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REPORT
Ol*- THE

UNITED STATES COMMISSIONER OF FISH AND FISHERIES

FOR THE

FISCAL YEAR ENDING JUNE 30, 1898.

I have tlie honor to submit a rejiort of the work of the United States

Commission of Fish and Fisheries for the year ending June 30, 1898,

together with the reports of the assistants in charge of its divisions,

which, with the papers describing special investigations, published as

appendices to this report or in the Bulletin of the Commission, form a

(tomplete record of its operations for this period. The Commission

was under the direction of Commissioner John J. Brice until February

1(), 1898, when the present Commissioner, George M. Bowers, appointed

February 1, took charge.

In view of the marked increase of the work of the Commission and the

addition of the new stations authorized each year by Congress, and

the consequent enlarged demands on its resources, it is impossible to

carry on its operations in such manner as to obtain the best results

with the present appropriation, which is small considering the impor-

tant interests at stake, representing millions of dollars invested in the

fislieries and allied interests throughout the country. It is, therefore,

earnestly recommended that the estimates submitted, embodying cer-

tain increases, be favorably acted on by Congress, particularly those

items providing for the propagation of food-fishes and for the contin-

gent expenses required for scientific and statistical investigations, the

demands for which are steadily increasing.

Special technical information is frequently desired for important

objects, such as protective legislation by the States or the extension

or establishment of fishery enterprises, and this often involves exten-

sive studies or investigations of aquatic life, which can be carried on

only under Government auspices. Appropriations are needed for the

improvement of the grounds and buildings at some of the stations, and

the efficiency of several could be materially enhanced by additions to

their water supply and enlargement of their pond systems. The sta-

tions are always places of public interest in their respective neighbor-

hoods, and while they are not designed for parks or pleasure-grounds

it appears eminently proper that they should be made attractive and

beautified to a certain degree.
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While the division reports describe the work in detail, attention may-

be called to the progress made in fish propagation, and to some of the

more important investigations and canvasses carried on by the Divi-

sions of Inquiry respecting Food-fishes and of Statistics.

DIVISION OF FISH-CULTURE.

The operations of this division were in many resj)ects more important

than in any past year, owing in part to the natural growth of the work
and in part to greater efficiency in dealing with the various questions

and problems that come up for consideration.

The propagation and distribution of food-fishes during the present

fiscal year exceeded by about 40 per cent the work accomplished in any
other similar period. The number of adult and yearling fishes, fry, and
eggs distributed in public and ijrivate waters or transferred to the State

authorities was about 857,000,000, of which the largest number rep-

resented important commercial species, like the shad, cod, whitefish,

salmon, lake trout, herring, pike i)erch, and lobster. There were 33

hatching stations and substations in use, the one located at Erwin,

Tenn., having been completed and placed in operation in addition to

those mentioned last year. The steamer Fish Hatch was also utilized

for shad-hatching in Albemarle Sound and the Delaware River.

A comparison of the output for this year with that of last shows a

marked expansion in the hatching of shad. Pacific salmon, and cod.

The extension of the salmon-hatching work on the Pacific coast was

esiiecially gratifying, as the enormous annual drain on the salmon

streams of that region makes it very important that the supply should

be kept up by artificial means. At the substation situated on Battle

Creek, a tributary of the Sacramento River, the largest collection of

salmon eggs (48,000,000) in the history of fish-culture was made in the

fall of 1897.

Although there are several desirable species of salmon in the Pacific

rivers, the Commission gives its principal attention to the chinook

or quinnat salmon, which is the species most desired for canning and
fresh consumption. Some light has been thrown on the results of

fish-cultural work on the west coast by the recent capture of a consid-

erable number of large salmon with the soft dorsal fin missing. These

are fish that were liberated from the Government hatcheries about three

years ago, when they were less than a year old, after having been

marked by the removal of the adipose fin. The work of the Commis-

sion is very popular in the West, and its value is generally recognized

by the salmon fishermen and canners.

The wall-eyed pike or pike perch, Stizostedion vitreum, is one of the

most valuable of the fishes of the Great Lakes. In Lake Erie, where

by far the largest part of the catch is taken, it ranks first in money
value. The fishing interests being desirous that the Government should

keep up the supply, the propagation of this species, which had been

discontinued for several years, was resumed in the spring of 18U8 at
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Putin-Bay Station, on Lake Erie, 221,062,500 eggs being collected. It

was also designed to take up this work on Lake Ontario, where formerly

there was a comparatively large catch, but after careful investigation

it was found that but few spawning fish were found on fishing-grounds

that a few years ago yielded tons of fish. This disappearance from their

usual spawning-grounds was attributed by some to the discharge of

refuse from mills and Victories into the tributaries of Lake Ontario.

30,000,000 of the eggs collected at Put-in Bay were Transferred to the

Lake Ontario station, and the fry resulting from them were ])lauted in

the St. Lawrence.

The passage of laws by the State of Michigan prohibiting the capture

of whitefish and lake trout in Lakes Huron and Michigan from Novem-

ber 1 to December 15, unfortunately caused the abandonment of white-

fish work on these lakes. Efforts were made to collect eggs at Duluth,

but very few were secured.

At Putin Bay, Lake Erie, notwithstanding the unfavorable weather

that prevailed during the fall, 112,842,000 whitefish and 27,786,000 cisco

or lake-herring eggs were collected from fish taken by the commercial

fishermen ; 10,000,000 of these were sent to Alpena, Mich., to be hatched

and liberated in Lake Huron.

Further experiments were conducted on Lake Erie to determine the

practicability of holding in pens the adult whitefish taken prior to the

spawning season; 1,200 fish were secured from the fishermen in the

vicinity of Put-in Bay and impounded in floating live-boxes, and over

10,000,000 eggs were thus secured. The results of the experiment,

though not as large as anticipated, are encouraging, and will probably

lead to a considerable extension of whitefish proi^agation in Lake Erie,

as in this way a definite supply of spawners can be depended on.

Stormy weather has in the past often prevented the taking of sufficient

numbers of fish during the spawning season. In conducting this

experimental work great assistance was rendered by the fishermen,

who allowed the Commission to take fish from their pound nets without

charge and hold them in live-boxes until after the spawning season,

when they were returned to the fishermen.

The lake-trout work at Northville and Alj)ena stations iu Michigan

was larger than heretofore, notwithstanding that the passage of the

act previously referred to cut short the collecting season materially and

few eggs could be obtained from grounds that had in the past yielded

large numbers. There is little doubt that under ordinary conditions

the collections for Northville, which reached 12,000,000, would have

doubled that amount.

The propagation of marine species, such as cod, flatfish, i)ollock, and

lobsters, was the object of attention on the Atlantic Coast, at the Woods
Hole and Gloucester stations. Profiting by the preliminary investiga-

tion made during the previous year, large numbers of cod eggs were

obtained at Plymouth, which, with those taken from the brood-fish held

at Woods Hole, made an aggregate of 153,436,000 eggs, which yielded
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105,863,000 fry. Over 100,000,000 eggs were also collected at Kittery

Point, Maine, which were transferred to the Gloucester Station, from

which 96,700,000 cod fry were hatched and liberated.

During the months of November and December between 7,000,000 and
8,000,000 pollock eggs were collected from boats fishing out of Glou-

cester, and the fry resulting from them were planted in neighboring

waters. It was intended to take up the propagation of this species on

a large scale, but most of the pollock in that vicinity are now captured

with hand lines instead of gill nets, making it impossible to obtain

spawning fish in quantities.

The constant decline in the lobster fishery accentuates the necessity

for increased work in this line. The schooner Grampus was employed

during the mouths of April, May, and June in collecting egg lobsters

along the entire coast of Maine. The fisheries on the coasts of Massa-

chusetts, Rhode Island, and Connecticut were looked after by fishing

smacks and steam launches, and as a result of these efforts 95,000,000

fry were liberated.

During the spring of 1898 over 300,000,000 shad eggs were collected

on the Delaware, Susquehanna, and PotoDiac rivers, and in the Albe-

marle Sound, North Carolina; 228,000,000 of these eggs were hatched

and the fry planted—a very satisfactory increase over the previous year.

The usual shad oi^erations on the Delaware with the Fish Hawk were

interrupted by the war, which caused the detail of that vessel for naval

service. To prevent the abandonment of the work, arrangements were

made with the Pennsylvania authorities to operate the State hatchery

at Bristol.

An important new feature of the fish-cultural work was the hatching

of 3,000,000 fry of the grayling at Bozeman Station. This fine food and

game fish has a very limited distribution, and its artificial propagation

has heretofore been chiefly experimental.

The efforts to acclimatize food-fishes in waters to which they are not

indigenous have been continued by transferring quantities of eggs of

the quinnat salmon and steelhead trout to eastern stations to be hatched,

so that the fry could be planted in Atlantic coastal streams. Adult

tautog, lobsters, and blue crabs have been sent to California and planted

in the Pacific. Many of the lobsters were females with eggs, and the

plant should result iu from 3,000,000 to 4,000,000 fry besides the adult

lobsters.

The steady increase in the catch of shad in the United States is con-

clusive evidence of the value of artificial propagation. In the year

1880, prior to which time but little work of this character had been

done, the catch of shad iu the United States vv^as 18,071,534 pounds;

and in the years immediately succeeding 1880 until 1885, Avhen the

first results of artificial propagation became observable, the supply

of these fish had decreased to such an extent that it was feared they

would be exhausted for commercial purposes. In 1888 tbe catch had

increased to 35,736,585 pounds, and iu 1896, the last year for which
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there are accurate data, the catch was 50,866,308 pounds, or, in round
numbers, 13,QpO,000 fish as against a little over 5,000,000 in 1880, an
increase of over 150 per cent. The value of the shad fishery to the

fisheruieu in 1880 was $905,790; in 1896 it amounted to $1,656,711.

The Commission expended during the fiscal year 1896-97, $15,726.36,

and in the following year $16,356.99 in tlie propagation and distribution

of this species. At an average annual expenditure of $15,000 per annum
since 1880, the total expended in the propagation of this species during

sixteen years would amount to $240,000. As a consequence of the

greater abundance of the fish the cost has been materially lessened,

but even at the price actually received the increased 33,000,000 pounds
was worth $1,049,000, or $809,000 more than has been expended by the

Commission on the propagation of this species, exclusive of the cost of

the stations, in sixteen years.

Table showing the number offish andegijs furnished for distributinn by the various stations.

Source of supply.
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Number offish and e()(js furnished for distribution by the various stations—Continued.

Source of supply.
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The cars of tbe Commission traveled 98,964 miles and detached mes-
sengers 121,160 miles while distributing fishes during the year Tlie
Commission was again the recipient of material assistance from many
railroads, as shown by the following list of roads giving free transpor-
tation, without which the work would have been much curtailed-

Name of railroad.

Atchison, Topeka and Santa Fe Ewv .

Atlantic CoaBt Line.
Austin and Northwestern E. E .

Bangor and Aroostook E. E
Bennington and Eutland Ewy
Boston and Albany E. E . . . .

.

"
" '

Boston and Maine E. E
Burlington, Cedar Eapids and Northern Ewy
Burlington and Missouri Eiver E. E. iu Nebraska.
Carolina and Northwestern Ewv
Central Vermont E. E ....]
Chesapeake and Ohio Ewy
Chicago, Burlington and C^uincy I^.e' ..'.'.

Chicago, Milwaukee and St. Paul Ewy.
Chicago and West Michigan Ewy .

cZfA'iZtan%'^^!y' ^'^'^ StiLouis Ewy:

Delaware and Hudson E. E.
Denver, Leadville and Gunnison Ewy
Denver and Eio Grande E. E
Detroit, Grand Eapids and Western E. e'
Detroit and Mackinac Ewy
Detroit, Toledo and Milwaukee E. E

lEwy.

Duluth and Iron Eange E. E
Dnlutli, South Shore and Atlantic Ewy
Erfe E e"*^^^^®

^"^^ Western North Carolina E.'e!

Flint and iPere Marquette E.E '.'.'.

Fort Worth and Denver City Ewy
Grand Eapids and Indiana Ewy .

.

Grand Trunk Ewy. System....
GreatNorthern Ewy ..
Gulf, Colorado and Santa Fe Ewy.' '.

Houston and Texas Central E. E
Houston, East and West Texas Ewy
Hunter 8 Eun and Slate Belt E.E
Illinois Central E. E
International and Great Northern e! EKansas City, Fort Scott and Memphis R.RKansas City, Pittsburg and Gulf E. E . .

Louisville and Nashville E. E
Maine Central E. E .

Michigan Central E. E ....'

Manistique Ewy
MinneapoHs, St. Paul and Sanlt'sto!Mari
Missouri, Kansas and Texas Ewy
Mobile and Ohio E. E
Montana Union Ewy . .

Montpelier and Wells Eiver E.'e

Sv"l' ^:^attanooga and St. LouVsEwy:::::.""'

S3'"'^T.^?7 ^^^'"'^ '^"'1 Hartford E. EJNorthern Pacific Ewy
Oregon E.E. and Navigation Co...;.
Oregon Short Lino E. E.

.

Pennsylvania E. E
Plant System

Ein'l^.?'^!'
^X?dericksburgand Potomac e'. e'

.'
'.

'.

."

."

'

Kio Grande Western Ewy .

EutlandE.E
Eumford Falls and Eangeky" Lakes' Ewy'ban Antonio and Aransas Pass EwySioux City and Northern E. E
Sfc 1%^' '"'•'• <^"^°*- sy's-tem')-:;:::::::::::

itiStei^^S^-pi^^^^^'----":::::
Texas and Pacific Ewy
Union Pacific, Denver a
Union Pacific System

.

Wabash E.E ......
Wisconsin Central 'e.'e
Woodstock Ewy

Gulf Ewy..

Total of free transportati

Miles.
7, 723

792

26
460

2,330
1,025

2,355
1.306
1,510
1,686
1,833
556
374

'l,'944'

921
1,268
312

1,222

1,919
342

576
586

1,572
1,572
5,409

62
214

""i52'
14

'"362

484
4,540

869
1,862
444

1,086
164

1,240

97

1,126

526
492
154

4,582

901

292

"i,"463

70

3,' 332
5,206

256
122

34
181

1,415
1,544

751
1.748
236
16

1,545
1,640

348

2,325

'"134

794

""802

831
336
744

1,976

167 33, 346
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DIVISION OF INQUIRY RESPECTING FOOD-FISHES.

The most valuable of the fishery resources of the country, the oyster,

has beeu the subject of a number of special investigations. Pursuant

to a request from the legislature, governor, and citizens of Louisiana,

Lieut. Franklin Swift, U. S. N., was directed to proceed with the steamer

Fish Hawh to make a survey of tlie oyster-grounds of that State, in

order to furnish accurate information on which to base a revision of the

oyster laws, with a view to putting the oyster industry on a more sub-

stantial footing. The vessel reached Mississippi Sound on January 31,

and confined her work to the oyster-beds of St. Bernard Parish. While
there was not sufficient time to complete the survey of all the oyster-

grounds of the State, Dr. H. F. Moore, who took part in the investiga-

tion as zoologist, made an examination of them. It was found that the

fishing methods pursued have been very injurious, in some instances

resulting in the practical destruction of the oysters, and that with the

adoption of improved methods and proper restrictions the oyster-plant-

ing industry might be greatly extended. The report of Dr. Moore has

been transmitted to the governor of Louisiana.

The prevalence of green oysters in the Chesapeake region and else-

where having proved very serious, financially, to the oyster-growers,

has received the prompt attention of the Commission. It is the general

opinion among oyster-consumers that green oysters derive their color

from copper, with which they have been contaminated, and are there-

fore unwholesome. This belief results in large losses to oystermen,

who are prevented from marketing the crop when the greenness is

marked. It has been demonstrated repeatedly and announced by the

Commission that the green oysters owe their color to vegetable matter

which serves as food, and that no impairment in the food value of the

oyster results from this condition. The announcement in the press of

the discovery of copper in considerable quantities in English oysters

led the Commission to make a reexamination of the subject with the

result that previous tests were confirmed.

Experiments in fattening oysters for the market have been con-

ducted at Lynnhaven, Va., where the Commission has constructed

special ponds for the purpose.

The desire of the Commission to give the people of the Pacific coast

a plentiful supply of eastern oysters has resulted in the shipment of a

number of carloads to suitable points in California and Oregon, the

plants being guarded by the local authorities during the time required

for their acclimatization and propagation. In order to determine the

condition of the introduced oysters, the Commission detailed Professor

Washburn, of Oregon University, to visit and report on the beds. The
observations, extending over the years 1897 and 1898, show that all the

planted oysters have survived and grown, although there are as yet no

evidences of an increase in numbers.

A canvass of the sponge fisheries of Florida was made in 1896, and

to determine the relative conditions of this industry ai second incpiiry
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was made by Dr. ITaj?li M. Smith in January, 1898. The second inves-

tigation emphasized the necessity of action on the part of the State

to prevent serious injury to tlie fisheries. During the past few years the

aggregate quantity of sponges taken has steadily increased, but the

increase has resulted from more extended fishing as well as from

the taking of sponges of less than the legal size. The present catch

is also made up of comparatively large quantities of inferior varieties,

as is shown by the fact that in 1895 the output of sheepswool sponges,

the best variety and that of most commercial value, comprised 76 per

cent of the total catch, while in 1897 it had fallen to 47 per cent.

Though the sponge-grounds have been seriously affected by excessive

and illegal fishing, they may yet be renewed and become capable of

yielding large returns by the adoption of remedial measures, as sug-

gested in Dr. Smith's report, published in the Bulletin for 1898.

From time to time during recent years reports have been received of

the capture of shad in the tributaries of the Mississippi. Beginning

with the spring of 1890, these fish had been taken each year in some

numbers at various points in the Mississippi, Ohio, and Kanawha
rivers. An opportunity was afforded of examining specimens taken

in May, 1898, and a visit was made by Dr. B. W. Evermann to the

localities where the capture of the fish was reported, and interesting

observations were made. The fish were found to be a species of true

shad, apparently resembling, though not identical with, the shad of

the Atlantic coast rivers and the species of shad found in Alabama.

T'hey are apparently indigenous to the rivers of the Mississippi Yalley,

and not the results of i)lants of shad formerly made in those waters.

During the summer of 1897 the biological surveys in the ISTorthwest,

which have been in progress for several years, were carried on by field

parties, chiefly under the direction of Dr. B. W. Evermann. In con-

tinuation of the studies of the spawning habits of the redfish in the

lakes of the Northwest, a comprehensive investigation was made of

Wallowa Lake in Oregon. An examination was also begun of a series

of isolated lakes lying along the southern border of Oregon, about

whose fauna nothing has been known. A party visited these lakes in

July and August to study their physical and biological features and to

make collections of fishes and other animals inhabiting them. With
the completion of these investigations and a study of the collections

much light will be thrown on the characteristics of the isolated fish

fauna and the origin of the fauna of these and similar lakes of Oregon,

California, and Nevada.

Explorations were made of the principal coastal streams of California,

Washington, and Oregon, and biological examinations carried on to

determine their physical characteristics, the nature of their fish fauna,

and the abundance and habits of the different species of fishes fre-

quenting them.

The studies of the movements, habits, growth, etc., of young shad

in the Potomac, and of young salmon in the Sacramento, have been
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continued and are aifording interesting information which will be of

value in the propagation of these fishes; and investigations in Lake
Superior, which were begun in April, 1897, having for their object the

determining of the food supply of the fishes of that lake, will, when fin-

ished, yield information of value in the planting of fish fry. Large

collections of minute animal life have been made from Lake Superior,

the study of which has not as yet been completed.

On account of the survey of the fur-seal rookeries made by the

United States Coast and Geodetic Survey in the summer of 1897, and the

second visit to the seal islands of the special commissioners who were

appointed the previous year to report on the conditions of seal life, it

was not deemed necessary by the Secretary of the Treasury for this

Commission to send an agent to the islands to make the usual investiga-

tions. Arrangements were made through the courtesy of the special

commissioners to obtain for this ofQce photographs of the rookeries

and the requisite data to continue its series of maps showing the

changes in condition of the fur-seal rookeries from year to year.

The subject of the i^ollution of rivers and streams by mill and factory

refuse, and the discharge of sewage from the towns and cities on their

banks, is receiving much attention from those interested both in main-

taining proper sanitary conditions and in the preservation of fish life.

A memorial prepared by the Game and Fish Protective Association of

the District of Columbia, urging the importance of action in this matter,

was presented to Congress March 17, 1898, and published as Senate

Document 194, Fifty-fifth Congress, second session. At the request of

the chairman of its committee, a letter containing extracts from publi-

cations of this Commission, showing the evil effects produced upon fish

life by the contamination of streams, was submitted by this office to

the association for incorporation in the memorial. As stated in this

letter, "the data are sufficient to clearly establish the point that river

pollution is both directly and indirectly most injurious to fish and

the fisheries by destroying fish and fish eggs, by driving fish away, by
interfering with the fishing apparatus, and by killing or impairing the

supply of minute animals and plants which are the basis of fish life."

Eemedial legislation is greatly to be desired in many localities.

During the summer of 1897 the Woods Hole laboratory was occu-

pied by a small number of investigators, the attendance having been

restricted to representatives of those institutions which had furnished

financial aid in the establishment of the laboratory. The continued

scarcity of mackerel rendered it important to continue the study of

these fislies with a view to the satisfactory solution of the problem of

their artificial propagation on a large scale, and among the inquiries

carried on at Woods Hole was an investigation by Dr. J. Percy Moore

relative to the embryology, natural history, and artificial propagation

of the mackerel. The report of Dr. Moore is published as an appendix

to this report (pages 1-22).

In the spring of 1898 steps were taken to increase the opportunities

for scientific t^tudy at Woods Hole and to keep the laboratory open
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during tlie entire year. Dr. H. C Rumpus, of lirown University, was
appointed director. The laboratory w<is opened on March 14, and by

June 1 accommodations for the summer had been assigned to investi-

gators to the full capacity of the station, and the season's work was in

satisfactory progress.

DIVISION OF STATISTICS AND METHODS OF THE FISHERIES.

The principal work of this division has consisted of canvasses of

the more important fisheries of certain of the New England and Middle

Atlantic States and the Great Lakes, begun in August, 1897, and the

South Atlantic and Uulf States, carried on in the spring of 1898. The

results of the earlier field work were at once published in the form of

bulletins, which were distributed to commercial organizations, boards

of trade, and newspapers, and sent to custom-houses and post-ofiQces,

where they could be posted for the benefit of those interested in the

regions to which reference was made.

At Gloucester and Boston there has been a falling off in the aggre-

gate receipts of fish at the two ports since 1896. During the calendar

year 1897 there were landed from American vessels at both places

126,685,598 pounds, worth to the fishermen $2,878,635. Each port

participated in the decrease, though owing to certain changes in the

conditions affecting the business more fares were landed at Gloucester

than during the preceding year.

The fisheries of Lake Ontario have shown a steady decrease for many
years, and, the yield of the past year does not really represent the

commercial importance of the fisheries. The yield in 1897 was only

920,996 pounds of fish, valued at $31,295, though the canvass shows

more decrease in the quantity and value of the herring taken than

with those species of more importance. A slight increase in whitefish

is shown. The numerous resorts on this lake, frequented by anglers

and pleasure seekers, afford better employment to the fishermen during

the season than fishing for the market. The falling-oft'in the supply of

imi)ortant fishes is due to a variety of causes, the conditions of which

have already been discussed in the publications of this Commission.

The canvass of the South Atlantic States shows an increase as a

whole since 1890 in the product, the amount of capital invested, and

the number of persons employed. The increase was shared in by the

States of North and South Carolina and Georgia, while the fisheries of

the east coast of Florida have somewhat decreased. The total in 1897

was 80,390,465 pounds, with a value of $1,833,155. The increase was

12,674,400 pounds, valued at $252,191. The most important feature

has been the marked improvement in the yield of shad and oysters in

North Carolina and Georgia and of oysters in South Carolina,

On the Gulf coast some 2,200 more persons were employed than in

1890, but there has been a falling-off in the weight of fish taken, in the

value of the product, and the amount of capital invested. This is

undoubtedly due to unusual conditions. There have also been marked

F. R. 98 II
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chauges iu the relative values of the yield iu different States. The
total products amounted to 65,300,623 pounds, valued at $2,271,726 to

the fishermen. The oyster fishery, valued at $748,760, was the most
important, followed by the sponge fishery, valued at $355,589.

A market is developing in the Southern States wCvSt of the Mississippi

River for the fishery products from southern California. Considerable

shipments, consisting chiefly of barracuda, bonito, mackerel, sea bass,

and spiny lobsters, have been made and have brought remunerative

prices. Though the industry is yet in its infancy, it would appear that

a new and increasing market will be found for California fresh fish and
spiny lobsters.

Attention is called in the report of the division (page CLXv) to the

fishery resources of the Yukon River, in Alaska, which thus far have

only been utilized by the Indians for their own needs. The present

information is fragmentary and inconclusive, but there is reason to

believe that the abundance of salmon, whitefish, and other valuable

species in this river will afford a food supi)ly to the miners and traders

located along its banks, and possibly become a factor in the fisheries

of the country at large.

Appended to the report of the division are statistical tables relating

to the fisheries of the Gulf States, the South Atlantic States, Boston

and Gloucester, Mass., San Diego, Cal., and Lake Ontario, and tables

showing the yield and value of certain fisheries of New England, the

INVESTIGATIONS OF THE ALBATROSS.

At the beginning of the fiscal year the steamer Albatross, under

command of Lieut. Commander Jeff. F. Moser, U. S. N., was engaged
in an investigation of the fishery resources of Alaska, and this inquiry

was continued until the stormy weather of fall compelled the return of

the vessel to more southern latitudes.

Especial attention was given to the salmon fishery, and the report

of Cai)tain Moser, to be published in the Bulletin of this Commission

for 1898, gives a full account of the expedition, and is an important

contribution to this subject, supplying much-needed and detailed

information.

Many of the waters visited had not been completely surveyed, and

in consequence existing charts were found to be defective. In addition

to the inquiries pertaining to the investigation much hydrographic

work was done by Captain Moser, his notes of which, with accompany-

ing chart corrections, have been forwarded to the Coast and Geodetic

Survey.

The investigation embraced the physical characteristics of streams

and their productive capacity, the species of salmon frequenting them,

together with observations on the habits, sizes, and abundance of these

fishes, and a comparison of their past and present abundance; the

extent and nietliods of fishing operations and their effect on the supply
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of fisli; detailed statistics of the caimeries aud salteiies, besides a gen-

eral study of the subject.

All of the canneries in operation in Alaska outside of Bering Sea were

visited, and as many streams explored as time would permit. Owing
to the great extent of the Alaskan coast line and the character and num-
ber of its streams, it was impossible to visit them all in a single season,

and no attempt was made to explore any except where redfish are

found, as this species is of the most commercial importance. It had
been intended to continue the investigation during the following year

and carry it on until complete data are available regarding all the

waters of the Territory, whether they are now iished or not, but further

inquiries have been unavoidably postponed till another season, as, owing

to the outbreak of the war with Spain, the Albatross was, on April 13,

1898, detailed by the President to the Navy Department for use as an
auxiliary cruiser.

The examinations of streams were made with care, not only to deter-

mine what species of fish Irequented them and to obtain complete

records of them as salmon-producers, but also to discover what injury

had been caused by the erection of traps and barricades, overfishing,

etc. The explorations were often carried on with difliculty, owing to

natural obstacles, and reliable information was difficult to obtain. At
the Indian villages the reports were vague and confusing, aud the whites

were found to know but little of the streams, save where they themselves

fish, and even these they but rarely trace to their sources to examine
the spawning-grounds; moreover, large areas of the Territory are unin-

habited except during the fishing season.

The most important species of salmon packed in Alaska is the red-

fish {Oncorliynclms nerl-a), known in other localities as the blueback,

sockeye, and by various other names. The other species form but a

small percentage of the output, and of these the more important are

the humpback
(
0. gorbuscha) and coho

(
0. Jcisutch). The king salmon

(
0.

tschau-yfscha), the well-known and valuable quinnat or chinook salmon
of the Pacific States, is only found in small numbers, and in 1897 formed
but little over 2 per cent of the total pack. In 1897, 688,581 cases of

redfish and 157,711 cases of humpbacks were i:)acked, 75.74 and 17.35

per cent, respectively, while the remainder of the production was made
up of king salmon, cohoes, and dog salmon. The redfish is noted for

its deep red color, and is preferred for canning for that reason, although

other species, as the humpback and coho, might "prove practically as

good. The coho is more delicately flavored, has richer meat, aud but
for the popular prejudice in favor of the red flesh, should rank next to

the king salmon in value.

The dates when the salmon arrive in sufficient quantities to be taken
for commercial purposes vary largely in streams in the same neighbor-

hood, the larger rivers and the streams nearer the sea usually receiving

the first fish. As a rule the ''run" from the sea to the rivers and
streams for the purpose of spawning occupies practically the entire
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season of opeu water, the different species following each other in

somewhat regular sequence, so that the canueries are able to operate

advantageously throughout the summer months and into the early fall.

King salmon are taken as soon as the ice disappears in the spring, as

early as May G at the Copi^er River, but the canneries usually begin

to operate in June, as the run of redtish begius during that month.

Except at Karluk, where the runs frequently extend to the first of

October, caunerymen count on the supply of redflsh lasting about six

weeks, and the pack of this species is completed early in August.

There is also considerable variation in the runs of cohoes, which follow

the redflsh, but wbich are taken in quantities from the flrst week in

August until the canneries close, about September 20, though in one or

two instances canneries commence packing cohoes as early as July.

Humpbacks are said to be in condition for packing only about one

month ; the bulk of this species is packed in southeast Alaska, from the

middle of July to the middle of August.

The fishing is carried on in the main by fishermen in the employ of

the canneries, except in southeast Alaska, where, though the canneries

have their own fishermen, a large part of the supply of fish is purchased

from native or white fishermen. This supply is obtained under various

arrangements, and frequently certain fishing rights are recognized by

the canneries. These so-called rights have their foundation in prior

discovery or—especially with the Indians—in continuous residence on

or near the stream in question. The fisheries frequently give rise to

disputes between the rival claimants to the different streams.

The streams of Alaska show the results of the enormous drains made
on them by continuous fishing, and though it can not be asserted that

the supply of salmon will fail entirely within a few years, there is no

doubt that the streams are slowly becoming depleted. Canneries have

increased in numbers, many of them have been enlarged, and the

production of canned salmon is steadily increasing, but fewer salmon

are caught now than formerly in the streams which have long been

fished, notwithstanding the use of improved gear and appliances.

Taking, for instance, a section of southeast Alaska, where, in 1880, four

canneries produced 13,000 cases, and in 1897 jiroduced double that

pack—in 1889 the fish were nearly all redflsh and taken from streams

near the canneries, while in 1897 few redflsh were taken, the pack being

mainly composed of humpbacks; and yet, to obtain the supply, all the

streams within 70 or '80 miles of the canneries had been flshed with all

the gear that could be used. Again, at another locality, where, from

1890 to 1890, an average of 61,400 cases annually were packed Nvith flsh

taken from one stream by one establishment, in 18i»() three canneries,

patting forth great efforts to secure a large output, only packed Or),000

cases, and in 1897, with redoubled energy, 74,159 cases. Many such

instances could be pointed out, but these will serve as illustrations of

how the streams are being gradually depleted by the barricading of

streams and overfishing—in other words, illegal fishing.
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As the investigation progressed it was surprising to discover the

number of streams which were, or had been barricaded, notwithstand-

ing the strict laws prohibiting such obstructions. These conditions

were more observable in southeast Alaska and Prince William Sound,

as the streams there are small, easily closed, and numerous. The

extensive and indiscriminate use of barricades is fatal to the natural

maintenance of the salmon by preventing their ascent to the spawning-

grounds. At the approach of the spawning period the salmon come to

the rivers and streams, gathering in schools which grow larger and

larger as the season advances, and after they have accustomed them-

selves to the brackish water at the mouths of the streams they are

ready to ascend to the spawning-beds. If their progress is obstructed

they remain in the bay or inlet about the approaches to the stream,

endeavoring to pass the barricade, and thus are practically corralled

and easily taken in great numbers at small expense.

It is maintained by the cannerymen that salmon held in brackish

waters ripen less rapidly, and consequently by the operation of barri-

cades they can be obtained in suitable condition for canning much
later in the season.

The laws and regulations pertaining to the Alaska salmon fisheries

are not very generally observed and do not prevent the illegal capture

of fish. While in a minor degree the law may be defective, and owing

to the varying conditions found in the vast extent of territory involved

may need amending, still it is good as it stands and for the present

only needs enforcement, and there is no doubt the proprietors of the

canneries would be glad to see it enforced if it is done impartially.

Without considering the large amount of money invested in the can-

neries with their elaborate and expensive equipment, the output is

worth in round numbers $3,000,000 a year, and unless effective steps

are taken to prevent the indiscriminate and wasteful taking of salmon,

it will be only a question of time before the cannery interests will suffer

severely, and through causes for which they are in part responsible.

The canning industry in Alaska began in 1878, when two small estab-

lishments were operated at Klawak and Old Sitka, but its development

really commenced in 1888, when there were 17 canneries in operation.

The unusually large pack of that year attracted general attention to

the business, and in consequence many new plants were erected. This

resulted in an output in excess of the demand, which caused the aban-

donment of some of the enterprises, and also led to a consolidation of

many of them into an association known as the Alaska Packers' Asso-

ciation. Of the 29 canneries of Alaska in operation in 1897, 17 belonged

to this association, with an output of 609,494 cases, or nearly 74 per

cent of the total pack.

Of the pack in 1897, southeast Alaska contributed 29.9 per centj the

Prince William Sound and Copper Eiver region 6,6 per centj the Cook
Inlet region 6.5 per cent; the Kadiak and Chignik region 43.8 per cent,

and the Bering Sea region 19.9 per cent.
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The following statement of the salmon pack of Alaska for 1897, shows

thedaily capacity of the different canneries, the nnmber of cases packed,

and the average number of fish contained in each case:

Name of company aud location
of cannery.

Boca deQuadra Packing Co
Quadra

Metlakahtla Industrial Co., Metla- i

kalitla, Annette Island '

Pacific Steam Whaling Co., Hunter
Bay, Prince of Wales Island

Alaska Salmon Packing and Fur
Co., Loring, Naba Bay

Boston Fisliing and Trading Co.,

Yes or McDonald Bay
Glacier Packing Co., Point High-

fleld, AVrangell Island
North Pacific Trading and Pack-
ing Co., Klawak, Prince of Wales
Island

Baranoff Packing Co., Kedfish Bay,
Baranoif Island

Pyramid HarborPacking Co., Pyra-
mid Harbor, Chilkat Inlet

PeninsulaTradingandFishingCo.,
. Coquenhena, Copper RiverDelta
Pacific Packing Co., Odiak, Prince
William Sound

Pacific Steam Whaling Co., Orca,
Prince William Sound

Arctic Fishing Co., Kussilof Kiver,
Cook Inlet

Hume-Aleutian Packing Co., Kar-
luk, Kadiak Island

Karluk Packing Co., Karluk, Ka-
diak Island

Alaska Improvement Co., Karluk,
Kadiak Island

Arctic Packing Co., Alitak Bay,
Kadiak Island

Pacific Steam Whaling Co., Uyak
Anchorage, Kadiak Island

Hume Brothers & Hume, Uyak
Anchorage, Kadiak Island

TJganuk Fishing Station, Uganuk
Bay, Kadiak Island

Chiguik Bay Co., Chignik Lagoon,
Chignik Bay

Hume Brothers & Hume, Anchor-
age Bay, Chignik Bay

'acific Steam Whaliug'Co., Anchor-Pacific Steam
age Bay, Chignik Bay

Arctic Packing Co., Nusbagak
River, Bering Sea

Alaska Packing Co., Nushagak
River, Bering Sea

Bristol Bay CanningCo., Nushagak
River, Bering Sea

Point Roberts Packing Co.,Kvichak
River, Bering Sea

Arctic Packing Co., Naknek River,
Bering Sea

NaknekPacking Co.,Naknek River,
Bering Sea

Bering bea Packing Co., Ugashik
River, Bering Sea

Ugashik Fishing Station, Ugashik
River, Bering Sea

Totals

.

1,500

500

500

1,600

800

1, 500

1,500

1,500

2,600

2,600

1,500

1,500

1,400

2,600

800

800

2,000

2,000

2,000

2,000

1,800

1,500

1,200

1,800

"S

7,500

7,090

13, 162

10, 470

6,754

7,428

9,520

4,058

31, 241

13, 315

21, 927

24, 701

49, 633

54, 777

49, 852

37, 401

17, 000

13, 375

2,113

36, 834

12, 000

23, 500

55, 382

34, 496

18, 000

13

11.5

9

9.5

13

11

10.3

12.7

9.5

14.1

11.9

11.9

11.9

13.7

12

12.7

10

12.4

12

12

=1

3,000

840

5,300

2,306

1,644

8,620

1,995

1,576

1,488

3,414

2,313

8 to 9

5

7.5

7.5

12.1

Humpbacks.

14, 000

7,260

15, 926

49, 264

12, 806

28, 624

4,190

King and dog.

9,784

3,415

43, 557

24.5

18.7

11

619,229

'4,727 3.1

' Mixed. '' Dog salmon. ' King. •> Humpbacks and dog salmon. '• Includes dog salmon.

Considerable quantities of salmon are taken which for various reasons

can not be utilized in canning, and are therefore salted. The output
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of the salteries of Alaska for 1897 may be given as 10,058 barrels of

redflsh, 600 barrels of colioes, 292 barrels of king salmon, 5,091 lialf

barrels of humpback bellies, and 575 half barrels of miscellaneous.

The general importance of the salmou resources of Alaska may be

seen from the following summary of the pack of canned salmon, classi-

fied by districts, from 1878—the year in which the business began—to

1897. From the very small initial pack of 8,159 cases the output has

grown in less than twenty years to nearly 1,000,000 cases, the pack in

189C being 906,000 cases and that in 1897 909,000 cases. In the regions

of Cook Inlet, Prince William Sound, and Copper River salmon fishing

is as yet comparatively light, but in southeastern Alaska, in Bering-

Sea, and at Kadiak and Chignik it is very extensive and tends to

increase each year. The quantity of fresh salmon represented by the

pack of 1897 was about 00,000,000 pounds, and the weight of the fish

as canned was nearly 44,000,000 pounds.

The total j)ack of canned salmon in the twenty years indicated is

seen to have been 7,508,358 cases of 48 one-pound cans. This quantity,

with the 145,000 barrels of salmon which have been salted in the same

period, represents over 600,000,000 pounds of fresh salmon taken from

the waters of Alaska. The market value of the canned and salted

product was a little over $32,000,000.

Summary, by districts, of the cases of salmon canned in Alaska from 1S7S to 1897.

Tear.
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a fishing vessel might fill up, no great banks are known which can be

relied, on to supply a considerable market. South of Dixon Entrance,

in the waters of British Columbia, halibut are found in large numbers
throughout the winter, and in the spring are found in limited numbers
in the waters of southeast Alaska.

THE STEAMER FISH HAWK.

The constant service of this vessel since she was last thoroughly

overhauled in 1890 had necessitated extensive repairs, besides new
boilers to supply the place of those which had been in use since 1887.

Accordingly, on the completion of the mackerel work in July, 1897, the

vessel was dismantled and sent to East Boston to receive a new main

and auxiliary boiler. A new propeller, propeller shaft, and evaporator

were added, and such other general repairs made to the machinery and

joiner work as were essential to render the vessel perfectly seaworthy

and serviceable. The hatching outfit also was renewed and the deck

rearranged to permit an increase of the hatching capacity of about

50 per cent. Not only has the efficiency of the ship been greatly im-

proved by these alterations and repairs, but she can now maintain an

increased average speed at a considerable saving of coal and of wear

on the machinery.

During the winter of 1897-98 the Fish HaivJc was in attendance on

the Fisheries Congress at Tampa, Fla., and afterwards engaged in a

survey of the oyster-grounds in Louisiana, already referred to. At the

conclusion of this duty, at the request of the United States Coast and

Geodetic Survey, a hydrographic survey of Grand Bay, Alabama, was
made in the latter part of February, 1898

5 and in March an investiga-

tion was conducted with reference to establishing a shad-hatchery on

the Edisto Eiver, South Carolina, but the conditions were found to be

unfavorable.

When the shad season opened the usual fish-cultural work was taken

up in North Carolina waters and in the Delaware Eiver and carried on
till May 4, 1898, when the vessel was, by order of the President, turned

over to the Navy Department for service with the mosquito fleet during

the war with Spain, her commander, Lieut. Franklin Swift, U. S. N.,

remaining with her. Lieutenant Swift had been in command of the

Fish Hawli since June 27, 1895, and his services have been of great

value to this Commission.
EXPOSITIONS.

The Tennessee Centennial Exposition, at Nashville, which was in

progress at the close of the last fiscal year, came to an end October 31,

1897. The exhibit of the Commission, showing the workings of its

various branches as described in the last annual report, attracted great

attention from visitors, the specially interesting feature, as in other

exhibits of the Commission, being the live fish displayed in the aqua-

rium and the practical illustration of fish-culture, which was shown by
the hatching of the eggs and the care of the fry of various species.

There were hatched at dilferent times during the season 3,500,000 shad
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eggs; 10,000 trout eggs, and 20,000 eggs of the quiuuat salmon. The
resultant fry, after being placed on exhibition, were planted in suitable

waters in Tennessee.

An act of Congress approved June 10, 189G, provided for the partici-

pation of the Executive Departments of the Government, the Smithsonian

Institution, the United States Fish Commission, and the National

Museum in the Trans-Mississippi and International Exposition to be

held in Omaha, ^ebr., from June 1 to November 1, 1898. Mr. W. de C.

Eavenel, already in charge of the exhibit at Nashville, was appointed,

on July 27, 1897, the representative of the Fish Commission on the

Government board for the Omaha Exposition, and at the close of the

exposition at Nashville arrangements were made to ship much of the

material there collected to Omaha, and the other work of preparation

for the latter exposition was promptly begun. The Omaha exposition

is now in progress, and the exhibit of the Fish Commission, as on former

occasions of this nature, is designed to show the character of the work

of its branches, the methods pursued, and the results obtained.

By a joint resolution approved February 17, 1898, an invitation of

the Government of Norway to take part in an international fisheries

exposition, to be held at the city of Bergen, Norway, from May 10 to

September 30, 1898, was accepted by this Government. The Commis-

sioner of Fish and Fisheries was directed, in person, or by a deputy to

be appointed by the President, to cause a suitable and proper exhibi-

tion and display to be made at this exposition of the food- fishes of the

United States, and the methods of catching, salting, curing, and pre-

serving them, and of the appliances used in carrying on the fishery

industries of the United States. He was further authorized to use,

with the consent of the Secretary of the Smithsonian Institution, any

portion of the fisheries collection in the National Museum. In accord-

ance with this resolution Capt. J, W. Collins, of Massachusetts, was

designated to represent the United States at the exposition, and was

duly appointed by the President on March 1, 1898. The work of col-

lecting the necessary material for the exhibit was promptly begun, and

on April 20 Captain Collins sailed for Norway. The scope of the expo-

sition is designed to be very extensive in its illustration of the fishery

industries, and, in accordance with law, at its close a full report will be

submitted of the participation of the United States and of all informa-

tion and results acquired by means of the exposition touching the

fishery industries throughout the world.

FISHERIES CONGRESS.

On the invitation of the governor of Florida this Commission partici-

pated in the National Fisheries Congress, which convened in Tampa,
Fla., to consider the propagation and protection of fish in the waters

of the United States, and devise means and methods of protection for

valuable food-fishes. The governors of the various States were requested

to send delegates, and the convention, which was in session from Jan-

uary 19 to 24, was attended by many persons interested in the fisheries,
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iu fish-cultural work, and iu scieutific research. A number of papers

on timely subjects were read and discussed, and it is believed that the

personal meeting and interchange of views of those present will be of

value to the fishery interests. This Commission was represented by
Dr. Hugh M. Smith, Mr. W. de C. Kavenel, Mr. C. H. Townsend, Mr.

H. F. Moore, and Lieut. Franklin Swift, of the steamer Fish Haulc.

As the Fish Hawk was on duty in neighboring waters she was directed

to remain iu Tampa Bay during the sessions of the congress and was
visited by many of the delegates; the vessel was equipped with hatch-

ing apparatus and aquaria, in which some of the native fish and crus-

taceans of the region were showu, and an exhibition of the methods of

deep-sea dredging was given in Tampa Bay. The Commission further

participated by exhibiting collections of oysters, ornamental corals,

and other products of American waters, and one of its fish transporta-

tion cars was also present. The proceedings of the congress and the

papers there presented, coveriug a wide range of subjects, were pub-

lished in the Bulletin for 1897 and also issued as a special document.

During March, 1898, an exhibition, given under the auspices of the

New Eugland Sportsmen's Association, was held in Boston, Mass., and
at the request of citizens interested in the fisheries and in game, such

assistance as was practicable in making the exhibit interesting and
instructive was rendered by the Commission.

NEW STATIONS.

A final examination of the site selected for a fish-cultural station at

Spearfish, S. Dak., was made during the summer of 1897, and as it was
found that an ample supply of water would be available at all seasons

the site described in the last annual report was decided on. The pur-

chase of the land was consummated June 30, 1898, and the construction

of the station will be prosecuted during the coming year.

