. An oyster village. <Cosniopolitan, New York, October,

1891, vol. II, i)p. 717 ct seq.

A dcscripti.m of Inwood, N. Y., and the oyster industry thereof.

1891 k—Hudson, "W. M.; Waldo, George C, and Treat, B. A. <Auuual Report

of the ShelKish Commissioners, State of Connecticut, 1891. Hartford,

Conn., 1891. 8°, 24 pp.

1891 1—Jones, A. C. A new oyster law. <^The Daily American, Baltimore, April

20, 1891.

Suggests and rccomineud.s certain now regulations for the oyster industry of Maryl.and.

1891m—Knowles, Horace G. Artificial oyster culture in France <U. S. Cou-

snlar Reports, October, 1891, Washijigtou, 1891, No. 133, pp. 244-246.

General references to the methods practiced at Arcachon.

1891 n—McDonald, Marshall. State oyster policy. <Forest and Stream, New
York, April IG, 1891, vol. xxxvi, p. 253.

Abstract of address delivered at Baltimore, March 18, 1891.

1891 o—McKinney, Philip W. The oyster question. < Virginian, Norfolk, De-

comber 10, 1891.

Keprint of a special message of the governor o; Virginia on the oyster industry of tliat

State.

1891 p—Martin, H. Newell. The oyster question. <;Sciencc, New York, March 27,

1891, vol. XVII, pp. 1(59-170.

Discusses the progress of scientific investigations towards the preservation of ttie

Maryland oyster.

1091 q—Page, Henry, and others. Oyster beds. <:^The Sun, Baltimore, April 30,

1891.

Abstract of addresses delivered in Baltimore, April 29. 1891, in opposition to the leasing

of natural oyster beds in Maryland.

1891r-Philpots, John R. Oyster.s, and All About Them. Being a Complete His

tory of the Titular Subject, Exhau.stive on all Points of Neccssarj-^ and

Curious Information from the Earliest Writers to those of the Present

Time, with Ninnerous Additions, Facts, and Notes. London, John Rich-

ardson & Co., 1891. 8°, 2 vols, 1370 pp.

A voluminous publication filled with repetitions, abstracts, and the undigested results

of the inquiries of naturalists and government officials. The first volume, which con-

tained 042 pages, was issued in 1890.
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1891 s—Smith, Hugh M. Notes ou an improved form of oyster tongs. < Bulletin

U. S. Fish Commissiou, 1889. Washington, 1801, a^oI. 9, pp. lGl-164.

Describes and recommends the employment of the implement commonly known as the

"deep-water toiig."

1891 1—Thompson, "W.H, Some reasons why the State of Maryland should im-

prove the oyster heds. <The Daily American, Baltimore, January 21,

1891.

1891 u—"Weeks, Thomas C. Speech delivered at the Concordia Opera House [Bal-

timore], on Thursday, April 30, 1891, under the auspices of the Canton

Oyster Exchange of Baltimore City. 1891. 8°, 16 pp.

Cites reasons why Maryland should not lease or sell to individuals or corporations any

portion of the oyster-grounds of the Chesapeake Bay.

1891 V—"Wilson, E. L. Biography of the oyster. <Scribner's Monthly, New York,

October, 1891, vol. x, pp. 469 et seq.

1891w—Anonymous. Facts about the oyster. <The Daily American, Baltimore,

January 26, 1891.

A review of the industry in Maryland and Virginia, with brief references to other

States.

1891 X—Anonymous. Oysters. <Saturday Review, London, October 3, 1891, vol.

72, p. 381.

Brief popular reference to the beginning of the oyster season and the reproduction of

oysters.

1891 y—Tilton, John. Oysters in the British Provinces. Annual Report of the

Department of Fisheries, Dominion of Canada, for the year 1890. Printed

by oMer of Parliament. Ottawa, 1891, pp. li-lxii.

A history of the regulations of the fishery in Canada.

1891 z—Fullarton, J. H. On the suitability of Scottish waters for oyster culture.

<Niath Annual Report of the Fishery Board for Scotland, being for the

year 1890. Part iii. Scientiiic Investigations. Edinburgh, 1891, pp. 184-

200.

Paper based on a phj'sical and biological examination made during the summer of 1800.

"In Scotland itcan hardly be said that the oyster industry exists. If it does exist at all, it

is only in the earliest initiatory stage. It seems as if it were merely a groping after oyster

culture, and that, too, on a minimum scale." The product of the oyster beds of Scotland

in 1888 was valued at £742.

1891 aa—Fullarton, J. H. Oyster fishery of Scotland. <Transactions of the

Philosophical Society of Glasgow, session 1890-91. Glasgow, 1891.

A contribution to the economic phases of the industry in Scotland. Compares the

present status of the fishery witli the condition a century ago.

1891 ab—Nelson, Julius. Report of the biologist. <Eleventh Annual Report of

the New Jersey State Agricultural Experiment Station aud the Third

Annual Report of the New Jersey Agricultural College Experiment Station

for the year 1890. Trenton, N. J., 1891, pp. 251-320.

A report of experiments conducted by the author during the summer of 1890, looking

towiird a practical method of artificially fertilizing and growing oysters.

1891 ac—Collins, J. "W. Notes on the oyster fishery of Connecticut. <Bulletin

U. S. Fish Commission, 1889. "Washington, 1891, vol. ix, pp. 461-497, plates

CLIX-CLXVI.

1891 ad—Cox, James C. New South "Wales. Fisheries of the Colony. Report of

the Commissioners of Fisheries for the year ending 31st December, 1890.

[Sydney, 1891.] 4°, 44 pp.

Reports the condition of the oyster industry of New South Wales in 1800, and contains

a copy ol the act of 1891 that consolidated aud amended the oyster laws of the colony.
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1892 a—Atwater, W. O. Tlie clieraical composition and nutritive valuoa of food

fishes and aquatic invertebrates. <^Report U. S. Fisli Commission, 1888.

Washington, 1892, vol. xvi, pp. 079-868.

On pp. 850-8G0 is given a discussion of the vahie of oysters as food, the statements

and deductions being based on examinations of many specimens from various localities.

1892 b—Battle, John D. An investigation of the coast waters of South Carolina

witli releronce to oyster-culture. <^Bulletin U. S. Fish Commission, 1890.

Washington, 1892, vol. X, pp. 303-330, 7 maps.

A report of the operations of the U. S. Fish Commission steamer Fish Hawk in the

winter of 1800-91 in surveying and determining the position and extent of oyster beds

and of bottom areas not then jiroducing oysters, .but suitable for their cultivation.

1892 c—Bauset, S. P. Oysters. <^Annual Report of the Department of Fisheries of

the Dominion of Canada, 1891. Printed by order of Parliament. Ottawa

Printed by S. E. Dawson, 1892. pp. 34-39.

A report on the condition of the oyster industry of Canada during the preceding sea-

sons, with notes on the regulations for the licensing of oyster-grounds.

1892 d—Bedloe, Edward. Some Chinese fishes. <^Forest and Stream, New York,

February i, 1892, vol. xxxviii, p. 104.

Describes the " bamboo oysters " of Foocbow, Amoy and Taiwaufoo in Formosa, and

the methods of culti\atiug them.

1892 e—Collins, J. "W. Statistical review of the coast fisheries of the United

States. <Koport of U. S. Fish Commission, 1888. Washington, 1892, vol.

XVI, pp. 271-378.

Reports the extent of the oyster product of the United States in 1888.

1892 f—Collin.s, J. W. Rej)ort on the Fisheries of the Pacific coast of the United

States. <Report U. S. Fish Commission, 1888. Washington, 1892, vol.

XVI, pp. 3-269.

Contains brief notices of the oyster industry of Slioalwater Bay and Puget Sound,

Washington, and of San Francisco Bay, California.

1892 g—Dean, Bashford. The physical and biological characteristics of the natural

oyster-grouiuls of South Carolina. <^Bulletin U. S. Fish Commission, 1890.

Washington, 1892, vol. x, pp. 335-3G2, pi. lxi-lxvii.

This report aims to point out the natural advantages ottered by the State for successful

oyster-culture, and discusses tlie characteristics of the " raccoon reefs," reasons for

absence of oyster spat in deep water, food of (he South Carolina oyster, analyses of the

waters over tlio oyster beds, etc.

1892 h—Dean, Bashford. Report on the present methods of oyster-culture in

France. <Bulletin U. S. Fish Commission, 1890. Washington, 1892, vol.

X, pp. 362-388, plates lxix-lxxviii.

From the personal observations of a biologist familiar with the oyster industry in

sever.al of the United States.

1892 i—Hicks-Beach, Michael (President). Second Annual Meeting of Repre-

sentatives of Authorities under the Sea Fisheries Regulation Act, 1888.

Tuesday, 21st June, 1892. London. Printed for Her Majesty's Stationery

Office, 1892. 4°, 35 pp.
The close season in England for foreign oysters is discussed on pp. 25-27.

1892 j—Kellogg, James L. A contribution to our knowledge of the morphology of

lauu'llibranchiate mollusks. <^ Bulletin U. S. Fish Commission, 1890.

Washington, 1892, vol. x, pp. 389-136, plates Lxxix-xciv.

1892 k—NeLson, Julius. Report of the biologist. <[Twclfth Annual Report of the

New Jersey State Agricultural Experiment Station and the Fourth Annual

Report of the New Jersey Agricultural College Experiment Station for

the year 1891. Trenton, N. J., The John Ij. Murphy Publishing Co., 1892,

pp. 177-2.32.

A record of experiments conducted in the summer in Virginia, New York, and New
Jersey with a view to discovering a practicable and economical method of artificially

fertilizing and growing oysters.
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1892

1

—McMenamiii, James. A Review of Governor McKinney's Message on the

Oyster Question. Hampton, Va., Monitor Advance Print, 1892, 8^, 11 pp.

1892m—Rathbun, Richard. Oyster culture on the Atlantic coast. <^Report U. fcj.

Fish Commission, 1888. Washington, 1892, vol. xvi, pp.ux-LXV.

Reviews the scientifio work of the U. S. Fish Coiutnissiou during the fiscal year 1887-88

, in the investigation of the oyster bet's of tlie Atlantic, coast of the United States.

1892 11—Seth, Joseph B. Annual Report of the Commander of Maryland State

Fishery Force to the Board of Puhlic Works, for the Year ended 1891.

Annapolis, 1892, 8°, 13 pp., 1 plates.

Reviews briefly the condition of the Maryland oyster fisiiery in 1891.

1892 o—Thompson, "W. H. Free fishery rights in oystering. <^The Daily Ameri-

can, Baltimore, March 19, 1892.

1892 p—Weeks, Thomas C. The Oyster industry of Maryland. <Fourth Bien-

nial Report of the Bureau of Industrial Statistics and Information of

Maryland, 1890-91. Annapolis, 1892. 8°, pp. 11-194.

Discusses the general condition of the fisiiery during the preceding four seasons, and
contains a summary or epitome of all the oyster laws of the State operative in 1891.

1892 q—Young, Archibald. Report by Archibald Young, advocate. Inspector of

Salmon Fisheries for Scotland, and evidence in application by Mrs. Ogil-

vie of Barcaldine for an order for a several oyster and mussel fishery in

Loch Crevau. <^Tenth Annual Report of the Fishery Board for Scotland,

being for the year 1891. Edinburgh, 1892, pp. 51-55.

1892 r—Anonymous. Oyster farming. <^The Daily American, Baltimore, Febru-

ary 23, 1892.

A description of the present methods of oyster-culture practiced at Arcachon, France.

1892s—Anonymous. The oyster: How the delicious bivalve is raised and eaten

all the world over. <]The Evening Star, Washington, Sejitember 3, 1892.

1892 1—Anonymous. Compilation of the Oyster Laws of Virginia, 1892. Rich-

mond, J. H. O'Bannon, Superintendent Public Printing, 1892. 8°, 26 pp.

1892 u—Anonymous. Maryland State Fishery Force. Article lxxii. Oysters,

1892. [Annapolis, 1892.] 8°, 37 pp.

A compilation of the general oyster laws operative in Maryland in 1892.

1892 V—Schiedt, R. C, and Ryder, J. A. Diffuse pigmentation of the epidermis

[not periostracum] of the oyster, due to prolonged exposure to the light,

etc. <^Proceeding8 of the Academy of Natural Sciences of Philadelphia,

Philadelphia, November 15, 1892, pp. 350-352.

1893 a—Brooks, W. K., and Kno-vyer, H. McE. The Oyster Industry. ^Maryland,
its Resources, Industries, and Institutions. Prepared for the Board of

World's Fair Managers, of Maryland, by members of Johns Hopkins Uni-

versity and others. Baltimore, 1893, pp. 264-312.

A compilation of previously-published data relative to the natural history of oysters

and the oyster industry of Mai-yland.

1893 b—Cox, James C. The Australian oyster, its cultivation and destruction.

<;History of the Fisheries of New South Wales; with a Sketch of the

Laws by which they have been Regulated. Compiled from Official and
other Authentic Sources. Sydney, 1893. Appendix, pp. 120-126.

1893 c—Cox, James C. The oyster fisheries laws. Address delivered before the

Linn;ean Society, by the President, 1883. < History of the Fisheries of

New South Wales; with a Sketch of the Laws by which they have been
Regulated. Compiled from official and other authentic sources. Sydney,

1893. Appendix, pp. 115-120.

A thorough review of the oyster regulations of New South "Wales from the earliest

times up to the year 1883, with suggestions as to methods of improving those regulations.
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1893 d—Cox, James C. Now .South Wales. Fislierics of the Cokmy. Report of

the Coiiiinissiouors of Fiahories for tho Year eiuliug 31st Decemher, 1892.

[Sydney, 1893.] 4°, 26 pp.

Koiiorts the condition of the oyster industry of Xew South Wales in 1892.

1893 e—Dean, Bashford. Report on the European methods of oysler-cuiture. ^Bul-
letin U. S. Fish Commission, 1891. Washington, 1893, vol. x, pp. 357-406,

plates 75-88.

Describes tlio present methods of oyster-culture in Italy, Spaiu, I'ortufjal, Germany,

Holland, Kelgium, and England.

1893 f—Dean, Bashford. The present methods of oyster-culture in France. <^The

Fishing Gazette, New York, February 23-June 29, 1893, vol. X, Nos. 8-15.

A ri'iiriiit of 1802 1'.

1893 g—Haman, B. How^ard. Oysters and Roads. Address Delivered hefore the

Maryland Convention for Good Roads, held at Baltimore on January 12,

1893. Baltimore, 1893, 8°, 24 pp., with chart.

Urges the leasing of the barren bottoms of the Chesapeake Bay, the revenue therefrom

to be applied to tho iinprovemeut of the i)ublic roads in Marj-land.

1893 h—Howard, A. B., Jr. First Annual Report of the Bureau of Industrial Sta-

tistics of Maryland, 1893. Baltimore, 1893, 8^, 225 pp.

The oyster industry of Maryland is discussed on pp. 113-142, detailed statistics of the

industry duriut; tlie seasons 1889-9U and 1890-91 being ijresented.

1893 i—Hudson, W. M.; Waldo, G. C, and Beardsley, C. "W. Annual Report of

the Shell-fish Commissioners, State of Connecticut, 1893. Hartford, Conn.,

1893, 8°, 36 pp.

Reviews the work of the commissioners and discusses the condition of the oyster

industry of Connecticut during the preceding year, and contains a list of the owners of

oyster-ground in the State waters, with a statement of the acreage owned by each.

1893J—Jennings, C. E. The oyster, that succulent bivalve. <;The Fishing

Gazette, New York, January 5, 1893, vol. x. No. 1, p. 3.

A review of the oyster industry tributary to Now Tork City.

1893k—Kemp, Ernest. Report on the Oyster Fisheries of Canada. Ottawa, 1893,

8^, 13 pp.

Observ.itions made by a practical oyster-grower of England after examining the oyster

beds in New Brunswick, Nova Scotia, and Prince Edward Island.

1893 1—McMillan, 'William (President). World's Columbian Exposition, Chi-

cago, 1893. Catalogue of the Exhibits in the New South Wales Courts.

Sydney : Charles Potter, 1893. 8°, 782 pp.

On pp. 204-205 is a catalogue of the collection of oysters, the number of exhibits

amount iiig to".0.

1893m—Mather, Fred. Tho propagation and natural history of the American
oyster (Ostrea virginiana). <^The Fishing Gazette, New York, January 19-

Fehruary 16, 1893, vol. x, Nos. 3-7.

• An accoant of investigations carried on at Cold Spring Harbor, N. T., during the
summer of 1892.

1893 n—Mundella, A. J. (President). Third Anuual Meeting of the Representa-
tives of Authorities under tlie Sea Fisheries Regulation Act, 1888. Tues-

day, 6th June, 1893. London. Printed for Her Majesty's Stationery OflBce,

1893. 4°, 38 pp.

On pp. 11-17 is discussed the regulations for acquiring land for oyster-culture in

certain parts of Great Britain.

1893 o—N , W. History of the oyster industry in New York. <The Fishing

Gazette, New York, January 5, 1893, vol. x, No. 1.

A history of the location of the various oyster markets in New York City.
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ig93p_Ryaer, John A. A Coutribntion to the Life-History of the Oyster (Ostrca

vlrgi7iica Gmelin and O. effwHs Liun.). <Natural History of Economic

Mollnslis of the Uuited States, by Ernest Ingersoll and John A. Ryder.

Washington, 1893, pp. 687-758.

On pp. 711-758 is given a reprint of 1887 n, the edition being struck from the samo

plates as tlio latter.

1393 q_Smith, Marion deK. Record of Licenses Issued to Take Oysters in the

State of Maryland and the Several Counties thereof during the Season of

1892-93, and Licenses to Take Oysters with Scrape aud Dredge, Issued

by the Comptroller of the Treasury. Baltimore, 1893, 8°, 135 pp.

This pamphlet, being issued before the close of the season 1892-93, does not contain a

complete list of the licenses issued during that season.

1893 r—Smith, "William. Oyster culture. '<Twenty-fifch Report of the Depart-

ment of Marine and Fisheries for the fiscal year ended June 30, 1892.

Ottawa. Parliamentary paper, 1893. Royal 8°, pp. xv-xix.

An account of the condition of the oyster industry in Canada in 1892.

1893 s—Stevenson, Charles H. Report on the Coast Fisheries of Texas. <Report

U. S. Fish Commission, 1891. Washington, 1893, vol. xviii, pp. 373-420,

plates 12-27.

Contains a history of the oyster industry of Texas, and a description of the oyster-

grounds, with an account of the regulations affecting them.

1893 t—Thompson, Lindsay G. History of the Fisheries of New South Wales;

with a Sketch of the Laws by which they have been regulated : Compiled

from Official and other Authentic Sources. Published by Authority of

the New South Wales Commissioners for the World's Columbian Expo-

sition, Chicago, 1893. Sydney: Charles Potter, Government Printer,

1893. Royal 8°, 101 pp.

On pp. 52-72 the oyster fisheries of New South Wales and the laws regulating them are

discussed with great thoroughness. The various oyster-producing localities, the area

and condition of the reefs, and the extent of the product are noted with much detail.

1893u—Tonning, H. Ostrdiculture. A Report Concerning the Actual Condition

of this Industry. Copenhagen. Andr.-Fred. Heist and Fils, 1893, 8°, with-

out numbered pages.

This paper is intended as a practical guide to carrying on the culture of oysters on the

coasts of Norway.

1893 V—Townsend, Charles H. Report of Observations Respecting the Oyster

Resources and Oyster Fishery of the Pacific Coast of the United States.

<Report U. S. Fish Commission, 1891. Washington, 1893, vol. xviii,pp.

313-372, plates 2-11.

Is accompanied by charts showing the locations of the public and private areas of

oyster-grounds.

1893 w—Whiteledge, Thomas. Extracts from report on the worm disease aff'ect-

ing the oysters on the coast of New South Wales. <History of the

Fisheries of New South Wales; with a Sketch of the Laws by which they

have been Regulated: Compiled from Official and other Authentic

Sources. Sydney, 1893. pp. 109-115.

These worms appear to be Folydora ciliata. The following branches of the subject

arediscu.sscd: (1) The infected area; (2) Symptoms of the disease; (3) How the worms

effect an entrance into the oysters; (4) Evidence as to boring, from an examination of

tlio shell; and (5) the remedy. The original report was printed in Kecords of the Aus-

tralian Itluseum, Sydney, 1890, vol. I, pp. 41-55, pis. in-VI.

FC 23
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1893 X—Anonymous. Scliodule of applicjitions for licenses of areas for oyster cul-

1 me between tlie years 1882 and 1892, with action taken thereon. <^T\veuty-

lifth Annual Report of the Department of M»riue and Fisheries for the

fiscal year ended Juno 30, 1892. Ottawa, Parlianacntary paper, 1898,

n])i)('n(lix No 6, pp. 197-200.

1894 a—Brown, Frank. Oysters. ^Message of the Governor of Maryland to the

General Assembly at its regular session, January, 1891. Baltimore, 1891,

pp. 16-20.

Discusses tlio condition of the State oyster fund.

1894b—Fox, Howard. Faluiouth oyster fishery. <U. S. Consular Reports, Feb-
ruary, 1894. Washiu.,'ton, 18:)!, vol. xliv, pp. 341-342.

A brief note on the condition of tlie industrj' since 1859.

1894 c—Howard, T. C. B. Report of the Connuander of Maryland State Fishery
Force, to the Board of Public Works. Annapolis, Md., 1894, S'^, 12 pp.

A report on certain features of the oyster industry of Maryland, tlie principal subjects

discussed being the oyster fund, condition of the navy, the cull law, the oyster season,

and magistrates and fines.

1894 d—Oemler, A. The World's Fisheries Congress, Chicago, 1893. The past,

present, and future of the oyster industry in Georgia. ^Bulletin U. S.

Fish Commission, 1893. Washington, 1894, vol. xiii, pp. 263-272.

1894 e—Stevenson, Charles H. The Oyster Industry of Maryland. <Bulk'tiii U.

S. Fish Commission, 1892. Washington, 1894, vol. xii, pp. 203-298, plates

LVI-LXXl.

A comprehensive economic discussion wliich reviews the regulations of the fishery

from the earliest period, and discusses the past and present condition of the industry

under tliO following captions: (1) The oyster-grounds; (2) Tonging; (3) Dredging; (4)

Scraping; (5) Oyster culture in Maryland; (G) Transporting; (7) The oyster markets; (8)

Statistical summary
; (9) State revenue and fishery force; (10) Conclusion. The paper is

accompanied by a map indicating the general location of the oyster reefs of the State of

Maryland and showing the areas on which the various forms of oyster fishery are author-

ized. See 1894/.

1894 f—Stevenson, Charles H. The Oyster Industry of Maryland. <8ocoud
Annual Report of the Bureau of Industrial Statistics of Maryland, 18;)4.

Annapolis, King Bros., 1894, pp. 215-388.

A reprint of 1894 e.

1894 g—Anonymous. Proceedings of the Convention Called to Ctmsider and Dis-

cuss the Oyster Question, held at the Richmond Chamber of Commerce,
Richmond, Va., Jan. 12, 1894, with Papers Issued in Calling the Conven-
tion. Richmond. J. W. Ferguson & Sou, 1894, 8°, 47 pp.

llelates to the methods of improving the condition of the oyster industry of Virginia.

Contains addresses delivered by J. B. Baylor, H. C. Rowe, Francis Winslow, Marshall

McDonald, W. IC. Brooks, O. A. Brown, and othere.



GENERAL CLASSIFICATION BY SUBJECTS.

For the purpose of facilitatiiij? reference to special branches of oyster literatm-o

the accomx^anyiiig classificatioii by subjects is here appended. Tliose numbers in

heavy-faced type indicate the princixjal pajiers on the subjects under which they are

listed.

I. NATURAL HISTORY.

1. Distribution of oysters, 18416, 18436, 18-19, 1853, 1857(J, 1857(?, 18G16, 1864d, 1S65,-J, 18696, 18G9/, 1873c,

1877fc, 18789-, 1883A, 18S3m.

2. Anatomy, general, 1814, 1836, 1841a, 1846, 1854a, 185S6, 1864(?, 1885a, 1565gr, 18776, 1878d, 18801), 1880s,

1881/4, 1881e, 1882/i, 1882i(i, 18S3n, 1883ac, 1884u, 1887n, 18886, 1890a, 18"J0i, 1891(1, 1891r,

1892J.

a. BronchiiB 1852a. See also Anatomy, general.

6. Organ of Bojanus, 1883ae. See also Anatomy, geueral.

c. oexual characteristics, 18S3ad, 1887(i.

d. VLsiial senses, 1837<x.

e. Sliell formation, 1855a, 18556, 1855c, 1878/, 1883r.

/. lilood corpuscles, 1879(7.

3. Habits and mode of life, general, 1669, 1722, 1744, 18376, 18526, 1852c, 1856a, 18586, ISGOa, 1863/,

1864rf, 18C5a, 18656, 1865.7, 1867-7, 1867o, 1868a, 1808A, 1872a, 18746, 1877e, 1877A, 1878d, 1879i,

i880g', ISSle, 1881A, 1883j, 18832, 1883^, 1883?-, 1883s, 1883m, 1883a;, I883aj, 1884m, 1884u, 1885g,

1885it), 1885ai7, 1887u, 1888A, 1889;*, 1891d, ]891r, 1891i).

a. Enemies and associates, 1665, 1693, 186Jc, lS67c, 1873fl, 1874d, 1880-7, 1883aZ, 1884m, 18857), lSS7n,

18S8in, 1889m, 1891z.

6. Resting position of oysters, 1669, 18855r, 1885A-, 1885n, 1885«, 1S85h, 1885t).

C. Food and green color, 1669. 1863e, 1866a, 18G6e, 1870(7, 1874c, 1877d, 1880*/, 188071, 1881e, 1882e,

1882/ 1882-7, 1883a/, 1884o, ISSiu, ISSlh, lS87ii. See "Habits and mode of Ufe, general,"
^^ for other jiapers relative to the food of oysters.

d. Corallines on oyster shells, 1755.

4. Embryology and natural reproduction, 1609, 1697, 1722, 1827, 1828, 18576, 18586, 1864a, 18656, 1865e,

1866a, 1867a, 1869a, 1873a, 1874c, 18766, 1876c, 1876e, 1876ft, 1879«, l8S0a, ISSOb, 1880c, 18826,

1882«, 1882/. 1882-7, 1882A, 1883e, 1883/, 1883?n., 1883?i, 1883r, 18S3arf, 1884t, 1884m, 1884m;,'

1885i, 18853, 1886g, 1887ii, 1889/i.

5. Artificial propagations, experiments, etc., 1866a, 1808d, 1869d, 1878d, 18796, 1879c, 18801), 1880e, 1881/,

188H, 188271, 1882fc, 18836, 1883c, 1883/ 1S83J, 1883?, 1883aa, 1883a-7, 1883am., 188:!aH, 1883aa;,

1884a, 1881J, 1884o, 1884-/, 1881r, 1884s, ISSiy, 1885e, 1885r, 1885<, 188G7i, 1887/, lUSlg, ISSlk,

1887n, 1890a, 1891ab, 1892;t, 1893m.

II. ECONOMIC HISTORY.

1. Oyster industry of the world, 1884^-, 1891r, 1894e.

2. France, 18596, 18626, 1863c, 18646, 1864c, 1864rf, 1864c, 1865a, 1865;, 1866a, 1866-7, 18667t, lS67b, 1867(7, 18G7e,

1867?!, 1868f, ISGSi, 1868J, 1870a, 1870c, 1877a, 1878a. ]8786,^1878c, 1878;, 1882a, 1883(7, 1883g,
1883i, 1883J, 18S3i-, 1883m, 1883)/, 1883a?c, 18846, 1884c, 1884e, 1888c, 1888«, 1890e, 1890h, 1891m,

1892h, lS82r, 1893/.

3. England, 1CC9, 1722,18376, 1852(7, 18546, 1857c, 1858b, 18636, 18646, 1864-7, 1865a, 1865/, 1865;, 1866a,

lSC6b, 1806(7,1866/ 1866-7, 1866i, 1867c, 18o7/i, 1867j; 1867;", 1867fc, 18072,1867i),1867o,lS68c, 1SG8J,

lb~.6k; 1869a, 1869/', 1870a, 1870/ 1872(7, 1875, 1876d, 1870i, 1877i, 1877;, 18777, 1878i, 1879(7, 1880?n.,

18827, 1883-7, 1883r, 1883aa, 1885ac, 18SGc, 1888c, 1888(7, 1890a, 1893c, 18946.

4. English Channel, 1839, 1857(7.

5. Ireland, 18376, 1838a, 1864/, 1865/, 18666, 1870a, 18706, 18716, 1881a.
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G. Scotlaud, 18376, 1862a, ISiUg, 1865a, 1865/, 1866&, lS68g, 1883a, 1887*, 1889«, ISOOb, 1891z, 1891aa, 185)2g.

7. Wales, 1720, 18376, 1879(;.

8. Gerniauy, 1877/, ISlSh, 1879k, 1888u, 18836&, 1885)«, 1893e.

9. Italy, 1883g, lS8Zay. 1887/, 1893(!.

10. Netiierlauds, 1883^), 16830*, 18836a, 1890c, 1893e.

11. Spain, 1893«.

12. Portugal, 1893«.

13. Austria, 1883x.

14. Belgium, 1893e.

15. China, 1880h, 1883a(, 1892(i.

16. Canada, 1850, 18G:!rt, 186lic, 18677>, 1874rf, 1874/, 1876/, 1877A-, 1881<?, 188 l«r, 188Gr, 1887r, 1887;, 1888/

18S8m, 1889e, 1890/, 1891y, 1892c, 189:!^-, ISOUc.

17. United States, general, 1865a, 1869c, l.S76a,1877/i, 187'ijn., 1880i, 188le, 1881(/, 1882c, 1884c, 1884a;, 1885J,

1887k, 1888c, 1892c, 1892m, 1894e.

18. California, 1891/i, 18'.'2/, lS93v, 1894c.

19. Connecticut, 1858a, 1877/i, 1879c, 1879/ 188(1;, 1880it, 1882d, 1883o, ISSSw, 1884fc, 1884J, lS84n, 18850.

1885J), 1885ad, 1885ae, 1886d, 188Gc, 1880it, 1886i, 18877», 1888*, 1889J, 1889i-, 18892, 1890g, 1891*,

189 lac, 1893i, 1894e.

20. Florida, 1887p, 1894e.

21. Georgia, 1888j, 1889d, 1891e, 1894«.

22. Louisiana, 1869c, 1880if'. 1889?, 1894e.

23. Mas.sacliusetts, 18416, 1870rf, 1894c.

24. Maryland, 1858a, 1859a, 1865(, 1870c, lS72o, lS73b, 1877e, 187Sa, 1878ff, 1878c, 1880<, lS81c, 1881^,

1882J, 1884e, 1884/, 1884«. 1884.-, 188.5/, 1880/ 1886)-, )8866', 1888/, I8880, I8887, 18S9a, 1889«,

1890c, 1890!, 1891a, 18916, 1891c, 1891/ 1891g', lS9\p, 1891q, 1891«, 1891?/), 1892»t, 1892p, 1893a,

1893£r, 1893ft, 1894a, 1894c, lS94e, 1894/.

25. New Jersey, 1889g, 1889w, 1890;, 1891a6, 1892J.

20. New York, 1843a, 18436, 1880i, 18S,)b, 1885c, 1885rf, 1885e, 1885^, 1887d, 1887o, 1887m, 1887w, 1888d,

1889c, 188911, 18907n., 1891j, 1893J, 1893o, 1894c.

27. North Carolina, 1885/, 1885a;, 188«o, 18877, 1887r, 1889», 1894e.

28. Rhode Island, 1884i, 1887v, 1894c.

29. South Carolina, lS92b, 1892g.

30. Texas, lS93s.

31. Virginia, 1858o, 18616, 1869c, 1872b, 1877c, lS77c, 1877*7, 187Sc, I88O0, 1880<, 1881^', 18S2j, 1884a;,

1889#, ]890fc, 18910, 1892i, 1892(, 1894e.

32. "Washington, 1892/ 1893?;.

83. District of Colnmhia, 1889;).

34. Delaware, 1887?/, 1894e.

35. Australia, •tc, 1880^), I88O7, 1883ft, 1883az, 1887?, 1891ad, 18936, 1893c, 1893d, 1893«, 1893io.

36. European trade in American oysters, 188GJ, lS86n.

III. MISCELLANEOUS.

1. Archajological notes, 1851, 18586, 1861a, 1867o, 1868e.

2. Chemical composition of oysters, 18GGa, 1867a, 1883e, 1883?<, 1885a, 1887a, 18876, 18S7c, 1892a.

3. Examinations of oyster-grounds, \S70g, I8860, 1887J, 1891e, 18926, 1892(7, 1893«j 1894(J.

4. Poisonings caused by oysters, 1808, 18G5ft. See also " Food and grcon color."

5. Apparatus for catching oysters, 1883ap, 1891*.

6. Exposition catalogues, etc., I866I1, 1878j, 1883«, lS83ap, 1883a«, 18836c, 1886c, 1893J.

7. Uses for oyster shells, 1668, 1675, 1681, 1698, 1881c, 1894e.

8. Gastronomical notes and cook hooks, 18586, 1861a, 1863/, 1867(7, 18G7o, 18GSe, 1871a, 1880w, 18816,

1883a«, 1884J), 1888a, 1888e, 18896.

9. Ode to an oyster, 1880r.
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4.-THE FISHERIES OF THE GREAT LAKES.

INTRODUCTORY NOTE.

The fisheries of the Great Lakes, by reasoii of their great extent and

the energetic measures taken by the General Government and the

various States to maintain and increase their productiveness, have

received an unusual amount of public attention, wliich has been increas-

ing during late years, owing to the more extensive flsb-cultural opera-

tions carried on, the threatened depletion of some of the lakes, due to

wasteful methods or overfishing, and the growing necessity for concur-

rent action on the part of the several States and Canadian Provinces for

the preservation of this important industry.

This Commission has aimed to keep well informed as to the status of

the lake fisheries and has within a comparatively short time conducted

two thorough investigations of the industry, viewed from the stand-

point of the economic fisherman. The first canvass of this region, since

the census of 1880, was made in 1885; the results of this comprehensive

investigation of the history, apparatus, methods, and statistics of the

fisheries were published in a report entitled " Review of the Fisheries

of the Great Lakes in 1885" (330 pages, 7 charts, and 37 illustrations of

fishes, apparatus, etc.).

The present paper represents the results of an investigation of the

commercial fisheries of the Great Lakes conducted by tliis Commission

during the fiscal year 1892, and illustrates the condition and extent of

the industry during the year ending December 31, 1890. Notice of

the field work and a summarized account of the results of the inquiry

have appeared in my annual report for 1892. The following agents

of the Division of Fisheries participated in the investigation and can-

vassed the regions specified : W. A. Wilcox and T. M. Cogswell, Lake

Superior; E. E. Race and H. P. Parker, northern, western, and eastern

shores of Lake Michigan, south of and including South Haven; Ansley

Hall, eastern shore (Jf Lake Michigan north of South Haven ;
W. A.

Wilcox, Lake St. Clair, St. Clair and Detroit rivers, and the fisheries of the

southern shore of Lake Huron tributary to Port Huron and the St. Clair

River; Charles H. Stevenson,theshoreof Lake Erie east of Port Clinton,

including the Bass Islands, and part of the shore of Lake Ontario

west of the Genesee River; and H. M. Smith, Lake Ontario, with the

exception of part covered by Charles H. Stevenson. Messrs. Seymour
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Bower aiul E. A. Tulian were detailed from the Division of Fisli-cultare

to assist ill the lield inquiries. Mr. Bower canvassed that part of La]i(:

Erie west of yaiidusky, and Mr. Tulian the American shores of Lake

Huron. Tlie duty of ])reparing the notes of the agents for publication

and of discussing the prominent features disclosed by the statistics has

devolved upon Dr. Hugh M. Smith, the assistant in charge of the

Division of Statistics and Methods of the Fisheries.

This report is essentially a detailed statistical presentation of the

various phases of the lake fisheries. The previous full discussions of

the methods employed, descriptions of the apparatus and boats used,

and notes on the fishes taken render further information of this kind

uncalled for and make necessary at this time only a notice of the princi-

pal changes which have occurred in these matters since the last inquiry.

The statistical matter and the accompanying text are arranged with

a view to show (1) the general extent of the lake fisheries and their

importance as compared with 1880 and 1885; (2) the fisheries consideied

by lakes; (3) the fisheries considered by States; and (4) the extent and

results of artificial propagation.

Attention may properly be directed to one feature of the paper which

has not appeared in any previous report on the Great Lakes fisheries,

viz, the presentation of statistics showing the quantity of each prin-

cipal fish taken with each kind of a])paratus. The tables are interesting

for the information given and are important in affording an opportunity

to make comparisions of the relative catch of theditrerent species with

the different appliances in future years. An invaluable basis is fur-

nished for determining the existence of augmentation or diminution in

the supply of the various fishes, the extent of the increase or decrease,

and the form of fishery in which it has occurred.

The extent of the fisheries of the Great Lakes region, as determined

by the inquiries of this Commission, was as follows : Persons employed,

9,738; capital invested, $5,302,744 pounds of fish taken, 113,898,531;

value of the catch to the fishermen, $2,471,708.

The canvass of the fisheries of the lake region was materially

assisted by the fishermen and wholesale dealers, without whose hearty

cooperation a satisfactory inquiry could not have been made. Dealers

in every section gave to the agents of the Commission free access to

their records, thus permitting the collection of the most reliable statis-

tics and, in some instances, furnishing necessary data that could not

otherwise have been obtained, in the absence of records kept by the

fishermen. Dealers in many places also accorded to the Commission's

agents free passage on their fishing and collecting cteamers, and so

contributed to abetter understanding of the fisheries as well as a sav-

ing of time and expense. The thanks of the Commission are heartily

extended to the fishing interests of the lakes.

Marshall McDonald,
U. S. Commissioner of Fish and Fisheries.



THE FISHERIES OF THE GREAT LAKES.

By Hugh M. Smith, M. D.,

Assistant In cMrge of Dmsion of Statistics and Meilunls of He Fisheries.

I._GENERAL REMARKS ON THE LAKE FISHERIES.

Ill tlie basin of tlieGreat Lakes there are about 100,000 square miles

of water, distributed as follows:
Square miles.

^ , ^ . 32,000
LalceSnpev.nr

.^^^ ^^
Lalee M i cb ig :lu 21000
Lake Huron " '

^

, 1 -n 0, oOO

^t'n . • 6,500
Lake Ontario

St. Mary, St. Clair, Detroit, Niagara, and St. Lawrence
^

^^^
rivers, Lake St. Clair "'

„ , , 100,000
Total

This enormous area supports a fish fauna, that is peculiarly rich and

varied At least 40 species of recognized food value are found m greater

or less abundance, including some of the most highly esteemed and

valuable food ami game fishes occurring in North America. Tlie fish-

eries here prosecuted by the people of the United States and Canada are

the most extensive lake fisheries in the world. The quantity of fish

annually taken is now over 150,000,000 pounds, having a value of more

than $4,400,000. The. wonderiul fertility of these waters '"^^^6 better

appreciated when it is recalled that since 1880 not less than 1,400,000,000

pounds of food-fish have been put on the market from this region, the

value of which was not less than $42,000,000, and that up to within a

comparatively short time no serious or apparently permanent diminu-

tion in the general supply had been observed. Even at the present

time the output is wonderfully well maintained, all things considered,

and it may be safely stated that in much the larger part of this region

the resources are not fully utilized.

While the fisheries of the American side of the Great Lakes are not

important by comparison with the fishing industry of some of the coast

sections of the country, their actual extent is great, and in some respects

they are more prominent and interesting than those of any other region

;
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but the inipoitaiu'e wliicli the fisheries of this ^reat basin are destined

to attain in the not lar distant future overbahmces the mere question of

their present extent. The development of other industries, the increase

in population, especially in the more western and northern parts of the

chain, and the growing dennmd for food-fish in the country at large,

will undoubtedly lead to the advance of the lake fisheries.

In anticipating the continued growth of the lake fisheries, the serious

effects of overfishing must not be disregarded, and the possibility of

practical extinction of some of the more imi)ortant fishes nuist not be lost

sight of. While the natural resources of the lakes, their large size,

and their physical features coiuluce to the preservation of the su})ply

even when exceedingly large quantities of fish are caught, the histcjry

of the fisheries, in the two smallest lakes at least, clearly indicates the

influence which man may exert on the abundance of the lake fishes and

suggests what may be the case in even the largest lakes if the fishing

operations are sufficiently extensive and if no regard is given to the

question of needed protection. In looking, therefore, for the continued

increase and prosperity of the lake fisheries, the necessity for rational

regulatio!is in certain lines must be recognized.

Of fully as great importance and, in some instances, of even greater

consequence, is the resort to adequate artificial methods for the coun-

teraction of the effects of fishing and for the regeneration of depleted

grounds.

The investigation of the Commission in 1891-02 disclosed the fact

that the lake fisheries gave employment to about 0,740 persons, that

the amount of capital invested was over $5,362,000, that nearly

114,000,000 pounds of fish were taken, and that the value of the catch

was about $2,471,700.

The different capacities in which the persons were employed were as

follows

:

Persons employed in the fisheries of the Great Lakes.

How engaged.
Num-
ber.

On fishing vessels
On transporting vessel.s.

In shore or boat fisliiug.

On shore

Total

598
133

7,393
1,GU

9,738

The details of the investment are shown in the following table. The
prominent features of the lake fisheries disclosed by the statistics are

the relatively expensive class of vessels employed, the great imjjor-

tance of the pound-net and gill-net fisheries as shown by the number
of pound nets and gill nets operated, and the expensive shore property

devoted to the industry.
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Vessels, hoats, apparatus, shore property, and cash capital employed in the fisheries of the

Great Lakes.

Items.

Vessels fishing
Vessels transporting
Boats
Apparatus

:

Pound nets
Gill nets
Seines
Fvke nets -
Lines and other apparatus

Shore and accessory property .

Cash capital

Total.

Number.

97
31

3,710

3,750
1103, 800

154
2,968

Value.

*$373, 771
*233, 055

361, 648

949, 957
498, 096
17, 236
96, 8G8

13, 052

1, 634, 871

1, 184, 190

5.362,744

' Including outfit. 128,901,071 feet in length.

Of tlie 113,898,531 pounds of fish resulting from the operations of the

Great Lakes fishermen, the minor varieties of whitefish known under

the general name of lake herring represent much the largest part; next

in point of quantity are the pike and pike perch, the lake trout, the

whitefish, the perch, and the sturgeon. The quantities and values of

the principal fish are as follows

:

Products of the fisheries of the Ch-eat Lakes.

Species.

Herring
Perch
Pike and pike perch
Sturgeon
Trout
Whitefish
All others

Total

Pounds.

48, 753, 349
7,754,028
16,835,119
4, 289, 759

12, 890, 441
12,401,335
10, 974, 500

113, 898, 531

Value.

$561, 703
113,260
417, 038
148, 366
507, 950
518, 891
204, 560

2, 471, 768

Eeference should be made to the bulletin relating to the fisheries of

the Great Lakes issued by the Eleventli Census.* This is a more con-

densed exhibit of the subject than is given in the present paper. The

statistical data in the two reports are presented from somewhat differ-

ent standpoints, and each has some features that the other lacks, owing

to different methods of treatment, different objects in view, and the

adoption of different plans for the prosecution of the field investiga-

tions on which the reports are based. The census bulletin relates to

the year 1889, and gives the following figures as representing the

extent of the Great Lake fisheries during that year, the tables being

condensed to meet the requirements of the present notice.

• Fisheries of the Great Lakes. By Charles F. Pidgin and Bert Fesler. Census

Bulletin 173. Issued March, 1892.
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Statistics of the Fisiikiuks ok thk Gukat Lakes in 1889, as i:ki"oi:tki) by
THli: Er.KVKNTII Cexsi's.

Pcrsoii-i empJoijcd.

Lakes. Fisher-
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Attention may be directed to the permanent value of tlie detailed

statistics presented in the following pages, showing the extent of the

fishing industry in each county bordering on the lakes. Such data
afford an invaluable guide for determining the changes in the condi-

tion of the fisheries, and furnish the most satisfactory basis for noting

comparisons from time to time, in the increased attention now being-

bestowed on the lake fisheries, and in the consideration of questions of

legislation and propagation which are continually arising, detailed

comparative statistics will necessarily have great utility.

II.—THE FISHERIES CONSIDERED BY LAKES.

GENERAL STATISTICS.

As an introduction to a detailed presentation of the statistics of the

fisheries in each lake, the following series of general tables is given,

showing, by lakes, the number of persons engaged in the industry, the

apparatus, boats, etc., employed, and the quantity and value of the

catch.

The fisheries of Lake Erie, as is well known, are much more exten-

sive than those of any other lake. In all the essential items which

enter into a statistical consideration—persons, capital, and products

—

this lake takes precedence. In the canvass conducted by this office,

4,482 persons were found to be directly connected with the fisheries,

$'2,810,302 was ascertained to be invested, and 64,850,873 pounds
of fishery i)roducts were taken, having a value to the fishermen of

$1,000,905.

Lake Michigan ranks next to Lake Erie. Here 2,877 persons found

employment in the fishing industry, $1,437,224 was invested, 26,434,206

pounds of fish were caught, and the income of the fishermen was
$830,465.

Third in general importance is Lake Huron, although in the items of

fishing population and investment it is surpassed to a comparatively

slight extent by Lake Sui)erior, and the value of the catch is so little

in excess of that of Lake Superior that the relative positions of the

two lakes might be changed from time to time without the superven-

tion of any specially marked changes in the condition of the fisheries

in either. The fisheries of Lake Huron gave employment to 726 per-

sons and $408,858 invested capital, and yielded 10,056,381 pounds of

fish, which were sold for $221,007.

Lake Superior had 653 persons engaged in the industry, had $366,682

invested therein, and was credited with a catch of 6,115,992' pounds,

valued at $220,908.

Next to Lake Superior in the quantity and value of the catch is Lake
Ontario, which is, however, surpassed by Lake St. Clair in the number
of fishermen and the amount of invested capital. It had 389 fishery

employes, fishing i^roperty to the value of $123,533, and a catch of

3,440,448 pounds, worth $124,786.
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Last iu point of iini)ortancc is Lake St. Clair and the two rivers con-

nected therewith. The fislieries gave employniejit to Gil persons,

8210,145 was invested, and 2,994,571 pounds of fish were secured, for

which $73,577 was received.

Tabic shouiiig hy lakes the number of persons cnrpJoycd in the fisheries of the Great Lakes
in 1S90.

How employed.
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Tahle showing by lakes and species the yield of the fisheries of the Great Lakes in 1890'

Species.

Bass
Herring
Perch
Pike and pike percli.

Sturgeon
Trout ,

Whitefish
Other fish .~

Total

Superior.

Pounds.

199, 121

26. 362
47, 1S2

2, 613, 378

3,213,176
16, 473

G, 115, 992

Value.

$-1, 616

1,134
1,401

88, 201
124, 987

629

220, 968

Michiffan.

Pounds.

143,

082,

943,

506,

9411,

364,

455,

932,

26, 434, 266

Value.

$6, 477
102, 721
46, 041
21, 987
34, 253

349, 193
219,059
50, 134

Huron.

Pounds.

29, 351
514,551
817,628
483,072
365, 718
505, 619
001,094
330, 348

830, 465 10, 056, 381

Value.

$2, 167
28, 181
20, 792
50, 834
8, 924

51,042
37, 247
21, 880

221,067

Species.

Bass
Herring
Perdi
Pike and pike perch
Sturgeon
Trout
Whiteflsh
Other fish

Total

St. Clair.

Pounds. Value

9,086
490, 334
763, 093

524, 669
309, 003
244, 847
23X, 764
414, 775

2, 994, 571

$544
5,797

10, 160
17, 533
7.794

12, 242
14, 753

4, 754

73, 577

Erie.

Pounds. Valpe

248, 418
38, 868, 283
2, 870. 407

13, 774, 503

2,078,907
121,420

2, 341, 451
4,547,484

64, 850, 873

$13, 521
399, 4.'i2

30, 299
290. 537
73, 703

5, 183

115, 970

72, 240

Ontario.

Pounds. Value

33, 092
598, 978
358, 947
460, 492
541,752
41,010
148,771

1, 263, 400

1,000,905 3,446,448

$2, 364
20, 936
5,368

35,013
22. 291

2,089
6,875

29, 850

124, 786

Total.

Pounds. Value

463, 086
48, 753, 349
7,751,028

16,835,119
4, 289, 759

12, 890, 441
12,401,335
10,511,414

113, 898, 531

$25, 073
561, 703
113,260
417, 038
148, 366
507, 950
518, 891
179, 487

2, 471, 768

LAKE SUPERIOR.

General features of tJiefsJieries.-^The coiiditiou of the fisliing industry

of this lake in tlie year covered by the investigation of the Fish Com-
mission was generally regarded as satisfactory and as representing the

average in recent years j the figures presented therefore afford a basis

for rational comparisons.

The fishery resources of this lake are less developed than those of

any other member of the chain. Long stretches of shore line are not

only without fishing communities, but also without settlements of any
kind. The sparsity of the population and the relative remoteness ot

most parts of the lake from markets will doubtless retard the rapid

growth of the fisheries and x)revent them attaining for some years the

importance which the natural resources warrant.

While some fishes which in parts of the Great Lakes chain have great

commercial importance are not relatively abundant in Lake Superior,

still the most prominent of the lake fishes are here present in large

quantities, and it is probable that in no other lake can a continued sup-

ply of desirable food-fishes be more certainly depended on. The great

area of the lake (32,000 square miles) and its depth (1,200 feet in places)

are conditions favorable to the maintenance of fisheries of much larger

extent than are now prosecuted anywhere in the Great Lakes basin.

The fishing centers in this lake are, beginning at the western end of

the lake, Duluth, Minn.; Bayfield and Ashland, Wis.; Ontonagon,

L'Anse, Baraga, Marquette, Whitefish Point, and Sault Ste. Marie, Mich.

Important places for the collection, sale, and shipment of fish are

Duluth, Bayfield, Houghton, Marquette, Whitefish Point, and Sault

Ste. Marie.

A prominent feature of the lisheries during recent years has been the

F C 92 24



370 REPORT OF THE COMMISSIONER OF FISH AND FISHERIES.

movement of considerable quantities of apparatus from tlie American

to the Canadian side of the lake, and the establishment of imiiortant

fisheries at a number of i)laces on the Canadian shore. In certain sec-

tions having imi^ortant lisheries in 1885, tlie diversion of apparatus to

the other side of the lake has resulted in a practical obliteration of

once extensive interests. The most conspicuous instance of this kind

was in the vicinity of Duluth.

Notes on the principal fishes.—The movements of fish in this lake

appear to be less definite and less understood tlian in any of the other

Great Lakes. An enormous run of tisli and apparently favorable pros-

pects will often be changed to an entire absence of lisli for weeks, and,

on the contrary, dull ])eriods will sometimes be terminated by the

advent oi' huge bodies of fish without any api>arent cause and inde-

pendently of the migrations for si)awning inirposes Avhich here, as in

other lakes, are observed. During the spring fishing season of 1801

the lish came on to the shores in great abundance, and the prospects

of a large catch a])pearcd unusually good. Suddenly, however, the

iisli disappeared, and for weeks the catch was very light, and in many
places scarcely any iish were taken. The fishermen became discouraged

and moved their nets from point to point. Mr. A. Booth, of Chicago, the

well-known fish-dealer, remarked on this i)oint, "No one can say what

the year's business will be until it is over. The best prospects come

far short, and the i>oorest opening may turn out remarkably well."

The fishermen and dealers attribute to the weather a very marked

infiuence on the abundance and catch of fish, which seems to be borne

out by the results. The cold north wind which prevails in this lake

during a large part of the year keeps the fish out in the lake in the

deeper and warmer water. In 1890 and 1891, in the vicinity of Bayfield

;yid the Apostle Islands, a very cold wind from the north continued

during the greater part of the fishing season, a light catch being

the result. Within twenty-four hours after a change from a northerly

to a southerly Avind there are usually a large run of fish and a good

catch. In the vicinity of Lighthouse Point, Ashland County. Wis.,

35 pound nets were put down in 1891, which, up to July 22, had

not taken as many fish as were caught by 8 nets in the same region

in the previous year, owing, as the fishermen believe, to the prevalence

of northerly winds and the consequent cold water.

Foremost among the fishes of Lake Superior is the whitefish. This

species represents more than half the quantity and value of the catch,

and in nearly every fishing center is more important than all other fish

combined. In the vessel gill-net fishery, however, it is less valuable

than the lake trout. About two-thirds of the catch is taken in Michi-

gan, and practically all the remainder in Wisconsin, this fish now being

an insignificant element in the fisheries of Minnesota. In Michigan

the largest (piautities of whitefish are taken in Chippewa County, situ-

ated at the extreme eastei'u end of the lake and including, as its most

important fishing-ground, Whitefish Bay. The fish is also prominent

in the fisheries of Marquette, Uoughton, and Alger counties. Ash-
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land County, iu Wisconsiu, has a large AvMtefisli catcli, the yield being

greater than in any otlier county on the lake except Chippewa.

Next to the whitcfish in general importance is the lake trout. The
cold, deep waters of this lake are weJl adapted to this fish, which is

here found in greater abundance and of larger size than in any other

lake, with the possible exception of Lake Michigan. In the gill-net

fishery carried on with vessels, and also in the shore gill-net fishery,

it is the most i)rominent fish, but in the x)ound-net fishery it is of slight

value compared with whitefish. Considerable quantities arc taken in

ice fishing, and small catches are made in the minor fishing carried on
with spears, fyke nets, and seines. The average weight of the fish mar-
keted is about 6 pounds, but very large examples are not uncommon.
The variety of the trout known as the siscowet is found only in deep

water. It is taken with trawl lines and gill nets at a depth of 600 to

800 feet. While extremely abundant and of large size, there is scarcely

any demand for it in a fresh state, owing to its excessive fatness. A
limited demand exists for it in a salted condition. In the more north-

ern i)arts of the lake, where it is most numerous and where the largest

quantities are taken, the fishermen report that it is always abundant,

but they will only catch it when other fish that are in greater demand
and more easily taken are scarce. The weight of the siscowet is

froju 3 to 15 i)ounds. Compared with 1885, the catch of siscowet shows
a large decrease; this, however, is due entirely to the demand.
The lake herring is abundant throughout the lake, but, being

regarded as a cheap fish, it has little market value at the present time.

The small catch reported was taken chiefly in the gill nets of Houghton,
Ashland, and Bayfield counties and the seines of Marquette County.

A few fish, caught in gill nets, are used as bait in the trawl-line fishery

for trout. In the year covered by the investigation on which this

paper is based a very large supply of herring was observed; but the

low price and small demand deterred the fishermen from taking it, and
the catch was much less than in 1885.

The pike perches, which are of great importance in lakes Erie and
Ontario, are taken in smaller quantities and appear to be less abun-
dant in Lake Superior than in any other lake. Only a few thousand
pounds are annually taken, principally in the pound-net fishery of

Chippewa and Ashland counties and in the fyke-net fishery of the

latter couiity. The wall-eyed pike caught in this lake are shipped to

market in a round condition, thus constituting a notable exception in

the fish trade; they are sold in an undressed state to supply a special

demand for hard fish coming from the Jewish population.

The catch of sturgeon in this lake has always been small. The fish

appears to be less abundant than in the shallower, warmer waters of

the lower lakes. In many places where sturgeon are incidentallycaught
no value is attached to them, and in but few localities are any special

efforts made to secure them. The bulk of the catch is taken in pound
nets in Chippewa County, Mich. The average Aveight of the fish is

about GO pounds.
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Dotli tlio fislioniioii :iih1 dealers take umcli interest in tlie artificial

propagation of fish and realize its value in keepin<? up the supply;

they concede the importance of fish-cultural work in enabling the fish-

ermen to sup))ly the increasing- demand for food-fish. The following

statement regarding the results of fish-culture in this lake emanates

from the Census Ofiice:

Tbo information of local fishermen on the work of the U. S. Fish Commission in

Saint Louis County, Minn., is that much good has been done and the catch,

especially ofwhitofisli, considerably incroasefl. The fishermen claim that they are

able to judge accurately of the benefit done them by the hatcliiug and distribution

of whitelish, for the reason that, as the ova used at the Duluth, Minn., hatcheries

are obtained from Lakes Erie and Michigan, the iish are difi'erent andean readily be

distinguished from those native to those waters. They say that the fish from Lakes

Erie and Michigan are lighter in color and rarely weigh over 4.5 pounds, while Lake

Superior whitoilsli often weigh as much as 16 jjounds.—(Census Bulletin 173. Fish-

eries of the Great Lakes.)

Apparatus and metliods.—While practically every form of fishing

apparatus found in the Great Lakes region is represented in the fish-

eries of Lake Superior, the pound net and gill net are especially prom-

inent. Fyke nets, seines, dip nets, spears, and lines are in some regions

locally important as means of capture, but are insignificant taking the

entire lake into consideration.

The pound net is employed in every county on this lake, with the

exception of two counties in Minnesota. The most important fisheries

are in Alger, Baraga, Chippewa, and Ontonagon counties, Mich., and

Ashland County, Wis. The 140 nets used in the American waters of

the lake were valued at 134,435. A prominent feature of the pound-net

fishery of the lake is the great depth of water in which some nets

are set. At Whitefish Point, in Chippewa County, at the eastern end

of the lake, some of the j)ounds are 80 feet deep, and are put in water

80 feet deep, the surplus of 6 feet being allowed for slacking; the poles

to which the nets are attached are 97 or 98 feet long, an.d consist of

spliced tamarack and pine poles. The loaders are 40 to 75 rods long,

the pot 36 feet square, and the heart or pound 4 rods long. In lifting

i\\Q, pot a windlass is used. These are among the largest and deepest

pound nets found in the Great Lakes. Others from 40 to 70 feet in

depth are operated in various sections of the lake, but much the largest

number of the pound nets are set in 1:0 to 30 feet of water.

The prevailing sizes of mesh in the dilferent parts of the net are as

follows: Leader, 7 to 8 inches (stretch); bowl or heart, 5 to 6 inches;

pot, 3.J inches. The tendency to set the net in long continuous lines,

which is so noticeable in Lake Erie, is not observed in Lake Superior,

owing chiefly to the great depth of water, which not only makes the

setting of pounds difficult and expensive, but also unnecessary in view

of the fact that the fish naturally resort to the inshore waters. The

largest and most expensive pound nets cost between $500 and $600 and

the smallest about $100, the average being $246. The only fish, consid-

ering the entire lake, that occupies a prominent i)lace in the pound-net
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fishery is the whitefisli, altliongli in Baraga, Chippewa, and Isle Eoyale
counties, Micliigan, the lake trout is of considerable importance.

Gill nets are employed in every connty bordering on the lake, but
are specially important, on account of their number and catch, in

Alger, Chippewa, Houghton, Isle Eoyale, Keweenaw, and Marquette
counties in Michigan, and Ashland and Bayiieid counties in Wisconsin.

Vessels are employed in the gill-net fishery of Chippewa and Mar-
quette counties in Michigan, St, Louis County in Minnesota, and Bay-
field County in Wisconsin. The number of vessels so engaged was 7,

3 of which were in Marquette Couuty, ^ in Chippewa- County, and 1 in

each of the other counties. The 1,318 gill nets optrrated from the

vessels had a value of $ 18,438 and a length of 1,017,976 feet, or 193

miles, an average of 27i miles to each vessel. The gill nets fished from

small boats numbered 4,050; these, valued at $45,038, had a com-

bined lengtli of 2,352,560 feet, or 446 miles. The gill nets are mostly

machine-made; a few, however, are made by hand by the fishermen's

families during the winter.

Considerable ice fishing is done with hand lines along certain parts

of the shore. The method followed in this lake is somewhat different

from that pursued in other i^laces. As soon as the ice is firm enough
to bear the weight of the men, regular fishermen and semi-professionals

begin their winter work or sport. Through a hole cut in the ice a line 6

feet long is dropped, sni:>ported by a small stick which runs across the

hole and is soon firmly frozen on either side. To the line a single hook
is attached, although sometimes 2 hooks are used on each line. The
lines, baited with fresh herring, are left to fish themselves. One man
will sometimes operate as many as 100 lines. These are visited every

morning. The catch, consisting almost entirely of lake trout, is

removed, and the hooks newly baited. In the western part of the lake

a similar method is followed, but the lines are fished deeper, being 18

feet long. Trout is the only fish thus taken in noticeable quantities,

although a few pike perch are caught in places.

Set lines, or trot lineSj are used, to a limited extent, in a number of

counties on this lake. The usual method of rigging the lines is to

attach 50 hooks to each line, the hooks being 30 feet apart. These are

baited with herring. They are set mostly for lake trout, and are fished

in water from 100 to 130 fathoms deep. Wlien fished for lake trout,

the lines are buoyed about 3 fatlioms from the bottom; but in fishing

for siscowet, they are used directly on the bottom. Besides lake trout

a few sturgeon and pike perch are caught.

The use of dip nets is restricted to the Chippewa Indians living in

the vicinity of the rapids of St. Mary Eiver. No such fishery is carried

on in other lakes. While the method is primitive, the fishing-ground

limited in extent, and the season short, relatively large quantities of

fish are taken. The fish obtained are chiefly whiteflsh, although small

quantities of lake trout, j^ike, pike perch, suckers, and other minor fish

are also caught; a few brook trout are also taken. The State law
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forl,)i(ls tlio solliiif? of any brook tront, wliicli liave to be coiisuiTied by

the ti-sherinaii or given away when caught. About 20 Induvns, using 10

canoes, engage reguhirly in the fishery^ who are assisted on shore by

10 others, employed in preparing the catcli for market. On the Cana-

dian side of the river, about tlie same number of Indians follow the

fishery. The catch on the Michigan side is sold to wholesale dealers in

Sault Ste. Marie, while that on the Canadian side is shipped principally

to Montreal and otlier Canadian cities. The fishery opens in May and

continues as long as the lish run freely, usually until the middle of

June; after that time but few fish are seen, and the fishery is practi-

cally suspended until the late fall run. During the summer, when a

few fish are found, the fisliery is limited to the small number of Indians

who take tourists through the rapids and fish for sport or for home

use. There is an abundance of fish in the river during the late fall

and early winter, when fishing is resumed. Formerly this run was in

October and November, but of late years, owing to climatic conditions,

the run of fish has commenced and ended in December.

In dipping in the rapids two Indians occu])y a canoe together; one

sits or stands in the stern to guide or pole the boat, while his com-

panion occupies the bow with a pole or paddle or dip net in hand. The

Indian in the bow keeps a sharp lookout for fish that are ascending the

rapids, while his companion gives his attention to the management of

the canoe. The fish are always seen before any attempt is made to dip

them, this practice being in marked contrast with the important salmon

dip-net fishery carried on by Indians in the Upper Columbia Eiver.

When the fish is spied, the dip net is rapidly seized and thrust down-

ward into the turbulent water with great velocity and dexterity, the

fish usually being secured. During the best of the run boats will aver-

age 300 pounds of fish daily; individual catches are often much larger.

On May 8, 1891, a noted Indian guide, scout, and fisherman, known as

John Bouche, dipped 825 whitefish, averaging 2 pounds each; in April,

1878. the same Indian dipped 2,952 pounds of whitefish in a single day.

The nets are all made by the Indians. Tliey are about 6 feet deep,

4 feet in diameter, and are attached to a pole about 12^- feet long. The

size of the mesh is 3^ or 4 inches; about 100 meshes enter into the

depth. The Indians lay considerable stress on the size, shape, and

general composition of the dip nets. Any departure from the approved

style is thought by them to prevent a good catch being made. The

time occupied by an Indian in knitting and rigging such a net is a

week to ten days. When fish are abundant, the net lasts only about

two weeks. The average value of the net is $12. A small amount of

dip-net fishing is also done from rude platforms erected over the rapids

near the shore. This kind of fishing is followed chiefly by those who

are not expert enough to dip from a canoe.

Spear fishing for commercial purposes is limited to the vicinity of

Bayfield, Wis., where it is chiefly carried on by Indians, 500 or 600 of

whom live in Bayfield. Spears are employed only in fishing through
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tlie ice. Tlie usual type of spear consists of 6 double-barbed i^rongs,

6 inches long, wliicli are fastened to a crossbar, to which is attached a

10 foot wooden handle. The Indians go out to the fishing-grounds in

the vicinity of their homes with hand sleds or dog teams. On four

uprights at the corners of the sleds a canvas house is constructed to

protect the fishermen from the wind. A hole is cut in the ice, over

which the sled is drawn, and throngh this the fisherman suspends a

decoy fish attached to a line, which is pulled up and down to attract

the attention of passing fish. When a fish is seen the spear is thrown

with great force, often to a depth of 30 or 40 feet, tlie same being with-

drawn by means of a line attached to it. This fishing is often carried

on with the mercury 40° to 45° below zero, and sometimes lower, the

Indians remaining on the ice all day watching and fishing. Often large

catclies are taken, but at times few fish are secured. The catch is made
up of whitefish and trout, about three-fourths consisting of the former.

Winter fishing through the ice with spears is followed by nearly all

the male Indians living at or near the rapids of the St. Mary Eiver.

While considerable quantities of fish are caught, the fishery is not a

commercial one, the catch being used to supply the Indian families.

The fish caught are mostly whitefish and herring, which are chiefly con-

sumed in a salted condition, a small amount being smoked. Spear

fishing of this character is not carried on elsewhere in the Great Lakes,

and, while not commercially important, deserves mention. The method
pursued is as follows: A hole having been cut through the ice and a

small slieltering tent placed over it, the Indian takes his stand and
gently raises and lowers a wooden decoy attached to the end of a short

line, all the while keeping a sharp lookout for any fish that may be
attracted. When a fish is seen the line is dropped and the spear is

instantly brought into use. Of late the Indians have found that they

can fish as well by night as by day, by simply scooping out a hole in

the ice and placing a lantern therein in such a manner as to throw its

rays through the ice beneath the open hole.

Three kinds of spears are used. One, introduced by white men, is

called by the Indians the " Yankee spear"; it has a handle 18 to 20 feet

long, aiul is provided with three prongs attached to a cross-piece, each
10 inches long, and with a barb on either,side of each prong, one placed

a few inches above the other.

The favorite spear of the Indian is his ow^n device and make. It is

provided with three prongs, each fastened independently to the end of

the handle. The outer prongs are fitted into little grooves on the side

of the handle and are kept in place by rivets, while the middle prong-

is driven into the center of the pole. Another form of spear used for

taking herring consists of a one-pronged piece of barbed iron, driven
into or fastened to the end of a pole. This is supplemented with a long
piece of iron attached to the end of the spear by its middle and bent
into the shape of an incomplete circle, the free ends spreading. The
Indians say that in using this spear, if a herring is touched it darts

inside the iron band and virtually spears itself.
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A feature of the fisheries of tliis hike that contrasts strongly with tlie

conditions in most other fishing regions is the extreme neatness and
cleanhness observed at the packing, curing, and cleansing houses and
on the fishing steamers. The houses where the fisli are handled are

usually built partly over the water, yet no ofial is porinitted to go into

the lake. On the arrival of a fishing steamer or boat a gang of men
or women at once dress the fish and then thoroughly wash them. Then
all offal is at once carried ashore, in many places some distance from

the houses. The refuse is quickly visited by flocks of gulls hovering

near by for that purpose and is qnicl.ly taken up. The fishing firms

protect the gulls, which serve the useful functions of scavengers. The
crews of steamers engaged in collecting fish from distant pound-net or

gill-net fisheries employ their time on the return trip in dressing the

fish, but no offal or blood is allowed to be thrown into tlie lake, and
eyen the bloody water from the hold is carried ashore.

In parts of the lak«> considerable changes in the prevailing kinds of

apparatus have occurred skice 18S5. A x>oor catch with one form ot

apparatus, or an unusually large catch with another, may have led, in

a very short time, to a complete reversal of methods, the establishment

of new fishing centers, or the discontinuance of old fisheries. Among
other changes of this kind which have occurred the following nmy be

mentioned

:

The use of seines is much less extensive than in 1885; in that year

43 were employed, while at present only 1'.) or 20 are operated. What
was said of the seine fishery in 1885 applies novv^ with equal force:

Prior to the iutiodiiction of pound uets seines were extensively userl for catching

tlie fish that chanced to be swimming in the A'iciuity of the shore; but these are now
only oceasioually employed for a few weeks, when the fishing is at its height, by
those who are not so fortunate as to own pound nets. The continued use of pounds
is said to have interfered with the migrations of fish in the inshore waters, and seines

are not now sufficiently remunerative to warrant their extended use.

Seines are used in 5 counties, but the catch is usually insignificant.

About two-thirds the quantity and value of the catch is whitefish.

Fresh and salt fish.—The demand for fresh fish is so constant that a

ready market exists for all fish that can be caught. In placing fresh

fish on the market the two methods chiefly adopted are to sliip the fish

in special fish cars or in ordinary boxes. The cost of transportation,

however, from Lake Superior to the chief distributing centers is so great

that cheap or inferior fish, like herring, are not profitable to catch or

ship, even if very abundant.

The fishermen of this lake are averse to salting any of tl)eir catch,

for the reason that it requires extra labr-r and brings them less money
than fresh fish. ] n places remote from the wholesale purchasing-houses

and in regions which are not regularly visited by the collecting steam-

ers of the firms, a certain amount of salt fish is necessarily prepared

each year. This consists of trout and whitefisli. The usual prac-

tice is for the wholesale dealers to furnish salt and barrels to the
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fisliermcu free of charge, on condition that fish be returned to the

firms lurnishing the packages and that the supplies needed in the fish-

eries be purchased from them. A slight charge is made for the empty
packages, but the fishermen are credited for the amount when the

barrels are returned filled.

In salting fish the method is as follows: The heads and viscera are

removed and the fish are split down the belly like a codfish, though
the backbone is not removed. Tliis practice, together with the shrink-

age from salting, makes a loss of one-fourth or one-third in the original

weight of the fisli. The price received for the salt fish is about the same
as that commanded by fish when sold fresh in a round condition.

Whitefish have for a number of years been graded as iSTos. 1, 2, and

3; ISTo. 1 to weigh 2 pounds or over; No. 2, from 1 to 1^ pounds, and
No. 3, 1 pound or less. Previous to 1891 trout were all branded No. 1,

regardless of size. In that year, however, the trade began packing
and numbering the salt trout as follows: No. 1 to weigh Impounds or

more, and No. 2 under 1 J pounds. The rules as to packing and grading
are unwritten laws of the trade, not being subject to legal regulations.

Statistics of LaJce Superior fisheries.—In the following tables, the

extent of the fisheries of Lake Superior is shown by States and coun-

ties. Tlie tables relate to the persons employed in difiere.nt capacities,

the vessels, boats, apparatus, and capital devoted to the industry, and
the quantity and value of the products taken. For the products, three

tables are sho\Yn, one giving the catch of the eiitire lake, classified by
species, another showing the results of the vessel fishery, and the third

giving in great detail the catch of each form of apparatus.

Talic showing hy States and counties the nnmler of persons employed in the fisheries of
Lake Siq}crior in ISOO.
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Tahic showing hy States and counties the appnralux and cafUai employed in the fisheries

of Lake Superior in ISOO.
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Table showing hy States and counties the apparatus and capital employed in the fisheries

of Lake Superior—Continued.

St.ates and oonntiea.

Micliiiran

:

Alger
Baraga
Chippewa
Houghton
Islo Eoyale
Keweenaw
J^tarquetto
Ontonagon and Gogel)ic.

Total

Minnesota:
Cook
Lake
St. Louis

.

Total...

Wisconsin

:

Ashland.
Bayfield.
Douglas.

Total

Grand total

Shore
i p , ..

property and:
^a8Uj..pi

accessories

$2, 675
1,650

22, 000

2, 000
2, 755
1, 700
-1. 670
2,315

$20, 000

15, 000

35, 000

Total invest-
ment.

165
225

52, 278 20, 300

52, 668 20, 300

1.180
15, 955

310
14, 600

17, 445 14, 600

109, 878 69, 900

$11,801
6, 4C0

74, 055
11,710
18, 379
5,335

39, 134
13, 010

179, 887

1, 729
1, 055

109, !H)8

113, 382

12, 148
59. 725
1.540

7.3,413

366, 682

Table showing by States, counties, and speaies the yield of the vessel fshc^-ics of Lake

Superior in 1890.

States and counties.
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Tahle shotcing hy counties and sjyeeies the yield of the fmhcries of Lake Siqyerior in ISDO.

States ami counties.
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Table showing iy States, counties, and apparatus of capture the yield of the shore fisheries

of Lake Superior in 1S90.

States, apparatus, and
counties.
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Tabic shoiviiig by States, comities, and apparaius of eaptuve the yield of the shore finhcrics

of Lake Sttjjcrior—Contiuned.

State, ajipar.itii.s, and
counties.
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Talle shoiring ly Stales, conviies, and njipcirttliix of capiure the yield of the shore fisheries

of Lake Superior—Coiitiuuetl.

States, apparent us, and
j
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LAKE MICHIGAN.

Importance of tlte fisheries.—Tlic fisliing iiulustry of tliis lake is but

little inferior to that of Lake Erie in general extent and iniportanee,

and exceeds that of all the other members of the Great Lakes com-

bined, excluding Lake Erie. Several features of the fisheries serve to

distingnish this lake from the others. The use of vessels for fishing is

more extensive than elsewhere in the lakes ; in fact, fully half the fishing

vessels of the lakes are found in Lake Michigan, althongh the j^ractice

of employing vessels for the special purpose of collecting fish is not so

common as in Lake Erie or Lake Huron. While there are several

prominent fishes which are found in much greater abundance in other

lakes than in Lake Michigan, the general fishery resources of the latter

are verylnrge, and the two most pupnlar food-fishes of the entire lake

region here exist in larger numbers and are taken in gi eater quantities

than in any other lake. A kind of whiteflsh not found in the other lakes

is an important economic product.

While fishing is prosecuted in all the 35 counties of the four States

bordering on the lake, the industry is most extensive in the northern

third, particularly in Green Bay, Big Bay de Noquet, Little Bay do

iSToquet, Grand Traverse Bay, along the north shore, and round the

several groups of islands which break the surface of the upper section

of the lake. Owing chieflj^ to the extensive use of vessels, the fisheries

of several lower counties of Michigan and Wisconsin also have con-

siderable importance.

In Michigan the specially prominent counties as regards fisheries are

Schoolcraft, Mackinac, Delta, and Berrien; in Wisconsin the principal

counties are Brown, Door, Milwaukee, and Sheboygan.

In the opinion of many fisherman, considerable damage has been

done to the fisheries of this lake by sawdust, Avhich escapes from mills

situated on or near the lake and covers the feeding and spawning

grounds of the principal fish. While most of the sawdust is consumed

by the mills in large kilns in consequence of a State law prohibiting its

deposit in the waters of the lake, nevertheless, much sawdust escapes

in various other ways than by directly throwing it in the water.

Notes on the prindiKd fishes.—The fish which is the most important

factor in the fisheries of this lake is- tlie lake trout. It is the most gen-

erally distributed of all the leading fishes, being taken in greater or

less quantities in every county and at practically every fishing center.

It is most abundant in the northern part of the lake, ami is secnred in

especially large nnmbers in the fisheries of Berrien, Charlevoix, Emmet,
and Schoolcraft counties in Michigan, and Door, ManitOAVOc, Milwaukee,

and Sheboygan counties, Wisconsin. Mu-ch the largest part of the catch

is taken with gill nets, although the pound-net yield is also important.

The existence in this lake of the siscowet, or deep-water variety of

lake trout, which is so abnndant in Lake Superior, was made known
in the previous report on the fisheries of the Great Lakes issued by the

Fish Commission. It is very common in the vicinity of the islands in
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tlie northern part of the lake, and in some places constitutes fully half

the trout catch.

About two-thirds of the trout taken in the Great Lakes are obtained

in Lake Michigan, the value of whose trout fishery is one-sixth that of

all of the other fisheries of the Great Lakes. Considering the large

annual production, the supply of this fish is remarkably well sustained,

and the catch is now larger than ever before, being fully three times

greater than in 18S0 and about one-third more than in 1885.

At least five species of whitefish are of economic importance in the

fisheries of this lake, and there are doubtless several others of rarer

occurrence which in some places constitute an element of the catch, but

are perhaps not usually distinguished by the fishermen from closely

related species. Those which are generally recognized by the fisher-

men are the common whitefish, the lake herring, the blackfin or bluefin

whitefish, the long-jaw whitefish, and the Menominee whitefish.

The common whitefish is more abundant in this lake than in any

other member of the chain, the catch being over a million pounds

larger than in Lake Superior, the lake having the next largest output.

The fish occurs throughout the lake, but is comparatively uncommon
in the southern part, and is secured in largest quantities in that part

of the lake north of Manistee County, Mich. The principal part of

the catch is taken with 2)ound nets.

The lake herring ranks next to the trout and common whitefish in

importance, and is here taken in much larger quantities than in a,ll

the other lakes, except Erie, combined. The regions of maximum
abundance in Lake Michigan correspond closely with those of the regu-

lar whitefish. In some counties it is the principal fish taken, among

them being Menominee and Ottawa counties in Michigan, and Oconto

and Racine counties in Wisconsin.

A species whose capture constitutes a fishery peculiar to this lake is

the blackfin or bluefin whitefish {Coregonus niijripinnis), which occurs

in great abundance in the deepest water. The fish often reaches the

weight of 4 or 5 pounds, but the average is under 3 pounds. About
November 1, the fish are reported to make their appearance in the

accessible localities, gradually increasing in abundance till December,

during which month the maximum point is attained. The fishermen

have found that in December and January theblackfins resort to stony

bottoms for the purpose of spawning, but at other seasons they seem

to prefer clay bottoms. This fish has up to this time been detected in

none of the other Great Lakes.

Associated with the blackfin is a species similar in shape and size, bnt

without the black marking on the fins, generally known among the fish-

ermen as the longjaw. It resembles the blackfin in habits and edible

qualities, but is by some regarded as inferior to the latter in food value.

In the accompanying statistics, the blackfin and the longjaw white-

fishes have been included with the common whitefish. This is in har-

mony with the practice followed in previous investigations, including

F C 92 25
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tbose of tlie Fish Coininission in 1885 aiul of the census in 1880 and 1880.

A statement of the oateh of these tisli in 1885 and 18'J0 will be found in

footnotes to the products tables.

Tlie habit of these fish of frequenting- the deepest parts of the lake

makes their capture in the appliances set in the inshore \yaters uncom-

mon. They are sought mostly in steam vessels, and are taken in gill

nets set CO to 110 fathoms deep. A feware occasionally caught in pound
nets. The principal fishery for them is carried on from IJenzie, Leclanaw,

Otta\A'a, Schoolcraft, and Charlevoix counties in Michigan, and in

Sheboygan, Milwaukee, Kenosha, and Manitowoc counties in Wisconsin.

The .Menominee whitetisli is not abundant. It is taken in tlie north-

ern part of the lake, the principal catch being in Green Bay (where it is

known as the blackback), around the Manitou Islands, and along the

north shore. The fish weighs from 4 to <J pounds, and has about the

same market value as the blacktin, viz, 3 cents per pound, The aggre-

gate yield is not more than 30,000 pounds. In the tables this fish has

been included with the common whitefish.

The sturgeon, while more important than in any other lake except

Erie, is not abundant anywhere in this lake, and is annually decreas-

ing in numbers. Like several other species, it is found in greatest

numbers in the northern part of the lake. The catch is nowhere

uoticeal)ly large excej^t in Delta County, Mich., where it is, next to

the whitefish, the iwincipal fish taken in pound nets.

The yellow perch is another fish caught in larger quantities in t^jis

lake than elsewhere in the lake system. It is of lehitively greater

value in the southern part of the lake tban any other species, being

taken in es])ecially large numbers in Cook County, 111.

As an incidental element of the output, suckers are not u)iimi)ort;uit,

nearly 2,000,000 pounds being disposed of by the fishermen. They

figure most prominently in the fisheries of Delta County in }.lii'lii;;an,

and Brown, Kew aunee, and Oconto counties in Wisconsin.

Wall-eyed pike, pike, and the various basses, which com])lcte the

list of prominent si)ecies of this lake, are not of great general value,

although in a few fishing communities they have a relatively im])oitant

place. The fresh water drum, which in most localities is not utilized,

on account of the low price received, is in a few centers marketed; in

Allegan County, Mich., for instance, 20,Oi.O pounds caugLt in piiuiul

nets were sold for $100.

Notes on apparatus and methods.—Tlie fisliery which gi\es to 1.:;'

e

Michigan the special prominence whicii it holds in the (ireat I.:ike sys-

tem is that prosecuted with gill nets. While the number of pound

nets employed is larger than in any other lake except Ei ie, and while

the pound-net catch is very important, the gill-net fisheiy represents

the larger investment and yields the largei- <puintities of fish having

the greater money valne. This fishery is here more extensive than in

any other lake as regards the value of ajtparatus used, the number of

vessels employed, and the value of fish taken.
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The gill-iiet fishery prosecuted from small boats is rather more impor
tant in Michigan than in Wisconsin. The counties maintaining the

most extensive fishing are Charlevoix, Delta, Manitou, and Schoolcraft

in Michigan, and Brown, Door, Kewaunee, and Manitowoc in Wiscon-

sin. The specially important counties are Schoolcraft and Door.

Of the 22,086 gill nets used from small boats, 11,928 were operated

by J.richigan fishermen and 9,673 by Wisconsin fishermen. The value

of the nets was $109,060, an average of a little less than $5 each.

The species taken are trout, the various whitefishes, sturgeon, suck-

ers, bass, perch, pike, and wall eyed pike, theprincipal part of the catch

consisting of trout, common whitefish, lake herring, longjaws, and perch.

The nets used for all of these have about the same dimeuvsions, differ-

ing only in the size of the mesh. The average length is about 250 feet.

The whitefish, trout, and pike nets have about a4^-inchmesh, those for

sturgeon a 12-inch mesh, and those for x^erch and the miuor species

about a 2h or 3 inch mesh.

The number of vessels engaged in the gill-net fishery of Lake Mich-

igan is 18, having a net tonnage yf 671.57, a value of $151,850, and
carrying outfits worth $19,703, exclusive of nets. The creAvs numbered
284, giving an average of about 6 men to a vessel. Tlie nets emjiloyed

numbered 18,810, and were valued at $106,851, an average of about $6
each. The vessels are operated from all parts of the lake, but are most

numerous in Milwaukee and Sheboygan counties in Wisconsin, and
Ottawa, Berrien, and Emmet counties in Michigan, where 29 of the 48

vessels made their headquarters. The distribution of the vessels among
the fishing centers of the lake is as follows

:

«

The (jUl-net fleet of Lake Michigan.

Fishing headquarters. County. No. of
vessels.

Michigau

:

Pt'toskey
Chanevoix ...

IS'orthj.iirt

Fraulilurt
Grand Haven.
Sauna; uck
Ludiiiston
Maiiislii|ue ...

St. Joseph

Total

.

Wisoonsin:
Fi.sh Creek . .

.

Sturgeon Bay,
Two Kivera .

.

Kenosha
Milwaukee ...

Sheboygan
Racine

Total

.

niiuois

:

Chicago
Indiana:

Michigan City.

.

Grand total.

Emmet
Charlevoix..
Leelanaw. ..

Benzie
Ottawa
Allegan
Mason
S hoohralt

.

Berrien

Door
....do
Manitowoc .

Kenosha
Milwaukee .

Sheboygan..
lUicine.".

Cook ...

Laporte.
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The gill nets carried by the vessels are of various lengths, varying

from 200 to 720 feet, the average being about oOO feet. The depth is

6 feet, the usual mesh 4^ inches. The number of nets used by each

vessel varies from 300 to 000, and tlie quantity of netting operated by
each is 10 to 50 miles in length. Fishing continues during the season

of open water, and may be carried on, with slight intermissions, from

January 1 to December 31. Usually, however, the season does not

begin till March or April.

The vessel catch consists of trout, common whitelish, blackfins, long-

jaws, herring, and a few miuor fishes, blackfins, longjaws, and trout

predominating. In 1890 tbe amount of stock of vessels which fished

regularly was from §('.,000 to 813,00!) each.

round nets to the number of 814 were operated in Lake Michigan in

1890; they had a value of $244,880. They were distributed among the

four States bordering on the lake as follows: Michigan, 552; "Wiscon-

sin, 250; Indiana, 32, and Illinois, 10. The counties having the largest

numbers of such nets were Delta, Mackinac, Manitou, and Schoolcraft

in Michigan, and Door and Oconto in Wisconsin. Mackinac and

Oconto counties, which lead in the item of i)ound nets in their respec-

tive States, each had 111 nets, although the catch of these counties

w^as less valuable than in Delta County in Michigan or in Door

County in Wisconsin.

The preeminent fish in the pound-net fishery of this lake are white-^

fish, which constitute nearly one-third the quantity and more than

one-third the value of the pound-net (;atch. Lake herring rank next

in point of quantity, but trout as regards value. Sturgeon are of con-

siderable importance, as are also perch, suclc,ers, and pike perch. The

total pound-net catch was about 8,785,000 pounds, having a value to

the fishermen of $270,000.

Fyke nets are employed in considerable numbers in three counties in

Wisconsin, but are unimportant in other parts of this lake. Of the 731

used in 1890, 524 were owned in Brown County, 90 in Door County, and

95 in Oconto County, Wis. The sp<xies taken in fyke nets are chiefly

lake herring, perch, suckers, and pike. The whole catch consisted of

about 1,311,000 pounds, having a value to the fishermen of $25,560.

Seines are sparingly used, principally in the cai)ture of perch, suckers,

and pike. They are found in seven counties bordering on the lake, but

are most numerous in Delta County, Mich., and Brown County, Wis.,

where more than half of the total number employed are owned.

Set lines or hand lines are fished in most of the counties on this

lake. Much of the fishing is done in the winter, but there are also con-

siderable quantities of set lines and troll lines used during the season

of open weather. The principal part of the catch consists of sturgeon,

perch, trout, and bass. The most important fisheries thus carried on are

in the more northern parts of the lake. The counties having noticeably

important line fishing are Brown, Keewaunee, and Oconto counties,
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in Wisconsin, where trout is the principal fish taken. Cook County,
in Illinois, also has an important line fishery for perch, more of which
are here caught than elsewhere in the lake.

Statistics hy counties.—The following series of tables shows for each
county bordering on Lake Michigan (1) the persons engaged in various

capacities in the fisheries, (2) the vessels, boats, apparatus, and capital

engaged in the industry, (3) the quantity and value of the principal

fishes taken, and (4) the catch by each of the prominent kinds of

apparatus used.

Taile showing by States and counties the number of persons employed in the fisheries of
Lake Michigan in 1890.

States and connties.
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Table nhouhtg hy States and counties the apparatus and capital employed in the fisheries

of Lake Micliiijan in 1S90.
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tahle sJwwiiig by States and coniit'iest the apparatt(S cnnl capital anploijcd in the fisheries

of Lake Miehiijan in 1S90—Coiitiuued.
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Table altoicing hy States and counties the apparatus and capital employed in the fisheries

of Lake Michigan in 1S90—Coatiimed.

States and countiea.
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Table showing iy States and
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Table showbig by States and counties the ijield of the fisheries of Lake Michigan in ISDO-

Contimied.