During the summer and fall there was an investigation of the various

localities in New Hampshire suggested as suitable for a fish hatchery,

and a selection was made of land near the Nashua Eiver, about 1|

miles west of the city of Nashua. This site possesses in a greater

degree than any others examined in the State the requisites for a fish-

hatchery. An ami)le supply of water is obtainable from springs and
artesian wells, and the topography of the land is such that it can be

carried by gravity to the i^oints where it will be used. The property is

well suited for a favorable arrangement of buildings and ponds, and its

proximity to a city of considerable size, with railroad facilities and a

market for supplies, is of great advantage. The property was purchased

March 28, 1898, and on May 12, 1898, the work of construction was begun.

At the new station at Erwin in Tennessee, the work has been con-

tinued, and a hatchery building, cottage for the superintendent, and
other buildings have been completed. Ponds have been excavated, the

wat('r-sui)])ly lines and drains built, and necessary roads laid out. In

November, although the work of construction was not comi^lete, two
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large ponds and six rearing-pouds w^ere ready and the fish-cultnral

operations had begnn.

On December 20, 1897, an act passed by the Virginia legislature was
approved authorizing the transfer of the station at Wytheville from

the State of Virginia to the United States. In accordance with an act of

Congress approved June 8, 1896, the purchase was made March 5, 1898,

and the preparation of plans for permanent improvements was begun.

New buildings will be erected, the pond system enlarged, the water

supply increased, and the efficiency of the station generally improved.

An item in the deficiency bill approved July 19, 1897, called for an
investigation in the State of Georgia to select a suitable location for a

fish-cultural station. A preliminary examination was made in the

summer and fall of 1896 in the vicinity of Macon, as well as in other

parts of the State. A number of localities were visited by agents of

the Commission and a report was made to Congress January 5, 1898,

showing that of all the sites examined. Cold Springs, near Bullochville,

Meriwether County, is best adapted for the purpose required, having

an abundant supply of clear, cold water, good railroad facilities, and
land easily available for necessary constructions. Furthermore, the

owner of the property is willing to donate the land to the Government
for a fish-cultural station, as required by the act authorizing the survey.

On account of the importance of the blueback or sockeye salmon

{Oncorhynchus nerka) in the Puget Sound region, the Commission has

had under advisement the establishment of a hatchery for the propa-

gation of that species at some point on the northwest coast. As exten-

sive spawning-grounds of the blueback were known to exist at Baker
Lake, Oregon, and as a hatchery had been successfully operated there

by the State of Washington, a preliminary examination of the lake

was made. It was found that an ample supply of eggs of the sockeye

could be obtained and that the natural conditions of the locality were

favorable.

At the request of citizens interested, an examination was made of the

streams in the vicinity of Arkadelphia and Hot Springs, Ark., to

determine on the advisability of establishing a hatchery, but no suit-

able location was found.

MISCELLANEOUS.

The new constructions and surveys mentioned above have been under
the direction of the architect and engineer, Mr. H. von Bayer, who has

continued the supervision of the repairs and alteiations at the stations

necessary to maintain their efficiency. Besides the routine work of

this office, various charts, maps, and plans, to illustrate the reports of

the Commission have been prepared there.

As there have been laws passed in many States requiring the erection

of fishways wherever a dam is constructed, this office has been fre-

quently called upon for advice, and plans and descriptions of fishways

have been asked for. In order to be prepared to readily answer those



XXVIII REPORT OF COMMISSIONER OF FISH AND FISHERIES.

questions in future, Mr. von Bayer was directed to prepare a set of

plans which combine the most important principles of fishways, and

which can be easily adapted to the various constructions of dams.

These plans, with directions for practical use, are completed and are

ready for distribution to any State officer or other responsible person.

A copy of this plan on a small scale is shown on plate iii.

In addition to the regular duties of the naval engineer, he has pre-

pared plans for new boilers for the steamer Albatross, and for the

electrical and refrigerating apparatus at the Omaha Exhibition. Past

Assistant Engineer C. W. Dyson, U. S. N., who has efficiently filled this

position since October 21, 1895, was detached for regular naval duty

April 26, 1898.

The distributing cars Nos. 1 and 3, having been in almost constant

use fifteen years, showed the effects of continued service, and $10,000

having been appropriated, they were rebuilt and i)laced in thorough

repair during the fall of 1898. They were supplied with modern equip-

ment, and modifications suggested by experience were made in their

arrangement and appliances, increasing their capacity and enhancing

their strength and usefulness.

On account of the growth of the business of the Commission on the

Pacific Coast and the consequent continued presence there of field

agents and other employees, it became advisable to provide suitable

office accommodations, as well as storage room for the material, which,

in the form of collections, equipment, etc., had accumulated in consid-

erable quantities. As no quarters were available in the Government
Building in San Francisco, a room in the Academy of Sciences Building

in that city was engaged at nominal cost, and has been of value in the

convenient and i>rompt transaction of business in the West, especially

in the preparation and distribution of reports relating particularly to

the Pacific States.

During the year the bound reports, with appendices, for the fiscal

years 1896 and 1897 and the following pamphlets were issued

:

Report of the Commissioner for the fiscal year ending June 30, 1897, by John J.

Brice. (Report for 1897, pp. i-clxxi.)
A manual of fish-culture, based on the methods of the United States Commission of

Fish and Fisheries, with chapters on the cultivation of oysters and Irogs, pre-
pared under the direction of John J. Brice, Commissioner. (Report for 1897,

pp. 1-340.)

Artificial propagation of the Atlantic salmon, rainbow trout, and brook trout.
(Report for 1897, pp. 27-101.)

Artificial ^iropagation of the black bass, crappies, and rock bass. (Report for 1897,

pp. 159-177.)
Notes on the edible frogs of the United States and their artificial propagation, by

F. M. Chamberlain. (Report for 1897, pp. 249-261.)
Oysters and methods of oyster-culture, with notes on clam-culture, by H. F. Moore.

(Report for 1897, pp. 263-340.)
The fishes of the Klamath River Basin, by C. H. Gilbert. (Bulletin 1897, pp. 1-13.)

A re])ort upou salmon investigations in the Columbia River Basin and elsewhere on
the Pacific coast in 1896, by Barton W. Evermann and Seth Eugene Meek.
(Bulletin 1897, pp. 15-84.)

The fishes found in the vicinity of Woods Hole, by Hugh M. Smith. (Bulletin
1897, pp. 85-111.)

Publicntious of the United States Commission of Fish and Fisheries available for
distribution on June 30, 1897. "(Report for 1896, pp. 343-356.)
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Report of observations made on board the United States Fish Commission steamer

Albatross during the year ending June 30, 1896. (Report for 1896, pp. 357-386.)

Observations upon the herring and herring lisheries of the Northeast coast, with
8i)0cial reference to the vicinity of Passamaquoddy Bay, by H.F.Moore, Ph. D.

(Report for 1896, pp. 387-442.)

The salmon fishery of Penobscot Bay and River in 1895 and 1896, by Hugh M. Smith.

(Bulletin 1897, pp. 113-124.)

Descriptions of new or little-known genera and species of fishes from the United
States, by Barton W. Evermann and William C. Kendall. (Bulletin 1897, pp.
125-133.)

Notes on the halibut fishery of the Northwest coast in 1896, by A. B. Alexander.
(Bulletin 1897, pp. 141-144.)

The herring industry of the Passamaquoddy region, Maine, by Ansley Hall. (Report
for 1896, pp. 443-487.)

Statistics of the fisheries of the interior waters of the United States, by Hugh M.
Smith. (Report for 1896, pp. 489-574.

)

Notes on the fisheries of the Pacific coast in 1895, by William A.Wilcox. (Report
for 1896, pp. 575-659.)

There have been distributed 4,460 bound and 12,420 pamphlet copies

of the publications of this Commission.

The Museum of Comparative Zoology has continued the publication

of the series of papers based on the material collected during the inves-

tigations of the United States Fish Commission steamer Albatross, in

1891, and during the year has issued the following

:

Memoirs, vol. xxiii. No. 1—xxi. Die Medusen ; by Otto Maas,
Bulletin, vol. xxxi, No. 5—xxii, The Isopoda; by H. J. Hansen.
Bulletin, vol. xxxii, No. 5—xxiii. Preliminary report on the Echini, by Alex-
ander Agassiz.

Appropriations were made by Congress for the operations of the

Comujission for the fiscal year ending June 30, 1898, as follows

:

Salaries $195,620.00
Miscellaneous expenses

:

Administration 9, 000. 00
Propagation of food-fishes 132, 500. 00
Maintenance of vessels - 30, 500. 00
Inquirv respecting food-fishes 10, 800. 00
Statistical inquiry 5, 000. 00

For new boilers and general repairs to the steamer Fish Hawk _ 29, 640. 00
For rebuilding steam launch in use on Potomac River _ 2, 000. 00
For purchase of steamer Senator for station at Green Lake, Me 1, 500. 00
For purchase of steam launch for steamer Albatross _ 4,000. 00
For rebuilding fish-transportation cars _ 10, 000. 00
For establishment offish-cultural station in New Hampshire 15, 000. 00
For establishment of fish-cultural station at Battle Creek, Cal 3, 500. 00
For construction of dwelling-house at the station at St. Johnsbury, Vt. 3, 500. 00
For additional water supply at the station at St. .lohnsbury, Vt 3, 000. 00
For completion of stations now uuder construction at

—

San Marcos, Tex 1, 800. 00
Manchester, Iowa 4, 216. 50

For investigation and selection of site for a fish-cultural station in

Georgia : 500. 00

A report showing in detail the expenditure of these appropriations

will be made to Congress in accordance with law.

Geo. M. Bowers,
U. S. Commissioner of Fish and Fisheries.
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REPORT ON THE PROPAGATION AND DISTRIBUTION OF

FOOD-FISHES.

By W. i)K C. Ravenel, Assistant in Charge.

INTRODUCTION.

The operations of the Division of Fish-culture during the fiscal year

were more extensive and important than ever before. The number of

eggs, fry, and adult fish distributed was 857,509,546, the majority of

which represent the important commercial species, such as the cod,

shad, whitefish, quiunat salmon, lake trout, herring, pike perch, and
lobsters.

Following tbe general lines adopted the previous year, the propaga-

tion of the quinnat salmon, the most important of the Pacific coast

fishes, was conducted not only at Battle Creek and Baird, in the Sacra-

mento River Valley, and on the Clackamas, Salmon, and Little White
Salmon rivers, tributaries of the Columbia, but a temporary station

was established and operated on the Eogue River and the hatchery on

the Siuslaw River was reopened. Arrangements were also perfected to

collect salmon eggs at the headwaters of the Clackamas River, wliere

the spawning-beds of the early run of fish entering that stream in April

and May are found. The results at the Battle Creek and Little White
Salmon stations were even better than had been anticipated, over

62,000,000 eggs being taken at the two points. The fish resulting from

the collections made at all of the stations were liberated in streams on

the Pacific coast, with the exception of 6,000,000, which were trans-

ferred to eastern stations to continue the experiment of acclimatizing

the quinnat salmon in the coastal streams of the Atlantic Ocean.

Encouraged by reports of the capture of steelhead trout in tributa-

ries of the Great Lakes, as a result of plants made by this Commission
two years ago, 750,000 eggs of this species were sent to stations on the

lakes and in New England for deposit in suitable waters.

Some experimental work was undertaken at Put-in Bay in penning

and holding adult whitefish until ready to deposit their eggs, with

the view to increasing the collections on Lake Erie, so as to supply the

hatcheries at Duluth, Alpena, and Cape Vincent. The results, though
not large, show that by similar methods good returns may be expected,

and under favorable conditions the number of eggs collected in the

future will be limited only by the number of whitefish taken during

the fall months, whereas, under the present system, a storm occurring

during the short spawning season reduces the collections from 30 to 50
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l)er cent. The expansion of this work on Lake Erie is essential if the

hatcheries on the Upper Lakes are to be kept open, as the collection of

eggs on Lakes Huron and Michigan is now impracticable on account

of the recent act passed by the Michigan legislature forbidding the

capture of whitefish from November 1 to December 15, which covers

almost the entire spawning period of that species. For the reason

stated above, the whitefish and lake-herring work was confined to Put-in

Bay Station.

The collection of lake-trout eggs at Duluth and Northville was
larger than usual, notwithstanding the fact that the passage of the

act referred to above prevented the collection of eggs at many of the

most important fishing points on Lake Michigan. The field of operations

was extended into Georgian Bay, where large numbers of eggs were

secured, and to the eastern end of Lake Superior, where the fishermen

had heretofore furnished eggs to the Michigan Fish Commission.

The resumption of pike-perch work on Lake Erie, after a lapse of two

years, resulted in the collection of 221,000,000 eggs and the liberation

of 81,153,000 fry in the waters of Lakes Erie and Ontario.

The propagation of marine species was commenced early in the fall

at Woods Hole and Gloucester, Mass., on the plan heretofore followed,

except that an additional field station for the collection of cod eggs

was established at Plymouth, Mass., and the number of brood-fish held

at Woods Hole Station was materially reduced. The results attained

by these changes were exceedingly satisfactory, over 300,000,000 eggs

being handled at the two stations, which resulted in the liberation of

203,000,000 fry on the spawning-grounds along the New England coast.

Considerable attention was also paid to the propagation of flatfish

during the months of February and March, but, owing to presence of

ice until after the spawning season was partially over in Waquoit Bay,

the number of eggs collected was not so large as had been anticipated.

Notwithstanding the decline in the lobster fishery and other unfavor-

able conditions, over 00,000,000 eggs were taken on the coasts of Maine
and Massachusetts north of Cape Cod. South of the cape and along

the coasts of Connecticut and Rhode Island, however, the results were

unsatisfactory, due not only to a decided decrease in the fishery, but to

the fact that little or no fishing was being done in the vicinity of Woods
Hole Station, where large numbers of eggs are ordinarily collected.

This was partly attributed to the passage of a law by the State of Mas-

sachusetts forbidding pound or trap-net fishing in Buzzards Bay, from

which source all of the bait used by tlie lobster fishermen had been

derived.

The shad work was the largest ever accomplished by the Commission,

more than 300,000,000 eggs being taken on the Susquehanna, Delaware,

and Potomac rivers and Albemarle Sound. The steamer Fish Rawk,
detailed during the winter for shad work in southern waters, was used

as a floating hatcliery at Avoca, N. C, on the Chowan Kiver, at the

head of Albemarle Sound. Previous to commencing this work she
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was employed in making- an investigation of tbe Edisto Eiver, South

Carolina, to determine the advisability of establishing an auxiliary

station for the propagation of shad on that stream, but the information

gained was not favorable.

Operations on the Delaware and Potomac rivers were materially

interfered with by causes pertaining to the war with Spain ; on the

Delaware by the withdrawal of the Fish Hawlc for naval duty at the

very height of the spawning season, and on the Potomac by the estab-

lishment of a blockade at Fort Washington and by the laying of mines

or torpedoes on the spawning-grounds.

In order that the shad work on the Delaware might not be omitted

altogether, arrangements were made with the Pennsylvania Fish Com-

mission for the use of their shad-hatchery at Bristol, which permitted

the hatching and planting of 21,000,000 fry in this stream and its tribu-

taries. At Battery Station, on the Susquehanna, the results were very

satisfactory, over 209,000,000 eggs being secured between April 13 and

June 10, about 100 per cent more than had ever been taken at any of

the stations of the Commission during a single season.

At the trout and bass stations the work was generally satisfactory,

the production of brook trout being much larger than ever before. The

number of bass distributed was small as compared with other fishes,

but it is believed, with the experience gained during the past season,

that the output from the various stations will be largely increased next

season. Considerable attention has also been paid to the propagation

of the crappie, one of the most desirable fishes for stocking the streams

and lakes in the Mississippi and Missouri Eiver valleys, and in the

South and Southwest.

In addition to the fishes heretofore handled, the propagation of the

Montana grayling was taken up at Bozeman Station ; about 3,000,000

eggs were collected at Eed Eock, Montana, at the headwaters of the

Jefferson Eiver. Efforts have been made in i)ast years by the United

States Fish Commission and the various State fish commissions to col-

lect eggs of this valuable game and food fish, but the results heretofore

attained have been very unsatisfactory.

Continuing the experiments of previous years, two consignments of

adult lobsters were sent from Woods Hole to San Francisco during the

mouths of July and December and liberated near the Farallone Islands.

Of these, 229 were females, carrying from 10,000 to 25,000 eggs each, so

that it is estimated that from 3,000,000 to 4,000,000 young lobsters

resulted from this plant, in addition to the adults.

In July a carload of tautog and blue crabs was also sent west for

introduction into the waters of the Pacific, as it was thought they would

not only be well adapted to the waters of the Pacific Coast, but would

prove valuable additions to the fishery resources of that section. The
plants were made near the Farallone Islands during July, and consisted

of 566 fish ranging in length from 4 to 10 inches, and 162 of the common
blue crab of the Atlantic Coast.

F. R. 98 III
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SPECIAL INVESTIGATIONS AND INSPECTION.

During the month of August the assistant in charge inspected the

stations of the Commission in Michigan, Minnesota, Montana, Colorado,

Missouri, and Illinois. Advantage was taken of the opportunity to

confer with the superintendents regarding the conduct of the work and
the possibilities of its extension. The general condition of affairs at

all of the stations was satisfactory, and discipline, on the whole, was
found to be well maintained. The buildings and grounds at most of

the stations were in only fair condition, and in order to maintain and
render them attractive to the public special appropriations are needed

for most of them, as indicated in recommendations submitted with

detailed report of inspection. An appropriation for improvements at

the Leadville Station is particularly important, as an additional supply

of water is needed, and in order to obtain the best results it will be

necessary to provide some system for draining the Evergreen Lakes

during the fall, so as to handle the brood-fish. The buildings at this

station are in excellent condition, but the grounds are overgrown with

brush and prairie grass, and as it is quite a popular resort for the

residents of Leadville, it should be completed. This could be done at

comparatively small expense. The general condition of the station

at Neosho, Mo., was worse than any of the others. The ponds were

much in need of repair, and the water supply is inadequate.

In December a preliminary survey of the Edisto Eiver, South Caro-

lina, was made to determine as to the practicability of establishing an

auxiliary station for the propagation of shad, and as a result the Fish

Eawli was detailed in March to visit that stream and undertake the

collection of eggs. During April several trips were made to the shad
stations on the Potomac and Susquehanna rivers, and in May to the

Delaware River, for the purpose of conferring with Mr. W. E. Meehan,

of the Pennsylvania Fish Commission, and the commanding officer of

the steamer Fish HmvJc, relative to conduct of shad work at the Bristol

hatchery in the event of the Fish Haich not being available for work in

this vicinity. Visits were also made in May to Massachusetts, to

arrange for lobster collections at Gloucester and Woods Hole.

During the spring of 1898 the superintendent of the Cape Vincent

Station investigated the sturgeon fisheries of Lakes Erie and Ontario

with the view to taking up the propagation of this species, but no
locality was found where spawning fish could be obtained in sufficient

numbers to warrant the establishment of an auxiliary station for this

purpose.
CAR AND MESSENGER SERVICE.

Owing to the necessity for rebuilding cars Nos. 1 and 2 and the

large amount of routine work necessitated by the increased output of

fish during the fiscal year, this service has been taxed to its utmost
capacity, and it was found necessary to hire baggage and express cars

from the railroads on several occasions to assist in making the distri-

bution in Virginia and Michigan. Besides the routine work, one of the
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cars was used during the first four mbutlis of the fiscal year in making
collections of marine and fresh-water fishes and transporting the same
to the Tennessee Centennial Exposition at Nashville, Tenn., and again

during the months of May and June, 1898, in transferring salt-water

specimens from Woods Hole, Mass., to Omaha, and fresh-water fishes

from Quincy, 111., and other points in the Mississippi Valley.

Car No. 3 also made two trips from Woods Hole to San Francisco

with lobsters, tautogs, and blue crabs, the first in July and the last in

December. On tfie return trip of the car in July 350 giant crabs were

brought from the Pacific Coast and planted in Pagan Creek, a tributary

of the Chesapeake Bay. The car left San Francisco July 31 with 1,100

crabs, 600 females and 500 males ; 450 were packed in seaweed in the

refrigerator compartment under the car, 550 were placed in transporta-

tion tanks, in salt water with air circulation, and 100 in crates packed

in grass. On August 1, when the crabs were overhauled, all were dead
except those in tanks of aerated water ; up to this time the temf>erature

had been maintained at 60°; 36 were lost on August 2, 45 on the 3d,

58 on the 4th, and 61 on the 5th ; the temperature had risen from 60° to

65°, the average for the period being 62°. Of 350 crabs reaching New-
port, Va., 200 were females and 150 males. These were planted, with

the cooperation of the officials of the Chesapeake and Ohio Railroad, in

Pagan Creek, Isle of Wight County, Virginia. The temperature of the

water in which they were liberated was 78°.

Excellent results were attained on the last trip, in December, over

90 per cent of the lobsters reaching the Pacific Coast alive. On previ-

ous trips the number reaching the destination in good condition never

exceeded 50 per cent, and several times it was as low as 30 per cent.

This difference in results is attributed not only to the fact that the trij)

was made at a season when a low temperature could be maintained, but

also to the difference in the methods of transportation. On November
29 the car left Woods Hole with 150 egg-lobsters, packed 5 in a crate,

with seaweed. At Boston 98 egg-lobsters and 50 males were taken on

and placed in 50-gallon transportation tanks filled with filtered water

and constantly supplied with air, 30 being placed in each tank. Those
in the crates were taken out every day and dipped into the tanks of

salt water and then repacked, the seaweed being sprinkled with salt

water twice a day. The loss from December 1 to 5, when the car reached

San Francisco, was 27. The average temperature of the water en route

was 45°, maximum 50°, and minimum 36°.

The methods followed in handling the fish were practically the same
as before, except in the case of the lobsters.

Tlie cars traveled during the year 98,964 miles, of which 63,167 miles

were free; detached messengers traveled 121,160 miles, of which 33,346

were free. Every State and Territory in the Union was visited. No
accidents of any importance occurred, and the losses of fish were about

the same as usual, less than 2 per cent of the total number handled,

including the marine species, where the losses usually vary from 40 to

70 per cent on long trips.
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Od tlie return of car No. 3 from its last trip to the Pacific Coast it

was sent to Tampa, Fla., to remain during the sessions of the Fisheries

Congress, from January 19 to 26, for the purpose of illustrating the

methods employed in hatching eggs and distributing fishes.

In July car No. 1 was placed in the shops of Jackson & Sharp, and

in August car No, 3 in the shops of Harlan & Hollingsworth, Wilming-

ton, Del., and were rebuilt at an expense of about $11,000. They were

remodeled on practically the same plan, except that the center doors

of car No. 1 do not extend to the floor, as is the case in car No. 3.

The dimensions of car No. 3 as rebuilt are as follows : Length of body,

60 feet; total length from end of platform to end of platform, 67 feet 10

inches; width, 9i feet; height from top of rail to top of roof, 13 feet 8

inches. The frame of the car is so braced as to permit of the two large

doors in the center extending from floor to roof, as shown in plate IV.

This feature very materially simplifies loading and unloading. The
interior of the car is finished in ash, and in one end is an office, an

ice-box of 1^ tons capacity, and a pressure tank holding 500 gallons

of water; at the other end are the boiler room and kitchen. The boiler

room is equipped with a 5-horsepower boiler, circulating water pump,

and air and feed pump. The tanks and cans used in transporting fish

are carried in two compartments running along the sides of the car

between the office and boiler room. They are 30 feet long, 3 feet wide,

and 25 inches deep. Under the car, between the trucks, is a reservoir

tank holding 000 gallons of water, and from which water is pumped into

the pressure tank near the office; it then passes from this tank to the

fish cans and tanks, and then back to tlie reservoir. In the middle of

the car, over the compartments referred to, are four berths and several

lockers for the use of the crew. Tbe office also contains two berths, a

writing desk, and a typewriter. These cars are fully equipped with all

modern improvements in the way of brakes, couplers, signal whistles,

etc, and have Pullman trucks and 33-inch Allen paper wheels. With
the large water capacity provided, they are capable of carrying much
greater loads of fish than ever before.

EXPOSITIONS.

The Tennessee Centennial Exposition, in progress at Nashville at

the close of the fiscal year, was terminated October 31, and all mate-

rial except the aquaria was returned to Washington. During July and
August much difficulty was experienced in keeping up the.display of

fishes in the aquarium on account of the intense heat. During June

the temperature of the salt water rose rapidly, and when it reached

78° it became necessary to adopt artificial means to save the fish,

notwithstanding the fact that the specimens exhibited were all collected

in southern waters, at Morehead City, N. C, and Pensacola, Fla. This

was accomiflished by passing all the water used through 300 feet of

pipe coil, packed in crushed ice and salt. This method proved very

expensive, as it required over H tons of ice per day to reduce the

temperature below the danger i)oint, that is, 70°.
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Notwithstanding the uuftivorable couditions the aquaria were kept

fiilly supplied with most of the commercial fishes of the Gulf and the

South Atlantic Ocean, with many of the ornamental species and all

of the fishes of the IVIississippi Valley, and with a numb(!r of ^almonidm

propagated by the Commission, such as the brook trout, rainbow trout,

steelhead, and (luinnat salmon. In September fish-cultural work was

taken up, and two consignments of 10,000 salmon eggs shipped from

California were hatched. This feature of the exhibit was particularly

interesting to the people of that section of the country, as it was the

first time that the eggs of any of the Salmonidw had been artificially

hatched in Tennessee. This was only rendered possible by the sinking

of a well near the Government building, which furnished a steady flow

of excellent water at 59° throughout the summer. At the close of the

exposition the fishes on hand were planted in suitable waters in the

vicinity or transferred to some of the stations of the Commission. The
aquaria material, including the machinery, was shipped to Omaha.
During the absence of the representative from Nashville the exhibit was

at different times under the direction of L. G. Harron, W. P. Sauerhoff,

and E. J. Conway. Mr. Conway was in charge at the close of the expo-

sition and attended to the packing and shipping of the exhibit. A
report of the part taken by the U. S. Fish Commission in this exposition

will be found on pages 329-339 of the appendices to this report.

On July 27 the assistant in charge of the Division of Fish-culture was
appointed representative of the United States Fish Commission on the

government board of management for the Trans-Mississippi and Inter-

national Exposition, to be held in the city of Omaha, Nebr., in accord-

ance with act approved June 4, 1897. The board was not organized

until September, when the allotment of funds and space was made, the

Commission receiving $20,000 and5,027 square feetof space in the north-

west corner of the Government Building. Subsequently all allotments

were changed, owing to the passage of a joint resolution by the House
and Senate on December 18, the appropriation from the Government
exhibit being reduced from $150,000 to $137,500, so that the amount
available for the Fish Commission was $18,333.

As the live-fish exhibit at previous expositions had proved the most
attractive feature, it was decided to devote $10,000 and 4,000 feet of

space to the erection of a suitable aquarium. The plans and specifica-

tions for this were prepared by Mr. George A. Schneider, who also

superintended its construction.

The aquarium is a grotto-like structure, 140 feet long by 26 feet

wide, arranged in the shape of a
i

|
with arched entrances at the

short arms and a rotunda at the turning points. The entrances are

semi-circular archways supported on colonnades, embellished with

ornamental work, soffit and face, and flanked on each side by wings

in a rich pilaster treatment of the renaissance style. An ornamental,

semi-circular grille, with the seals of fhe United States and the State

of Nebraska, is inserted in the arch, the top of which terminates in
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imitation sbellwork, with a youthful Poseidon taming an aquatic mon-

ster, over the keystone.

Surmounting the entablature of the wings are two allegorical figures

representing fisher-maids catching and i)lanting fish in the waters of

the country. The exterior portions of the entrances are finished in

imitation ivory and gold. The interior of the grotto is treated in

imitation of a roughly blasted rock tunnel, and depending from its

roof are numerous stalactites of a pale-greenish hue. The aquaria, of

which there are 25, are each 7 feet long, 3 feet high, and 5 feet wide at

the top; they extend along the sides of the interior of the grotto, and

are decorated inside with rock and aquatic i^lants, and arranged so that

all light entering the grotto first passes through them. Eight of them

are used for showing such salt-water fishes as can be obtained off the

New England coast near Woods Hole, Mass., and the balance are filled

with species indigenous to the Mississippi Kiver and the various fishes

propagated by the Commission. In each of the rotundas are large, oval

pools so arranged as to be illuminated from below with electric lights.

In the rectangular space formed by the two short arms of the grotto

are exhibits of the different phases of the work of the Commission.

The methods employed by the Commission in fish-cultural work are

practically demonstrated by hatching, in a regulation trough, rainbow

and black-spotted trout eggs, shipped by express from Colorado during

tlie month of June. As it is impracticable to secure semi-buoyant eggs,

such as shad, whitetish, and pike perch, and floating eggs like the cod,

pollock, and flatfish, the methods are illu.strated with artificial eggs

made of rosin. In addition to practical illustrations, models of the

various forms of apparatus used are exhibited, including a model of the

trout station at Leadville, Colo. The process of egg-taking is shown

by a lay figure of a spawn-taker with a quinnat salmon in his hands in

iihe act of stripping the eggs. The work of distribution is illustrated

by photographs, drawings, and a working model of car No. 3, recently

reconstructed by Harlan & Hollingsworth. The results of fish-culture

and the scope of the work accomplished by the Commission during the

fiscal year 1896-97 are shown by large charts and numbers of photo-

graphs and drawings.

The scientific functions and work of the Commission are set forth by
models and photographs of the exploring vessels Albatross and Fish

Hmv]{, by an assortment of seines, dredges, nets, and by the deep-

sea sounding apparatus used in making collections in fresh and salt

water. In this section there is also a full collection of oyster shells,

illustrating their sizes at difierent ages, peculiarities common to vari-

ous regions, materials used for the attachment of sj)at, various objects

to whicli young oysters adhere, influence of the bottom on the oyster's

growth, and enemies and injuries caused by each. Among the objects

of the American fisheries exhibited are the following: Mounted groups

of northern fur-seals, Steller's sea lions, casts of cetaceans, 150 casts ot

food -fishes colored from living or fresh specimens, and painted casts

of edible frogs.
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Through the courtesy of Messrs. Tiffany & Company, of New York, a
collection of pearls and pearl-bearing- niollusks is shown, consisting

of specimens of white, j^ink, brown, copper- colored and fancy-colored

pearls, a set of pearl-bearing shells, instruments for opening them, also

a water-telescope for finding the niollusks, and illustrations of pearls.

In the fisheries section the various forms of nets, traps, weirs, pound
nets, seines, pots, dredges, tongs, etc., used in the capture of fresh-

water products are fully shown, also characteristic types of fishing craft

employed in the American fisheries, among them the swift New England
schooner, the Florida smacker, the Chesapeake Bay oyster pungy, the

shad boat of the North Carolina sounds, and the San Francisco market
steamer. In addition to these are numerous large photographs, por-

traying the methods adopted in the important commercial fisheries of

the Atlantic, Gulf, and Pacific coasts and the Great Lakes, and a series

of crayon pictures illustrating the Alaskan fur-seal fishery. The fish-

eries of the United States are presented by States on a large chart.

At the opening of the exposition the aquarium contained a large

variety of fresh -water and salt-water fishes, together with a number of

aquatic invertebrates. The fresh-water fishes comprise brook trout,

rainbow trout, black-spotted trout, yellow-fin trout, lake trout, steel-

head trout, large-mouth and small-mouth black bass, crappie, strawberry

bass, sunfishes, and the characteristic native fishes of the Mississippi

Valley, including the largest obtainable specimens of sturgeon, catfish,

and paddlefish, several of the catfish weighing 40 pounds and over.

Aquatic reptiles are represented by living specimens of mud puppies,

terrapin, edible frogs, etc. These large specimens, with a number of

ornamental species like goldfish, tench, and golden ide, are displayed

in oval pools under the rotundas and prove a most attractive feature.

In the salt water tanks about 50 varieties of food, game, and bait fishes

of the Atlantic coast are represented by specimens of various ages,

including dogfish, skates, sea bass, kingflsh, tautog, chogset, sculpin,

scup, toadfish, sea robin, pollock, cod, hake, and flounders. Lobsters,

crayfish, crabs, and various kinds of mollusks are also exhibited.

As it was impracticable for the representative to remain in Omaha
after the opening of the exposition, the Commission is represented by
Mr. E. J. Conway, who has charge of the aquarium, and by Mr. W. P.

Sauerhoff'. Mr. L. G. Harron was detailed from Washington to assist

in the installation of the aquarium, and rendered effective service during

the opening days of the exposition.

The Commission is much indebted to the Union Tank Line Company,
of New York, for the loan of two tank cars for transporting salt water

from Woods Hole, Mass., to Omaha; also to the Michigan Central and
the Chicago, Milwaukee and St. Paul railroad companies for free trans-

portation, and to the Michigan Central Railroad for the transportation

of car No. 4 with salt-water fishes over its line, and to the Missouri

Pacific for transporting all the cars of the Commission into the exposi-

tion grounds.
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STATION OPERATIONS.

The fisli-cultural work of the several stations is given in detail in

the abstracts from the reports of the superintendents, and embraces

the propagation of 20 species of fish and 1 crustacean. The following

stations and auxiliary stations were operated during the year:

Green Lake, Maine.
Craig Brook, Maiue.
Grand Lake Stream, Maine.
St. Johusbury, Vermont.
Cape Vincent, New York.
Gloucester, Massaclmsetts.
Woods Hole, Massachusetts.
Steamer Fish Hawk (Albemarle Sound,
Edisto River, Delaware River).

Bristol, Pennsylvania.
Battery Station, Maryland.
Bryan Point, Maryland.
Central Station, Washington, D. C.
Fish Ponds, Washington, D. C.

Wytheville, Virginia.
Erwin, Tennessee.
Put- in Bay, Ohio.
Northville, Michigan.

Alpena, Michigan.
Duluth, Minnesota.
Manchester, Iowa.
Quincy, Illinois.

Neosho, Missouri.
Sau Marcos, Texas.
Leadvillc, Colorado.
Bozeman, Montana.
Baird, California.
Battle Creek, California.

Fort Gaston, California.
Clackamas, Oregon.
Upper Clackamas, Oregon.
Salmon River, Oregon.
Rogue River, Oregon.
Siuslaw River, Oregon.
Little White Salmon River, Washington.

Green Lake Station, Maine (E. E. Race, Superintendent).

During the summer, various minor improvements and repairs to

buildings and ponds were made by the station force, including the

painting of the hatching and collecting apparatus; a nursery containing

40 troughs was built in the rear of the hatchery, arranged so that the

surplus water can be utilized for the reariug-ponds. An orchard was
set out between the superintendent's cottage and the hatchery. At
the beginning of the fiscal year the stock on hand was as follows

:
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and pens were put in place during August and September, and tlie iirst

trout were captured in the latter month. At Cold Stream Pond the

lake trout made their appearance on the spawning-grounds October 8,

and the run continued until the 19th.

The following table shows the number of fish captured at the various

field stations and eggs secured

:

Point of collection.
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Of the 50,000 steelhead -trout eggs received from Fort Gaston, Cal.,

in March, 22,966 fry were planted in Green Lake and other waters iii

the vicinity during the spring.

All the Atlantic salmon on hand at the beginning of the year were

held until March 30, when they were liberated in Green Lake, with a

loss of only 12. With the exception of 50 specimens, all of the domes-

ticated salmon hatched in 1891 were planted in Green Lake during the

fall, as the ponds occupied by them were needed for other fishes. A
few thousand eggs were collected from the 50 referred to, but they died

in less than forty-eight hours after being placed in the troughs. At
the close of the year there remained on hand the following:
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3,506,642 eggs, which were much larger than those of the previous year,

and appareutly of fiue quality. Kotwithstandiiig their good condition,

the actual losses from lack of impregnation and other causes, up to the

time when the division was made with the State of Maine, amounted to

304,642. The United States received 2,630,214 as its share, 500,000 of

which were assigned to State lish commissions and private applicants,

and 2,126,975 fry, or 99.86 per cent of those divided, were hatched in

March and April. Besides these, the State of Maine turned back to

the Commission 540,199 fry.

Plants aggregating 1,975,000 were made in May, as follows:

Locality.

St. Croix River at Vanceboro
Penobscot River and tributaries above Oldtowu.
Penobscot tributaries near Craig Brook

137, 500
1, 482, 500

355, 070

The balance of the stock was retained for rearing, and at the end of

June numbered 636,817.

In May, 1898, the usual arrangements were made for collecting and
impounding adult salmon for the next year's brood stock; 472 fish were

obtained and impounded at Dead Brook, 400 of which belonged to the

United States Fish Commission.

The domesticated Atlantic salmon on hand at the beginning of the

year consisted of three lots, the first of which were hatched in 1892,

the second in 1893, and the third in 1897. Of the third brood 1,029

were liberated in November, 1897, reducing that lot to 454. In Novem-
ber 25,287 eggs were secured from the first two lots, but they were

defective in quality and none of them survived to the hatching period.

As arrangements had been made to carry on landlocked-salmon work

at Grand Lake Stream, no efforts were made to collect at Toddy Pond,

as heretofore. In March the surplus eggs from Grand Lake Stream,

amounting to 62,462, were transferred to Craig Brook, and of the fry

hatched from them 54,476 remain on hand at the close of the year.

All of the rainbow trout at the station were liberated in Alamoosook
Lake in August, 1897, and nothing was seen of them till the following

March, when several were observed spawning in Craig Brook just below

the hatchery. Measures were taken to secure eggs, and by the end of

April 54,408 had been collected from 199 adult trout. The fish were

undoubtedly a part of those liberated in August, and were apparently

in excellent condition. The eggs were not first-class in (piality, how-

ever, and only 35,000 fry were hatched. At the close of the year 28,351

remain, which appear to be doing well.

In order to test the practicability of domesticating the steelhead

trout, the 191 specimens on hand from the hatch of 1890 were placed

in one of the large deep ponds recently constructed and held for future

service as breeders. The fish on hand from the hatching of 1897 were

liberated during the fall, except 1,400, which were retained in a small

pond until March, when it was found that only 180 of them remained.
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This loss was first attributed to mink, but it appeared later tliat they

were destroyed by eels. In April a consignment of 100,000 eggs was

received from Fort Gaston, Cal., arriving in excellent condition. They

yielded 95,904 fry, 35,941 of which were released in local waters in

June. The remainder were held for rearing.

Of the Scotch sea trout resulting from eggs presented to the Com-

mission by the journal Shooting and Fishing in 1891, there remains

on hand a lot of 10; also two lots derived from eggs produced by these

fish. All of the third lot were distributed during the year, and a crop

of eggs is expected this fall from the second lot (hatched in 1S95). In

November, 1897, the 10 referred to above yielded 10,034 eggs, from

which 2,970 young were hatched. The majority of the eggs proved

defective and the fish hatched have continued to die, so that at the

close of the year only 1,198 remain.

The stock on hand at the station on June 30, 1898, is as follows

:
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31o,8()0, but after the unfertilized ones had been picked otf there

remained only 245,150. Of these, G0,000 were shipped as follows:

Couaignmont.
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ently either because tlie fish did not ascend to f],^ ,.c=„oi

that a large number of lake-trout eggs may be collectert at ttT ,

trout eggs were collected, 83 per cent of which wfre transteed to StJohnsbury when they had reached the eyed stage ThTrZuH^.fsat,on were very satisfactory, for althLg^r-the preZf ason
.

961,318 eggs were collected, only 23 per cent were savrd^tbe i„

°

bemg apparently dae to the improper handling of the eggs DurWthe season, 6,000 trout were handle.!- nfth^
s "i me eggs. During

BmmEmm
E, o e Th; balln e

!'"'" '» ''I'P"^''"'^ '" Eastern States and in

TT \
,-^''<'''*'*"«'5a'>'l an additional 200,000 purchased were heldat the station to be hatched and distributed during the 8,11

ohtiei'rr/sir^f^caLr^"'i lor "^^"t,-
^''^^- ^'^^ -^

Of this shipment 9,900 hatched, and at the close of the year 9 138 fr^

MolT )'"'u'
",'"" "™ """^ <"' distribution iu Vermont waters Of100,000 steelhead-trout eggs received fron, p„,.f n .

™ters. Of

91,000 fry were planted dufing May fnd jlf "'"" °" ''""" '''

_AtMAedose of the year the stock on baud was as follows:

Specie I

Calendar year in which hatched.

1898. I 1897.

Steelhead trout
Kainbow trout
Pacific salmon
Brook trout
Landlocked salmon ..'""e.'igg''..

i

770 ....
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The Pacific salmon fry placed in the ponds for experimental purposes

weighed 1 pound 10 ounces to the thousand on July 1. These were

confined in n pond about 8,000 square feet in area. In January, 1898,

they weighed 41 to the pound, and in June the average weight had
increased to V2 to the pound. Great dissimilarity was noticed in the

color and shape of.lake-trout eggs taken from different waters. For

example, the eggs of the lake trout taken at Willoughby Lake closely

resemble those of the landlocked salmon, and aie much larger than

those from Caspian Lake, 600 of the Willoughby Lake eggs equaling 4

fluid ounces, while it required 800 from C-^spian Lake to fill the same
measure. It was also noticed that the fry hatched from the Caspian

Lake eggs were much smaller and more active.

During April, as the troughs in the hatchery were much crowded,

some of the fry were transferred from them to the nursery ponds, 10,000

to each pond. These ponds had not been used for six months, and were
supplied with water from Sleeper River. The fry in the ponds had the

same care as in the hatchery, except that it was impossible to clean

them as thoroughly. No unusual mortality was observed, and at a

careful examination of the outlets, to see if the fry were escaping, every-

thing appeared to be perfectly tight; but on June 6, when these fish

were taken from the ponds for shipment, only 25 per cent of the number
originally placed there were found. It is difficult to account for the

disappearance of the balance, though it was possibly due to cannibalism,

as the fish taken from the ponds were at least three times as large as

those of the same age taken from the troughs. This larger growth may
to some extent be due, however, to higher temperature of the water, and
to the presence of some natural food. It was observed that under the

same conditions—i. e., with the same number of brook trout, steelhead

trout, and landlocked salmon, in ponds of equal size—the landlocked

salmon stand a much higher temperature than any of the others.

The food used at the station has consisted principally of livers, with

the addition of insect larvfe obtained from the refuse of livers, crows,

woodchucks, etc. One woodchuck produced 1 quart of maggots.

Enemies of the fish have been the source of but little trouble during

the past year, except in the case of the kingfisher, many of which have
been killed. In October a colony of muskrats made their headquarters

in one of the ponds, and before they had been discovered had made 12

holes in the banks, one of which caused a leak. These animals were
shot and trapped. All were males, indicating that the males precede

the females in the preparation of the winter homes. Mink were seen

occasionally along the river, but no trouble was experienced from them.

Several landlocked salmon from the plants made by the Commission
were caught with hook and line at Lake Morey, Fairlee, Vt., in May,
1897, and it is expected that in a few years this lake will afford a valu-

able field for the collection of this species. lii May, 1898, a landlocked

salmon weighing 4| pounds was taken at Caspian Lake. In Sleeper

Eiver, which is the source of the water supply for the St. Johnsbury
Station, rainbow and brook trout, quinnat salmon, Atlantic salmon,
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and steelbead trout Lave been taken during the year. The plants were
made in the headwaters of the river, but the fish worked down to the

lower and deeper pools. The steelheads and Pacific salmon captured

in Sleeper Eiver averaged about G inches in length, while the rainbow

trout ran from C to 12 inches ; Atlantic salmon ranged from 5 to 7 inches.

All of these fish were taken with angleworms, though the Pacific salmon

will rise quite readily to the fly. The capture of steelhead trout and
landlocked salmon is also reported from tributaries of Lake (Jhamplain,

but in some instances the varieties have not been thoroughly identified.

During the year the north embankment of the reservoir was rebuilt,

and a tiled drain (144 feet in lengtli) was laid below its base. The
reservoir roof was covered with a j)reparation of tar and gravel, and
the filter in the reservoir was renewed. The interior of the reservoir,

containing about a foot of mud, was cleaned out, the sides washed down,

and the entire interior given a whitewash coat of cement. A pipe was
connected with the supply standpipe in the reservoir filter, and run

through the filter crib into the reservoir, giving the latter a direct

supply of water from the river in case of emergency. A ventilator was
placed in the reservoir roof to ventilate the reservoir and prevent heat-

ing under the roof, and the consequent decay of timbers. Seven new
ponds were constructed—Pond H and six small rearing-ponds. The
spring-water supply to the hatchery was connected directly with the

distributing crib, for use in the ponds when the hatching-troughs were

not in use. The arrangement of the hatching and picking troughs was
changed so as to place the latter under the windows on the east side of

the hatchery, and supply all the troughs with the water from the west

side, instead of from both sides, as formerly. This change gives more
floor space, connects all troughs with the spring-water sujjply, and
reduces the amount of water required in the hatchery. Its successful

©Iteration during the season indicates a great improvement.

On September 27 ground was broken for the construction of a resi-

dence for the superintendent. The work was continued throughout

the winter and the house completed on June 30, except the interior

finishing. The residence consists of ten rooms and is a two-story frame

house, with stone and brick foundation, heated by furnace and sup-

plied with modern plumbing.

Under authority of act of Congress, authorizing an expenditure of

$3,000 for an increased supply of water at the station, a contract was
entered into with Carpenter «& Williams on April 20, 1897, for an

artesian well. Work was commenced on April 21, and at the close of

the fiscal year a well 200 feet deep had been sunk.

Cape Vincent Station, New York (Livingston Stone, Superintendent).