StatPS and
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Taile sJiouing by apparatus and species the yield of the fisheries of Lake Michigan—Cont'd.
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Table shounng by apparatm and species the yield of the fishenes of Lake Michigan—Cont'd.
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Table shoiving by apparatus and species the yield of thefisheries of LaJce Michigan—Cont'd.
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'failv showing by apparatus and speclcn ihe ijield of the fisheries ofLake Michigan— Cont'd.
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Table allowing ly apparatus and species the yield of the fisheries of Lake Michigan—Cont'd.



400 REPORT OF THE COMMISSIONER OF FISH AND FISHERIES.

Table showing by apparatus and species the yield of thefisheries of Lake Michigan—Cont'd.
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LAKE HURON.

Importance of the fisheries.—In proportion to tlie size of this lake and
the natural advantages which it affords, the fisheries are but imper-

fectly developed, and in the year covered by the investigation pre-

sented a decrease as compared with 1885. Both whitefish and trout

have undergone a diminution in abundance, as shown by the smaller

catch, while the output of herring, sturgeon, pike, and pike perch is

larger than in 1885. These changes have been coincident with a slight

decrease in the fishing poi:)ulation, and an augmented amount of invest-

ment made up chiefly of shore property. In some counties or sections

a noticeable improvement has taken place in the fisheries', mostly due
to the development of the resources, but in the important fislieries

prosecuted from Alpena and in Saginaw Bay the decline has been

enough to overbalance the increase in other regions.

Notes on the ahundance and distribution of the principal fishes.—The
fishes of this lake which deserve special mention are trout, whitefish,

pike perch, herring, sturgeon, black bass, yellow perch, catfish, pike,

and suckers.

The most important fish in Lake Huron is the lake trout. It is gen-

erally distributed in the deeper parts of the lake, and is taken chiefly

with gill nets and pound nets, and in small quantities with seines and
lines. About a fourth of the total catch is obtained by steamers from

Alpena and Huron counties using gill nets between 5 and 50 miles off

shore. In the boat gill-net fishing, the largest quantity is secured in

Alpena, Chippewa, and Presque Isle counties. This fish is most prom-

inent in the pound-net fisheries of Alpena County, Saginaw Bay, and
Iosco County. The average weight of the trout is about 4 pounds.

Whitefish is the second important fish in Lake Huron. It is espe-

cially i^rominent in the pound-net fishery of that part of the lake north

of Saginaw Bay and in the gill-net fishery fi'om Alj)eua. The average

weight of the whitefish is about 2 i)ounds.

Everywhere in this lake the effects of whitefish propagation are

manifested and appreciated by the fishermen and fish-dealers. While

the output in the year covered by this inquiry was somewhat less than

in 1885, the increase in the past few years has been marked. A prom-

inent feature of the fishery for this fish was the unprecedentedly large

run in many places of small fish of a size that had not been observed

in abundance for many years.

The lake herring is an important fish in the pound-net fishery of this

lake. It is most abundant and taken in largest numbers in Saginaw

Baj'', although it is also caught in relatively large quantities in Alpena,

Huron, and St. Clair counties.

While pike and pike perch are taken in greater or less numbers in

all the shore waters of the lake, they are economically valuable only in

the pound-net and fyke-net fisheries of the Saginaw Bay region.

F G 92 26
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Sturgeon arc generally distributed in this lake, but are nowhere
abuudant. They are taken only in pound nets in the inshore waters,

and much more than half the yield is obtained in Saginaw Bay. The
aggregate catcl) in the year covered by the inquiry was greater than

in 1885; the north shore, however, shoAved a markedly decreased catch,

while in Saginaw Bay there was an increased production.

Black bass, perch, catfish, and suckers are noteworthy elements in

the fisheries of this lake only in Saginaw Bay and Eiver, where they

are caught with pound nets and fyke nets. The most important of these

are perch and suckers.

On the novth shore of this lake, including the counties of Chippewa
and Mackinac, whitefish and trout are the most abundant commercial

fishes; sturgeon, lake herring, pike, and pike perch are also taken, but

in relatively small quantities. In the fisheries centering at Detour

prosecuted between the north shore of Brummond Island and Albany
Island, and 7 miles west of Detour Light, at the entrance of Detour

Passage, whitefish were found to be much more abundant than in the

preceding lew years, Avhile trout and pike perch were yearly growing

scarcer. Mr. Benjamin Butterfield, who has fished in this locality for

the past thirty-six years, stated to an agent of the Commission that at

times in 1890 and 1891 he took as many as 6,000 pounds of whitefish

from one small pound at one night's fishing, this being a great many
more fish than he and other fishermen were ever able previously to

catch in the same time and with the same apparatus during his long

experience. Mr. Butterfield attributes the growing increase in wiiite-

fish almost entirely to artificial propagation, and remarks that previous

to the planting in this locality of whitefish fry from the Alpena station

whitefish were becoming very scarce and small fish w^ere seldom caught.

In 1890, however, a large part of the yield consisted of fish averaging

a little more than 1 pound in weight, and the following year their aver-

age weight was IJ i)Ounds. Mr. Thomas Sims, another experienced

fisherman of Detour, agreed with Mr. Butterfield in the foregoing

statements, and said that, if the mesh in the pound nets were as small

as in former years, on a number of occasions his boat, which has a

capacity of 4 or 5 tons, would not have carried the whitefish caught in

one small pound net in the course of one night.

Along the shore between St. Ignace and Detour, an increase in the

abundance of whitefish as compared with a number of preceding years

was reported, the increase being esp'ecially marked in Les Cheneaux and

Prentice Bay. Trout and some other fish appear to be diminishin.if;-

in number. One reason assigned by Mr. Isaac Goudreau, Mr. Charles

Gronden, and other prominent fishermen for the increase of whitefish

in the inshore waters and among the islands is that the fish have been

driven from their regular resorts in the lake by the large accumulation

on the favorite grounds of sawdust and other refuse from a mill at St.

Ignace. The bottom, for a mile from the shore at St. Ignace, was said
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to be completely covered with sawdust and slabs, wliich also extended

along the shore for 5 or 6 miles below that place. An agent of the

Commission, Mr. E. A. Tulian, found the sawdust in large heaps along

the shore for 5 miles below St. Ignace, where it had rolled up in such

quantities that the farmers in the vicinity were carting it away to be

used in leveling roads; the mill at the time of the agent's visit had

not been running for six months.

Other causes assigned by the fishermen for the recent increased

abundance of this species are artiiicial propagation and enlargement

of the mesh in the bowl of the pound nets.

The principal fishermen of this section think there will be no difiS-

culty in keei)ing up the supply of whiteflsh if liberal consignments of

fry are planted annually and the size of the mesh in the cribs of the

pound nets is regulated so as to permit the escape of immature fish.

In the vicinity of St. Ignace the fishermen want also a law to prohibit

the pollution of the lake either by sawdust or other refuse, and some

favor a close season on all kinds of fishing after l^ovember 1 for a

period of years in order to give trout and other fish whose abundance

has decreased a better opportunity to multiply.

In the fisheries of the southern side of the Strait of Mackinac and

the adjacent western shore of Lake Huron, whitefish constitute fully

nine-tenths of the catch, the remaining species consisting of trout, pike

perch, herring, and sturgeon. During the last two years the number of

whitefish in the fisheries tributary to Mackinac City have been steadily

increasing.

The only dealer at Mackinac City who has bought and handled fish

caught in that vicinity during the past six years says that it has been

no uncommon thing in the last two years to take 2,500 pounds of white-

fish from one small pound net in one night's fishing, while in previous

years if half that quantity was taken under similar circumstances it

was considered a big catch; he is satisfied that the fish now being

caught were planted in that vicinity by the United States and Michigan

fish commissions.

In the vicinity of Cheboygan, while a great many trout are caught,

whitefish is the principal species. Every fisherman in this region has

commented on the very large increase in the number of whitefish caught

during the past two years. Mr. Maynard Corbett, of the fishing firm

of Corbett & Duffy, stated that he had fished in that vicinity for twenty-

five years, and up to two or three years ago the whitefish were becom-

ing scarcer each season, but during the past three years they have

undergone a marked increase in abundance. He is positive it is the

result of artificial propagation. He bases this opinion partly on the

circumstance that up to the last few years he never saw many small

whitefish around the grounds. In the spring of 1891, on the day when
his pound net on the east side of Bois Blanc Island was first hauled,

the whitefish completely filled the bowl and the net contained at least
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10 tons of fish, bat when they drew it to get out the fish all but 9 fish

were so small that they made their escape through the meshes.

Mr. Charles Corbett stated that he had seen just such a condition in

his nets at Hammond Yiny. He and others think there is no doubt

that the fish they are now catching in Hammond Bay are fish that

were artificially hatched. The results of propagation are here so

marked and so thoroughly ap])reciated by the fishermen that they

earnestly desire a continuance of fish-cultural work, and the principal

fishermen are anxious to see the beneficial effects of fish-culture sup-

plemented by an enlargement of the mesh in the pots of the pound

nets, so as to permit the escape of small fish.

In the gill-net fisheries of Presque Isle County, centering at Rogers

City, most of the catch consists of trout, although a few whitefish are

also taken. Trout at this place are gradually decreasing, but white-

fish appear to be holding their own.

Trout is the most abundant and important fish in the extensive fish-

eries carried on from Alpena and other places in Alpena County.

Whitefish rank next in importance. Four-fifths of the catch in the gill

nets operated from small boats consists of trout and the rest of white-

fish. A few thousand pounds of Menominee whitefish are also thus

taken. In the gill-net fisheries carried on with steamers the relative

proportions of trout and whitefish are the same. The lake herring is

the prominent fish taken in pound nets; after which come trout, stur-

geon, whitefish, pike, and pike perch. During the year covered by the

inquiries of the Fish Commission no special increase in the abundance

of whitefish in this county was noted. In the fall of the previous year,

however, the fish came to the shoals north of Thunder Bay Island in

very large numbers, and a better catch was made than at any time for

many years previous'. In the fall of 1890 the advent of anotlier large

body of fish appeared to be imminent, when a protracted spell of stormy

weather caused the fish to leave the shoals. Indications at the time

pointed to a larger run of fish than had been observed in that region

for ten years. The fishermen are quite enthusiastic over the prospects

of good fishing, w^hich they attribute almost entirely to artificial propa-

gation. They think, however, that the results would be more marked

if it were not for the damage done by the large amount of refuse from

sawmills thrown into the water along this shore, causing the fish to

seek other parts of the lake. The increase of whitefish in Georgian

Bay in recent years has been pronounced.

In the report on the fisheries of the Great Lakes in 1885 the following

statements were made regarding the causes of the decrease of fish in

the Alpena fisheries:

At first wliitetisli and trout were both abiinclaut, and fishermen found no difficulty

in catching with a few small gill nets as many fish as they could sell. But since

1881 or 1882 they have been comparatively scarce. Various causes are given for this

decrease. The gill-net fisliermen lay the bhiuie on the sniall-meshcd pound nets.

The pound-net fishermen, on the other hand, throw the responsibility upon the
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sawmills and the gill-net men. The sawmills, thoy say, pollute the waters with
sawdust and vegetable refuse, and the gill-net men lose a great many nets, which,
with the fish in them, soon decay and hecome a putrid mass, which contaminates the
fishing-grounds and causes the iish to leave for other places. Mr. S. P. Wii-es reports

:

" On two questions they all agree. First, twenty years and less ago the waters on
the shores of Alpena County swarmed with whitefish and trout. Second, to-day
these iish are not abundant. In 1883 the trap-net grounds of Thunder Bay failed for

the first time, and the fishing in 1884 was equally as bad."

The same authority says that in his own opinion (as one interested in the fisheries,

but not actively concerned either with gill nets or trap nets) the decrease is owing
mainly to excessive and unwise fishing, especially during the spawning season.

When whitefish were abundaut their favorite spawning-ground was a shoal about
5 miles from the shore, which they visited in countless numbers during the month
of A'ovember. On this ground it was not an uncommon thing to catch in one net 200

pounds of whitefish during a single night, and boats often returned to their fish-

houses with from 20 to 30 barrels, taken at a single lift from a gang of twenty or

more gill nets. During a season hundreds and thousands of barrels of whitefish were
thus caught, the females being full of spawn, which was left to rot iu the ottal pile.

The water on the spawning-ground is 5 or 6 fathoms in depth, and being fully

exposed to the seas that roll on Lake Huron in November is stirred to the bottom
whenever a gale is raging from the northeast or southwest. At such times hundreds
of gill nets loaded with fish were swept away and never recovered by the fishermcji,

but remained on the bottom polluting the waters. Mr. Wires further states

:

" Weeks before the spawning season commenced the gill nets and trap nets had
been at work catching fish full of unripe spawn. Is it, therefore, any wonder that

whitefish have decreased in numbers, and that once valuable fisheries have become
almost barren and worthless?" He says the fishermen look to artificial propagation

to restore the abundance of fish in this locality.

In tlie fisheries of Alcona Connty wliitefisli, herring, and Menominee
whitefish are the only species taken. The decrease in the abundance
of fish at this place is doubtless attributable to the fact that the best

grounds formerly frequented by whitefish are literally covered with

refuse from the sawmill, consisting of bark and saw dust. Mr. Edward
Miller, of Alcona, and Oapt. J. E. Henderson, of Sturgeon Point, in this

county, stated that they had recently seen a great many small whitefish

and thought they were fish that had been i)ut into the lake by the

fish commissions, as no fish of similar size had been observed for a

great many years before.

Along the shores of Iosco County there is so much refuse from saw-

mills thrown into the water that most of the fish are kept at some
distance from the shore, and pound nets can not be fished to advantage.

Even when the gill nets are set 6 or 8 miles from the shore, they are

often found full of bark, logs, etc., after a storm. Mr. James McCoy,
one of the oldest fishermen of Au Sable, states that he has had nets

completely ruined in two or three days by getting rolled up on the

bottom with a slime from decayed bark, etc., causing them to rot very

rapidly and become absolutely worthless. In the fisheries of Oscoda,

Au Sable, and vicinity trout are the most abundant fish taken with gill

nets and hooks, while whitefish and herring are the principal fish caught

in pound nets. A few sturgeon, pike perch, and other fish are also

taken in pound nets in the sirring fishery. The average weight of the
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whitcfisli taken in gill nets is 4 to G pounds, tliougii many fish weighing

from 20 to 22 ]K)Uii(1s (dressed) are caught. In the pound nets the aver-

age weight of wliitelish is 2i to 3 pounds. During the ])ast two or

three years a great many small fish have been secured in pound nets.

In the fisheries of East Tawas and Tawas City, in this country, there

have, accordiug to Mr. William Brashan and jNFr. Josei)h Trudell, been

unmistakable signs of good results from whitefish i^ropagation. Not-

withstanding the deleterious influence of large quantities of sawdust

and other mill refuse thrown on the fishing-grounds from mills at

Oscoda, Au Sable, East Tawas, and Tawas City, a hirger run of small

whitefish has been observed than in many years.

The principal fish taken in the important fisheries of Saginaw Bay
are herring, perch, catfish, pike, pike perch, suckers, trout, and white-

fish, of which the pike and pike perch combined are the most impor-

tant. All of the principal fishermen in this region are ardent advocates

of artificial propagation as a means of keeping up and increasing the

supply of fish. Many of the fishermen in this locality are desirous of

having the supply of "pickerel" (pike perch) increased by fish-culture.

Messrs. C.Porter, James McCoy, I. S. Osborn, of Au Sable; Joseph

Lixey, of Oscoda, and other prominent fishermen of Iosco County, have

seen unmistakably good results from artificial propagation in their

section, but think that whitefish will never be very abundant again

until the throwing of mill refuse into the lake is prevented and the

taking of small, immature fish is prohibited.

In the fisheries of Huron County, which borders partly on Saginaw

Bay and partly on the lake, herring and \}\ke perch are the most i)romi-

nent fish, although whitefish and other species are also taken, and in

the oiishore gill-net fishery from Port Hope and in the set-line fishery

trout are obtained. The herring and whitefish resort to the shores in

October and November, when most, of the catch is taken. The pike

perch are found in greatest abundance in spring, but there is also a

good run in fall. While trout are uncommon, the fish are large, aver-

aging 10 or 12 pounds in weight. The weights of the other fish are as

follows: Whitefish, 4 to 5 pounds; herring, one-half or three-fifths of a

pound
;
pike perch, 3 to 9 pounds. A great many smaller pike perch

are also taken and sold as second-quality fish.

Along the shores of this lake south of Saginaw Bay the most abun-

dant fish is the herring. It is most numerous during the months of

October, November, and December, and is taken in pound nets; its

average weight is three-fifths of a pound. It appears to be much more

abundant than in 1885, judging by the quantity taken and sold. Next

in value are sturgeon, i)ike perch, trout, and,whitefish, although the

fishery for none of these is important as compared with that in the upper

part of the lake. The sturgeon have an average weight of 40 pounds,

when dressed; the pike perch weigh 2 x)ounds, the trout 5 jiounds, and

the whitefish 4 or 5 pounds.
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Apparatus and methods.—The pound net is tlie principal kind of

apparatus employed in the fisheries of this lake. It is used in every

county, except one, bordering on the lake, and takes larger quantities

of fish than all other means combined. The nets are constructed and
operated similarly to those in other lakes, and the fishery presents no
peculiarities which merit special mention.

Among the fishing interests of the lake there is a general agitation of

the question of the size of mesh in the pound nets. The principal fish-

ermen think the mesh should be made large enough to let small fish pass

through. While in some places, in the past few years, an advance has

taken place in this matter—the mesh being changed from 2^ to Sc-

inches—it is held that after the shrinking, which ensues when the twine

has been in use for some time, a SJ-inch mesh becomes reduced in size

to a 2^-iuch mesh; and it is urged by the most thoughtful fishermen

that the mesh should be large enough originally to remain at least 3

J

inches after shrinking, some even recommending a 4-inch mesh.

Many of the fishermen of Saginaw Bay advocate a law which will

proliibit the bringing ashore and offering for sale, by fishermen or

dealers, of whitefish and pike i)erch under a certain size, and which will

prevent the fishermen from using small-mesh nets; they would also like

to see it made it obligatory on the fishermen to scoop out of their nets

and liberate all small whitefish and pike i^erch which they catch.

Gill nets are generally used in the American waters of the lake, and

are especially X)rorainent as a means of cajjturein Alpena and Presque

Isle counties, where the larger quantity of the fish is thus taken, and

in Chippewa, Huron, and Iosco counties, where the gill-net catch is a

conspicuous part of the yield of the fisheries. The length of the nets

varies from 200 to 800 feet, averaging about 500 feet; the depth is

usually 5 to feet; and the mesh in the whitefish and trout nets is

about 4A- inches. The average cost of the nets is ilO.

In proportion to the extenl of its fisheries, fewer fishing steamers are

owned in Lake Huron than in any other lake, and the gill-net fishery

carried on with steamers is now rather less extensive than in 1885. In

that year 7 tugs were employed in operating gill nets in addition to 1

other engaged in collecting fish. At the time of the last inquiry, how-

ever, only 3 fishing steamers belonging in the lake were found, while 4

vessels were ascertained to be in the collecting trade. In addition to

these, 2 tugs from Detroit fished in this lake a part of the season, mak-

ing their headquarters at Alpena. It has been considered advisable to

credit these to Detroit, where owned, especially in view of the fact that

they were also oj)erated in another lake during part of the year; their

catch in Lake Huron amounted to about 274,000 pounds of trout and

whitefish, valued at $13,700.

In the vessel gill-net fishery only trout and whitefish are caught; of

these, trout are much more valuable. Statistics show that in the year

covered by the inquiry, 335,775 pounds of trout were caught, while only

71,300 pounds of whitefish were taken ; these were worth, respectively,
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$11,809 and $2,502. Tlio larg-or catch of trout is attnbuta))le to the facts

that trout is tlic fisli piiucipiilly sought, and tlmt the tisliiu<;- is carried

on mostly in the deeper water, where that tish is naturally more abundant.

Set lines in this lake are used in commercial lishingonly in the coun-

ties of Huron, Iosco, and Sanilac. Trout is the only fish taken. Her-

ring, caught mostly in seines, are used for bait. The most imi)ortant

set-line iishery is in Iosco County, where set lines are lished mostly in

April and May, and again between September 15 and Kovember 15. A
few arc also used in winter, when the weather and ice will permit. In

Huron County, while gill net fisheries are ordinarily the most important,

during cold winters, when the ice forms along the shore and remains

stationary, a considerable amount of set-line tishing is done, especially

when herring bait is plentiful. The tishing dei)ends to a great extent

upon the weather and the supply of bait, and is done whenever the

men can venture upon the ice and bait is obtainable. In Sanilac

County most of the hook fishing is done from Port Sanilac by men
who at other times are also engaged in the pound-net fishery.

Fyke nets are employed only in Saginaw Bay and Eiver and on the

shores of Huron County. They are most numerous and take the largest

quantities offish in Saginaw Bay and River. The principal fishing in

Saginaw River is done with fyke nets, here called "gobblers," or " hoop

nets," which are also set in small numbers in the bay at or near the

mouths of the smaller rivers which empty into it. The fyke nets are

made after the model of a pound net, with the exception of the pot,

•which is similar to the pot of a Lake Erie fyke net.

Seine fishing in this lake is unimportant. Seines, are used only in

Chippewa and Iosco counties, and are there employed only to a limited

extent. The single seine operated in Chippewa County took only small

quantities of pike and pike j)erch; in Iosco County, 5 seines were

hauled for whitefish, trout, perch, pike perch, and pike.

Fifihing-grounds.—The principal gill-net grounds in that part of the

lake adjacent to Detour are about 2 miles south of Drummond Island.

The pound nets are set at Hay Point on Drummond Island, among the

smaller islands off the north shore of that island, and at Albany Island.

The best gill-net gl-ounds frequented by the fishermen of St. Ignace

and Mackinac Island are south of St. Ignace Point and in the vicinity

of Mackinac and Round Islands. The best pound-net grounds are in

Les Cheneaux and Prentice Bay.

The gill net fishermen of the northern part of Cheboygan County

frequent the same grounds as those from St. Ignace. An important

gill-net ground is Spectacle Reef, where trout resort to spawn, and are

caught with gill nets between October 1 and December 1.

The principal trout grounds frequented by the steam tugs of Alpena

are from 40 to 50 miles from shore. Big Reef, 40 miles off Alpena, is

an important feeding and spawning ground for trout, which are here

found in largest numbers in October and Kovcmber. The sailboats go

out from 10 to 15 miles fiom shore. Prior to May 1, tugs fish on grounds
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from 10 to 20 miles from sliore ; after that date they move the nets to

the outside grounds, where they remaiu until the last of October or the

tirst of November, when they again move their nets to the inside

grounds, some vessels going to the trout grounds and some to the

whitefish grounds about 8 miles northeast of Thunder Bay Island.

Tlie principal grounds resorted to by the sailboats using gill nets for

trout are outside of Thunder Bay and Middle islands, while during the

latter part of tlie season fishing is carried on for whitefish in the imme-

diate vicinity of the islands. The gill-net fishing carried on from row-

boats is prosecuted within a few rods of the shores of Middle, Sugar,

and Thunder Bay islands, trout being there found in the early part of

the season and whitefish during the mouth of ISTovember.

Tlie gill-net grounds in Iosco County are from 6 to 15 miles ofl' sliore,

the great amount of mill refuse preventing the satisfactory use of

gill nets nearer to the shore. The same condition is unfavorable to the

use of pound nets, which can be used to advantage only where narrow

ridges running out into the lake are kept comjiaratively clean by the

action of the water sweeping up and down the shore.

A few small iiound nets are fished in Saginaw Eiver, but the

principal fishing-ground for pound nets is the bay. The grounds on

which the bay iiound nets are set extend all along the east and west

shores of that body of water. Pound nets are also fished around the

Big and Little Charity islands lying off the mouth of the bay. It is

in the latter region that the greater part of the trout are caught.

In former years, before lumbering was extensively carried on, this

region contained excellent grounds, where whitefish resorted and were

caught in large numbers. The present whitefish catch, however, is

small in proportion to the large number of nets.

The grounds off the shore of Huron County were formerly among the

best whitefish grounds in Lake Huron and, while a great deal of bark

from rafts is now scattered along the bottom, these grounds are in good

condition as compared with a few years ago, when lumbering was car-

ried on more extensively all along the shore and many sawmills were

throwing sawdust, bark, and slabs into the lake. The fishermen think

that if large plants of whitefish were now made here the results would
be more satisfactory.

Off' the shore of Sanilac County the gill-net grounds are in the track

of the regular steamers plying up and down the lake, and often after a

gale the fishermen will find their nets full of coal clinkers, which have
been thrown overboard from steamers and which, when the nets are

spread out on the bottom by the force of the current, become entangled

in the meshes; the clinkers also cut and destroy the nets. Great injury

to the fishing-grounds has naturally been the result of this condition.

The grounds off' this shore have in past years been very productive;

they were, however, destroyed by refuse from sawmills. At the pres-

ent time the absence of sawmills along this part of the lake makes the

fishermen desirous of restoring the productiveness of the grounds, and
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they are very anxious that fisli-cultiire shall come to their aid. Mr*

Tiilian, who lias liad extensive fish-cultural experience, thinks that if

small plants of whitelish were made along the shoreof this county each

spring much better results would be attained than can be expected in

the vicinity of Alpena, Oscoda, and East Tawas, for the reason that

there appears to be an entire absence of mill refuse along this shore.

Fishing seaso)i.—On the north shore, where the principal fishing is

done with pound nets, most of the whitefish pounds are operated from

about May 1' to November 25, but if the fishing is not satisfactory

some of the nets are taken out about July 1 and put in again about

September 1. During May and June some of the smaller pound nets

are fished for pike and pike perch among islands north of Drummond
Island. The larger gill nets, which take mostly trout and occasionally

small quantities of whitefish, are fished from May 1 to November 20;

the smaller gill nets, which take only trout, are used during October.

The trout gill-net season of Cheboygan Countj'^ covers parts of the

months of October and November; a few trout are also caught in pound
nets during the entire open season. Whitefish, which are principally

taken in pound nets, are caught from May 15 to November 20, but tlie

best season is between June 15 and August 15. In the gill-net fisheries

centering at Cheboygan, trout are caught from May 1 to July 1 in

deep water and from October 1 to December 1 on the spawning-grounds.

Herring are taken along the shores early in spring and late in fall.

Pound nets are operated mostly from the opening of navigation until

August 1, although a few are also fished in fall.

In the gill-net fishery of Presque Isle County, the fishing begins

about May 1 and extends to Julyl; it is resumed September 15 and

continues until November 15. When fish are particularly plentiful,

some fishing is also done in July and August. Up to November 1 only

trout are taken ; after that time a few whitefish are caught.

The sailboats fishing gill nets for trout begin operations about May
1 and continue until November 5; during the balance of the season

they take whitefish. Gill nets fished from rowboats are set from Sep-

tember 1 to November 1 for trout and from November 1 to November
20 for whitefish. Pound nets along the shore of this county are put in

between May 15 and July 1, and remain down continuously until about

November 25.

Steam tugs, used in the gill-net fisheries of Alpena County, are

employed from early in the spring until the latter part of October.

The tugs begin fishing as soon as the ice weakens sufficiently to allow

them to force their way through to the open water. Sometimes they

go out as early as March 1, but it is ofteu the 1st of April before the

season is opened.

In Alcona County pound nets are fished only in October and No-

vember for whitefish and herring, and gill nets from the opening of

navigation to about June 1 for Menominee whitefish and herring, both

kinds of nets being fished by the same persons.
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At Tawas and East Tawas, iu Iosco County, pound nets are set as

soon as possible after the opening of navigation, and are fished contin-

uously until about July 15, when they are taken out; they are again put

in operation in the latter part ofAugust and used till the last of Novem-
ber. At Oscoda and An Sable, however, most of the nets are fished

only in October and November, when the herring and whitefish come
on the shores; a few pounds are also fished during the early part of the

open season, for sturgeon, pike, etc. Gill nets and fyke nets are used

from the opening to the closing of navigation. Herring are found in

the inshore waters only in fall, and it is only then that they are caught;

some whitefish and trout are taken in spring, but the greater part of

the catch is in fall; the run of pike perch and sturgeon is almost

confined to the spring months.

In the pound-net fisheries of this region whitefish and herring are

caught mostly in fall, while numbers of pike perch are taken in spring.

The other fish occurring are obtained in greater or less quantities

throughout the entire spring and fall fishing season, although larger

quantities are taken in spring, for the reason that the bay pound nets

are fished only during that time.

Statistics.—In the following tables the extent of the fisheries of each

county bordering on this lake is shown. Separate tables are given for

the persons engaged ; the number and value ofvessels, boats, apparatus,

etc., employed; the quantity and value of the catch of each important

species, and the quantity and value of the products taken with each

kind of apparatus.

Three vessels belonging at Detroit, Mich., fished during a part of

the year in Lake Huron. They, with the crews and catch, have been
included in the statistics for that city. Their combined tonnage was
29.93, and their value, with outfit, Jivas $18,800; their fishing gear con-

sisted of 639 gill nets, 447,300 feet in length, valued at $7,008. Twenty-
one men constituted their crews. The quantity of fish taken by them
while in Lake Huron was 244,847 pounds of trout worth $12,242, and
29,064 pounds of whitefish valued at $1,453.

Table showing h\j counties the number of men employed in the fisheries of Lalce Huron.
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Tabic nhowinr/ bij counties the apparatus and capital employed in tin- fisheries of Lake
Huron.

Designation.
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Table sJiotving hi/ counties and species the yield of the fisheries of Lalcc Huron.

Species.
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I'able showing by counties and
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Table slioiving ly counliea and apparatus the yield of the fisheries of Lale Hviron in

1S90—Continued.

Apparatus and species.
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out the lake and the two rivers, but is taken in hirgest quantities in

tlie lake. Perch, sturgeon, pickerel, and herring are the other principal

species.

The fishing- in the St. Clair Kiver is of slight extent. Important

pound-net fishing, maintained at Port Huron, is carried on in Lake
Huron, and has been credited to that lake. Tlie principal fishing cen-

ters in the river itself are Roberts Landing, Marine City, St. Clair, and
Algonac. A few liaul seines are fished for wall-eyed pike, but the

largest quantities offish are taken with hand and troll lines. Yellow

perch are caught with hand lines and wall eyed jiike and pike by troll-

ing. The line fishery is semi-professional, and is carried on during the

months of May, June, July, and August, but chiefly from the middle

of June to the middle of July.

The principal fishing in Lake St. Clair is carried on in Anchor Bay
and on the shore immediately north of Detroit, the chief a])paratus

used being j)ound nets, fyke nets, and haul seines. In Anchor Bay tlie

fishing centers are Fair Haven, Anchorville, and New Baltimore. The
fishes of commercial importance found in the lake are yellow perch,

suckers, catfish, sturgeon, black bass, wall-eyed pike, pike, herring, and

muskellunge. In Anchor Bay there is some winter fishing through the

ice with lines and spears, chiefly for perch. The pound-net fishery is

much more important than any of the others and yields somewhat more

than half the catch of this entire region. The specially prominent fish

thus obtained are whitefish, sturgeon, pike, ])ike perch, and herring,

whitefish and herring being most abundant in the lower part of the

lake along the shore adjacent to the entrance to the Detroit River.

The fisheries of the Detroit Kiver are at the present time of little

value. The only commercial fishing on the American side is carried

on with seines from the early part of October to the last of November,

the catch being relatively small and consisting chiefly of whitefish,

herring, and pike. The fisheries have greatly declined since 1885,

when the industry was at a low ebb. In earlier years there was a great

abundance of whitefish in this river, and the annual yield was very

large. Mr. James Craig, of Detroit, who has for many years engaged

in the fish business of that city, informs us that near Fort Wayne, now
within the city limits of Detroit, the average catch of whitefish in haul

seines was from 18,000 to 21,000 fish, weighing, on an average, from 2^

to 21 pounds. On November 12, 1871, at one haul of a seine, 3,100

whitefish were caught. With the growth of the city and the increase

in the amount of sewage entering the river, the fisheries have declined to

their present condition. The number of whitefish taken in the vicinity

of Fort Wayne in 1890 was only 3,000, and the output of the entire river

was only 35,500 pounds.
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StaHstics of thefisheries.—In tbe following' tables the fisheries of this

region are shown, the exteut of the industry in each county being

exhibited. Included in the statistics are the vessel fisheries prosecuted

from Detroit in lakes Huron and Erie. The vessels are owned in

Detroit, to which place the catch is sent. The fact that the vessels

fished in more than one lake has made it desirable to treat them as

indicated, the quantity of fish taken in each lake being shown in a foot-

note to the general products tables.

Taile showing by counties the miinher of persons employed in the fisheries of Lake St. Clair

and St. Clair and Detroit rivers in ISOO.

Counties.
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Tabic liUuwuKj hij cotthlUs the apparuliis and cajiilal employed in the fmlicrics of Lake St.

Clair and HI. Clair and Detroit river8 in 1890.

Designation.
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Canadian fisheries in ivhich Amcrieans are interested.—The fisheries

on the Caiiiidiau side of Lake St. (Jlair and St. Clair Eiver, carried, on
with property owned in part by citizens of the United States residing

at Detroit and Port Huron, are more extensive than those on the

American side of tlie lalve. Fishing is done with pound nets, gill nets,

and seines, and vessels are employed to collect and transport the fish;

one vessel is also used in gill-net fishing. The fish taken are catfish,

herring, pike, sturgeon, trout, and whitefish, the last-named being the

most imiiortant.

Vessels, boats, apparatus, etc., employed in the fisheries of the Canadian side of Lake St.

Clair, in which citizens of the United States are interested.

Designation.
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The fishing- population of Lake Erie niunbers about -Ij^OO; the amount

of capital invested in the^ fishing- industry is -S-iSK^'JOO; the quantity

of fish caught in 1800 was 64,850,000 pounds, having a first value of

over $1,000,000.

The prominent aspects of the fisheries of this lake are the large fleet

of steam vessels engaged in the gill-net fishery, and the large number
of steamers employed in collecting- fish from the pound net and other

fisheries—phases of the industry which are here more imixu'tant than

elsewhere in the lake system; the enormous amount of gill nets used

in the vessel and boat fisheries, the great development of the pound-

net fisheries, and the great distances to wliieh connected lines of pound

nets extend ; the com])leteuess with which the waters of the lake are

scoured with fixed and movable appliances of capture; the taking of

greater quantities of certain fishes than are obtained in all the other

lakes combined; and the extensive trade in lake fish carried on in the

cities bordering- on the lake.

Of scarcely less importance than the actual extent of the fisheries of

the lake, is the serious decline which has recently been observed in some

of the most valuable food-fishes. The discussion of the exhaustion of

the fish supply of the lake, of the means to check a further diminution,

and of tl^e necessity of taking energetic measures for the increase of

the fish life has been one of the most noticeable public questions i)er-

taining to the lake fisheries in recent times, and the great interests

here at stake have fully warranted the attention already given and

deserve much further consideration.

The inquiries conducted by this Commission show that the aggre-

gate yield of the fisheries of the lake in 1890 was probably larger than

at any previous time and was considerably larger than in any earlier

year for which data were available. The money value of the products

was but little less than in 1885 and much greater than in 1880. An
examination of the statistics, however, at once discloses the fact that

the catch has been maintained and increased only by the use of larger

quantities of apparatus and by the capture and utilization of the

cheaper species of fish, while even a very marked increase in the quan-

tity of fishing apparatus has not been able to keep up the supply of the

whitefish, sturgeon, and pike perches.

N'otes on theprincipalfishes of the lalce.—The natural conditions in this

lake appear to be unusually favorable to the existence and production

of enormous quantities of desirable food-fishes, whose fecundity and

physical surroundings have made possible the extensive fishing which

this lake has for many years supported. The general shoalness of the

lake, while permitting the prosecution of the fisheries under conditions

that are the least conducive to the continuance of an unimpaired supply,

furnishes a large spawning area and ai)poars to favor the development

of a rich and varied fauna and flora having an important bearing on

the food supply of the economic fishes.

Several fishes exist in greater numbers in Lake Erie than in any
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otlier member of tlie lake cliaiu; severa! Leie of oieat value scarcely

figure in the fisheries of some of the other lakes, while the mostimportant

fish, considering the entire lake region as a unit, the lake trout, is less

abundant than in any other part of the lake system except Lake Ontario.

The most abundant and important fish now taken in Lake Erie is the

lake herriug. It is found in all parts of the lake, but is least numerous
in the eastern end. It is caught in pound nets, gill nets, and, to a

slight extent, in other forms of apparatus; nearly half the yield of the

lake is obtained in the pound nets set in the waters of Ohio, and almost

the same quantity in the gill nets operated in various parts of the lake,

about the same catch resulting from the shore and the vessel gill-net

fishery. The total catch was 38,868,283 pounds, having a value of

$399,452, these amounts representing respectively considerably more
than half the quantity and two-fifths the value of the fisheries of this

lake. Compared with 1880 and 1885, a noticeable augmentation in the

catch of this fish has taken place. The yield in every part of the lake

presents an increase. This has resulted from (1) the use of large

quantities of a])paratus and (2) an increased demand necessitating the

utilization of other fish to replace the diminished yield of common
whitefisb and other fishes. Only the taking of more than double the

quantity of lake herring obtained in 1885 prevented the general fisheries

of Lake Erie from showing a serious decline, as every other important

species underwent a reduction.

The following table, based on data furnished by Mr. A. J. StoU, of

Sandusky, Ohio, shows the catch of lake herring in the years 1887 to

1890, inclusive, in a large number of pound nets controlled by feim and
set around the Bass Islands, and indicates the seasonal and yearly

changes in abundance of the species. The numbers of nets mentioned
in the table refer to those operated by diiferent crews of fishermen, and
the catch of the different sets of nets is given separately in order to

permit a more detailed comparison of the fluctuations in the production

than would be possible with only the aggregate figures at hand.

Tahle showing the number of pounds of lake herring talcen in the fall fishing season {dur-

ing the ten days preceding the dates given) hy certain sets of pound nets located around
the Bass Islands, Lake Erie, in 1SS7-1S90.

Sets of nets.
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T<ihlc showing the numhcr of pounds of lake herrinf/ talcn in the fall fi.siting seaf^on ((hir-

ing the ten dags preceding the dates gireu) by eertain sets of ponnd nets located around

the Bass Islands, Lake Erie, in 1887-1S90—Continued.

Sets of nets.

I. Eleven nets eneh year
II. Eleven nets in 1887-1889, 16 in

IS'JO

III. Sixteen nets each year
IV. Thirteen nets each year
V. Five nets each year
VI. Seven nets each vear

Vir. Ei<;htn(^ls in 1888-1890
VIII. Fi'\e nets in 1887-1889. 6in 1890.

IX. Five nets in 1888-1890

X. Four nets each year

Total

1887.

17, 350

1.815
24. 135
6, 460

10, 985

34, 650

21, 840

'""775

October 10—

1889.1888.

20, 595

3,910
29, 860
10, 865

10, 665
11,125
17, 000

21,205
5,440

35, 085

7, 175

35, 255

5,440
21,110
2;i, 785
42. 260
9, 6:i5

6, 915
9,260

1890.

5,930

1,350
7, 930

2, 910

2, 320
9,415
3,985

705
1,215
2,990

October 20—

69, 210

13, 060
65, 070
53, OaO
18,845
79, 900

45, 515

"4,'
,530

1888.

48, 895

118,010 130,725 195,920 38,750 349,780 [386,620 455,770 (282,500

1889.

61, 485

10,700
122, 280
16, 665
32, 815
63, 985
93, 650
18,210
14, 725
21, 255

1890.

49,250

9, 590
38, 645
8, 370
8,900

51,400
100, 060
5,075
4, 540
6,730

Sets of nets.

October 30—

1887. 1888 1889.

November 10

—

1888. 1889. 1890

I.

II.

III.
IV.
V.

VI.
VII.
VIII.

IX.
X.

Eleven nets each year. ..

Eleven nets in 1887-1889,

16 in 1890
Sixteen nets each year .

.

Thirteen nets each year.
Five nets each year
Seven nets each v(^ir

Eight nets in 1888. 1890.

.

Five nets in 1887-1889, 6
in 1890

Five nets in 1888-1890 . .

.

Four nets each year

96, 805

7, 580
87, 930
69, 420
22, 4,55

138, 290

59, 120

99, 520

59, 260
220, 985
68, 830
39, 145
27. 555

106, 885

31, 530
162, 855
38, 570
66, 790
95,610

87, 205

23, 745
55, 745
20,365'

26, 1,55

145, 720

84, 165
118,310
95, 950
34, 955

80, .595 200,510
78,090 148,885 157,465

11, 365

48,280
I

26,370
18,355 1 23,695
20,265

i

33,210

Total. 492, 965 680,285 734,400
I

10, 660

11, 585

13, 600

71,030

167, 235

215, 350
310,940
166, 440
61, 600
29, 760
96, 600

59, 145
27, 015

29, 535

201, 810

79, 480
290, 710

62, 975
80, 510

103, 560

189, 680

32, 610
29, 660
51, 105

498,920 j766,545 1,163,620 1,122,100

206, 420

92, 800
149, 735
40, 920
35, 540

124, 265
240, 340

42, 720
21,850
24, 235

978, 825

Sets of nets.

I. Eleven nets each year
II. Eleven nets in 1887-

1889, 16 in 1890
III. Sixteen nets each

year
IV. Thirteen nets each

year
V. Five nets each year.

.

VT. Seven nets each vear.
VII. Eijihtnetsin 1888-1890
Vm.Five nets in 1887-

1889, 16 in 1890
IX. Five nets each year.
X. Four nets each year

Total

November 20

—

1887.

223, 455

197, 245

148. 635

119,190
47, 700

275, 200

1888.

82, 175

18, 750

252, 030

366, 270

423, 540

206, 180

79, 155
36, 830
117,090

71, 030

37, 960
223, 220

1889.

299, 820

142, 845

350, 930

I

75, 130
98, 455

115, 9,50

214, 770

43, 965
31,860

201, 500

272, 620

218, 820

181, 600

70, 240
50, 130
144,035
287, 055

12.5, 105

23, 965

28,710

1, 112, 350,1, 813, 305 1, 575, 225 1, 408, 340 1, 295, 800 1, 783, 2:

November 30

—

239, 040

282, 315

157, 035

129. 080
58, 925
313,650

96,615

19, 140

402,610

426, 630

220, 340
110, 130

45, 395
119, 700

73, 465
46, 530

54, 940

326, 855 283, 440

155,170, 311,030

360, 090 191, 820

80, 135' 72, 360
99, 820, 68, 235

116, 365; 145, 585
215, 855: 295, 100

44, 365
31. 860
55, 020

162, 730
24,215
28, 425

1, 485, 535 1, 582, 940

Sets of nets.

Total.

1887.

I. Eleven nets each vear
II. Eleven nets in 1887-1889, 16 in 1890.

HI. Sixteen nets each year
IV. Thirteen nets each year
V. Five nets each year
VI. Seven nets each vear
VII. Eight nets in l,S-^'8-1890

VIII. Five n«!t8 in 1887-1889, in 1890

IX. Five nets in 1888-1890
X. Four nets each year

Total.

803, 190

586, 780
618, .545

476. 475
209, 010

, 050, 680

395, 430

70, 780

4, 216, 890

1888.

887, 450
061 , 675
567, 455
710. 935

329, 550
174, 550
483, 905
325, 405
154. 270
336, 745

1889.

1, 069, 955
432, 705

1,351,465
280. 510
417, 970
535. 360
927.125
181,600
145, 695
376, 965

6, 031, 940 5, 719, 350 4, 805, 440

1890.

905, 785
657, 405
627, 995
215, 310
199, 195
:.07, 140

1, 086, 695
353, 675
87, 550

104, 690

Note.—Only nmltiples of 5 are observed by tlio Sanihi.sUy ilcalois in ckterniiuing the weight of

herring handlud.
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The following recapitulation of the foregoing table shows that the

total and average catch in 1887 was less than in the two following

years, and that the yield in 1890 was less than in 1S8S and 1889, while

the average production per net was less than during any of the other

years. In view of the prominent position now occupied by the lake

herring, tliese figures possess special interest.

Years.
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cipal decrease since; luis l>een in Mar.mee V>ny and in Erie County, IS". Y.,

an increased catch being noticed in the vicinity of Sandusky.

In point of value tlie common whitefish ranks next to the lake her-

ring and the blue i)ike; but to the fish-culturist, and doubtless to the

general fishing public, that species possesses greater interest than any

other in Lake Erie. It is the fish which has been the principal subject of

fishery controversy and discussion on the lake, and the one whose pres-

ervation and increase is most desired by fishermen, dealers, and others.

In 1880 the aggregate yield of this fish was 3,333,800 pounds; the

investigation of 1885 disclosed a catch of 3,531,855 pounds in that year;

in 1890 the output was 2,341,451 pounds. Tlie decrease in 1890, as com-

pared with 1885, amounting to 1,190,404 pounds, demands careful atten-

tion ; and it becomes a matter of great im])orta7ice to note the condition

of the fishery in recent years and to determine, if possible, the cause or

causes for this serious decline.

In that part of the lake west of Port Clinton, embracing the most

important pound-net fisheries of the lake, there has been only a slight

decrease in the catch compared with 1885. It is said, however, that

the decline since 1888 has been especially marked, which would indi-

cate that between 1885 and 1888 there was a substantial increase, a

fact which is borne out by a partial investigation of the region made by

this office in the latter year. The extent of the diminution of the catch

since 1888 may be judged by the comparative figures which are avail-

able for 30 pound nets set off West Sister Island. In 1888 48,000

pounds of whitefish were caught; in 1889 30,000 pounds were taken,

while in 1890 the yield was only 20,000 pounds. These figures may be

taken as representing the general condition of the whitefish fishery

during the period named.

The catch of whitefish in the fisheries of the Bass Islands and other

grounds tributary to Sandusky was also smaller in 1890 than in 1885,

the decrease amounting to aboiit 110,000 pounds, or 20 per cent. In the

fisheries of Ohio east of Sandusky Ray the yield of Avhitefish was
458,500 pounds in 1885 and 408,577 pounds in 1890.

The whitefish fishery carried on from that part of the lake east of

Ohio, viz, in Pennsylvania and New York, is prosecuted chiefly with

gill nets, and it is interesting to observe that the catch has decreased

phenomenally since 1885, the actual and re>ative decline being greater

than elsewhere in the lake. In 1885 the output of this section was

more than that of the entire remaining part of the lake, aggregating

2,149,455 pounds. In 1890 only 1,075,809 pounds were taken.

A study of the statistical returns for 1890 makes evident the fact

that the maintenance of the catch of whitefish at present is chiefly

accomplished by the employment of larger quantities of apparatus.

As an example, the conditions in the region west of Sandusky and the

Bass Islands may be cited, though more mark»^d cases could be given.

So few whitefish are taken in this part of the lake in any form, of

apparatus except pound nets that only the latter need be considered.
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Comparing the number set in 1885 witli those operated in 1890, the

latter year shows an increase of 137 nets, or 20 per cent. The output in

the same period declined about 15,000 pounds, or 4 per cent, whereas,

other things being equal, there should have been an additional catch

of 93,000 pounds.

Coming now to a consideration of the iniiuences which have operated

to produce this serious impairment of the whitefish fishery—and the

same influences have in a general way aflected the other fisheries—it

may first be stated that the opinion is quite generally entertained

among the fishermen and dealers of some localities that the supply of

whitefish is being gradually reduced throughout the entire lake by over-

fishing, the effects of which nature and art combined are not able to

successfully overcome. Others, it should be said, think the decline is

only temporary and simply indicates a fluctuation in the catch entirely

dependent on natural conditions.

It is well known that the shoal water everywhere in Lake Erie is

very favorable to the capture of the whitefish as well as other spe-

cies. There is scarcely a spot which affords even temporary shelter to

the fish. During the greater x)art of the year, when the great body

of whitefish is found iu the eastern end of the lake, they are systemat-

ically and persistently sought for with gill nets operated from steam,

sail, and row boats. In tbe early winter, when the fish begin to move
toward the western end of the lake for the purjDose of spawning, the

pursuit with gill nets continues with relentless energy. In the western

part new dangers await migrating fish in the thousand or more pound

nets. These, in some localities, form impassable barriers between indi-

vidual islands or between islands and the mainland, while other stands

extend in almost unbroken lines from the shore half across the lake. It is

therefore not surprising that natural reproduction, which supervenes

upon the arrival of the fish off the Michigaji shore, should be seriously

impaired and that the catch of whitefish should be declining.

Mr. Seymour Bower, the agent who canvassed the major part of the

fisheries of Lake Erie in 1885, called attention to the great destruction

of whitefish in the gill net fishery independently of the fish necessarily

sacrificed for food. It was stated, on Mr. Bower's authority, that

—

Gilled whitefish soon cTrown if tliere is much current, as there generally is at this

[the eastern] end of the lake, and then bloating and decomposition ensue in a few

hours. The arrangement of the nets is such that each gang is lifted not oftener

than once in two or three days, and in summer there is inrariably a considerable

number of spoiled fish at each lift; not infrequently, when a storm or blow occurs

and the lifting is delayed a day or two, more than half the fish are found to be

rotten and are stripped out and thrown back into the lake.—(Review of the Fish-

eries of the Great Lakes in 1885, p. 281.)

This condition of aifairs is generally recognized, and, while an accu-

rate determination of the amount of this w'aste is, of course, impossible,

and while even a close approximation is difficult, nevertheless some

idea may be gained of the enormous destruction of fish by repeating

the opinion of a prominent and thoroughly reliable dealer of Erie, Pa.,
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wlio in 1885 estiniiited that the waste in the gill-net fisheries of that city

alone was equal to the entire quantity of marketable Avhitefish landed

from ii'ill nets in the region west of Sandusky, or between 800,000 and

1,000,000 pounds. The same conditions obtain to-day, and there is no

reason to doubt that this waste continues on fully as large a scale.

Kecapitulating the foregoing; remarks, it is seen:

1. That the abundance of whitetish in Lake Erie, as determined by the

quantity taken, has been diminishing since 1888, and the decrease in the

output in 1800, compared with 1885, amounted to over a million pounds.

2. That the decline in the catch has been most marked in the gill-

net fishery carried on from the eastern end of the lake.

3. That the market supply from year to year is being maintained

chiefly by employing larger quantities of fixed and floaring ai»])aratus.

4. That there is no season when the fish may not be taken; and })rac-

tically the entire catch in pound nets in the western end of tlie lake in

the fall months consists of spawning fish.

5. That there is enormous unnecessary waste of fish in the gill-net

fishery owing to the methods in vogue.

The following important remarks on the deterioration of the Lake

Erie fisheries emanate from Mr. Seymour Bower, of the U.S. Commis-

sion of Fish and Fisheries, who has on two occasions made a personal

inspection of the inincipal fisheries of the lake, and is well qualified to

discuss the subject:

I am not at all surprised at the decreased aud decreasing catch of fish in Lake

Erie. Indeed, under the conditions that prevail, the catch is remarkably well sus-

tained. I doubt if there is another body of water, fresh or salt, of equal area in the

world that is so thorouglily, persistently, and exliaustively canvassed. Surely none

of the other lakes of the great fresh-water cliaiu alVords a parallel, for the reason

that their greater depth jirecludes successful or, at least, profitable operations over

comparatively large areas. In a iishing sense, it is wholly within the power of man
to literally "clean out'" Lake Erie, though, of course, this event is not likely to

occur, since the destruction will naturally cease at the point of profitable returns.

The constantly increasing demand for the products of the lake, due to an ever-

increasing population aud to improved facilities for distribution—and all, of course,

without a corresponding increase in the preducing area—has stimulated an excessive

drain on the source of supply. Without any thought for the morrow, methods that

are extremely wasteful are employed, in reckless disregard of the comnion welfare

and the perpetuity of the industry, legislative regulations and restrictions being for

the most part evaded, ignored, or defeated.

In the face of all this, however, the catch seems well sustained. This can be

accounted for only on the theory—or I might say. the f;ict—that Lake Erie undoubt-

edly po.ssesses much greater productive capacity, greater fertility in water life, than

the deeper waters of the upper lakes. That "nature is full of compensations'" is

well illustrated here; the very shoalness that places its higher forms easily within

the reach of man is coincident with a degree of warmth highly favorable to a gen-

erous development of funda'mental water life.

That the work of propagating whitefi.sh has failed to keep up the supi)ly of that

8i)ecies is not to be wondered at. "Wasteful instead of rational methods of eai>turing

the species have been practiced. Gill-net fishing in summer is responsible lor the

absolute waste of hundreds of tons of whitefish. Whitefish in gill nets drown easily

in a moderate current and spoil quickly when the water is warm; but, notwith-

standing this fact, the arrangements for setting and lifting are such that the nets are
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raised only once in two to four days, and storms that prevent lifting until the catch

is almost a total loss are not uncommou. Of course, on the whole, more salable fish

are taken in this way tlian would be with fewer nets lifted daily, but the plan is a
highly improvident and wasteful one and, naturally, a considerable proportion of

the catch is thrown on the market in a more or less unwholesome state. Summer
gill netting in Lake Erie is an evil that should be abolished on sanitary as well as

economic grounds.

A considerable number of small whitefish are also taken in the small mesh or

"herring" gill nets, and the claim is freely made that the pound nets from Ver-

million to Erie take a good many very small whitefish, but 1 do not know to what
extent this is true.

The pound nets west of Sandusky take no small whitefish; in fact, a specimen of

less than a pound weight very rarely occurs in that section. But these nets, also

those along the Huron shore, catch immense numbers of fish that are too small for

market. I have seen thousands upon thousands of small pike perch and other val-

uable commercial varieties brought ashore and thrown away. Here is a tremendous
waste of raw material, for such of these small fish as do not survive to maturity at

least serve the purpose of food supply for the larger ones.

The adoption of measures to correct the evils referred to would, no doubt, practi-

cally suspend fishing operations in a few cases or places, and for a time place some-

thing of a burden on vested interests, but it seems to be one of those rare cases

where the end justifies the means. The perpetuity of the interests directly involved

is at stake, and individual interests that survive onlj- at such heavy cost to the com-

mon welfare, that are sustained only through flagrant though incidental violation

of economic law, have no moral right to exist.

Gill-net fishing, as applied to the capture of spawning fish from the spawning beds

and reefs, is regarded by many, particularly the pound-net interests, as peculiarly

destructive and reprehensible, but I take precisely the opposite view.. Compara-
tively few fish are now enabled to evade the maze of nets and barriers se t to intercept

their progress and reach the spawning-grounds. If none were allowed to do so,

the reproductive function would be wholly subverted; no spawn would be cast,

none would be available for artificial treatment, and the inevitable result would
be speedy extermination. On the other hand, it would be far better if every fish

could reach the spawning-grounds, even though the last one was captured there, for

then most of the spawn would be mature and available for natural or artificial

processes. Greater freedom should be given the migratory run of spawning fish

by restricting the length and numlter of pound nets in a stand, also limiting the

number and length of gill nets per boat or crew.

As we can not "eat the cake- and keep it too," I do not think that there should be

any closed seasons for Lake Erie, except during the summer, when a good portion

of the '•' cake" is spoiled and wasted. Nor do I think that any form of apparatus

should be favored or abolished by law, except as this might occur incidentally

through the enforcement of the paramount point of preventing the wholesale waste

of adult and immature fish. ,

It seems to me that there are no seriously objectionable features incidental to the

measures above indicated, nor no insurmountable obstacles in the way of applying

them in practice. The main points are a closed season in summer, releasing or per-

mitting the escape of immature fish, and restricting the number and length of nets.

These measures, in connection with the saving and return, through the medium of

artificial propagation, of what would otherwise be a total loss, should develop and

hold up indefinitely the productive capacity of Lake Erie or any other water to its

highest practical point.

I do not, however, look for the accomplishment of these results through the medium
of State legislation. Local and sectional interests, complicated by the friction and

antagonisms existing between the advocates of different forms of apparatus, will

doubtless continue to act as a bar to the adoption and enforcement of such impartial
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and rooijjrocal iiica.suros as are essential to the common welfare. Numerous laws,

narrow and sectional in their inspiration and necessarily so in their api)lication,

have heen enacted by the Commonwealths having or assuming jurisdiction ; but the

fitful and erratic movements to enforce such laws have generally met with defeat.

It is true that the pound-net interests of Ohio have respected the closed season in

enmmer, bnt there is little merit in this, as the season is unprofitable anyway, owing
to the fact that the fish do not run inshore then in paying nnmbers, and the nets

Boon rot in the warm water. Very few pound nets would be set in summer in the

territory available for that form of apparatus, even if there were no law to prevent.

Gill nets, however, are inexpensive, and Canada and Pennsylvania have no closed

season in summer, so the gill-net tugs from Cleveland and other Ohio ports fish all

summer ostensibly in provincial and Pennsylvania waters. So it is true in the main
that State legislation, so far as it applies to Lake Erie, with its five conflicting juris-

dictions, has accomplished but little in j)reventing the capture of fish whenever,

wherever, and howsoever it has been profitable to <lo so.

Under existing conditions I do not look for any iuiprovement, but, on the con-

trary, a still further decline. If one fact is more conspicuous than another, it is that

the arbitrary and intangible lines dividing the lake into several jurisdictions should

be obliterated. Rational and eifective measures must be based on the fact that ia its

water life the lake is a unit.

Of tlie remaininc: fishe.s of prominence the sturgeon is tbe most val-

uable. It is most abundant in tlie extreme eastern end of the lake,

where more than seven-eighths of the catch is made, and least so along

the Michigan shore at the western end. The decreased yield since 1885

has been marked in every region, and has aggregated 2,649,000 pounds,

or over 50 per cent. Perch have nearly doubled in quantity, catfish

have decreased, and trout, taken only in Pennsylvania and IS^ew York,

have undergone a slight decrease.

As bearing on the relative abundance of certain fish during a series

of years, the following figures showing the average catch during the

fall season of some pound nets set at Huron, Ohio, may be presented:

Table showing the axeraije fall catch offish per net in the pound nets of Messrs. Wickham
4- Co., of Huron, Ohio, from 1872 to ISDO.

Te.ir8.
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Apparatus and methoils.—In the foregoing notes on the fishes of this

lake the influence on their abundance of the apparatus and methods

employed was discussed at some length, making further reference

to that phase of the subject unnecessary in this place. The most

noticeable feature connected with the consideration of the apparatus

used in the fisheries of this lake is the extraordinarily large increase

since 1SS5 in the numbers of the most prominent nets employed, an

increase unequaled in any other lake. In 1885 the pound and trap

nets numbered 1,028, which was about 300 more than were found in

Lake Michigan, the lake having the next important pound-net fishery,

and about two-fifths the entire number of such nets in the Great Lakes

basin. In 1890 the number had increased to 1,893, which was 1,050

more than the number in Lake Michigan during the same year and

more than half the number set in all the lakes combined. Gill nets to

the number of 22,644 were operated in Lake Erie in 1885, while in 1890

49,320 were set, no other lake showing any increase. A less marked

increase has also taken place in the quantities of fyke nets employed.

The \ise of seines and lines, however, is less extensive than formerly.

The feature which has long distinguislied the pound-net fishery of

Lake Erie is the habit of setting the nets in long continuous strings,

extending out many miles from the shore. This is made possible by

the general shoalness of the lake and the nature of the bottom, which

permits the driving of stakes without difficulty.

Aside from the growth of the pound-net fishery in the regions where

the nets were already employed in large numbers, there has been a

marked development of the fishery in localities in which the nets were

comparatively scarce in 1885. In that year it was recorded that

—

The pouud-net fishery of Lake Erie is at the present time practically confined to

that portion of the lake west of Cleveland. East of that city the nets are scattered

and comparatively few in number, there being but 7 between Cleveland and Fair-

port, li at Fairport, and 19 at Erie, while west of Cleveland there are no less than

888 pounds, which are located at very short distances and in longer or shorter strings

along the entire coast line from Cleveland to the mouth of the Detroit Eiver.

The investigation of 1890 showed a large increase in the number of

pound nets and traps operated in the eastern end of the lake. There

were found to be 108 such nets used in that part of Ohio east of Cleve-

land, 200 in Pennsylvania, and 37 in New York.

The use of steam vessels in the fisheries is more extensive in this

lake than elsewhere in the lake region, although the number of steam-

ers actually engaged in fishing is less than in Lake Michigan. In 1890

34 vessels, carrying over 19,000 gill nets, were employed in the fisheries

of the lake, and 22 additional steamers in transporting fish fiom the

fishing-grounds to the markets. Vessel fishing is most important at

Erie, Pa., where 14 vessels were employed in 1890, and at Cleveland,

Ohio, where 9 vessels were used. The number of collecting vessels is

greatest at Sandusky, where 16 made their headquarters in 1890.

The yield of the vessel fishery in 1890 was 14,079,281 pounds, having

a market value of $221^289. The fish of greatest importance, as regards
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both (luaiitity and value, is the lake herring-; over 9,000,000 ijouuds,

worth ^10L*,000, resulted from this fishing in the various parts of the

lake. Xext in prominence is the blue i)ike, of which about 2,04S,()00

pounds, valued at $57,700, were taken. Whitetish is the only other

fish of special importance in the vessel fishery; 817,000 pounds of this

were secured, witli a value of $40,8.50. The remaining fish obtained are

perch, saugers, sturgeon, trout, wall-eyed pike, and a few minor species,

all caught in small quantities. The yield of whitefish is largest in the

vessel fishery from Dunkirk, N. Y. ; herring, blue pike, and trout are

most important in Erie, Pa.; perch, saugers, and wall eyed pike figure

most conspicuously in the fisheries of Cleveland, Ohio.

Since 1885 the changes in the vessel fisheries of this lake have con-

sisted in a slight decrease in the number of steam vessels using gill

nets, an increase of nearly 100 per cent in the number of collecting-

steamers, and the introduction of fishing steamers into the fisheries of

Dunkirk and Buffalo, N. Y., where they were not previously operated.

Statistics of the fisheries.—The following series of detailed tables

illustrates the various features of the extensive fisheries of this lake.

The tables, which relate to the counties, show (1) the persons engaged

in different capacities; (2) the vessels, boats, apparatus, etc., employed;

(3) the quantity and value of the catch; (4) the output of the vessel

gill-net fishery; and (5) the quantity and value of the products resulting

Irom the use of each kind of apparatus in the sliore and boat fisheries.

Two vessels belonging at Detroit fished during a part of the year in

Lake Erie, and took the following quantities of fish, which have been

credited to that city: 297,934 pounds of herring, worth $2,979; 46,276

pounds of pike perch, worth $1,851, and 29,243 pounds of perch, valued

at $877. The vessels carried 14 men, had a combined tonnage of 19.86,

and were worth, with their outfit, $12,800. They used 388 gill nets,

having a total length of 245,350 feet, valued at $4,306.

Table showing by States and comities the number of persons employed in the fisheries of

Lake Erie in 1890.

states aud counties.
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TahJe shouing by States and counties the vessels, boats, apparatus, and eapital einplnijed

in the fisheries of Lake Erie in 1890.
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Table showintj hy States, counties, and species the yield of the fisheries of iMke Erie in 1S90.

States and counties.
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Table showing by States, counties, and sjjccies the i/ieJd of the cessel fisheries of Lake Erie
in 1890.'

States and
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I'ablc show'nn/ by coiinUcs. npjxtratiii^, and species the ijicid of the shore ^fisheries of Lake
Ey'ic—Con tiu 110(1.
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Tabic showing hi/ conniies, apparatus, and species the yield of the shore fisheries of Lake

Erie—Continued.

Apparatus and species.

Pound nets and trap nets

:

Black liass

Blue pike
Cattish
Herring
Perch
Saugers
Sturgeon
Wall-eved pike
Whitel'ish
Other tisli

44, 758
520, 128
85, 882

13, OfjO, 643
7r.,S, 710

1, «44, 702
i:;y, 758
575,100
4G1, 664
275, 319

Total !l8,47:s7G0

Ohio.

Erie.

Pounds. Value,

Gill nets:
Black bass
Blue pike
Catfish
H erring
Perch
Saugers
Sturgeon
Trout
Wallevod pike.
Whiteiieh
Other fish

Total

.

Fyke nets

:

Black bass
Catfish
Perch
Saugers
Walleyed pike.
Other iish

Total

.

Seines

:

Black bass
Blue pike
Catfish
Perch
Saugtrs
Wail-eyed pike.
Other idsh

Total

.

Lines, spears, and grap-
nels:

Catfish
Perch
Saugers
WaU-eyed pike

To till.

Miscellaneous

:

Turtles and frogs

Grand total

180,600

803, 320
21,334

13, 340

40, 005

16, 780

1, 178, 009

42, OSS
236, 250
238. 670
338, 655
291,800
926, 925

2, 074, 445

Ottawa.

Pounds. Value,

$2, 247
6.477
2.237

135. 955
4, 128
15,010
6, 436

23, 787
23, 253
2,270

20, 000

221, 800

70, 000
580, 000
95, 000

410,000
24, 000
150,000
34, 000

140, OUO

1, 523, 000

4, Ono 56, 670

9,755
214
148

663, 300
90, 000

167, 40i)

2,800
200

17, 117

83, 600
131, 333

$1, 000

1,750
4,350

550
4,100

480
6,000
1,475

700

20, 405

1,550

6,765
900

6, 696

Lucas.

Pounds. Value

4,500

60, 000
990, 000
135, 000
540, 000
12, 000

270, 000
40, 000

176, 000

2, 227, 500

3..S44

7,250 2,300

1, 192, 303 26, 505 23, 300

2,104
4. 620

1, 790
3,150

14, 220
6,550

40, 000

90, 000
20, ObO
12, 200

17, 800

40, 000

32, 434 220, 000

5,800
11,500
16, 500
10, 500
15,400
20, 000

25, 000

350
350
570
250
400

1,300
OUO

110,700 3,880

190, 000
00, 000

205. 000
2d, 300

484, 300

4, 750
1,520
5,570
1,700

13, COO

574

22, 323, 304 ,289, 411

32, 000

140, 000

25, 200
4,650
7. 350

64, 800

274, 000

100, 000

100, 000

3, 309, 303

2,400
1,800

200
306
734
400

5,900

1,920

2,800
252
149
451
648

6,220

2,500

2,500

2,000

63, 530

$270

1,500
7, 425

675
5,400
240

10, 800
2,000
1,010

Total.

Pounds. Value,

81,338
1, 525, 508

294, 382
18,811,683
1, 133, 010

2, 926, 912
230, 493

1,085,156
717, 834

775, 729

29,320 27,582,045

158

273

20, 000
25, 000

10, 000
. 5, 500

40, COO

500
250
300
275
200

100,500 1,525

2,000

30, 000
15, 000

104, OOO

20, (100

45, 000

210, COO

120

750
150

3,120
1,000
225

5,365

40, 000 1,200

40,000 1,200

500

970, 671

4, 314, 443
325, 181

198, 786

107, 480
238, 736
131, 105

6, 280, 402

82, 085
340, 250
283, 070
300, 855
315, 160

1, 000, 925

2, 394, 945

39, 800
11. 500

185, 500

50, 700
124, 050
53, 350

134, 800

600, 700

520, 500
60, 000

205, 000
29, 300

814, 800

2,607,300 38, ]83 37,673,892

$4, 202
21, 983
7,436

182, 935
6,723

27, 315
8,861

44,583
35, 398
5,706

345, 142

18, 365

45, 301
3, 754
7,020

4,429
12, 967
1,570

93, 406

4,504
6, 920
2,240
3,816

15, 229
7,150

39, 859

2,390
350

4, 120
652

3,729
2,751
1.473

15, 465

12, 770
1,520
5,570
1,760

21, 620

3,074

518, 566
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Table shotvivg I»j cotnitirs, apixiratus, and species the yield of the shore fisheries of Lake
Erie—Continued.

Ai>ii;uiitii8 aiul sixicios.

Pound nets and trap nets:
Uhiikhass
Blue jiike

Catlish
Herring
Perch
Sauger.s
Sturj;con
Wall-eyed piko
Whitefish
Other tish

Michigan.

Monroe.

Pounds.

7,500

30, 000

, 160, (100

70, 000
280. ono
a:\, 000

250, 000
i:'.(i, (too

i:i8. ouo

Value.

$150

750
8,700

350
2,«00

900
10, 000
6,800
730

Total 2,104,500
1

31,480

Gill nets:
J?laok haas
BliK^ pike
Cattish
Herring
Perch
Saucers
Sturgeon
Trout
AVall-evedpike
Whitelish
Other tish

Total

.

Fyke nets:
Black hass
Cattish
Porch
Saujrers
Wall-cfved pike
Other tish

Total ,

Seines

:

Black bass
Blue i)ike
Catfish
Perch
Saugers
Wait eyed juke
Other lish

500
30, 000
20, 000
8,000
3,500

2.3, 000

87, 000

30
7.")0

200
240
175
125

1,520

Total for lake.

Pounds. Value

112,403
1, 952, 308

470, 832
20,210,983
] , 270, 7110-

3, 226. 562
531,243

1, 399, 840
937. 063

1, 077, 829

31, 189, 769

5,730
2, 463, 824

500
9,443,810

400. 712
205, 100

1, 288. 790

66, 065
170, 970
585, 876
137, 695

14, 769, 072

82, 585
376, 250
303. 670
368, 855
318,660

1, 031, 925

2, 481, 945

1,500

Total 117, 500

90

1,000
250
540
150
150

2,180

43, 000
11,500

230. 375
77, 100

142, 050
58, 925

189, 670

752, 620

Lines, spears, and grapnels
Black hass
Blue ]»ike

Catfish
Herring
Perch
Saugers
Sturgeon
Trout
Wall-eved pike
Whitetish
Other flsh

80, 000

15, 000

8,400

Total. 103, 400

Miscellaneous:
Turtles and frogs.

Grand total . .

.

2,412,400

2,400

4, 700
113, 232
848, 100

14, 500
117. 420
205, 000

206, 874
700

49, 960
1,500

16, 200

3, 200
I

1, 578, 186

1,0.00

48, 901

4,074

39, 380
I

50, 771, 592
|

779, 616
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Canadian Jisheries of LaJce Erie controlled hy Sanduslcy dealers.—The
growing demand for fisliery prodncts, and the faihire of the American

fisheries to supply all the fish required for the trade of the Sandnsky

dealers, has, during the past ten years, led to an extension of the oi)era-

tious of the Sandusky fishermen into Canadian waters. Several firms

now control important pound-net fisheries on the northern shore of Lake
Erie. Over 100 pound nets are tliere employed, and 3 steamers are

engaged in transporting the catch to Sandusky. Herring constitutes

more than two-thirds of the weight and over one-half the value of the

yield. The following tables relate to these fisheries

:

Persons enqyloyed.
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Fish imported at Sainliislij, Ohio, from ISSl to 1S90, taken in ftslteries on the Canadian

side of Lake Erie controlled hy Sundnslcjf dealers.

Teaxs.

1881
1882
1883
1884
1885
1886
1887
1888
1889
1890

Total

Tree of duty.

Pounds. Value.

1, 113,

1, 288,

1, 024,

1, 010,

1, 962,

927,

3, 024,

4, 609,

5, 135,

2, 204,

22, 300, 169

$16,493
20, 201
20, 446

18, f):>7

19, 088
12, 948
37,211
54, 5:!9

46, 428

27, 698

Dufiablo.

273, 689

Pouuda. Valuo.

13, 486
104,981
859, 5:!6

722, hiH

60, 547

346, 779

, 109, 441
912, 186
790 456
893, 804

Total.

$535
5, 721
11,703
6,517
8, 191

2, 267
12,094
13, 577

9, 463

12, 824

Pounds. Valuo

1, 127, 133

1, 481!, ;-12

1,83:!, 036
],73J, 793

2, 023, 068
1, 273, 806
4, 134, 425

5, 521, 341

5, 931, 608

3, 098, 267

5,909,720 82,952 28, 209, 889

$17. 028
25, 922
32, 209
25,1.54

27, 279
15. 215
49, 305
68, 116
55, 891
40, 522

56, 641

N'otes. on the fiah trade of OJiio.—At Cleveland, Sandusky, Toledo,

Port Clinton, and other places in Ohio important wholesale trade in

fish is carried on. The business is larger than in any otlier State

bordering- on tlie hikes. While most of the supply comes from Lake

Erie, important consignments are also received from the other lakes.

The following table is a detailed exhibition of the extent of the

wholesale fish trade of Ohio in 1890. The number of persons engaged in

connection with the receipt, preparation, and sale of the fish was over

800; the capital devoted to the industry amounted to over $830,000

exclusive of collecting vessels and other pro](erty jnoperly included

under the statistics for the fishery; the quantity of fish handled was

over 46,000,000 pounds, having a value of more than $1,490,000.

Tahle showing by counties the wholesale fish trade of Ohio in 1S90.

Items.

Number of e8tal)lisliinent.s

Number of peisous employed...
Value of property
Cash capital

Pi.sh hiuidled iu wholesale trade

:

Fresh lbs..

Value
Frozen lbs..

Value
Salted lbs..

Value
Smoked lbs .

.

Value
Total quantity handled,

pouiiiLs

Value
Fish utilized in canning lbs.

Value paid
One-pound cans prepared
Value

Two-pound cans prepared
Value

Secondary products prepared:
Caviar lbs.

Value
Isinjrlass lbs

Valuo
Oil galls.

Value

Cuya-
hoga.

Lake.

$104, 5li0i

$70, 0001

3, 722. 27(.^

$12.i. 470

1, 647, 000
$5u, 005

2, 641, 000
$()7, 590
128, 000

$10,800

8,138,270
$259, 865

1,700
$375

$265,

$199,

14, 034,

$427,

7, 986,

.$270,

3, 734,

$100,

272,

$20,

26, 027,

$818,
520,

$5,

140,

•$8,

36,

$3,

56,

$11,
1.

Lorain.

3

10

$9, 850

$10, 000

, 512, .550

$40, 487

2
9

$9, COO

$6, 000

850. 823

$21, 289

740, 000

$23, 950
603, 000

$19, 875
9. 500

$1.1 iO,

.',125,0501,590,823

$61, 502, $45. 239

Lucas. Ottawa.

7
208'

$74, 000

$9, 000

2, 234, 000
,$92, 710

2,031,000
$76. 630
400, 01)0

$10, 000
52, .500

$2, 2UU!

4
186

$68, 500

$8, 000

,612,000
$74, 560

887. 000

$34, 030

394, 000

$10, 830

4, 717, 5O0 2

$181,540 !

893, 000

HI 9, 420

3, M)0
$654

60

$90

31, 000

$10, 850
600

$900
400

$100

1,100
$330

20
$30
50

$13

Total.

51
813

$l>31, 750
$302, 000

23, 905, 788
$781, 566

12,551,643
$«7, 151

8, .512, 218
$-.i32, 324
462, 800

$35, 000

45, 492, 449

$1, .186. 071
520, 000

.'f5, 8.50

140,000
$8, 200

36, 000
$3, 240

96, 600
$23, 989

2,180
$3, 270

450
$113

NOTE.-In Ashtabula County, 3,600 pounds of caviar, valued at $520, were prepared.
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Sandusky has the distinction of maintaining tlie largest trade in

fresh-water fish of any city in the country. Most of the trade shown

for Erie County in the preceding table represents the fish business of

that city. Tlie following special statistics relating to the salt-fish and

frozen-fish trade of that place are more detailed than those contained

in the previous table for the entire State of Ohio

:

Statistics of ihc salt fish handled in the ivholesalc trade of Sanduslcy, Ohio, in 1S90.

Trade names.

"Herring"
"No. 1 whitefish "

" Ciscoes " (herring split in belly)

"Family whitefish"" or "No. 2 whitefish" (large herriiu

"No. 1 pickerel"
"No. 2 picljerel " (saugers, etc.)

"Medium pickerel" (blue pike)
"Shad " (sucker.s, etc.)

Skinned catfish

Pounds.

, 336, 756
6, 130

314, 352
316, 650
16, 105

220, 035
45, 540
75, 764

570

Total 2,331,902

Value.

$33, 297
398

7,504
12, 786

235
5,107
1,456
1,490

40

62, 313

Statistics of the fish frozen by Sanduslci/ wholesale dealers in 1S90.

Species.
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LAIvE ONTARIO.*

General Importance of the Jiskeries.—The present relative unimport-

ance of the lisheries of this lake, as compared with the extent of the

industry in other lakes, is'coexistent with a decrease since 1880 in two
of the most important fishes that has been unparalleled in the history

of the lake fisheries. The scarcity of fishes that were formerly abun-

dant and the possibility of further reduction in the fish supply have
drawn to the fisheries of Lake Ontario more aftention than has been

accorded to the industry in anj^ other lake except Lake Erie, and have
resulted in a very extensive movement on the part of legislators,

sportsmen, fish-culturists, and the general public, having for its object

the preservation and increase of the valuable fishery resources of the

lake. While a few persons express tlie ojnnion that there has been no

actual diminution in the abundance of fish life, and that tlie small

yield is due to natural causes, there seems little ground for doubt that

the lake has been overfished, that some of the best fishes have not had
proper protection during the spawning period, and that artificial propa-

gation has not been resorted to on a sufficiently large scale to oflset or

overcome the depletion caused by man.

The previous abundance of fish in the lake shows that the waters

are capable of sustaining much more important fishing than has been

carried on for a number of years. While it is possible that the vast

quantities of alewives now found in the lake may aflect in some indirect

way the growth of young fish and the increase in the numbers of mar-

ketable fish, it is extremely improbable that the natural conditions

have undergone any marked changes that militate against the renewal

of fisheries of as great extent as have ever existed. The U. S. Com-
missioner of Fish and Fisheries has stated that "it is not only possi-

ble, it is entirely practicable, to restore and maintain these fisheries

by adequate resort to means and agencies entirely within our control"

—

the "means and agencies" consisting of the application of well-known

fish-cultnr;il principles, which, under similar conditions in other waters,

have been satisfactorily applied.

The principal fishing centers in this lake are Cape Vincent, Sacketts

Harbor, Oswego, and Wilson. Much the largest fishing interests are

located in Jefl'erson County, w^hich occupies the eastern part of the

lake and includes most of tlie important fishing-grounds. Oswego
County, which.joins Jefierson on the west, and Niagara Countj", at the

extreme AYcstern limit of the State, also have relatively valuable fish-

eries. In the remaining counties of Cayuga, Wayne, Monroe, and

Orleans, however, the fisheries are of slight extent.

* A report on the fisheries of this lake, prepared by the present writer, haa

already a])it(^inMl in the Unlletin of the U. 8. Fish Coiiimission for 1890. It contains

some iufonnatiim that it is not necessary to incorporate in this article, and may be

consulted by those especially interested iu the fisheries of this lake.
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Notes on the commercial fishes.—The fish now of greatest economic

value ill Lake Ontario does not occupy a corresponding rank in any-

other lake, although of great prominence in other parts of the Great
Lakes basin ; this is the wall-eyed pike, locally known also as the pick-

erel and yellow pike. Its relative as well as its actual importance has

greatly increased of late years, owing to the scarcity of whitefish and
trout, which requires the fishermen to take other fish in order to make
their business remunerative. The fish is always in demand, at higher

prices than are commanded by any other fishes, and throughout the

eastern end of the lake its abundance determines the financial success

of the fishermen. Fishermen who formerly sought only whitefish and
trout, now confine their attention to the wall-eyed pike, and it is of the

utmost consequence to the fishing interests that the supply of this fish

be maintained. Fortunately the spawning season is such as to insure

the almost uninterrupted completion of the reproductive function before

the opening of the fishing operations. The fish spends the winter in

the deeper parts of tlie lake. In April it appears in the inshore waters

and then and there undergoes the spawning process. In early summer
it frequents the shoals in the lake, where the principal part of the catch

is taken : and on the approach of cold weather it again retires to the

deep water. The fish subsist in large part on the alewive {Clupea

pseudoharenfjus) and are reported to have increased in size as the result

of the abundant food furnished by the presence of that exotic species.

The fish is taken chiefly in the trap nets set in the eastern part of the

lake. In Jefferson County, where most of the trai)s are owned, it con-

stitutes one-third the total quantity of the catch, and yields three-fifths

the income of the fishermen. Small numbers are taken with gill nets,

seines, and lines. The average weight of the fish is 4 pounds and the

maximum about 14 pounds.

The subspecies of the wall-eyed pike, generally known as the blue

pike, which is a prominent fish in Lake Erie, is not very common in

this lake. In 1891, however, it was found in very large numbers in

the vicinity of Oswego, attaining great-er abundance than at any pre-

vious time in many years. Tlie other species of pike perch, the sauger,

which is also a conspicuous factor in the fisheries of the adjoining lake,

does not occur in commercial abundance in Lake Ontario.

The sturgeon, which occupies the second position in this lake, is like-

wise far from having the same relative importance in other parts of

the lake region. While the fish is manifestly scarcer than formerly,

the present supply is about the same as in 1880, owing to the increased

efforts made by the fishermen to keep up the output as a result of

steady demand and good prices. It is taken chiefly with gill nets and
set lines, and is most abundant in the eastern end of the lake, although

considerable quantities are also taken on set lines in Niagara and
Orleans counties, which occupy the western shore line.

Three species of whitefishes have commercial importance in this lake.

The common whitefish has been of late years so scarce that it has had



442 REPORT OV THE COMMISSIONER OF FISH AND FISHERIES.

little economic value, although less tlum ten yeaivS ago it Avas the

priucipal Ush talvcu. The decrease iu the catch in a single decade was

over 86 per cent, a change that is without piecedeut in any other

lake. The fish is now taken almost wholly in Jefferson County. The

grounds chiefly resorted to are Charity Shoal and the vicinity of the

Duck Islands. These islands are in Canada, and su]>port the most

extensive whitefish fishery now carried on in the lake. The scarcity

of whitelish on the Ameiican side of tlie lake is not without i)recedent,

although the length of the period of scarcity is greater than ever

before recorded. The lake herring or cisco is abundant in this lake,

although it is much less plentiful than formerly. The largest quanti-

ties are now taken in Jefferson County in gill nets. In fall and winter

the fish resort to the shore for the purpose of spawning, and it is

then that the principal fishing is done. Since the longjaw or bloater

wh|tefish became prominent in the fisheries of this lake, the cisco has

occupied a gradually diminishing importance, and in some places where

it was formerly the ])rincipal fish it is now taken in only one-tenth the

quantity that the longjaw is. The latter, known also by the names

bloater, ciscoette, silver whitefish, etc., is now the most abundant

whitefish inhabiting the lake. It frequents the deepest water and is

taken only in gill nets.

The lake trout deserves mention not because of its present impor-

tance, but because of its former abundance and marked decrease. In

1880 it was, next to the whitefish, the most prominent fish of this

lake; now it has less value than any fish of sufficient importance to be

separately designated in the accompanying statistical tables. The

decrease since 1880 has been even more pronounced than in the case

of the whitefish, amounting to nearly 03 per cent. In many places in

which trout were formerly taken in large quantities they are now
rarely observed. The decline of the trout, coincident with that of the

whitefish, and the api)arent supplanting of these fish by others respec-

tively similar in habits—the wall-eyed pike and the long-jaw whitefish

—

constitute the most prominent features of this lake and demand careful

consideration. While some fishermen think the decrease in the abun-

dance of these fish lias been only apparent, as shown by the large catches

made on the Canadian side of the lake, the most plausible explana-

tion seems to be that the fish have not had any protection immediately

prior to and during the spawning season, and that the fish-cultural

operations undertaken have not been suflficicntly extensive to overcome

the destruction of eggs and breeding fish.

Among other fishes of the lake of some commercial value, but not

worthy of separate discussion, are, in order of importance, catfish, eels,

pike, yellow perch, suckers, and black bass.

liotes on apparntufi and methods.—The fishing apparatus in this lake

wliich represents the largest investment is the trap net, which is prac-

tically restricted to Jefferson County at the eastern end of the lake.

The trap net here used is similar in constrhction to the one iu common



FISHERIES OF THE GREAT LAKES. 443

use in the southern New E7:5gland States. It is smaller than the ordi-

nary lake pou)jd net, is held in position by means of weights and buoys

instead of poles, and the escape of the fish from the bowl is prevented

by a toJ) of netting.

The use of trap nets is more extensive in this lake than in any other

member of the lake system. The explanation is that the stony char-

acter of the bottom in the most favorable fishing regions prevents or

makes difficult the driving of pound-net poles, and that legal enact-

ments have prohibited the setting of such apparatus in the inshore

waters in most places.

The iuiportant advantages which the trap net has over the pound net

are that it may be readily moved from place to i)lace to correspond with

the movements of the fish, and that an entire net may be taken a.shore

from time to time, repaired, cleaned, and dried. It is comparatively

inexpensive, and individual fishermen can afford to operate as many
as 8 or 10 at one time. It is set on the bottom in water ft'om 10 to 25

feet deep, and is drawn daily or less frequently, according to the abun-

dance of fish, the condition of the weather, state of the market, etc.

It is well adapted to the capture of whiteflsh, lake trout, sturgeon,

perch, suckers, and wall-eyed pike. More trout and wall-eyed pike are

thus taken than with all other appliances combined. A form of trap

with a finer mesh, known as an eel trap, is used in some numbers for

eels, which are thus caught in larger quantities than with any other

apparatus except fyke nets.

A few pound nets are operated by fishermen of Three-Mile Bay,

Black Biver Bay, and Sacketts Harbor, about a dozen nets being used

annually in recent years. They are of small size, and are set close

inshore, catching herring and other fish that resort to the shores.

Gill nets rank next to traps in value and surpass them in the quantity

and value of the catch. They are generally used thronghout the lake,

but are most extensively employed in Jefterson and Magara counties.

Whitefish and trout gill nets have a 3-inch mesh; 20 or 22 rods of rigged

netting represent 1 pound of twine. The usual complement of a

boat in the eastern part of the lake, where most of the whitefish and

trout are caught, is 100 to 600 rods. Herring and long-jaw gill nets

have l|-inch mesh ; when ready for fishing 1 pound makes 14 to 20 rods

of netting. The price of a fully rigged net ranges from |4 to $6 per

pound, depending on various circumstances. In the important loog-jaw

fisheries of Niagara County each gill-net boat employs about 50 pounds

of netting in a season, about 12 pounds being in the water atone time.

These nets, fitted for deep-water fishing, cost $6 per pound when fully

rigged. In the eastern end of the lake the quantity of netting used by
a boat varies from 100 to 600 rods, the average being about 300 rods.

The gill nets fished for sturgeon have a 6-inch mesh, bar measure; 1

pound of the twine makes a net about 120 feet long. In some places

only 9 to 12 jiounds are fished by a single boat, but in the eastern end

of the lake the sturgeon nets are very long, single boat crews operating

several hundred rods of netting.
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The principal lish taken in gill nets are lake heiring, long-jaw white-

fish, and stuigeoM, all of which are thus caught in larger quantities

than with any otiier kind of apparatus. The gill-net catch of black

bass and whiteflsh is also larger than by other means.

Fyke nets are the most important of the remaining forms of apparatus

employed in this lake. In the eastern part of the lake they are, to a

great extent, operated by trap-net fishermen, and in other sections of

the lake very few nets are used. by men not engaged in other fisheries.

Fykes are mostly set for catfish, which constitute nearly half the catch,

the other fish of importance being pike, ])ike perch, eels, and suckers.

Trawl lines are sparingly used at a number of places, but are not an

important means of capture. They take chiefly sturgeon. Seines and

dip nets, which complete the list of ai)paratus, are unimportant and

capture mostly suckers.