The hatching apparatus was thoroughly overhauled during the

summer and the first floor of the hatchery fitted up with Williamson

troughs, preparatory to hatching quinnat- salmon eggs, which were to

be transferred from the Pacific coast. The old method of securing

water by means of pumps was abandoned this year and arrangements
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wei'e made for obtaining the amount needed from the city waterworks

company; this change has not only reduced expenses, but the quality

of the water is better and the supply more reliable.

During- October 133,140 lake-trout eggs were purchased from the

fishermen operating on Charity Shoals at a rate of 15 cents per 1,000,

and the 114,481 fry resulting from them were planted in Watson Bay.

An assignment of 1,000,000 eggs of this species was also received from

ISTorthville, and the fry hatched, amounting to 967,850, were deposited

in Lake Ontario and the St. Lawrence River.

In December 5,000,000 eggs of the quiunat salmon were received from

Battle Creek, Cal. The fry hatched were carried through the winter

without material loss, and with the exception of one plant of 328,000

in the Salmon River, they were all distributed in Lake Ontario and the

St. Lawrence River within a radius of 25 miles from the station.

Consignments of 100,000 each of brook trout, steelhead trout, and
Atlantic salmon eggs were received during the year from other stations,

and were hatched and distributed as usual; 10,000 steelhead eggs

were repacked and shipi)ed to Osnabruck, Germany, where they arrived

witli the loss of only 420, after a journey of nearly 8,000 miles.

Early in the spring the superintendent made an investigation of

various fishing-grounds on Lake Ontario to arrange for the collection of

pike-perch eggs, as there was a general desire on the part of the fisher-

men on the lake that the propagation of this species be undertaken.

The investigation showed that there are no localities in the vicinity

where eggs can be obtained in large quantities, though the spawning

fish formerly occurred in great abundance throughout this region. The
fishermen stated that where tons of fish had been captured two years

ago, there was now i)ractically no fishing. The disappearance of fish

from their usual spawning-grounds was attributed by some persons to

the discharge of refuse from mills and factories into the tributaries of

Lake Ontario. In April 30,000,000 eggs of the pike perch were trans-

ferred from Put-in Bay, and the majority of the fry resulting from them
were planted without loss in the St. Lawrence River; one plant of 800,000

being made in the Oswegatchee River. It is reported that pike perch

are abundant in some of the inland lakes of the State, and a collecting

station, similar to the one operated by the New York Fish Commission
on Lake Oneida at Coustantia, may be established in the future.

The following shows the number of eggs handled and fry hatched at

the station during the fiscal year:

Species.
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An investigation was made by the superintendent with the view to

undertaking the propagation of sturgeon, but no point could be found

at which a sufficiently large number of spawning sturgeon are caught

to warrant the establishment of a field station, although sturgeon nets

are fished all the way from Ogdensburg to the eastern end of Lake
Ontario.

Gloucester Station, Massachusetts (C. G. Corliss, Superintendent).

As soon as practicable after the 1st of July preparations were made
for increasing the size of the hatchery and of the pumping i)lant. A
one-story addition, 18 by 32 feet, was built on the northwest side of

the hatchery and equipped with new tables, containing 72 hatching-

boxes, thereby doubling the capacity of the hatchery for cod work. A
40-horsepower boiler was installed in place of the small one which had
been used for a number of years.

Immediately upon the completion of this work a force of spawn-takers

was employed, and efforts were made to collect pollock eggs from the

fisherman at Gloucester. As a result 7,791,000 eggs were collected

during November and December, which produced 4,455,000 fry. The
failure to secure the much larger results, which had been anticipated,

was due to the method of fishing, all of the pollock being captured with

hand lines instead of with gill nets, which had been formerly used. It

is claimed that ripe spawning fish seldom take the hook.

On iSTovember 15 the crew of the Grampus^ under the direction of

Capt. E. E. Hahn, was stationed at Kittery Point for the purpose of

collecting cod eggs. The methods pursued were practically the same
as in past years. The eggs were collected by spawn-takers from fish,

captured by vessels having headquarters near Kittery. Arrangements
were also made for purchasing eggs at $5 per 1,000,000 from fishermen

not accompanied by spawn-takers. On the first of March collections

were discontinued at Kittery, as the Grmnpus force was needed for the

work on the vessel, and the last of the fry were hatched on March 26.

A few eggs were purchased after that date. The total collection of the

season amounted to 160,711,000, the first being secured on November 17.

The 96,707,000 fry produced were distributed along the Massachusetts

coast from Ipswich Bay to Massachusetts Bay, off Baker Island, from

1 to 10 miles from the shore, on the natural spawning-grounds.

Record of cod-hatching at Gloucester Station, season of 1S97-9S.

When
received

Source of supply.
Egtgs

received.

Loss dur-
ing incuba-

tion.
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Record of cod-hatching at Gloucester Station, treason of 1807-9S—Coutiniied.

Source of supply.

Kittery Point
do

...do

....do
Kitteiy Point and Gloucester.

Gloucester and Plymouth.
Gloucester
....do
Kittery Point

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

.do ,

Kittery Point and Plymouth.
Kittery Point

do

.do
Kittery Point and Kockport.
Kittery Point
Rockport
Rockport and Kittery Point

.

Kittery Point
Rockport and Kittery Point.

do

!!!!do!!!!];!!!!!!!!!!!!!J!!!
....do
Kittery Point
Rockport and Kittery Point.
Kittery Point

do
Rockport and Kittery Point.

do .'

Kittery Point
do
do

Rockport
Kittery Point
Ji^ittery Point and Plymoutli .

Kittery Point
Rockport
Kittery Point
Kittery Point and Gloucester.
Kittery Point

do
do

Gloucester
Rockport

do
do

Total

Eggs
received.

2, 896, 000
1,021,000
1, 398, 000

2, 751, 000

2, 264, 000
2, 460, 000
1, 924, 000

6, 074, 000

2, 114, 000
11.894,000
7, 896, 000
1,205,000
7, 484, 000

1, 069. 000
2,817,000

104, 000

677, 000

3, 176, 000

1,306,000
1, 503, 000

316, 000

2, 601, 000

4, 239, 000

5, 124, 000

1, 372, 000

768, 000
1,492,000

871, 000

1, 883, 000
571, 000

1, 717, 000

2, 370, 000

864, OOO

5, 317, 000

3, 881, 000

2, 168, 000
7, 474, 000
4, 235, 000

74, 000
1,468,000
1, 934, 000
1,489,000
3, 868, 000
1,504,000
1, 920, OOO

168, 000
308, 000
400, 000

1, 085, 000

2, 030, 000
895, 000

1, 862. 000
616, 000

1, 472. 000

1, 128, 000
532, 000
327, 000

1,364,000
760, 000

1,600,000
1,418,000

160, 711, 000 64, 004, 000

Loss dur-
ing incuba-

tion.

958, 000

473, 000
502, 000
681, 00(1

775, 000

1, 285, 000
610, 000

2, 871, 000

1,527,000
7, 594, 000

3, 667, 000
697, 000

4, 137, 000
781, 000

1, 951, 000
32, 000

118, 000
925, 000

316, 000
623, 000
86, 000

1, 093, 000

1, 909, 000

2, 156, 000
694, 000
257, 000

820, 000
363, 000
899, 0(30

217, 000

1, 064, 000

504, 000

283, 000

1, 883, 000

1, 367, 000

1, 535, 000

2, 182, COO

2, 344, 000
31, 000

652, 000

987, 000
402, 000

986, 000
347, 000

1, 062, 000
74, 000
42, 000
86, 000

209, 000
472, 000

299, 000
589, 000
170, 000
253, 000

132, 000
91, 000

63, 000
190, 000
116, 000
221, 000
284, 000

Fry
hatched.

Date of
hatching.

1,938,000
.548, 000

836, 000

2, 070, 000

1,489,000
1,175,000
1.314,000
3, 203, 000

3, 752, 000
4, 275, 000

4, 302, 000
508, 000

134, 000

288, 000
866, 000

132, 000
559, 000

2, 251, 000

990, 000
880, 000
230, 000

1,508,000

2, 330, 000
2, 968, 000

678, 000
511,000
672, 000

508, 000

984, 000

354, 000
653, 000

1, 866, 000
581, 000

3, 434, 000

2, 514, 000

633, 000

5, 292, 000
1,891,000

43, 000
816. 000

947, 000

1, 087, 000

2, 882, 000

1, 157, 000

858, 000

92, 000
266, 000

314, 000
876, 000

1, 558, 000

596, 000

1, 273, 000
446, 000

1,219,000
996, 000

441, 000
264, 000

1, 174, 000
644, 000

1,379,000
1, 134, 000

3, 707, 000

Dec. 17

17
17
20
26
26
27
28

1898
Jan. 2

4

7

4
10
10
10
10
10

12
12

14
14
17

19
19
21
21
25
25
25
25
27
27
29
29

Feb. 3

3

4

3

7
7

7

11
13

14
18

20
21
22
23
23
26
26
26
28
28

Mar. 7

16
17
21

24
26

Date of
plant-
ing.

1897.

Dec.

21
21
25
25
25
25
27
27
29
29

Feb. 3

3

4
3
7

7

11

14
14
18
23
23
23
23
23
26
26
26
28
28

Mar. 7
17

17

21
24

The eggs transferred from Kittery to Gloucester were packed in

tightly sealed jars and surrounded with crushed ice or snow, in charge of

a messenger. As a rule they were of excellent quality, and were hatched

as heretofore in the McDonald codbox. As the water temperature fell

it became necessary to use steam to maintain a temperature of between
38° and 40°, which has been found by experiment to be about the same
as the temperature of the water on the natural spawning-grounds.
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At the close of the cod season arrangements were made with the

fishermen ar.d dealers to save egg-lobsters at various points along the

Massachusetts coast, and temporary collectors were employed and

stationed at Boston and Kittery Point to look after the interests of the

Commission iu this work. The schooner Grampus was detailed to

make collections along the Maine coast from Kittery to Rockland, and
on account of the large extent of territory to be covered an additional

steam smack was chartered to work in connection with the Grampus.

As a result of operations on the coast of Maine, 22,023,000 lobster eggs

were collected and delivered at the station. The first eggs were takem

by the Grampus on April 11, and the collections were continued daily

from that time until July 15. The lobsters purchased in Gloucester and
vicinity, Kittery Point, Marblehead, and Boston were transferred to the

station by means of a steiim launch. This launch was also utilized in

making the jilants.

The collections made at the various points aggregated 6,145 lobsters,

which yielded 72,101,000 eggs. The eggs were all hatched at Gloucester,

and produced 05,097,000 fry, which were distributed along the New
England coast from Eockland to Boston. Several of the shipments were

taken to Maine waters by the Grampus, and a number of shipments

were sent by rail in care of messengers to Portland, Maine, from which

point they were distributed by the schooner. Heretofore considerable

difficulty had been experienced in shipping lobster fry during warm
weather on account of losses occasioned by sudden rises in temperature,

as ice could not be used in the transportation cans, because it would

reduce the density of the water. This year, by a simple device, the

difficulty was overcome. A tin cylinder, attached to the cover of the

regular transportation can and extending to within 6 inches of the

bottom of the can, was kept constantly filled with crushed ice, and in

this way the proper temperature of the water was maintained.

The following table shows the number of eggs collected from the

various fields:

Locality.
Eggs

collected.

6, 479, 000
435, 000

6, 368, 000

Gloucester and vicinity
Marblehead
KitttTv Point and vicinity
Maineeoast, schooner Orampus 22,023,000
Boston and vicinity 36, 796, 000

Total 72,101,000

Woods Hole Statiox, Massachusetts (E. F. Lockk, Superintendent).

During July and August various repairs were made to the residence

and other buildings, including a new fioor for the lower hall of the

laboratory and repairs to the pool. The machine shop was removed
from the loft over the tire-room to the lower floor of the carpenter shop.

The station force collected in July for shipment to the Pacific coast

a carload of 2,017 small and 12 adult tautog, with 119 blue crabs.
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The bulk of tliese being- lost en route, a second collection was made in

"November for shipment to the same point, which comprised 1,138 tautog

and 150 lobsters. The force was also utilized during the spring in col-

lecting a carload of live lishes, including forty-five species, for the

Omaha Exposition, and two carloads of salt water were filtered and

shipped to Omaha on May 1.

Arrangements were made for gathering information in regard to

the movements, growth, spawning habits, etc., of the cod by attaching

small tags to brood fish liberated at the close of the season.

The collection of brood codfish was made as usual by the schooner

Grampus and by purchase from fishing-smacks. The first fish were

received on October 8 and the last on November 9 ; in all 3,507 were

secured. The minimum weight of the fish accepted was C pounds;

1,9L'0 of them were caught by the Grampus and the remainder obtained

from the fishermen. They were carefully transferred from the vessel

to live-cars moored in the pool. The loss during October was normal,

but about the middle of November the mortality became very heavy,

and specimens of the dead fish were sent to Washington for examina-

tion. It was found that in a majority of cases the primary cause of

death could be traced to hook wounds or other injuries received at the

time of capture.

From the penned brood-fish 57,034,000 eggs were secured;

Arrangements were made for collecting cod eggs at Plymouth, Mass.,

by Capt. E. E. Hahn. A force of spawn-takers was stationed there

in November under direction of F. S. Conley, the first officer of the

Grampus, and the launch Cygnet, with a crew, was assigned for use in

transferring the spawn-takers from the shore to the fishing vessels.

About December 1 the force was increased to seven spawn-takers, the

collection of eggs was commenced, and although the work was fre-

quently interrupted by storms during winter, the season as a whole

was favorable, resulting in the collection of 90,760,000 eggs.

The method of handling and packing eggs did not differ from that

followed at Kittery. The eggs were usually sent by express, though

in the case of large collections a messenger was sent with them to

guard against accident. The majority of the eggs arrived at the sta-

tion in excellent condition. The work was continued until February

20, at which time, as a result of the collections made at this point and

from the fish penned at the station, 147,794,000 eggs had been collected.

Several shipments were also received from Kittery Point, amounting

in all to 5,642,000. These were sent by messenger as far as Boston, and

then shipped in care of the baggage-master to Woods Hole. The total

number of eggs handled at the station amounted to 153,436,000.

The eggs were hatched, as usual, in the McDonald cod box, steam

being utilized to maintain an equable temperature of water when that

in the hatchery fell below 40'^. The fry were planted on the spawning-

grounds off Gayhead, with the exception of 6,340,000, which were

deposited near Provincetown, Mass,
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Eecord of cod-hatching at Woods Hole Station, 1897-98.

Source of su^^ply.

Live-cars ,

....do ....

...do

....do

....do

....do
Plymouth
Live-cars
Plymouth
Live-cars
Plymouth

do
Live-cara
Plymouth
Live-cars
-...do
Plymouth

do
Live-cars
....do
Plymouth
Live-cars
Plymouth
Live-cars
Plymouth

do
Live-cars
Plymouth
Live-cars
Plymouth

do
Kittery Point
Plymouth
Live-cars
Plymouth
Kittery Point.

do
Live-cars
Plymouth
Live-cars
Plymouth

do
...do
Live-cars

Plymouth.
Live-cars .

Plymouth.
do

Live-cars .

Plymouth.
do

Live-cars .

Plymouth

.

Live-cars .

Plymouth

.

.."..do ....

Live-cars .

Plymouth.
do

Live-cars .

Plymouth
Live-cars .

Plymouth

.

do
Live-cars .

Plymouth.
Live-cars .

do ....

Plymouth

.

do
do ....

do ....

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

do ....

do....
do....
do ....

do ....

do....

Total ,

ggs taken.
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The results secured with cod this year were far better than heretofore,

and it is believed the work can be still further extended and increased

by enlarging- the force at Plymouth and using a larger steamer for

transferring the spawn-takers to and from tlie fishing vessels.

Early iu February steps were taken to collect the winter flounder or

flatfish. For this purpose several fyke nets were set in Woods Hole
harbor and Waquoit Bay, and the brood-fish taken were held at the

station until ripe, when they were stripped and liberated. The first

ripe fish were taken on February 11 in Woods Hole harbor, but owing
to the presence of ice in Waquoit Bay the nets could not be set there

until the 18th. The appearance of spent fish in the nets immediately

after they had been set at the latter point indicated that the fish had
commenced spawning much earlier, and that in order to do good work
there it will be necessary to commence operations in January, weather

l^ermitting. Most of the fish taken were quite small, and the yield per

fish was lighter than in past years. In 1897, 205 females produced
84,591,000 eggs, while this year 249 females yielded only 52,799,000,

the average yield in 1897 being 450,000 per fish, and this year only

226,000. During the latter part of March efforts were made to secure

eggs at East Greenwich, R. I. While only 4,804,000 were obtained

here, it is thought that large numbers can be taken another season by
stationing a man there to collect and forward the eggs early in Febru-

ary, Work closed on April 8, with a total take of 57,603,000, which
produced 39,337,000 fry.

Following the custom of previous years, arrangements were made
with local fishermen to take care of all egg-lobsters collected during the

fall and winter, and between December 7 and January 19 about 500,000

eggs were secured. These were jilaced in jars, and developed fairly

well until April 1. After that time the loss became very heavy and
only about one-third of them hatched. Active operations commenced
about April 1 and continued until June 30. The territory covered

embraced all points fished within a radius of 15 miles from the station,

and a schooner was employed to collect egg-lobsters at ISTew London,
Noank, and Stonington, Conn., and Block Island, K. I., while an agent
was stationed at Plymouth, Mass., to collect from the fishermen located

between Green Eiver and Ship Pond, a distance of about 20 miles.

Later in the season arrangements were made to collect eggs at Scituate,

Mass., but only a few were received from that point. It is believed,

however, that this section will yield a much larger number next year.

Although the work was jiushed energetically throughout the season,

none of the territory covered yielded as many eggs as heretofore.

The following table shows the number received from the different

localities in 1897 and 1898

:

Localities.
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The greatest difference will be noted as occurring in tlie vicinity of

the station. This is attributed, first, to the well-known fact that the

lobster fishery is steadily declining in this section; hence, theuund^er

of men engaged in the work becomes fewer each year, as the income

derived from it is too small to support them. Another important fac-

tor is the legislation recently enacted prohibiting the fishing of pound

nets in Buzzards Bay, which furnished the greater part of the bait used

by the lobster fishermen operating in this territory. This caused a

number of men to abandon the business. The same general decline

has been felt in the waters south and west. It is reported that only

about half the number of pots were set in the vicinity of Marblehead,

Stoniugton, and Block Island, as compared with the previous year. The

only direction in which operations could be extended would be on the

north side of Cape Cod; but an additional steam launch would be

necessary, which would materially increase the expense of the work.

The following table shows the species handled at the station during

the fiscal year, eggs collected, and fry produced.

Species.
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The present method of fishing on this river is such that fish-cultural

work on a large scale is not practicable. Only one small seine is used;

the balance of the fishermen use set gill nets, which are put out at low

water and not overhauled till high-water slack. They remain in water

until morning, when they are taken up and the fish removed, hence

the only opportunity for spawn-takers to obtain the fish alive would be

when they are first overhauled. The haul seine referred to is worked
by 5 men and is fished only at low water during the day. Drift nets

can not be used in this river on account of snags, shoals, and other

natural obstacles. Gill -net fishing extends from a mile above the

Savannah and Charleston Railroad crossing at Jacksonboro down to

the Uawho River. This part of the river is known locally as the Pon
Pon. There are 37 crews of 2 men each fishing in this region, each crew

using two nets. They obtain an average of 1,000 fish i^er crew, though
in the vicinity of the Oakhurst plantation, where the old State fish-

hatchery is located, the catch is much larger, some crews taking from

1,800 to 3,000 per season. The State operated the hatchery referred to

from 1880 to 1-81, inclusive, and collected annually from 3,000,000 to

5,000,000 eggs. This hatchery is about centrally located as regards

the fishing area, the contour of the river in that vicinity showing it to be

especially adapted for spawning-grounds. If drift nets and haul seines

were used, there would be little difiiculty in collecting from 15,000,000

to 20,000,000 eggs each season.

During the stay of the vessel on the river the officers in command
were indebted to S. Fitzsimons, Morton Simons, and T. D. Ravenel for

assistance and courtesies extended.

Albemarle Sound, Steamer Fish Hawk.

Owing to a delay of some days at Ocracoke Inlet on account of the

extremely low tide, the vessel did not reach Avoca until March 28.

Anchorage was made at the entrance to Salmon Creek on account of

its proximity to the fishing-grounds and because of the partial shelter

which it affords to the ship's boats. Spawn-takers were immedi-

ately sent to the fishing-grounds controlled by Dr. W. R. Capehart and
Mr. T. D. Holly, and 117,000 eggs were secured from these sources on

the first day. It was also intended to collect from the seines on the

Roanoke and from those controlled by the Wood Brothers across the

bay, but as very few fish were being taken at these points the attempt

was abandoned. Eggs continued to come in daily from the arrival

of the vessel until April 25, the total take aggregating 12,334,000. Of
these, 10,212,000 were secured from Dr. Capehart's seines.

The results attained in this region would undoubtedly have been much
better had the weather conditions been more favorable. It was exceed-

ingly warm during March, and consequently the number of fish cap-

tured then was unusually large, the take at one fishery being four times

as great as that of the preceding year for the same period. About the

time the vessel arrived it became much cooler, and the aean tempera-

ture from March 30 to April 19 was under 60^. This tended not only to
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keep tbe spawning fish out in deep water, but it greatly retarded tlie

hatching of the eggs and caused the death of large numbers of fry.

As an experiment, artificial heat was applied to the water in tbe supi)ly

tank with the view to maintaining an even temperature of 68° in the

jars; but this plan was soon abandoned, as it would have been imprac-

ticable to hold the fry in artificially heated water until that in the

sound reached the same temperature.

The distribution of the fry commenced on April 21, and at the close

of operations 5,647,000 had been planted, also 1,811,000 eggs. The

remaining 2,194,000 eggs were transferred to Central Station.

Shad-hatching operations on steamer Fish JSaivk in Albemarle Sound in 1897-98.

Date.
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to tlio vessel as were needed for conducting operations at that point.

Tlic vessel was then taken to the League Island navy-yard, Philadelphia,

and turned over to the Navy Department.

Bristol Station, Pennsylvania (G. H. Tolbert in charge).

Anticipating the probable detail of the Fish Hawk to duty under the

Navy Department, tentative arrangements had been made early in the

spring with the State Fish Commission for tlie use of their hatchery on

the Delaware River, and as soon as it was learned definitely that the

vessel was to leave the service of the Commission, Mr. G. H. Tolbert,

fish-culturist at large, was instructed to proceed to Bristol and prepare

the hatchery for the reception of eggs. The hatchery is a two story

frame building, and is equipped with lliO McDonald jars and a good

steam i)lant. Immediately upon the arrival of Mr. Tolbert the nec-

essary employees were taken on and, with the assistance of the crew of

the Fish HaicTc, everything was in readiness for the commencement of

work by May 13. A small force of sjjawu-takers was employed to

attend the seines between Bristol and Riverton, and work proceeded

uninterruptedly till the end of the month, 10,848,000 eggs being secured

from the seines at Riverton, 1,841,000 from North Cramer Hill, and

220,000 from Dutch Neck and Badger Island. In addition to the

5,342,000 eggs turned over by the Fish Hawl; 3,095,000 were transferred

from Battery Station, making a total of 21,346,000 handled at this point

during the spring. These yielded 15,460,000 fry, which were liberated

during May and June in the Delaware River and its tributaries. At
the close of operations on June 10 the temporary employees were dis-

charged, and the hatchery turned back to the State Fish Commission.

The results would indicate that under more favorable conditions and by

the employment of a larger force, from 30,000,000 to 40,000,000 eggs

might be collected here during the spring.

Battery Station, Maryland (Alexander Jones in charge).

Anticipating an early run of shad on account of the mild weather in

March, preparatory work commenced sooner than usual, and by April

10 the station was in readiness for active fish-cultural operations. The
temporary force of 36 employees was taken on between that period and

the middle of the mouth. To encourage the collection of eggs by the

fishermen, two spawn-takers were stationed at Havre de Grace to

receive and care for all taken in that vicinity, and four men were

detailed on a schooner in Northeast River to obtain all that were avail-

able at that point. Spawn -takers were also stationed as usual at the

seines fished at Carpenter Point and on Osmond's float below Havre de

Grace. The remaindei of the force worked the boats from the station

and accompanied the launches on the nightly trips to the various fields.

Eggs commenced coining in on the 13th of April, and by the end of

that month 105,364,000 had been secured; the collections during one

night amounted to 22,539,000. The largest number of shad eggs ever

collected in the Commission heretofore within twenty-four hours was a

little over 8,000,000, in the spring of 1888, at this station. The take
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in April exceeded the total number ever secured at any of tlie shad

stations of the Oominissiou in a single season, the largest heretofore

recorded being 105,125,000 at Battery during the year referred to above.

Work continued uninterruptedly until June 9, the collections in May
aggregating 95,510,000 and in June 9,118,000, making a total of

209,992,000 for the season. Of these, 140,337,000 were purchased from

fishermen at $20 per 1,000,000; the balance was taken by the regular

spawn-takers. The capacity of the hatchery was severely taxed from

the beginning of the season on account of large collections during

the first ten days, but the pressure was partly relieved by transferring

eggs to Central Station, Washington. Car No. 3 was equipped as a

hatchery and stationed at Perryville. The low temperature prevailing

at this time, however, retarded development to such an extent that

the hatchery was soon filled to overflowing, and it became necessary

to plant large numbers of eggs on the spawning-grounds.

Table of sliad-hatching operations at Battery Station.

Date.



RErORT OF COIMMISSIONER OF FISH AND FISHERIES. LXI

The weatlier was very cold during the early part of the season, the

temperature from April 13 to 30 varying from 48° to 58°. About the

middle of May it rose above 60° for the first time since collections

commenced. These conditions, though not unfavorable to the collection

of eggs, were unfavorable to their development. Many lots were held

from 13 to 10 days before hatching, and the fry resulting from them

were not only weak, but the percentage hatched was very small.

Particular attention was paid during the season to the spawning-

habits of the shad, with the view to ascertaining the character of

river bottom most frequently resorted to in depositing their eggs. The
investigations seemed to show that at the head of the Chesapeake

Bay they prefer flats covered by debris, such as sticks and trees, and

this theory accounts to some extent for the frequent changes of the

spawning-grounds. The most successful fishermen select such places

M'heniu search of ripe fish, the collection of eggs forming an important

part of their income late in the season, when fish sell for very little.

Attention is again called to the fact that large numbers of eggs of

excellent quality were taken in the day—that is, from 4 a. m. to 4 p. m.

In addition to the eggs hatched at Perryville on car No. 3 and those

transferred to Central Station, several shipments were made to Bristol,

Pa., and, though sent in June, when the weather was quite warm, they

hatched without material loss. Heavy losses were reported, however,

on the shipments transferred to Central Station early in the season.

Striped bass were quite abundant during the spring, and some ripe

ones were found. Two small lots of eggs were brought to the station,

but they proved defective, A number of measurements were made of

them, and in every instance they were found to be 0.125 inch in diameter.

In addition to the fish-cultural work, various repairs were made to

the buildings, boats, and dock ; 45 cases of herring roe were canned as

fish food to be used at Wytheville and Craig Brook, and 3 half-barrels

were salted for the same purpose.

The mean temperatures for the mouths of April, May, and June were:

April, air 52°, water 50.5°; May, air 63°, water 62°; June, air 72°,

water 72.8°.

Bryan Point Station, Maryland (L. G. Harron in charge).

During the summer and fall a hatcliery with a capacity for 40,000,000

shad eggs was erected, under the direction of Mr. G. A. Schneider, at

an expense of $1,000. The building is a one-story frame structure, 61

feet by 31 feet, and is equipped with six hatching-tables 16 feet long

by 3 feet wide, and two tables 14 feet long by 3 feet wide, the larger

tables carrying 32 jars each and the smaller ones 24.

Arranged around the sides of the building are rows of shelves for

carrying eggs in open jars during the early stages of development, and

fry tanks for holding the fry until they are ready for shipment. A com-

modious office and storeroom have been fitted up at the east end. The
erection of this hatchery necessitating an increase in the pumping
plant, a Worthington pump, of a capacity of 620 gallons per minute,
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was transferred from Cape Vincent, N. Y., and the necessary water and

steam connections were made during the winter by the engineer in

charge. In addition to these improvements, a sea wall 140 feet long

was built along the north side of the hatchery to protect it against the

encroachments of the river.

In March preparations were commenced, under the direction of Mr.

L. G. Harron, for fish-cultural work. A part of the force was taken on,

and the steam launch Blue Wmg, which had been rebuilt during the

year, was placed in commission and transferred to the station. Tents

were erected as usual for the accommodation of the crew, and by Ai)ril

15 the station was ready for the reception of eggs. A few eggs came

in on the 15th, 16th, and 17th, but the full force was not taken on until

the 18th. The personnel, including the crew of the steam launch Petrel,

which was also utilized for this work, consisted of 20 spawn-takers, 6

assistants in hatchery, 1 clerk, 8 men for the launches, 2 firemen, and

2 cooks. Operations were much interfered with throughout the season

by severe storms and unseasonable weather. Heavy northeast gales

occurred on April 20 and 27, accompanied by snow and rain, which

stopped all work for several days. The laying of submarine mines on

some of the best spawning-grounds in the vicinity of Forts Washing-

ton and Sheridan also curtailed collections considerably, and the estab-

lishment of the blockade at Fort Washington made it impossible to

unable to go up and down the river at the proper times. The catch of

fish was small, but the work was pushed so vigorously that by May 26

the total collections amounted to 68,724,000, nearly as many as were

ever taken on tlie river. Of these, 4,448,000 were sent to Central Sta-

tion; from the balance 47,306,000 fry were hatched antl planted in the

Potomac E-iver between Broad Eun and Occoquan Creek.

At the close of the season the temporary force was discharged, the

station dismantled, and the launches transferred to other points.

With the experience gained this year it is believed that the collec-

tions at this station can be very materially increased and the work can

be much more economically conducted with the new hatchery.

The followhig table shows the maximum, minimum, and mean tem-

peratures of air and water from April 15 to May 25, inclusive:

April 15 to 30.
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The following- table shows the number of eggs received and of fry-

hatched and distributed

:

Species.
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in November consignments of brook trout, Scotch sea trout, steelhead

trout, rainbow trout, quinnat sabnoii, Atlantic salmon, Atlantic salmon

domesticated, and landlocked salmon were received from Craig Brook
and Wytlieville stations. These were carried nntil April 30 without

material loss, when a heavy mortality ensued through the use of an
excessive amount of alum in filtering the water. A few hundred of the

rainbow, steelhead, and brook trout were saved, but they succumbed
in June, when the water temperature reached 81°.

The large-moutbed black bass on hand at the close of the fiscal year

have been in the aquarium for two years. When transferred from the

Fish Commission ponds in June, 1896, they were between 2 and 3 inches

long. They now measure from 9 to 12 inches.

The exhibit this year has been much more satisfactory than for sev-

eral years previous, owing to the renewal of the salt-water supply and
the installation of a large filter, which affords an abundance of clear

water for the fresh-water specimens. The Sahnonidcc, tlie basses, and
most of the salt-water species are fed principally on round beefsteak,

but their diet is varied from time to time by the use of live minnows.

The following is a list of the marine and fresh-water fishes and crus-

taceans exhibited during the year:

Marine species.
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Fry were observed within three or four days, and by tlie end of the

month the fish had nearly finished spawning. The temperature during

this period varied greatly, but the results were not injurious, appar-

ently, as only four nests appeared to be affected with fungus.

The following shows the temperature of water on the spawning-beds

from April 20 to 30, inclusive, taken at 7 a. m. and 4 p. m:

Date.
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and exposing tlie bottoms to frost, tlie condition of the north and south

ponds was worse this year than ever before. The muddy sediment on

the bottom was removed during the fall to a depth of 5 inches, and
though a careful examination of the soil in March seemed to indicate

that every trace of the injurious material had been removed it appeared

in larger quantities than heretofore.

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

Operations at this station were confined chiefly to the propagation

and distribution of rainbow trout. In September the superintendent

was detailed to make an investigation in Georgia for the selection of a

suitable site for a fish-cultural station. This work, with reports, etc.,

occupied his entire time for that month. At the beginning of the fiscal

year the stock of brood-fish on hand was as follows

:
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imperfect fertilization and to other causes, was 23 per cent of the total

number taken. Of the eyed eggs, 190,000 were shipped to foreign

applicants and transferred to other stations; the remaining 124,000

were hatched at the station.

In April and May all of the fry on hand were transferred to Erwin
Station, Tennessee, in order that the work of remodeling the ponds and
making additions to the hatchery might be commenced.
In the spring the adult black bass and rock bass were placed in the

spawning-ponds, but, owing to their poor condition, it is doubtful

whether any results will be secured.

At the close of the season the stock of fish on hand was as follows:
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During November and December 2,989 fish, ranging from two to four

years old and from 5 to 13 inches in length, were obtained and deliv-

ered at the station without loss at an expense of $367.80. No difficulty

was experienced in making this collection, as numbers of streams

within 40 or 50 miles of the station are well stocked with trout. As
an illustration, in Higgins Creek, about 12 miles southwest of Erwin,

600 were taken in a stretch of less than 2 miles. The fish collected

were hauled across the mountains to the station in wagons, and though
many of them were en route two days but one fish was lost. They were
placed in the large ponds, and though examined frequently no eggs

were secured. It is presumed that the ripe fish spawned on the gravel

bottom around the springs boiling up in the bottom of the pond.

The exact number on hand at the close of the year is not known, but

many were lost. It is believed that the mortality was largely due to

the depredations of cats, to which the brook trout, lying during the

night in shallow water near the shore, fell an easy prey. The wounds
were usually found on the back of the neck near the gill-covers and on

the sides as far back as the first dorsal fin. The cats, when discovered

to be enemies of the fish, were killed.

lu February 100,000 brook-trout eggs were received from East Free-

town, Mass., and although the loss during incubation and the early fry

stages was apparently small, when the fish were transferred to the

ponds on June 9 there remained only 11,562 by actual count.

During December 1,826 j-earling rainbow trout were received from

Wytheville and placed in one of the ponds. These fish have not done

well, quite a number having died during the season; a large propor-

tion have become very dark in color, and many of them are blind. The
eyes protrude gradually, and are sometimes seen outside of the socket.

The fish are apparently in good condition otherwise, fat, and without

external wounds. No explanation of this condition can be furnished,

but there is an impression among the people in the vicinity that rain-

bow trout have a tendency to become blind when introduced into the

large springs of this section.

Two well-authenticated cases have been reported: General Wilder

placed 11 adult rainbow trout obtained from Wytheville in a large

spring near Elizabethtown, Tenn., and in a short time every one was

blind. Another lot, placed in a large spring near Erwin, suffered the

same fate. The blindness among the station fish occurred in ponds

which had springs at the bottoms. The brook trout were not aflected

in this way except in a few instances where they worked their way into

the reservoir; all fish entering the reservoir showed these symptoms,

and died. The presence of minerals in the water may cause this diffi-

culty, but it more probably results from the settling of air bubbles or

grit on the mucous coating of the eyeballs. The water contains an

immense amount of air, bubbling from the springs and buoying up

the fine gravel and sediment unnaturally in the water. The reservoir

water always contains sediment in suspension.
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During the winter 50,000 rainbow-trout eggs were received from

Wytheville. These were hatched, and on April 23 there were on hand
21.200 fry. In addition to these, 81,300 rainbow-trout fry were trans-

ferred from Wytheville during the month of April and held in troughs

until June 7, when they were transferred to ponds, and were found by
actual count to have been reduced to 51,899. There remained on hand
at that time, from all sources, 73,099. At the close of the year all of

the fish were doing well, though those transferred from Wytheville

were much smaller than the station fish. It is believed that a consid-

erable number of the fry were destroyed by snakes. As soon as their

presence was suspected a temporary fence was placed around the ponds;

in a week 5 water-snakes had been killed, and over 100 were killed

during the year.

Much difficulty was experienced during the winter in procuring a

sufficient amount of suitable food. All of the beef liver available in

Erwin and Johnson City was purchased at prices varying from 5 to 8

cents per pound, but the supply was uncertain, and in April arrange-

ments were made for securing regular supplies from Armour & Co. in

Norfolk, Va. Whenever the shipments failed a mush, consisting of flour,

eggs, sorghum, water, and salt, was used.

In the coldest weather, with snow and ice on the ground, the air

was swarming with mosquito-like insects. There are also myriads of

aquatic worms on all objects in the water here, and several varieties

of Gammarus were seen in the supply ditch when the loose mud was
being thrown out, though none have been noted in the ponds. Snails

are exceedingly abundant, and the trout seem to feed on them; as they

reproduce at an enormously rapid rate, there will probably always be
plenty of food of this character.

The principal aquatic plant known in this region is the so-called branch
lettuce, which spreads its roots under the shallow water or in wet mud.
This remains green throughout the winter. During the cold season

its leaves lie flat on the water, like lily pads, but in summer the seed

stalks rise to the height of 2 feet. The submerged leaves and branches
serve as nurseries for periwinkle and other lesser forms of animal life.

Quantities of wood or leaf mold were used for the purpose of disinfect-

ing the ponds and establishing natural conditions. In order to pro.

cure natural food for the larger fish a lantern with metal wings, to lure

beetles and moths, was placed in the pond; striking the metal walls,

the insects fall upon tbe water and become an easy prey for the trout.

While the supply of food thus derived lias not been great, better results

are looked for during the summer and fall, when such insects will be
very plentiful. When the water was turned on in the temporary pond
built in the bed of the branch, which had been Hned with mud, myriads
of jointed red worms, about half an inch in length, were seen at the

bottom, massed together here and there.

The temperature of the water in the spring is 55° throughout the

year. In the ponds there is a variation of from 55° at the bottom to
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71° at the surface. During the winter, though the temperature of the

air reached zero, no ice was formed in the reservoir, ponds, or ditch.

During the spring the station grounds were overrun with stray dogs

and cats, and with a view to checking this influx all of the discarded

food was buried. This measure apparently had no effect, and it

became necessary to destroy all intruders of this character found on

the grounds. Frogs of all kinds were also abundant, and it became

necessary to destroy many of them. The food frogs were removed from

the station grounds and placed in a stream below the railroad. In

May and June tree frogs were spawning in large numbers in the ponds.

Kingfishers were often observed, although few were killed. Snapping

turtles were "noticed occasionally while the ponds were being excavated,

but not in great numbers. The miller's thumb is abundant.

While engaged in the construction of the station the superintendent

was the recipient of valuable assistance from residents in the vicinity,

officials of the Ohio River and Charleston Eailroad, Mr. Dana Harmon,

attorney-general of the first Tennessee district, and Mr. P. L. Haun,

sheriff of Unicoi County, through whose cooperation the collection of

wild trout from the streams of eastern Tennessee was made possible, as

the laws of the State forbid the capture of trout during the fall months.

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

With the view to increasing the collection of whitefish eggs on Lake

Erie, for restocking the waters of this lake and supplying the hatch-

eries on Lakes Ontario, Huron, and Superior, it was determined, in

addition to collecting eggs, as heretofore, from the nets fished in the

western end of the lake, to pen large numbers of male and female fish

and hold them until ripe, as it was believed that, if this method i)roved

feasible, the collections of eggs would be limited only by the num-

ber of fish caught. Under the old system severe gales during the

height of the spawning season reduced the collections from 30 to 50

per cent, notwithstanding the fact that nearly as many fish were caught

over the same area as usual, and though nearly the same amount of

money was expended in the work. Arrangements were made with a

number of fishermen in the vicinity of Put-in Bay and Bass Islands

to obtain the fishes desired, holding them in crates until the close of

the season, when they were to be returned to the fishermen.

During October, when we had auticii^ated securing many fish, the

weather was so unfavorable that they did not arrive on the spawning-

grounds for at least two weeks later than usual, and none were secured

until November 8, and these were taken under adverse circumstances.

Collections continued until November 27, when all of the nets were

removed. The total number secured was 1,2-17, and 1,119 of these

were transferred to live-boxes or crates. Of the 334: females, 2G0 were

available as spawners and produced 10,200,000 eggs, an average of

39,496 to the fish. The balance of the females were ''plugged'' or died

from injuries. The disproportion of sexes was due to the fact that

iarge numbers of males were penned early in the season on the suppo-
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sition that the later run would contain more females than males. The
eggs secured from the penned fish were of fair quality, though not as

good as those collected during a favorable spawning season. With the

experience gained there is little doubt that in the future much larger

and better results will be secured. The eggs collected from the penned

fish cost $1.20 per quart, or 3^ cents per 1,000; those taken directly

from the fish captured in the usual manner cost less than 2 cents per

1,000. This is exclusive of the cost of the live-boxes, pens, nets, etc.,

which are on hand and available for work in the future. It is easily

understood that ten times as many eggs could have been collected at

the same expense as the number referred to, in which event the cost

would have been less than 1 cent per 1,000.

The following is a brief description of the methods employed in col-

lecting and penning the fish and of the apparatus used: Stationary

live-boxes, supported by piling, have often been used, but as the water

at Put-in Bay becomes too warm for this, the boxes were made so that

they could be towed, like a raft, into open waters where the current is

more vigorous and the temperature more uniform; another advantage

gained by this method is that an equal depth of water is maintained in

the live-boxes, the rise and fall in this section varying from 4 to 5 feet

in a single day, according to the direction and velocity of the wind and

the atmospheric pressure. The boxes are 16 feet long, 8 feet wide, and
8 feet deep, divided into two equal compartments 8 feet square, pro-

vided with false bottoms controlled by standards running in guides at

the ends. The standards are pierced by inch holes at intervals of 6

inches, so that the false bottoms may be held at any desired place.

The lumber used was 6-inch pine boards planed on the inside and nailed

to scantling 1| inches apart, so fastened together as to make every side

interchangeable. The six boxes, divided into twelve compartments
with a capacity for 4,500 fish, were fastened at the ends to boom logs

65 feet long, with plank walks on both logs, thus permitting free access

to all parts of them.

Owing to the difficulty experienced in transferring the fish from the

pound nets to the boxes, on account of rough weather, supplemental

nets 7 feet long and 3 and 4 feet in diameter were placed at each pound
net where fish were expected; these were held open at top and bottom
by iron rings, and the bottoms were provided with puckering-strings

for closing them. By fastening one side of these nets to the down-haul
stake and the opposite one to the rim of the pot of the pound, the

upper ring is held 3 feet above the surface of the water and the lower

one 4 feet below, serving as a weight to keep the net down and also to

keep it open, so that the fish will have plenty of room and not be scaled

by chafing against the net. Thus located, the supplemental net is in

convenient position for receiving the fish when the pound is lifted. By
the use of these nets it became possible to secure many more fish than
otherwise. During the past season fish were collected from six sets of

nets with an equal number of boats, aggregating 55 pound nets. An
employee of the Commission was placed in each boat, to dip out the fish
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and put them in tlie supplemental nets, and also to collect the eggs

from ripe females. The dip nets used for taking the fish from the pounds

have long handles and hoops of spring steel, and are covered with

heavy open cloth such as is used in the cider press, as the knots and

twines of the ordinary net would injure the scales of the fish.

The steamer visited the supplemental nets daily when the weather

permitted, and removed the fish to spacious tanks on board, then

transferring them to the station, where they were counted and assorted.

It is necessary to exercise much care in this work, as success is entirely

dependent upon the fish reaching the live-boxes uninjured. Before

placing them in the boxes they are assorted into three classes—soft,

medium, aud hard. The soft ones (those nearly ripe) are examined

each day; the medium every third or fourth day, and the hard ones

at the end of each week. In this way much unnecessary handling is

avoided and the fish are kept in good condition. At the close of the

season all were returned to the fishermen in excellent condition.

Spawn taking is conducted under a temporary shelter erected on a

raft, and does not differ materially from the mode generally pursued.

The last fish were removed from the live-boxes on December 13,

when six of them were placed in one of the fry-tanks at the station for

future experiment. One of these was what is known as a "plugged"

female; that is, her abdomen remained hard and showed a congested

condition. This specimen was killed and opened. The ovaries were

found to be congested and the eggs, when examined under the micro-

scope, all showed ruptured yolks. Two of the other fish were appar-

ently healthy females containing spawn, and two were healthy males.

These were held in the fry tanks until December 21, when the females

were found to be ripe. In fact, one of them had cast most of her eggs

in the tank. From the other nearly a quart of spawn was taken.

The eggs were fertilized with milt from one of the males and presented

a very good appearance, though it was noticed that they were a little

undersized, running 10 to the linear inch instead of 8. The tempera-

ture of the water at the time being 32.5°, the eggs did not show dis-

tinct segmentation at the end of the first 24 hours, and they were not

therefore critically examined until they were 48 hours old, when it was
discovered that 90 per cent of them were impregnated, but over half of

them seemed abnormal, the discs being spread out more than usual and

many being segmented in patches or clusters. They were again exam-

ined on the 24th, and it was found that 10 per cent of them plainly

showed well-defined twin discs, and three triplicate discs were discov-

ered out of some 500 eggs examined. They were kept under observa-

tion from day to day, and micrographs taken. It was also observed

that there were many eggs in this lot containing insufficient yolk-sacs.

This led to an examination of several other lots of eggs taken late,

which in turn revealed the fact that the late eggs contained a much
larger percentage of insufficient yolks than those taken earlier in the

season. It has been noticed each season since this station was estab-

lished that the late eggs did not turn out as well as those taken at the
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3. Whitefish, 12 hours, showing first cleavage. Water 38°, 4 Whitefish eggs, 18th hour. Water 38°, showing second
segrmentation, four cells forrped

5 Whitefish egg 24 hours. Water 38°. 6. Whitefish egg 48 hours. Water 38°
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1 Whitefish egg, yolk-sac ruptured by rough handling, 24
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13 Whitefish egg, showing twin discs, 3 days old 14. Whitefish egg, showing twin discs, 6 days old.

15. Whitefish eggs, showing twin discs, 7 days old. 16. Whitefish eggs, showing twin discs, 8 days old.

17. Whitefish egg, showing twin discs, 13 days old. 18. Whitefish egg, showing twin discs, 15 days old.
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23. A common d lity of whitefish fry. .?4 Four-eyed whitefish fry.
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height of the season. Tt may be stated that no twin discs were found

among the other h)ts examined, although after the above experience it

had been confidently expected to find them. Never before, however,

has a twin disc been observed in a whitefish egg, and only three were

found this season outside of the lot under consideration; neither have

twins or double-headed monstrosities been found common among the

whitefish fry, though they are common among the lake trout.

The development of tliis lot of eggs was watched with much interest,

but on January 10, when the embryos began to form, not a single twin

or double-headed one could be found. It was observed, however, that

20 per cent of the eggs were far behind the rest in point of develop-

ment and, though apparently alive and healthy, there was no sign of

embryotic formation. This went on until January 26, when two well-

defined double-headed embryos were discovered. From this on they

were found in numbers, though very few of them had two perfect heads,

and there were no well-marked twins—that is bodies entirely separated

except by their attachment to the yolk-sac, as is so common with trout.

Most of the monstrosities had one normal and one abnormal head. It

is worthy of note that the perfect head was, without a single exception,

on the left side, and where both were abnormal the left one was the

better of the two, as will be noted in the accomi)anying micrographs.

Since writing the above Superintendent Stranahan has learned, by
consultation with Prof. Jacob Eeighard, of the University of Michigan,

that in his opinion the large number of abnormalities found among
these eggs was caused by their being held long past the normal time of

deposit. His ex]3erience showed that this is likely to be the case with

amphibians held in confinement. This may furnish the reason why late

eggs show more monstrosities than those taken early in the season.

The i)enning of whitefish near the station this season has aflbrded

exceptional opportunities for experiment with the fertilization and
development of the ova, and considerable attention has been paid to

the determination of how long milt will retain its vitality after being

mixed with water. On December 4 a quantity of spawn, just as it was
taken from the fish, was brought to the station, and a small quantity

placed in each of IG perfectly dry, clean pans, which were set in run-

ning water at a temperature of 36°. The milt of three males brought
alive to the station in a tub of watei was taken in a dry pan, care

being exercised that no water dri^jped from the fishes into the pan.

Water was then added, and a portion poured into one of the pans
containing eggs, numbered 0. In a quarter of a minute another

portion was poured into the pan numbered 1, and so on to the finish.

After each lot had stood one minute the eggs were washed and placed

in kegs in running water, with numbers to designate each lot. On
December 5, the eggs, being well segmented, were carefully examined
under the microscope, to determine the percentage of impregnation.
In each case those with ruptured sacs, or those destitute of germinal
disks were not taken into account, the object being to determine the

percentage of impregnation at the different periods.
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The following table shows the percentage of impregnation in each lot:

Time.
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ix lots were examined, as follows

:

Date of
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tliose in the vicinity of Toledo, 2 1,348,000; North Bass Island, 21,762,000;

Middle Bass field, 2,331,000; Kelly Island, 7,866,000; Catawba Island,

720,000; from Put-in Bay, 18,000,000 whitefisli eggs and 27,786,000 of

the eggs of the cisco; from other points, 162,000 whitefish eggs. Of
these eggs, 10,000,000 were transferred to Alpena Station; the balance

were hatched and distributed during March and April on the spawning-

grounds from which the eggs were collected, the cisco fry being planted

in the vicinity of Put-in Bay.

During the winter 1,000,000 lake-trout eggs were received from North-

ville, which were hatched and planted in the vicinity of the station.

It having been determined to resume the propagation of pike perch,

steps were taken to secure a force of spawn-takers and arrangements

made with the fishermen for attending the pound nets in the vicinity

of Put-in Bay, Toledo, and Port Clinton. The warm weather in March
raised the temperature of the water to 42.5°, which advanced the spawn-

ing season a week. The first eggs were taken on March 31, earlier than

ever before in the history of the station. A small lot was brought in

by the fishermen in this neighborhood. The regular spawn-takers were

not put on until April 4. On April 5 a severe northeast gale set in,

accompanied by snow, the temperature falling from 42.5° to 38°. This

not only interfered materially with the work, but the eggs taken were

poor. The weather continued unfavorable throughout the spawning
season, gale following gale in rapid succession, which not only seriously

reduced the collections, but aifected unfavorably the work in the hatch-

ery. The water pumped at the station was loaded with dirt, causing

much extra labor and continual handling of the eggs. Dead eggs,

which ordinarily fungus in a few days and are drawn off, were coated

with dirt so that they were of the same weight with the others, and
failed to rise to the top, necessitating not only constant handling, but
the passing of the eggs through fine screens, in order to remove those

which were fangussed.

As a result of the season's work, 221,062,500 eggs of poor quality

were collected; 87,112,000 from the Toledo field, 111,900,000 from the

Port Clinton field, and 22,050,000 from the vicinity of Put-in Bay.

In the beginning of the season starch was used to prevent adhesion of

the eggs; but complaints were received from every section that this

material was not satisfactory, as was proved by the fact that all of the

eggs came to the station more or less adherent. Swamp muck, which

had been used with success three years before, was substituted and
sent out at once but, owing to delays en route the season was nearly

over at Toledo before it could be used. Not more than 2 tablespoon-

fuls of the muck solution to 5 gallons of water was needed to prevent

adhesion. Experience has also shown that it is advisable to put

the muck in the water in the keg in which the eggs are poured after

impregnation, rather than to mix it with the eggs in the i)an prior to

fertilization. If a small amount of water is added to the eggs imme-

diately after fertilization and the milt washed out quickly, adhesion

does not take place for a minute or two.
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On April IC, near the close of the season, one of the spawn-takers,

Mr. Carl Rotert, was directed to remilt the eggs taken on that date;

that is, to add fresh milt one minnto after first applying it to the eggs,

and to add a third lot a minute later. In all, 450,000 eggs were treated

in this way, and after careful exaraiuation under the microscope, at the

expiration of twenty-four hours, out of the three lots of 150,000 each not

an unimpregnated egg could be discovered. They were then put in a

jar and kept thus to the close of the season. After the ruptured eggs

had worked off (ruptured eggs fungus and separate from the good ones

much sooner than the unimpregnated ones) the jar stood in striking

contrast to the balance of the eggs in the house, a solid mass of living

eggs. For some unaccountable reason they hatched before any of the

others, though taken last. Instead of requiring several days to hatch,

they all came out together, and the fry were apparently healthy, as seen

under the microscope or with the naked eye. It is a matter of regret

that this experiment was not tried earlier in the season, as it appeared

from the results attained in this instance that previous heavy losses on

X)ike-perch eggs may have been largely due to imperfect fertilization.

This matter will receive attention next season, and experiments will be

tried in remilting whitefish eggs also.

The eggs collected at Toledo were shipped on trays by the steamers

running from Cleveland to Toledo three times a week, and although the

eggs were held at least two days on the trays, they were apparently not

injured by the shipment; 30,000,000 of the iDike-perch eggs were trans-

ferred to Cape Vincent hatchery, and in order to decide as to the best

method for long-distance shipments, a part of them were transferred on

trays, and the balance in the ordinary transportation cans filled with

water. Of those transferred on trays, only 30 per cent hatched, while

of those shipped in water 75 per cent hatched. As eggs were success-

fully shipped on trays from Toledo to Sandusky, it appears that the

loss must have been due to concussion, caused by the jolting of the cars,

the eggs on trays being much more subject to this than those in water.

On May 2 it vyas observed that the eggs seemed unusually buoyant,

and that they rose higher in the jars than usual with the same amount
of water. Examination under the microscope revealed the existence

of numerous colonies of infusoria, nearly every egg having one or more
colonies. They were in the main a species of Garchesium, with a few

Vorticella. These being lighter than the water, and offering consider-

able resistance to the current, floated the eggs. On the 3d they had
increased to such an extent that it was necessary to put the eggs into

tubs and thoroughly wash them. This process broke the slender

threads which connect the individual infusoria to their main stem on

the egg, and remedied the evil. Later it was found that by thoroughly

feathering the eggs in the jar the same results could be secured. These
animals were found in all the jars, there being no difference whether
muck or starch had been used. Thorough investigation did not show
that the eggs were damaged, directly or indirectly, by these infusoria.



LXXVIII REPORT OF COMMISSIONER OF FISH AND FISHERIES.

Owingtotheunfavorable conditions above enumerated, only 71,110,000

fry were hatched. These were planted in the waters of Lake Erie at

the following points

:

Point of deposit.
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Flint and Pere Marquette Eailroad. Altliougb the fish were planted

without loss, the use of baggage cars for this purpose under ordinary

circumstances is not deemed advisable, as they are not equipped for

transportation on fast trains.

Early in August the superintendent visited the important fishing

centers on Lakes Superior, Huron, and Michigan to make arrange-

ments for the fall work. As a law had recently been passed by the

State legislature prohibiting all fishing for lake trout and whitefish

between November 1 and December 15, no efforts were made to secure

eggs of the latter species. Messrs. H. H. Marks and George Platts were

put in charge of the field operations, as the regular foreman, Mr. S. W.
Downing, had been detailed to assist in the salmon work on the Pacific

coast.

The first lake-trout eggs collected were received at Northville on Sep-

tember 16, but as the temperature was unusually high at the time of

shipment they proved a total loss. Eggs continued to arrive all

through October and until November 8, most of them being in excellent

condition. The shipments aggregated 12,014,000, over 5,000,000 of

which were taken in the Georgian Bay. Of the balance, 4,938,000 were

obtained from the fisheries on the north shore of Lake Michigan near

Manistique, within a period of ten days, 500,000 from the southern and

992,000 from the northern shore of Lake Superior.

The results from Lake Superior were disappointing, as large collec-

tions had been expected from that section. No efforts were made to

attend the fisheries at Beaver Island, one of the most productive sec-

tions in past years, as the trout in that vicinity do not spawn usually

before November 1. Letters received from fishermen during the latter

part of October, however, indicated that large numbers of spawning

fish had made their appearance, and it is possible that many eggs can

be secured there in the future during the closing days of that month.

The eggs were packed in cases and forwarded from the field stations

direct to Northville by freight, as usual, one of the employees meeting

the boat on its arrival at Detroit. Shipments of eyed eggs, aggregating

4,535,000, were made between October 9 and December 28 to other sta-

tions of the Commission, State fish commissions, and foreign applicants,

1,500,000 of this number being sent to the Alpena hatchery. The eggs

commenced hatching early in December, and on January 1 a carload

of fry was deposited in the Straits of Mackinac. No other shipments

were made until February, when 3,492,000 were disposed of. A few of

these were given to private applicants and the remainder deposited at

various points in the Great Lakes, on the natural spawning-grounds.

It was intended to carry the balance of the fry (250,000) until fall,

but the tanks became so overcrowded in May that it became necessary

to distribute 50,000 of them. These had made a remarkable growth

during the three months they were retained in the troughs, and when
planted they were 3 inches in length. At the close of the year there

remained on hand 100,244 fingerlings, the average weight of which was

4§ pounds per 1,000.
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As the stock of brood-fish of the brook trout at the station was very-

small, arrangements were made with the Miehigan Fish Commission to

make collections on the An Sable Eiver. A field station was opened on

that stream late in September, and under the direction of Mr. A. T.

Stewart 10,000 fish were captured, chiefly by means of seines, hook and
line being used only where they were scattered. They were confined in

two ponds, and during the fall 510,400 eggs were obtained from them
and transferred to Northville, the shipments being so arranged as not

to hold the eggs longer than the eighth day, as experiments in 1895 f

demonstrated that they could be moved with safety up to that time.

The eggs collected at this point were not so good as those taken from

the brood-fish at Northville, and cost about $1 per 1,000 delivered at

the station.

From the two-year-old brood-fish 128,350 eggs were obtained, 304

females yielding an average of 423 each. The fry commenced hatching

early in December, and on February 3 a shipment of 100,000 was sent

to the Au Sable. Various other plants were made from time to time

until March 23, the total distribution aggregating 228,000. At the

close of the year there remained on hand 15,000 fingerlings, their aver-

age weight being 6^ pounds per 1,000.

The Loch Leven trout commenced spawning October 15, and from

that time until the 27th of November 74,525 eggs were collected from

75 females. The eggs were of poor quality, due, it is thought, to the

advanced age of the fish. Shipments aggregating 25,000 were made
to private applicants; the balance were hatched, and at the close of

the year there were 4,715, of an average weight of 2-^\ pounds per

1,000. There are also 2,969 two-year-old fish in stock, which will spawn
during the coming season.

The steelhead fingerlings on hand at the commencement of the year

were retained at the station until March, 1898, when 3,500 were planted

in the Pere Marquette River and Cold Creek, and 200 of them were
transferred to the Omaha Exposition. It is intended to rear the bal-

ance for breeders, as an experiment. These fish did not attain as

great a growth as the rainbow. Loch Leven, or brook trout raised under

the same conditions, but reports from various sections in which plants

have been made indicate the capture of quite a number of specimens

measuring from 10 to 12 inches, especially in the Pere Marquette River.

None of these specimens have so far been identified, however. On
April 19 a shipment of 95,880 eggs was received from Fort Gaston,

Cal. These were hatched, and the 75,000 fry resulting from them were

planted during the month of May in Little Manistee River, Manistee

County, near Grand Rapids, Mich., and various streams tributary to

Lakes Huron and Michigan.

A few breeding black bass transferred to this station two years ago
are still in stock. They spawned early in June, but as there were no
suitable ponds for the reception of the fry, no efforts were made to

rear them.
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The following table shows the number of fish on hand at the close of

the year

:
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The lake-trout season opened the middle of September and closed

the 9th of November, 7,007,000 eggs of excellent quality being secured

from the following points

:

Locality.
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the wagon-bridge was raised 1.} feet and extended 20 feet, a new stone

abutment being built on tlio west side of tlie branch ; the roadway was
raised to the same height and a dry stone wall built along the road to

prevent washouts.

For the protection of the 14-inch water-supply pipe and ponds a dry

stone wall was also built along the spring branch. All of the grounds
around the buildings and ponds were graded and terraced, and road-

ways were built from the main entrance to all the buildings and ponds.

These roadways were graded and bedded with gravel, and surface

gutters of stone were provided. The necessary fences were also erected

alongside the country road from the Fish Commission reservation to

the main highway, and all of the lauds were sown with blue grass and
white clover. An hydraulic ram, for forcing water to the dwelling, mess-

house, and barn, was placed in the hatchery. All of the dead timber

on the reservation was cleared up and converted into stove wood. An
orchard, consisting of assorted apple, cherry, plum, and pear trees,

blackberry, raspberry, currant, and gooseberry bushes, strawberry

plants, and grapevines, was set out south of the dwelling-house.

As soon as the ponds had been completed, in the latter part of

October, arrangements were made to collect brood-fish from open waters

in the State. Supplies of large-mouth and small-mouth black bass, rock

bass, crappie, and rainbow trout were obtained from the rivers in the

eastern part of Iowa. All of the breeding-ponds were planted with

Ceratophyllum, Modea, Ranunculus, water lily, and other aquatic plants,

and artificial nests and piles of gravel were located at suitable points

in the three large stock ponds and in the 80-foot rearing-ponds. The
spawning beds were partitioned off with inch-mesh wire netting, so that

the young fish, by passing out into the main ponds, might escape the

depredations of the adults.

The small-mouth bass placed in Pond Z began nesting on the gravel

beds on May 2, and a number of nests were observed between that

time and June 1. The first fry appeared on May 24, and though quite

a large number of nests were seen the indications are that the crop

will be small, owing to the difficulty of keeping the ponds full of water
and to the absence of the natural food necessary for very young fry.

The large-mouth black bass collected from the Maquoketa Eiver and
in the vicinity of Quincy, 111., suffered severe losses during the winter,

owing to injuries received in transportation. In the spring 180 remained

on hand, which were placed in Ponds X and Y. The majority of these

fish spawned on mud bottoms, only a few of them using the gravel, and
in no instance were the artificial nests occupied. The first eggs were
noted on May 11, but no fry were observed until June 1. At the close

of the spawning season the adult fish were removed from the breeding-

ponds, so as to give full range to the fry. No effort was made to deter-

mine the exact number on hand at the close of the year, but it is believed

that the results will be good, notwithstanding the fact that owing to

the very scanty growth of aquatic vegetation natural food is not as



LXXXIV REPORT OF COMMISSIONER OF FISH AND FISHERIES.

abuiKlaiit as it slioiild be. The maximum temperature of the water in

these ponds between April 1 and June 1 was 78°; minimum, 48'=>.

In the spring the 180 adult crappie remaining were placed in three

of the 80 foot ponds. They were observed nesting on May 11, and

though a number of nests were noticed between that time and June 4

no young fish were discovered.

A supply of rock bass was also placed in one of the 80-foot ponds.

They commenced te spawn about the middle of May, and at the close of

the year several schools of young fish were seen in this pond.

In addition to the rainbow trout on hand at the beginning of the

year, 1,000 yearlings were received from Keosho in November. These

arrived in excellent condition and were placed in the ponds with the

others to be reared. In January and February two consignments of

eggs, amounting to 41,720, were received from ]S^eosho, which produced

30,364 fry. Of these, 4,000 were distributed to applicants in Iowa and

26,303 remained on hand at the close of the year. During the fall 85

2-year-olds and 74 yearling rainbow trout were collected from one of

the streams in the vicinity of the station and added to the brood stock.

All of the brook-trout streams in the eastern and northern parts of

the State were examined during the summer, with a view to making col-

lections of eggs and brood-fish, but at no point could sufficient numbers

be found to justify the expense of establishing a field station for the

collection of eggs. 513 adult trout were secured, which yielded 38,592

eggs during October. In addition to these, 100,000 brook-trout eggs

were purchased in Massachusetts, which arrived in excellent condition

in January and produced 83,700 fry. During the spring 19,000 brook-

trout fry were distributed, and at the close of the year there remained

at the station 79,595 fry. Consignments of 480,000 lake-trout eggs

from Duluth and 50,000 grayling from Bozeman were transferred to

this station. The lake trout arrived with a loss of only 723 ; subsequent

losses, amounting to 42,600, occurred, however, during incubation.

The fry which resulted from these eggs, amounting to 437,000, were

planted in public waters during the spring, with the exception of 400

which were held for experimental purposes. The grayling eggs, which

arrived in fair condition, hatched in June with a loss of 8,710. They

appeared to be strong and healthy, though it is diflticult to induce them

to take artificial food.

The stock on hand at the close of the year was as follows

:
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It is believed that large numbers of young black bass and crappie

could be collected from the overflowed lands along the Mississippi

River in the vicinity of liellevue, Iowa, and it is recommended that

investigations be made with the view to establishing a collecting sta-

tion at that point.

QuiNCY Station, Illinois (S. P. Bartlett, Superintendknt).

The spring of 1897 opened with cold rains, which contiuued at fre-

quent intervals until July, and apparently attected the spawning of

black bass in the vicinity of Meredosia, as very few fry were observed.

Great difficulty was consequently experienced in making the usual col-

lections; even at the commencement of operations the fish captured

from the overflowed ponds and lakes measured from 5 to 7 inches in

length, showing they had hatched the previous year. As the season

advanced the weather became extremely hot and dry, and continued so

until late in October, making it difficult to transfer fish from the ponds

to the station.

As a result of the operations for the season 25,139 black bass and

3,408 crappie were delivered to the cars for distribution.

The weather conditions during the spring of 1898 were much more

favorable, the rivers being high early in the spring and remaining in

that condition long enough for the bass and other fish to deposit their

eggs in the interior lakes and sloughs. While engaged in collecting

two carloads of fishes in Meredosia Bay in May and June for the Omaha
exposition, large numbers of young bass were observed, and 5,000 were

easily caught and transferred to the ponds at the station.

The property at Meredosia is in good condition. The buildings were

painted during the year, the grounds seeded, and other steps taken to

improve the appearance of the station.

Neosho Station, Missouri (H. D. Dean, Superintendent).

At the beginning of the year 90,725 rainbow-trout fry were on hand,

but losses occurred during the summer and fall, which reduced the

number for distribution in October to 75,850. Of these, 72,850 were

deposited in j)ublic and private waters, 2,000 were retained for brood

stock, and 1,000 were transferred to Manchester Station. The brood

stock on hand consisted of 1,580 three-year-olds, 311 four-year-olds, and
209 from five to ten years old. From 321 ripe females three years of age

a total of 188,320 eggs was secured, an average of 586 each; 154 of the

old fish produced a total of 210,815, an average of 1,400 per fish. Of
the former, only 43 per cent were good; of the latter 58 per cent.

The first eggs were secured in December, and collections continued

from that time until March 1, the total take amounting to 405,435. Of
these, 207,814, or 51 per cent, were eyed. At the close of the year there

remained on hand 92,200 fry, 14,000 having been distributed in April

and May.
The poor quality of the eggs may be attributed to some extent to the

fact that the fish were kept during tlie spawning season in ponds with-
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out raceways ; consequently it was necessary to handle them daily in

order to select the ripe ones.

Of the 11,326 black bass on hand in July, 10,151 were distributed

during the fall. The distribution was very successfully accomplished,

the loss amounting to almost nothing. During the summer it was
noticed that one trough of fish in the hatchery were not doing well.

They were transferred to another trough in the spring branch which

was supplied with warm water, and in a few days they were thriving.

In October 100 of the adult bass collected from Meredosia Bay were

transferred to the station. They were placed in the ponds, and were

taught in a few days to take artificial food: At first lish cut in large

pieces was fed to them along with minnows; after a short time the

minnows were omitted, liver being mixed with the cut fish, and a few

days later they were taking liver and beef without trouble. When
the pond was drawn in March, 98 of this lot remained.

Owing to the roily condition of the water during the spring, spawn-

ing was observed in only one instance. Large numbers of fry were seen

in the ponds later, but no attempt was made to transfer them, as the

water contained an abundance of natural food. Contrary to the usual

practice, the ponds were kept full of water during the winter, and at

the spawning time they were abundantly supplied with vegetation and

insect life. A few young fish were transferred to the hatchery for

experimental feeding, and no difficulty was experienced in teaching

those over half an inch in length to take food.

When the distribution of rock bass was made in the fall, 13,618 fish

remained of the 14,850 on hand in July. In the spring, when the pond

was drawn to prepare it for the breeders, 1,950 young bass were taken

out which must have hatched there late in the fall. Spawning occurred

at the usual time and numbers of young fry appeared later.

The results of last season's work with strawberry bass and crappie,

though not so large as had been hoped for, were the most successful

so far attained at the station. Of the 10,630 fry on hand from the

hatch of the previous spring, 56 per cent, or 5,962, were distributed in

the fall. It is very difficult to handle these fish in warm weather, and

it is also hard to teach them to take food. In the spring 62 strawberry

bass were placed in pond 14 and 11 crappie in another pond.

The following table shows the number of fish on hand at the close of

the year, and the maximum, minimum, and mean temperatures to which

the various species were subjected:

Species.
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The following table shows the air aud water temperatures and the

amounts of rain aud snow as recorded by months

:

Month.
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during the season the crappie seemed to suffer from an affection of the

eyes. This was attributed to the clear, shallow water, and was partly-

overcome by partitioning off a part of the pond and placing in this space

a lot of carp, which stirred up the mud and kept the water cloudy.

In order to increase the food supply at the station a pond, li acres in

area, was constructed during the summer, so arranged as to have a

very large area of shallow water; it was nearly oval in shape, and varied

in depth from nothing to 9 feet at the stand-pipe. It was supplied with

water by means of a hydraulic ram placed at the lower end of the grounds

near the river and operated by the overflow of the upper ponds, the fall

being 3| feet. By this means an average of 50,000 gallons of water per

day enters the pcnd, and so far it has been kept full constantly, though

the weather was very dry for six months of the time and the evai^ora-

tion and absorption great. The ram has been running steadily since

October 7, and has required very little attention except to keep the

screen clean. This pond has proved a great success, both for the pro-

duction of food and for rearing bass. The large area of shallow water

provides a great quantity of insect life and a safe retreat for young

fish. When sudden changes of temperature occur, the fish seek the

deep water.

The construction of four additional ponds was commenced during

the spring near the southwest end of the grounds; each of them will be

^ acre in area and similar in character to the one built during the pre-

vious summer. A water-wheel was also built on the river to supply

water to this new system. The water will be pumped into a distributing

reservoir and conducted from there to the ponds by gravity. The

grounds have been improved by planting Bermuda grass and shade

trees, and a. small orchard of pear, apple, plum, and other fruit trees

was set out in the fall. These are doing well, only four having died

during the year.

At the close of the year the stock on hand was as follows:
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The results are shown iu the followiug table:

Source.
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spawn ; they weighed from 5 to 8 pounds, and many ofthem became badly
bruised. Arrangements liave been made to construct a large pond for

this purpose in future. There are a large number of fish in the lake,

and as they are apparently in good condition, there is no doubt that

it will prove a good field for collecting eggs of this species.

The brood-fish at the station yielded 15,300 eggs in May, 9,000 of

which were shipped in June.

No effort was made to collect eggs at Uneva, as ice remained on the

lake much later than usual, and when it finally disappeared it was found

that the majority of the fish had spawned.

J^o collections of yellow-fin trout eggs were made this season, and all

of the fry on hand at the beginning of the year were planted during

the fall. There were also at the station 289,600 black-spotted trout

eggs and 164,680 fry. Of these, 124,900 fry and 29,500 eggs were the

result of collections made at Freeman Lake. In the fall 270,000 of

the 273,000 fingerlings available for distribution were planted in the

waters of Colorado, Idaho, Montana, Washington, South Dakota, and

Nebraska. The remainder were placed in one of the small ponds at

the station, but all except 400 escaped into Kock Creek.

On account of the uncertain results attending the work at Twin
Lakes during the past five or six ^ears, and the expense connected

therewith, it has been determined to discontinue operations at that

point. The usual collections were made at Freeman Lake in June,

158,800 eggs being obtained. These were transferred with little loss to

the Leadville Station and were in the troughs on June 30.

The stock of fish and eggs on hand at the close of the year is shown

by the following table

:
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BozEMAN Station, Montana (James A. Hensiiall, SurERiNTENDENT).

For the purpose of increasing Mic water supply during the summer,
a ditch 1,500 feet long, with the necessary liead-gates, etc., was con-

structed from a point in Bridger Creek, in the canyon, to a large supply

and settling jioud located southwest of the hatchery at the head of

the large rearing-ponds, in order that the water might be used during

the summer and fall. This pond will also be supplied with water from

warm spriugs on the opposite side of the creek, which has a regular

temperature of 77° throughout the year.

The brook-trout and steelhead fry on hand at the beginning of the

year were distributed in August in suitable streams and lakes through-

out the State, except 3,000 brook and 10,000 steelheads reserved for

brood stock.

It having been decided not to attempt the collection of eggs at Soda
Butte Lake, Yellowstone Park, and Mystic Lake, which had been exam-
ined during the previous spring, arrangements were made to establish

auxiliary stations for the collection of black-spotted trout and grayling

eggs in the Upper Madison River, Montana, and at Henry Lake, across

the Continental Divide, in Idaho. An investigation of the streams in

the vicinity of Deer Lodge, in the Big Blackfoot Valley, was also made,
and an abundance of trout was found.

Early in March the equipment for the auxiliary stations, consisting

of 14 hatching-troughs, 600 trays, 300 screens, and 24 egg-cases, which
had been constructed by the employees of the station, was sent to

Monida by rail, thence by sleighs and dog-sleds to the points selected.

Operations were commenced at Henry Lake under the direction of

Fish-culturist Jarvis. A temporary hatchery was established in a log

cabin 15 by 15 feet, equipi^ed with 6 hatching-troughs 8 feet long, the

water supply being taken from a spring pond in the vicinity with a

temperature of from 42° to 50°. About 6,000 trout were collected and
placed in the ponds during the early spring, but only 186,000 eggs were
obtained. Of these, 11,000 were lost in incubation, 20,000 were hatched
and planted in a tributary of the lake, and the balance (155,000) were
transferred to Bozeman.
The spawning season opened on April 6 and continued until May 30,

though the greater part of the eggs were taken between April 15 and
May 15.

Operations at Horse-thief Springs were undertaken at the same time

under direction of Mr. A. J. Sprague, but early in April this site was
abandoned and the equipment transferred to Ked Rock, Mont., 40 miles

uearer Monida and 20 miles west of Henry Lake. These stations are

on opposite sides of the Continental Divide, Henry Lake being on the

headwaters of the Snake River and Red Rock at the head of the Jef-

ferson River. The equipment here consisted of 6 hatching-troughs 8

feet long, with the ordinary trays of woven wire, mesh 7} inch by i inch.

The water supply was from a spring about 75 yards distant, of a tem-

perature varying from 46° to 55°. As there was no building in the



XCII REPORT OF COMMISSIONER OF FISH AND FISHERIES.

vicinity that could be used, an awning of canvas was erected over the

troughs.

The work was successful, over 3,000,000 grayling eggs being collected

between May 7 and June 20. Of these, 1,500,000 were hatched at the

substation and deposited in Elk Creek, an inlet of Eed Kock Lake. Of
the balance, 1,000,000 were transferred to Bozeman and 110,000 were
shipped to other stations.

The eggs of the grayling are much smaller than those of the trout

and measure one-seventh of an inch in diameter after fertilization.

They are very light-colored, almost crystal-clear, and are slightly adhe-

sive after fertilization, forming bunches and quickly developing fungus.

Their specific gravity was found to be less than that of trout eggs, and
from the experience gained it appears that they might be hatched or at

least eyed under pressure of water, by methods similar to those employed
in hatching eggs of the shad and whitefish, rather than on trays. The
embryo began to show life and movement before the appearance of the

eye spot, which occurs in from 3 to 5 days. They hatch in from 10 to

12 days at a temperature of 50°. The fry are quite small, about half

an inch long, and after the absorption of the yolk-sac, which requires

about a week, they rise to the surface and swim freely. Considerable

difficulty was experienced in providing acceptable food for them, aud
the loss before they commenced feeding was estimated at 50 per cent.

Those hatched at the substation and planted in the creek from which

the eggs were taken seemed to grow much faster than those in the

hatchery.

Notwithstanding the short period of incubation, little difficulty was
experienced in the transportation of eyed eggs. Tlie consignments sent

to Manchester, Leadville, aud Omaha arrived in good condition. They
were packed in the manner usual with trout eggs, except that no moss

was placed between the trays, as the least pressure on the eggs kills

the embryo. Most of the loss in shipments to Bozeman was caused by
the scarcity of ice at the auxiliary station. One shipment of green eggs

was made, but all of them died eventually, though they were apparently

in good condition on arrival.

During the spring 100,000 brook-trout eggs and 50,000 steelhead eggs

were received from the Leadville and Fort Gaston stations, and from a

private hatchery at Hudson, Wis. These were hatched as usual and
held at the station until the close of the year, when there remained on

hand the following stock of fish

:
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Baird Station, California (G. H. Lambson, Superintendent).

Oil July 10 Mr. Liviiigstou Stone, who had been in oluirge of Baird

Station almost continually since its establishment, was transferred to

Cape Vincent, N. Y., and Mr. G. H. Lambson ^yas appointed superin-

tendent. In addition to his duties at Baird the superintendent was

detailed to assist Mr. J. P. Babcock, of the California Fish Commission,

in the management of the Battle Creek Station, having charge of all

the accounts of the latter station.

In order that the station might be in readiness for eggs from the first

run of salmon, the fishing apparatus was overhauled and repaired in

July, the filtering-tanks, corrals, seining-reel, and whim rebuilt, and

log-cabins erected for the use of the seining crew. When fishing com-

menced, on August 14, a great many salmon were noticed below the

rack which had been placed across the McCloud River at the beginning

of the year. At the first haul 15 ripe females were captured. Fishing

continued without interruption until September 20, when the first run

was over. During this period 6,327 females were handled, of which

1,555 were ripe, yielding 7,000,000 eggs, an average of 4,501 per fish.

The second run commenced in October (the first haul of the seine

being made on the 7th) and continued at intervals until December 8,

2,005 females being captured, of which 50G were ripe. From this run

2,194,000 eggs were collected, a total of 9,194,400 for the season.

The following table shows the daily catch of fish, ripe females, and

eggs collected, with mean temperatures of water on fishing-grounds

:
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Of the eggs collected at Baird, 6,255,000 were transferred to the Cali-

fornia State Fish Commission hatchery at Sisson, Cal., 250,000 were

shipped to France, Germany, Italy, and Japan, and 20,000 were sent to

the Tennessee Centennial Exposition at Nashville, Teun. The remain-

ing eggs, together with 4,247,000 transferred from Battle Creek, were

hatched and planted in McCloud Eiver with a loss of 354,600 dnring

incnbation.

Tlie eggs and milt were taken simultaneously in a dry pan and at once

stirred with a feather until the milt was completely mixed with the eggs,

when a small quantity of water was added and the eggs again stirred,

after which the pan was filled with water and allowed to stand until

the eggs separated. As soon as they were washed they were carried

to the hatchery and placed in baskets, 30,000 to the basket. The dead

ones were kept picked oft' until the critical stage arrived—that is, the

time of the formation of the spinal column, which requires from 4 to 8

days, according to the temperature of the water. During this period

the covers were kept on the troughs, and the eggs were not touched

until the young fish could be plainly seen, after which the picking was

continued until they were either shipped or hatched. When the covers

are first removed from the troughs the eggs are very dirty, being cov-

ered ^ inch deep with sediment and some little fungus. The loss is

small, however, as the under part of the egg, kept clean by the action

of the water, is plentifully supplied with air. Some fungus appears in

all baskets at this station, though the losses from this source are never

large. The jiicking of the eggs is done by Indian women, some of whom
become very expert. In packing eggs for local and foreign shipments

the same method was followed as heretofore.

In December a heavy rain set in, which lasted several days, and the

river became so high that the racks and wheels had to be removed,

which left the station dependent for its supply of water upon the ditch

conveying water from Wiley Creek. At the end of two weeks this

supply failed and it became necessary to resort to the steam pump for

water for the hatchery.

As the number of fish hatched at this station was larger than ever

before, it became necessary, owing to lack of trough-room, to plant a

majority of the fry before the sac was sufficiently absorbed to permit

of their swimming freely in the water. Those planted immediately

after hatching collected in large banks or schools in the shallow water

away from the swift currents, making no effort to hide or burrow under

the stones, and were observed always heading upstream. It is feared

that large numbers of them were destroyed by fish; one trout captured

at the time was found to have 43 young salmon in its stomach. Those

liberated with the sac nearly absorbed disappeared at once under the

gravel and stones and remained there until the sac was completely

absorbed, when they were observed to go out in search of food in small

schools. They then gradually worked their way out into deeper and

swifter water until they disappeared. Half a million were held in the
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troughs until they were ready to take food, when they were liberated

and immediately sought deep and swift water. Six months later num-

bers were caught with the fly, like trout. In June, 1898, young salmon

of two sizes appeared in the river in large numbers, one about 1^

inches long and the other from 3 to 4 inches. The first were supposed

to be the result of the last plants and the larger ones of the plaut of

1896, though this is only surmise.

In hauling the seine for salmon many large rainbow troat were taken,

one weighing 10 pounds and a number from 5 to 7 pounds. These

were all returned to the water. Several Dolly Varden trout were also

captured. A number of Yon Behr trout, the result of a plaut of 1,500

of this S])ecies in the Upper McCloud Eiver from the Sisson hatchery,

were caught with a fly and returned to the water.

During the spring an orchard, covering about 2^ acres, and consist-

ing of apples, pears, peaches, etc., was set out and repairs made to the

foreman's cottage and the building occupied as post-ofiice.

The following table gives the maximum, minimum, and mean tem-

peratures of air and water at the station for the fiscal year

:

Month.
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and day from November 7 until the middle of December, at wliicb time

there were still a few fish left in the creek. Only the ripe females and

such males as were necessary to accomplish fertilization were transferred

from the seines to the crates, the green fish being returned to the creek.

No record was kept of the ripe males used, as they were always in

excess of the demand. The females were thrown on the banks to die

after the eggs had been expressed from them, but the males were

returned to the live-boxes and manipulated each day until exhausted.

Such of the dead fish as were fit for food were given to those applying

for them, and over 600 wagons received fish during the season, some
of them coming from points 100 miles away.

The first eggs were secured October 22, the collections to the close

of the season being 48,527,500. The smallest take in one day was
85,000, the largest 2,220,000; the average was 1,250,000 per day. The
total number of fish spawned was 8,704. The total loss of eggs in the

hatchery was 3,395,000. The salmon handled weighed from 2i to 40

pounds, but the average weight was about 22 pounds.

The following table shows the daily catch of ripe females, eggs col-

lected, daily loss in the hatchery, and temperature of water:
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As soon as the eggs had been fertilized they were hauled in wagons

from the iishing-grounds to the hatchery (about two-thirds of a nnle),

where they were placed in baskets until eyed and ready for shipment.

The first consignment was forwarded to Sisson on November 10, and

shipments continued from that time uutil January. Of tlie total num-

ber collected 24,000,000 were turned over to the California Commission,

to be hatched on the Sacramento and Bel rivers; 4,000,000 were sent to

Baird; 0,000,000 were sent east on car No. 3; 2,000,000 were transferred

to Bear Valley Station and 3,000,000 to Clackamas, Greg.

The remaining 0,000,000 yielded 5,885,500 fry, which were liberated

in Battle Creek between December 10 and February 28, on which date

the station was closed and placed in charge of a watchman. The total

loss of eggs during incubation was 3,395,000.

In December Mr. Cloudsley Rutter was detached from Battle Creek

and ordered to Olema, Bear Valley, Cal., to hatch and liberate the

2,000,000 eggs transferred to that point. The loss during incubation

was small, 1,970,000 fry being hatched, but owing to limited facilities

for holding them in the hatchery it was found necessary to liberate them

a few days after the bursting of the shell, in Olema Creek, Papermill

Creek, Hatchery Pond, Hatchery Creek, and a brook near Inverness.

In depositing' the fry, shoals or riffles were selected as the most suit-

able places. When the fry were first planted the creeks were very low,

which enabled Mr. Rutter and his assistant to observe their movements

closely. During the first nine days they moved neither up nor down
stream, but collected in groups in shallow places. At one S]3ot from

4,000 to 5,000 were found in an eddy behind a rock. After the heavy

rain of February 1, however, no further traces of them could be seen.

On February 20 the station was closed and observations were discon-

tinued, owing to lack of funds. The grounds upon which the plants

had been made were examined again on Aj^ril 10 and very few fry were

found in the creek, though enough had been planted to give 2 to every

square foot of surface from the mouth to the highest point at which

deposits were made.

Fort Gaston Station, California (W. E. Dougherty in charge).

Owing to lack of rains during the summer and fall, very few salmon

and no steelheads reached the traps in the spring; consequently no

work was done at Fort Gaston. At Redwood large numbers of salmon

were taken below the rack, but owing to lack of facilities only about half

of them were used. During tlie year 1,410,000 steelhead eggs, 1 ,283,450

eggs of the chinook and nerka salmon, and 41,000 rainbow-trout eggs

were collected ; 710,000 steelhead eggs were shipped to eastern stations;

the balance were hatched, and the fry resulting from the steelheads and

the salmon were liberated in Redwood Creek. The rainbow- trout fry

(35,950) were deposited in Mill, Pine, and Fish Tangatang creeks.

As these stations are practically inaccessible, it being necessary to

pack on mules all material carried in and out, and as better results can

F. R. 98 VII
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be secured more economically at other points, they were abaudoued at

the close of the year.

Clackamas Station, Oregon (W. F. Hubbard, Superintendent).

Arrangements were made to operate (in connection with Clackamas
Station) substations on the Salmon and Little White Salmon rivers;

also a hatchery belonging to the Columbia River Packers' Propagating

Companj^ on the headwaters of Clackamas River; and with Mr. R. D.

Hume on Rogue River.

The rack across the Clackamas was finished early in July. Hereto-

fore it had been constructed on a shallow riffle a short distance above

the station, but this season the property-owuers controlling the shores

objected, and it became necessary to locate it directly opposite the

station in much deeper water. During the summer the hatchery was
overhauled and placed in thorough repair, new foundations, sills, and
flooring being laid; many old troughs, which had been used since the

establi.sliment of the station, were replaced by new ones. The hatchery

was further improved by putting in new skylights. The water supply,

which had been very unsatisfactory in the past, was increased.

Early in September, all repairs and preparatory work having been

completed, operations were commenced, but no ripe fish were taken until

September 15. The fishing below tlie rack was continued every night,

but very few fish were taken and only 380,650 eggs were collected in

September. As the prosj)ects for large collections in the vicinity of the

station were poor, arrangements were made early in October, with Mr.

G. H. Oldenburg, for collecting eggs at a point about 4 miles below the

station, at the rate of 40 cents per 1,000, eyed; and 821,800 were secured

from this source between October 20 and December 3, the eggs being

delivered in good condition.

Fishing operations continued until October 21, when the water in the

river rose so high that the men were compelled to stop work. They
resumed on November 7, but by this time all the salmon in the vicinity

of the rack had spawned. As a result of the season's work, 1,072,275

eggs were taken from the Clackamas River.

During September 1,006,000 eggs were received from Salmon River,

and commenced hatching on the 10th. The fry from the first lot were

not as strong as usual, which was attributed to the fact that the water

at Clackamas Station, taken from Clear Creek, is between 10° and 15'^

warmer than that of Salmon River. As soon as the temperature fell

there was no difference between the fry hatched from eggs collected on

the Salmon and those on the Clackamas. Between October 10th and

November 10th, 4,000,000 eggs were transferred from the Little White
Salmon in four shipments, and on January 18 another consignment of

3,000,000 arrived from Battle Creek. These were in excellent condition,

only 2,200 being lost in transit. Plants of fry were made from time to

time, commencing October 7, in Clackamas River and Clear Creek, the

last plant being made on April 28. As a result of the eggs collected at
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the various substations aud transferred to Clackamas, 10,029,796 fry

and fingerling fisli were liberated in tributaries of Clackamas River.

A noteworthy experiment Avas tried during the season with one basket

of eggs. A lot of 20,000, collected October 30, were placed in a basket,

aud on the following day 208 dead ones were taken off. The basket

was then covered so as to exclude light, and left undisturbed until the

twenty-first day, when the eggs were i)icked over again aud .'>()5 dead

ones removed. During the undisturbed period the top layer became

covered with sediment so thick that the eggs were not visible beneath,

but the lower side, owing to the current of water through the basket,

was perfectly clean. A larger percentage than usual of these eggs

hatched, and the fry were api^arently good. This method, if it proves

practicable on a large scale, will effect not only an economy of time and

labor, but probably the saving of many eggs, as these are often killed

by picking over during the critical stage, between the ages of 9 and

15 days. In November, owing to the overcrowded condition of the

hatchery, it became necessary to provide additional room for the fry,

which were hatching rapidly. Fifty new troughs, 21 feet long, were

constructed and placed out of doors near the Hume leading from the

spring. This afforded ample room for holding the fry until they had

arrived at the proper stage for planting. Two hundred thousand fry were

held until April, and when liberated in Clear Creek they were between

2 and 3 inches in length.

In December 10,000 Loch Leven trout eggs were received from North-

ville, Mich., for the Oregon Fish Commission. These were hatched and

planted at the request of Hon. H. D. McGuire during the months of

March aud April in Sucker Lake, Crystal Lake, and Clackamas River.

Upper Clackamas.

This hatchery was built in the spring of 1895 by the Columbia River

Packers' Propagating Comi:)any of Oregon, at the headwaters of the

Clackamas River, in the Cascade Mountains, about 50 miles from

Clackamas, and operated by them for two years. At the suggestion

of Hon. H. D. McGuire, fish commissioner of the State, it was turned

over to the United States Fish Commission with the understanding

that it would, be ojierated to its full capacity during the fall. The
hatchery is very inaccessible, and all supplies needed for the work
have to be carried in on the backs of mules or men, as wagons can be

used only over the first 20 miles, the last 30 being only a rough moun-

tain trail. A trip to the station is difficult, requiring from two to

three days, and as the country is entirely uninhabited it is necessary

to camp en route. But the site is especially valuable from the fact

that it is the spawning-ground of the earliest run of chinook salmon in

the Clackamas River, and, except Salmon River, is the only place in

the Columbia River Basin where eggs from this run can be secured as

early as July. The station was first visited by the superintendent on

June 16, and arrangements made to commence work under direction
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of Mr. King Spurgeon. The property at the station consists of two
sheds, 20 by 80 feet, which are used as hatcheries. These are cheap

structures set upon posts, without sides or floors. There is also a log

cabin 15 by 16 feet and a shanty 1(3 by 24 feet, made of cedar bark,

for the accommodation of the men and storage of the necessary equip-

ment for operating the station. The water supply is taken by gravity

from a small spring brook.