Fishing-grounds.—The grounds resorted to by the gill-net fishermen

of this lake extend 10 miles offshore. Whitefish and trout are taken

mostly in deeper water, but lake herring, sturgeon, and pike are caught

chiefly in the inshore waters. The fishery for the long-jaw whitefish,

which is most extensive in the western counties of the lake, is carried

on in deep water at a distance of 3 to 10 miles from shore.

Trap nets are operated only in the eastern part of the lake, being set

principally in the vicinity of Charity Shoal and around the islands

which are favorite resorts for the whitefish, trout, and pike perch.

Fyke nets are fished in the numerous bays, ponds, and creeks along

the shores of the lake where catfish, eels, perch, pike, and suckers, to the

capture of which the fyke net is especially adapted, naturally resort.

The principal fyke-net grounds are in Jeflerson and Oswego counties.

The set-line fishing-grounds for sturgeon are chiefly in Jefferson and

Oswego counties, in the eastern part of the lake, and in Monroe, Orleans,

and Niagara counties, in the western part.

In addition to the suckers taken incidentally in trap and fyke nets,

there is a special fishery for them with dip nets and small seines in

creeks in Niagara County, to which the fish resort in the early spring

for the purpose of spawning.

Statistics of the fisheries.—The following series of tables illustrates

the extent of the various phases of the fishing industry in Lake Ontario.

The tables relate to persons employed, api)aratus, boats, and vessels

used, and quantity and value of the catch, the figures being by counties.

Taile showing hy counties the numher of persons employed in the fishei'ics of LaJce Ontario

in 1S90.

Counties.

JeffprHon
Oswego..
Cayuga .

.

Wayiip. ..

Monroe .

.

Orli'uns ..

>ri:igiira..

Total

lu vessel
fisheries.

In shore
fisheries.

152
53
11

41

28

On
shore.

16
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Taile sliowiug hij coitnfics the vessels, boats, apjiaratiifi, and capital employed in the fish-

eries of Lake Ontario in 1S90.

Designation.

Vessels, with outfits

Boats
Api)aratiis of capture:

Gill nets feet.

Pound nets and traps
Fyke nets
Seines
Set lines feet-

Misct'llaneous apparatus . .

.

Shore ])r()i!erty

Cash capital

Total

.

Jefferson.

No.

1

202

696, 42.5

280
458

17, 182

Value.

$5, 880
15, 700

10, 911
24, 155
6,850

60
35
45

IR, 882
12,390

i

Osweffo.

Ko.

57, 180

140
4

37, 200

Value.

$3, 300

1, 890

792

2,100
240
75
4

3,980
500

95,208 1 12,381 1,871

Cayuga.

No.

18, 315

26

Value.

$405
595

260

Wayne.

No.

54

66, 591
2
39
2

1,210

Value.

2,245

935
122
365
60
4

1,525

5,256

Designation.

Vessels, with outfits

Boats
Apparatus of capture:

Gill nets feet-

Pound nets and traps
Fyke nets
Seines
Set lines feet

.

Miscellaneous apparatus
Shore property
Cash capital

Monroe.

No.

42, 240

Total

Value.

$472

434

192
48

1,752

Orleans. Niagai-a.

No.

11

76, 395

59, 200

Value. No.

$305

1,775

296

"hi

2,447

25

146, 799

14

24, 840

Value.

$870

2,967

248
80

4,618

Total.

No.

373

1,103,945
288
684
27

139, 632

Value.

$9, 585
21,577

18, 110
24,577
9,822
656
490
49

25, 777
12, 890

123, 533

Table shoiving by counties and species the yield of the fisheries of Lake Ontario in 1890.

Species.

Jefferson.

Pounds. Value.

Black bass "- 11,855
Catfish 315,711
Eels 247,490
Herring 369, 334

Perch 241,520
Pike 1 39,950
Pike perch

\

296,832
Sturgeon 374, 235
Suckers 1G8, 820
Trout • 40, 400

Whitefish
j

143, 771
Other fish 160, 540

Total 2,416,458

$1,058
8,360
8, .396

14, 199
2,383
1,595

26, 955
14, 949
l,9(i0

2,048
6,517
1,782

Oswego.

Pounds. Value

6,201
108, 650

3, 600
24, 525
70, 6U0

61, 795

24, 673
22, 532
51, 115

500
3,550

67, 880

, 142 445, 621

$340
2,173

188
981

1,765
3,361
1,245
1,083
935
30

213
1,697

14, Oil

Cayuga.

Pounds. Value

2,676
15, 100

910
1,600
3, 960

10, 370
3,454

4,865

4,'

47, 433

$148
302
44
48
109

4C3
1?2

1,430

"Wayne.

Pounds. Value.

3,993
16, 030
2,890

26, 210
35, 985
15, 000
1,900
2, 330
5,410

720
9,480

118, 008

$231
757
173
776
715
753
76
70
113

72
124

3,860

Species.

Black bass.
Cattish
Eels
Herring
Perch
Pike
Pike perch
Sturgeon ..

Suckers
Tiout
Whitefish .

Other fish .

Total

,

Monroe.

Pounds. Value

2.800
11,564
2, 300

10. 960
4,115
2,000

$224
653
112
438
245
100

7,420 312

'2,'753T"'"i29

43, 912 2, 213

Orleans.

Pounds. Value,

3,000
1,500

6,000
1,150

90, 675
910

440

103, 675 4, 205

$210
30

120
35

3,830
27

Niagara.

Pounds. Value

2, 567
3,400

13

160, 349
3,617
315

4, 143
51, 980
40, 630

110
730

3,500

$153
169

4,374
116
12

281
2,359
1,219

11
73
98

271, 341 8, 865 3,446,448

Total.

Pounds. Value

33, 092
471, 955
257, 190
598, 978
358, 947
129, 490
331, 002
541,752
279, 170
41, 010

148, 771
255, 091

$2, 364
12, 444
8,913

20, 936
5,368
6,284

28, 729
22, 291
4,578
2,089
6, 875
3,915

124, 786
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I'ablc showing by coioilics, apxyaratus, and species the yield of the fisheries of JAik6

Ontario in 1S90.

Apparatus and species.
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Table showing hy counties, apparatus, and species the yield of the fisheries of Lake

Ontario—Continued.
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III.—THE FISHERIES CONSIDERED BY STATES.

Explanatory note.—In tlie forcjioing chapter, the fislieries liave been

considered primarily by lakes, and secondarily by States and counties.

To facilitate the comprehension of the extent of the fislieries in ea-ch

State, the followino- statistics have been prepared, consisting (1) of a

series of general tables by States, and (2) of special tables, by lakes,

for the States having a frontage on two or more lakes j these are

Michigan, Wisconsin, and New York. The figures are presented with-

out detailed explanatory notes, which previous discussions render

unnecessary.

Statistics.—The figures show that in the matter of persons employed

INlichigan takes precedence over all other States; more tlian one-third

of the entire fishing j^opulation of tlie Great Lakes is liere employed.

The other States in the order of their rank are Ohio, New York, Wis-

consin, Pennsylvania, Illinois, Indiana, and Minnesota. The number of

vessel fishermen and of shore fishermen is greatest in Michigan, wliile

the number of shoresmen is greatest in Ohio.

Ohio leads in the matter of invested capital, closely followed by Mich-

igan; after which come New York, Wisconsin, Illinois, Pennsylvania,

Minnesota, and Indiana. The number of fishing vessels, boats, gill

nets, and pound nets is greatest in Michigan ; the number of collecting

vessels, fyk^nets, and the amount of shore property and cash capital

are greatest in Ohio.

The value of the fisheries of Michigan is greater than that of any

other State, altliough the quantity of products taken is greatest in

Oliio. Tlie rank of the States, based on the value of the catch, is

Michigan, Ohio, Wisconsin, New York, Pennsylvania, Illinois, Indiana,

and Minnesota. The largest catch of bass, lake herring, and ])ike

perch is taken in Ohio. Perch, trout, and whiteflsh are caught in

largest quantities in Michigan. The yield of sturgeon is greatest in

New York.

lablc showing by States the number ofpersons emph};ed in the fisheries of the Great Lakes.

states.
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Table showing by States the apparatus and capital employed in the fisheries of the Great

Lakes.

Designation.
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Products of the fisheries of the Great Lakes.

Species.

Bass
lierriug
Porch
Pike and pike perch
Htur};eon
Trout
WhitcHsh
Other hsli

Total

New York

Pounds

48, 797
2, 406, 098

4ii7, 567
819,519

2,251,416
80, 430

406, 621

1, 607, 521

8, 087, 969

Value.

$3, 187
49, 367

6, 883
49, 723

82, 908
3, 992
22,610
37, 776

256, 506

Pennsvlvania.

Pounds. Value

19, 990
8,012,510

20H, 540

3, 402, 285
105,750
82, 000
758,019
275, 750

12, 864, 844

$1, 032
80, 443
5,420

76, 43Q
3,265
3,280

36, 157
5,089

211, 122

Ohio.

Pounds.

203, 223
888, 653
483, 247
442. 291

230, 493

129,582
554,619

44, 932, 108

Value.

$11, 096
281,878
12, 189

185, 061
8,861

57, 278
52, 320

618, 683

Species.
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Taile showing hj lakes the apparatus and capital employed in the fisheries of Michigan.

Designation.

Vessels fishing
Tonnage
Outfit

Vessels transporting
Tonnage
Outfit

Boats
Apparatus of capture, vessel fisberies

:

Gill nets
Apparatus of capture, shore fisheries

:

Pound nets
Gill nets
Fj'ke nets
Seines
Lines, spears, and dip nets

Shore property
Cash capital

Total

Lake Erie.

No.

2
36. 08

Value.

$8, 500

900

,750

49, 800

800
550
700

12, 850

83, 850

Lake St. Clair. *

Ko.

4
38.56

162

814

34

148
28

Value.

$21, 000

'"'3,'
400

4,375

9,418

9,450

4,480
6,240
1, 100

106, 082
44,600

210, 145

Lake Huron.

No.

3

37.94

4
4L11

410

324

551
1,882

221
6

Value.

$9, 700

1,960
2,800

130
22, 308

3,933

88, 515

17, 732

6,385
600
770

208, 625
45, 400'

408, 858

Designation.

Vessels fishing
Tonnage
Outfit

Vessels transporting
Tonnage
Outfit

Boats
Apparatus of capture, vessel fisheries

:

Gill nets
Apparatus of capture, shore fisheries

:

Pound nets
Gill nets ,

l^ke nets
Seines
Lines, spears, and dip nets

Shore property
Cash capital

Total

Lake Michigan.

No. Value.

26
382. 85

2
122. 08

605

10, 612

552

11, 928

$78, 950

10, 643

21, 500

1,615
43, 883

66, 304

161,850
58, 302

285
1,115

853
88, 269
44, 600

578,169

Lake Superior.

No.

5
6L66

188

1,046

90
2,737

4

Value.

$17, 200

3,700

15,760

15, 574

24, 335
26, 409

80
505

1,559
39, 765

35, 000

179, 887

Total.

No.

38
521. 01

199. 27

'i,'48i

12, 796

1,460
16, 547

446
58

Value.

$126, 850

19 703
32, 800

2,645
96, 076

95, 229

333, 950
102, 443
12, 030
9,010
4.982

455, 591
169, 600

1, 460, 909

Table shoiv

* Includes St. Clair and Detroit rivers.

ing by lakes and species the yield of the fisheries of Michigan.

Species.
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Wisconsin.—This State has a fiontage on lakes Superior and Michi-

gan. The fisheries in the latter lake are much more important than

those of the former.

Tahlc showing hy lalcen the persons employed in the fisheries of Wisconsin.

How employed.
Lake

Michigan.
Lake

Superior.
Total.

On fi.shing vessels.

Inshore liaheries..

In ftsh-housef-, etc

Total

118
777
124

1,019

179
19

126
956
143

1,225

Table show in () hy lalccs ihc apparatus and capital employed in the fisheries of Wisconsin.

Desiffration.

Vessels fishing
Tonnage
Outfit

Boats
Apparatus of capture, vessel fisheries

:

Gill nets
Apparatus of capture, shore fisheries

:

Pound net.s

Gill nets
Fj^ke nets
Seines
Lines and spears

Shore property
Cash capital

*Total 407,961

Lake Michigan.

No. Value.

19
243.10

7, 285

250
9,673

723
17

$64, 700

8,155
23, 130

36, 260

67, 480
48, 118

11, 031
1,985

G67
97, 635
48, 800

Lake Superior.

No. Value.

49
1, 696

1 $3, 500
18.19

2, 000
116 7, 380

864

9,900
16, 399

335
4.50

540

17, 445
14, 600

73, 413

Total.

No. Value.

20
261.29

478

7,357

299
11,369

728
28

$63, 200

10, 155
30,510

37, 124

77, 380
64,017
11, 366

2,435
1,207

115, 080
63, 400

481, 374

Table showing by lakes and species the yield of the fisheries of Wisconsin.

Species.

Bass
Herring
Perch
Pike and pickerel
Sturgeon
Trout
Whitofish
Other fish

Total

Lake Michigan.

Pounds. Value

87, 696
3,704,118
1, 008, 137

462, 751
126, 990

3, 464, 048
1,078,422
1, 978, 035

11,910,197

$4, 379
55, 607

21, 195

18, 275
4,541

162, 359
41, 393
32, 874

340, 623

Lake Superior.

Pounds.

94, 102

18, 382
7,658

356, 130

1, 109, 245
598

1, 586, 115

Value.

$1, 895

866
238

12, 975
43, 074

14

59, 062

Total.

Pounds. Value,

87, 696
3, 798, 220

1, 008, 137
481,133
134, 648

3, 820, 178

2, 187, 667
1, 978, 633

13, 496, 312

$4,379
57, 102

21, 195
19, 141
4,779

175, 334
84,467
32,888

399, 685
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N'ew York.—New Yoi-k maintains fisheries in lakes Erie and Ontario.

The fishing population and the invested capital are much greater m
Lake Erie, but the value of the catch is about the same in both. The
most prominent fish in waters of Lake Erie under the jurisdiction of

the State is the sturgeon, while in Lake Ontario the wall-eyed pike

takes precedence.

Table showing by lakes the number ofpersons employed in the fisheries of New York.

How employed.
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IV.—COMPARATIVE STATISTICS OF THE FISHERIES OF THE
GREAT LAKES.

Perhaps the most useful purpose which the statistics now available

serve is the opportunity afforded for makiujj^ comparisons with 1880

aud 1885. The following tables give a detailed contrast, by lakes, of

the principal phases of the fishing industry in the three years named,
aud are self-exi)lanatory. In view of the attention now being devoted

to the fisheries of this region, such comparisons will doubtless furnish

suggestive information.

Comparative table showing the number of persons employed in the fisheries of the Great

Lakes in ISSO, JSS5, and 1S90.

Lakes.
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Comparative table shotcing the vessels, loats, aitparatm, and other property employed in

the fisheries in the Great Lakes in 1880, 1885, and 1556'—Continued.

Lakes and years.
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v.—FISH PROPAGATION IN THE GREAT LAKES.

Since the iuceptioii of practical lisb-culture in behalf of the coiuiDer-

cial fisheries of the United States, the Great Lakes have been a favorite

and favorable field for the practice of artificial methods for the pres-

ervation and increase of the snpply, and more extensive oj)eratious

have here been carried on than in any other part of the country.

The fishes to which the most attention has been devoted are those

caught in largest quantities and having the greatest food value, viz,

the common whitetish, the lake trout or salmon trout, and the wall-

eyed pike. Besides these there are others of growing importance, the

artificial increase of which should be considered, chief of Av.hich is the

sturgeon.

The propagation of other fish besides those now cultivated is desired

by fishermen and dealers of the several lakes. The increase of fishes

not hitherto extensively propagated will not only be for the immediate
benefit of the industry, but will indirectly inure to its advantage by
diverting some attention from fishes whose abundance has been depleted

and afibrd them an opportunity to reproduce with less molestation. In

Lake Ontario the fish now most important to the fishing interests is the

wall-eyed pike; the decline in the fisheries for whitefish and trout have
brought this fish into great prominence, the supply is inadequate for the

demand, and the increase of the fish by artificial means is earnestly

sought.

The growing demand for sturgeon, for both its flesh and eggs, has in

several of the lakes resulted in a noticeable diminution in the abun-

dance of the fish within a comparatively short time, and there seems

no reason to believe that the supply will, under natural conditions and
present methods, be much longer maintained in lakes Erie, St. Clair,

Michigan, and, doubtless, all the other lakes.

In the foregoing pages some references have been made to the results

of propagation in the different lakes. It now remains to illustrate the

extent of the efforts made to replenish the lake fisheries, and to record

some general observations on fish-culture in the Great Lakes.

The following table represents the fish-cultural work in the Great

Lakes accomplished by the U. S. Commission of Fish and Fisheries to

and including the year 1890-91. It shows for each lake the number
of fry of each species deposited in the lake waters.
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Tahh showing the number of ivhitefish, lake trout, and pUce-perch fry deposited in the

waters of the Great Lakes by the U. S. Commission of Fish and Fisheries from 1876 to

1891, inclusive.

Species and years.
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Ecfereiice should also be made to the efforts of the State fish commis-

sions to replenish the fish supply of this region. Michigan,Wisconsin,

Pennsylvania, New York, and Ohio have done excellent propagation

work and hundreds of millions of fry of food and game fishes have

been deposited in the lake waters. The fisheries department of Canada
has also engaged extensively in the culture of the native fish of the

lake region.

The importance of the efforts made to maintain and increase the

abundance of food-fishes is very generally recognized among the fishing

interests of the lakes, and the fish-cultural operations meet with the

hearty indorsement of fishermen, fish-dealers, and the public. Eeliance

on the efficacy of artificial methods in preserving the fishery resources

of the lakes is almost universal in the important fishing districts, and

there are few well-informed persons practically interested in the lake

fisheries who are not willing to accord praise to fish-culture for the

results achieved in arresting a diminution in the supply or in maintain-

ing a profitable industry in the face of an enormous annual catch, a

great increase in the amount of apparatus used, and the prosecution

of fishing under circumstances that are extremely unfavorable for the

natural increase of the fishes taken.

In the extreme western end of Lake Erie, to which region the white-

fish naturally resoi'ts for the purj^ose of spawning, the supply is almost

wholly cut off by the multiplication of nets in other parts of the lake.

Here the fishermen are beginning to depend on other fishes for their

catch, and are desirous of having the supply of species with more

localized habits increased. Writing in 1891 on the Maumee Bay and

Monroe sections, Mr. Seymour Bower said

:

As to the intrinsic merits of artificial propagation as a factor in multiplying water

life, the lishernion of this section, almost without exception, believe in it; but, so

far as whitetish are concerned, the opinion is quite prevalent that, under the circum-

stances, the interests of this section are practically debarred from participating in

the benefits. Naturally, therefore, there is some indift'erence regarding the propa-

gation of whitefish, but a growing interest in behalf of any means to increase the

supply of sturgeon, catfish, and pike perch.

The foregoing comparative statistics of the products of the fisheries

show that in nearly every lake the catch of whitefish—the species hav-

ing the greatest interest to fish-culturists—has decreased since 1S85.

No well-informed person, however, will argue from this that fish-culture

in the Great Lakes is a failure. The repeated successes which have

attended the culture of the lajje fishes in some smaller bodies of water,

where the natural conditions were certainly not superior to those of the

Great Lakes, demonstrate the feasibility of the propagation of the lake

fishes and afford a suggestive example. The absence of more con-

spicuous results in the Great Lakes may be regarded in the light of the

followin g considerations

:

1. Owing to the large size of these lakes, it is possible that the fish-

cultural operations have not been sufficiently extensive to overcome the

destruction by man of fish and undeposited spawn. The planting of a
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billion fry annually in a body of water as large as Lake Michigan would

be equivalent to only one fish to every 600 square feet of lake surface,

and when the great natural destruction of fry, by natural enemies and
unfavorable physical conditions, is taken into account, the disparity

of this proportion is vastly increased.

2. Assuming that the plants of fry are sufficiently large to compen-

sate for the capture of fish now goiug on, the fish-cultural work may
not do more than maintain an already diminished supply and may be

inadequate, owing to previous depletion and present methods, to pro-

duce a substantial increase in the abundance of a given fish.

3. Artificial propagation may be extensive enough to counteract

the influence of previous overfishing and permit the continuance of

fisheries of great magnitude under proper conditions, but the methods
followed may be so destructive to the adult fish prior to and during the

spawning season and so deleterious to the growth of young fish that

the natural tendency to multiply maybe made abortive and even enor-

mous fish-cultural operations be rendered nugatory.
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PREFATORY NOTE.

The oyster is the most important product of the United States fish-

eries, and its collection, cultivation, and sale constitute the most exten-

sive fishery industry of the country. In a number of States the oyster

has greater economic value than all other water products combined.

Oyster fishing and oyster cultivation have received fully as much atten-

tion from the general public as any other subject connected with the

American fisheries, but it was only at a comparatively recent date that

some of the States most vitally interested in the preservation and
increase of the oyster supply realized the importance of dealing with

the subject in the light of modern experiment and experience.

The Commission, through its several divisions, has aimed to keep
well informed regarding the status, methods, and relations of the oyster

industry in every region, and has, from time to time, published numer-
ous reports on the subject to meet the very active demand for oyster

literature in every part of the country.

The great diversity of the physical conditions of the extensive tidal

areas in which the oyster exists, and the extreme variations in the

legislative enactments for the protection, regulation, and encouragement
of the oyster industry, occasion a greater multii^licity of methods of

capture and cultivation than is found inany other fishery industry, and
necessitate the institution of special studies in each State in order to

thoroughly cover the subject.

The present report deals with a State whose oyster interests are infe-

rior in value only to those of Maryland, New York, and Virginia. The
great extent of the oyster business of the State is alone sufficient to

warrant the detailed consideration which is accorded it in the present

paper. It has been many years since an attempt was made to present

in one paper an apiDroximately complete account of the subject. The
changes which have ensued since 1880, the year to which the last report

relates, have in some instances been marked, and render the present

discussion opportune in view of the great attention now being bestowed
on the oyster industry in the Middle Atlantic States. It is probable
that very few persons in New Jersey appreciate the large interests

depending on the State oyster supply and the enormous annual income
from this source.
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The methods and conditions here observed are, in some respects,

dissimilar to those of any other State, and there are many i^hases of

the subject which afford suggestive information of great value to other

States, not only to those in which the artificial production of oysters

has recently been taken up, but those in which successful cultivation

has long been practiced.

The paper has been prepared by Mr. Ansley Hall, field agent in the

Division of Statistics and Methods of the Fisheries, and is based
entirely on original inquiries conducted by him in 1892. In the course

of his work he visited every part of the State having an oyster fishery,

and made a careful study of the conditions and methods in each locality,

giving special attention to the methods of planting and cultivation.

The oyster industry of the State is here considered by geographical

divisions. In each bay, river, county, or center, as the case may be,

the subject is discussed with the fullness which the extent of the busi-

ness warrants. Detailed statistics covering the years 1889 to 1892 are

presented. Mr. Hall's inquiries show that, in 1892, 4,351 persons were
directly engaged in the oyster industry of the State; $1,593,892 was
invested; and 1,097,228 bushels of marketable oysters were taken, the

value of which was $1,220,878.

Hugh M. Smith,

Assistant in charge of Division

of Statistics and Methods of the Fisheries.
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Bt Ansley Hall.

Statistical Agent, U. S. Fish Commission.

INTRODUCTORY.

The system of oyster-culture practiced in ITew Jersey does not

embrace any artificial methods for the reproduction of oysters from

the spat or egg. The seed oysters are derived chiefly from the natural

beds. These areas are gradually becoming less productive, and in

order to supply the demand considerable quantities of oysters for

planting are purcliased annually from other States.

The depleted condition of the beds in some sections of the State has

become more apparent recently, and the great question is how to

restore their original productiveness. The only care that has ever been

bestowed upon them was such as could be secured by certain forms of

restrictive legislation. The principal regulations imposed were pro-

visions for close seasons and for culling.

In the State of Ehode Island, when the oyster-planting industry was
established, the waters abounded in rich natural oyster beds; but

protective legislation failed of its purpose, and the beds have finally

become almost wholly depleted, and the planters have for many years

past purchased their seed elsewhere, chiefly from the State of Con-

necticut. The natural oyster beds of New Jersey are yet far from being

wholly depleted, but that some better methods should be adopted for

their care is plainly evident.

If the natural beds are to be restored to their original productive

condition, it is scarcely reasonable to assume that it can be accom-

plished with less expense or by less eff'ective methods than would be

necessary to achieve like results upon private areas. The practice of

planting shells or other suitable materials on private beds is being

operated successfully in Connecticut by planters engaged in the busi-

ness of seed-growing. If it is practicable for the State to inaugurate

a system whereby the same methods, aided by proper culling and close-

time regulations, can be faithfully applied to the public grounds, there

seems to be no reason why equally good results might not be obtained.

In "Sew Jersey the natural oyster grounds have always been care-

fully exempted from private ownership, and any system of oj'ster cul-

tivation involving proprietary rights in them has been unfavorably

regarded. The planters have succeeded in acquiring a le^ral right to

F c 92 30 465
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hold noii-prodiicirg areas, for the purpose of planting oysters, as against

the individual citizen, but not as against the State; and even this

advantage has, in some sections, been gained in the face of strenuous

oi)i)ositi()n.

The following notes are not intended to deal with every phase of the

oyster industry of the State, but relate chiefly to the jilanting and cul-

tivating business, and to the methods and conditions under which it is

conducted in the more important localities. The tabulated statistics

apply to the years 1889, 1890, 1891, and 1892.

I.—THE NORTHERN COAST OF NEW JERSEY.

That part of New Jersey lying within or west of Sandy Hook
maintains an oyster industry of great extent. The inji)ortance of the

business is owing to the valuable planting-grounds which exist oft' the

shores of this part of the State, to the favorable conditions, and to the

proximity of Ncav York, Brooklyn, Jersey City, and other large cities

which furnish a constant market. The industry is centered in the cities

of Perth Amboy and Keyport, and in the Navesink and Shrewsbury

rivers.

HUDSON AND UNION COUNTIES.

These counties, bordering on Newark Bay and the upper part of

Staten Island Sound, have no oyster-cultivating industry, but are

quite extensively interested in the taking of oysters from the natural

grounds. The gathering of the small native oysters found in the

waters named is participated in by citizens of Middlesex and other

counties as well as by those of Hudson and^ Union counties, and con-

stitutes an important business, furnishing employment to a large

number of persons, most of whom are not otherwise engaged iu the

oyster industry.

In these waters oysters were formerly very abundant. The crop

derived from these grounds iu 1892 by citizens of New Jersey was,

approximately, 100,000 bushels, and was worth about $60,000. The
product is almost wholly utilized as seed by the planters of New Jer-

sey and other States. For a number of years considerable quantities

of small- sized oysters from this section have been purchased by New
York dealers for shipment to San Francisco, to be planted chiefly in

San Francisco Bay.
PERTH AMBOY.

Perth Amboy, in Middlesex County, is the most northerly point in

New Jersey where the oyster-jjlauting industry is systematically con-

ducted. The town has about 10,000 inhabitants, and is situated on
Staten Island Sound, about one-fourth of a mile from its southern

entrance, and on the north side of the Earitan River, which emj^ties

into Raritan Bay. Oyster-planting was begun in this locality about

fifty years ago. The business is not now as extensive as it was in

former years, but is still of considerable importance.



THE OYSTER INDUSTRY OF NEW JERSEY. 467

The planting-grounds.—The grounds in the vicinity of Perth Amboy
used for oyster-planting are located at the southern extremity of Staten

Island Sound, in the head waters of Earitan Bay, and comprise an area

of about 300 acres, more or less, lying off Ferry Point, and extending

from the point in a SE. by S. direction to Great Beds Light. The general

shape of the grounds is oblong, narrowing somewhat as they approach
the light. The length is about a mile and the average width a little

less than half a mile. The average depth of water is about 5 feet. The
grounds have various kinds of bottom. In some places it consists o^

hard mud, made so by a substratum or intermixture of sand; on others

the mud seems to predominate and the bottom is softer, while others

have a natural shell bottom where, at some time in the remote past,

there have undoubtedly been natural oyster beds. This natural shell

bottom is considered superior to any other for oyster cultivation, and
is correspondingly valuable.

In addition to these grounds, the oystermen occupy limited areas

(probably 50 acres) in New York waters, lying off the shores of Staten

Island, between Ward Point and Princess Bay light. These grounds
are long and narrow, have a hard bottom, with an average depth of

water of about 6 feet, and are used for transplanting oysters prepara-

tory to being taken up for market.

It must not be understood that the entire area above described is

planted, or has oysters on it every year; some tracts of bottom are

more desirable than others, and are used in preference, while the whole
is considered available.

Planting methods.—Each x>lanter divides and stakes off his planting

grounds into rectangular sections or lots of various sizes, governed in

number by the necessities of his business, and also to some extent by
his individual opinions as to the most advantageous arrangement of

them. The number therefore varies somewhat with different planters,

but usually four, five, or more lots are necessary. The reason for this

division is that when a lot is planted with small oysters it is customary
to allow them to lie undisturbed until they have reached a stage of

maturity sufficient for commercial purposes, when they are shifted to

another lot to remain one season, or from early spring to September,
before being taken up for market. Hence it is necessary to have a
number of lots in order to afford space for planting and transplanting

or shifting each season.

The growing period, which intervenes between the first planting and
final shifting of the oysters, is ordinarily three years, but is not strictly

confined to that length of time. It depends upon the size of the seed
when planted, the rate of growth, and, witliin certain limits, the option
of the planter. If the seed is large it will require less time to mature.
If the quality of the ground is good the rate of growth is more rapid.

The longer the oysters are allowed to grow the greater will be the
proportion of box (large) oysters among them, and the crop will conse-
quently yield larger returns. The more prosperous planters therefore
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frequently extend the period of growtli in order to achieve the most

profitable results, while others find it necessary to market their oysters

as soon as practicable.

A planter requires to have at least one lot, and generally more,

reserved as a shifting-gfround. The work of shifting the oysters begins

about March 1, or as soon after as the weather permits, and is com-

pleted between that time and July 1. It consists in taking up the

oysters intended for shipment in the fall, and which have grown to

marketable size on soft-bottom grounds where they were originally

planted, and transplanting them to hard bottom. While the oyster-

man is not, as a rule, guided by scientific knowledge, he has learned

by experience to proceed to a certain extent on scientific princi-

ples. He may not know anything of the diatoms, desmids, or other

microscopic forms of life found usually in greater abundance upon

mud flats, or what is in his vernacular termed "soft bottom," than on

sand or gravel (hard bottom), but has developed by actual experiment

the fact that the oyster grows faster and does better there than else-

where. The shifting to hard bottom also proves beneficial to the oyster

by freeing it from mud or other extraneous substances, improving its

color and possibly its flavor, and giving an opportunity for separating

the clusters, when necessary, into single oysters. On the whole, it

seems to be a requisite part of the process of perfecting the condition

of the oyster for market.

After the oysters have been shifted, the grounds from which they are

taken are again planted with seed. The supply of seed is obtained

principally from the natural beds in the Earitan Kiver, which extend

from the railroad bridge connecting Perth Amboy and South Amboy
for a distance of about 5 miles up the river to Sayreville. The oyster-

men begin taking seed oysters as soon as practicable in the spring and

continue until the close of the season. The work is resumed in the fall

when the season opens. The natural beds being in close proximity to

the cultivated ones, the oystermen sell their catch to the planters,

carry it to the grounds, and plant it directly from their skifi's. Seed

oysters are also obtained from Staten Island Sound.

Personnel, ivages, etc.—The labor in connection with the oyster-plant-

ing industry, which is comprised in the planting of seed oysters in

spring and fall, the transplanting or shifting of mature oysters in early

spring, and taking them up for market after September 1, and various

other work incidental to the business, is performed by the oystermen

of the neighborhood at the rate of $2.50 per day for each man, includ-

ing his oyster skiff, tongs, etc. Nearly every man who engages with

any degree of regularity in the oyster fishery owns a skiff and one or

more pairs of oyster tongs. The planters also have from one to three

skiffs and a number of pairs of tongs each, and if at times it is neces-

sary to hire a man who is not so provided, and furnish him, the rate of

wages is $2 per day. There are 220 men in the locality engaged iu the

oyster fishery, 16 of whom are planters, and the remaining 204 are
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hired for a portion of the year to work on the cultivated grounds.

They also engage in taking seed oysters from the natural beds, and a

few of them tish for clams. At other times of the year they find

employment in various occupations on shore. They are all American-

born citizens and residents of the State.

Preparation of the oysters for market.—The season for taking uj) the

oysters from the shifting-grounds for market begins September 1. The
work is usually completed by December 1. After the oysters are

caught and culled they are placed on board small sloop-rigged vessels,

which the planters own for the purpose of transporting their products,

and carried to Eahway Eiver, where they are put in floats and allowed

to remain in the brackish water at the entrance of the river duimg
one tide, when they are again loaded on the decks of the vessels and
taken to New York. This process is termed "drinking" the oysters.

The object of drinking is to give them an opportunity to "spit out"

the sand that may have found lodgment in the folds of their gills, and

also to bloat them, which temporarily imjjroves their appearance and
makes them open to better advantage, their flesh beiug whitened and
size slightly increased. When they arrive in New York they are

counted and graded into two sizes, and sold to the wholesale dealers

by the thousand. The larger size is termed "box" oysters and the

smaller "cullens," The box oysters sell usually for $7 and the cullens

for $3.50 per thousand.

The greater part of the oysters are marketed in this manner, but
limited quantities are shipped in barrels by rail or steamboat when it

is not convenient to transj)ort them in vessels or their destination is

other than New York, which is the principal market for the planters

of this section.

KEYPORT.

This town, with a population of about 3,500, is located on Earitan

Bay, in Monmouth County. It is more extensively interested in the

oyster industry than any other place in the State outside of Delaware
Bay. The oyster-planting operations of the entire section east of Perth
Amboy center here, and the important grounds lying off this part of

the State are utilized by Keyport planters.

The oyster-grounds.—A survey made in 1886, by George Cooper, a
civil engineer of Eed Bank, showed the area of the grounds devoted to

oyster cultivation in Princess Bay to be 2^ square miles, or 1,600 acres.

The remainder of the waters of the bay inside of Sandy Hook (outside

of Shrewsbury Eiver bar) belonging to New Jersey form the great field

of operations for the extensive clam fisheries centering at Keyport,
Port Monmouth, and other localities in the vicinity, and comprise an
area of 37^ square miles, or 23,840 acres. A comparatively small

proportion, therefore, of the entire area of bottom (39f square miles,

or 25,440 acres) within these limits is utilized for the cultivation of

oysters, although it is thought that the larger part is well adapted
to oyster-planting.
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There has been considerable friction, however, between the oyster-

planters and the cliiui fishermen relative to the acquirement and hold-

ing of grounds for planting purposes. The clam fishermen, refusing to

recognize the right of the planters to the possession of bottom for pri-

vate enterprise, have at various times trespassed upon the cultivated

beds under the pretext of taking clams, and numerous cases of litiga-

tion have ensued, which have usually termini-ted in favor of the oyster-

men. Out of these difficulties grew the necessity ibr the organization

and incorporation of what is known as the Oystermeh's Protective

Association. This association maintains a watch-boat, with a crew of

two men, whose duty it is to patrol the locality wliere oysters are planted

and report to the members of the association any person who may be

found trespassing upon the grounds. There is also a watch-house,

where one man is stationed for a simihir purpose. The expense and

difficulty of securing protection in 'the prosecution of the industry has

doubtless, in some degree, retarded its progress.

The planting- grounds are located directly opposite the town and

within a short distance of the sbore. The depth of the water varies

from 2 to 16 feet. The central and northeasterly sections consist of

mud or soft bottom, while the marginal portions haAe hard bottom.

The soft bottom is utilized for planting small seed oysters and the hard

bottom for the large oysters from southern waters, and also as trans-

planting-grounds for oysters that have been matured on soft bottom.

Planting methods.—Each planter designates the boundaries of his

grounds by stakes, which usually serve to identify them, but if the

stakes are carried away by storms or ice, or are hidden by high tides,

ranges are resorted to as a sure method of determining their location.

They are divided into lots in a manner similar to that already described

for Perth Amboy. When oysters are being planted or transplanted,

these lots are subdivided and staked oft" in small squares as an assist-

ance to the planter in distributing the proper quantities on the ground.

This system of planting lacks the element of completeness practiced

by agriculturists. The farmer measures both tlie seed and the ground

on Avhich it is to be sown, and distributes a specitic number of bushels

to the acre. The oystcrman decides the question by the eye. He may
possibly know the number of bushels of seed he intends to plant, but

generally he does not know the number of acres of ground on which

it is to be planted. When the oysters have been planted, the small

stakes which have been used for subdividing the lots into squares are

removed.

Both native and southern oysters are used for seed. The native

oysters are chiefly from the natural beds in the Earitan Eiver, Newark

Bay, and Staten Island Sound (Arthur Kill). These are termed "hard

oysters," and cost on an average 50 cents per bushel. They are jdauted

on soft bottom in deep water, where they lie from two to three years

before being shifted to hard bottom. They usually require a consider-

able amount of culling when shifted, before being reijlanted. This the
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oysterraen term "handling." The dead oysters and shells are removed
and the clusters separated. After remaining on hard bottom one
season they are taken up for market. It is estimated that not more
than one-fourth of the entire quantity of seed used are native oysters.

The remaining- three fourths are from the Chesapeake Bay region, from
points in Maryland and Virginia. Large quantities of them come from
Hampton Bar and the Eappahanuock and James rivers, the Choptank
Eiver, Tangier Sound, etc. They are designated by the general term
"Virginias." A i)art of these oysters is the product of the natural

beds of the Chesapeake, but large quantities come from cultivated

beds where they have grown to maturity. They vary in price from 20
cents to 60 cents per bushel, according to size and quality. In addi-

tion to the cost of the oysters, the planter is also at an expense of about
$300 per each vessel load, of i^erhaps 2,500 bushels, for transportation,

and about $48 for unloading them from the vessel and planting them
on the beds. The transporting vessels are sent south for oysters early

in March, and the planting is completed in April. The large "Vir-
ginias" are planted directly on hard bottom, whence they are taken up
for market the same season without being shifted.

Natural enemies of the oyster.—The only important natural enemies
to the oysters in recent years have been drills, winkles, and occasion-

ally crabs, but the loss from these causes has not been great. Fifteen

or twenty years ago considerable trouble was experienced from the
depredations of fish. The drumfish was the most troublesome species.

It is said that they became so abundant at times as to destroy whole
beds of oysters. Means were resorted to for frightening them away.
One method was to anchor buoys over the beds and attach to them a
line with a shingle at the end of it and a weight, either a brick or

stone, to carry it to the bottom. The shingle swayed to and fro with
the motion of the water, and served to scare the drumfish away. This
was called " shingling " the-beds. But for the past few years no serious

destruction by drumfish has occurred.

Persons, compensation, und lay.—The number of persons engaged in

the oyster-planting industry at Keyport, exclusive of crews on vessels,

is 112. There are 23 proprietors or oyster-planters and 89 men who
are employed by them at daily wages. Of the 23 planters, 11 are occu-

pied largely with work on shore pertaining to the business, and may
be classed as shoresmen, and the rema,ining 12 engage in the practical

labor of tonging oysters. The men are all American citizens, 92 white
and 20 colored. The colored men come chiefly from Virginia.

The rate of wages paid by the planters is $2 per day to each man,
whether engaged in tonging oysters on the beds or " drinking" them
in the creek (for the same men do both), or any other work necessary
in preparing the products for market. The planters furnish skiffs,

tongs, and all apparatus. When employed planting southern oysters

(" Virginias ") it is customary to pay each man $3 per day, and usually
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about 16 men are required to unload each cargo from the transporting

vessel.

The dredging- vessels are hired with their crews at $7 per day for sail

vessels and $25 per day for steamers. If it becomes necessary for the

men to work overtime, as is not infrequently the case, in order to have

the oysters ready at the proper time to fill the buyers' order, they

receive extra ]iay, and thus amicable relations are maintained between

employers and employes.

The average length of time which the planting business in all its

branches is estimated to afibrd employment each year is about six

months.

The oyster boats.—The boats in use are of two kinds, designated,

respectively, as skifts and scows. The skiffs are used as tonging boats

and the scows in the various processes of handling the oysters after

they are taken from the beds, either for carrying them ashore from the

grounds or in connection with operations in the creek.

The oyster skiff" is a style of row boat different from that used in

any other branch of the fisheries, and is designed especially to meet

the needs of the oyster business. It is clinker-built, has a square stern,

rounding sides, with moderate sheer, raking stem and stern, and flat

bottom. The bottom is about 18 inches wide amidships, and converges

with a gradual curve fore and aft, coming to a point at the stem and

stern. The object of the flat bottom is for convenience in hauling the

boat on the beach, in order that it may be handled easily and lie with-

out listing. The timbers are of white oak and the planking is cedar.

The length is 26 feet over all and 22 feet on the bottom. The width is

6 feet. A smaller skiff' is also used, being 21 feet long over all, 18 feet

on the bottom, and 5 feet wide. The skiffs are ceiled on the inside

with white pine, to make a smooth surface for shoveling oysters. The
cost of the larger size when new is about $140, and of the smaller size

from $100 to $120. The larger size has two thwarts forward of the

ceiling and is used as a double skiff, while the smaller size has only one

thwart and is used as a single skiff.

The scows are square-ended and very strongly built. They are

usually 40 feet in length with a depth of 2 feet inside. The width out-

side is 8 feet 4 inches on top, and 8 feet on the bottom. The sides and
bottom are constructed of white-pine planks and the ends of white

oak. The thickness of the sides is 3i inches at the top and 4J at the

bottom 5 that of the ends is 2 inches and of the bottom about 4 inches.

A keelson, 8 inches high and 5 inches wide, runs through the center,

and not only adds strength to the scow, but also forms a partition,

which may be used for keeping different grades of oysters separate

from each other. At each end there is a platform 4 feet wide, flush

with the top. The scows cost when new about $140 each. They are

propelled either by being sculled with an oar or pushed with an oar or

pole. The average value of skiffs and scows, new and old together, is

estimated to be not more than $75.
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Talcing oysters up for marJiet.—The oysters are taken up for market

chiefly with tougs. The planters owu the tongs, skiffs, scows, and all

other aj)paratus necessary to the fishing operations, and furnish them

to the men they hire. Some of the skiffs are operated by one man and

others "by two. Those having one man are termed single skiffs, and

those having two, double skiffs. Sails are not used on the skiffs, as

the grounds are near at hand and rowing is more convenient. When
the oysters become so scattering that the men can not secure a good

day's catch with the tongs, dredging vessels are brought into requisi-

tion to (as the oystermen term it) '' clean up the beds," that is, to catch

the remainder of the oysters on them. Some of the vessels are pro-

pelled by sails and others by steam. They are not owned by the iDlanters,

but are hired, with their crews, by the day. On the sail vessels the

dredges are hauled by hand, one dredge to each man, except in one or

two instances, where small winches or "winders" are used. Hauling

dredges by hand is extremely laborious, but is more speedy than with

hand winders, and is therefore preferred. On the steam vessels a steam

winch is used for hauling the dredges. The oysters taken with dredges

are brought ashore in scows, but the skiffs land their own catch.

Dredging vessels in this region, being owned by men frequently not

otherwise interested in the oyster business, and making a specialty of

dredging oysters, are not necessarily confined in their operations to any

particular locality, but find employment wherever it can be obtained.

Their services are usually required for only a short time in the fall.

Preparing the oystersfor marJcet.—The oyster-jDlanters have their shore

houses or shops for storing implements, such as tongs, baskets, forks,

shovels, barrels, etc., located on either side of a small winding stream,

designated on the charts of the U. S. Coast Survey as Middletown Creek.