In order to stop the ascent of the salmon, a contract was made at

once to build a rack across the river. This was finished late in

June, and another rack was constructed over Oak Grove Creek, a large

tributary flowing into the Clackamas Eiver below the station, where

many salmon ascend to spawn. The fish commenced collecting below

the racks before their completion, indicating that some had already

passed up. On July 1 a crew of men was employed, the station was
put in order, the troughs and baskets repaired and asphalted, the

seining-grounds cleared, and a bridge built over Oak Grove Creek.

The first collections were made on July 17, and operations continued

daily from that time to the end of the season, the fish being caught

with a seine hauled just below the rack. It was found necessary to

build a second rack a short distance below the first, to prevent the fish

from going down the river while fishing operations were in progress.

This lower rack was constructed with a trap in the center, so that the

fish might pass up, but could not return.

As the season advanced and the egg collections increased it became

apparent that the water supply from tlie small brook would not be

sufficient, and, as there was no way of increasing it, troughs were placed

on a gravel bar near a riffle in the river, where there was fall enough

to supply them with water from the river above; 12 hatching-troughs,

10 feet long, were placed on this riffle, and a rough shed was con-

structed over them. These troughs gave very good results, though

they were in danger of being carried away by a sudden rise in the

river; but this, fortunately, did not occur until the eggs had been

removed. It also became necessary to rearrange the troughs in the

sheds so that the water could be used over and over again, care being

taken to aerate it as thoroughly as possible, and although the results

were satisfactory, it is strongly urged that a better supply be secured

for the next season. Between July 17 and August 26, there were taken

and placed in the hatching-troughs 5,015,000 eggs. Those collected in

July commenced hatching about the middle of August, and owing to

the crowded condition of the troughs it became necessary to plant

many of them a few days after hatching. The last fry hatched on

October 15, the average period of incubation being from 34 to 35 days

for the earlier lots and 50 days for the last. As soon as trough room

permitted, the fry were held until the yolk-sac was nearly absorbed,

when they were deposited on the spawning-grounds in Clackamas River.

The station was closed when tlie last plant of fry was nmde on Decem-

ber 14, the property stored, and buildings left in charge of a watchman.
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Sai.mon River.

Early in the spring of 1897 arrangements were made with Mr. Thomas
Brown for collecting quinnat-salmon eggs on the Salmon River on the

same terms as heretofore, viz : 40 cents per 1,000 for eyed eggs, the con-

struction of the rack, capture of the fish and care of the eggs until they

reached that stage to be undertaken by him, and the Commission to

furnisli the necessary troughs and other hatching apparatus. The rack

was placed across the Salmon River in May, at the same point where

operations had been conducted the previous season, and another rack

was built across the Sandy River later in the season for the j^urpose of

turning the salmon from that stream into the Salmon River. At the

beginning of the year, when the racks were completed, numbers of

fish appeared below them, and indications pointed to a large collection

of eggs; but many fish were captured before the spawning season by

fishermen and others living in the vicinity, which materially reduced

the available supply.

The first eggs were taken on July 22 and the last during the latter

part of August. During this period 1,216,600 eggs were secured from

the 389 females; of these, 1,066,000 were shipped' to Clackamas in four

consignments during September, and the balance were hatched and

liberated in the river near the rack.

RoGUK River.

During the early spring an investigation of various sites on the

Rogue River was made by the superintendent, with a view to establish-

ing an auxiliary station for collecting quinnat-salmon eggs. A number

of sites were examined in the vicinity of Gold Hill, and a point was

selected about 12 miles above that place, the water to be secured from

an irrigation ditch connected with Rogue River; but before the arrange-

ments could be completed with the parties owning the land, who lived

at Jacksonville, Oreg., Mr. R. D. Hume, of Wedderburn, Oreg., agreed

to erect a hatchery on Rogue River and equip it, provided the United

States Fish Commission would operate it. This offer was accepted and

the site near Gold Hill abandoned. The point selected by Mr. Hume is

at the mouth of Elk Creek, about 26 miles from Central Point. Arrange-

ments were made with J. J. Pankey to build a rack across the river,

capture the fish, and furnish eyed eggs to the Commission at the rate of

40 cents per 1,000. In August a hatching-house, 24 by 50 feet, was built

on the banks of the river above, equipped with 8 hatching- troughs, 35

feet long, 12 inches wide, and 10 inches deep, and with a filtering-tank 12

feet long, 4 feet wide, and 3 feet deep in one end. The water supply was

taken from Elk Creek, its temperature being from 12° to 14° warmer

than that of Rogue River, In order to raise the water in the creek to

a sufficient height, a dam 10 feet high and 100 feet long was built about

1,800 feet from the hatchery, the water being conveyed in a 2 foot flume.

In September Mr. G. H. Tolbert, tish-culturist, was detached from

Fort Gaston Station and placed in charge of the work. The building
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was completed shortly afterwards, and the presence of many salmon

below the rack afforded a fair prospect for good collections. A few

eggs were taken in September, but the bulk was collected in October.

During October and November 2,027,000 eyed eggs were delivered by
Mr. Pankey. The results were not satisfactory, as it is believed that

there was a sufficient number of salmon in the river to have yielded

at least 5,000,000 more if the fishing had been properly managed. One
of the ijrincipal objections to this site is that there is no deep water

below the rack in which fish can collect, and as soon as they become
frightened by the seining operations they descend the river for several

miles. The hatchery was not large enough to accommodate the num-
ber of eggs taken, and it became necessary to provide additional troughs

outside the building. Quite a heavy loss occurred during incubation;

the shells of the eggs appeared to be so tough that the fry could not

burst through. It was noticed that those obtained from the Eogue
Eiver salmon were much larger than those collected on the tributaries

of the Clackamas, three of them laid side by side measuring 1^ inches.

A great deal of rain fell during November, raising the water in Elk

Creek and carrying away about 30 feet of tlie top of the dam ; fortu-

nately no damage resulted. On December 8 Mr. Tolbert was relieved

and Mr. J. W. Berrian put in charge. As the weather became colder, ice

and slush formed in the flume to such an extent that it was decided to

liberate all of the fry and not run the risk of losing them in the troughs.

The last plant was made on February 10, when the station was closed

and left in charge of a watchman. The total number liberated was

1,910,045 ; they were deposited on the spawning-grounds in Rogue River,

near Trail, Oregon.
Little White Salmon.

As the results secured the previous year indicated that large numbers
of eggs could be obtained on the Little White Salmon River, arrange-

ments were made to operate at that point on an extended scale. Mr.

S. W. Downing, foreman of Alpena Station, was detailed to assist the

superintendent, and reported for duty on July 20. The old hatchery,

which had been floated from its foundations the previous winter by the

rising of the Columbia River, was repaired and the hatching-troughs

made ready for the reception of eggs. The mess-house was rebuilt and

enlarged, and a rack was placed across the river. A new hatchery was
also commenced and completed during the month of August. This

building is a substantial structure of Avood, 42 feet by 80 feet, and is

so arranged that the roof is supported by the sides of the building,

thereby leaving the entire floor space free of posts and giving more
room for liatching operations. The floor is terraced uniformly from one

end of the building in four sections, with a difterence of 8 inches in

elevation from one section to the next. On each of these a row of

troughs runs lengthwise of the building, the troughs in each maintain-

ing an elevation of 8 inches above those in the next, in conformity with

the plan of the floor. They are fed with water conducted by a flume to
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a supply-trough placed agaiust the end wall. By this arrangement all

of the troughs are at a uniform height from the floor, and the manipu-

hition of eggs is much easier than where troughs of diiferent heights

arc set upon a level. The building is lighted by skylights in the roof

and by windows in the sides and ends.

Very few tish were seen during August, but in September they began

to make their way up tlie river in considerable numbers. The first

spawning salmon were noticed on September 12, when fishing was reg-

ularly undertaken. Within three days afterwards over 1,000,000 eggs

had been collected. Various methods were employed in catching the

fish, some being taken with traps and others with seines. One trap

was built in the upper side of the rack, but very few fish were captured

in it. The seining was done in a pool below the rack and at various

points along the lagoon. The greater number of fish, however, were

caught in traps built on the riffles some distance below the rack, into

which the fish were driven by hauling a seine downstream and forcing

them into the trap. As soon as the spawning season commenced a

large force was employed and work continued night and day. By Sep-

tember 28 all of the hatching-baskets at the station were filled with

eggs, 11,280,000 having been collected; and as there were many spawn-

ing salmon still in the river, it became necessary to provide additional

apparatus. Hatching-baskets were transferred from Clackamas Station,

and work was resumed on October 2; by the Gth these baskets had also

been filled, bringing the collections up to 12,649,000. The actual num-

ber of days on which eggs were taken was 22, making the daily average

575,000. The greatest number taken on one day was on September 22,

when 1,155,000 were collected.

In order to simplify the handling of large females, they were knocked

on the head with a club before any effort was made to strip them. This

blow stunned the fish, and it was possible to express the eggs without

any struggling or muscular contractions on the part of the fish, thereby

saving much time and labor. The eggs were fertilized in the usual way,

four men being detailed to take the fish from the corrals, strip them,

impregnate, wash, and transfer the eggs to the hatchery. As a rule, the

eggs were allowed to remain in the pan about an hour before being-

washed, but with the last million obtained this period was reduced to

a few mill utes. These eggs were transferred to the hatchery, and proved

to be better than any of the earlier collections.

The spawning season here lasts only a month, but during that period

the river is alive with fish, and it is believed that former collections

could be largely exceeded, as at no time was it necessary for the men
to fish more than a few hours a day. Fortunately the weather during

the hatching season was pleasant; otherwise the fish in the troughs on

the outside would have undoubtedly been killed by ice. Several severe

snowstorms occurred, but no damage was done.

On October 18 Mr. Downing was detached from the station, and Mr.

J. A. Tolbert was placed in charge as foreman. As soon as the spawn-
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ing season was completed additional troughs were constructed and

placed out of doors for the accommodation of the fry. The eggs com-

menced hatching in November, and the first plant of fry was made on

December 18. Plants continued from this time until January 29, when
the last were liberated in Little White Salmon Eiver, which is one of

the best natural spawning-grounds of the quinnat salmon. The total

number of fry planted was 7,391,000. After all had been disposed of

the station was closed, and the watchman Avas employed for the balance

of the year iu constructing a road from the station to the county road.

SiusLAW River Station, Oregon (L. E. Bean in charge).

At the urgent request of the Kepresentatives of the State of Oregon,

and with the understanding that the canners and fishermen on Siuslaw

Eiver would cooperate with the U. S. Fish Commission, arrangements

were again made to open the hatchery near Mapleton, Oreg., the owner

having tendered its use free of cost.

In August Mr. L. E. Bean was placed in charge, and arrangements

were made for collecting salmon down the river and transferring them

in live-boxes to the hatchery, to be held until ready to spawn. A rack

was placed across the north fork and another on the main river, IJ

miles above the station, at the head of tide water. Orates were also

constructed for transferring the fish: they were 18 feet long, 9 feet wide,

and 6 feet deep, and so made as to exclude light, sufficient space being

left between the planks below the surface of the water to admit of the

free circulation of water.

A collection of 100 salmon obtained from the seine of Capt. William

Kyle were transferred to the boxes, but half of them were lost imme-

diately after being placed in the live-boxes, and the balance died in

transit, though the utmost care was exercised in handling them. This

method was then abandoned and collections were made by means of

gill nets and a trap fished below the rack, the trap being made of two

old seines. A few fish were caught in this way while the water was
muddy, but as soon as it became clear they avoided the traps. The
majority were taken in gill nets set in the evening and fished from time

to time during the night in the deep holes below the rack. Two nets

were used, one of which was 30 fathoms long, 7-inch mesh, and the

other 20 fathoms long, 9-inch mesh. On the night of October 21, 63

chinoolcs were taken in the two nets. The majority of those taken in

the 9-inch mesh were injured and died in a short time; the others were

held until the close of the season with comparatively small loss.

At the close of operations there were 117 ripe females and 97 males

in the live-boxes. These yielded 544,275 eggs, of which 104,000 died

in incubation. They were placed in the hatchery as soon as fertilized,

and hatched during the month of .lannary. The 440,275 fry resulting

from them were liberated at suitable i)oints in Spring Creek and the

Siuslaw Eiver during the latter piirt of February and the first of

March.
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DISTRIBUTION TABLES.

The following tables show the distiMbution of fishes by States and
Territories, and the distribution in detail by species:

liesume, hy States and Territories, of the distribution and assignment offish and eggs.

State or Territory.
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liesume of the distribution and annujnment of fish and egtjs—Coutirmed.

State or Territory.
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Jicsume of the distribution and aaaUjnment offw
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Details of distribution.

Species and disposition. Eggs.
Fry and

fingerlings.

Shad:
Connecticut State Fiali Commission, Lime, Conn
Brandywine Kivor, Wilmington, Del
Smyrna Creek, Clayton, l>el

Leijjsio Creek, Clieswold, Bel
St. Jolm Creek, Dover, Del
Murderkill Creek, Felton, Del
Mispillion Creek, Milford, Del
Bfackbird Creek, Middletown, Del
Indian River, Millsboro, Del
Potomac Hi ver, near Aqueduct Bridge, D. C
Potomac Ri^'er, near Bathing Beach, D. C
Potomac River, off Fish Lakes, D. C
Anacostia River, near Twining City, D. C
Anacostia River, near Benuing, D. C
Chesapeake Bay, Battery Haul, Md
Chesapeake Bay, off Battery Station, Md
Chesapeake Bay, Havre do Grace, Md
Chesapeake Bay, Back Channel, Md
Chesapeake Bay, Western Shoals, Md
Chesapeake Bay, Oakington Channel, Md
Chesapeake Bay, Eastern Channel, Md
Chesapeake Bay, Wild Duck, Md
Chesapeake Bay, Perryville, Md
Chesapeake Bay, Spesutia Narrows, Md
Northeast River, Red Bank, Md
Bush River, at Bush River Station, Md :

Gunpowder River, Gunpowder Station, Md
Northeast River, Northeast, Md
Wicomico River, Salisburj-, Md
Chester River, Chestertown, Md
Tuckahoe Creek, Queen Anne, Md
Swan Creek, Swan Creek, MA
Susquehanna River, off Watson Island, Md
Susquehanna River, Port Deposit, Md
Elk Creek, Elkton, Md
Mill Creek, Mill Creek, Md
Potomac River, Bryan Point, Md
Potomac River, off Chapman Bar, Md
Potomac River, off Swan Creek, Md
Potomac River, off' Bar Landing, Md
Potomac River, off' Moxley Point, Md
Potomac River, oft" Broad Creek, Md
Potomac River, oft' Piscataway Creek, Md
Parker Mill Ponds, Wareham, Mass
Snipatnit Pond, Middleboro, Mass
Salem Creek, Salem, N.J
Manasquau River, Earmingdale, N. J
Metedeconk River, Lakewood, N. .7

Toms River, Whites, N.J
Delaware River, Milford, N. J
Delaware River, Lambertville, N. J
Delaware River, Burlington, N. J
Delaware River, Port Jervis, N. Y
Hudson River, Newburg, N. Y
Hudson River, New York State Fish Commi.'^sion, N. Y.
Albemarle Sound, Edenton, N. C
Albemarle Sound, Mackey Ferry, N. C
Perquimans Rivor, Hertford, N. C
Neuse l;iv.-r, (ioldsboro, N. C
TarKivrr, rarlM.rc, N. C
SixKuiiHCr.M'k, Klliott.N. C
Northeast Jiranch of Capo Fi-ar River, Wallace, N. C. ...

Susquehanna River, Prai Ii T.uttinii, Pa
Susquehanna River, I'ltcs ImIiIn , i'a

Delaware River, Bristol. Pa . .
.'

Delaware River, Delaware Water Gap, Pa
Pee Dee River, Pee Dee, S. C

.
Santee River, crossing Atlantic Coast Line R. R., S. C .

.

Santeo Canal, crossing Atlantic Coast Line R. R., S. C . .

.

Edisto River, Colleton County, S. C
Ashepoo River, Colleton County, S.C
Combahee River, Colleton County, S.C
King Capsico Iti vcr, Movi nt Holly, Va
NaiisoiiKind Kivcr, Snfl'olk Va...'
I*otoiiiac Kiver, oft' W'liile House, Va
Potomac River, olf Til oiin t Vernon, Va

. Potomac Rivfi-. ()ico(|iiaii Bay, Va ^

Potomac River, olf ("ra lie V Island, Va
Potomac River, olf mout h' of Pohick Creek, Va
Potomac River, olf Hunting Creek, Va
Potomac River, off Coliuwood, Va
Potomac River, oft' Ferry Landing, Va

9, 775,

9, 479,

780,

32,343,000
13, 552, 000

5, 611, 000
358, 000

6, 923, 000
300. 000

6, 368, 000
900, 000

111,000
1, 700, 000

Total -

210,

824,

2, 500,

3, 075,

1,200,

625,

625,

625,

450,

1, 000,

800,

800,

1, 000,

11, 781,

4,001,

1,717,

1, 796,

3, 287,

2, 102,

1, 712,

270,

270,

600,

800,

800,

800,

3, 150,

4, 500,

460,

300,

2, 500,

3, 000,

3, 319,

713,

900,

666,

400,

534,

400,

900,

450,

6, 000,

900,

375,

388,

387,

309,

271,

270,

300,

715,

781,

3, 168,

8, 552,

3, 243,

2, 546,

1,011,
918,

451,

75,871,000^ 149. 15^,000 3, 036, 000
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Details of distribution—Coutiuued.

Sptn-ies au<l dispii

Qtiinnat salmo7i :

California Fish Commission, Sisson hatchery, Cal
Calit'oruia Fish Conimissioii, Kol Kiver hatchery, Cal.

.

Olenia Creek, URmiim, Cal
I'ai.crniill Creek, ( )lema, Cal
I'apermill Creek, Tocaloma, Cal
Hear Valley Creek, Olema, Cal
Sinoll Creek, Inverness, Cal
Redwood Creek, Redwood Station, Cal
Ulinor Creek, near Redwood Station, Cal
Supply Creek, near Fort Gaston, Cal
McCloud River, Baird, Cal
Battle Creek, Battle Creek Station, Cal
Long Pond, Bucksport, Me
Penobscot River, Orrington, Me
Penobscot River tributary. Prospect, Me
Brewer Pond, Bucksport, Me
Penobscot River, Millford, Me
Penobscot River, Bradley, Me
Sweet Pond, Orrington, Me
Penobscot River, Eddiugton, Me
Penobscot River, Brewer. Me
Penobscot River, North Milford, Me
Alamoosook Lake, Orland, Me
Toddy Pond, Surry, Me
Hancock Pond, Bucksport, Me
Heart Pond, Orland, Me
Toddy Pond, Orland, Me
Craig Pond, Orland, Me
Maine Fish Commission, Monmouth, Me
Charles E. Oak, Caribou, Me
Union River, Ellsworth, Me
New England Sportsmen's Association, Boston, Mass.
Lake Ontario, Tippet Point, N. Y
St. Lawrence River, Cape Vincent, N". T
Salmon River, Pulaski, N. Y
Lake Ontario, off Grenadier Island, N. Y
Battery Park Aquarium, New York City, N. Y
Clackamas River and Clear Creek, Stone, Oreg
Clackamas River, Stone, Oreg
Clackamas River, Garfield, Oreg
Salmon River, Salmon, Oreg
Rogue River, Trail, Oreg
Swing Creek, Mapletou, Oreg
Siuslaw River, Mapleton, Oreg
Sweet Creek, Mapleton, Oreg
Wilson River, "Wilson, Oreg
Little White Salmon River, Chenowith, "Wash
Prof. D. Viiiciguerra, Rome, Italy
S. .Tatt'e, Sandfort. Germany
M. Funohoshi, Niigatakeu, Japan
Director Zoologique d'Acclimatation, Paris, France . .

.

Eggs.

22, 255, 000

8, 000, 000

Total

Atlantic sahnon:
Connecficut Fish Commission, Windsor Locks, Conn.
Alamoosook Lake, Orland, Me
Toddy Pond, Orland, Mo
Toddy Pond , S urry, M e
Craig Pond, Orland, Me
Penobscot River, Bangor, Me
Penobscot River, NorthMilford, Me
Penobscot River, Pasaadumkeag, Me
Heart Pond, Orland, Me
Green Lake, Otis, Me
Penobscot River, Milford, Mo
Penobscot River, Costigan, Me
Penobscot River, Lincoln Center, Me
Penobscot River, Mattawamkeag, Me
Penobscot River, Winn, Me
Long Pond, Bucksport, Me
St. Croix River, Tanceboro, Me
Williams Pond, Bucksport, Me
Pleasant River, Brownville, Me
New England Sportsmen's Association, Boston, Mass.
State Fisli Commission, Laconia,N. H
Henry M. Davidson, Old Forge, N. Y
Battery Park Aquarium, New York City, N. Y
St. La\vrence River, Cape Vincent, N. Y
State Fish Commission, AUentown , Pa

Total

35, 000
15, 000

50, 000
50, 000

100, 000
100, 000

3, 605, 000

100, 000

100, 000
100, 000

Fry and Adults and
fingerlings. yearlings.

850, 000
250, 000

570, 000
250, 000
50, 000

1, 060, 000
200, 000
16, 000

6,511,800
5, 885, 500

901, 066

1,000
2, 033, 000

328, 000
2, 329, 800

7, 933, 770

2, 076, 026
4, 390, 000

145, 396

1, 910, 045
85, 000

280, 000
75, 275
19, 994

7, 391, 886

220,1

150, 000
160, 000

220, 000
222, 500
170, 000
119, 051
137, 500
39, 281

340, 000

2, 072, 139
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JJetails of disirihniion—Continued.

Species and disposition.
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Ik'.taih of (lintribution—Coutinued.

Species and rtispoaitioii.
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Details of dintribution—CoDtinued.

Species and disposition.
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Details of distribution—Contiuued.

Species and disposition.
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Details of distribution—Continued.

Species and distribution. Eggs. Try and
fingerlings

Adults and
j-earlings.

Bainhoio <roMt—Continued.
Keed Creek, Kural Ketreat, Va
South Fork of Holstein River, Marion, Va
Mill Poud, Gate City, Va.
Cascade and Diims Creek, Hot Springs, Va.
Coldspring Branch, Glasgow, Va.
Brush Creek, Christiausbiirg, Va.
Keed Creek, Wy theville, Va
Cove Creek, Wytheville, Va
Cripple Creek, Beverly Furnace, Va
Back Creek, New River, Va
Back Creek, Dublin, Va
Walker's Little Creek, Pulaski City, Va
Big Moccasin Crei-k, Gate Citj', Va
Perrow Mill I'oud, Lynchburg, Va
Indian Camp Creek, Coleman Falls, Va
Branch of North Anna River, Hewlett, Va
Walker Creek, New River, Va
Gunstock Creek, Big Island, Va
Black Creek, Radford, Va
Tate Run,W ytheville, Va
South Fork of Reed Creek, Crocketts, Va
South Fork of Reed Creek, Wy theville, Va
Stony Fork of Reed Creek, Wythevillo, Va
South Fork of lii id Creek, Browning's Dam, Va .

.

A])plicants iu X'iruinia

Meadow 1 '.laiic li, Cherry Run, W. Va
Troiitaiul Meadow Runs, Romney, W. Va
Laurel Run, Caldwell, W. Va
Willow Grove Lake, Shenandoah Junction, W. Va.
Elk Creek, Clarksburg, W. Va
Applieau ts in West Virginia
Augiisto Nobre, Villa Daconde, Portugal
William Burgess & Co., Malvern Wells, England..
Prof D. Vincigucrra, Rome, Italy
Dr. R. Vandenhenden, Belgium
M. Raveret-Wattel, Fecamp, France

10, 000

20, 000
20, 000
10, 000
10, 000

Total

,

130, 000

i'Mck-spotted trout :

Tomichi Creek, Parlin, Colo
St. Mary Lake, Idaho Springs, Colo
Fall River, Idaho Springs, Colo
Naylor Lake, Georgetown, Colo
Fryingpan Creek, on line of Colorado Midland Railway, Colo.

Silver Lake, Dillon, Colo
Bledsoe Lake, Lead ville, Colo
Mammoth Lake and Creek and Middle and South Boulder

creeks, Central City, Colo
Platte Ri ver. Grant, Colo
Platte River, Slaght, Colo
Platte River, Bailey, Colo
Platte River, Crosson, Colo
Platte River, Pino Grove, Colo
Platte River, Buffalo, Colo
Platte River, Dom e Rock, Colo
Rio Grande River, Wagonwheel Gap, Colo
Eagle River, Berry Station, Colo
Tomichi Creek, Elko, Colo
Twin Lakes, in Lake County, Colo
Headwaters of Eagle River, McAllister Switch, Colo
Applicants in Colorado
Spirit Lake, Rathdrum, Idaho
Applicants iu Idaho
Agues Lake, Brown, Mont
Middle Creek, Bozeman, Mont
Bridger Creek, Bozeman, Mont
Rocky Canyon Creek, Bozeman, Mont
Bitter Root River, Missoula, Mont
Apijlicants in Montana
Polo Creek, Deadwood, S. Dak
Castle Creek, Hill Citv, S. Dak
Harney Peak Fish Lakes. Hill City, S. Dak
Woods Lake, Rapid City, S. Dak
Collins Spriiius, Dill Rapids, S. D.ak
Applicaiil^i in Sou til Dakota
Appli<-:iiits at Nasliv iilc, Tenn
SlJOkanr, KiviT, S|iokano, Wash
Heart Lake, Sheridan, Wyo

Total.

10, 000
3,000
5,000

10, 000
20, 000
5,000
.5, 000

20, 000
4,000
4,000
4,000
4, 000
4,000
4,000
6,000

15, 000
20, 000
8,000

35, 000
7,000
e.ooo
4,000
4,000
4,000
3,000
7,000
3, COO

4,000
3,000
3,000
3, 000

2, 000
3,000
2, 400
1, 000
3,000
5, 000
5,000

258, 400



KEPOKT OF COiMMISSIONER OP FISH AND FISHERIES. CXV

Detaih of distribution—C'ontiuued.

Species and disposition.
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Details of distribution—Continued.

Species and disposition.

Brook troMt—Continued.
Applicants in Iowa
Lake Auasagunticook, Canton, Me
Varnnm and Clearwater ponds, FamiiDgton, Me
Water Company Reservoir, Belfast, Me
Old Meadow Brook, Franklin Road, Me
Sandy and Half-moon brooks, Thorndike, Me
Brewer Pond, Brewer Junction, Me
Tributaries of Great Brook, Otis, Me
Green Lake, Green Lake, Me
Oxford Lake, Rockland, Me
Field Pond, Brewer J unction. Me
Lake George, Skowlicgan, Me
Narragangus Pond, Franklin Road, Me
Thoiu'jisdii Poiiil, Oxford, Mo
TunkLakc, Fnmldiu Road, Me
Surry Pond, Kllsu oitb, Me
Brancb Pond, Dedhani, Me
Flood Pond, Otis, Me
Patten Pond, Ellswort li, Me
Bangor and Aroostook R. R. Pond, Shirley, Me
Parmacheenee Club, Camp Caribou, Me
Punchbowl Pond, Falmouth, Mass
Hicks and Purgatory ponds, Millbury, Mass
Mountain Rock Brook, Lowell, Mass
Dunklin Hole, Dedham, Mass
Wilson Creek, Dedham, Mass
Pawessett Pond, Dedhani, Mass
Trule Brook, Lowell, Mass
Applicants in Massachusetts
Allen Creek, Bronson, Mich
Paint Creek, Ypsilanti, Mich
Spring Brook, Chesaning, Mich
Sturgeon River, Gaylord, Mich
Au Sable River, Grayling, Mich
McMaster Creek, Onaway, Mich
Hays Creek, Grass Lake," Mich
Brule River, Iron County, Mich
Iron and Brule rivers. Iron County, Mich
Washington River, Isle Royale, Mich
Applicants iu Michigan
North Branch of Sunrise River, North Branch, Minn
Poplar River, Lutsen, Minn
Money Creek, Lamoille, Minn
Pleasant Valley Creek, Lamoille, Minn
Rush River, Winona, Minn
Spring Brook, Northfield, Minn
Colquet River, Duluth , Minn
Five Springs, Lamoille, Minn
Little Knife River and Silver Creek, Two Harbors, Minn.
Enife River, in St. Louis County, Minn
Warm Bear Lake, Red Blutt', Mont
Odell Creek, Red Blutr, Mont
Cotton wood Creek, Bozeman, Mont
Trail Creek, Bozeman, Mont
Applicants in Montana
J. F. Comee, Missoula, Mont
Spring Brook and Lakes, Omaha, Nebr
Spring Brook, East Grafton, N. H
Christine Lake, Stark, N. H
Merriiuac County Fish and Game League, Concord, N. H
State Fish Conunission, Ashland, N. H
A. M. Bigelow, Branchville, N. J
Wm. Libbey, Princeton, N.J
Charlotte Creek, Oneonta, N. T
Otego Creek, Oneonta, N. Y
Crandall Brook, Greene, N. T
Tioughnioga River, Do Ruyter, N. T
Big Brook]^Adams Center, N. T
Montfreddy Brook, Syracuse, N. T
Shingleliill Creek, C.-iiro, N. T
Springbrook, lleartsdale, N. T
Cooper r.n)ok,Peekskill,N.Y
Mov.T Creek, Frankfort, N.Y
Trout r.nxik, l».-xter, N. Y
HorseslK.c r 1, Horseshoe Pond, N. Y
Little Mi.i.sr l;ivcr, Jtlalone, N. Y
ApT>lieantsiM N.^NV York
Brusiiy I'orlv of Lielvinji River, Newark, Ohio.
Mad River, West Liberty, Ohio
M.ac-a-chee Run, West Liberty, Ohio
North Branch of Owl Creek, Fredericktown, Ohi*

JEggs.
Fry and Adults and

iingerlings I yearlings.

1,700
10, 000

10, 000
5,000
10,000
10, 000
10, 000
50, 000
46, 721
10, 000

10, 000
10, 000
10, 000

15, 000
10, 000
5,000

70, 000
20, 000
35,000
10, 000

5,000
10, 000
10, 000
10, 000
10, 000
20, 000
5,000

10, 000
10, 000
5,000
5,000
5,000

100, 000
10, 000
5,000

10, 000
15, 000
5,000

5,000
5, 000
5, 000
5, 000
5,000

10, 000
5,000

10, 000
6,550
10,000
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Details of disfribution—Continued.

Species and disposition.
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Details of distribution—Continued.

Species and disposition.
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DetaUs of dintribulioii—tlontinnod.

Species and disposition.
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Details of (lintribiition— Continued.

Species and dispoaitiou.
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])(iailn of (Usirihiition—('ontinut'd.

Ailnlts
Species and disposition.

|
and

lyoarlings.

Black bass, large-mouth—Continued.
Medina Kiver, Medina, Tex
Terra Blanco Creek, Aniarillo, Tex .

.

Aniarillo Creek, Amarillo, Tex
Spring Creek, Aniarillo, Tex
Alaniositas Creek, Cliannin^, Tex . .

.

Trinity Kiver Lakes, Palestine, Tex.
Clieyeiine Creek, Chauning, Tex
Rita Blanco Creek, Channing, Tex. .

.

Clear Creek, Hempstead, Tex
Cedar Lake. Palestine, Tex
BulTalo Springs Creek, Texline, Tex .

Dripping Springs Creek, Channing,
Tex

Guadiiloiipe River, Comfort, Tex
Majores Creek, Channing, Tex
Truxillo Creek, Channing, Tex
Mill Pond, Llano, Tex
Turkey Creek, Taylor, Tex
Groesbeck Creek, Quannah, Tex
Old River Lake, Chapel Hill, Tex . .

.

Pridham Lake, Cuero, Tex
Little Rove Creek, Higgius, Tex
Ocean Lake, Wills Point, Tex
Goose Lake, Wills Point, Tex
Kelley Creek, Yoakum, Tex
Palestine (Jlub'sLake, Palestine, Tex
Fort Worth and Denver City R. R.

Co. Pond, Bellevue, Tex
Fort Worth and Denver City R. R.

Co. Pond, Quannah, Tex
Fort Worth and Denver City R. R.

Co. Pond, Wichita Falls, Tex
Elm Creek, GainesTille, Tex
Arplicants in Texas
Sabiu Lake, East Calais, ^'t

Rappahannock River, Fredericks-
burg, Va

Linnwood Lake, Pulaski City, Vn...
Applicants in Virginia
West Fork of Monongahela River,
Clarksburg, W. Va

Severus Lake, Minong. Wis
Pewaukee Lake, Waukesha, Wis
Elbow Lake, Amberg, Wis
Wisconsin Central R. R. Co. Pond,
Waupaca, Wis

G. Grilsenbeck, Monterey, Mexico . .

.

Total

Black hass, small-mouth:
Potomac River, Woodmont, Md
Elbow Lake, Buzzard Bay, Mass
Waterworks Reservoir, Norwalk.

Ohio
C. W. Willard, State fish commis-

sioner, Westerly, R.I
Applicants in Tennessee
Shenandoah River, Overall, Va

Total

Crappie

:

.

Applicant at 'Wilmington. Del
Applicants in Illinois
Lake Marie, Antioch, 111

Indian Creek, Bossert, lud
Salt Creek, Bedford, Ind
White River, Tunnelton, Ind
Gnthrie Creek, Bedford. Ind
Leatherwood Creek, Bedford. Ind . .

.

Back Creek, Fort Ritncr, Ind
Waterworks Lake, Booneville, Ind..
White River, Bedford, Ind
Upper Salt Creek, Bedford, Ind
Applicants in Indiana
Iowa River, Iowa City, Iowa
Applicant at Vinton, Iowa
Crystal L.ike, Leavenworth, Kans. .

.

Eureka Lake. ^Manhattan, Kans
Alfalfa Lake, Wichita, Kans

200
100

U, 730
450

300
100

300
250
300
250

1,000
300

Species and disposition.
Adults
and

yearlings.

Crappie—Continued.
Lake Cban u te, Olatho, Kans
Applicants in Kansas
Fennessey Lake, Culvertson Station,
Ky

A])pli< ants in Kentucky
Aniitv Lak.', Dulutli, Minn
Applicant at Kansas City, Mo
Poplar Lake, licidsville, N. C
Square Butte Creek, Mandan, !N. Dak
Willow Lake, RoUa, N . Dak
Lake Irvine, Church Ferry, N. Dak..
Applicant at Davenport, N. Dak
Sheldon Reserve Pond, Sheldon, S. C.
Applicant at Beunettsville, S. C
Dutch River, Columbus, Tenu
Applicants in Tennessee
San Marcos River, San Marcos, Tex .

Meadowbrook Creek, Charlotteaviile.
Va :

Total

Sunfish:
Shaker Lake, Cleveland, Ohio

25
70

100
450
300
25
100

45
25
40
50
100
150
100
72
50

72

3,369

Rock bass:
Clear Creek, Winslow , Ariz
Reservoir, Tucson, Ariz
Applicants in Arkansas
Vanno Lake, Wagoner, Ind. T
Applicants in Indian Territory
Pawnee River, Larned, Kans.'.
Applicants in Kansas
Lake Ellerslie, Lexington, Ky
Applicant in Maryland
White River, Forsythe, Mo '....

Applicants in Missouri
Reservoir, Elsie, 2s^ebr

Lake Avalou, Eddy, N.Mex
Chockoyotte Creek, Weldon, N. C . .

.

Cross Creek, Fayettevillc, N. C
Beaver Creek, Fayittevilk', N. C
Applicants in Korth Caioliiia
ChippewaLako, Chippewa Lake, Ohio.
Olantangy River, Mount Gilead, Ohio.
Shaker Lake, Cleveland, Ohio
Waterworks Reserv'r, Norwalk, Ohio .

Applicants ill Ohio
Spring Branch, North Lnid, Okla
Divers Lake, Nnrtl I Kiiid. Okla
Ivanhoe Lake, Slial t iid^, i )kla

Spring Creek, Sand Creek. Okla
Meers Creek, Mangum, Ukla
Applicants inOklahonui
Conestoga Creek, Reading, Pa
Lake Popononing, Bethlehem, Pa
Jacobs Creek, Councils ville. Pa
Conococheaguo Creek, Mercersburg,
Pa

Middle Creek, Selinsgrove, Pa
Middle Creek, .Middleburg, Pa
Ridley Creek, Nudia, Pa
Conococheague Creek, Chambersburg,
Pa

Schuylkill River, Norristown, Pa
Perkiomen Creek, Norristown, Pa
Lake Rowena, Cresson. Pa
Witraer Run, Berwindale, Pa
Clover Creek, Johnstown, Pa
Penn Line Creek. Penn Line, Pa
Applicants in Pennsylvania
Brook Pond. Rockhill, S. C
Applicants in South Carolina
Shell Creek, Elizabethton, Tenn
Yellow Creek, Cave Mills, Tenn
Little River, Knoxville, Tenn
Crooked Creek, Notime, Tenn
Applicants in Tennessee i

Guadaloiipe River, New Braunfels,
Tex

Elmendorf Lake, San Antonio, Tex.|

200
200

1,600
200
480
159

1,841
221
200
5U0
300
200
200
115
100
100

1,400
300
125
2U8
57

250
200
200
200
200
2U0

3,800
100
100
100

100
lUO
100

100

400
200
100
100
100
60
100
550
100
400
100

200
350
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Details of distribution—Continued.

Species and disposition.



REPORT ON THE INQUIRY RESPECTING FOOD-FISHES AND

THE FISHING-GROUNDS.

By Hugh M. Smith, Assistant in Chmuje.

OYSTER INVESTIGATIONS.

LOUISIANA.

In May, 1897, a coiniunnicatioii was received from Hon. Adolph
Meyer, member of Congress from Louisiana, transmitting a resolution

of the general assembly of that State requesting" the Commission to

make an investigation of the oyster-grounds of Louisiana. The special

object of the desired investigation was to obtain information on which
to base a revision of the oyster laws, with a view to place the oyster

industry on a more substantial basis. The legislature was informed

that the Commission would undertake the investigation at the earliest

practicable date.

In August, 1897, Dr. H. F. Moore went to Louisiana to make some
preliminary inquiries tliat could not be satisfactorily undertaken at

any other season. It had been determined to detail the steamer Fish

Hawh (Lieut. Franklin Swift, U. S. N., commanding) early in the winter

for the proposed investigation, but the vessel could not reach the field

of operations before February 2, 1898, and the time available for this

work was curtailed by the exigencies of the annual shad-hatching

operations of the Fish Hmclc on the Atlantic coast, so that only 21 days

could be devoted to the examination of the oyster-grounds, which time

was somewhat further reduced by stormy weather.

It being apparent that only a limited area could be surveyed in the

time available, the oyster-beds of St. Bernard Parish were selected as

presenting the most satisfactory features for examination. This parish

comprises the extreme eastern part of Louisiana and contains some of

the most important oyster-beds of the State. Owing to the shallowness

of the water over the greater part of the region it was impossible to

make use of the steamer for the active work of the survey, and this

duty was therefore performed entirely by the two launches, the ship

being used as a base. The limited time at the disposal of the party

made it impossible to erect signals and make a regular survey, such as

was originally contemplated, but by engaging pilots and running lines

of soundings from point to point it was possible to make a reconnais-

sance showing the main hydrographic features and the general location

and extent of the oyster-beds. The work was carried on over an area

of about 200 square miles, and as it was sometimes necessary to run
CXXIII
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long distances from the ship miwh time was lost. Should the work be

again taken up, with a view to making a finished survey, it would be

desirable to obtain one or two light-draft sailing vessels, which could

be taken into the interior waters to serve as bases of operation and

living quarters for the field parties using the launches.

The survey was under the direction of Lieutenant Swift, who was

assisted by Dr. Moore as zoologist. After the Fish Eaicl- left Louisiana

waters, on February 26, Dr. Moore remained and made a rapid exam-

ination of the remaining oyster-grounds of the State.

The oyster-beds of Louisiana lie i^rincipally between Mississippi

Sound and the mouth of the Atchafalaya, the only beds to the west-

ward of the latter place being comparatively unimportant ones in the

vicinity of Vermilion Bay and Calcasieu River. The most productive

natural beds at present are in St. Bernard and Terrebonne parishes,

the latter being the most important oyster region in the State.

There is ample evidence that some of the practices now and formerly

in vogue are detrimental to the best interests of the State and have

resulted in the practical extermination of the oyster in certain regions

in which it was formerly abundant. Dr. Moore's report upon this inves-

tigation, which will be transmitted to the Louisiana authorities, contains

suggestions concerning the laws and methods necessary to secure the

growth and welfare of the industry, and also deals with the history,

condition, and prospects of the oyster-grounds. It will be found in the

appendix to this volume (pp. 45-100), accompanied by a chart showing

the location of the oyvster-beds of St. Bernard Parish.

The oyster-i)lanting industry is capable of great expansion within

the limits of Louisiana. At present planting is practically confined to

Plaquemines Parish, where a rather crude method of oyster-culture has

been Ibund to yield satisfactory profits and is now engaged in by a con-

siderable number of i)ersons. Practically all of the oysters sold from

this parish, most of which are put on the market as "Bayou Cooks,"

are planted—generally as seed obtained from the natural beds, but

sometimes as spat caught on artificially distributed shells.

The rather limited biological investigation of the Louisiana oyster

which it has been possible to make indicates that it spawns during

nearly all the year, but most of the spawn is undoubtedly expelled

between Aj)ril 1 and September 15. The rate of growth is rapid and
there are doubtless few places in the State in which oysters will not reach

a good marketable size within three years from the time of spawning.

The principal enemies of the oyster in Louisiana are the drumfish

{Po(jonias cromis) and a snail {Melongcnaf). Other foes do a limited

amount of damage, but the starfish and drill ( Urosalpinx), which create

such havoc on the beds of the North, are here practically unknown
as destructive agents. Storms and crevasses occasionally i)rove very

injnrious to the oyster-beds of the State, but crevasses are often fol-

lowed by a ])eculiar process of regeneration (not satisfactorily explained)

which soon renders the beds more ])roductive than before. This phe-
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Domeiion, concerning which there can be no doubt, seems to occur with

sutlicient Ireqiiency to convince the oystermen that a crevasse is a

desirable thing- in the case of semidepleted beds.

The density of the water on tiie coast of lionisiana undergoes great

fluctuation, being hirgely conditioned by the direction of the prevailing

wind and the amount of precipitation. In general it is lower in winter

than in summer. In the bays, bayous, and lagoons it is increased by

st)ntherly or (east of the Mississippi) easterly winds, and lowered by

northerly winds and rains.

LYNNHAVEN BAY, VIRGINIA.

The experiments, in charge of Dr. H. F. Moore, begun during the

last fiscal year at Lynnhaven, Va., looking toward a practical solution

of the difliculties encountered in fattening oysters for market, have

been continued without as yet having reached definite results. The

claire established there has now been in operation about a year, during

which time it has been cut off from accessions of sea Nvater excepting

during high tide, such as occurs several times during each month. On
two occasions the claire has been flooded to a depth of several feet

above the dam crest by extraordinary storm tides. Oysters have been

kept in the claire during the entire period of the experiment, and from

time to time others have been placed in several parts of the pond, but

none of them has developed a condition superior to those in the open

waters of Lynnhaven Bay, and most of them are decidedly inferior.

It appears that in this particular case there is no advantage to be

gained by simply inclosing a cove or pond after the method which has

been attended with marked success in Europe. The conditions iu this

pond, therefore, can not be held to favor the experiment, and if it

can be demonstrated that the food-producing powers of this claire can

be materially increased by artificial means an important advance iu

oyster-culture will have been made.

Laboratory experiments appear to indicate that artificial conditions

can be established which will tend to increase the rapidity of multipli-

cation of the diatoms ui^on which the oyster mainly subsists, and it

now remains to adapt the same experiments to the larger body of water

contained in the claire. That this can be done is by no means clear, as

certain intermediate attempts during the past year have yielded con-

tradictory and unsatisfactory results, and it may take a long time to

perfect the proper methods. It is proposed to continue the experiments

during the coming year.

PACIFIC COAST.

The acclimatization of the eastern oyster {(htrea mrginicd) on the

Pacific coast and its subsequent increase by natural propagation would

prove a great boon to an extensive section ; and the Commission has

made a number of experiments to test tlie adaptability of the shores of

the Pacific States to the growth of this mollusk.
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As is well known, transplanted eastern oysters have been successfully

grown in iSan Francisco Bay for many years.* In October, 1894, 80

barrels of oysters, from New York, New Jersey, and Chesapeake Bay,

weie planted by the Commission in Willapa Bay, Washington ;t and in

November, 1896, 25 barrels of 3-year-old and 4-year-old oysters from

Princess Bay and East Kiver, New York, were deposited in Humboldt
Bay, California, and an equal quantity in Yaquiua Bay, Oregon.

In Yaquiua Bay the oysters were deposited on Oysterville Flat, 2

miles above Yaquiua City and about 7 miles from the ocean, and were

spread over an area of about half an acre, the bottom consisting of mud
and shells. The flat is a natural bed of the native oyster

(
Ostrea lurida)

but has been so closely worked that oystering is no longer profitable;

at low tide it is covered with 10 feet of water and at high tide with 18

to 20 feet. During the spring and summer of 1897 Prof. F. L. Wash-
burn of the State University at Eugene, Oreg., was engaged by the

Commission to examine the beds of eastern oysters that had been

planted in Yaquiua Bay in the i^revious year, and also to study the

physical conditions of other bodies of water on the Oregon coast with

reference to the introduction of the Atlantic oyster. His observations

showed that the transplanted oysters exhibited considerable growth,

and were in a spawning state. Many million eggs were artificially fer-

tilized and the embryos released in the waters of the bay.

No spat of the eastern oyster was discovered up to the close of the

season's inquiries on September 12, but an abundant " set" of the native

oyster was observed on the shells of the introduced species. Sufticient

time has not yet elapsed to demonstiate whether the waters are adapted

to the multiplication of the Atlantic oyster, and three or four years

might be required in order to definitely settle the matter. The most
serious condition to which the spat would be subjected seems to be the

sudden and marked variation in the salinity of the water, owing to

changes in the tide, strong winds from the ocean, and heavy rainfall.

Examinations of some other bays on the Oregon coast with reference

to their suitability for eastern oysters showed that Coos Bay was too

salty for successful growth except near Marshfield, where the oysters

might suffer from freshets and sewage; that Tillamook Bay was very

salt and cold except at its extreme head, where mud and fresh water

would kill the oysters during winter; and that the water of Netarts

Bay was too dense.

An examination of the waters at Gearhart Park, on the ocean adjacent

to Astoria, at the request of Mr. M. J. Kinney, the well-known salmon-

canner, disclosed no localities in which oyster-culture is feasible.

It is proposed to have Professor Washburn continue his observations

on the planted oysters in Yaquina Bay during the fiscal year 1898-99.

*' See "Report of observations respecting tlie oyster resources and oyster fishery
of the I'acific coast of the United States." By C. H. Townsend. Report U. S. Fish
Commission, 1889-91.

t "'J'lie transplanting of Eastern oysters to Willapa Bay, with notes on the native
oyster industry." By C. H. Townsend. Report U. S. Fisli Commissiou, 1895.
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The physical features of Humboklt Bay, (Jalifoniia, seem unfavorable

for oysters, the saliuity of the water being almost as great as in the

ocean, and the summer temperature being too low to warrant the free

development of eggs. Furthermore, startish and stingrays are reported

as destructive, and Professor Washburn found one starlisli with an

eastern oyster in its grasp. The plants were in only fair condition in

August, and but few sliowed spawn, thus coutrastiug strongly with

the Vaquiua Bay oysters.

GREEN OYSTERS.

During the season of 1897-98, the oysters in the lower Chesapeake
basin, notably at Lynnhaven Bay, Va., were affected with greeu gills,

which condition, by rendering the crop unmarketable for the time

being, was financially very serious to the oystermen. At Lynnhaven
the first indications of this affection were noticed in June, 1897. The
color at that time was quite faint, and had completely escaped the

notice of the oystermen, but it gradually grew in intensity, until by
the first of September it had become extremely ijronounced. At the

opening of the season (in September) a few oysters were shipped, but

the greenness proved so repugnant to tlie consumers that the demand
soon entirely ceased, and practically no oysters were shipped from

Lynnhaven during the remainder of the season.

The Commission received a large number of inquiries from boards of

health, boards of trade, oyster-dealers, and oyster-fishermen regarding

the wliolesomeness of green oysters. It is the popular opinion tliat

green-gilled oysters owe their viridity to the presence of copper, and are

therefore unwholesome; and this view has been recently strengthened by
newspaper references to a paper by two eminent English investigators.

Prof. Kupert Boyce and Dr. W'. A. Herdman, in which they record the

discovery of copper in unusual quantities in certain green American
oysters in England. Stinnilated by this discovery, a reexamination of

the question was begun by Dr. H. F. Moore, but has not yet been com-

pleted, owing to the intervention of other duties. Enough has been
accomplished, liowever, to show conclusively that the green color of

the oysters at Lynnhaven was not produced by copper. All of the

customary tests were applied without securing a copper reaction, and
specimens of the green oysters were submitted for quantitative tests to

Prof. J. D. Hird, of the Medical Department of Georgetown Univer-

sity, who found mere traces of copper, and reported that "the green

color was due to a hydrated ferrous compound." The exact source of

the green color has not been satisfactorily determined, but in no case

is it injurious.

All attempts to obtain the pigment in solution have failed, and, like

"marennin," as Lankester has named the substance which produces

the characteristic green color of the oysters of Marennes, it is insoluble

in alcohol, ether, benzole, benzine, glycerin, water, dilute alkalies, and
dilute acids.
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The diatom Navimda ostrearia, whicli produces the green pigment

investigated by Laukester and others, was not found in the Lynnhaven
oysters, and the stomach contents presented the same goklen-brown

coloration commonly found in normal oysters. It is evident that this

greenness is quite diflerent from that investigated by Boyce and Herd-

man,* and before them by Ryder. The green color was confined to the

gills and palps, and no pigment whatever was found in the heart, peri-

cardium, or blood cells. Practical tests have shown that these oysters

may be safely eaten in large quantities.

RED OR "BLOODY" OYSTERS.

During the oyster season of 189G-97, the oysters on certain parts of

the Virginia coast were affected with a peculiar condition which has

heretofore been very rarely observed iii this section. In making a

canvass of the oyster industry of the State in the spring of 1898, Mr.

W. A. Wilcox, agent of the Fish Commission, secured the following

information regarding the extent and appearance of the affection: It

seeiris to have been first noticed in the season of 1895-96, when a few

oysters from the upper oyster-grounds in the Rappahannock River were

found to have a reddish color, and received the local name of ''bloody

oysters." At the outset the grounds involved were not extensive, but

by the next season most of the beds down the river were affected, as

well as numerous adjacent smaller-water courses in Lancaster and Mid-

dlesex counties and a limited area in Chesapeake Bay off the mouth of

the river.

It is reported that there were "bloody" oysters also on the shores

of Chesapeake Bay north of the mouth of the Potomac. Information

has been received indicating the occurrence of a similar condition in

parts of Chesapeake Bay about ten years ago.

When these oysters were examined in October, 1896, the red discol-

oration involved only the region of the gills, but a little later it extended

throughout the oyster and its liquor. During the early spring of 1897

the color gradually disappeared ; by the close of the season few, if any,

red oysters were to be found, and none has since been reported.

The existence of red oysters in the Rappahannock region resulted in

a serious disturbance of the oyster fishery and trade. The greatest

pecuniary loss was due to the prejudice which arose against the oysters

from the affected districts, the fear being generally entertained that

those which seemed normal when first gathered might develop the red

color before reaching the consumer. In some instances cargoes of

oysters that on close inspection were entirely normal would, on arriving

at Norfolk or other markets, show the reddish color, which gradually

involved the entire cargo, necessitating the return and replanting or

the throwing away of the oysters.

In conversation with Norfolk oyster-dealers, the writer was informed

*0n a green Icucocytosis in oysters, associated with the presence of copper in the
leucocytes.—Proceedings of the Royal Society, vol. 62.
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that about 50,000 bushels of such oysters were brought to that city

duriug the season of 1890-97.

The red oysters seemed to be fat and well flavored, the few i)ersous

who ventured to eat them reporting- uo ill eftects.

The nature of this aftectiou could not be determined, as no oppor-

tunity to examine the oysters was afforded the Commission, nor does

the condition seem to have been previously described. Possibly the

infusoriau Feridinium, which gives a reddish color to sea water and is

occasionally reported on the Atlantic coast, may be the cause.

SPONGE FISHERY OF FLORIDA.

In January, 1898, the writer visited Key West, Florida, in order to

obtain information concerning the present condition and recent changes

in the Florida sponge fishery and trade which center at this place.

Data were furnished by the purchasing firms showing the quantities of

sponges lauded by the fishing vessels in the years 1896 and 1897. By
correspondence and other means, similar figures were secured from

dealers at the other sponge centers of the State. The Commission

having in 1896 canvassedothe sponge industry for the preceding year,

a continuous record was thus acquired giving tlie sponge catch for

the three years ending 1897, during which some marked changes in

production were manifested. The results of the inquiries were incor-

porated in a report* by the writer presented at the National Fishery

Congress, held at Tampa, Fla., in January, 1898.

The investigation shows that in 1897 the Florida sponge fishery

yielded 331,546 i^ounds of .sponges, having a first value of $284,640; in

the previous year 234,111 pounds, worth $273,012, and in 1895 306,120

pounds, valued at $386,871. The condition of the fishery can not be

accurately gauged from ^he foregoing bare figures, which show a larger

yield in 1897 than in 1895 or 1896, although it is known that the industry,

as a whole, was in a declining state. The explanation is that the catch

in 1897 consisted of a much larger percentage of the lower grades of

sponges. Thus, the output of the comparatively cheap grass sponges

(having an average value of only 23 cents a pound) increased from 7

j)er cent of the aggregate catch in 1895 to 19 per cent in 1896 and 39 per

cent in 1897 5 while the yield of the most valuable sponge, the sheeps-

wool (average value $1.53 per pound), declined from 76 per cent in 1895

to 64 per cent in 1896 and 47 per cent in 1897.

It is the almost unanimous opinion of those who have given the

matter careful attention that the sponge-grounds of Florida, while still

very productive, are being seriously depleted ; and the fact is generally

recognized that a continuance of the present conditions will in a short

tiuie result in great loss to those having capital invested in vessels,

equipment, and warehouses.

"The Florida Commercial Sponges. By Hugh M. Smith. Bull. U. S. Fish Com-
missiou 1897, pp. 225-240, 20 plates.

F. E. 98 IX
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The following facts may be cited in evidence of a decline in the

abundance of sponges: Grounds along the Florida coast that were

formerly very productive (and in fact yielded most of the supply) have

been completely abandoned, although the industry is not 50 years old.

The spongers have had to resort to deeper and deeper waters, as the

shoaler grounds have become depleted, until it is impracticable, with

the present methods, to extend their operations further.

The average catch per vessel and per man is now much less than

formerly; and what in the past was considered an average yield for a

vessel is now an exceptionally good catch. The history of the sponge

fishery during the past few years records an extraordinary number of

trips that resulted in loss to the owners or equippers of sponge vessels.

Furthermore, the catch now consists of a large proportion of small

sponges, many being under the size sanctioned by law.

The reason for the decline of the fishery is not obscure and may be

comprehended under a single head—indiscriminate fishing. Chief

among the causes contributing to a decrease is the gathering of small

sponges. While an excellent State law of fifteen years' standing pro-

hibits the taking of sponges less than 4 inches in diameter across the

top, the law has always been practically a dead letter. Excessive

fishing has given the grounds no opportunity to recuperate from one

season to another, and has made the collection of undersized sponges a

necessity in order to fill out the cargoes. Almost from the beginning

of the fishery there has been a total disregard for the preservation of

the supply, and the present unsatisfactory conditions are the natural

consequence.

Under proper restrictions there seems no reason to doubt that the

Florida sponge-grounds are capable of regularly yielding a large annual

catch without any danger of jeopardizing the supply. The area of the

grounds is so large (estimated at over 3,000 miles) and the growth of

sponges thereon is so rapid that the most ordinary precautions would

l)robably insure a permanent crop. The remedial measures suggested

for existing conditions are (1) the strict enforcement of the law as to

taking small sponges, and (2) the suspension of sponging on given

grounds during every second or third season, A careful survey of the

productive and depleted grounds is a great desideratum, and the Com-

mission has engaged to make such a survey as soon as practicable,

employing the steamer Fish Hawk for the purpose.

MACKEREL INVESTIGATIONS.

Among the appendices to the present report of the Commissioner is

a paper by Dr. J. Percy Moore upon the results of the investigations

and experiments conducted by him for this division in the summer of

1897 relative to the embryology, natural spawning, and artificial propa-

gation of the mackerel {Scomber scombnis). The investigations, which

were begun in June of the last fiscal year, were conducted at Woods
Hole, Massachusetts, and on board the Fish Hairic in Casco Bay, Maine,

and were conqileted in the latter part of August.



REPORT OF COIMMISSIONKK OF FISH AND FISHERIES. CXXXI

These inquiries were prompted by the great scarcity of mackerel,

which has now extended over a longer period than ever before in the

history of the fishery, and by the large mortality among the artificially-

hatched mackerel fry, to which reference has been made in earlier

reports of the Commission. The supply of mackerel, as gauged by the

catch, decreased markedly after 1S85, and for tlie succeeding 13 years

remained at a very low ebb, the average annual output being probably

only one-seventh that of the 10 preceding years. After referring to the

fact that short periods of scarcity have in the past been followed by
seasons of abundance, Dr. Moore states in his report

:

Why the mackerel supjily is thus subject to periodical wax and wane is unknown.
There are no certain data upon which to venture a solution of the problem. Are

their numbers depleted by disease? There is no evidence that the mackerel is

subject to any serious infectious disease. Is the decrease due to a period of lowered

fertility, of less or greater duration? Here again we lack facts. We know but

little to what extent the biological and physical conditions of the sea have varied,

nor yet how variations in these factors affect the vitality and habits of the mackerel.

There may have been no actual diminution in the propagating capacity of the fish,

but some condition peculiarly detrimental to the development of the eggs and
embryos may have existed, causing their consequent destruction on a large scale.

Has there been a real or only an apparent decrease due to migrations of the fish

from our waters to other parts of the ocean? This view, most frequently accepted

as explaining the fact, has little to support it, and is a mere guess founded on the

known wanderiag habits of the mackerel.

The report cited first gives the results of studies relating to the

spawning time of the mackerel, the development of eggs in the ovary,

the characters of the ova, the process of fertilization, the vitality of the

milt, the changes in the egg after fertilization, and the hatching and

growth of the fry. The results of surface towings and the outcome

of hatching experiments are then given, followed by a summary of

conclusions and recommendations.

A point of practical importance in the artificial hatching of the fish

is that during development the specific gravity of the egg gradually

increases, so that, while the egg floats at the surface of the inshore

waters during the early stages, it sinks to a considerable depth before

hatching ensues. This fact was emphasized by the failure to obtain in

surface towings any eggs in the more advanced stages of development;

very few mackerel, however, were spawning in Casco Bay during the

progress of the work, although the region is ordinarily one of the best

spawning-grounds on our coast.

As bearing on the relatively poor results attending the artificial

hatching of mackerel eggs, Dr. Moore conducted a number of experi-

ments with different hatching methods and apparatus. These indicated

that for the first two days of development no apparatus is superior to

the ordinary tidal boxes, provided their sides are smooth and the

screens are kept clean. Subsequently the requirements are pure water

of higher density, and a hatching vessel that aflbrds better circulation

and keeps the eggs in suspension instead of permitting them to settle

on the bottom among decaying organic matter.
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Under the most favorable conditions it seems tliat the number of

eggs obtainable under x^resent methods is so insignificant, when com-

pared with those which must be naturally hatched, that no effect on

the mackerel supply is to be expected. The necessity for extensive

operations suggests the possibility of securing the cooperation of the

mackerel purse-seine fishermen in utilizing the eggs of the ripe fish

caught by them. As is well known, the mackerel vessels frequently

meet with schools of spawning fish, all of whose eggs are lost. As the

artificial fertilization of mackerel eggs is very easily and quickly accom-

plished, and as the stripping of the fish might be carried on without

interfering with the vessel's fishing operations, it is thought that the

cooperation of the mackerel fishermen may be readily secured by provid-

ing each vessel with instructions as to processes, together with proper

pans for mixing the spawn and milt, the eggs after fertilization being

poured overboard. In this way many more eggs might be obtained

from a single school of fish than would be possible in years of ordinary

collecting operations.

INVESTIGATIONS OF WESTERN LAKES AND STREAMS.

WALLOWA LAKE, OREGON.

The importance of Wallowa Lake and vicinity as spawning-grounds

of several species of SalmonicUe^ and the great decrease in numbers of

these fish in late years, especially of redfish, made an investigation of

these waters desirable. The lake is in the extreme northwest corner

of the State, at the head of Wallowa Eiver, one of the tributaries of

Snake River, the principal branch of the Columbia. Eeference to a

preliminary examination of this region was made in the last report of

the division. In the present year the lake was visited and an extensive

investigation was carried on. A party from the Commission, consisting

ofDr. W. C. Kendall, in charge; Mr. Barton A. Bean, Mr. Hoffman Philip,

and Mr. C. M. Eowe, reached the lake on July 13, and remained until

November 14, two or three persons always being on the ground.

As was ascertained to be the case in the Idaho lakes, two forms of

the redfish {Oncorhynclms 7ierka) inhabit Wallowa Lake and breed in

the inlets; but the Oregon fish differ in size and other respects from the

Idaho fish. The smaller fish, having a maximum length of 9J inches,

were abundant, and valuable observations on their habits were made.

No important observations on the large redfish were j^ossible, as they

were almost entirely absent from these waters, only four being seen.

While the question of the migrations of the small redfish was not

absolutely settled, the evidence obtained is almost conclusive that these

fish have their permanent residence in the lake.

In former years a seine was operated at the head of Wallowa Lake
for trout and the large redfish, considerable (piautities being taken

and salted annually. This fishery had to be abandoned, owing to the

scarcity of fish and the enactment of a law prohibiting seining. The
great diminution in the abundance of large redfish and other migratory
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salmon was doubtless due to excessive fisliino- and the destruction

of young salmon by irrigating ditches.

Other salmonoids found in these waters permanently or periodically

are the chinook salmon {Oncorhynchus tschawytscha), which appears

during tlie summer and early fall; the silver salmon
(
0. Msutch), known

here as dog salmon, which comes in October and November; the steel-

head trout {Salmo f/airdncri), locally known as salmon tfout and not

always distinguished from the black-spotted trout, which appears in

March and April, and is caught in the lake by trolling and gigging;

the black-spotted trout (/S'rtimo clarMi) and the bull trout {Salvelinus

malma)^ which are permanent residents of the region ; and the whitefish

[Coregomis iciUiamsoni), which is not uncommon, but not much fished

for. Other fishes inhabiting the lake and its tributaries are lampreys,

small dace, several suckers, and two or three blobs.

The most feasible method of replenishing these waters seems to be the

enactment of suitable protective laws and their impartial enforcement.

The remoteness of the lake from the railroad makes the introduction of

fish very difficult.

BAKER LAKE, WASHINGTON.

The establishment of a hatchery for the blueback salmon orsockeye

{Oncorhynchus nerM) at some point on the northwest coast has been

under consideration by the Commission for several years. This is by
far the most important species of salmon inhabiting the Puget Sound
region, and the call for its artificial propagation has come chiefly from

people of that section, although in the Columbia River it is taken in

large quantities, ranking next to the chinook in importance.

Information having been received showing the existence of extensive

spawning-grounds in Baker Lake and its tributaries, in Washington,

Prof. B. W. Evermann. in August, 1898, made an examination of it

with reference to its adaptability for a hatchery site.

This body of water is located in Whatcom County, in the north-

western corner of the State, near the international boundary. The
nearest railroad station is Hamilton, a village on the Skagit River, 36

miles distant, whence the lake is reached by wagon road and trail, more
than half the distance being a trail crossing several creeks which are

at times difficult of passage; one of them, Boulder Creek, is fed by melt-

ing glaciers on Mount Baker, and for a few weeks each summer is a

raging torrent in the afternoon and early evening, fording being very

dangerous. The lake is about 1 mile wide and 1^ miles long, and is

little more than an expansion of Baker River, the principal northern

tributary of the Skagit. It is well surrounded by high mountains,

among them Mounts Baker, Shuksan, and Cleveland, on whose slopes

are glaciers and large snow fields which feed the headwaters of the

Skagit basin. Dense forests of cedar, spruce, hemlock, and other trees

exist on all sides. Two streams, JSToisy Creek and Sutter River, flow

into the head of this lake, in addition to several smaller streams carry-

ing sufficient water for hatching purf)oses.



CXXXIV REPORT OF COMMISSIONER OF FISH AND FISHERIES.

In 1896 the State of Washington established a hatchery on the lake

and took 6,500,000 eggs of the sockeye salmon. It is reported that

many more eggs could have been secured if the facilities for handling

them had warranted it. In 1897, the capacity of the hatchery having

been increased to 14,000,000, the indications were that there would be

no difficulty* in obtaining the full quota. It seems certain that the most

extensive spawning-beds of the sockeye to be found in the United

States are here, and this fact, together with the excellent water-supply

to be obtained by gravity, makes the lake the best-known hatchery-site

for this species of salmon,

YOUNG SALMON IN THE SACRAMENTO BASIN.

The systematic studies of the movements, habits, growth, food, and
enemies of young chinook salmon in the Sacramento Eiver, referred to

in the last report, were continued during this year under the charge of

Mr. Cloudsley Butter, in association with Mr. F. M. Chamberlain, who
was detailed from the Albatross, and Mr. N. B. Scofield, who was
engaged in making inquiries for the California Fish Commission.

As a preliminary measure, in order to make a general survey of the

river, Mr. Eutter, in April, 1898, went by steamer from San Francisco

to Eedbluff, situated about 300 miles above the mouth of the Sacra-

mento, and then extended his reconnaissance to Eedding, 10 miles

beyond. The river for the whole distance has a strong current and is

very crooked; the lower half is comparatively narrow and deep, while

the upper part is wider, with many shoals, sand-bars, and gravel-banks.

Brief trials for young salmon were made near Sacramento and Eedbluff;

at Tehama, a few miles above Eedbluff; at Battle Creek, 20 miles above,

and at Eedding—at each of which places, except Sacramento, salmon

were abundant. On returning to the mouth of the river, salmon were

found in only limited numbers, suggesting that the main body of young

fish was still in the upper river.

Mr. Chamberlain was then detailed to pursue his inquiries in the

lower part of the river and in the bays at its mouth, while Mr. Eutter

went to the headwaters near Sisson and, in conjunction with Mr. Sco-

field, began a careful examination of the entire stream above Sacra-

mento. On reaching Eedbluff, May 20, on the downward trip, the

further study of the river was made by means of a skiff, in which, during

the following 10 days, the party rowed from Eedbluff to Sacramento,

a distance of 250 miles, numerous observation stations being made at

suitable points.

The remainder of the fiscal year was occupied in studies adjacent

to the mouth of the river. The California Fish Commission tendered

the use of its steam launch, which permitted the examination of parts

of San Pablo Bay that could not otherwise have been visited.

The results of the work, so far as it has been carried, are quite satis-

factory and interesting. It seems that by May a large majority of the

young salmon had left the smaller streams where they were hatched

and had become scattered throughout the upper x)art of the river as far
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down as Chico, about 225 miles from its mouth. Belo\A'^ Cliioo tliey

became fewer and fewer toward Princeton, about 50 miles farther

downstream, below which place they were scarce. In the latter part

of May, 12 were taken in brackish water about the mouth of the river,

and two weeks' work in June in the lower river and bays yielded only 5,

while in the upper river from 20 to 70 were taken at each haul of a short

collecting seine.

After reaching the main river the young- salmon prefer to keep in the

current, never being found in shallow, quiet water. A large series of

specimens has been kept to show the rate of growth and the food, which

will be noted in the final report. Young of the year, varying in length

from 1.4 inches to 3.9 inches, have been found. The smallest—those less

than 2 inches long—have been observed only in the upper river and

small streams, practically none below Tehama. Those above 2 inches

were about evenly distributed throughout the river.

It is thought that by the continuation of these studies for a short time

sufficient information may be obtained on which to base a report giving

the complete history of the quinnat salmon from the time of hatching

until it runs to sea.

SOUTHERN OREGON LAKES.

Along the southern border of Oregon is a series of large isolated

lakes about whose fauna nothing was known until July and August,

1897, when an examination of some of them was made by a party from

the Commission, consisting of Prof. B. W. Evermanu in charge, Mr.

W. P. Hay, and Mr. Charles M. Eowe. The party outfitted at Ashland,

Oreg., and traveled by wagon more than 600 miles. The objectwas to

ascertain the physical and biological features of the lakes, and to make
collections of the fishes and other animals found therein.

The waters examined were Goose Lake and ISTew Pine Creek, near

Lakeview; the Warner Lakes, near Plush; Abert Lake and Chewan-

can Eiver, near Paisley ; Summer Lake and Summer Lake Eiver ; Silver

Lake and Silver Lake Creek. These lakes are unconnected with each

other, have no outlets, are quite shallow, and are more or less alkaline.

Goose Lake, the Warner Lakes, and Silver Lake are very slightly

brackish and contain fish, while Abert and Summer lakes are strongly

alkaline and entirely destitute of fish, although containing several

kinds of small crustaceans. In Goose and Warner lakes black-speckled

trout of very large size and excellent food qualities were abundant.

A study of the collections made in this region will throw much light

on the characteristics of isolated fish faunas and on the origin of the

faunas of these and other similar lakes in Oregon, California, and

Nevada. Before a full understanding of all the questions presented is

possible, it will be necessary to extend the investigations to lakes

Harney and Malheur, located farther to the eastward in Oregon, and

also to explore the isolated lakes in the northern part of the adjoining

State of Nevada.
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The Klamatli Lakes, on the Oregfon-California border, liave already

been examined by the Commission.* The relations of the faunas of

these lakes to each other and to those of the Snake River Basin and
the Great Salt Lake Basin present a very interesting problem in geo-

graphical distribution ; and it is the purpose of the Commission to con-

tinue these investigations until a full knowledge of the fish life of these

waters is obtained.

COASTAL STREAMS OF WASHINGTON, OREGON, AND CALIFORNIA.

In the summer and fall of 1898 a systematic examination of the salmon

streams of the coast of Washington was taken up. Mr. Cloudsley

Rutter was in charge of the investigations, and was assisted at times

by Mr. C. F. Foote and Mr. E. R. Brady. The inquiry was begun about

July 25, immediately north of the Columbia River, and was concluded

on October 1, by which time the streams on the south side of the Strait

of Fuca were reached.

The investigations had for their object the determination of the

physical character of the principal streams, the nature of the general

fish fauna, and the distribution, abundance, habits, spawning, etc., of

the different species of salmon.

Among the numerous waters visited were the following: ZS^asel, Wil-

lapa, and North rivers, tributary to Willapa Bay; Chehalis River,

which empties into Grays Harbor, with its more important branches,

including Black River and Black Lake, Satsop River, Wynooche River,

the east and west forks of Wishkab River, and a number of smaller

streams; east and west forks of Humptulips River, which enters Grays
Harbor; Lake Quinault and its tributaries; Elk Creek, a branch of

Quinault River; Raft River; Queets River with its tributaries, Salmon
River, Tacoma Creek, Mud Creek, Clearwater River, and Hurst Creek;

Hoh or Ohalot River; Bogachiel River, tributary of the Quillayute

River; Ozette Lake and tributaries; Pleasant Lake, Beaver Lake,

Beaver Creek, and Soleduc River, in the Quillayute Basin; Crescent

Lake and Sutherland Lake, with their feeders and outlets.

Many of the foregoing waters are very remote from regular lines of

communication and had never before been examined with reference to

their fish life. Large collections of the fishes and other water animals

were made for future study.

The investigation showed that both the quinnat salmon and the

silver salmon are found in all the principal streams, and that the dog
salmon is distributed throughout the region and ascends even the

smallest streams. The blueback salmon, or redfish, enters the Quinault

River and Lake, and also Ozette Lake. The dwarfed redfish exists in

Ozette Lake, and probably in Quinault Lake. Ozette Lake afibrds good

facilities for a conclusive study of the question as to whether the small

redfish are migratory or permanent residents of lakes.

*The Fishes of the Klamath Basin. By Charles H. Gilbert. Bull. U. S. Fisb
Commissiou, 1897.
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The examination of the coast streams of California be^un in May,

1897, and referred to in the hist annual re[)ort, was continued until

August 15, 1897, by wliich time all the rivers of California north of San

Francisco aud some of those of southern Oregon had been visited.

The inquiries were in charge of Dr. C. H. Gilbert, of Leland Stanford

Junior University, assisted by four students of that institution. The
streams were very thoroughly examined with reference to their fish life,

large collections of fish, crustaceans, mollusks, etc., being made.

OTHER INVESTIGATIONS.

SHAD or THE OHIO RIVER BASIN.

From time to time the capture of shad in the Ohio and Mississippi

rivers and their tributaries has been reported. The fish have locally

been regarded as identical with the shad of the Atlantic coast {Alosa

sapidissima), and have been called "Potomac shad," "white shad," etc.

In view of the large numbers of shad fry planted in the Mississippi

Valley, it has been thought that their attempted acclimatization may
have proved successful. Ichthyologists have had little ojiportunity to

examine these shad from the Ohio basin, but the Commission has

recently been able to make some interesting observations thereon. In

the spring of 1896 it was reported from Montgomery, W. Ya., that shad

were being taken in some numbers in the Kanawha River at that place.

In May, 1897, a fish-dealer in Louisville, Ky., stated that considerable

quantities of shad were being caught at the Falls of the Ohio, and four

fresh specimens were sent for identification. The same dealer, in May,
1898, wrote that the shad had again appeared, and forwarded six

specimens. An examination showed that these represented a species

of true shad {Alosa), aud not a hickory shad or skipjack {Pomolobtis),

gizzard shad {Borosoma), or mooneye (Hiodon), which are popularly

known as shad in various parts of the interior. It was also seen that

they were closely related to the shad of the rivers of the Atlantic slope,

but had certain characters which were apparently sufficiently marked
to render the fish specifically distinct from the common shad, and also

from the shad {Alosa alabamw) recently described from the Black
Warrior Eiver, Alabama.

In order to secure more definite information regarding the nature,

movements, and abundance of this fish, Prof. B. W. Evermann, in May,
1898, was instructed to proceed to suitable points on the Ohio River

and tributaries.

Montgomery, W. Va., was first visited. No shad had yet arrived, but

additional information concerning the runs in 1896 and 1897 was
obtained. In 1896 the fish appeared during the third week in May,
the largest number being caught on May 20, Several hundreds were
taken for home use by the people of the town, and the run was reported

to consist of thousands of fish. In the following year the shad came
about the same time and were reported to be quite as numerous.
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When Louisville was visited, May 16-19, the shad were running' and

good opportunities were afforded for studying them. They were being

caught in seines at the Falls of the Ohio, chiefly on the Indiana side,

together with spoonbill cattish, shovel-nose sturgeon, and drum. It is

said that the shad from the Ohio first came under the observation of

the Louisville dealers in about 1876; the fish were at once identified

as ''Potomac shad" by those dealers familiar with the shad of the

Atlantic coast. A good many were caught at the Falls of the Ohio

that year and met with a ready sale. A few were taken in some of the

succeeding years, but no large catch occurred until 1897, when a change

in the method of rigging the seines may have had some effect on the

number taken. In 1897 the run was large, and several thousand were

secured, the daily catch during the first three weeks in May being from

about 125 to 740. In 1898 the first shad was caught April 28 ; from that

time the number increased until about May 17, when the run began to

decline. The total yield in 1898 was about the same as in 1897.

This species of shad has not, so far as known, been taken in large

numbers, except at Louisville, but it has been reported from various

places on the Mississippi, and at a number of places below Louisville

on the Ohio and Mississippi rivers. In March, 1898, a Louisville fish-

dealer saw 25 or 30 captured at Cahoma, Miss., where the fishermen

stated that a good many were taken, and thought they were a si^ecies

of skipjack. The same dealer has seen the s*had in the Ohio River

at Concordia, Ky., 90 miles below Louisville, and at Brandenberg, Ivy.,

40 miles below Louisville. About fifteen years ago they were reported

at Vicksburg, Miss., in 1884 at Hickman, Ky., and in 1886 and since

at Aurora, lud. A fish-dealer at Evansville, Ind., reports that some
years ago he caught shad in the Wabash River near its mouth, and

that about twenty years ago, and also in 1897, he saw a few that had
been taken in the Ohio River.

None of the dealers at Vincennes has ever seen any shad from the

Ohio or the Wabash, but one states that in the spring of 1898 he

received a few from St. Louis. None of the dealers and fishermen inter-

viewed at Terre Haute had ever seen shad from the Wabash River.

That shad have not been taken in this stream may be due to the legal

restrictions on all methods of fishing which would be likely to result in

the capture of such a fish.

STUDIES OF YOUNG SHAD IN POTOMAC RIVER.

The studies of young shad in the Potomac River, referred to in the

previous report, were continued throughout the fiscal year 1897-98.

The inquiries, which were in charge of Mr. M. C. Marsh, related mainly

to the movements, food, and rate of growth. While much has been

definitely established, further inquiries will be necessary before the

full history of the young shad is known.
The observations have shown that shad hatched in the spring of one

year are abundant during the ensuing summer months throughout the

fresh portion of the river below Little Falls. They feed in the shore
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waters all suinuier, with practically no downward migration. At this

season, also, near the surface in the open water of the river, they seem

to be present in moderate numbers and are perhaps abundant, but the

means available for collecting in the ortshore waters have not been

satisfactory. With the approach of cold weather the young shad do

not descend the river aloug the shores in order to reach warmer water,

but withdraw to the river channel. When the temperature of the water

falls to a point between 46° and 56°, which happens in November,

they leave the places they have frequented during the summer. This

movement is perfectly well marked throughout the section above brack-

ish water. Observations in winter and spring indicate that there is

some downward movement after the fish leave Mie shores, and this

must necessarily take place in the deeper water. Seining in the Lower
Potomac and along the western shore of Chesapeake Bay in the latter

half of February showed that no young shad were there, but about the

end of March numbers were noticed in the pound nets set along the

shores of the Lower Chesapeake near Old Point Comfort and the Vir-

ginia capes. These were the previous spring's hatch, and such fish

have also been noted in the Lower Potomac. Shad of apparently two
years' growth have been taken in both the bay and lower river, but

the young do not reappear on the shores in spring in the fresh water

of the river.

It seems probable that at least some of the young shad of a particu-

lar season's spawning do not reach the ocean during the ensuing year,

and it is possible that some reach maturity (in three or four years)

without visiting the ocean. Deep-water collecting in Chesapeake Bay
in midwinter will do much to fill the present hiatus in our knowledge
of the shad during that season.

Insects and entomostracans are the most important food of the young-

shad in fresh water. Of entomostracans, the genera Daphnia, Cyclops^

Cyiyris, and Bosmina are largely represented in the stomach contents.

Ehizopods, nematodes, amphipods and gastropods are eaten; vege-

table food is rarely taken. In a few cases small fish had been ingested

and shad fry have been found in the stomach, but this is unusual.

When 2 months old, shad are about 2 inches long; having attained

this size, they add about an inch to their length in from 2i to 3.J months,

so that when they leave the fresh water in the fall they are from 3^ to

4 inches long. They grow slower in the river than in ponds (such as

the Government fish-ponds at Washington). Fish from the upper part

of the river are distinctly smaller than those from the lower, having
been hatched later.

FISHES AND FISHING-GROUNDS OFF SAN DIEGO COUNTY, CALIFORNIA.

In March and April, 1898, Messrs. C. Rutter and F. M. Chamberlain
were assigned to an examination of the fishery resources and fishing-

grounds of the southern California coast. The steamer Albatross, which
was then lying off San Diego, was made the headquarters of these

assistants while working in the vicinity. It was the intention to have
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shore inquiries conducted in conjunction with the dredging, collecting,

and hydrographic work ou the vessel, but the Albatross was transferred

to the ISTavy Department shortly after the investigations were begun,

and the only studies made were those relating to the fish, fishing, and

fishing-grounds of San Diego County. The recent marked development

of the fishing industry of the southern counties of California makes it

very desirable that a thorough examination of the outlying fishing-

grounds should be carried on with reference to the habits, migrations,

abundance, food, spawning, etc., of the fishes found thereon. This

work should be taken up by the Alhatross as soon as practicable.

The barracuda {Sphyrcena argenfea) is by far the most important food-

fish taken in this section. It makes its appearance in February or

March and remains until November, rarely until December, being most

abundant from April to August. It is found off the shores of Lower

California in January, which leads the fishermen to believe that it

travels northward along the coast; but the fact that in one season

recently the barracuda was caught at San Pedro, Los Angeles County,

a few weeks earlier than at San Diego, would indicate that its move-

ments toward the coast are chiefly from deep water ofishore.

Other important fishes of the San Diego region are bonito {Sarda

chilensis), yellow-tail {Seriola dorsalis), several species of bass {ParaJa-

&r«.r), flounder {Paralichthys californicus), and rockfishes (Sebastodes) of

many species.

EXPERIMENTS WITH SALMON OVA.

In October and November, 1897, during the prosecution of salmon-

hatching work at Battle Creek Station, Cal., Mr. Cloudsley Butter,

scientific assistant, conducted some experiments having a practical

bearing on fish-cultural work, and chiefly directed to questions relating

to the fertilization and development of tlie eggs of the quinnat salmon

(
Oncorhynchus tschaivytscha). Among the subjects specially considered

were the influence on fertilization of the exposure of the eggs to water,

the vitality of the milt, the fertilizing of eggs from dead fish, the fertil-

ization of bloody, slimy, and foamy eggs, the effects of handling eggs at

supposed critical periods, and the i)ercentage of eggs fertilized under

natural and artificial conditions. The studies were not completed and

they will probably be resumed next season. An outline of the general

results is here givAi.

Numerous experiments were tried to determine how long salmon

eggs might remain in water and still be capable of fertilization. This

subject has a very important bearing on fish-cultural operations as well

as on natural reproduction. No eggs were fertilizable after they had

been in water more than 5 minutes, and only 2 per cent on 5 minutes'

immersion. After being in water 2^ minutes, 16 per cent were fer-

tilized. After rapidly washing the blood from eggs taken from fish

already stripped, only 11 per cent were fertilized.

Spermatozoa were found to live for more than 10 minutes after the

milt was mixed with water, but their fertilizing powers rapidly dete-
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riorate. Thus, tbo experiments showed that after milt had been in

water 1 minute it fertihzed 19 percent of the eggs treated; after a

lapse of 3^ minutes, only 9 per cent were fertilized; after 6 minutes, 8

percent; after S.\ minutes, 2 i^ev cent; and after 11 minutes, 2 per cent,

no fertilization occurring after a longer interval.

It occasionally happens that a fish is injured before spawning, and

when the eggs are pressed out they are mixed with more or less

blood. Eggs from three such fishes were selected, in order to ascer-

tain the percentage of fertilization. About 8 per cent of them died

within 5 days, and of the remainder, 2 per cent were unfertilized.

This is not very different from the average results under normal con-

ditions. Of several lots of bloody eggs taken from stripped fish, 89 per

cent were fertilized. In the passage of eggs* through the oviduct the

natural liquids of the part often become foamy. It was not known
whether such eggs were fertilizable, but tests showed that this con-

dition did not impair the susceptibility of the egg to the action of the

milt. The slime from fishes is thought by some fish-culturists to be

fatal to spermatozoa; some eggs were thoroughly mixed with slime

and then treated with milt in the usual way; less than 2 per cent

were unfertilized.

The question of killing the female salmon before attempting to take

the eggs received some consideration. Stripping the female is very

hard work, requiring the services of three men, one to hold the head

and one the tail, while the third expresses the eggs. Even when the fish

is ripe, a man's entire strength is often required to force the eggs

through the oviduct. Many good eggs are necessarily left in the fish

and thus lost. In 21 stripped salmon examined with this point in view,

there were found on an average 700 ripe eggs, or about 14 per cent of

the total average production per fish. It had been claimed by some fish-

culturists that eggs from fish killed before spawning would produce

deformed fry, but this was shown by experiments to be erroneous. In

view of the foregoing experiments and the additional fact that these

fish die after spawning, there would seem to be good reasons for killing

or stunning them by a blow on the head and for removing the eggs

through an artificial opening in the abdominal wall.

It is well known that at certain ages eggs are much more delicate

than at other times. These critical periods are when the eye-spots first

appear (ninth to fifteenth day) and just before hatching. When first

taken, eggs may be handled comparatively roughly with impunity. The
spawning-place at Battle Greek is 1^ miles from the hatchery, the eggs

being hauled that distance in wagons over a rather uneven road without

any injury. Nearly 700,000 eggs 43 days old were sent from Battle

Creek to Olema; they were first taken 10 miles in a heavy wagon, and

were then carried on a railroad train 15 hours, being out of the water

48 hours; the loss in transit was only 300 eggs. At other times such

treatment would kill almost every egg, the simple turning of the eggs

with a feather often causing a large loss. In one experiment 120,000
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eggs, in four equal lots, were employed to demonstrate the critical

periods 5 two lots were picked daily to remove dead eggs; the other two

lots were picked only on the first, third, twenty-second, twenty-fourth,

and forty-first days, so as to avoid the critical times. The percentages

of loss in the first two lots were 56 and 32, respectively, and in the

second two 11 and 9, respectively.

A number of tests indicated that even after a fish has been dead in

the water for a comparatively long time the contained eggs remain in

good condition. On November 25 a female salmon that had died below

the spawning rack was selected for experimentation. Eggs were taken

and fertilized at periods of 2. 4, 6, 8, and 24 hours after its death. In

the case of the first four lots the percentages fertilized were 99, 98, 92,

and 92, respectively, and at the end of 2G days the eggs were healthy.

The eggs taken after a lapse of 24 hours were not sound, and although

most of them were fertilized, the entire lot died within 2 weeks. On
the 13th of November eggs were obtained from 2 fish that had died in

the water, one having been dead 2 hours and the other over G hours

;

of the former, 97 per cent and of the latter 85 per cent hatched and

produced healthy fry.

LAKE SUPERIOR.

The investigations of Mr. A. J. Woolman in Lake Superior begun in

April, 1897, and referred to in the last report, were continued until the

latter part of August, 1897. They had for their object the determina-

tion of the food-sujiply of the fishes of the lake and its relation to the

abundance and movements of the commercial fishes. Large collections

of the minute animal life, which directly or indirectly constitutes the

principal food of the fishes, were made with fine meshed nets used at

the surface, bottom, and intermediate depths on the fishing-grounds

along the south shore. The study of the collections has not yet been

comj)leted

.

Different regions were found to diifer very materially in the variety

of small aquatic animal forms inhabiting them and in the abundance of

those forms. Some extensive areas were shown to be abundantly sup-

plied with minute animals in great variety, which in other areas were

almost completely absent. If further observations show that the dis-

tribution of the minute animals is in any way constant in given areas,

informatioa of value in the planting of fish fry will have been obtained.

One noteworthy feature of the inquiries was the discovery of small

crustaceans {Bia^Jtomns) in large numbers in certain very deep waters

where there has recently been a remarkable increase in the abundance

of the bluefin whitefish {Argyrosomus nigripmnis).* These crustaceans

occur in large (quantities only in deep water (100 to 130 fathoms), where

they are the predominating animals of this class. Another observation

was that apparently well-defined areas are occupied by cladocera, as

Report U. S. Fisli Commission lor 1897; pp. CXXI, CXXII.
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distinct from regions occupied by certain copepoda and the still more
localized areas inhabited by ostracoda.

FISH PATHOLOGY.

Assistants of the division have made a number of examinations of

fishes that liave died at various stations of the Commission, but usually

tbe results of the studies have been unsatisfactory. Lesions have
sometimes been found which would result in death, but the causes of

the morbid processes or conditions have not been apparent. In other

cases no clew to the disease has been detected.

One of the most important subjects now connected with fish-culture

is fish pathology. With the exception of the effects produced by a few

animal and vegetable parasites, practically nothing is known of the

diseases of fishes. This is a very inviting field for study from the scien-

tific standpoint and from the jjractical standpoint of fish-culture. A
very large mortality not infrequently prevails among young and mature

fish at hatching stations, in stocked waters, and among wild fish, for

which there is no known cause or remedy. The annual unavoidable

losses in the Commission, while not excessive, are yet sufficiently serious

to demonstrate the necessity, which has long been appreciated, for an

assistant who could devote his whole time to the consideration of fish

diseases, and who is fitted by previous training in human pathology to

fully comprehend the nature, cause, and possible remedies for the now
obscure afiections prevailing among the food and game fishes. It is

strongly urged that the Commission be provided with a permanent
expert in fish pathology.

WOODS HOLE, MASSACHUSETTS.

WORK IN THE LABORATORY.

During the summer of 1897 the Woods Hole laboratory was occupied

by a small number of investigators, the Commission having restricted

the attendance to representatives of those institutions which had fur-

nished financial aid in the construction and equipment of the laboratory.

Among those at the station were Dr. John T. Graham, of the University

of Alabama, and formerly of Princeton University; Mr. F. N. Balch, of

Harvard University; Mr. Charles W. Greene, of Johns Hopkins Univer-

sity; Dr. J. Percy Moore, of the University of Pennsylvania, who was
engaged in studies on the embryology of the mackerel in the interest of

the Commission. At the request of the Smithsonian Institution, Prof.

C. C. Nutting, of the University of Iowa, was granted laboratory priv-

ileges to enable him to complete his work on American hydroids for

the institution.

In the spring of 189S it was determined to take steps to increase the

opportunities for scientific study at Woods Hole, by providing lor the

prosecution of inquiries throughout the year instead of only during

the summer months, as heretofore. It was also decided to place the

laboratory in the charge of some comx^etent biologist, who would be iu
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attendance during most of the year and give personal direction to

the investigations. The laboratory was opened on March 14, and Dr.

H. C Bumj)us, professor of comparative anatomy in Brown University,

was appointed director. Correspondence Avas entered into with the

principal universities and colleges, notifying them of the opening of

the laboratory and stating that nominations of a limited number of

persons to represent them would be received. During April fourteen

investigators availed themselves of the privileges of the laboratory,

and by the 1st of June accommodations for the ensuing summer had
been assigned to the full capacity of the station.

During a period of six weeks in May and June the work of the labo-

ratory was facilitated by the courteous action of the trustees of the

Marine Biologi(;al Laboratory in placing their steam launch at the dis-

posal of the Commission.