This creek is used as a place for drinking the oysters, and is claimed to be

exceptionally well adapted for that purpose. Its banks are supported

by a perpendicular bulkhead constructed of planks and piling. The
bottom of the creek, on both sides, is divided into lots by a row of stakes

in the center, which also serve to subdivide the lots into small squares

to accommodate different grades of oysters, and each planter either owns
or hires a lot in front of the shop he occupies.

When the oysters are brought in from the grounds they are first

culled and graded into box oysters, culleus, and cullentines. They are

then put overboard in the creek to " drink," the several grades being-

kept sej)arate by placing them in different squares. This is usually

done at slack high water, and they are allowed to remain overboard

until low water. Experiments have frequently been made in drinking

the oysters at other times of tide, but slack high water is, as a rule,

believed to yield the most satisfactory results.

The reason for drinking the oysters at this particular time of tide

rests ujjou the theory that, while it is requisite for them to have fresh

or slightly brackish water, it would be injurious to bring them in con-

tact with it too abruptly. At low tide the water of the creek is as fresh
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as that of any otlior I'resli- water stream. As the tide rises the fresh and
salt waters mingle with each other and become brackish at first, but

gradually more salt as the tide continues to flow and force back the

fresh water until it slacks. Its density is then but slightly lessened by
the intluence of the fresh water of the creek. The ebbing tide reverses

the order of these conditions. The greatest degree of saltness possible

to the water in the creek attains at full iiood tide, and as the tide ebbs

the salinity of the water diipinishes. This diminution is supposed to be

rendered more gradual by the salt water, on account of its greater spe-

cific gravity, remaining at the bottom.

High water is, therefore, considered to be the most favorable time for

drinking the oysters, as it not only removes the danger possibly con-

sequent upon introducing them too suddenly into fresh water, but also

facilitates their drinking. They might be placed in the water two or

three hours sooner, but the only eilect would be to lengthen the time

they would have to remain there, which is not generally' thought neces-

sary. As no floats are used, and the oysters are spread directly on the

bottom, they can not be taken up conveniently until low water. The
depth of water in the creek does not then average more than 10 or 12

inches, and sometimes less, during neap tides. The men go into the

creek with rubber boots on and take the oysters uj) with forks and
put them in baskets. The time of day for doing the work in the creek

is governed by the tide and also the time when the oysters are to be

shipped. It frequently happens when shipments are to be made early

in the morning that the oysters are given a drink during the night.

Whether they drink as copiously in the night as in the day may not

have been definitely determined, but that they do so to a degree suf-

ficient to fi"eshen their flavor, and in other respects answer the purpose

for which drinking is intended, there is no doubt.

MarJietimj the oysters.—The season for shipping the oysters ojieus

about the 1st of June and closes in November. During the months of

June, July, and August shipments are made regularly to the various

seaside resorts along the coasts south of Sandy Hook, This "summer
trade," as it is termed, has been steadily increasing and has reached

considerable proportions, but does not, even through these uKmths,

equal the trade with New York. The oysters are put in barrels and
shipped by rail to points along the coast, while those for the New York
market are sent in baskets by the regular steamboat plying between
Keyport and New York, or in bulk on the transporting vessels. After

the hotels close in September the oysters are all sold in New York.

The "box oysters" and "cnllens" are sold by count, and range in

price from 87 to 67.50 per thousand for boxes, and 63 to $3.50 per thou-

sand for cullens. The "cullentines," which are the smallest oysters

sold, are not counted, but are usually disposed of at about 50 cents per

bushel. When the oysters are sold without being assorted into ditt'er-

ent giades, as is sometimes the case, they are said to be " rough-

culled." The usual price for "rough-culled" oysters is $1 per bushel.
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NAVESINK AND SHREWSBURY RIVERS.

Shrewsbury Eiver is the general name frequently applied to the two
rivers designated on the charts of the U. S. Coast Survey as the Nave-
sink and Shrewsbury rivers, which empty their waters by a common
outlet into Sandy Hook Bay. The ISTavesink, or northern branch, is

known locally as the Shrewsbury, or North Shrewsbury, and the

Shrewsbury, or southern branch, as the South Shrewsbury. Oyster

cultivation is carried on in both rivers, but more extensively in the

Navesink or northern branch.

Planting-groimds.—The extent of the planted area in these rivers can

not be dehuitely stated. In the iSTavesink the beds are located on both
sides of the river, and frequently reach across it, from the railroad

bridge at Eed Bank (immediately above the town) to Claypit Creek,

just below Oceanic, a distance of about 4 miles. It is not probable

that more than 400 acres are utilized for oyster-planting. In the South

Shrewsbury the j)lanting-grounds lie in the vicinity of Little Silver,

Oceanport, and Branchport, and also in the locality known as Pleasure

Bay, a small indentation below Branchport. Their extent is small, and
the oyster business is conducted on a comj)aratively limited scale.

The bottom in both branches of the river is usually soft mud, and is

in some localities covered with eelgrass. iSTear the banks of the river,

where there is more sand, the bottom is harder than it is farther off in

the bed of the stream, but the water is usually shallow. The softness

of the bottom is one of the greatest difficulties with which the j)lanters

have to contend, as the oysters are liable to become submerged with

mud. There are no natural oyster beds.

Oysterplanting.—The season for planting oysters corresponds with

that in other localities alreadj^ discussed, but the methods of cultiva-

tion vary in accordance with the natnral conditions of the bottom. The
scarcity of hard bottom, in sufficient depth of water to allow the oysters

to remain safely thi-ough the winter, precludes the practicability of

planting large quantities of seed oysters; consequently the greater part

of the oysters have to be of marketable size, or nearly so, wheovplanted.

On the Navesink there is only one firm of planters who use small seed

extensively; the others, without exception, buy large oysters and ]Aant

them in the spring and take them up for market in the fall. The i)lant-

ers claim that very little and perhaps nothing is gained in quantity by
the growth of the oysters; that while they increase in size individually

a great many of them die, and the increase from the one cause does not

more than offset the loss from the other.

When small oysters are planted they are generally allowed to lie

three years, and are then shifted to hard bottom, which is found only in

narrow strips near the banks of the river in shoal water. This is done
in the spring, and in the fall of the same year they are taken up for

market.

A part of the oysters for x)lauting are unculled stock from the natural
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beds in the Hiidsou Eiver, and are termed "Nortli river roughs." They
usually cost about 15 cents per bushel, and consist of oysters and shells

together. The proportion of oysters to the entire quantity of oysters

and shells is estimated to be not more than one-fourth. Large oysters

are obtained quite generally from South Amboy, where they have lain

two years on the cultivated beds, and cost from 50 cents to 90 cents per

bushel; the general price is 86 cents per bushel, which includes the

cost of transportation and planting. It is not now customary to plant

Chesapeake Bay oysters in the Navesink. In the South Shrewsbury
they are used quite extensively. " North river roughs " are also used.

During recent years there has been a set of spat on the beds, which has

to some extent reduced the necessity of obtaining seed elsewhere. At
Pleasure Bay, however, Chesapeake oysters are planted regularly every

year; this is believed by the oystermen of Little Silver and Oceanport
to be the cause of the set of sj^at on the various artificial oyster beds in

the river. An opinion prevails among them that the spawn of the

southern oysters is more liable to fixation than that of the native

oysters from the Hudson or Raritan rivers.

Mr. George B. Snyder, of Fair Haven, is authority for the statement

that a set of spat occurred in the Navesink in 18G9, when a load of

Chesapeake oysters was planted there.

Unemies of the oyster.—The principal enemies of the oysters are the

borers, hard-shell crabs, and the toadflsh or oyster-fish {Batrachus tcm),

which is known locally among the oystermen as the " sally growier," a

name applied to it probably on account of the savage disposition which
it exhibits if molested while guarding its young. The borers are

especially destructive to the young oysters. They do more or less

damage every year, but occasion great loss some seasons. The crabs

and toadfish undermine or burrow holes in the hard bottom into

which the oysters drop and are smothered. Aside from these causes

there is generally no serious loss, except such as may ensue at times in

consequence of freshets of water washing the mud over the beds.

Great care has to be exercised to select locations for planting-grounds

that will not be too much exposed to alluvial deposits.

Another menacing feature, arising from natural conditions, which
endangers the life of the oyster in the Navesink, is pointed out by Prof.

Julius Nelson in the bulletin of the New Jersey Experiment Station of

April, 1889. He says:

In tho ui)per part of tlie river in July a sort of fermentation of the bottom takes

place by \vbicb a poisonous scum is produced tbat kills tbe oyster. One planter at

tbo bead of tbe tidal area lost $10,000 wortb tbrougb tbis cause, combined witb the

coming on of a fresbet of water. Tbis '' fermentation" needs more careful study'.

It is ])robably not all due to simple decay of vegetation, though tbat in itself is a

process due to the action of living germs, and thus a biological phenomenon.

The condition above referred to probably occurred in 1888. It is

said by the oystermen to be present in the river not oftener than once

in eight or ten years, and is believed by them to be precipitated by
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heavy freshets of water during the warm weather in the latter part of

July.

An aquatic mowing-macliine.—Eelgrass grows abundantly in some
parts of the Navesink Eiver, and, as in other localities where it is

found, acquires in due time full possession of the areas where it grows,

rendering them useless for oyster-culture. In combating this enemy
of the oyster-planting industry, Mr. Charles T. Allen, of the firm of

Snyder & Allen, Oceanic, IST. J., has achieved a degree of success here-

tofore unequaled. After expending much fruitless labor in efforts to

mow the eelgrass with a scythe, a method which proved impracticable

because the water was sometimes too deep and also on account of the

difficulty of cutting grass growing under water, he invented in 1885,

and has since used, a device which may be termed an aquatic mowing-
machine. The machine is rigged on a square-ended scow 20 feet long

by 8 feet wide. On the forward end of the scow is suspended, by a

framework, a double set of knives, each set being similar to those of

mowing-machines used by agriculturists. The object in having double

knives is to enable the machine to cut when moving backward as

well as when moving forward, thus avoiding the necessity of having

to turn the scow around when the end of the swath is reached. The
knife bar is 12 feet long and consequently cuts a swath 12 feet wide.

The power for propelling the machine is supi)lied by a sixhorse power,

high pressure, condensing engine, which is located in the middle of the

scow. A line 1,000 feet in length is passed with three turns around a

winch-head, and drawn taut by an anchor at each end, placed a short

distance beyond the extreme boundaries of the area to be mowed. It

is held in position by a fair-leader or chock, having a shive on each

side similar to the shive of an ordinary tackle-block. The shives

facilitate the passage of the line through the leader by lessening the

friction, and correspondingly decrease the wear upon it. The leader

or chock is placed on the forward end of the scow, and not only serves

to hold the line in position but also keeps the scow straight in its

course.

When the engine is started the winch-head revolves, and the pres-

sure of the line, encircling it in three turns tightly drawn, forces the

scow through the water. The rate of speed at which it can be operated

is 1,000 linear feet in 5 minutes, thus enabling it to mow an area of

2,000 square feet or more per minute, or 1 acre in from 20 to 22 min-

utes, making allowance for time spent in moving anchors or otherwise

adjusting the machinery.

When fitted for Avork, with coal and water, and manned with 3 men,
including an engineer, which is the number requisite to operate the

machinery and attend to shifting the anchors, the draft of the scow is

about 8 inches of water. When the anchors have once been adjusted

several swaths can be mowed before they require to be shifted over

toward the uncut grass, as the line can not easily be drawn so taut,

nor does it need to be, as not to allow the scow to be moved
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(pushed witli a pole) sidewise for a short distance. When necessary

the anchors are shifted by the use of a small boat. Thus the scow is

guided back and forth across the lot, cutting the grass with equal

facility in both the forward and back ward ruovenients. When the grass

is cut, it floats to the surface of the water and is carried away by the

current. The knives are set in motion by a vertical iron shaft which

jiasses through a horizontal cogged wheel. This wheel is geared to a

pulley which is run by a belt from the engine. The vertical shaft is so

arranged as to slip up or down in order to gauge the machine to any

depth of water within the range of its capacity. The extreme depth of

water in which mowing can be successfully done, as it is now adjusted,

is about 8 feet. It could doubtless be so arranged as to operate in

deeper water.

If there are no obstacles in the way the grass can be cut within 1

inch of the bottom. If there are oysters on the ground some allowance

for that fact has to be made, and while the grass can not be sheared so

close to the bottom, it can be mowed sufficiently close to the oysters to

answer all practical purposes. The only thing requisite is to mow it

short enough to preclude the possibility of any large quantity of sedi-

ment settling in it and choking the oysters. This object is easily

attained, as grass a few inches long will not injure the oyster crop. It

is when its length is measured by feet, and it is filled with sediment,

that it becomes dangerous.

In the locality where this machine is used the water is about 6 feet

deep. It has been customary to mow the oyster beds quite frequently,

five or six times perhaps during the growing season, from the first of

May to the last of October. The result has been that tracts of bottom

that would have otherwise been worthless for oyster-growing purjioses

have been converted into beds as j)roductive as any in the river. The

cost of building a similar machine is estimated by Mr. Allen to be from

$150 to $r)00.

PersonSy wages, etc.—The jilanters, as a rule, are also prosperous farm-

ers, having comfortable homes pleasantly located in the various small

towns and villages on the banks of the rivers, the more important of

which are Eed Bank, Fair Haven, and Oceanic on the southwesterly,

and Middletown on the northwesterly side of the Kavesink; Little

Silver on the northwesterly, and Oceanport and Branchport on the

southwesterly side of the Shrewsbury.

The men hired to work in connection with the oyster business are,

in many instances, primarily employed on the farms and are transferred

from one branch of labor to the other as occasion luaj' require. The

rate of wages paid to men while engaged in the oyster fishery is usually

$2 per day. The planters furnish them with boats, tongs, and other

apparatus. The total number of men engaged in the business is 92,

including proprietors or planters. Eight at Pleasure Bay are employed

as shoresmen, two of whom are colored; the remainder are white men,

and all are American citizens.
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The busii|ess is not so large Jis formerly, and the number of men
engaged in it is correspondingly rednced. At Little Silver and Ocean-

port it is not customary to hire help. The planters do the work them-

selves. On the IS^avesink there are 32 men who are proprietors of

grounds and i^lant oysters. Some of them, however, do a very small

business.

Boats.—The boats used in the oyster fishery are a small, square-stern,

flat-bottom, clmker-built row boat of the bateau kind. The largest of

them are 22 feet in length over all with an extreme width of 5 feet on

top, and have a carrying capacity of about 40 to 50 bushels of oysters.

Some of them are smaller, being not more than 19 feet in length. They
cost when new from $40 to $50.

IfarJceting the oysters.—The oidy thing requisite in tlie preparation of

the oysters for market, after being caught, is to cull and grade them
into two sizes. The large ones are called " box oysters," and the small

ones "cullens" or "culliugs." They are not placed in the brackish

water to drink as at Perth Amboy and Keyport, the waters of these

rivers not being considered sufficiently salt to render that process

necessary.

Floats are used to some extent for keeping the oysters in good con-

dition while they are being prepared for market or held on hand await-

ing the buyer's orders. If the planter is not supplied with floats for

this purpose, the oysters are laid on the shore, in shoal water, until

required for sliipment.

The average price whicli the producers receive for box oysters is $8

and for culleus $4 per thousand. They are shipped in flour and sugar

barrels. A flour barrel will hold about 650 box oysters or 1,000 cullens

and a sugar barrel about 900 box or 1,200 cullens.. New York is

the principal point of shipment, although a great many are marketed
within the State, especially during the summer when the hotels along

the coast are open. The oysters are all sold in the shell, except at

Pleasure Bay, where about 3,000 to 4,000 bushels per year are opened

and sold by the thousand, the greater pajrt being sent by express to

Chicago.

Two steamboats, running regularly in summer between Eed Bank
and New York, furnish means of transportation for about one-half of

the oyster products of the river, and the remainder are shipped by
rail.
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II.—THE OCEAN SIDE OF NEW JERSEY.
•

DescripUon of the codst.—The nortlieni part of tlie coast of New Jer-

sey is singularly destitute of indentations suitable for tlie existence or

cultivation of oysters. Proceeding southward from Sandy Hook, the

first inlet of any importance is Shark River, in which there is a limited

oyster business. With this exception there is no oyster industry on

the Atlantic coast of the State north of Barnegat Bay.

From the head of Barnegat Bay (in Ocean County) southward the

coast is skirted by desolate sand beaches, broken into sections by
numerous inlets which connect the waters of the inside bays with

those of the ocean. Of these inlets the principal are Barnegat, New,

Absecon, Great Egg Harbor, Townsend, and Hereford. The general

contour of the coast is quite regular, forming a graceful curve (the con-

vexity seaward) from Sandy Hook to Cape May. These sand- beaches

serve as a sort of natural breastwork, protecting the inside bays, which

lie between the outer beaches and the mainland, from the violent

storms of the ocean, and rendering them favorable localities for the

operations of the oyster-planters. The sheltered location of these bays

imparts to them some resemblance to Long Island Sound or the sounds

along the coast of North Carolina.

Next to Barnegat Bay, the most important indentations on this sec-

tion of the coast are Little Egg Harbor, Great Bay, and Great Egg
Harbor. The inside coast or shore of the mainland is irregular and

indented by creeks and mouths of rivers and small streams, and is

usually low and marshy.

Oyster boats.—The boats used in the oyster fisheries of this section

are of several varieties. Those of large size are propelled by sails

exclusively, while the smaller ones are generally provided with sails

and oars, either of which may be brought into requisition whenever the

occasion demands. The kind of boat most used in tonging oysters is

the one known as a " garvey," which is a small, square-ended, flat-

bottomed scow, with raking ends and flaring sides. It is about 20 feet

in length over all, and IG feet on the bottom. The width is usually

about 5 feet at the top and 4 feet at the bottom. It costs approxi-

mately $30 when new. This type of boat is more numerous than any

other. It is not designed for speed, but is well adapted and service-

able as a tonging boat in the shallow waters of the inland bays and
creeks along the coast. A peculiar-shaped boat is also used for tonging

purposes, which is called by the fishermen a "sneak box." Its form

resembles that of a pumpkin seed, with the exception that it is more
elongated. The convexity of the top is nearly as great as that of the

bottom. The stern is square, straight, and moderately wide, and the

steering gear is hung outside. These boats vary from 12 to 18 feet in

length. The top is decked over, leaving an open space or manhole in the

center, the size of which varies according to the size of the boat, but is

usually about 4 feet long and 2J feet wide. Some of these boats are
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qnite expensive, costing- $45 or more when new. Tliey are ordinarily

propelled by oars, but are also provided with a sprit sail, and have a

sciuiitar-sliaped centerboard. Tlie luast is placed well forward, as in

a cat-rigged boat. Tlicir carrying capacity is from 10 to 20 bissbels of

oysters. They were designed originally for a gunning boat in which

to hunt ducks or other sea fowl, and seem to be more suitable for that

purpose than for oywter tonging. They are not much used in the oyster

fisheries, except at Barnegat.

Large sail boats are used for towing the tonging boats and carrying

oysters. The majority of these are cat boats about 23 feet in length,

and similar in construction to those used in the Kew England States.

They cost about $500 each. Sloop-rigged boats are used for the same
purpose. They are usually 25 feet in length, and sometimes cost as high

as $800. The cat and sloop boats have a round bottom with center-

board. In addition to these there are a number of sharpies (found

chiefly at Barnegat) of the Connecticut pattern, about 23 feet long and

costing $200 each. Thej' are propelled by sails mostly, but frequently

with oars. Some of the larger cat boats and sloops are used during

the summer for carrying pleasure parties at Atlantic City. The tong-

ing boats are not strictly confined to the "garvey " and ''sneak box"
ty]ies, but sharpies and other sailboats are used for that purpose, when
not too large.

SHARK RIVER.

Shark River is a broad, shallow stream connecting with the ocean by
a narrow inlet at Belmar. It was, at one time, considered important

on account of its natural adaptability for the cultivation of oysters,

but in recent years the shifting sands of the coast have had a gradual

tendency to till up the inlet, thus impeding the free circulation of tide

waters, until the river has degenerated into what is now little more
than a large pond. Sometimes the inlet closes and the water becomes

almost stagnant.

The character of the bottom is diversified. There are extensive flats

of mud, smaller tracts of sand, and considerable areas of nitural oyster

beds. The oystermen believe that if the inlet were dredged to a depth

sufficient to admit light- draft vessels, and properly secured by bulk-

heads to prevent the sand from drifting in again, the river would
become very valuable for oysters and fish.

An act was passed by the legislature in 18G1 i)roviding that the free-

holders of the county (Monmouth) should appoint commissioners whose
duty it should be to survey the bottom of the river, within certain

specified boundaries, and stake it off in lots or subdivisions not exceed-

ing 2 acres each, and lease them at public sale to tlie highest bidder

for the purpose of planting and growiiig oysters ; that no person should

own more than 2 acres, and no comp.iny more than 5, for a period of

not less than one year or exceeding five years; that after the necessary

expenses imiDosed on the commissioners by the act and compensation

F 92 31
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tot their services had been paid, the residue of the money received by
them from rents, if any, shoiikl be paid to the board of freehoklers and

forwarded to the trustees of the State school fund to be used in the

sup))ort of the public schools. Iii 1870 tliis act was sunpleiiiented by
another extending the original boundaries and the term of the lease

from five to ten years, l^hese regulations are still in force, and the

grounds are rented by the planters at rates varying from 50 cents to

$5 per acre, according to qualify and desirability for oyster-planting

purposes. In 1881 the first section of the act of 1801, relating to the

boundaries, was amended, and the board of freeholders were authorized

to possess the oyster-grounds of the river to let for oyster-planting pur-

poses for an additional term of twenty years, or until March 14, 1901.

Although there is a comparatively lai-ge number of persons engaged

in ])lanting oysters, the business has declined to very small i)roportions,

and the planters derive less income from it than from farming and other

branches of iiulustry.

The greater part of the seed oysters used is obtained from the river,

being either the iwoduct of the natural beds or of the set of spat secured

by artificial means on the cultivated grounds. Considerable (luantities

are also brought from Baruegat Bay. Tiiese are planted in September.

One of the most interesting features of the system of oyster cultiva-

tion practiced in this river is the use of tin cans as spat-collectors. For

the i^ast two or three years many wagonloads of tiu cans have been

distributed every season upon the cultivated grounds with results that

have been gratifying to the oystermen. The cans possess the advan-

tage not only of being successful spat-collectors, but also, when having

served that end, of disintegrating and leaving the beds uneiuaimbered.

Shells are also planted for a similar ijurpose. The river being closed

to navigation, except for small boats, the need of cheaper means of

transportation than by rail causes considerable difficulty in obtaining

shells for planting, and was no doubt instrumental in suggesting the

use of tin cans, but these can not be procured in quantities large enough

to supply the demand. A fairly good set occurs quite regularly in the

river every year on the natural beds aiul also on the cultch planted on

the cultivated grounds, due probably to tiie favorable conditions afibrded

by the warm water and muddy bottom for breeding food for the oysters.

Most of the oysters are taken up for market in October, iSTovember,

and December. They are graded into two sizes, "box oysters" and

" cullens," and sold at an average price of $7 per thousand for box

oysters and !*.'3.50 for cullens. The annual yield is not more than from

4,000 to 5,000 bushels. They are taken with tongs in small boats, which

are either the kind known in this region as '^garveys" (a small square-

ended scow), which are about 15 feet in length and cost when new from

.^S to $10, or small bat<'an.\ which cost from -'^20 to -^.^O <'ach. There are

DO men engaged to a very linuted extent in the planting operations,

all of whom are native American citizens. The extent of area utilized

for oyster cultivation does not probably exceed 200 acres.
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BARNEGAT BAY.

Description.—This bay is the largest and perhaps the most important
of tlie bays along this section of the coast. It is about 27 miles long

and 1 to 4 miles wide, and its waters are shallow. Immediately to the

south and adjoining it is Little Egg Harbor, which is a continuation of

Baruegat Bay. These two bodies of water extend the entire length of

the shores of Ocean County, and are the field of an extensive clam
fishery and of oyster fisheries of considerable importance.

Natural oyster beds.—Originally the natural oyster beds of the bay
were quite productive, but in recent years they have been of less impor-

tance, although still producing a considerable quantity of small oysters

suitable for planting. From the Pennsylvania Railroad bridge, which
spans the bay at Seaside Park on the ocean beach, connecting that

village with Island Heights Junction on the south bank of Toms Eiver

on the mainland, they are more or less important throughout the entire

length of the bay to Little Egg Harbor inlet.

Cultivated grounds.—Within this region, also, there have been taken
up and marked by stakes areas of ground for oyster-planting purposes.

They are located chiefly at Cedar Creek, Forked Eiver, Barnegat, Man-
ahawken and vicinity. West Creek, Parkertown, and Tuckerton. The
area of these grounds is not definitely known, but may be from 1,500 to

2,000 acres, and are held by approximately 300 persons. The planters,

however, do not actually operate the entire area held by them. This

fact has given rise to a good deal of dispute and bitter feeling between
the oyster-planters and persons engaged in the clam fisheries and in

taking oysters from the natural beds. The claim is made by those

depending entirely on the products of the natural beds that the privi-

lege which the State accords to its citizens of reserving unproductive

sea bottom for oyster cultivation is being abused, and that under a
pretext of reserving unproductive lands for the cultivation of oysters

the planters have fraudulently appropriated many valuable clam beds
and natural oyster reefs, thus monopolizing areas which, it is claimed,

are being used by them for oyster-planting contrary to law, or In some
instances not used for that purpose (except ostensibly), but held ille-

gally in order to secure the natural products of oysters and clams from
them, thereby iniringing upon the rights of the clam and oyster fisher-

men who have no private holdings and are confined in their operations

to the public domain.

Various remedies for this evil have been suggested by individuals,

but no systematic eifort has been made to settle the dispute between
the contending factions. The result has been that the oyster-planters

have met with considerable loss at times from depredations committed
upon their beds by those who questioned their right of possession,

and persons committing such tresi)asses have in turn been occasionally

subjected to much inconvenience when having to iiiiy the penalty

therefor by fine or imprisonment.
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One of the most important suggestions, perhaps, that has been

made looking toward the satisfactory adjustmeut of the question is the

introduction of some system of taxation wliich wouhl provide for the

imposition of a tax either upon the grounds, or upon the seed oysters

annually planted upon them. But the proposition has not been

advanced beyond the sphere of contemplation. It would, for obvious

reasons, seem to be more tangible to tax the grounds, than the oysters

which are planted on them, and this would be more liable to produce

the effect desired—that of deterring the planters from taking up more

land than they re(]uire for immediate use.

That there may be some foundation for the variances above referred

to is not improbable, but that it is the source of as much interference

with the interests of the clam and natural oyster fisheries as is some-

times supposed by those engaged in them is not so certain. The feel-

ing of insecurity which the existing unsatisfactory conditions engender

has doubtless retarded in some degree the prosperity and growth of

the planting industry.

The surface of the bottom is generally composed of mud, but not too

soft to bear oysters. The adaptations with regard to the abundajice

of food seem to be more favorable for the production of seed oysters

than for fattening those of mature growth for market. A fairly good

set of spat can also be secured on shells or other cultch nearly every

year, tending to indicate that with skillful management the available

tracts of bottom might be turned into a seed-producing region of con-

siderable value. In some localities a very good quality of oysters of

marketable size are grown, although they are not large and their

growth not rapid, while in others they do not fatten sufliciently every

season for market i)urposes.

Methods.—The methods of conducting the industry are less system-

atic in this region than in some of the other localities in the State.

There is no organization of the oyster-planters except at Barnegat,

where an effort was made in 1892 to establisli an oystermen's protective

association similar to the one existing at Keyport. In this effort the

experience common to such movements was met with. Many of the

planters did not join the new association, and many of those who did

reported a much smaller number of bushels of oysters on their grounds

than there really were, in order to diminish the tax levied upon them

by the association. The rules of the organization provided for a tax

of a few cents ])er bushel, to be assessed on the oysters held iji stock

on the grounds, to be paid annually to the treasurer, the fund thus

collected to be used for paying watchmen to patrol the grounds, or in

the prosecution of persons trespassing upon them. At West Creek

there is no jirotective association, but the oystermen emi)loy a watch-

man about three months of the year to guard the beds.

While the number of persons engaged in cultivating oysters is quite

large, the quantity planted by each is very small. A great many do

not plant more than from 200 or less to 500 bushels per year, others
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from 1,000 to 3,000 busliels, and a few from 5,00() to 14,000 busliels.

The average per man wonld not exceed 500 busliels. The planting is

done during the fall and spring, when the seed is being taken from

the natural beds. The average cost of oysters for planting, to those

who have to buy, is about 25 cents per bushel. Nearly all, if not the

whole, of the seed used comes from the natural beds of the bay and
from Great Bay. The greater number of the planters, in addition to

doing a small cultivating business, engage also in taking oysters from

the natural beds, and many of them plant only their own catch, while

others buy the necessary sui)ply of seed from oystermen not interested

in the industry otherwise tlian in the catching of natural oysters.

Thus the two branches of the industry, the artificial and natural,

are inseparably connected with each other, many persons engaging in

both at the same time. When the supply of natural oysters exceeds

the demand for seed in this immediate locality, as it usually does, the

surplus is sold to planters at Shark River and elsewhere.

After the oysters have been planted on the cultivated areas it is

customary, as in other sections, to allow them to remain about three

years and then shift them to other gTounds in order to perfect their

condition for market.

Apparatus.—The only method employed for taking oysters, either

from the cultivated or natural beds, is that of tonging. The tongs are

of the ordinary kind, but generally a cheaper quality is used than in

localities where the business is more extensive. Their cost when new
is about $5 per pair. The law does not permit the use of dredges on

the natural beds of the State (except in Delaware Bay) and the planted

areas are not sufliciently large to require them.

3Inrl-eti)ig.—Practically the entire product of marketable oysters is

taken from the cultivated grounds. The shipping is done in the fall

and spring, and to some extent during the summer. In the more
important localities, where the business in a measure centralizes, as at

West Creek, Barnegat, and Tuckerton, a number of the planters who
engage in the business on a larger scale than the rest are also local

buyers and shippers. Some of the planters, therefore, who have only

small quantities to dispose of, sell them to the shippers. A very small

proportion of the oysters are opened, nearly all being shipped in barrels

in the shell. The price received averages 80 cents per bushel. The
principal markets are New York, Philadelphia, and Atlantic City.

GREAT BAY.

Description.—Directly south of Little Egg Harbor and continuous
with it is an extensive sheet of water known as Great Bay. It is

inclosed on the north by the shores of Little Egg Harbor Township,
formerly a part of Burlington County, but recently of Ocean County,
and on the south by Atlantic County. Into it flows a number of small

rivers, the largest and most important of which is the Little Egg Harbor,
or MuUica. New Inlet connects the waters of the bay with the ocean.
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The natural oyster-grounds.—Some of the most extensive iiud produc-

tive natural oj'ster-grounds to be iound on this section of the coast are

located in these waters. Among tlie beds most freiiucnted are those

Avhich are termed by the oystermen the "Gravellings," lying at the

head of the bay in the mouth of Mullica lliver, deriving their name
probably from the gravelly nature of the bottom. They begin at the

head of the bay and extend up the Mullica River for a distance of 6 or

8 miles, to a point just above the mouth of Bass Kiver. On these

grounds there is a set of young oysters nearly every year, although

more abundant some seasons than in others. Large tracts of bottom

in various parts of the bay proper are also quite productive.

The season for taking oysters in this region begins on the 1st day
of October. The law provides that for the tirst ten days no oysters

shall be taken except between the hours of sunrise and sunset. These

beds probably furnish the greater quantity of native seed oysters used

in the adjacent counties, and are visited annually by boats along the

coast from West Creek to Somers Point. The large congregation of

crafts of so many and varying types and sizes lends an element of

interest to the scene which is here presented on the first day of the

season. Each succeeding day, however, marks a perceptible decrease

in the number, indicating that the oysters are jDroportionately becom-

ing scarcer. The fishing continues for about six weeks. By that time

the crop is well-nigh exhausted, and the fishing becoming unprofitable

is consequently abandoned for the season. This is repeated every fall

except in occasional years when the set of spat and the growth of

oysters has been less successful than usual. In such cases the induce-

ments are not sufficient to attract the oystermen from remote localities

and the bay is therefore not visited by so large a number of boats.

In the most abundant seasons many of the boats do not find it prof-

itable to make more than two or three trips to the bay. In making

these trips large sailboats with crews of three or four men are used,

frequently having in tow a number of garveys or other small boats

convenient for the Avork of tonging oysters. When the large boat is

loaded the oysters are carried to the planting-grounds. In many
instances the sailboats obtain their freight by purchasing seed from

the tongers on the grounds. Thus a great many of the oystermen who
do not plant find a ready market for all the seed they can catch. The
planters also send vessels to the bay to obtain seed in a similar manner.

The oysters are said to be not so large, or rather the proportion of

large ones not so great, as in earlier years. This condition is doubtless

due to the persistent and exhaustive manner in which the beds are

tonged each season. So large .i percentage of their yield is harvested

that the crop for the ensuing year has come to be substantially

dependent upon the growth of the set, which occurs during the summer
next preceding the beginning of the tonging season. If this chances

to be unsuccessful, the result Avill be a small harvest. Under the most

favorable conditions the catch must necessarily consist largely of what
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is termed blister oysters, those of very small size adhering' to the old

shells. The beds werevery productive iu 1892, more so, it was believed,

than for fifteen years previous.

It would be diflicult to determine the annual yield of these beds very

closely, but considering the fact that the quantity of luitural oysters

taken by the residents of Ocean, Burlington, aud Atlantic counties

combined, in 1892, from the inlarid waters along the coast, was nearly

200,000 bushels, valued at more than $58,000, and that more than 50 per

cent of that quantity was derived from Great Bay, it is evident that the

catch must have exceeded 120,000 bushels. The important relation, also,

which these seed-producing areas sustain to the existence as well as the

development and growth of the cultivating industry of these counties

will be apparent when it is remembered to how great an extent the

planters are dei)endent upon them for their annual supply of seed.

Oyster-planting in Ureat Bay.—Although Great Bay is chiefly valuable

for its natural oyster beds, it is not wholly without cultivated areas-

In various sections and on both sides of the bay there are grounds

staked up v;hich are held and used for oyster-planting. These are not

extensive, although a complaint, similar to the one urged against the

planters in Barnegat Bay, that they encroach ujion the natural beds,

and hence infringe upon the rights of other oystermen and clam fisher-

men, is also heard in this locality. The planting business is small and
does not seem to be so prosperous as one would think it should be with

natural conditions apparently so favorable.

The entire quantity of seed oysters i>lanted in 1892 did not exceed

39,000 bushels, Avhile that for each of the three years preceding was
considerably less. The quantity taken up for market was about 25,000

bushels, valued at $18,000, a small proportion of which was not placed

upon the market directly, but was sold to planters in other sections to

replant. The grounds are operated chiefly by planters living at New
Gretna,in Burlington Countj^, and at Port liopublic, in Atlantic County.

A few persons living at Tuckertou have planting-grounds there. The
planters at New Gretna number about 45, and there are also 9 at Port

Republic. The persons engaged in cultivating also participate in the

natural fisheries. At New Gretna, which is now the only place in Bur-

lington County where oyster fisheries are prosecuted, there are 76 per-

sons engaged in the natural fishery. Prior to 1892 Tuckerton belonged

to this county, but a change in the county line placed it in Ocean.

Green oysters and clams.—Great difficulty was experienced in 1892 by
the oystermen and clam fishermen in selling their products. In Septem-

ber a number of ships from Hamburg, Germany, were quarantined at

New York on account of cholera infection. Tlie belief soon became
prevalent among the people in manyJocalities that debris thrown into

the water from the pestilential ships might serve as a medium to con-

vey cholera germs to the shellfish along the shores. It was not long

before the fears of this not very probable event began perceptibly to

affect the markets, and for a period of about six weeks the demand for
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clams and oysters was appreciably diminislied. Meanwhile, there

apijoared an unusual viridity of the clains and oysters of Barneg^at

Bay and Little E^'g Harbor, chi*^;iy in the vicinity of Manahawken and

Tuckerton, The greenness was first noticed al)ontthe 15th of August.

It began near Tuckerton, and by the 1st of October had spread over a

large area. The parts iufected were, so far as the eye could discern,

the gills and lips (palps) of the niollusks.

Among the fishermen and others in the section where the phenome-

non occurred some persons supposed it to have been caused in part by
the extremely dry and hot weather for v>'hich the past summer had been
more than ordinarily remarkable. It had been noticed, also, that the

waters of the bay were unusually clear and that no storms had occurred

to disturb the sediment from the bottom and i)lace it in circulation in

the water. The extraordinary clearness of the water was therefore con-

sidered to indicate a corresponding greater deposit of sediment on the

bottom than there would have been under normal conditions. Others

thought it might be due to a disease of the oysters and were inclined

to regard it as a sort of epidemic, while in the minds of many it became

very naturally associated with the current rumors of the supj)osedly

l^ossible infection by cholera germs.

According to the fishermen a similar infection occurred about twenty

years ago, and was then attributed by the people to the abundance of

seaweed. An idea has also long prevailed in certain localities that

when the clams and oysters turn green there must be some poisonous

matter in the water, such as copper or Paris green, or that it may be

due to i)ollution by paint or by preparations used for preserving the

l)iling in wharves, in which there is crude petroleum oil or penetrating

chemical ingredients. In the present instance, however, there seemed

liitle reason to think that the water had been polluted by any such

preparation as above alluded to, but the green color suggested the

presence of coj^per or other mineral substances which might render the

oysters unwholesome. Persons entertaining this theory affirmed that

the eating of one green oyster had caused them sickness and vomiting,

but no evil results followed.

Aside from the objectionable coloration, which served to produce an

unpleasant impression on the mind of the consumer and thereby inter-

fere with the sale of the products, the clams and oysters were generally

fatter and in better condition for market than they had been for a

number of years. For a time the green color was not sufficiently pro-

nounced to be seriously detrimental to the marketing business, but as

the season advanced the greeni-sh appearance became so decided that

the shippers grew apprehensive lest the trade, and consequently the

fishery, might have to be wholly discontinued. This would entail a

loss to the community which would be severely felt, especially by the

large number of tishermen who were mainly dependent upon the clam

and oyster fisheries for a livelihood. A few instances occurred in

which the dealers had declined to receive the shipments and had
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returned them. It was finally deemed advisable that an investigation

should be made with a view to ascertaining the cause and nature oi'

the viridity and removing, so far as i^racticable, false impressions on

the part of consumers regarding it. Accordingly the services of Prof.

Julius NelsoUj PH. D., biologist of the Agricultural College Experi-

ment Station at Kew Brunswick, N. J., were secured by Messrs.

Horner and Austin, wholesale dealers and shippers of oysters and
»lams at Tuckerton. On October 6 Prof. Nelson made a personal

inspection of the grounds and an investigation of the oysters and

clams, the results of which were transmitted to Messrs. Horner and

Austin, October 18, and published in the Tuckerton Beacon of Novem-
ber 3, 1892. The essential parts of Prof. Nelson's report, as addressed

to Messrs. Horner and Austin, are subjoined:

I have examined the clams you sent and have carefully looked over the grounds

at Tuckerton, and can report that the color is due to the presence of a species of

microscopically-small vegetable organism, which the dryness of the past summer has

allowed to multiply in the waters on the beds and which the clams have eaten in

large quantities, so that their tissues have become stained by the color of their food.

The dye is perfectly harmless. Numerous tests and analyses made by several scien-

tists, both of this country and Euroije, show that copper is not present; neither does

microscopical examination show any disease nor any parasites present. Oysters

affected in a similar way are in special demand in Europe, not fo^' their color, but

because of their careful cultivation, the fine qualitif s being in no wise deteriorated

by the fact that their tissues are stained by their food.

My investigation of the green clams and oysters of Tuckerton Bay brings out the

following facts:

(1) The peculiar pea green is for the most part confined to the gills, but some

specimens have the so-called "liver" also changed from its natural brownish to a

brownish-green tint.

(2) The water taken from the clam beds has a marked greenish color and deposits

a green sediment on standing.

(3) This sediment consists of a nearly infinite number of very small vegetable

cells or microscopic plauts known as algse, among which are many diatoms, but

especially a species of Botrycoccus.

(4) The digestive canal of the clams was found crowded with these low organisms

in process of digestion, but the color was not changed by the digestive juices.

(5) After the clams are removed from the water the color fades somewhat day by

day, and would probably very soon disappear if they could be placed in water free

from these algse.

(6) The "infection" began on the flats, in shoal water, amidst floating eelgrass,

which, owing to the dry and stormless summer, was little disturbed and therefore

presented the most favorable conditions for the development of this species of food.

(7) The "infection" began in August and has now succeeded in gradually cover-

ing the entire bay.

(8) The clams become colored within a very few days after tlie water in which

they live has become impregnated by the algte in question.

(9) These clams are in as fully excellent condition of fatness and flavor after

"infection" as before, owing, doubtless, to the abundant food thus furnished them.

(10) No evil results have followed the free eating of them by persons having even

very sensitive stomachs.

(11) The color is naturally suggestive of "copper" or "Paris green "to people

ignorant of the true nature of the " infection," but no trace of copper or other injuri-

ous substance has been found.
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(12) It is iii)t a (liscasc, is not due to paiiiHiius, no discasf jrei^jns arc ])n!.s<'iit in tlie

colorcil tissues.

(13) The dyt! is readiij dissolvoil out of the algao in the stomach into the blood,

from wlii 'h it is absorbed, of course, most readily by the most active tissues.

(14) 'J'hat it has any connection with a cholera epidemic is absurd, although it is

probable that the climatic conditions which I'avor the growth of these low forms of

green vegetation are also favorable to the propagation of disease germs whenever
the latter may be lodged by Avinds in places having sufhcient moisture.

(15) If any case of sickness has followed the eating of green clams and oysters it

should be atlributed to any other cause rather than to the harmless vegetable dye.

(16) The advent of wet weather will doubtless soon destroy this food of the clam,

and the " infection " will disappear as quickly as it came, not to return until the

rare and favorable conditions of last sunnnor are repeated.

(17) Itisnalural that ])eople who do not know the cause of the unusual color

Bhould reject green clams, deeming them disease-causing. Such jiersoiis may be

assured, not only on our authority but on that of every scientific investigator wUb
has studied the subject, that the clams are wholesome and of good, sometimes of

superior, quality.

Ill addition to being- published in the weekly newspaper at Tucker-

ton, j)reviousl3' alluded to, the foregoing report of Prof. Nelson's inves-

tigation was also printed in circular form to be distributed by the

oyster and chmi shippers among their customers, in order to counter-

act, so far as jiossible, by disseminating proper Information regarding

the harmless character of the green coloration, the dnmaging effect

which it had produced upon the markets. Efforts in that direction

were naturally confronted by many obstacles. There was not only

the difficulty of reaching consumers over a sufficiently wide area, and
convincing them by a presentation of scientific facts that their i)re-

conceptions relative to the subject were ill-founded, but there was also

the greater ditiicnlty of reversing an unfavorable popular sentiment

and eradicating an ingrained prejudice. The shipping season was,

however, practically closed early in December, on account of the

severity of the Aveather, and very little opportunity was afforded for

testing the effectiveness of the movement.
The greenness continued throughout the entire winter and spring,

and did not wholly disappear until the middle of the following May.
During the summer of 1893, conditions obtained in the bay similar to

those which were present in 1892, indicating a recurrence of the

viridity: but this was averted by a heavy storm-tide which disturbed

the algai and cleansed the bottom before the oysters and clams became
affected.

ATLANTIC COUNTY.