Eeports on the aquatic life present in the vicinity of the station

during March, April, and May were published in the current issues of

"Science," by Dr. Bumpus and Dr. A. D. Mead, for the guidance of

those who may desire to pursue studies at the laboratory in the spring

months. In an article on "The breeding of animals at Woods Hole
during the month of March, 1898," Dr. Bumpus stated

:

The water has swarmed with animal life, and many forms rarely or never cap-

tured during the warmer months have been found in abundance. Breeding animals

have yielded rare embryological material, and all forms of life have had great vitality,

due probably to the low temperature of the water (38° to 43° F.).

MORTALITY AMONG BROOD COD AT WOODS HOLE.

During the cod-hatching season of 1897-98 at Woods Hole there

was a very large death rate among the adult cod retained in live-cars.

In previous seasons numbers of the brood cod had died, but the mor-

tality during the present year was greater than heretofore. These fish

were caught with hand-lines on Nantucket Shoals and brought to the

station in welled-smacks. Between October and February .3,507 were

received, of which 2,696 died, or more than 76 per cent; 1,977 dying in

November, 315 in December, 203 in October, 143 in February, and
58 in January.

In November 14 cod, each weighing 5 or 6 pounds, that had died

in the live-cars, were sent to Washington in ice and there carefully

examined. In 11 cases there was no doubt of the cause of death, in 2

the cause was not positively made out, and in 1 it could not be deter-

mined. Cerebral meningitis, due to hook wounds, was responsible for

the death of 5 fish ; the same condition, resulting from injuries to the eye,

led to the death of 2 others; cerebrospinal meningitis, induced by a

blow on the side, caused the death of 1 fish; marked degeneration of the

heart muscle was found in two cases, and inflammation of the heart or

pericardium existed in 2 fish, being complicated with meningitis, due
to hook wound in one of them. In one of the doubtful oases there was
slight meningitis traceable to a hook wound, and in the other there

seemed to be a rupture of the abdominal aorta.
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The intiaminiitiou resulting from the hook wounds could easily be
traced to the membranes of the brain, which were in most instances

highly congested and surrounded by considerable bloody serum.

While sucli injuries are often unavoidable, it is probable that some
might have been less severe had more care been exercised in extracting

the hooks. In the cases of meningitis due to injuries to the eyes, there

is ground for suspicion of rough handling. Fishermen have a practice

of thrusting the forefinger and thumb into the eyes of cod and other

fish in order to secure a firm hold in removing the hook, and in this

way displacement of the lens, rupture of the eyeball, and other injuries

may result. The cases of degeneration and inflammation of the cardiac

muscle and of mixture of the aorta might be occasioned by heavy
pressure on the ventral region between the gills. Fishermen, while

removing the hook, often grasp fish in the place stated, squeezing the

heart and related structures with sufficient force to produce serious

lesions. The fish whose death depended on cerebro- spinal meningitis

was clearly the victim of rough handling; the wound in the side was
such as might be i^roduced by a swinging blow on the thwarts or gun-

wale of a boat.

Subsequent examinations of many cod at the station showed con-

ditions similar to those mentioned. There seems no reason to believe

that the fish received rougher treatment this season than formerly. The
high mortality may have depended on special physical surroundings,

such as high-water temperature, which promoted inflammation, perhaps

septic, that under other conditions would not have ensued. The expe-

rience, however, demonstrates the necessity for great care in handling

cod that are to be kept in confinement for several months.

TAGGING COD AT WOODS HOLE.

During December, January and February 560 cod, weighing from 3

to 17 pounds, were tagged at Woods Hole and released in adjacent

waters. These fish had been caught with hand-lines on the southern

Massachusetts coast and retained at Woods Hole for brood purposes.

After their use in the fish-cultural work, they were liberated with a

small tin or copper tag attached to one fin by silver or copper wire.

Complete data were kept for each fish tagged, including its weight,

length, sex, and when and where released. A printed circular calling

attention to the experiment and soliciting certain information regard-

ing the fish was extensively cii'culated in the coast towns of Massa-

chusetts, Ehode Island, and Connecticut, and also in New York and

New Jersey. Within a few weeks after the fish were released tagged

fish began to be caught, and by the close of the fiscal year about 25

tags had been received, while the taking of other fish was reported

;

these were mostly from southern Massachusetts, but some came from

Ehode Island, Connecticut, and New York, and one from a point on the

middle New Jersey coast. It is expected that the experiment may

throw some light on the rate of growth of the cod, the frequency of its

spawning, the extent to which individual fish migrate, etc.

F. E^ 1)8 X
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COLLECTIONS AND REPORTS.

A small collection' of lisbes obtained by the Albatross on the coast

of southern California in April, 1897, was transferred to Dr. Charles

H. Gilbert, of Stanford University, for examination and report. The
collecting was done in the neighborhood of Santa Catalina Island and

Monterey Bay, with dredge, gill net, trawl line, hand line, and shore

seine. The greatest depth at which trials for lish were made was 581

fathoms ofl" Monterey Bay with gill net and beam-trawl; another trial

with these appliances in the same region was in 278 fathoms ; all the

other collecting was in water less than 100 fathoms deep. Dr. Gilbert's

rei^ort, which appears in the api^endix to this report (pp. 23-29), shows

that 62 species of fish were secured, one-third of which are rockfishes

(^corpcenidw), while most of the others are the common shore species.

Off Santa Catalina Island, at depths of 47 fathoms and 80 fathoms,

respectively, two undescribed species were obtained, one an agonoid

{Averrimcus sterletus), the other a cottoid {Badulmus boleoides).

The interest of late manifested in the fish and fisheries of Florida

has suggested the need of a comprehensive report on the fish fauna of

that State. The preparation of such a report has been begun by Drs.

Evermann and Kendall, based on extensive collections made by the

Commission, and on previously published lists of Florida fishes. About
600 species are now known from Florida waters, and the fish fauna is

consequently more varied than that of any other State. Some addi-

tional field investigations in certain sections are desirable; these will

doubtless considerably augment the list.

In conformity with the established custom, natural-history objects

obtained by the field parties and vessels of the Commission have been

transferred to the United States National Museum. The large collec-

tions of aquatic animals sent to the Museum during the year included

reptiles, batrachians, mollusks, crustaceans, and other invertebrates,

besides rare fishes and types. These collections are studied and
reported on by specialists connected with the National Museum and
Smithsonian Institution.

Arrangements have been made to supply to the leading educational

institutions of the country sets of named marine and fresh-water fishes

in alcohol. After collections have been reported on, and complete

series of specimens have been reserved for the Government, the best

use to which they can be put is to donate them to universities, colleges,

and schools having biological courses, and to State museums.
The various i^apers pertaining to the functions of this division which

have appeared during the year have been mentioned in the foregoing-

report of the Commissioner.



REPORT OF THE DIVISION OF STATISTICS AND METHODS
OF THE FISHERIES.

By C. H. Townsend, Assistant in Charije.

The work of this division for the year euding June 30, 1897, was
reported upon by Dr. Hugh M. Smith, whom the writer succeeded as

assistant in charge on April 7, 1897, having been detached as naturalist

of the steamer Albatross, By direction of the Commissioner a canvass

of the principal fisheries of certain New England and Middle Atlantic

States and the Great Lakes for the fiscal year 1897 was commenced on

August 1. The statistical field agents of the division were detailed as

follows: To Maine and New Hampshire, Mr. Ansley Hall; to Massa-

chusetts, Mr. W. A. Wilcox ; to New York, New Jersey, and Delaware,

Mr. C. H. Stevenson; to Lake Superior, Mr. T. M. Cogswell; to Lakes

Michigan, Huron, St. Clair, and Erie, Mr. H. O. Weaver; to Lake
Ontario, Mr. John N. Cobb. The fisheries of Lake Ontario were can-

vassed in full, the data collected relating to the calendar year 1897.

With a view to securing information for the use of the National

Fishery Congress at Tampa, in January, 1898, Mr. Cobb was sent to

Florida in September and October to canvass the fisheries. The results

of the fieldwork conducted in the above-mentioned regions were at once

made public in a series of single sheet bulletins, each of which was dis-

tributed throughout the region to which it referred. The bulletins

were sent to post-oflQces, custom-houses, commercial organizations, fishing

firms, fishermen, and representative newspapers. The conditions of the

fishery industries were thus presented in condensed form in advance of

the regular report of the Commissioner. It is proposed to continue,

from time to time, the issuing ofsuch bulletins resj^ecting the commercial

fisheries whenever the information obtained proves of special interest.

The titles of bulletins which have already appeared are as follows

:

Sponge Fisheries of Florida.

Statistics of Certain Fisheries of Lake Superior.

Statistics of Certain Fisheries of Florida.

Statistics of Certain Fisheries of New York, New Jersey, and Delaware.

Statistics of Certain Fisheries of Maine, New Hampshire, and Massachusetts.

Statistics of Certain Fisheries of The Great Lakes.

The information collected regularly by local agents of the division,

respecting the important fisheries of Boston and Gloucester, has, since

August, 1897, been presented monthly in the form of single sheet

bulletins and distributed to persons directly engaged in those fisheries.

These bulletins are also posted in public buildings, while several trade

journals give them further circulation in their columns.
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Mr. W. A. Eoberts, field agent, was employed at Nashville during

the Tennessee Centennial Exposition, in connection with the Fish Com-
mission exhibit. In November the writer was detailed there by the

Commissioner for a short time to take charge of the exhibit, and in

January was detailed as a delegate to the Tam^^a Fishery Congress.

During the spring of 1898 a canvass was made of all the fisheries of

the South Atlantic and Gulf States, Messrs. Stevenson, Wilcox, Hall,

Cobb, and Cogswell engaging in the field inquiries. Upon the com-

pletion of this work the canvass was extended into the Middle Atlantic

States, and continued during the summer, with the assistance of Messrs.

W. A. Eoberts and E. S. King.

During the year an office was established at San Francisco as head-

quarters for the Commission on the Pacific coast and especially to make
available for general shore work the civilian force connected with the

steamer Albatross. It has proved very useful during the recent trans-

fer of the vessel to the Navy Department, Mr. A. B. Alexander, F. M.

Chamberlain, and C. Eutter having been ordered there to conduct

inquiries respecting the imi)ortant fisheries of that locality. As the

vessel is periodically laid up for repairs or during seasons unfavorable

for sea work, the local office at once becomes a point from which men
may be distributed for statistical, fish-cultural, or scientific work.

The statistical work at San Francisco will, when finished, show the

condition of the commercial fisheries from month to month during the

year, both as to the quantity and value of the different food sijecies on

which the market depends. The seasonal supply of shad and striped

bass, which have been introduced on the Pacific coast by the Fish

Commission and are now abundant, is especially interesting in this

connection.

FISHERIES OF GLOUCESTER AND BOSTON.

The reports of the agents of the Commission, located at Gloucester

and Boston, Mass., show that there has been a slight decrease in the

fisheries of those places since 189G. The fish landed by American ves-

sels amounted to 126,865,598 pounds, having a first value of $2,878,635.

The total number of fiires was 6,476. Compared with 1896 the figures

for 1897 show a decrease of 3,808,168 pounds, and a decrease in value

of $408,263. The fish landed at Gloucester amounted to 63,962,040

pounds, of which 32,960,261 pounds were fresh, and 31,001,779 pounds

were salted. The total value was $1,648,591. The increase in the fresh

fish landed at Gloucester since 1896 amounted to 11,035,560 pounds. A
decrease is shown in the total catch for Gloucester of 3,635,374 pounds.

There were 2,391 fares landed at Gloucester, of which 1,688 were from

grounds off the New England coast, and 703 from the eastern banks

and the Gulf of St. Lawrence. There is an increase in the number of

fares since 1896 of 171.

In December, 1897, the facilities for handling and shipping fresh fish

at Gloucester were largely increased, with the result that many vessels

now land their entire catch of fresh fish at that port. This result was
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brought about by a desire on the ])art of the owners of Gloucester

vessels to keep them more directly under their own supervision, to

make Gloucester more important as a shii)])iug- ])oint for fresh fish, and

to increase the general volume of trade at tliat point. This arrange-

ment, diverting a portion of the catch of fresh fish from Boston, where

it had previously been landed, has created a spirit of rivalry between

the fishery interests of the two places.

The following tables show the receipts from each ground:

Summary hif fishing-grounds of certain fishery products landed at Gloucester, Mass., in
1897 by American fishing
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Summary hy Jishiny-fjroimds of certain fishery products landed at Gloucester, Mass., in

1897 ill American vessels—Contiuued.
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The fishery products landed at Bostou by Americnn vessels in 1S97

amounted to ()2,903,5r)8 pounds, valued at $1,230,044. There has been

a decrease since 1890 of 172,794 pounds, worth $54,950. 4,085 fares in

all were landed, or 102 less than in the previous yearj 3,874 fares were

from grounds oft' the New England coast.

Summary hy fishing-grounds of certain fishery products landed at Boston, Mass., in 1S97
hy American fishing vessels.

Fishing-grounds.

East of 66° W. longitude

:

La Have Bank
Western Bank
Grand Bank
Ofl' Newfoundland
Cape Shore

Total.

West of 66° W. longitude

:

Browns Bank
Georges Bank
Cashes Bank
Clark Bank
Fippenies Bank
Tillies Bank
Middle Bank
Jeffreys Ledge
Ipswich Bay
South Channel
Nantucket Shoals
Off Highland Light ....

Off Chatham
Shore, general

Total.

No. of
trips.

213
224

2

405
310
135
120

1,918

3,874

923, 000
401,500

$21, 969

1, 818, 000

229,000
4, 162, 200

223, 000
46, 000
17, 000
10, 500

380, 600
440, 700

7,100
2, 678, GOO
5, 114, 600

398, 200
531,200

5, 173, 000

19, 411, 700

21, 229, 700

3,075
69, 314
4,700

628
270
315

9,381
11,296

213
63, 868
64, 486
9,550

10, 517
106, 684

354, 297

Pounds. Value

172, 000
139, 500

69, 300
308, 500
127, 000

4,000
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Summary hy fishing-grounds of certain fishery products landed at Boston, Mass., in 1S97,
by American fishing vessels—Continued.
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amounts to only 25,074 pounds. The catch of sturgeon is 101,635

pounds, a decrease of 23,058 pounds since 180.'>. The total number of

persons employed was 248, the capital invested being $35,908. The

number of persons engaged has remained nearly stationary, there being

a decrease of only 7 since 1803, while the decrease in capital invested

amounts to $20,133.

In Lake Ontario no netting is allowed within 1 mile of the shore,

except in the waters of Jefferson County and in Mexico Bay, Oswego
County. As a result of this law the fishing is practically restricted to

gill nets outside of the counties mentioned.

Tahle showimj by counties the number ofpersons employed in the fisheries of Lake Ontario

in 1897.

Counties.
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Tahle showing the yield of the fisheries of Lake Ontario in 1897—Continued.
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Table shomng by counties, apparatus, and species the yield of the fisheries of Lake Ontario
in 1897.

Apparatus and species.
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Table showing hy counties, apparatus, and species the yield of the fisheries of Lake Ontario
in i597—Continued.

Apparatus and species.
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FISHERIES OF THE SOUTH ATLANTIC STATES IN 1897.

Investigations of the fisheries of these States were carried on during

Marcli, April, and May, 1898, Mr. Wilcox canvassing Georgia and South
Carolina, and Messrs. Cogswell and Cobb North Carolina. The east

coast of Florida was covered by Mr. Cobb during tlie preceding autumn,
and data collected for the fiscal year 1807. The general results of the

work, as set forth in the following tables, show an increase in the fish-

eries since the last canvass, which was made in 1890.

The number of persons engaged was 17,185, of whom 14,4:49 were
fishermen and 2,7.>G shoresmen.

The capital invested ($1,828,832) is apportioned as follows: Vessels

and their outfits, $200,280; boats, $270,860; apparatus of capture,

$492,597 ; shore property and cash capital, $859,090.

The products of the fisheries amounted to 80,300,465 pounds, with a
first value of $1,833,155. There has been an increase in the number of

persons employed of 1,184; in capital invested of $140,546; in products

of 13,205,847 pounds; and in value of products of $259,451. The shad
and oyster fisheries lead in the list of products, the former being valued
at $478,784 and the latter at $384,934. The fisheries of Xorth and South
Carolina and Georgia have increased to some extent, while those of the

east coast of Florida have decreased. The decrease in Florida has
been chietiy in the shad fishery, which has less than half the impor-

tance in yield and value which it had in 1890. This is said to be due
to the great spread of the water hyacinth in tlie St. Johns Eiver, which
prevents the use of seines. There has been an important increase in

the yield and value of shad and oysters in North Carolina and Georgia,

and of oysters in South Carolina.

Xi(7nber of persons employed in the fisheries of the South Atlantic States in 1H97.

States.
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Tahle showing the quantity and value ofproducts taken in the fisheries of the South Atlantic
States in 1897.

Species.



REPORT OF COMMISSIONER OF FISH AND FISHERIES. CLTX

Tabic showinff the quantity and value ofproducts taken in the fisheries of the South Atlantic
States in i6'57—Continued.

Species

Alewives, fresh
Alewives, salted
Black bass
Bluefisli, fresh
liluertsh, salfed
Bonito
Bream and suntish
Butter tish

Cattish
Channel bass or redfish
fresh

Channel bass or redfish
salted

Drum
Eels
Flounders
Groupers
Hickory shad
Kingfish
Menhaden
Mullet, fresh
Mullet, salted
Perch
I'igflsh

Pile
Pinflsh
Pompano
Porgy
Sailor's choice
Scad or round robin
Sea bass
Shad

5, 755, 114
lu, 101, 236

593, 458
1, 508, 796

•.'13, 800

2, 350
291, 099
94, 750

502, 311

434, 132

40, 200
297, 700
101, 700
180, 475
33, 000

275, 550
358, 070

11, 310, 000
3, 241, 382

2, 693, 560
811, 979
412, 807
100, 420
61, 600

254, 519
39, 910

48, 400

8,100
827, 195

11, 268, 343

$49, 700
78, 424
26. 147

44. 3L':i

5, 1^4
:!5

8, 022
1, 758

11, 635

3,715
4,151
3, 489
1,170
9,361
7, 628

19, 700
40, 148
75, 317
24, 224
10. 285
2. 655
1,064

15, 121
472

1.445
40

32, 130

478, 784

Species.

Sharks
Shet>pshead
Si'api>ors
Sjianisli mackerel
Sjiots and croakors, fresh
Spots and croakers,
salted

Squeteague, fresh
Squeteague, salted
Strawberry bass
Striped bass
Sturgeon
Suckers
Tautog
Warmouth bass
Whiting
Other fish

Shrimp
Crabs, soft
Crabs, hjird
Crawfish
Terrapins
Turtles
Progs
Oysters
Clams
Scallops
Caviar
Trout sounds
Refuse

Total

30. 000
722, 570
88, 400

362, 390

165, 246
3, 657, 778

83, 496
21, 725

864, 223
930, 425
135, 230
14, 125
6,950

737, 500
103, 340
627. 221
986, 720
228, 360

4,000
103, 230
48, 856
1, 800

11,285,268
1, 130, 648

118, 323
111, 905

691

3, 862, 200

$300
17, 861
2,520

19, 832
29, 886

4,749
110, :',52

2,226
806

59, 121
24, 910
3,037

32, 003
3,356

28, 312
3,992
5,279

80
25, 129
3,691

450
384, 934
62, 820
5,653

31, 268
104

4,828

FISHERIES OF THE GULF STATES IN 1897.

The canvass of the commercial fisheries of this region was conducted

chiefly during March, April, and May, 1898, by Messrs, Stevenson and
Hall, the former working- in Louisiana and Texas and the latter in

Mississippi and Alabama.
The statistics of the west coast of Florida were collected in the

autumn of 1897 by Mr Cobb, and refer to the preceding fiscal year.

From the information collected it is shown that there were employed
in fisheries of the Gulf States 13,967 persons, 11,180 of whom were
fishermen and 2,787 shoresmen. The capital invested in the fisheries

amounted to $2,584,061, of which $717,076 represented vessels and
their outfits, $436,041 boats, $137,216 apparatus of capture, and
$1,293,728 shore property and cash capital.

The products of the fisheries amounted to 65,660,623 pounds, having

a first value of $2,271,726. The oyster fishery was valued at $748,760,

or more than twice the value of any other single fishery. Next in

importance is the sponge fishery, valued at $305,589. The catch of

red snappers was valued at $200,412, and that of mullet at $213,988,

all other fisheries being represented by smaller sums.

A comparison of the results of the present canvass with those of the

canvass in 1890 shows that 2,215 more persons were employed. There
has been a slight decrease in other respects, as follows : $394,231 less

capital invested, 3,714,911 less pounds of products, and a reduction in

value of products of $166,949.
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In the different States there are numerous changes to be noted in

the yield of the various iisheries. The oyster fishery shows a great

reduction in products and value in Florida, Alabama, Mississippi^ and

Texas, and an important increase in Louisiana. The red-snapper

fishery has greatly increased in Florida, Alabama, and Texas, while in

Louisiana it has been abandoned or transferred elsewhere. The mullet

fishery has increased in yield and value in Florida ; in yield but not in

value in Alabama, and has decreased in both respects in the other

three States. A decrease is to be noticed in the sponge fishery of

Florida. There has been an increase in the shrimp fishery in Ala-

bama, Mississippi, and Texas, and a decrease in Louisiana.

The important increase in the number of persons engaged in the

fisheries warrants the assumption that an increase would have been

found in the general yield and value of the fisheries of the Gulf region

had they not been affected by outside agencies. There can be little

doubt that the decrease is due largely to the restrictions placed on the

various means of transportation during the yellow-fever outbreak of

1897.

Table showing hy States the numier of j)ersons enr/aged in the fisheries of the G%tlf States

in 1SD7.

States.
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Table slioirhuj /»// States tlic products of the fisheries of the Gulf States in 1897.

Species.
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Tahle showing by States the products of the fisheries of the Gulf States in 1S97—Cout'd.

Species.
Pounds. Value, Pounds. Val Value.

Jurel
Kingfl-ih
Ladylish
Mullet, fresh
Mullet, salted
Mullet roe, salted
Perch
Pike and pickerel
Pinflsh
Pompano, fresh
Pompauo, salted
Poigies
Porkfish
Sailors' choice
"Sardines"
Sheepshead
Shoemaker
Silver perch
Snappers, red
Snappers, ot her
Spanish mackerel, fresh ..

Spanish mackerel, salted.
Spots and croakers
Striped bass
Sturgeon
Trout, fresli

Trout, salted
"VVhiting
Yellow-tail
Other fish

Sponges
Oysters
clams
Shrimp
Cr.awflsh
Crabs, hard
(^rabs, soft
Turtles
Terrapin
Conchs
Alligator hides
Otter skins

165,819
I

$5,871 60, 350
500

11,050
I

500

'i7,"665' """i,"89i

32, 150

22, 730

17, 850

238, 010
9,600
3,015

328, 775

66, 550

"6,'7i4,'336'

4,486,726
84, 950

1, 458, 833

22, 395
41, 680

Total

12, 506
346
128

464, 791

"46,' 716'

16, 980
1,449

136, 700
8,950

22, 400
,011,620

80, 576
3,113

12, 891

2, 491, 370

""'366,'536'

138, 120

581
4,149

237, 385
3,880

$2, 167
25

17, 453

"'i,'939

6,007
384
984

45, 525

94, 663

7,464

7,500
440, 000
123, 223

12, 769, 110

2, 438, 777

143, 999
53, 200
26, 730
42, 880

479, 766
23, 225
98, 200
11,962
89,381

150, 000
1,565,811

9,600
3,015

6, 114, 278
110, 631

703, 097

23, 579
1, 047, 488

31, 830
31,654

3, 030, 998

63, 105
11, 589
73, 440

664, 188
332, 856

16, 657, 138
7,084

6, 791, 021

242, 450
1, 759, 233

21, 200
894, 396
66. 692

500

$75
6,600
2,633

145. 530
55, 148

13,310
2,356
1,050
1, 375

26, 459
1,236
2, 450
1,196
3,198
3,090

51, 074
346
128

200,412
3, 296

37, 864
1,193

33, 495

1,833
1,315

112, 454
2,524

179
6, 594

30, 546
305, 589
748, 760

171

117,453

20; 787
1,720

30, 177
7,501

30
34, 546
14,481

65, 660, 623 2, 271, 726

FISHERIES OF SOUTHERN CALIFORNIA.

Eecently a market has been found in Kansas, Texas, Missouri, and
other States west of the Mississippi for fresh fish and spiny lobsters

from southern California. Important shipments have been made,

chiefly from San Pedro and San Die^o, the imnoipal species shipped

being barracuda, boiiito, mackerel, sea bass, red rockfish and spiny

lobsters. Good prices were received, and it is probable that a per-

manent market for southern California fresh fish will be found. The
spiny lobster proved especially desirable; it was shipped chiefly to

Kansas City, where it is known as the Bermuda lobster. The scarcity

of suitable fishing boats proved a considerable draAvback in filling

orders for fish from eastern ])oints. In INiarch and April, 1898, ]\[r.

Cloudsley Rutter made impiiries res])ecting the fisheries of San Diego.

Several dealers kept no records, and it is probable that tlie quantity of

fish taken was greater than that accounted for in the following table.

More than 800,000 pounds were handled, of which 28o,G58 pounds were

shipped by rail to eastern points.
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Statement of the pounds of fish and lobsters handled by San Diego dealers in 1891.

Species.
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usually filed off or bent down. This is to facilitate removing the lish from the hook.

Six to 10 fathoms of No. 48 lino is used. The gig is fastened to the line by a wire

about 3 feet long.

In fishing for halibut, bass, and other bottom fishes, the trawl is used almost

exclusively. A trawl is made with No. 120 to 140 line, with 160 hooks hung 7 feet

apart on ganging of No. 27 lino 3 feet long. Any number of trawls may be fastened

end to end. No. 7/0 Kirby hooks are generally used, but No. 8/0 are better for

halibut, and No. 5/0 or 6/0 for bass, whitefish, or yellow-fin. The trawl is lifted

about every half hour.

In fishing for rockfish, a No. 48 line is used, with about thirty or forty No. 7/0

Kirby hooks fastened near one end. This is fished from the boat, never set like a

trawl. Sometimes an ordinary trawl is used for rockfish, but the ground is usually

rocky, and a part of the line is often lost. When the line is caught, it is often loos-

ened by sliding a 20 to 25 pound iron ring down over it. The ring is about 7 inches

inside diameter and is lowered by a small rope. A trawl for rockfish is lifted within

about five minutes after setting. For all kinds of bottom iishing the sardine is the

principal bait used. Shallow baskets with cork rims are used for coiling the trawls,

the hooks being stuck iuto the rim.

Barracuda are sometimes caught in gill-nets. These are of 3i-inch mesh, 16 to 20

feet deep, and about 200 fathoms long, made of No. 9 thread. Silversides are caught

in gill-nets of 2-inch mesh, 16 feet deep, length variable. Sardine gill-nets are of

IJ-inch mesh and 12 feet deep. All gill-nets drift. They are used chiefly for silver-

sides (smelt) and sardines, but not much for barracuda.

Drag seines are used only in the bay. The common size is about 10 feet deep and

200 fathoms long. The mesh at the ends is about 3^ inches; about 30 fathoms from

the end it is 2 inches; in the middle about 1 inch. The bag is about 15 feet across

and 10 feet long, the mesh about | inch.

Trammel nets are sometimes used for bottom fishes. The outer nets are of 16-inch

mesh of about No. 15 twine, the inner net of 3J or 4 inch mesh of about No. 8 twine.

The net is 6 to 9 feet deep ; length variable.

THE AMERICAN SEAL HERD AND PELAGIC SEALING.

In compliance with an act of Congress, an investigation of the con-

dition of the Tribilof fur-seal rookeries has been made by the Fish

Commission each year since 1893. This worli has usually been per-

formed by the writer in connection with former duties on the steamer

Albatross. In 189G-97 the existence of a special fur-seal investigation

commission, with which the writer was connected, made it unnecessary

for the Fish Commission to make separate reports on the subject.

During the past season he resumed the fur-seal investigations in con-

nection with the work of the division of fisheries, leaving Washington

for the Pribilof Islands in June. This was authorized by the Commis-

sioner upon the request of the Secretary of the Treasury, in accordance

with the direction of the President, that a systematic study of the

Pribilof seal herd be maintained from year to year.

Pelagic sealing is no longer engaged in by citizens of the ITnited

States, Congress having passed a law in December, 1897, prohibiting

the killing of fur-seals in the waters of the North Pacific Ocean, and

the importation of skins so taken, whether raw or manufactured.

The business, so fiir as the American seal herd is concerned, is now
engaged in by Canadians only. The catch by the Canadian lleet off the

northwest coast during the winter of 1897 amounted to 10,055 seals.



REPORT OF COMMISSIONER OF FISH AND FISHERIES. CLXV

The pelagic sealiug' industry declines steadily from year to year, as

well as the sealinj^' industry conducted on the Pribilof Islands under

the direction of the United States (rovernment. The continuation of

the former, with its indiscriminate methods of seal killing, is directly

responsible for the reduced condition of the latter. Since 1896 the

catch of superfluous male seals on the Pribilof Islands has been: 1890,

28,964; 1897, 20,890; 1898, 18,032. From 1871 to 1889 the islands

yielded an average of 100,000 surplus males a year. The pelagic catch

from the American herd has of late years decreased as follows : 1894,

61,838; 1895, 56,291; 1896, 43,917; 1897, 24,322.

Pelagic sealing oft' the Asiatic coast has been i)ractically abandoned

by the Canadian fleet, the Asiatic herd having become so reduced that

good catches can no longer be made.

SALMON FISHING IN THE YUKON RIVER.

The fishery resources of the great Yukon Eiver, hitherto never drawn
upon except by native tribes, now give promise of some development.

It has long been known that there was an important run of salmon in

this river, but little information existed as to the range and abundance

of the different species in the region of the boundary between Alaska

and the Northwest Territory. The information at hand respecting

the fishing operations now conducted by whites is fragmentary, but it

appears that salmon are sufficiently abundant along the middle Yukon
to be considered available as part of the food supply of the country.

Late in July king or quinnat salmon are common in the ujjper river

beyond the boundary, being found in the middle and lower waters a

month earlier. During the i)ast summer a number of fishermen

employed gill nets at Dawson, Kortliwest Territory, readily taking king

salmon of large size. Many fish were found weighing 40 pounds and

over, while the prices received for them were so high as to make the

business quite profitable. This point is 1,300 miles from the sea. A
letter received from Mr. Bernhard Thiele, formerly a seaman on the

Fish Commission steamer Albatross, and now engaged in salmon fish-

ing on the American side of the boundary, gives the average weight and
length of salmon taken by him as follows: Silver salmon, 8i pounds, 27

inches; dog salmon, 10 pounds, 29 inches. These species were taken in

the vicinity of Fort Yukon in August and September. They were more

abundant and remained longer than the king salmon. Red salmon and
humpbacks are also found during July and August.

Other food-fishes common in the Yukon are whitefish, pike, grayling,

trout, suckers, and the ling or lake lawyer {Lota maculosa). The last-

named reaches a length of 4 or 5 feet. Some of the whitetishes also

grow very large, and with the Ling are taken chiefly during the winter

in traps set under the ice by the natives.

The fish supply of the Yukon is destined to prove of great value to

the large mining and trading population now in the middle and upper

sections of the valley, especially as there is abundant means of trans-

portation by steamboats during the summer months.
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STATISTICS OF CERTAIN FISHERIES OF THE NEW ENGLAND
AND MIDDLE ATLANTIC STATES AND THE GREAT LAKES.

The following tables show the yield and value of certain fisheries of

Maine, New Hampshire, Massachusetts, New York, New Jersey, Dela-

ware, and the Great Lakes.

The figures relate to the fiscal year 1897.

In comijariug these data with those of other years it should be borne

in mind that they relate only to the fisheries specified.

Yield by counties of certain fisheries of Maine during the year ending June SO, 1897,

[Persons employed, 5,497; capital invested, $1,173,237.]

Species.
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Yield of certain fisheries of Maine during the year ending June SO, 1897—Continued.

Species.



CLXVin REPORT OF COMMISSIONER OF FISH AND FISHERIES.

Yield of certain fisheries of Massachusetts durimj the year ending June 30, 1897—Cont'd.

Species.
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Yield of certain fisheries of New York during the year ending June 30, 1897.

[Persons employed, 5,790; capital invested, $1,452,451.]

Counties.
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Yield hy counties of certain fisheries of Neiv Jersey during the year ending June 30, 1897.

[Persons employed, 9,726; capital invested, $1,454,022.]

Species.
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Yield by counties of certain fisheries of Delaware during the year ending June 30, 1897,

[Persons employed, 1,464; capital invested, $121,020.]

Species.
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Yield of certain fisheries of Lake Michigan during the year ending June 30, 1S97.

[Persons employed, 2,289; capital invested, $915,381.]

States and counties.
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Yield of certain fisheries of Lake Michigan during the year ending June 30, 1S97—Cont'd.

States aucl couuties.
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Yield of certain fisheries of Lake St. Clair, St. Clair River, and Detroit River during tht

year ending June 30, 1897.

[Persons employed, 218; capital invested, $4,546.]

State and counties.
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Yield of certain fisheries of Lake Erie darbuj the year endiiKj June SO, 1897.

[Number of persons employed, 1,458; investment in vessels and other property, $964,430.]

States and counties.
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REPORT ON MACKEREL INVESTIGATIONS IN 1897.

By J. Percy Moore.

INTRODUCTION.

The almost unparalleled scarcity of mackerel in oiir waters during

tlie last decade, and the consequent loss to our fishermen, having given

rise to the fear of a permanent decrease in numbers of this excellent

fish, it has become incumbent upon the United States Fish Commission
to determine the cause of the decrease and, if possible, to augment
the supply. Similar periods of scarcity, but of shorter duration, are

recorded from time to time in the history of the mackerel fishery, and
have hitherto been followed by times of greater plenty. This well-

known fact should lead us to hope that the present conditions are only

temj^orary, but it is none the less important to determine, and if pos-

sible to overcome, the disturbing cause, to the end that a constant and
certain supply of this capricious wanderer may be had.

Why the mackerel supply is thus subject to periodical wax and wane
is unknown. There are no certain data upon which to venture a solu-

tion of the problem. Are their numbers depleted by disease? There

is no evidence that the mackerel is subject to any serious infectious

disease. Is the decrease due to a period of lowered fertility, of less or

greater duration? Here again we lack facts. We know but little to

what extent the biological and physical conditions of the sea have
varied, nor yet how variations iu these factors affect the vitality and
habits of the mackerel. There may have been no actual diminution in

the propagating capacity of the fish, but some condition peculiarly

detrimental to the development of the eggs and embryos may have
existed, causing their consequent destruction on a large scale. Has
there been a real or only an ax^parent decrease due to migrations of the

fish from our waters to other parts of the ocean ? This view, most fre-

quently accepted as explaining the fact, has little to support it, and is a

mere guess founded on the known wandering habits of the mackerel.

For several years past the Fish Commission has attempted to over-

come the deficiency by propagating the mackerel artificially. So far as

any practical results are concerned, the attempt has been unsuccessful.

Briefly stated, the difiBculties have been two, namely, the number of

eggs obtained has been entirely inadequate, and the proportion hatched

in most cases has been low.

The present report contains a statement of the results attained in the

course of a brief study of this work of mackerel propagation during

the season of 1897. The investigation was begun in early June at

3
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Woods Hole, and was continued from June 25 to July 27 on board the

steamer Fish HawTc, in Casco Bay, Maine. During August the mate-

rial and data gathered were worked over at Woods Hole. At Woods
Hole the local fisheries were watched closely in order to determine the

advent of spawning schools, and numerous sam^^les of male and female

fish were examined in order to secure material for a study of the matur-

ing ova and spermatozoa. Two small lots of eggs, aggregating 110,000,

were brought to the station and kept under observation during their

whole period of development.

At Oasco Bay the season proved peculiarly unfavorable for the

investigation, which could not be brought to completion with the lim-

ited time and facilities at our disposal. Only a few over 1,000,000 eggs

were takeu, the first on June 25, the last on July 8. Although this

number was sufficient to permit a study of the general history of devel-

opment and the preservation of material for a more complete review of

the embryology, it proved to be entirely inadequate for purposes of

experimentation, which, in order to yield conclusive results and elimi-

nate all doubtful factors, requires extensive checks. The impossibility

of applying these, and the necessity of limiting the experiments to but

one series of those proposed, render this part of the work less valuable

than it otherwise might have proved.

For a discussion of the sources of supply of eggs and the conditions

under which they were taken, I refer to the reports of Mr. Locke for

Woods Hole, and Lieutenant Swift for operations of the Fish Hawlc.

The results of the investigations may best be considered under

the three heads or groups into which they were organized, namely,

(1) embryology, (2) surface towings, and (3) experiments.

1. RESULTS OF EMBRYOLOGICAL STUDIES.

Under this head will be considered the morphology of the reproduc-

tive organs, the general history of development, and observations on

the conditions which affect it. In the present connection only a general

account showing the similarity in development of the mackerel to other

fishes producing similar pelagic eggs (the cod, Spanish mackerel, sea

bass, etc.) need be given, prominence being given to only those features

which are of most interest to fish-culturists.

A careful study of the rate of growth of the mackerel leads to the

conclusion that maturity is reached at the age of three years, at which

time the female is 12 to 14 inches long and the male somewhat smaller.

In the region included between Cape Cod and Block Island the spawn-

ing season extends from the middle of May to about the 1st of July;

but few spawning fish are taken after June 15. At Casco Bay the

season probably begins and ends, respectively, about two weeks later,

the majority of the fish spawning before the 25th of June. From the

time of our arrival a systematic record was kept of the condition of

ovaries and testes of as many fish as could be obtained for examina-

tion. Very nearly all were partly or entirely spent, and the proportion

of fully spent fish increased toward the end of the season, though
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occasionally a spawning or even immature ovary was met with. It is

worthy of remark that, even in the same run, fish in very different con-

ditions of maturity were found. Most of them were nearly or quite

through spawning- : a smaller number might be immature, and for some

unknown reason would probably fail to ripen their eggs this season,

while a still smaller number would be spawning fish. In nearly all

cases the number of males was greater than the number of females.

The fishermen were almost unanimous in stating that a run of spawn-

ing fish much more productive than any which we encountered had

passed into Oasco Bay about two weeks previous to our arrival.

If an ovary of a mackerel be examined just previous to the spawning

season, it will be found to contain ova of three sizes or generations.

Constituting the bulk of its lamellae are large, opaque ova measuring

from 0.35 mm. to 0.55 mm. (say about 0.02 inch) in diameter. These

have large, ill-defined nuclei, well-developed egg-membranes and egg-

follicles, protoplasm filled with yolk-spherules and a number of minute

oil droplets, which latter are scattered in the smaller, but more or less

closely aggregated in the larger of these ova. The opaque ova just

described are destined to produce the mature eggs of the approaching

sjjawning season. Packed between them are smaller ova of two sizes.

The larger ones measure about 0.12 mm. in diameter, are about as

numerous as the large, opaque ova, and are destined to produce a crop

of eggs a year hence. The smallest measure about 0.04 mm. in diame-

ter, are very numerous, aggregated in clusters, have large and distinct

nuclei, no follicles, and retain the character of simple cells. From
these future crops of ova will arise.

As the spawning season approaches, part of the opaque ova increase

rapidly in size. The yolk-corpuscles, to which the opacity was due,

pass into solution, and as a consequence the yolk becomes more and

more transparent and of a pale amber color. The oil-droplets coalesce

into two or three larger drops and finally into a single sphere, which is

free to move about in the now fluid yolk. The nucleus has, meantime,

become invisible. Such ova are ready for extrusion and the final pro-

cesses of maturation. Owing to these changes the ovary as a whole

has increased greatly in bulk, and becomes spotted all over, both

externally and on the internal laminse, with translucent spots, due to

aggregations of the clear eggs. Unlike some fishes (those generally of

sluggish habit or bottom-livers) the mackerel matures only a portion

of the generation of eggs at one time. Thus is obviated any undue
enlargement of the ovary, which would cause the body walls to pro-

trude and doubtless obstruct the movements of the fish, a result which

might be particularly serious to an active pelagic species like the mack-

erel. The number of ova produced at one time is seldom more than

50,000 and is frequently much less, but the aggregate number matured

in one season by a female of average size is several hundred thousands.

All of the evidence which could be gathered from examinations of

the ovaries of numerous fishes captured at different hours of the day

seems to indicate that the common mackerel, like the Spanish mackerel
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and many otlier flslies, is a nigbt spawner. Although development of

the ova proceeds in all parts of the ovary at once, the process is at

first more rapid in the posterior (external) end, which consequently

becomes spent while the ova production is still active at the anterior

(internal) end. The transparent eggs, or more correctly " egg mother-

cells," now rupture the follicular membranes which envelop them and

are dehisced into the ovarian cavity, where they lie among the ova-

bearing laminae bathed in a small quantity of serous fluid. They are

slightly smaller and more irregular in shape than the fertilized ova,

owing to the somewhat flaccid, wrinkled state of the egg membrane
and the mutual pressure to which they are subjected. When first

dehisced into the ovarian cavity they are rather opaque, owing to the

presence of numerous minute spherules in and beneath the proto-

plasmic layer which envelops the fluid yolk. As these spherules are

gradually absorbed, the egg mother-cells become more and more trans-

parent; but the last granules do not finally disappear until the egg is

extruded from the oviduct and feels the stimulus of contact with sea

water. Under these circumstances the least opaque eggs immediately

assume a crystalline transparency; the more opaque and less mature

ones clear up more slowly, but usually as completely, and the process

is probably facilitated in this, as in the case of the Spanish mackerel,

by the presence of spermatozoa. Immediately upon contact with the

sea water, whether or not spermatozoa be present, the egg mother-cell

absorbs water and assumes a perfectly spherical shape, the egg mem-
brane becomes tense, while the processes attending maturation ensue.

The egg now resembles the well-known pelagic ova of the Spanish

mackerel, sea bass, and other fishes. It is at first perfectly spherical

and varies considerably in size. The average diameter of a large

number of eggs from all sources procurable is 1.25 mm., but even from

the same female they have varied from 1.16 to 1.20 mm., and it was

also found that all of the eggs produced by a particular female were

sometimes larger, sometimes smaller, than the average. Thus, all the

eggs of the two lots studied at Woods Hole which were measured

averaged 1.15 mm., and the individual eggs varied but slightly from

this average. On the other hand, all of the Casco Bay females pro-

duced eggs of larger size, at the same time presenting a greater range

of variation. The horny, transparent, vitelline membrane which sur-

rounds the egg is of uniform thinness except at a small circular area

which, perhaps owing to its greater weight, always gravitates to the

lowermost pole of the floating egg. This is a micropylar thickening,

a crater-like elevation projecting inward in contact with the vitellus.

A funnel shaped depression exists in its outer surface and extends

about half way through, from which point it is continued to the inner

surface by an exceedingly narrow and perfectly straight canal, the

micropyle, through which the spermatozoan finds its way to fertilize

the ovum. Exceedingly delicate canals perforate the whole region of

the micropylar thickening and doubtless attbrda means of interchange

of water bearing the respiratory gases. Similar but much smaller and
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less numerous perforations exist in all parts of the vitelline membrane,
but are difficult to demonstrate until during- the later stages of devel-

opment, when the membrane becomes more brittle and the perforations

perhaps larger.

The egg- proper, or vitellus, consists of a vesicle-like skin of proto-

plasm, faintly granular, of a pale brown color and of uniform thickness

throughout, distended by a perfectly fluid transparent yolk, in which

there are no structural elements observable, excejjt occasionally a few

aggregations of spherical bodies attached here and there to the inner

surface of the protoplasmic pellicle. Floating freely about within the

protoplasmic skin and, because of its lower specific gravity, always

rising to the highest point in the egg, is a beautifully clear and per-

fectly spherical oil-drop, by virtue of the presence of which the egg is

buoyant. Tlie oil-drop also is enveloped by a delicate protoplasmic

sheath, which is at first of uniform thickness and always quite distinct

from the protoplasm enveloping the yolk. The oil-drop is of unusually

large size, but varies both absolutely and relatively to the size of the

egg to a considerable degree. Its average size is 0.28 mm. Its color

also varies. Sometimes it is perfectly colorless; sometimes, and more

frequently, of a pale amber, or even of a pinkish tint. And this varia-

tion maybe observed in eggs taken from the same female. The reason

for this is not apparent, but it was noticed that colorless oil-drops occur

most frequently in eggs of the smaller sizes. Perhaps both may indi-

cate a condition of impaired vitality, though this could not be proved

by the results of the further course of development.

Owing to the unfavorable circumstances under which the mackerel

eggs were taken, I was unable to study the maturation processes in

the living egg, but material was preserved for a future study of this

phase of development. There is no reason to doubt, however, that the

process is essentially similar in this and other pelagic eggs, and I refer

to my report on the Spanish mackerel and to the papers of Agasslz

and Whitman on the cunner, and of Ryder on the cod, for some obser-

vations on these phenomena. The process consists essentially in the

elimination from the egg mother-cell of a part of its nuclear substance,

without which it seems incapable of fertilization. Accomplishing this

by two successive nuclear divisions, the surplus material is cast out

within two minute cells, the so-called polar bodies, which appear at the

micropylar pole of the egg within a few moments after it reaches the

water, pass into the perivitelline space, and lose further significance in

development. The maturation i)rocesses appear to be hastened by
copulation (the contact of a spermatozoan, after entrance through the

micropyle, with the vitellus), and indeed are largely coincident with

this, but may take place quite independently of it, in which case the

time required for the completion of the process is longer. Not until

after the extrusion of the polar bodies is the egg mature and ready for

the union of the egg, or female pronucleus, and the sperm, or male

pronucleus, which constitutes the essential act of impregnation. When
this union takes place there is constituted a cell fundamentally different
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in its properties from the egg mother-cell which left the ovary, in that

it is now a germ capable of further development into a complete organ-

ism. This process also could not be studied in the living mackerel egg,

but probably does not there differ from what has been observed in the

Spanish mackerel egg.