The oyster centers.—The principal localities in Atlantic County inter-

ested in the oyster fishery are Port llepublic, on the south side of the

Mullica River, opposite New Gretna; Leeds Point, Ocean ville, Con-

overtown, Absecon, Brigantine, Atlantic City, Pleasantvilie, Smith

Landing, Linwood, Steelmanville, Sea View, Somers Point, and Scull-

ville. From Leeds Point to Smith Landing, inclusive, however, is

the region where the greater part of the business is conducted.
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In all of these localities there are persons who do more orlessoyster-

plnntiug, although inauy of them do not plant more than from 25 to

100 bushels per year. Others engage in the business on. a larger scale,

and plant from 5,000 to 10,000 bushels annually. In 1802 the total

number of oyster-planters in the county was 180. The average number

of bushels planted by each was less than 800. In addition to planting

operations a majority of the planters, togetlier with a large number

of other oystormen who do not ('ultivate, engaged in tonging oysters

from the natural beds. The total number of persons thus engaged

in 1892 was 443, and tlie quantity of oysters taken by them was 88,510

bushels, valued at $ 19,822. The oysters are chiefly used by the planters

for seed. A few thousand bushels were picked by hand from the grass

or thatch, and are termed "thatch oysters." In all of these localities

a majority of the people earn a substantial part of their living by

means of one branch or other of the fisheries, the most important of

which are the oyster and clam fisheries.

Grounds.—The grounds upon which the oyster-planting operations

are conducted are located chiefly in the small inland bays of the

county. With the exception of the planters at Port Eepublic, whose

planting-grounds are in Great Bay, the oyster-planting areas are located

in the bays between Leeds Point and Great Egg Harbor Inlet. The

most important of these are Little Bay, Eeed Bay, Absecou Bay, and

Lakes Bay. At the southern extremity of Atlantic County, and

separating it from Cape May County, is Great Egg Harbor Bay, into

which empties the Great Egg Harbor Eiver. This bay and river pro-

duce a small quantity of natural oysters, which are used for seed, but

have practically no cultivated oyster beds. The bays in which the

cultivated grounds are located are interspersed with numerous low,

marshy islands. The water is generally very shallow and the bottom

soft and muddy. In many regions there are large areas covered with

a luxuriant growth of eelgrass.

Methods.-^The methods resorted to in the cultivation of oysters in

this section are in most respects very similar to those employed else-

where in the State. The seed oysters are obtained in part directly from

the natural beds of the various bays from Great Bay to Great Egg

Harbor Bay, inclusive. Considerable quantities, also, of large native

oysters, which have laid on cultivated grounds for about two years and

become nearly large enough for market, are bought and replanted for

one season, when they are taken up and marketed. The small natives

cost about 25 cents ])er bushel and the large ones from 50 to 75 cents.

The average cost of native oysters for planting, large and small together,

is about 40 cents per bushel. Planters who engage in the business to

any great extent generally buy all of their seed from oystermen who

operate on the natural beds or from planters who cultivate on a small

scale, while those who plant only small quantities usually catch their

own seed.
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In addition to the native seed tliere are also i)lanted from 35,000 to

40,000 bushels per year of Chesapeake Bay oysters, which are obtained

by means of transporting vessels. They cost on an average about 70

cents per bushel, and, like the large natives, are of nearly marketable

size when planted. Large oysters, whether natives or Chesapeakes,

are usually planted in the spring and taken up during the summer fol-

lowing, to supi)ly the constantly increasing summer trade of Atlantic

City and Philadelpliia. It is not generally expected that during the

few months they are allowed to remain on the grounds they will

increase very much in size; but there is some growth and also some
loss, the one usually being sufficient to offset the other. The price

received for oysters when marketed is from $1.25 to $1.65 per bushel,

or an average of about $1.50. The small native seed is planted in the

spring and fall and is allowed to grow about three years before being

taken up for market. They are planted in from 2 to 5 feet of water, or

as much deeper as may be available.

Deteriorntion of the oyster svpply.—The oyster-planting industry has

been prosecuted quite extensively in the waters of Atlantic County
from an early date. It apparently reached its climax of prosperity and
importance in 1880. Since that time the planting operations have not

been attended with so good results as formerly, but the diminution in

the yield has been more appreciable since 1888. That the industry is

not now so i^rosperous as in 1880 is doubtless due to a combination of

causes.

In the early history of oyster-planting in these bays. Great Bay was
a much more productive source of seed supply than it has been in

recent years. Natural oysters could also be obtained in considerable

quantities in the smaller bays and in the creeks along the shores,

whereas they. have now become very scarce. Great Egg Harbor Bay
and lliver were also noted for their abundant yield of natural oysters.

The beds in these waters were not extensive, but extremely productive,

and were annually visited by a large number of boats from Atlantic

and Cape May counties. It is said to have been not uncommon for a

boat or large scow to be loaded with oysters without having to change
its place of anchorage, and that more than 100 bushels were frequently

taken by one man in a day. As the beds began to be exhausted they

gradnally spread over larger areas and the oysters became more thinly

distributed. At the present time the yield of these beds is compara-

tively small, and they are not relied upon to any great extent to furnish

seed for the use "of the planters.

The most important cause, perhaps, assigned for the decline in the

planting industry is the damage and frequently the total destruction

of inany of the most valuable planting areas by the growth of eelgrass?

which is especially abundant in the bays where the i)lanting-gronnds

are principally located. It w^ould seem that the tendency of the

inlets connecting the bays with the ocean to fill up with sand and
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thus render the circulation of the inside waters more shiggish than

they would be with freer intercourse with the sea is highly favorable

to the growth of the eelgrass and correspondingly unfavorable to that

of the oysters. It is claimed that the grass has extended its area more
rapidly since 1880, and for two or three years immediately preceding,

than was before noticeable, and that the oysters which have been

planted have not yielded so large an increase.

An example which illustrates the rate of growth under favorable

conditions, and, at the same time, the damaging effects of the eelgrass,

was furnished by a planter operating in Lakes Bay. In 1877 he planted

on a small piece of ground, wliich he estimated to be not more than

half an acre, 625 bushels of native seed oysters, at a cost, including the

expense ofplanting, of 30 cents per bushel, amounting to $187.50. They

were taken up for market in the fall of 1879 after remaining on the

ground two years, and were found to have yielded 1,176 bushels of

marketable oysters, which were sold at $1.25 per bushel, aggregating

$1,470. In the same fall the ground was again planted with the same

kind and quantity of seed (625 bushels), at a cost of 50 cents per bushel,

or a total of $312.50. This crop was harvested in 1881, after lying

the same length of time as the former one, and yielded 928 bushels of

oysters for market, which were sold at $1,25 per bushel, or a total of

$1,160. In the spring of 1881 the ground was agaiu planted with 665

bushels of native seed, costing 35 cents per bushel, or $232.75. During

the two ensuing years the eelgrass completely covered the ground and

destroyed all the oysters. The ground has since been valueless, though

it had previously been estimated to be worth not less than $1,000.

Eelgrass becomes especially irijurious to the beds from the fact that

it facilitates the accumulation of sediment at the bottom. It has the

effect of keeping the water calm and thus allowing large quantities of

sea cabbage, mud, and various sorts of debris to settle down upon the

oysters and smother them.

It is claimed by the oystermen that the oysters (native seed) do not

grow so rapidly nor yield so aljundantly as they did formerly. It was

not unusual in earlier years for planters to receive a largely increased

number of bushels as the result of planting, while at present it is sel-

dom that they take up a greater quantity than they plant. The profits

of the business are said to arise from theincreaseof the oysters in value

rather than in quantity. It used to be customary to allow them to lie

on the grounds about two years, but it has now become necessary to

extend the period to three years, and sometimes longer. From the time

the oysters are i)lanted until they are taken up for market they are in

constant danger of being destroyed. During the first year they fre-

quently (as near as can be determined) double in quantity. In the

second and third years a large i^roportion of them die, so that for the
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three years the loss in numbers is not more than compensated for by

the increase in size.

These losses are not wholly due to eelgrass. The formation of ice

during the winter season also causes considerable damage. Heavy and

continued winds often blow the water out of the bays to an extent suf-

ficient to perceptibly lessen its depth. These are called by the oyster-

men " blow-out winds." If the ice forms immediately after one of these

storms, the oysters in some instances become attached to it and are

carried away when it breaks up in the spring. Some of the grounds

also, in very shallow water, become dry at low tide and the oysters are

destroyed by the extreme cold weather. 13ut these conditions have

always prevailed and are not probably more destructive now than in

former years. There is also some destruction caused by borers and

winkles, but it is not very considerable.

CAPE MAY COUNTY.

The principal localities on the east or Atlantic Ocean side of Cape

May County wliere oysters are i)Uinted are Ocean City, Beesley Point,

Clermont, Townsend Iidet, Svrain Station, Holmes Landing, Cape May
C. H., Eio Grande, and Cold Spring. In 181)2 the total number of plant-

ers or proprietors of planting-grounds in all of these localities was 97.

This number does not include help employed by the planters. The

business in most instances is conducted on a very limited scale. Many
of these planters x^lant less than 100 bushels of oysters per year, while

com])aratively few plant more than 1,000 bushels annually. The greater

part of the seed oysters used are brought from the Chesapeake Bay, by

transporting vessels, during the month of April. These vessels usually

make about three or four trips to the Chesapeake each spring. The

quantity of seed planted is about 40,000 bushels. Of these, fully 40,000

bushels are southern oysters and the remainder are native seed.

The grounds utilized for oyster-planting are located in the numerous

coves and thoroughfares along the shores inside of the sand beaches

which front the ocean. These inside waters are in most cases very

shallow. The Avork incidental to the i^lanting operations is done in

small boats, and the oysters are taken with oyster tongs. The total

quantity of oysters taken from these giounds for market in 189U was

40,775 bushels, valued at |4G,456. This crop was not in any considera-

ble measure related to the planting done in the spring of the s-''meyear.

but resulted chietly from oysters planted two or tliree years previously.

The greater part of the seed is small when planted and requires from

two to three years to grow to marketable size. The methods of con-

ducting the industry do not differ essentially from those practiced in

the counties of Ocean and Atlantic. The dredging vessels owned in

Cape May County operate in Maurice Eiver Cove.



THE OYSTER INDUSTRY OF NEW JERSEY. 495

III.—THE NEW JERSEY SIDE OF DELAWARE BAY (MAURICE
RIVER COVE).

The oyster-ground)^.—That jjavt of Delaware Bay subject to the juris-

diction of 1S&^ Jersey is the State'.s most extensive and most produc-

tive oyster region and is generally designated as Maurice Eiver Cove.

Originally Maurice Eiver Cove was considered to embrace the waters

at the mouth of Maurice River, lying inside of East Point on the south

and Egg Island Point on the north, and comprised the greater part of

the area which, in the early history of the oyster industry in this section,

was used for planting purposes. At an early period, however, the

name "Maurice Eiver Cove" was applied not only to the cove j)roper,

but also to the adjacent waters of the bay, and has become, in com-

mon usage, a general term to designate the waters of Delaware Bay
between Egg Island Point and Cape May Point. The oyster-planting

territory was also extended, reaching farther south, and off shore.

The inshore grounds, within the first-named limits, were practically

abandoned, being considered to be worn out or exhausted, and new
areas of bottom lying in deeper water were appropriated. At the pres-

ent time the region which includes the oyster-planting grounds may be

approximately bounded as folio w*s: Beginning at Eg^ Island light-

house and running direct toward Cross Ledge light-house about 2^
miles, thence SSE. J E. about 9^ miles, thence easterly by an irregular

course (excluding Dead Man's Shoal) to the-^cape shore near the north

end of Fishing Creek Shoal, thence following the line of the shore at a

distance therefrom varying from ^ to IJ miles and sweeping several

miles seaward off the mouth of Maurice Eiver to the place of beginning,

and containing about QS sq^iare nautical miles, or 57,054 acres. Of this

area probably not more than one-fifth is under cultivation. The depth

of water on the cultivated beds varies from about 5 to 24 feet and the

extreme distance from land is about 10 miles.

The beds are located in various portions of the above-described ter-

ritory wherever the conditions are thought to be most favorable for

oyster-cultivation. If a ground i)roves unsuccessful it is abandoned

and a new one is selected. In this way the greater jDart of the entire

space has been planted at one time or another. It not unfrequently

happens that a ground which has yielded unsatisfactory results and
has therefore been vacated by one planter, is taken up the next year

by another and the oysters do well. Experiences of this kind have

given prevalence to the idea among the oystermen that the constant

use of the same ground either exhausts the food supply or superin-

duces an unfavorable condition of bottom, which requires a period of

rest to correct. The general character of the bottom in the lower part

of the cove toward Cape May is mud, while that of the upper iDart, in

the vicinity of Egg Island, is sand. In many localities the sand is

shifting and renders the bottom unsuitable for oyster-planting, and

in some instances entirely useless.
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I'efore any ffrounds can be planted it is required by law that they

shall be marked by buoys or stakes, to which a number, painted in

black figures 18 inches long and 4 inches wide, shall be securely

lastened. It is also required that the vessel operating these grounds

shall have a corresponding number of the same color and dimensions

painted in the middle of her mainsail one-third from the head, on the

starboard side, and in the middle of the jib one-third from the head on

the port side. The grounds are divided into lots of such form and size

as are most convenient for dredging. They are usually made as nearly

square as possible and are approximately 5 acres in area.

A line running direct from Egg Island light-house to Cross Ledge
light house forinsthc legal boundary line between the cultivated grounds

on the south and the territory which includes the natural oyster beds

on the north of said line. The natural grounds extend from this line

for a distance of about 20 miles up the river to Stony Point and
embrace all the territory between these points lying in the waters of

New Jersey, or from the shore to the main ship channel, and contain

an area of about 87i square nautical miles, or 74,187 acres. It is not

entirely covered with oyster beds, althougli there are, i^robably, few

places where oysters can not be found. Beds of various sizes lie scat-

tered all over this part of the bay. Some of them are large and afford

anii)le space for dredging, while others are so small that a vessel can not

dredge continuously upon them; but when she reaches the end of the

bed the dredges are hauled in and she returns to the other end to

begin again. These are called by the oystermen "one-haul places,"

and are frequented by small vessels, large ones requiring more room to

operate profitably. From this vast field of natural oyster-grounds is

obtained the greater part of the native seed oysters used for planting

on the cultivated beds in Maurice Eiver Cove and Delaware Bay.

The planting and cultivating industry of the cove as it now exists

is practically the result of the progress achieved in oyster-culture in

these waters in the past thirty years. During that period the oyster

interests, chiefly of three counties of the State, viz, Camden, Cumber-
land, and Cape May—those of Cumberland greatly predominating in

importance—have centralized at Maurice Kiver Cove. Other counties

are repres^ented to a limited extent, the privileges of the waters being

free to residents of all parts of the State choosing to avail themselves

of them.

The oyster centers.—The oyster industry of Delaware Bay has its

headquarters at Bivalve and Maurice liiver, two small villages situated

on the west and east banks, respectively, of the JMaurice River near its

mouth. These i)laces are the chief receiving and shipping points for

the entire region and have become the greatest oyster centers of the

State.

As an oyster-ship[)liig center Bivalve takes iDrecedence of all others

in the State. During the busiest i»art of the season the (piantities

shi^)ped daily reach at times as high as 40 carloads. The name
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Bivalve has been recently given to this locality; it was formerly called

Long Reach. Extending along the bank of the river for nearly a
quarter of a mile is a row of oyster houses, some 25 in number (exclu-

sive of stores and other buildings), provided with wharves and railroad

platform.

A spur of the Central Railroad of New Jersey connects Bridgeton

and a number of other localities interested in the oyster industry with
Port Norris and Bivalve, furnishing convenient means of travel to the

oystermen and shipjDers living in the various towns and villages along

the line, and also speedy facility for transporting the oysters to market.

The resident population of Bivalve is very small, there being only a few
families. The large number of men who may be seen there pursuing
their vocation come not only from all parts of Cumberland County, but
from each of the other counties to which allusion has been made.

Bivalve is interesting in many respects. In all its appointments it is

extremely characteristic of the industry to which it owes its existence.

Formerly the nearest post-office, telegraph office, and not many years ago,

railroad station also, were located at Port ISTorris, 1 mile distant. Now
this unique business center has all of these conveniences, as well as many
others. There are stores at which the oystermen may be furnished with

clothing, supplies, outfittings, implements, etc., necessary to their occu-

pation; blacksmith shops, where oyster dredges, chains, and various

other appliances are made and repaired, and where a great deal of work
in the line of ship smithing is done; and marine railways and dry dock
conveniently located. The requirements of the large fleet of vessels

centering here engaged in the oyster industry furnish employment to a

considerable number of men in the various auxiliary trades incidental

to it, especially through the winter and early spring, and to some extent

during the entire year. But the work of repairing aud painting ves-

sels is not all done at Bivalve. So much of it requires attention at the

same time that it would be impracticable to accommodate the whole
fleet at this place. Consequently a number of other localities on
Maurice River, and also at Cohansey and Dividing creeks, where many
of the vessel-owners and captains live, are j>rovided with marine rail-

ways and other facilities adapted to the needs of the oystermen,

Maurice River, which emi)ties into Maurice River Cove, is a compar-

atively small stream, furnishing navigable communication to a number
of towns and villages along its banks, as far inland as Millville, about

15 miles from its mouth. These localities are usually interested in the

oyster business in one respect or another, either as places of residence

of the oystermen and oyster-shippers, or as the hailing ports of ves-

sels. The more important of those on the east side of the river, after

leaving Millville, are Mauricetown, Dorchester, Leesburg, Heislerville,

and the oyster- shipping center called Maurice River. From Bivalve

the river pursues a wiiuling course through the marshland to the cove.

Looking toward the cove the view is at times rendered picturesque by
the white sails of hundreds of oyster sloox)s sailing up and down

p 92 32
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thioiiuli the inaisln-s to and iVoni tlic oyster .iiioniids. tlu'.ir dark hulls

hiddeu by the tall rccds or iiitcr\euiug" uplauil, and ouly the «uovvy

sheets of caiiV'as and the tall, tapering* spars showing above the river

bank. A large number of vessels owned at Port Norris and the various

towns on either side of the river make tlieir liouio i)ort at liivalve, while

nuiuj' others, owned in localities more remote, land their catch there,

and for that reason, and also on account of the safe and convenient

harbor facilities which it affords, seek it as a place of rendezvous.

Second in importance to Bivalve as an oyster-shipping center is

Maurice lliver. It is the terminus of a branch of the West Jersey

Kailroad, which connects with the main line at Manuniuskin. The
shiiJ])ing business at Maurice ]ii\ er is not so extensive as at liivalve,

but is constantly increasing.

About 20 miles farther np. the Delaware Kiver is Greenwich Pier,

where within the i)ast few years quite a large oyster-shipping trade

has been established.

Regulations and methods.—In order to arrive at anything approxi-

mating a clear understanding of the methods now employed in the

oyster industry of Maurice lvi\er Cove, it will be necessary to consider

brietly the origin, growth, and some of the principal characteristic

features of the system under which this lishery is conducted. At an

early period the value of the oyster industry, not only as a means of

support to a large number of the inhabitants, but as a source of wealth

capable of extensive development, was lecognized. In all the coast

waters of the State oysters were abundant, but the larger areas of sea

bottom in Delaware Bay that Avere richly populated with these mollusks

were considered especially valuable and important. The improvement
of these natural resources, thei'efore, became at an early date a question

of much interest, and such steps as were deemed wise and proper by
the people of those times for the care of the oyster beds were lu'omptly

taken. It is an interesting fact also that every effort put forth looking

to the advancement of the industry in any particular locality, or

throughout the entire State, was characterized by two great funda-

mental ideas or principles. These are, first, the preservation and care

of the natural oyster beds in order to insure the continuance of an

abundant supply; second, the protection of the interests of resident

citizens of the State in their exclusive right to engage in the industry

on terms of equality, unmolested by (dtizens of other States, and to the

enjoyment of all benetits and emoluments arising therefrom. These two
principles were embodied in the first act passed by the legislature of the

State (then a province) relative to the oyster fisheries, and have been

apparent in the intention of all subsequent legislation beaiing on the

subject covering a period of one hundred and seventy-five years. The
act alluded to was passed in 1711) with the following preamble:
Whereas it is loiiiul l>y diiily experience tliiit tlic oyster l)eds within tliis ))rovince

are wasted and destroyed by strangers aTid others at nnseasouablo times of the year,

the preservation of which will tend to the great beuetit of the poor people and
others inhabiting this proviuce.
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The first section oi the act fullowing thiri preamble provided for a

close-time season from May 10 to September 1 of each year, and the sec-

ond section was directed against non-residents, making it unlawful for

them, either directly or indirectly, to take any oysters or shells from

the beds and put them on board any boat or vessel not wholly owned

by residents of the province, under jjenalty cf seizure and confiscation

of the boat or vessel with all apparatus, together with the oysters that

had been illegally taken. These x^rovisions were broad enough to allow

the use of proper methods necessary to the successful prosecution of

the natural oyster fisheries, or the introduction of any good system of

oyster-culture, and are at the same time sufficiently conservative, if

strictly applied, to protect the rights of the citizens from infringement

by citizens of other States or abridgment by unjust legislation.

Prior to 1856 operations in the Delaware Eiver and Bay were con-

fined almost exclusively to the natural beds. Considerable difficulty

was experienced in protecting the beds from depredations committed

by citizens of the neighboring States. In 1825 an incorporated stock

comjiany, known as the ''New Jersey-Delaware Oyster Company," was

formed, with a view to rendering the protection of the beds more eflect-

ual and improving the industry. This was the first organized effort

that had been made in connection with the oyster industry in these

waters. It failed, however, to accomplish the object desired, and its

management was so unsatisfactory to the stockholders that the com-

pany soon became involved in litigation.

In 1856, by an act of the legislature, the planting of oysters in Maurice

Elver Cove was authorized under regulations similar to those now in

operation in Shark Eiver. It is evident from the preamble of this act

that during the long period of one hundred and thirty-seven years since

the passage of the law of 1719, which was general in its application,

little progress had been made in developing the great natural resources

of this region, and no satisfactory system for regulating and conducting

the industry on the broad lines above indicated had been crystallized.

The disadvantages under which persons engaged in the business were

then laboring were set forth by the preamble of this act as follows

:

Whereas, it has been represented to the legislature of the State of New Jersey

that Maurice River Gove, on the southern shore of the township of Downe, in the

county of Cumberland, is particularly adapted to the growth of oysters, but that by

reason of the iuterfereuce of citizens of other States, aud the want of more ade-

quate protection to persons planting oysters therein, the same has become almost

valueless as oyster-ground; now for the purpose of encouraging the planting and

growth of oysters in said cove, and thus creating and confining at home a source

of wealth which is now either undeveloped or enjoyed by citizens of other States.

The act was approved March 14, 1856, and one year, or until April 1,

1857, was allowed for making the preparations and arrangements nec-

essary to render its provisions available to the oystermen. It provided*

that the board of chosen freeholders of the county of Cumberland

should be authorized and empowered to occupy Maurice Eiver Cove for
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oyster-planting: purposes daring a term of twenty years from tlie date

of the passage of tlie act, within the following- boundaries:

Beginning at low-water mark directly opposite East Point iu the township of

Maurice River, Cuniberlaud County, and running thence a south course to the main
ship channel; thence by a straight line to low-water mark directly opposite to P>gg

Island Point, in the township of Downe, in said county, and thence by low-water

mark the several courses and distances of the shore bordering on said cove, and
crossing the mouths of the several streams that empty into said covo, to the i)lace of

beginning.

The board of freeholders were farther authorized to appoint one or

more persons as commissioners, who should hold office for one year or

until their successors were appointed, and whose duty it should be to

make a survey of the g:rounds within the limits above prescribed (all

natural oyster beds to be excepted), and tile a i)lan of the same in the

office of the county clerk ; to lay oft' and mark by stakes such subdi-

visions of said grounds, not exceeding- 10 acres each, as iu their dis-

cretion would seem best designed to promote the planting and growth

of oysters, provided, however, that navigation should not be obstructed

and that no person should own more than 10 acres and no company
nune than 30 acres.

It was further provided that, after staking off the grounds in the

manner aforesaid, the commissioners should lease or rent the same at

l)ublic vendue to the highest bidder for a period of not less than one

year or exceeding five years; but no person was eligible to bid on or

lease grounds who had not been a resident of the State for six montlis.

The commissioners were also autliorized to collect the rents due from

the leases of oyster-grounds annually, and, after paying all necessary

costs and expenses of discharging their duties and receiving such

further compensation as the board of freeholders should agree they

ought to have for their personal services from the proceeds arising from

said rents, to pay the residue of the money, if any, to the board of

freeholders, to be apportioned among the several townships of the

county in the ratio of the county tax paid by each township, to be used

in the support of the i)ublic schools. The commissioners were also

required to make an annual report of their proceedings, submitting

therewith a sworn statement of receipts and expenditures.

It was further i)rovided that any person who should enter within

the boundaries of grounds so leased without having first obtained the

consent of the lessee in writing, or who should commit any trespass

upon said grounds, should be liable to the party injured in treble dam-

ages for the first offense, to be recovered in an action of trespass; and

for the second otKense slnmld be deemed guilty of a misdemeanor, and

upon conviction should be punished by a fine not exceeding $100, or

imprisonment not exceeding sixty days, or both. It was also the duty

,of the commissioners to enforce the law in preventing persons who were

not residents of the State from obtaining grounds, and in protecting

the rights of the lessees.
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The oyster industry was apparently conducted under these regula-

tions for a period of about fourteen -years, but the need of more ade-

quate protection against depredations upon the planted grounds, which

annually entailed considerable loss to the oystermen, was keenly

felt. The laws then in existence for that purpose were embodied

chiefly in an act passed April 14, 1846, entitled "An act for the

preservation of clams and oysters," and the supplements thereto.

These were general laws, and while they were sufficiently compre-

hensive in their provisions, they were, in some measure, rendered inef-

fectual, owing to the difficulty experienced in enforcing them. The
fact was finally realized that legislation based upon abstract princijiles

would not meet the requirements of the business and insure the growth

and development of the industry; and that a more thorough organiza-

tion of the interests of the oystermen was the only means by which

existing laws could be enforced and the necessary degree of protection

secured.

With this end in view, therefore, an act was passed by the legislature,

March 21, 1871, entitled "An 'act for the better enforcement, in Maurice

Kiver Cove and Delaware Bay, of the act entitled 'An act for the

preservation of clams and oysters,' ai^proved April 14, 184(>, and of the

supplements thereto." By this act was created an organization known
as the ''Maurice Eiver Cove and Delaware Bay Oyster Association,"

having for its object the protection of the oyster-grounds, natural and

cultivated, in Delaware Kiver and Bay and of the rights of resident

citizens of the State in the lawful use of said grounds for the purpose

of catching, planting, and growing oysters. Citizens of other States

are excluded from sharing in the use of the oyster-grounds so far as

may be considered practicable and desirable. In this regard, however^

concessions have been made to citizens of Pennsylvania, who are

permitted under certain restrictions to obtain licenses from the asso-

ciation and engage 'in the oyster business on equal terms with the

residents of I^ew Jersey.

The association operates iii accordance with a system of State laws

and is virtually the machinery of the State for regulating and control-

ling the oyster industry in these waters. During the twenty-three

years of its existence its regulations have been changed and added to

from time to time, as would best promote the interests of the oystermen.

The captains and owners of all vessels having a license from the

association to engage in the catching and planting of oysters consti-

tute its membership. The members are authorized by law to meet on

the third Monday in March of each year, at Port Morris, Cumberland
County, and there organize by the election, by ballot, of three of their

number as judges of election, and one as secretary, who shall keep a

record of the meeting. They are further authorized to elect, by ballot,

five of their number to be designated as the "Executive Committee of

the Maurice River Cove and Delaware Bay Oyster Association," who
shall hold ofi&ce for one year, or until their successors are elected. At
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this anmial iii('i'tin<i-, also, is olocted a "(;oIle.!or of the oyster fand/~

\vliose term ofollice is one year. The executive e(!inmittce is invested

with i)o\ver to elect by ballot a " s])ccial officer," whose term of oliice

continues or expires at the ])leasure of the committee.

Originally the association had only two officers. These were the

"special officer" and "collector." In 1875 an auditing committee was

added to the official staff. In 1890 the name of this committee was

clianged, and it has since been called the " executive committee." The
duties of the executive committee, in addition to appointing a " special

otHcer," are substantially to superintend the affairs of the association,

linaucial or otherwise, and present at the annual meeting an itemized

report of the receipts and expenditures of all officers of the associa-

tion. They are also empowered to fix the salary or compensation of

the "special officer" and " collector" ; to fill vacancies caused by death or

resignation in either of those ofticcs, and to fix the rate of the tax per

ton to be assessed upon all vessels licensed by the association. It is

the duty of the executive committee to investigate charges that may
be made against captains or owners of bpats or vessels found illegally

dredging or tonging upon the staked-up grounds of oystermen regularly

licensed to plant and catch oysters, and to revoke the license of boats

or vessels found guilty of such offenses. The committee may also

cause said boats or vessels to be seized by the special officer and prose-

cute the owners thereof before the courts. If the boat or vessel is

condemned, it may be sold, together with all the dredges, tongs, furni-

ture, and apparel, by order of the justice before whom the case is tried,

who, after deducting the costs of the trial, is required to pay one-half

of the remaining proceeds of the sale to the public- school fund of the

State, and the other half to the collector of the oyster fund, for the

use of the association. The cai)tain or owner may also be tried and,

upon conviction, subjected to a flue of $1,000, or imprisonment for two

years at hard labor, or both, in the discretion of the court, one-half of

the fine to be paid to the Stftte school fund and the other half to the

oyster association.

The duty of the special officer is to patrol the oyster- grounds and

arrest all ])ersons found violating the laws of the State relative to the

oyster industry, whether the olienders are members of the association

or not. The expenses incurred by the special officer in the performance

of his duties are paid out of the oyster fund. He receives a salary of

$500 per annum.

The duties of the collector of the oyster fund are, to issue a license to

each and every captain or commander of a boat or vessel lawfully

engaged in the business of catching, planting, and growing 03'sters in

Maurice River Cove and Delaware Bay, and to collect the amount of

tax assessed on the vessels by the association. He is also required to

keep a book in which shall be recorded all licenses granted by him,

together with the name and net tonnage of each vessel so licensed,

and the names and places of residence of the owners. He is further
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authorized to pay all the expenses of tiie association, including the sal-

aries or other compensation of its officers, and to make a report of the

condition of the finances at each annual meeting, and to furnish to all

the captains and owners of licensed vessels a printed list each year of

the vessels licensed by the association, showing the name of each

vessel, the name of her captain, and the number of her oyster-ground.

For his services the collector i-eceives 5 per cent of all moneys by him

received and collected, and a fee of 25 cents for each license recorded.

He is required to give bonds to the county clerk of Cumberland County

in the sum of $3,000 for the faithful performance of his duties.

The financial requirements of the association are provided for by

the assessment of a tax on the net tonnage of each vessel. This rate is

fixed annually, and varies considerably from year to year. In 1802 the

rate per ton was $1. In 1803 it was 75 cents, and in 1804, $1 .HO. Boats

and vessels not exceeding 5 tons, U. S. custom-house measurement, are

assessed $5. In this way a large sum of money is collected each year,

but the law provides that, whenever at the end of any year the sum
arising from the oyster fund, after all expenses have been paid, shall

exceed $2,000, the collector shall pay the amount in excess of that sum

to the treasurer of the State, to be applied to the school fund.* This

provision went into effect in 1S74, and is still in force. Prior to 1874

the annual amount of the oyster fund in excess of $1,000 was paid to

the county clerk of Cumberland County, to be aj)plied to the support

of the schools of that county.

Every captain or commander of any boat or vessel engaged in the

oyster business is required to take out a license, authorizing such cap-

tain and the boat or vessel of which he is in charge to catch, plant, and

grow oysters on the flats and grounds of Delaware Bay and Maurice

Eiver Cove. This license is granted by the collector of the oysterfand

upon the application of the captain, and is good lor one year from the

date of issue. On making such application, the captain must produce

the enrollment papers of the vi\ssel before the collector, and make oath

that the vessel is to be regularly engaged in the oyster business and

has not been purchased, hired, chartered, or in any way employed for

the purpose of temporarily taking oysters from the natural oyster beds

in Delaware Bay or Maurice River Cove. He is also required to make

oath to the names of the owners, their places of residence, and their

respective interest in such boat or vessel; also t'liat he will at all times

diligently aid in the enforcement of the laws of the State for the pres-

ervation of clams and oysters, and will promptly report to the special

ofticer any knowledge he may obtain of the violation of said laws. If

no doubt then exists in the mind of the collector relative to the good

faith of the application, he reduces the statement to writing and places

* No funds from this source have bevn covered iuto the State treasury up to the

date of this report.
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it on lile in Lis ofiice. Then, upon payment by the captain of the

amount assessed on the tonnage of his vessel, the license is issued. If,

however, the collector entertains doubt as to the truthfulness of the

statement, the license is refused and the application, with the oath and
other papers accompanying it, are referred to the executive committee,

who investigate the case and instruct the collector to issue or refuse

to issue the license, as they may determine.

The oyster license entitles its holder to plant oysters in Maurice

Kiver Cove, and also to take oysters from the natural grounds of Dela-

waie Bay for planting j)urposes. While licenses may be issued at any
time of the year, they are generally taken out by the captains during

the month of Ai)ril. The fact that every man who holds a license is

sworn, not only to obey the law, but also to render eveiy assistance in

his power for its enforcement, makes the protective character of the

association very strong. Every licensed vessel has an oyster-planting

ground in the cove. This ground bears a number, which is painted in

black figures 18 inches long on white canvas, and attached to a buoy
or stake. The number of the ground is entered on the license, and is

painted in black figures, 18 inches long, in the middle of the vessel's

mainsail on the starboard side and in the middle of the jib on the port

side. The penally imposed upon captains holding license for neglect-

ing or refusing to thus number their grounds or vessels, after having

been notified to do so by the special ofticer, is, for each offense, a tine

not exceeding $200, or imprisonment in the county jail not excee<ling

six months, or both. The law also makes it imperative that every

vessel or boat engaged in the business shall have a license. Any captain

or owner found guilty of taking or planting oysters without a license

may be punished by a fine not exceeding $200, or by imprisonment not

exceeding one year, or both; and any vessel employed in the commis-

sicm of such an offense may be seized and sold, with all her apparatus,

and the proceeds of the sale, after deducting costs of the court, shall

be paid to the collector of the oyster fund: The penalties for engaging

in the business without a license and for illegal dredging are so severe,

and the means for enforcing the law so efficient, that these off"enses are

seldom committed. Vessels propelled by steam, whether wholly or in

part, are not permitted to be licensed, nor in any way to engage in the

business.

It is also unlawful for'anj' person who has not been a resident of the

State for six months next i)receding to i)lant and grow oysters in any

of the rivers or bays of the State, and any oysters or shells planted by
non-residents become public proi)erty and nuiy betaken by the resident

citizens. I'ersons so offending are also subject to a fine not exceeding

$500, or imprisonment not exceeding one year, or both. This provision

makes it necessary for the captains of all licensed vessels to be residents

of the State, but does not preclude the liiring of non-residents as crews

on vessels. A considerable number of the licensed vessels are owned
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in Philadelphia and other places outside the State, but in such cases

the captains are residents of New Jersey and are the nominal owners

and proprietors of the oyster-grounds occupied by them. In this way
the law is evaded. The law further provides that oysters shall not be

taken from the natural oyster beds of New Jersey and planted in the

waters of any other State. It is, however, well known that vessels

owned in Philadelphia procure large quantities of seed oysters annually

from the natural beds in New Jersey and plant them in the waters of

the State of Delaware. The penalty for violating this provision is a fine

not exceeding 8200, or imprisonment not exceeding one year, or both;

but the law on this point has never been enforced against members of

the association, for the reason, apparently, that no one desires to

enforce it.

The season for taking oysters from the planted areas and for market-

ing them begins September 1 and continues until June 15, following;

that for taking oysters from the natural beds for planting purposes

begins April 1 and continues until June 15. During the months of

June, July, and August it is unlawful to take oysters for any purpose

whatever from certain natural beds in Maurice Eiver Cove and in the

creeks along the shores of Cumberland County, known severally as the

East Point beds, Andrews Ditch beds, the beds at the mouth of Divid-

ing Creek and Oranoke Creek, and in creeks where there is a natural

growth of oysters which become exposed at low tide. These beds are

also exempted from dredging.

During the latter part of March all necessary preparations for begin-

ning the work of catching natural oysters from the public beds and
planting them on the cultivated areas in Maurice Eiver Cove are com-

pleted. The vessels usually leave port on the 31st of March, provid-

ing that day does not fall on Sunday, in order to be on the grounds

and ready to begin work at sunrise on the morning of the 1st of April.

The law prescribes that oysters shall not be taken before sunrise nor

after sunset, nor on Sunday. The business of dredging seed oysters

is prosecuted vigorously until the 15th of June, when the season ends.

The oysters and shells are dredged up from the beds or natural reefs

together, and are loaded on the decks of the vessels. No "culling"

or separating of the loose shells from the oysters is done. The culling

law, which prohibited all persons from taking away any old shells

which could be separated from the oysters without injuring them, or

any other materials which might be useful to the beds for the young
oysters or "spat" to adhere to, was unfortunately repealed in 1877.

This law made it compulsory for the oystermen to cull out, or separate

from the oysters, all the old shells and throw them back upon the beds.

Since that law was repealed the oysters and shells have been taken

together and planted in the cove.

Naturally, the proportion of oysters to the entire quantity of oysters

and shells in each deck load becomes smaller as the season advances.

According to the estimates of the oystermen, the number of bushels
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of shells uimually taken iVom the beds (hiiin<>' the planting" seasou <'.on-

sidtnably exceeds that of the oysters. These shells are not altogether

useless for planting. Many of tbeni are covered with small or "' blister"

oysters, which are sometimes not larger than a iinger nail. These, if

they live, will in time grow to marketable size. Shells that do not have

oysters on them are also valuable, especially when planted on soft

bottom, for rendering the beds sutiticiently hard to bear oysters.

The size of the deck loads are estimated to vary from 100 to ."iOO

bushels, according- to the capacity of the vessel and the abundance or

scarcity of the oysters. When a vessel is loaded she carries her freight

to the cultivating- grounds in Maurice River Cove, where the oysters

are "thrown off" (overboard) on the oyster lots with shovels in such a

manner as to scatter them over the grounds. Tiiis process is called

" planting: " oysters. It is customary during- the planting season for the

vesselsto leave port on IMonday morning- and remain at work until Friday

or Saturday aflernoon, unless compelled to seek shelter from storms.

The number of deck loads taken by each vessel ordinarily varies from

20 to 40.

Table slioiviiif/ fhc esfimated quantiUj and rahic ofshelh planted in Maurice Birer Core in

1S89-1S9,.' taken hij dredfjing vessels, helonginfi in the counties named, in connection with

the collection of seed oysters during the planting season.

Counties.
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The oysters are removed from the floats by men whose especial duty
it is to i^repare them for shipment. These are termed "scowmen," or

"scow gangfs." The scowmen count out the oysters into baskets and
put them in sacks and barrels. The baskets hold 200 "cullens" or 100

"primes," or, approximately, one-half bushel. It is generally consid-

ered that 400 "cullens"or 200 "primes" make one bushel. A sack

will usually hold from GOO to 700 " primes," or about twice that number
of "culleas." The barrels are said to hold about the same number as

the sacks. When this work is done the oysters are handed over to the

shippers, who purchase them from the oystermen or catchers. The
shippers furnish the sacks and barrels, and the owners of the oysters

pay the scowmen for their work at a rate per thousand for the number
of oysters handled. The prices which the oystermen receive from the

shipj)ers have gradually increased during the past few years. In 1888

the price per 1,000 oysters was $5 for "primes" and $2 for "cullens."

In 1892 it was from $0.50 to $7 for "primes" and $2.50 for "cullens.

They are all sold by the thousand. About one-third of the entire

quantity in number are "primes" and two-thirds are "cullens," which

would make an equal number of bushels of each grade. The catch of

almost the entire fleet of vessels is landed at Bivalve and Maurice
River for shipment by rail. At the two places combined there were, in

1892, 36 firms, large and small, engaged in the shipping business. A
few of the vessels carry their oysters to Philadelphia, or elsewhere, to

market. The following table illustrates the exteut of the oyster trade

in the years 1889, 1890, 1891, and 1892

:

Wholesale oyster trnde of Maurice Hirer Cove, Netv Jerseij.

Items. 1892.

Nmnber of firms
Persons entjaged

:

Proprietors
Employes

Wages paid
Value of property
Casli capital .'

Oysters handled:
Primes number

Cost
Cullens niniiber

Cost
Total oysters number

Cost
Selling price

$28.

$178,

64, 718,

$340,

158, 298,

$327,
223, 017.

$0H7,

$30,

$31,

$191,

71,850,
$402,

169, 140

$385,

240, 991,

$788,

$840,

26

38
104
375
990
500

388
258
907
371
295
129
228

31

46
117

$32, 573
$37, 095

$211,500

70, 025, 373
$418, 724

182, 817, 770
$453,718

252, 843, 143
$872, 442
$902, 929

36

51
125

$35, 080
$41, 159

$232, 500

77, 744, 3G2
$466, 786

192,171,762
$480, 342

269,916,124
$947, 128

$1, 050. 830

The shipments of oysters from Bivalve in the years 1889-1893 are

shown by months in tlie following table. For these valuable and accu-

rate data the Commission is indebted to Mr. W. E. Minor, auditor of

freight trafiic of the Central Railroad Company of New Jersey. The
same gentleman has also furnished the accompanying statement of

oyster shipments from Greenwich Pier, in Cumberland County, which

come largely from grounds in Delaware Bay belonging to the State of

Delaware.
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Table shotvhig hy vioniht< the viivibcr of sacks and barrels of oysters shipped from Bivalve,

IN^ew Jersey, in 1SS9-JS93, via the Central liailroad of New Jersey.

Mdiitlis.

January . .

.

February .

.

March
April
May
Juno
July
August....
Septeuibor.
October
November

.

December..

Total

1889 .

Sacks. Barrels,

2,194
1,168
1, 72G
1,726
5,407
3,071

73

25, 730

32, 598
27, 766

17, 322

118, 781

1,594
1,151
1,040
403
689
261

6

3,513
5,821
6,415
5,351

26,244

Sacks. Barrels,

7,917
3, 424
2,782
2,708
7,201
3,113

464
347

32, 761

40, 274
36, 599
16, 856

154,506 38,166

3,468
2, 149

2,187
1,088

994
278

2

23
4,576
7,942
8,346
7,113

1891.

Sacks. Barrel:

5,032
4,441
5.428
3, 8r)6

9, 0S7
5, 039

519
401

20, 572
32.447
32,816
18, 735

138, 433

3,954
2,837
2,051
1,048
548
189
18
8

3,918
8,722
5,751
5,526

35, 170

1892.

Sacks. Barrels,

6,255
5,602
3, 936
5, 8,")9

8,871
2, 696

1,239
1,358

30, 675

38, 261

31, 154

21, 062

156, 971

2,889
2, 643
1,741
1, 233

677
211

79
47

3,728
5,521
5,978
5,905

1893.

Sacks. Barrels.

1,065
1,425
5,919
8,359
10,216
4,257

142
203

25. 329
30, 428
25,611
10, 356

30, 652 123, 370

460
741

2.705
2,007
872
2.')4

3

7

3,553
4,984
4,008
2, 097

22, 291

Table showing hy months the number of sacks and barrels of oysters shipped from Green-

wich Pier, New Jersey, in 1S89-1S9S, via the Central Railroad of Neiv Jersey.

Months.
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vessels are to be seen at their moorings. There is much labor to be
done on the cultivated grounds before the planting season begins. The
storms of winter, and the ice floes which frequently occur with the

approaching spring, carry away many of the stakes and buoys that

mark the oyster lots. These have all to be replaced, and 4 o'clock in

the morning is not an unusual hour for the oystermeu to be astir.

The oyster vessels.—The oyster industry of Maurice River Cove may
be said to be exclusively a vessel fishery. Certain natural beds along

the shores of Cumberland and Cape May counties are reserved for the

use of persons operating in small boats and are not allowed to be planted

or dredged upon, but the business done in this way is very limited.

The planting business in the cove is conducted almost wholly by
vessels ranging in size from 5 to 40 tons; a few small craft under 5 tons

are also employed.

The number of vessels shown on the license list of the oyster asso-

ciation for 1892, which may be considered a representative year, is 456,

of which 434 were registered at the custom-house and 22 were under

5 tons and therefore not required to register. The aggregate tonnage,

exclusive of vessels under 5 tons, was 7,608.47. Of the total number
of vessels, large and small, shown on the license list of the association

for the jGur above named, 222 were sloops and 234 were schooners.

The home ports of these vessels—that is, where their permanent
documents are obtained—are chiefly Bridgeton, Camden, Somers Point,

and Philadelphia. Of tlie total number of tonnaged craft, 343 belong

at Bridgeton, 42 at Camden, 31 at Philadelphia, 8 at Somers Point and
at other ports in New Jersey, Delaware, and Maryland.

The typical oyster vessels are of light-draft and have a centerboard.

They have a wide beam, with raking stem, projecting cutwater or " long

head," wide square or elliptical overhanging stern, flaring sides, and
designed to give as much deck room as possible for their size. They
are strongly built and i)Ossess good sailing qualities, combined with

large initial stability. They differ from the Chesapeake oyster schooner

in having bulwarks. They have a flush deck, and a low but rather

large cabin trunk, the latter being situated on the after part of the

deck, as is usual in vessels of this size. The winders, with which the

dredges are drawn up, stand near amidships. The sloops carry three

sails—mainsail, jib, and gaff-topsail. The mast is tall and the topmast
of medium length. The schooners carry a single jib instead of a double-

head rig. They also have tall masts and one topmast of moderate
length. The light sail ordinarily carried is a main gaff-topsail. Many
of the vessels now in use were built expressly for the business. They
are provided with suflScient cabin room to accommodate a crew of 3 to

7 men. An estimate of their adaptability for the occupation in which
they are employed was summed up by an intelligent oyster captain of

the locality in the following expression: " There is no better vessel in

the United States for a man to get his living in." They vary in cost,

when new, from about $1,000 to $5,000 each.
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The tbllowiiif;' list comprises the vessels licensed to engage in tlie

oyster business by the ^Maurice Kiver Cove and Delaware Bay Oyster

Association in ISDL*. The names, rigs, tonnage, and home ports of the

vessels are given. The number of vessels here shown will be found to

be iu excess of that rei)orted in the general statistics ai)pended, for

the reason that the latter include only the vessels owned in the State,

while the list contains some vessels belonging in Philadelphia and also

a number of craft of lesa than 5 tons burden, which are properly

classed as boats in the statistical tables

:

List of oijster vessels of Maurice River Cove.

[Vessels designated with asterisk (*) are under 5 tons burden and not documented at custoni-liouse.]

Nanso of vessel.

Anna B
Anna M
Anna Maria
Anna Worrel
Anna II. Harris
Anna M. Rolibius ..

Anna K. Ludlam . .

.

Anna W. Neal
Annie Cooney
Annie Douglass
Annie Neary
Annie C. Moore
Annie H. Carey
Archie Mason
Aurora
A.Hulings
A. M. Parris
A. S.Mulford
Abram S. Bird
Acasta
Accouimodator
Ada C. ShuU
AddioV
Addy Lee
Admiral
Agnes
Albatross
Albert G. Mulford .

Albert S. Crockett. .

Alice M
Alice C. Ogden
Almedia
Almira Cox
Alphonso
Amanda B
Amamla B. Lore
Amanda and David
Ann Virginia
Baltimore
Bay Queen
Belle
Belle Sage
Boriha S
Bertha and Stella .

.

Bessie and I>izzie..

Beulah and Marv ..

Bicycle -...

Black Bird
BoydH. Sheppard..
Breeze
C. B. Mason .

.

CM. Howell
C. and U. Klnier
C. W. and S. Teace..
Callena
Calvin Dilks
Caroline
Caroline H. Clears .

Carrie Cawnian
Carrie Egner

Net
tonnage.
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Lint of oyster vessels of Maurice Hirer Core—Coutiuued.

Kame of vessel.

Carrie Haley
Carrie M. Edwards
Cashier
Cecilia B. Slieppard
Charlie Smith
Christiau Lloyd
ClaraH
Claud Clunn
Claude
Clipper
Clipper
Colfax
Columbia
Cora Belle
Cornelius Britton
Cygnet
D. Corson, jr
D. C. Adams
D.P.Mulford
D.W.McLean
DanielP
Daniel Sharp
Daniel A. Davis
Daniel B. Hai-ris
Dart
David R.Lake
David and Kllen
Dawning Light
Detector
Dolphin
Dove
Dove >.

Dowitcher
Drnzilla B. Lee
E. Fowler
E. B. ntliian
Echo
Eden
Edison
Edmund S. Conner
Edmund S. C. Guyant
Edna M. Lore . -

.

'

Edna and Zadok
Edward C. Burton
Edward C. Vannaman, jr
Elanora
Eliza Carlisle
Eliza Ann Bnllard
Elizabeth B.Buckaloo
EllaD
EUaM
Ellen Weissinger
Ellen A . Richardson
Ellsworth
Elniira H. Lake
Eloise Moore
Elsie
Elvina English
Elvina E. Schoch
Emily B
Emily Jane
Emily Smith
Emily J. Mul ford
Emily R. Green
Emily and Rebecca
Emlen Hewe.s Green
Emma Collins
Emma Rebecca
Emma A. Walsh
Emma C. Lore
Ephraim Mulford
Equal Rights
Equator
Ethel Jerrell
Etta
EttaB
Eva
Eva M. Carlaw
Eva ^1. Robbins
E.Kcel
Falcon
Fayette N. Bradford
Fearless

Ket
tonnage.
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List of oyster vessels of Maurice liiver Cove—Continued.

Name of vessel.

Fly inK Fish
Forest G. llowell. .

.

Frances S. Uii Hois.
Francis Uow
Francis K. Lake
Fredilio Liber
Freeman
Friendship
G.Gandv
G.W. Crist
Galileo
Gem
Gem
Gen. McClellan
George Green
George M. Ackerly.
George W. Cliilds .

.

George and Morton

.

Georgia A. Maxsoii
Geranium
Gertrude
Glide
Glide
Globe
Golden Light
Gratitude
Grover Cleveland.
Gussie
Gypsy
H. H.Meekins
H.K.MulCord
H. L. Steelnian
Hannah Mull'nrd
Hannah M. Bell
Hannah and Ida
Harriet Elmor
Harriet E. Loundes.
Harry C
HattieB
HattioB
Hattie Jenks
HattieB. Kobbins. ..

Hattie R. Johnson..
Hattie W.Mills
Helen Hurd
Helen and Sallio

Henrietta C
Henry Kieinco
Henry S. Lutts
Henry and Howard.
Horace S. Peed
Howard T. Leach...
Hunter
I. T. Kichols
Ida
Ida Belle
Ida Florence
Ida Marts
Ida May
Idelia
Industrious M
Irene
Isaac "W. Norris
John B. Hegenian ...

.lohn C. Hand
John P. I'rifold

John S. Johnson .

John S. Myers ,

John W. Paul, jr

JohnW. Willing...
Jordan
Josiah S. Newconib..
Julia B
Julia A. Cooke
Julia A. Jones
Julia A. Newconib .

.

Julia A. Keid
J. Deever
J. Gordon
J. F. Arnistroiig
J.F. I'enny
J. L. Thomas
^.O. Smith

Net
tonnage.
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List of oyster vessels of Maurice Biver Cove—Continued.

Name of vessel. Net
tonnage.

"Where documented.

J. R. Chambers
J. AV". Fennimore
J. and P. Bradford
Jacob Rivell
James Howard
James Miilvey
James D. Godfrey
James H. Nixon
James P. Nieukirk
Jane A. Smith
Jennie Reeves
Jolm Bierly
John i5uzby
John Guyaut
John A. English
Kate and Melissa
Kate and Sarah
Katie C
Katie Burton
Kensington
Knight
L. Drew
L. McMurray
La Fayette
Lady of the Lake
Laura G
Laura May
Laura Parsons
Laurel
Lavinia
Laviiiia V. Tall
Lela Boyle
Leira
Lena G. Bateman
Lena and Lina Cosier
Lewis Hess
Liffey
LillieB
LillieD
Lillie Anderson
Lillie Smith
Linnet
Little Giant
Lizzie
Lizzie '.

'

Lizzie Burt
Lizzie May
Lizzie J. Robbins
Lizzie M. Weaver
Lorell H.Sharp
Lottie V
Lucius and Bessie
Lucy
Lucy P
Lucy Hopkins
Lucy Turner
Lucy and Willie
Luther Bateman
LydiaB .*.

Lydia Compton
Lydia and Sylvia
M. P. Ogden
M. and W. Robinson
M. D. and Bella Mulford. . .

.

Mabel E. Lore
Madalene
Madora and Emma
Maggie D
Maggie Daniels
Maggie L. Tolen
Maggie and Ida
Magnolia
Magnolia
Mail
Marcus L. Godfrey
Maria and Frances
Marion Mayne
Martha Ann
Martha O. Campbell ,

Martin Anderson

F 92 33

30.40
15.07
14.07
33.83
10.93
17.14
15.15
30.66
24.66
15.36
15.05
26.05
12,20
34.30
24.25
13.05
14.53
24.67
25. 92
15.48
(*)

8.36
33.04
25.13
20.61
12.47
5.69
22.36
14.88
29.57
31.46
22.52
6.50
13.94
7.98

28.94
9.21

11. 54
15.32
17.74
6.04
5.53
8.58
6.92
10.42
26.16
10.16
15.73
31.75
7.46

11.61
26.03
13.75
10.41
9.03
15.46
16.70
32.60
14.10

14.66
9.98

13.04
28.63
15.64
7.82
8.53
9.36

20.79
23.58
10.76
11.74
16.12
12.70
22.96
15.84
15.59
17.89
14.49
30.74

Sch.
Sch.
Sch.
Sch.
Sip .

Sip .

Sch.
Sch.
Sch.
Sch.
Sch.
Sch.
Sip .

Sch.
Sch.
Sip .

Sch.
Sch.
Sch.
Sip .

Sip.
Sip .

Sch.
Sch.
Sch.
Sip.
Sip .

Sch.
Sip .

Sch.
Sch.
Sch-
Slp.
Sip .

Sip .

Sch.
Sip -

Sip.
Sch.
Sip .

Sip.
Sip .

Sip .

Sip .

Sip .

Sch.
Sip .

Sch.
Sch.
Sip .

Sip .

Sip .

Sch.
Sch.
Sip .

Sip .

Sch.
Sch.
Sch.
Sip .

Sch.
Sip.
Sip.
Sch.
Sip.
Sip.
Sip.
Sch.
Sch.
Sch.
Sip.
Sip.
Sch.
Slp-
Sch.
Sch.
Sch-
Sip.
Sch.
Sch.

Bridgeton.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Camden.
Bridgeton.

Do.
Pliiladelphia.
Bridgeton.
Philadelphia.

Do.
Bridgeton.

Do.
Do.

Philadelphia.
Camden.

Bridgeton.
Baltimore.
Philadelphia.

Do.
Bridgeton.

Do.
Do.
Do.

Camden.
Philadelphia.
Bridgeton.
Camden.
Bridgeton.

Do.
Philadelphia.
Bridgeton.
Perth Amboy.
Bridgeton.

Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Bridgeton.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
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List of oyster vessels of Maurice River Cove—Continued.

Name of vessel.

Mary B
Mary Agnes
Mary Alice
Mary Cai-iiian

Mary IClizabeth
Mai'v JCimua
Mary Meervvald
Mary A. IMckley
Mary A. Hand
Mary A. Koirors
Mary C. Sharp
Mary E. Davis
Mary F. Sli(^pi)ard. .

.

Mary H. Lake
Mary L. By rd
Mary L. Cooper
Mary L. Kobbins
Mary W. Mears
Mary Ann Brown. .

.

Mary and Eliza
Mary and Iklargaret.

Mary and Violet
May Bateman
MattieB
Mattie Holly
Mattie B. Slleppard .

.

Mattie L. Eord
Mattie P. Flavell....
Maud S
Maud M. Kobbius . .

.

May Flower
Melvina
Melvina Condiff
Messenger
Michael Martin
Morris R. Lee
N.B. Smith
N.R. Godfrey
Nancy L. Cosier
Nellie and Mary
Nellie and Mattie ...

Nettie and Lena
New Jersey
North Sta r
O. P. Smith
Ocean Queen
Octavis
Oregon
Ospray
P. Sheridan
Paris C
Passport
Pathway
Pearl
Poarlla and Lelia ...

Percy B
Philip Ford
Phoebe B. Townsend
Pilot
Polka
Prize
Protector
Quickstep
K. Blackman
R.B. Walling
K. D. Bateman
E.E.English
R. K.Ward
R. S. Burney
Ray
Ray R. Newkirk
Rebecca
Rebecca N
Rebecca C. Schoch .

.

Rebecca F. Hrunyate
Rebie and EUa .

'.

Rescue
RhodaB
Richard Vanx
Richard B.Jones
Robert Walter
Robert F. Brattan ...

Robert T. Lore

Not
tonnage.
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List of oyster vessels of Maurice River Cove—Continued.

515

Name of vessel.
Net

tonnage. Rig- Where documented.

Eollin S
Eosa B
Roxanna Hand
KubyS
S. C. Kemble
S. J. Delan
S. N. Howuian
Sabrina
SallieR. A
Sallie M. Burton. .

.

Samuel Hanners
Samuel Lake ,

Samuel C. Jacoby .

Sarah Cox
Sarah A. Beckett.

.

Sarah A. Melson . .

.

Sarah C. Lee
Sarah M. Mulford

.

Sarah and Hannah
Sea Bird
Seaman's Bride
Skipjack
Star
Starlight
Starlight ,

Stella
StellaC
Sue
Sun
Sunliffht
Susie"B
Susie C. Raynor
Sylvan Dell
T. B. Husted
T. C. Sheppard
T. C. Ladow
Thomas A. Rogers
Thomas R. Berry
Thomas S. Lee
Three Sisters
Tidal Wave
Trader
Trade Wind
Trio
Two Davids
Two Friends
Walter H. Hiiison
Walter M. Johnson
Wanderer
Water Lilly
Waters E. Fisher
Welcome
White Wing
William Dennis .,

William Edwards .'

William Pollock
William Shriver
William A. Brooks
William B. Stites
William C. Lore
William F. Cullen
William H. Berry
William H. Gatzmer
William H. Vannenian
William B. and William J. Carlisle
Willie Russell
Wood Duck
Valentine Cosier
Vandalia
Vandalia
Victory
Village Belle
Volant
Zeph. S. Conover

11.43
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Becapitulation of Maurice Bivei' Cove oystei- fleet by home porta and rigs.

Ports.

Baltimore, Md
Bridseton, N. J
Camden, N.J
Crisficid, Md
Newark, N. .1

Perth Aiiiboy, N.J
Philadelphia^ Pa
Somers Point, N.J
Tuckerton, N.J
"Wibuington, Del
Unclassilied

Number of vessels.

Schooners. Sloops. Total

4
159
33

Total

.

233

187
9

1

1

2

1

7

4
346
42
1

1

2

32
8
1

2
24

Tonnage.

Schooners. Sloops.

131. 50
3. 547. no

825. 87

805. 19
13. 25
14.53
9.98

463
I

5,348.22

2, 064. 46
91.94
18.26
8.05

23.90
14.32
87. 28

9.04

2, 317. 85

Total.

131. 50
5, 612. 36

917. 81
18.26
8.65

23.90
819. 51
100. 53
14.53
19.02

7, 666. 07

Personnel., ica(/es, etc.—The men wlio compose the crews of the vessels

are usually native-born citizens of the State. They range from 16 to

50 years of age, the majority being from 25 to 40 years old. Those who
live in the towns and villages throughout tlie counties of Cumberland

and Cape May are generally experienced oystermenj but iu the spring,

when the demand for help is greatest, large numbers come from the

northern part of the State and are frequently inexperienced in the busi-

ness. The oyster captains term them "brickyard men."

Shipping agents sometimes come from Baltimore to engage berths

for men from that city and oifer to supply crews at reduced wages.

The rate quoted for this class of help in the spring of 1803 was|17 per

month. Tlie regular oystermen have an unconcealed dislike for this

kind of competition. The rate of wages customarily paid to expe-

rienced men is $35 per month for common hands and $50 per month,

and upward, for captains. When the vessels are engaged in taking

up oysters from the planted grounds for market, they do not ordinarily

require more than from 4 to 6 men in a crew, including the captain,

but this number is generally increased to from 5 to 7 men during the

planting season in the spring.

The captains do not all work for wages ; many of them own vessels

;

but in practically all of the localities directly interested in the oyster

business there is a class of men who do not own vessels and who rely

upon earning a living at "oystering" for wages by the month, either in

the capacity of captains or as members of crews. They are, in oyster-

men's vernacular, termed "monthlies" or "monthly men." These men
have acquired by long experience and training a thorough knowledge of

all the details of the work, which gives them a decided advantage over

others less experienced and enables them to command liigher wages.

Dredging apparatus.—The apparatus used by each vessel consists

chiefly of 2 winders, usually of iron, 2 dredge chains, and 2 dredges.

As a matter of tact, nearly every vessel is supplied with 4 dredges, but

only 2 are used at a time. The whole equipment for a vessel of the larger

class costs, when new, about $100. The winders have 2 iron cranks
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and are operated by hand. TLe size of tlie dredges is limited by law
to a tooth bar not exceeding 40 inches in length. The dredge chains,

when in use, pass over an iron roller attached to the rail of the vessel.

Questions affecting the oyster industry of Delaware Bay.—One of the

most serious questions afiecting the oyster industry of Maurice Eiver
Cove and Delaware Bay at the present time is the depleted condition

of the natural oyster-grounds. With the exception of possibly from
75,000 to 100,000 bushels of oysters obtained annually from the Chesa-
peake Bay for planting purposes, these grounds are the source from
which the large quantities of seed oysters necessary to supply the great

demand of the business, which has already reached proportions of no
inconsiderable magnitude and is still quite rapidly increasing, are

obtained. An idea of the rate of increase may be gained from the fact

that in 1888 the number of vessels licensed by the oyster association

was 385, in 1892 it was 460, and in 1893 it was 480, which is an average
increase of nearly 16 vessels per year. While this rate of growth does

not seem large, it nevertheless indicates the probability that in ten

years, if the conditions continue to be equally favorable, about 160

vessels will be added to the fleet, and the demand for seed oysters

correspondingly increased.

Of course there is a limit to the capacity of the resources now being
utilized which would preclude the possibility of the indefinite continu-

ance of any rate of growth, however small, in the business. The prob-

lem seems to be to preserve the proper relations between the supply

and demand for seed oysters to an extent that will not only enable the

maximum of prosperity to be reached, but also to be thereafter main-
tained.

For the past seventeen years, during the planting season, both the

oysters and shells have been dredged from the natural beds in immense
quantities. This i)rocess has resulted in lessening their productiveness

and diminishing the abundance of seed oysters. While many of the

oystermen claim that the crop of natural oysters is as large as it was
twenty years ago, the fact that some means should be employed to

increase the yield of the natural beds has been gradually forcing itself

into recognition. Eecently the two following propositions have been
suggested: First, that the State assume control over Delaware Bay
and close it for oystering purposes (so far as the natural beds are con-

cerned) for a period of from three to five years, or less ; second, that a

rough-culling law be enacted, compelling all dredgers to throw the

shells taken with the oysters back upon the beds.

Eegarding the first proposition, there are a number of strong objec-

tions on the part of many of the oystermen. One of these objections

is that to close the bay would throw about 2,000 men out of employ-

ment. It might also be urged that it would do no permanent good if

the same destructive and wasteful methods were, at the expiration of

the period, to be resumed.
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The second proposition, that of enacting a cnlling law, would seem

to be worthy of favorable consideration. If such a law were rigidly

enforced and the shells not only thrown back into the water but

returned to the beds in such a manner that they would be properly dis-

tributed, and not so as to accumulate in heaps, it is probable that in a

very few years the present conditions would be vastly improved and
the yield of oysters greatly increased. Such a law would also be in

harmony with the system under which the oyster industry in tliis

region is now being conducted. Were it practicable to apply both of

these proi)ositions, the benefit derived would no doubt be much greater

than could be secured by either applied separately.

Another question which has recently assumed cousidcTable impor-

tance is in relation to the granting or leasing by the State of riparian

claims in lands under water lying along the shores of Delaware Bay, in

the vicinity of Fortesque Cove, in the region which is reserved as natural

oyster-grounds. It is claimed by the oystermen that natural oyster

beds are embraced in the riparian claims, and that under the laws of

the State relating to the oyster industry the oysters upon these natural

beds can not become private property. The culminating struggle rela-

tive to the question was precipitated in the spring of 1893, when notice

was given to the riparian owners of the intended action and a vessel

was sent upon the disputed grounds to dredge oysters. In 1894, by a

joint resolution of the legislature, a commission was appointed to

investigate and report upon the differences existing between the oyster-

men and the riparian owners.

The following review of the present situation and the questions at

issue is from the Philadelphia Press of May 21, 1894, and emanates

from the Trenton, N. J., correspondent of that paper

:

There is now the liveliest kind of a war on in soixth"Jersey among the 3,000 oyster-

men. In consequence, from Camden to Cape May there is a general disturbance of

commercial and social relations because of the row.

The courts were appealed to and are listening to the various attitudes of the case,

but the legal process was too slow and the oystermen wanted the legislature to

come to their rescue, which it did. Assemblyman Austin, of Bridgeton, who has

several thousand oystermen as his constituents, introduced a joint resolution which

created a special investigating committee to go to the oyster war and get the facts

for the legislature.

This investigation is regarded as important because it gives official information

that has been needed for years. Every session of the New Jersey legislature the

oyster matter comes in in some form. There are 100 or more laws now on the statute

books. Notliing has given so much trouble to lawmakers as the clam and oyster

laws, because so few know the actual status of the industry. The report of this

commission has become the most valuable contribution to the legislature of tliis

session.

The most salient features of the report of the legislature are contained in the fol-

lowing statement:

"The extent and value of the oyster industry in Delaware Bay are not generally

appreciated by the citizens of the State. The territory within the bay where oysters

will naturally grow or can be profitably cultivated is, roughly speaking, about 200

square miles. Between 500 and 600 vessels, carrying crews of from 3 to 10 men
each, are engaged in the business, and, as appears by the last census, the annual
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value of the oyster crop, includiug that of the western shore, is about $2,000,000.

Fifty years ago, when the population was sparse and the means of communicatiou
limited, the business was restricted in extent. In early times it consisted in pick-

ing up oysters from the natural beds loft exposed by the falling tide and catching

them with tongs. About forty years ago the business was commenced of taking the

young natural oysters and planting them upon the grounds in the deep waters of the

bay, where they were left to grow until of marketable size.

"The places where the oysters were planted were marked off by stakes, and the

lands thus selected were situated under the waters of the bay in Maurice River
Cove. The title to the lands thus appropriated to the cultivation of oysters was in

the State, and they were taken without any legislative permission. By a common
consent of the persons engaged in this business, the staking out of unoccupied
lands in Maurice River Cove and the planting of oysters thereon gave the holder

exclusive right to the possession of the lands so appropriated, and the invasion of

this right has always been vigorously resented. The territory thus set apart by
common consent for the cultivation of oysters is in the vicinity of 50 square miles,

or about 32,000 acres, in extent. These lands are held without compensation to the

State, and no tax(>s are levied upon them, or upon the oysters cultivated thereon."

From the time the planting and cultivation of oysters commenced the territory

thus used for the purpose has been confined to that i)art of Delaware Bay included

in and adjacent to Maurice River Cove, a locality where, generally speaking, oysters

do not naturally propagate. The great body of the bay north of the cove, extend-

ing for a distance of some 35 miles in length and of an average width of between
4 and 5 miles, constitutes the natural oyster beds and grounds where the oysters

spawn and grow without cultivation. It has been the custom to dredge upon this

latter territory for the seed oysters used for i)lantiug in Maurice River Cove.

By the twelfth section of the act approved March 8, 1882, it becomes unlawful to

take oysters from any of the natural oyster beds or grounds in Delaware Bay north

of a line running direct from Egg Island light-house to Cross Ledge light-house

from June 15 to Apiil 1 in the succeeding year. This legislative action confirmed

the long-recognized custom of dividing the bay into two parts, all south of the line

thus established being appropriated for the cultivation of oysters and the territory

north of it being retained to secure natural seed oysters for planting purposes. This

line was, by the act approved April 3, 1893, moved farther north to the mouth of

Straight Creek, and is generally called the " southwest line."

A few miles north of the " southwest line " is what is known as Fortesque Cove,

and in that vicinity grants or leases of lands under water have been made from time
to time by the riparian commissioners of the State under the act ajiproved March
31, 1869, and the supplement thereto. These grants or leases are 15 in number, 1

being made in 1879, 3 in 1886; 9 in 1892, and 1 in 1893. They embrace a frontage on
the exterior lino of 13,334 fi^o feet, extend out from the shore an average length

of 2,876 feet, and include about 973 acres of land under water, and the total amount
of consideration paid the State therefor was $12,143.96. They were all made to

owners of the upland adjoining high-water mark, who under the provisions of the

eighth section of the riparian act are entitled to a grant or lease upon paying to

the State such reasonable compensation or rental as the riparian commissioners

may fix.

The occupation by private parties of these lands has been a matter of irritation

and dissatisfaction to the men engaged in the oyster business as represented bj'- the

Oyster Association. They look upon the privilege of taking oysters from the bay
north of the "southwest line" as a natural right. On the other hand, the riparian

owners claim that, having purchased or leased these lands from the State in good
faith and for a valuable consideration, they are entitled to the exclusive possession

of them. The controversy culminated in the spring of 1893, when, under the advice

of the counsel of the Oyster Association, and on notice to the riparian owners,

a boat was sent npon these disputed grounds and a few oysters taken, the object
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being to raise au issue to bo decided by the courts. The counsel of the association

were desirous that the questions involved should be raised, through the advice of

counsel elected to jiroceed by criminal i)rocess, and Capt. Chew, in coniuiand of the

alleged trespassing vessel, was arrested under the tenth section of the act approved

March 8, 1892, which makes it a misdemeanor to tlredge or catch oysters upon an

oyster bed duly staked out or belonging to any other person. The case was pre-

sented to the grand jury of Cumberland County at the October term, 1893, but no

indictment was then found. At the January term, 1894, Capt. Chew was indicted,

but the trial was ])ostponed until the jiresent May term.

The excitement has been increased because of the delay of the trial of Capt. Chew.
Counsel of the Oyster Association, on March 19, advised the executive committee

that the best way to settle the uuittcr was for the luen to peaceably take the oysters

from the natural bed, and for tliose who claim them under rii>arian grants to resist

and bring action at law. At the last annual meeting of the Oyster Association it

voted to increase the tax on vessels to $l.r)0 per ton, so as to provide a fund to defend

such members as should )>c prosecuted for dredging upon riparian grants. This will

provide a fund of $(5,000. It is, however, denied that the raids were authorized by

the association, but the cai)tains acted individually. The riparian owners gave

notice that everybody would be prosecuted that raided the riparian lands. The
sheriff was notified to summon a posse comitatus to protect property or the

county would be held for dam^ages. The sheriff secured a steam vessel and with

posse proceeded to the disputed grounds. Several boats were warned off. The
sheriff, after watching several days, discharged his posse and returned to Bridgeton.

Soon after his departure many vessels appeared and began dredging. One of the

riparian owners shot at the invaders for the purpose of frightening them off. Over

thirty persons were subsequently arrested and held for court. A bill was then tiled

in chancery and a temporary order was obtained restraining the officers of the asso-

ciation from using the moneys raised by the tonnage tax in the defense of persons.

The riparian owners claim that in the recent raids they lost $50,000 worth of

oysters.

The questions at issue between the parties are nearly all of a legal character which
it is not within the province of this commission to decide, and for the solution of

which the courts and the ordinary proceedings therein afiord adequate means.

While not assuming to decide the legal questions involved, or to pass upon the

merits of the claims of the resjiective parties, the commission deem it their duty, for

the information of the legislature, to call attention to these points:

" That the disputed area consists of about 97(5 acres, being but a very small pro-

portion of the territory which, under existing laws, is open to the ])ublic and which

is approxinuitely 3.5 miles long by 4 miles wide; the dispute on the part of theOyste""

Association being one of ])riuciple rather than one of actual damage.
" That the title of the State to the lands under tide water is, under the decision of

our courts, absolute, and that it has been the policy of former legislatures to reserve

to the State the right to grant the same to private parties, whether such lands be

staked up and occupied for the cultivation of oysters or not. The act passed April

28, 1890, confirmed the right to possession to all the citizens of this State to lands

under water occuiiicd by them since January 1, 1880, for the cultivation of oysters,

and made oysters grown tliereon their private property, provided the lands so occu-

pied do not include natural oyster beds. This act, however, contains this limita-

tion: 'That nothing in this act contained shall give any person or persons the right

or title to any of the said lands as against the State, and the State may at any time

alter or repeal this law, or the riparian commissioners may make grants the same

as if this act had not been jiassed.'

" That so far as this commission is aware no legislative limitation was placed

upon the power of the riparian coainiissioners to make grants including oyster lauds

or beds, whether natural or otherwise, prior to the act approved March 6, 1888,

which provides: 'That no grant or lease of lands under tide water, whereon there
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are natural oyster beds, shall hereafter be made by the riparian commissioners of

this State, except for the jjurpose of building wharves, bulkheads, or piers.' Four
of the thirteen grants or leases on tlie disputed grouuds were made and the rights

of the parties thereto vested prior to the passage of this act. As to the remaiuing
nine grants made subsequent to 1888, the question of whether they include within
their lines any natural oyster beds, and are thus limited in their operation to the

building of wharves, bulkheads, and piers, is a question of fact. The ascertainment

of the fact is dependent upon the correct definition of the term 'natural bed,'

"On the part of many members of the Oyster Association it is strongly asserted

and vigorously maintained that all the bottom of Delaware Bay north of the ' south-

west line,' including these riparian lands, constitutes a natural oyster bed. On the

other hand, while it appears that scattered natural oysters may be found over

nearly all this territory, there are well defined and easily located places where, by
reason of the nature of the bottom, oysters will naturally grow in large numbers.

These locations are where the bottom is hard, so that the young oysters will not sink

into the mud, and usually consist of a mound or elevation above the general level of

the bottom, comjjosed of oyster shells, accumulated through years, and to which the

spawn attach.

"In view of the testimony presented before the commission, the commission are

of the opinion that nearly the entire bottom of Delaware Bay for about 35 miles

north of Maurice River Cove constitutes a 'natural oyster ground,' but they are not

of the opinion that it is all a 'natural oyster bed,' as the term is generally under-

stood and as it is used in the statutes. The 'natural oyster beds' are distinct and
separate from the general bottom of the bay.

" From the testimony of witnesses, and from a personal inspection of the disputed

lauds, the commission fiud, as a matter of fact, that within the limits of the fore-

going definition the riparian giants in question do not all, nor do the larger part of

them, embrace ' natural oyster beds,' but the commission is of the opinion that a large

part of some of the grants may, and probably do, include within their bounds what
now is, or heretofore has been, such beds.

"In the course of these investigations the commission were impressed with the

great depression existing in the oyster industry. Although the planting season is

not yet half over, many boats are laid off", others have gone to other States, many
men are out of employment, and a feeling of discouragement is general. The com-
mission have endeavored to ascertain the cause for this deplorable situation. The
consensus of opinion is, that no adequate measures have been adopted to protect the

natural productiveness of the bay. The large number of vessels employed, the

improved dredges in use, and lack of proper regulatious as to size of the oj'sters

taken, have all combined to practically clean the bay of all natural growth, and, in

addition, owing to the absence of any law requiring the separation of the oysters from
the shells in dredging, the beds themselves have, in many cases, beeu either destroyed

or seriously injured. This removal and destruction of the beds results in the loss of

the oyster spawn, as no material remains to which it can become attached. Last
season at least one-half» the oysters planted were purchased outside the State, and
this season the result will be much worse.

"From the testimony received and the investigations made, the commission find

that a majority of the j^ersons in the business agree as to the following points:

"First. That unless some radical change is made in the laws the industry will be
extinguished.

" Second. That State control of the oyster lands, under proper regulations as to

their use, is desirable.

"Third. That the dredging for natural oysters in the bay should be prohibited,

either in whole or in part, for a period of a year.

"Fourth. That a 'rough-cull' law should be enacted; that is, a law requiring the

dredger to separate the oysters from the shells of the bed, and prevent the carrying

away of the beds themselves.



522 REPORT OF THE COMMISSIONER OF FISH AND FISHERIES.

"This commission strongly rocommends that the oyster lauds in Maurice liiverCove

and Delaware Bay bo placed under State control, as necessary to their preservation.

Connecticut, Delaware, Maryland, and Virginia, all States liaA'inn large oyster inter-

ests, have adopted this policy to the benefit and satisfaction of their citizens.

"A law should be enacted providing for the leasing by the State to private persons

of lands to be used for the cultivation of oysters, and for which a small annual rent

per acre should be charged. In thus taking control of lands for the cultivation of

oysters the State should respect the rights of persons who now occupy staked-np

grounds, and they should have the first right to leases for the same and have the

title to all oysters now placed thereon. All vessels engaged in the business should

pay a tonnage tax to the State and receive licenses ; only vessels owned by citizens

of this State should be so licensed. Proper legislation for the use of the bay and
for the protection of the natural oysters should be made and should include the

power to prohibit dredging on the natural oyster-grounds for a time; the introduc-

tion of a 'rough-cull' rule; provision for replenishing the oyster beds with shells at

State expense. Adequate means should be provided, by guard boats, to enforce the

law and protect the bay. Severe penalties should be provided for violations of

the law, and in the case of ofiendiug vessels the licenses should be revoked. A
reasonable rental and license fee will provide sufficient funds to j>roperly protect the

industry and enforce the law.

"In case the oyster lands arc placed understate control the commission advise that

the State acquire title, by condemnation or otherwise, to the lands covered by these

riparian grants, to the end that all oyster territory may be held by the State and
the use regulated for the benefit of all its citizens."

The outcome of this investigation will be some important legislation next Septem-

ber, when the legislature reconvenes after the summer recess. The attorney-general

has taken the report and evidence and read it over carefully, and will prepare a bill

which will give the State power to condemn these lands and award to the riparian

owners such damages as may be i)roperly assessed. Then these oyster beds will be

made public property, subject to the general oyster laws of the State.

IV.—STATISTICS OF THE INDUSTRY.

The following statistics relate to the four years, 1889, 1890, 1891, and
1892, and exhibit in detail the condition and extent of the oyster indus-

try of New Jersey. The figures are specified by counties, twelve of

which have oyster interests. These are Hudson, Essex, Union, Middle-

sex, Monmouth, Ocean, Burlington, Atlantic, Cape May, Cumberland,

Gloucester, and Camden. The three first-named counties abut on New
York Bay, Newark Bay, and the northern part of Staten Island Sound.

The taking of seed oysters is the only branch of the industry carried on

there. Middlesex County includes the lower part of Staten Island

Sound and the most of Raritan Bay, with Perth Anxboy as its principal

oyster center. The western part of Raritan Bay, Sandy Hook Bay,

the Navesink and Shrewsbury rivers, and the ocean shore of the State

as far south as the Manasquan River, are embraced within the limits of

Monmouth County. Ocean County contains Barnegat Bay and part of

Little Egg Harbor, Most of the latter, however, is in Burlington

County, iu which is also a large part of Great Bay. Atlantic County
embraces the southern and western parts of Great Bay, and has within

its limits Little, Reed, Absecon, and Lakes bays, as well as the north-

ern side of Great Eg*j Harbor Bay. Cape May County constitutes the
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projecting tongue of laod at the sontliern end of tlie State, interven-

ing between Atlantic County on tlie ocean side and Cumberland County
on the Delaware Bay side. Most of Delaware Bay, including Maurice
Eiver Cove proper, is off the shores of Cumberland County. The oyster

interests of Camden and Gloucester counties consist of a fleet of vessels

engaged in oystering in Cumberland County.

Tahle showing bij counties the number of persons employed in the oyster industry of Nexo

Jersey in 1SS9-1893.
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Tahlc nhouin<j hi/ coiniliea the numhri; toniuKjc, and value of vessels emjiJoi/ed in the oyster

industry of Xew Jersey in 1SS9-1892—Continued.

Coiiuties.

Yesgfli transjJ^rting.

Hudson
Middlesex .

.

MoiiTiioutli .

.

Ocean
Burlington .

Atlantic...
Cape M,ay...
Cumberland
Camden

Total

Total.

Hudson
Middlesex . .

Monmouth.

.

Ocean
Burlington.

.

Atlantic
Cape May . .

.

Cumberland.
Gloucester .

.

Camden

Total

Number.

1889. 1890.

7
3

15
4

1

1

45

1891. 1892.

52 55

4

31
22

289
1

32

31
23

303
1

30

26
323

Tonnage.

1880.

98. 37
80.52
71.74
54.30

392. 78
OS. 17

32. 90
22.64

851. 42

15
1

29
30

336
1

30

25.

113.

356.

71.

63.

585.

299.

4, 850.

24.

673,

7, 063. 64

1890.

5. .')9

82.89
116.75
90.44
104.76
418.25
131. 29

1891.

22.04

50. 85
82.89

266. 60
90. 44

113.81
599. 37
337. 57

, 045. 05
24. 97

636. 77

7, 248. 32

17.92
86.04
178.28
53.50

129. 13
420. 53
147.45

1, 032. 85

50.85
86.04

314. 42
53.50

138. 18
533. 00
376. 28

5, 332. 53

688. 17

7, 572. 97

1892.

17.92
86.04

360.92
189.18
12.90

372. 37
146. 66

986. 05

50.85
86.04

282. 52
205.50
12.96

530. 02
435. 49

5, 596. 90
24.97

689. 33

7,914.58

Ounties.
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Tahle showing hij counties the numher and value of boats employedin the oyster industry

of A'ew Jersey in 1889-1S92.

Counties.

Number.

1889. 1890, 1891. 1892

Value.

1890.

Hudson
Union
Middlesex .

.

Monmoutli.
Ocean
Burlington .

Atlantic
Cope May .

.

Cumberland

Total

42
75

251
282
325
380
190
163
37

2,045

45
65

255
281
327
397
488
172
37

48
55
251
276
330
409
532
180
42

251
274
676
108
584
186
70

$1, 050
3,750

17, 125
11, 765
52, 009
20, 815
24, 875
4,410
3,375

$1, 125

3, 250
17, 535
11, 690
53, 140
23, 060
25, 510

4, 645
3.375

$1, 200
2,750

17, 065
11,420
52, 250
23, 635
28, 689
4,860
3,730

2,067 2,123 2,259 139, 174 143, 330 145, 599

$1. 250
3,000

17, 175
11, 315
78, 984
6,750

30, 248
4,950
6, 525

160, 197

Table showing by counties the quantity and value of apparatus employed in the oyster

industry of New Jersey in 1S89-189-2.
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Table showing hy counties the value of shore property and the amount of cash or working

capital employed in the oyster industry of 2\ew Jersey in 1889-1S92.

Counties.
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TaMe shoiving iy counties the quantity and value of seed oysters taken iw Neto Jersey in

1SS9-1892.

iHounties.
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INDEX TO NOTES ON THE OYSTER INDUSTRY OF NEW JERSEY.

Fage.

Absecon 490

Absecon Bay 491

Apparatus 477, 482, 485

Apparatus, stalistics of 525

Aquatic iiui-wing machino 477

Atlantic City 490,491

Atlantic County 490-494

Baruegat 483-485

Barnegat Bay 483-485

Belraar 481

Beeslcy Point 494

Bivalve 49G, 497, 498, 507

Bivalve, shipments.of oysters from 508

Boats employed, statistics of 525

Branchport 475, 478

Brlgautine 490

Cape May C.H 494

Cape May County 4i»4

CedarCreok 483

Clermont 494

Colli Spring. . , 494

Conovertown 490

Cooper, George 469

Culling law 518

Delaware Bay 495-522

Deterioration of 8up])ly 492-494

Dredging apparatus 516
'

' Drinking '

' oysters 469, 473, 474

Dorchester 497

Enemies of the oyster 471, 476

Fair Haven 476

Forked River 483

Great Bay 485^90

Great Egg Harbor Bay and Elver 491, 492

Green oysters and clams 487-490

Greenwich Pier 498

Greenwich Pier, shipments ofoysters from 508

Heislervillo 497

Holmes Landing .'

494

Hudson County 466

Keyport 469-474,479

Lakes B.ay 491

Leeds Point 490

Leesburg 497

Legislation 481, 498, 499, 500, 501

Licenses 503, 504

Linwood 490

Little Bay 491

Little Egg Harbor 483, 485

Little Silver 475, 478, 479

ilanabawken 483

Marketing oysters 469, 473, 474, 479, 482, 485

Market oysters, statistics of '

.

.

526

Maurice River 496, 507

Maurice River Cove 495-522

and Delaware Bay Oyster Associa-
tion 501

oyster-grounds, depleted condition of. 517-522

oyster vessels, list of 510-516

Page.

Middletown 478

Middletown Creek 473

Mowing-machine, aquatic... 477

MuUica River 485, 486

Navesink River 475-479

Nelson, Prof. Julius 476

New Gretna 487

New Jersey-Delaware Oyster Company.

.

499

New Jersey side of Delaware Bay 495-522

Northern coast of New Jersey 466-479

Number, tonnage, and value of vessels

in 1889-92, statistics of .523

Ocean side of New Jersey 480-482

Ocean City 494

Oceanic 475, 478

Oceanport 475,478,479

Oceanville 490

Oyster boats 472, 479, 480, 486, 509

Oyster grounds 469, 486, 491, 495

Oystermen's Protective Association 470, 484

Oysters planted in 1889-92, statistics of.

.

527

Oyster vessels of Maurice Jtiver Cove 510-516

Parkertown 483, 484

Personnel 468, 471, 478, 491, 516

Persons employed in 1889-92, statistics of. 523

Perth Amboy 466-469,479

Philadel])hia Press, extract from 518-522

Pleasiintville 490

Pleasure Bay 475, 478, 479

Port Monmouth 469

Port Norris 497

Port Republic 487,490

Planted oysters, tabular statement 527

Planting grounds 487, 475, 483, 487

Planting methods 467, 470, 475, 491, 498

Red Bank 475, 478, 479

shells planted in

wholesale oyster trade of

Mauricetown

Manum uskin

506

507

497

498

Reed Bay 491

Regulations 498

Rio Grande 494

ScuUville 490

Seasons for taking oysters 505

Sea View 490

Seed oysters taken in 1889-92, statistics of 527

Shark River 481

Shore property and working ca))ital, sta-

tistics of 525

Shrewsbury River 475-479

Smith, Hugh M., prefatory note by 463, 464

Smith Landing 490

Snyder, George B 476

Somers Point 490

Spat-collectors 482

Statistics of the industrj' 522-527

Steelmanville 490

Swain Stalion 494

Townsend Inlet 494

Tuckertou 483, 485

Union County 466

Vessels of Maurice River Cove, list of. .

.

510-516

Vessels employed, statistics of 523-524

Viridity of oysters and clams 487-490

Wages 468,471,478,516

West Creek..... r • ,, 483,485