The spermatozoan of the mackerel consists of a pear-shaped head

about 0.002 mm. in length, with a short rod-like middle piece attached

like a stem to the narrow end of the pear, and bearing an exceedingly

delicate flagellum or tail which is about 20 to 25 times the length of

the head. When fully ripe, the sperm is quite fluid and mixes readily

with sea water, through which the spermatozoa, by their very active

lashing, quickly become disseminated. Under such circumstances, a

very small quantity of sperm will serve to impregnate a great many
eggs, and it is of practical importance to use as small a quantity as

will effect the purpose, to the end that the eggs do not become clogged

with great numbers of spermatozoa, which will adhere to their mem-

branes and interfere with free respiration. With fresh and perfectly

ripe sperm, the egg of the mackerel is very easily fertilized, even those

eggs which exhibit a considerable degree of opacity, and are hence

supposed to be less mature, responding at once to the presence of

spermatozoa. In fact, even when considerable numbers of eggs, sev-

eral hundreds of thousands, were handled, scarcely any would be

found to be unfertilized, and in no case, except when the sperm or ova

were obviously immature, did as many as 1 per cent fail of impregna-

tion. This ease of fertilization and the almost perfectly uniform way
in which the eggs would subsequently develop, all of them passing

into the same stage at nearly the same moment, seem to me to indicate

their healthful state and the necessity of seeking the cause of the

failure of the hatching operations in souie condition subsequent to this.

It is, of course, impossible, from the study of a relatively small lot

of material obtained under only one set of conditions, and with no

means of checking results by making comparisons, to state positively

that the eggs were in the best vital condition, but the uniformity and

regularity of results and the comparative scarcity of abnormalities,

except those mentioned later on, seem to lead to this conclusion. My
experiments to test the length of time during which the spermatozoa

retained their fertilizing powers failed, owing to the accidental impreg-

nation of the entire lot of eggs reserved for this purpose, and sub-

sequently no opportunity for repeating the experiment was found.

Direct observation, however, on sperm placed in pails or jars of water

showed that the spermatozoa lost their activity completely in 45 to CO

minutes, and this period must consequently be admitted to bo the

extreme limit of their vitality under the conditions of the experiment.

I would here point out the futility of hoping for any better results

through the substitution of the so-called dry method for the wet method

of fertilization. The former was invented to meet certain peculiar

conditions, and is indicated in cases where the contact of water with

unfertilized eggs causes either the formation of a coat impervious to
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the spermatozoa or the development around the vitellus of a water

space which the spermatozoa can not traverse. Impregnation in the case

of the mackerel is naturally and easily accomplished by the intimate

mixture, in a small quantity of sea water, of the freshly stripped

ova with a small amount of perfectly ripe sperm from a previously

selected male. The objection to the adoption of the dry method lies in

this: Owing to its greater weight the micropyle, which is the only

point through which a spermatozoan can enter the eg^^ lies always at

its lowermost pole. Now, when the eggs are only moist and the sperm

is poured over them, a much greater quantity is needed, and more of it

will adhere to the membranes than when the eggs are freely suspended

aud the micropyle exposed to the active swimming spermatozoa. The

dry method may be just as effective as the wet, but it can not be more

so, and has the slight disadvantage just mentioned.

Simultaneously with the progress of the internal act of fusion of the

male aud female pronuclei, other and more obvious external changes in

the egg are taking place. The protoplasmic pellicle, which at first

forms a layer of nniform thickness, begins to accumulate with a peculiar

wave like streaming at the lower or micropylar pole of the egg. At
first the thickening thus produced is in the form of a scarcely evident

meniscus, which passes off on all sides into the thin pellicle. Gradually

it increases in thickness until nearly all of the protoplasm has accu

mulated in a sharply defined disc, the blastodisc, which, when com-

pleted, has a circular outline. Its outer surface is in contact with the

egg-membrane and conforms very nearly to its curvature. The inner

surface of the blastodisc has a strongly convex, almost conical, form

aud projects into the yolk. At its margins, which rise abruptly from

the yolk, the blastodisc passes into continuity on all sides with the

protoplasmic pellicle, which has now become reduced to an excessively

thin aud delicate, but perfectly intact, layer. The completed blasto-

disc becomes the seat of future developmental processes. The remain-

der of the protoplasmic pellicle takes but little part in these processes,

and is known as the periblast layer. Oriented with reference to the

micropyle, the blastodisc seems always to be a little eccentric, and the

micropylar thickening is readily found just outside of its center. The

perivitelline space, which is described above as an exceedingly shallow

space between the egg-membrane aud the mature vitellus, has now,

owing to the change in form of the latter, altered its character. Owing
to the contact of the greater part of the external surface of the yolk

and of the blastodisc with the egg membrane, it is in these regions

obliterated or so exceedingly shallow as to escape detection. But

there is a deep ring-like space running all around the margin of the

blastodisc aud corresponding with a circular groove which forms the

boundary between the yolk and disc.

The pellicle of protoplasm enveloping the oil-drop has, like that sur-

rounding the yolk, collected in a bleb-like mass on the under surface of

the oil. Its shape is similar to the blastodisc except that it is not con-

strained within a limiting membrane and has conformed to the charac-
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ter of the fluids between whicli it lies, like tlie drop of water which

gravitates to the under side of a soap bubble. This smaller disc takes

no important part in development and undergoes no change until it

becomes fused with the surrounding blastodisc. It will not be further

considered.

Although just described as accompanying and succeeding fertiliza-

tion, these processes must not be considered wholly as a consequence

and therefore as a test of fertilization, for even in the absence of sper-

matozoa, changes almost precisely similar and likewise resulting in the

formation of a blastodisc ensue, but are much later in reaching their

fulfillment. In this case development never, so far as I have observed,

proceeds any further, and in the course of a day or two the vitellus

contracts, turns opaque, and rapidly disintegrates, the egg usually

sinking to the bottom soon after the contraction becomes evident.

The brief chronological index to the stages of embryological develop-

ment which follows is founded upon the time record of a series of

embryos which developed at a mean temperature of 12.9° C. After

the blastodisc has attained its greatest thickness and internal convexity,

which occurs 1 hour and 20 minutes after impregnation, the heaped-up

protoplasm slowly subsides, flattens a little, becomes slightly elongated

along one axis, and remains quiescent for a time in this condition.

At 1 hour and 40 minutes after imj)regnation, the first segmentation

furrow begins to appear as a narrow transverse depression across the

middle of the outer surface of the disc, while on the inner surface

appears a button-like elevation which is quickly subdivided by an

internal depression placed exactly opposite to the external one. The

halves of the button then subside and diverge, and, moving with a

wave-like motion outward on each side of the internal furrow, cause a

pair of prominent elevations to api^ear on this surface of the blastodisc.

The external furrow rapidly extends to the margins of the blastodisc

and cuts deeper into the protoplasm, which thus becomes almost sepa-

rated into two equal halves or blastomeres, in each of which the proto-

plasm becomes actively heaped up. At the same time each blastomere

tends to become circular, so that the blastodisc elongates in tbe axis

at right angles to the first furrow. The segmentation furrow never

cuts quite through the disc, but spares a thin layer of protoplasm on

its deeper surface, so that the otherwise separate blastomeres remain

connected by a protoplasmic web in contact with the yolk. The active

process of division is completed very quickly. The heaped-up blasto-

meres then subside and pass into a resting state, during which the

segmentation furrow becomes much less conspicuous. This condition

is of relatively long duration, and it is interesting to note here that

the slower development of this species as compared with the Spanish

mackerel is due almost entirely to the greater duration of the resting

periods, the periods of activity in each being of almost equal duration.

The second furrow, formed at right angles to the first, is completed

in 2 hours and 35 minutes after the mixing of the ova and the sperm,
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and the four blastomeres resulting will soon be found to have shifted

around the polar axis of the egg from left to right, supposing one to be
facing the external surface of the segmenting disk. Protoplasmic
movements, followed by a long resting stage, characterize this as well

as succeeding periods of development.

The third and fourth furrows, parallel respectively to the first and
second, and resulting in the formation of 8 and 16 blastomeres, are

completed in 4 hours. Already, at this stage, irregularities in seg-

mentation begin to appear, and their frequency makes the mackerel
somewhat remarkable among fishes having similar eggs and modes of

development. Even in the 8-cell stage one of the blastomeres may be
much smaller than the others, or pushed from its place to a deeper
plane than its fellows. In the formation of the fourth cleavage one or

two of the cells may fail to divide with the others, producing a stage

with 15 or 14 cells, or the division may be unequal, and in nearly all

cases it is unsymmetrical. In most teleostomous fishes such irregulari-

ties occur much less frequently and not so early in the developmental
process. The Spanish mackerel, however, presents a similar case.

Such irregularities may possibly indicate impaired vitality in the eggs
studied, but, as they occur with such frequency in every lot of material

examined, I am inclined to doubt this. In no case in which the future

development of such eggs was followed did the normal growth of the

blastodisc or embryo appear to be modified. The typical IC-cell stage

forms a nearly square figure consisting of 12 marginal and 4 central

cells, which latter have shifted spirally around the polar axis of the

egg as mentioned above. Up to this time the segmentation has been
perfectly rhythmical, occurring in all of the blastomeres at the saine

time, but, from now on, the central and marginal cells have a different

history, which, however, soon becomes confused.

Following the 16-cell stage is one of 28 cells, resulting from the

nearly simultaneous division of the 12 marginal cells; those at the

angles of the square blastoderm dividing along planes approximately
diagonal; those at the middle of the sides along planes parallel with
the diameters. The central cells do not divide at this time, but soon
follow with a horizontal division, thus making two layers of cells in the

central part of the disk, while but one continues at its margin. Between
5 and 6 hours after the beginning of development the marginal cells

divide again, resulting in a disk containing about 56 cells. From this

time on the divisions occur in a more irregular way, though their rhyth-

mic character is still apparent. The marginal cells are for a time

smaller than the central ones, and begin to give rise to buds, in which
lie the outer ends of the division spindles, which give rise to the peri-

blastic nuclei. Succeeding the next division the cells of the entire

blastoderm become of very irregular shape, horizontal as well as verti-

cal cleavages are formed in all parts of the disk, and the marginal cells

have their longer axes placed in radial directions preparatory to the

rapid formation of the periblast nuclei and the superficial spread of the

blastoderm which now begins.
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After 12 hours of development the arc of the blastoderm occupies

about one-fifth of the meridional circumference of the egg. Its inner

surface is nearly flat, the outer slightly convex and the margins thin.

In its central part the cells are 3 to 4 layers deep and, owing to the

repeated horizontal divisions, now smaller than the marginal. The

latter are surrounded by a wide periblastic wreath containing numerous

nuclei.

At 16 hours the blastodermic rim is inflected and the embryonic

thickening begins to appear.

At 20 hours the blastoderm occupies about 35 per cent of the surface

of the ovum, and the embryonic shield has extended to its vertex.

At 30 hours the blastoderm has covered about 50 per cent of the

surface of the ovum and the body of the embryo is distinctly outlined.

At 40 hours the blastopore is still about 0.5 mm. in diameter, and the

embryo extends around about 35 per cent of the egg circumference.

The notochord is distinctly differentiated. The eyes are just becoming

defined as out-pushings. The embryonic body is deep and compressed

below, but no myotomes are visible. No pigment has yet developed.

At 45 hours the blastopore has decreased in diameter to an average of

0.4 mm. The embryo extends nearly halfway around the egg. The ©yes

stand out from the head quite prominently as rounded masses. The first

myotome is formed.

At 52 hours the embryo measures in total length 1.7 mm. ; 5 myo-

tomes, of which the first 2 are very distinct, may be counted in the

middle region of the trunk. The head is clearly marked off. Pigment

begins to appear and the chromatophores are arranged along the mar-

gins of the trunk of the embryo for its entire length. The nervous

axis is very conspicuous.

At 60 hours the length of the embryo has increased to 1.9 mm. Pig-

ment has become much more abundant and is aggregating on the

head. There are 11 distinct myotomes. The crystalline lens is

appearing as a thickened in-pushing of the epiblast. The blastopore

is nearly closed.

At 70 hours the length of the extended embryo is 2 mm. The epi-

blastic involutions for the crystalline lens and the ear-sac are distinctly

marked. The nasal involution is beginning to appear. The fourth

ventricle of the brain is difi'ereutiated and the cerebellum is folding off.

The lateial-line sense organs are apparent as epiblastic thickenings.

There are 19 myotomes. The pigment cells have become more con-

spicuous and branching. No pigment is present anterior to the eyes.

A small pointed caudal tubercle is forming as a preliminary to the

outgrowth of the tail.

At 78 hours the embryo measures 2.1 mm.; 20 or 21 myotomes are

present. The ear-sacs are now closed vesicles, just anterior to which

appear the beginnings of a large sense-organ. The lens has sunken

deep into the optic cup, its inner wall is thickened, and its orifice is

closing. The olfactory vesicles also have their orifices much constricted.
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At 88 hours after the begiuniug of development the embryo measures

2.3 mm. in length, and the tail has grown out free of the yolk to a

length of 0.2 mm. The head has become broad and conspicuous, and

measures 0.4 mm. across the eyes. The ear-sacs are still thick walled,

simple vesicles, measuring 0.1 mm, in length. The branchial sense

organs are conspicuous. The pigment is now arranged principally in

two lines along the margins of the body, a very few scattered cells

appearing on its dorsal surface. Yellow pigment makes its first appear-

ance behind the forming eyes.

At 102 hours the embryo measures 2.4 mm., the free tail 0.3 mm. The
median tin ridge has begun to develop on the tail, which has now been

deflected to the left side of the embryonic axis. The alimentary canal

(mesenteron) is still an open groove for most, if not all, of its length.

The mouth depression is appearing, with slightly marked maxillary

and mandibular i)rocesses inclosing it. The branchial clefts appear as

faintly defined furrows. The head is still very broad and flat. The

heart pulsates actively, but somewhat spasmodically. The oil-sphere

is closely applied against the base of the tail and is undergoing rapid

absorption. Its protoplasmic sheath has fused with the blastoderm, and

the pigment cells, which have now developed on its internal surface,

have united by anastomosing j)rocesses to constitute a reticulum.

At 114 hours the embryo is 2.G mm. in entire length ; the free tail is 0.3

mm. The caudal fin-fold is quite prominent. The tail has now turned

with its flat side toward the yolk. There are about 73 myotomes. The
head has not yet begun to rise freely from the yolk-sac. A thickening

near the anterior end of the alimentary canal indicates the outgrowth

of tbe liver. The alimentary groove seems to be entirely closed.

Hatching usually takes place at 120 hours after impregnation. The
newly hatched larva measures 3.3 mm. in length: the yolk-sac 1.3 mm.
in length and 0.8 mm. in depth. The oil-drop has become much reduced

and its inner surface flattened. It measures 0.28 by 0.15 mm. The
head projects slightly beyond the yolk-sac. The mouth and gill slits

are not yet opened, but there is a peculiar cleft beneath the edge of

the yolk-sac, just over the branchial region. The cephalic sinus is

small. Pigment is just beginning to appear in the retina. The yolk-

sac is ovoid, and deepest toward its posterior end. The oil drop is

embedded in the posterior ventral part of the yolk-sac, having been

pushed forward a short distance from the base of the tail, and at the

same time has rotated so that the flattened pigmented surfiice is now
outermost. Considerable individual variation was observed in the

exact position of the oil-drop. There is no black pigment on the sur-

face of the yolk sac, of the median fin-fold, or on the ventral surface of

the embryo, except where a few chromatophores sometimes migrate

downward over the base of the tail. On the head the black pigment

has now formed a conspicuous reticulum extending to the extremity of

the snout. On the body and tail the ])igment is more scattered, but is

chiefly confined to two series of chromatophores located along the base

of the dorsal fin and the lateral aspects of the tail. The individual
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pigment cells tend to arrange themselves along the lines of the inter-

muscular septa, along which they are produced in slender, branching

fjrocesses. Pale, greenish-yellow pigment apjiears in heavy masses, of

which there is one on each side of the head behind the eye, another

behind the oil-drop, and another on each side of the tail. This latter

tends to be produced from the muscular trunk of the tail onto the

dorsal and ventral fin-fo'ds. On the third day after hatching the

fry measure 3.75 mm., the yolk-sac is almost entirely absorbed, the

mouth and the opercular slits are open and functional, the eyes are

fully pigmented, and the pectoral fins have assumed their vertical

position and adult proportions. By the fifth day after hatching the

yolk-sac is entirely gone, the mouth is large and conspicuous, and the

skeletal cartilaginous arches of the head are fully formed.

CAUSES AND CONSEQUEiVCES OF VARIATIONS AND ALTERATIONS IN THE SPECIFIC
GRAVITY OF THE EGGS.

The eggs, when received at the ship, between 2 and 3 hours after

mixing of the ova and sperm, were in the 2-cell to the 4-cell stage of

development. At this time all of those which were mature and intact

floated in a compact layer at the surface of water of a density which

varied from 1.021 to 1.0226. One entire lot of 425,000, however, of

what seemed to be particularly fine eggs of large size, and all fertilized,

sunk at once in a density of 1.0216. When the density was raised to

1.0225 they slowly rose and just floated at the surface. To determine

the variations in this respect among individual eggs, 100 living eggs

were taken, all in the same condition and stage of development, and
placed successively in water of different densities, with the following

result

:

Temper-
ature.
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to 24 Lours after impregnation, when embryological development had
reached the late blastnla and early gastrula stage. When, during the

early part of the third day of development, the body of the embryo is

well formed, with from 3 to 8 myotomes differentiated, there is a marked
increase in the specific gravity of the eggs. They then begin to sink

slowly toward the bottom, most of them remaining for a long time in

suspension, and a few (the number of which varies with the batch of

eggs and the density of the water) retain their position at the surface.

The cause of this increase in weight becomes more apparent as develop-

ment proceeds. In the first place, it is to be noted that at about this

time the oil-drop has been inclosed by the spreading blastoderm, and
already on the third day shows signs of absorption in a llattening of the

inner surface of the sphere and a diminution in size, shown by careful

measurements. The oil-sphere, which at first measures about 0.29 mm.
in diameter, has by the time of hatching decreased in one diameter to

0.16 mm., the other remaining at about its original size. The absorption

of the yolk and oil-drop and the building-up of the more compact
body of the embryo has, in the meantime, resulted in a contraction

of the vitellus and an increase in the size of the perivitelline water

space. The egg-sphere, therefore, while undergoing no increase in

size, has come to include relatively more solid matter, and is therefore

heavier.

I have gone somewhat fully into this matter, as I desire to show that

the increase in sijeciflc gravity at tJiis time and subsequently is a

I)erfectly normal process. Probably any egg, the specific gravity of

which is so nearly that of the density of the water in which it is

developed—as was the case with these mackerel eggs—would undergo

a similar submergence during the later phases of development. The
eggs are not dead when they sink to the bottom (though of course

those which have died will also sink), but lie among the mass of debris

and sooner or later succumb to the influence of the decaying organic

matter. This subject, with its probable significance and practical

bearings, is considered in a later part of this report.

2. RESULTS OF SUEFACE TOWINGS.

It was early in the course of the investigation considered that

important aid might be rendered toward the jjractical ends of the work
if the distribution of mackerel eggs deposited naturally in these waters

could be determined, together with the environmental conditions under
which they were obtained. To secure this information, surface towinga

were begun on June 26 and continued daily, except during the progress

of two heavy storms, until July 27. After the arrival of Mr. Brett on
July 1, the collection of this material and full physical and meteorological

data bearing upon it were placed in his charge. Extensive and sys-

tematic examinations were made of the waters, especially about the

eastern entrance of the bay, and less fully elsewhere. The material

was fully examined by me, with special regard to the number and
condition of the mackerel eggfi present. The results were in part
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quite unexpected, and in part probably contirmatory of conclusions

stated in a previous part of this report.

The inshore waters of Casco Bay have been generally supposed to be

one of the most important spawning-grounds of the mackerel on our

coast. If this opinion be well grounded, one would expect to find large

numbers of mackerel eggs on the surface, and I was consequently much
surprised at the almost utter barrenness of the collections in this

respect. Although other pelagic eggs of at least twelve species were

found, some of them in very great abundance, most of the surface speci-

mens yielded no mackerel eggs at all, or but two or three were detected

among thousands of the eggs of other species. An unidentified species

of egg, which in its early stages, could scarcely be distinguished from

the mackerel, was found in some abundance, but, when developed, pro-

duced a larva having very different characteristics. The only occasions

on which any considerable number of mackerel eggs were obtained was

during the prevalence of south and southeast winds, which blew within

the scope of our observations the offshore surface waters, a fact indi-

cated by an increased density. One is, therefore, probably justified in

concluding that during the season of 1897 only a very few mackerel

sjjawned inshore in the vicinity of Casco Bay, and that spawning for

the most part was accomi^lished at a greater or less distance out at

sea. This conclusion, of course, does not necessarily invalidate former

conclusions that the vfaters of Casco Bay constitute an important

breeding-ground for this species, but simply establishes the fact that

certain conditions, not at present definitely known, sometimes cause

most of the mackerel to spawn farther off shore. It may be added

that the literature of the mackerel contains much evidence confirmatory

of this opinion.

Of the mackerel eggs obtained by surface towings, all were in early

stages of development, the oldest containing embryos having 12 or 13

myotomes and extending about halfway around the egg; that is, they

were in stages that are reached under the artificial conditions of propa-

gation during the third day of development. Now, of the eggs of

various other species of fishes, as of the cunner, sea bass, and scup,

which habitually spawn inshore, those obtained under similar condi-

tions exhibited many examples in later stages of development, and

one would expect, if the mackerel egg remained similarly afioat until

hatched, that among the 200 or 300 eggs collected at the surface some

of the later stages would be sure to occur. The absence of such stages

seems to confirm the observation that in water of the comparatively

low density obtained here the eggs of this species will not float during

the later stages of development. It is possible that the eggs of the

mackerel are usually deposited so far out at sea that the density of

the water to which they are subjected is sufficient to float them during

the entire period of development. It may also be suggested that large

numbers of them may be carried by winds or currents to the open

ocean, and there find the conditions best suited to their welfare.
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But suppose tliey do normally sink in the 20 oi- 30 fathoms of water

found where they were collected, or in the still deeper water whence

most of tliem in all probability came, what conditions do they meet?

First, a column of water many (several hundred) times as high as

that in the boxes and Jars in which artificial i)ropagation has been

attempted. For a body of but little lower specific gravity to pass

through such a stratum of water would require, even were the water in

a perfectly quiescent state, a very considerable length of time—per-

haps (]uite suliHcient to permit hatching before the bottom is reached.

But the constant slight movement to which these waters are subject

owing to their agitation by tide, winds, and constant currents would

greatly prolong the time of descent.

Secondly, the density undergoes a constant and in deep water a

frequently considerable increase toward the bottom, so that the egg in

its progress downward would always pass through water of a density

corresponding to its own increasing specific gravity, and would thus

be constantly buoyed np by a nicely adjusted force, the result of which

would be to further delay it.

It is probably safe to conclude, then, that under natural conditions

the egg of the mackerel is always suspended in water of a density

very nearly equal to or greater than its own, and that it does not

normally settle to the bottom and rest there in a mass of filth, and sub-

jected to conditions of imperfect oxygenation, etc., which is the case

in the forms of artificial hatching apparatus, namely, the Chester and

McDonald systems of tidal boxes which have hitherto been chiefly

employed. Another consideration to be noted is that the parallel

increase in density of the water and the specific gravity of the egg will

result in the maintenance of a nice balance of osmotic pressure which

may possibly be a requisite to a healthful development. Three other

conditions of change relate to light, oxygenation, and temperature, all

of which decrease toward the bottom.

3. RESULTS OF EXPERIMENTS.

When the results of biological investigations of the conditions of

development were sufficiently advanced to have led to the conclusion

just briefly outlined, several important lines of experimentation seemed

to be indicated. Direct observation of the changes in the living egg

and of the conditions aflecting the distribution of the egg in nature

having suggested the importance of an increasing water density, a

series of experiments designed to test the influence of this condition

was first planned. Indeed, owing to the paucity of material and the

limited time in which to work, this series was the only one which was
conducted in anything like a systematic manner, and even here the

results of individual experiments, which could not be repeated and
verified, are too meager to be conclusive.

A description of one or two of these experiments, with their results,

will suffice to indicate the general character and bearing of all.

F. R. 98 2



18 REPORT OF COMMISSIONER OF FISH AND FISHERIES.

Lot D consisted of 109,000 eggs, yielded by two females taken in the

trap net of Mr. Sennett, June 26. Sperm and ova mixed at 5.15 p. m.

All of the eggs were fertilized and in the 4-cen stage when examined

on board the sliip shortly after 7 p. m. All were placed in a McDonald
cod-box, in which they floated buoyantly in water of a density of

1.0221. The eggs were allowed to remain without change all through

the next day and until the morning of June 28, when, at the age of 40

hours, they were approaching the period of development when, accord-

ing to previous observations, they might be expected to pass into sus-

pension. Up to this time the mortality had been very small, and was
chiefly the result of eggs having adhered to the somewhat rough
wooden sides or the corners of the McDonald boxes, when they were

left high and dry by the receding water and killed.

At 11 a. m. on June 28, at which time the blastopore had just closed,

three lots of eggs, estimated to contain 25,000 each, were removed from

the McDonald box and subjected to the following conditions: One lot,

designated as sublot DA, was placed in a second McDonald box under

conditions precisely similar to the first, and was retained as a check on
the other sublots.

A second sublot, designated as BB, was placed in an apparatus

designed to imitate the Chester tidal boxes and jar, arranged by cutting

the bottom out of a 2-quart Mason butter jar, tying cheesecloth over both

ends, and placing this upright in a pail ijrovided with a siphon hose.

The eggs were placed within the glass cylinder in water which had been

gradually increased in density, and the apparatus then supplied with

water, the density of which had been raised by adding a solution af

rock salt to 1.0252, this having been i)reviously determined to be the

density in which the eggs would just float at this period of their devel-

opment. About 500 gallons of this density of water, sufficient to fill

one of the large deck boxes, was made up to supply the apparatus.

After the height and rate of the tidal flow had been adjusted to that

customarily adopted for the McDonald boxes, the apparatus was left

to itself, except that it was necessary to replace the water in the supply

tank and aerate it about every 12 hours.

The third sublot, designated DC, was also passed gradually into the

water of 1.0252 density, and then placed in a box provided with cheese-

cloth bottom, which was floated in the supply box of high-density water

on deck.

The history of these three sublets briefly told is as follows: During
the next 24 hours, those comprising DA had gradually settled, becom-

ing distributed all through the water and on the bottom, although the

density had increased to 1.0226. The eggs were alive and the oil-

sphere had begun to be absorbed. In sublot BB the eggs all floated

in a compact layer at the surface of the water. They were slightly

more advanced in C velopment than BA and the oil-drop was smaller.

Of sublot BC many of the eggs had been killed by rupture of the mem-
brane or other injury caused by striking or sticking to the sides of the

box while washing to and fro in the tank.
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Durino- the fourth and fifth days of development, most of the eggs of

sublot J)A hiy ou the cheesecloth at the bottom of the box and the

embryos gradually grew weaker until they finally succumbed. A very

few, about several hundred, hatched, but all died within 24 hours. The

eggs of DC were almost all destroyed by being injured or stranded on

the side of the floating box. Those of DB continued to develop beau-

tifully until the close of the fourth and beginning of the fifth day, up
to which time they had continued to float with only a very small per-

centage of loss. At this time they were nearly ready to hatch, having

developed at a higher temperature and more rapidly than DA, but

now they began to die rapidly and within a few hours the entire lot

succumbed. A heavy rain-storm occurred about this time, and the den-

sity of the supply of Salter water was found to have dropped to 1.024.

But I do not attribute the mortality to this, because many of the

embryos were observed to die while floating at the surface, to contract,

turn opaque, and sink just as they do when afl'ected by some deleteri-

ous substance.

Eesults practically similar to these were obtained in all experiments

with higher densities, the encouraging feature being that, by this

means, a much larger proportion usually remained alive until late

stages of. development than when low-density waters were employed.

In no case was a greater number hatched, and in no case did the fry

thus reared appear to be more vigorous.

Another rather interesting result was obtained by taking eggs which

had sunken to the bottom of the usual apparatus and placing them in

a circulating current in the McDonald shad jar, the outflow being pro-

tected by cheesecloth cage. Under such circumstances the numbers

hatched were always larger than in samples of the same eggs which

were left undisturbed, and fry already hatched could be kept alive and

vigorous for a much longer time. Some were thus kept for 5 days,

when the yolk-sac was absorbed, and they were ready to begin feeding.

Half of one lot (lot G) of over 400,000 eggs, all of which sunk at once

after fertilization, were thus treated. The remaining half being placed

in a McDonald cod-box, every one of the eggs which had lain at the

bottom of the box was dead before 36 hours had passed. The eggs

placed in the closed current jar continued to develop up to the last day
and some of them hatched. Probably the proportion hatched would

have been much greater could the eggs have been prevented from

piling up on the outlet screen and injuring one another by the pressure.

Numerous other experiments were carried out, but none were more
conclusive or satisfactory than those just indicated. It was found

impossible, with the limited facilities, to be sure that only one condition

had been varied, and that some other factor had not arisen to vitiate

the results. In view of the fact that in no case was a greater per cent

than 50 hatched, and that only once attained, it seems useless to

describe the results with further detail. It seems proper to add that

Mr. Corliss, superintendent of Gloucester station, advises me that he
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has this year attained much more encouraging results, having liatched

in some cases over 80 per cent of the eggs placed in the McDonald
cod apparatus.

SUMMARY AND CONCLUSIONS.

Following is a brief summary of what seem to be the most important

results of the summer's work, but I wish particularly to point out tbat

the statements contained in this report, based upon the limited data of

but one season's experience, have not the force of final conclusions, but

are offered as suggestions only, which I hope may be useful to the next

student who takes up the problem of mackerel propagation

:

During the season of 1897 the common mackerel spawned only very

sparingly within the limits of Casco Bay, but in greater numbers at

some unknown distance off the coast. Those fish which entered Casco

Bay after July 1 were in mixed schools, but most of the females were

already spent, or partly so. The best run of spawning fish occurred in

this region, according to the united testimony of the fishermen, during

the first half of June.

For each individual mackerel the season of productiveness extends

over several weeks, the eggs being produced in several batches, which

mature in succession. Night spawning is probably the rule with the

mackerel, but the eggs probably continue to be dehisced into the ovarian

cavity during most of the day. I have collected an abundance of

evidence bearing on this point.

There are indications that eggs produced by mackerel in different

regions differ in size. This may result from the existence of quite dif-

ferent schools or races. During the course of its development the egg

increases in specific gravity, owing to absorption of the oil-drop, and

sinks beneath the surface, where it encounters higher densities and

other changed conditions.

The morphology of development does not differ in essentials from

that of the cod, Si)anish mackerel, and sea bass, which has been well

described in publications of the United States Fish Commission. Irreg-

ularities of segmentation occur with unusual frequency and at unusu-

ally early stages.

The eggs collected from trap nets in the latter part of the afternoon,

though sometimes presenting evidence of being not quite mature, were

very easily fertilized and seemed to be healthy.

Fertilization should be effected by the wet method and immediately,

as the sperm retains its vitality for a short time only.

The fertilized eggs are best transported in vessels of water; cheese-

cloth and muslin trays have proved unsatisfactory. The eggs should

be freed of surplus sperm and be prevented from overheating.

The indications are that the poor results attained on the Fish llawTc

are due not so much to the poor quality of the eggs as to some defect

in the apparatus, possibly to some deleterious substance introduced

somewhere in the hydraulic system.
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The results of experiments indicate no form of apparatus better for

the first two days of development than the usual tidal boxes, provided

the sides are smooth, preferably of glass or enamel, and provided that

the screens are kept Iree of any deleterious substances. For the later

days of development and for the fry after hatching a higher density

and greater purity of water and a form of api)aratus that insures a

better circulation and keeps the ovum in suspension without undue
agitation is indicated.

Being very delicate and sensitive to physical injury and the presence

of deleterious substances, the eggs should be handled as little as jiossi-

ble. A relatively small number should be placed in one receptacle, not

more than would form a single layer on the surface (Mr. Corliss's opinion

on this point differs from mine, he claiming to have had equal success

with large and small numbers), and especially the hatching apparatus

should be kept as free as possible from decaying organic matter or

other contaminating substances.

RECOMMENDATIONS.

The experience of the past few years seems to render it sufficiently

obvious that unless some very different conditions obtain in future there

is little to be hoped for from the methods of propagating the mackerel

now in vogue. The few millions of eggs annually secured are so insig-

nificant in comparison with the vast numbers which must be produced

naturally that even if all were hatched the fry resulting would be a

mere drop in the ocean.

It is well known that the purse-seine fishermen operating some miles

offshore frequently secure whole schools of spawning mackerel, from

which the eggs run so freely that decks of fishing vessels become
literally covered with those which have accidentally escaped. This

circumstance, coupled with the before-mentioned fact of the readiness

with which fertilization can be accomplished, leads to the following

suggestion, which I recommend as a guide toward a tentative policy of

the Fish Commission during the progress of further investigations:

The captains of the fishing schooners should be asked to cooperate

upon such terms as may be agreed upon, to the end that when such

spawning schools of mackerel are met with the fish should be immedi-

ately stripped, the ova and sperm mixed, and, after permitting a few

minutes to insure fertilization, turned overboard to undergo their devel-

opment amid the natural surroundings from which they were taken. In

this way, especially when such schools were taken in the late afternoon

or at niglit, vast numbers of fertilized and healthy eggs could be liber-

ated under conditions which have been previously indicated as those

most favorable to their growth.

The work of stripping and impregnation can be accomplished so

simply and quickly that it would not materially interfere with the regular

duties of fishing, and I have no doubt that the more intelligent fisher-

men, particularly in view of some small consideration, could accomplish
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it successfully. Each schooner could be provided with a circular of

instructions and such vessels (large, shallow pans) as would be needed

to insure the intimate contact of spawn and sperm when mixed. It may-

even be deemed advisable, though this seems hardly necessary, to place

experienced spawners on vessels which would make favorable terms, to

conduct the operations.

In x^re^senting this suggestion one additional factor needs to be

emphasized. While the exact spawning habits of the mackerel are

unknown, the i)robability is that this function is accomi^lished while

the males and females are actively swimming about together at a

greater or less depth below the surface. The spermatozoa are probably

more or less widely disseminated through the water. The ova are

squirted out in a stream, and, being at this time highly buoyant, imme-

diately begin to rise toward the surface, the micropyle, through which

alone the spermatozoan may enter, being downward. Under such cir-

cumstances many ova must escape fertilization. That such is the case

is shown by the very considerable number of unfertilized eggs which

were observed among those of the mackerel collected in the surface

towings this summer, and still better by my observations on the eggs of

the cunner, of which fully 30 j>er cent of those examined had failed of

fertilization. This shows that one very considerable advantage of arti-

ficial over natural propagation of pelagic fish ova is derived from an

increased effectiveness of the means of bringing the sexual elements

,

into contact. No doubt much may be gained by continuing the care of

the developing ova to a later stage, when the means for so doing, as in

the case of the shad, is effective: but when, as is at present the case

with the mackerel, there are lacking facilities for prosecuting the work
further under such circumstances as will insure a profitable scope of

operations, it seems best to adopt the merchant's dictum of '' small

profits and large sales." No doubt the time will come when the means
will be provided for carrying the eggs collected in this way up to the

time of hatching.

It needs also to be pointed out that most of the eggs which would
be produced by spawning schools thus captured are now entirely lost,

and that this fact alone, in the case of the lobster, has been regarded

as sufficient to commend the present mode of propagating that species;

although here what was said above of the advantage to be gained by
artificial fertilization is not applicable.

The advantages of this plan are economy and the possibilities of

extensive operations; the disadvantage is its probable uncertainty

from year to year.
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repoTyT on fishes obtained by the steamer albatross
in the vicinity of santa gatalina island and monte-
REY BAY.

By Charles H. Gilbert, Ph. D.,

Profen-sor of Zoology, Leland Stanford Junior Umversity.

The fishes here reported on were collected by the United States Fish

Commission steamer Albatro,ss in April, 1897, during the progress of

investigations conducted in the vicinity of Santa Catalina Island and

of Monterey Bay in southern California. They were obtained by the

use of the seine and of the hanu line, trawl line, gill net, and dredge,

usually at inconsiderable depths, and are therefore for the most part

the common shore and market fishes of this region. Two dredge hauls

and two sets of the gill net were at greater depths than 200 fathoms.

The discovery of an undescribed species of Avernnicus and one of

Badulhius emphasizes again the great development of Agonoid and

Cottoid fishes in the Xorth Pacific.

LIST OF FISHES.

Polistotrema stouti (LocMngton). Santa Cruz; Station 3669.

Raja inornata Jordan & Gilljert. Station 3665.

Hydrolagus colliei (Lay & Bennett). Station 3666.

Clupea pallasii Cuvier &- Valenciennes. Santa Cruz.

Clupanodoia caeruleus (Girard). Santa Catalina Island.

Engraiilis mordax Girard. Santa Cruz; Santa Catalina Island.

Mesopus pretiosus (Girard). Santa Cruz.

Chauliodus macouni Bean. Station 3669.

Gasterosteus cataphractus microcephalus Girard. Santa Cruz.

Siphostoma griseolineatuni (Girard). Santa Cruz.

Atherinopsis caiiforniensis Girard. Santa Cruz; Santa Catalina Island.

Atherinops afSnis (Ayres). Monterey; Santa Catalina Island.

Roccus lineatus (Blocli). Monterey; Santa Cruz. Introdirced species.

Paralabrax clathratus (Giraid). Santa Catalina Island.

Umbriaa roncador Jordan & Gilbert. Santa Catalina Island.

Abeona minima (Gibbons). Santa Cruz.

Amphistichiis argenteus Agassiz. Santa Cruz.

Pimelometopon pulcher (Ayres). Santa Catalina Island.

Oxyjulis modestus (Girard). Santa Catalina Island. /

Sebastolobus alascanus Bean. Stations 3666, 3667, 3669, and on trawl line set in

10 to 15 fathoms at entrance to Dakin Cove, Santa Catalina Island.

This fine species of red rockfish occurs outside the zone of profitable fishing

for the market, and is unknown to the fishermen. An individual occasionally

strays into shallower water, as seen by the above record. More recently, a

specimen was taken by fishermen in Monterey Bay, and found its way to the

San Francisco market.
25
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Sebastolobus altivelis Gilbert. Station 3670. Ten specimens were preserved,

of which 9 have 15 dorsal spines, while 1 has exceptionally 16 spines as in

S. alaseanus.

Sebastodes goodei Eigenmann & Eigenmann. Station 3671. Hand Hue near

Monterey, 69 fathoms.

Sebastodes paucispinis (Ayres). Santa Catalina Island; Monterey Bay.

Sebastodes serranoides Eigenmann & Eigenmann. Santa Catalina Island.

Sebastodes flavidus (Ayres). Monterey Bay.

Sebastodes mystinus Jordan & Gilbert. Monterey Bay.

Sebastodes pinniger (Gill). Monterey Bay.

Sebastodes miuiatus (Jordan & Gilbert). Monterey Bay; Santa Catalina Island.

Sebastodes saxicola (Gilbert). Stations 3665, 3667,3671.

Sebastodes introniger Gilbert. One specimen 44 cm. long; locality unknown.
This species has been identified with S. melanostomus Eigenmann, by Cra-

mer and by Jordan & Evermann. The types of the two have not been compared,

and the description of S, melanostomus fails to agree in so many details with

specimens of S. introniger that it seems best to keep the two apart. S. introni-

ger has the head larger, 2f in total length. The interorbital space is narrower,

5i in length of head. The scales are larger, 34 in the course of the lateral line.

The accessory scales are very numerous. The gillrakers are much longer, the

longest contained 2^ to 2^ times in the diameter of the orbit. The second and
third anal spines are equal, or the second slightly the longer, contained IJ times

in longest anal ray. In S. melanostomns the head is 3J in total length, there

are 43 scales in the lateral line, and but few accessory scales. The gillrakers

are contained 3^ times in the diameter of orbit. The anal spines are graduated,

the second ''not much more than half the length of the soft rays." Two speci-

mens of S. introniger, 30 cm. and 44 cm. long, entirely agree with each other in

the respects above mentioned. The differences alleged to separate the two
species can not, therefore, be due to age.

Sebastodes ruberrimus Cramer. Monterey.

Sebastodes constellatus (Jordan & Gilbert;, Santa Catalina Island.

Sebastodes chlorostictus (Jordan & Gilbert). Station 3666.

Sebastodes elongatus (Ayres), Stations 3664, 3665, 3666, 3671, 3672.

Sebastodes vexillaris (Jordan & Gilbert). Monterey; Santa Catalina Island,

Sebastodes nialiger (Jordan & Gilbert). Monterey.

Sebastodes carnatus (Jordan & Gilbert). Monterey,

Sebastodes serriceps (Jordan &, Gilbert). Santa Catalina Island.

Scorpaena guttata Girard. Stations 3664, 3665; Santa Catalina Island.

Ophiodon elongatus Girard. Santa Cruz.

Zauiolepis latipinnis Girard. Stations 3662, 3663.

Zaniolepis frenatus Eigenmann, Station 3663,

Chitonotus pugetensis (Steindachner), Station 3663.

Tarandichthys tenuis (Gilbert). Stations 3662, 3663, 3664.

Icelinus quadriseriatus (Lockiugton). Station 3663,

Raduliuus boleoides, new species, Plate 1, Type, a young female specimen, 72

mm, long, from Albatross Station 3664. Differing from B. asprellus in the much
smaller eye, the scaled interorbital space, the presence of supraocular and occip-

ital filaments, the smaller size and weaker spines of plates of the dorsal series,

and the difi'erent coloration.

Head 4 in length ; depth 9. Eye 3| in head (2| in B. asprellus of the same
size); snout 3i; maxillary 2|. Dorsal xi-22. Anal 23. Pectoral 18. Ventrals

I, 3. 42 plates in the dorsal series.

Head and body very elongate, depressed anteriorly, the occiput wider and
flatter than in B. asprellus. Snout long, dei)res8ed, and tapering, much as in the

darters, Interorbital space very narrow, about half diameter of pupil. Mouth
horizontal at lower side of snout, the maxillary reaching a vertical which trav-
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erses eye midway between its front and front of pupil. Fine teeth in bands in

jaws and on vomer ; none on palatines. In B. asprellus, also, the vomerine teeth

are in a band, not in a single series, as stated in the original description.

Branchiostegal membranes broadly united, wholly free from the isthmus in the

type. In B. asprellus the gill-membranes vary in this respect, being sometimes

wholly free from the isthmus, sometimes attached for half or more than half

their width. Preopercle with two short, simple spines, the upper slender and
sharp, directed backward and slightly upward, the lower broader and shorter,

directed backward and downward. Below and in front of these are two rounded

prominences which bear no spines, Opercle ending in a triangular process,

which is scarcely spine-like. Nasal spines rather small, a depression between

and behind them. No spines on orbital rim, which is not at all raised. The
narrow interorbital space is not grooved. Occiput broad and flat, without

ridges or spines. A slender filament on upper posterior border of orbit. A
similar filament on each side of occiput on its posterior line.

Body with a dorsal series of imbricated spinous plates, similar to those in

B. asprellus. But the plates are smaller, with less evident keels and shorter

spines. Along its anterior third the series is accompanied above by a narrow

band of smaller plates, which are continued anteriorly on sides of occiput, and
merge anteriorly into the patch behind and between the eyes. Posterior portion

of snout, the opercles, and the posterior line of occiput with spinous scales;

head otherwise naked.

The vertical fins have long, slender rays as in B. asprelbis. The dorsal fins

are separate, but the interspace is less than the diameter of the pupil. The
distance from front of anal to vent equals two-thirds diameter of orbit. Ven-

trals short, reaching half way to front of anal. Pectorals reaching slightly

beyond front of anal, seven-eighths length of head.

Color light olive or grayish, the lower parts unmarked, the breast and belly

silvery. Back crossed by four wide brownish-olive crossbars, the anterior of

which, under spinous dorsal, becomes merged into the general brownish-olive

coloration of upper portion of head and nape. The edges of the bands are

sharply defined, and are marked with concave indentations where encroached

upon by roundish light-colored areas. The spaces between the bands are

slightly dusky and are marked with some irregular, small, dark blotches along

middle of sides. Anteriorly on the back are pairs of round, light-colored spots

with darker edges, some of them showing silvery pigment. A small silvery

spot aliove the base of each pectoral fin. A narrow dark line across occiput

behind the eyes. Dusky blotches on cheeks. A dark bar across the maxillary

and lip ; a pair on premaxillaries. Two faint dark bars on the caudal fin, the

fins otherwise translucent or whitish, unmarked.
Clinocottus analis (Girard). Santa Catalina Island.

Avernincus sterletus, new species. Plate 2. Type, 103 mm. long, from Albatross

Station 3662.

Very closely related to A. emmelane, with which it agrees in coloration and
general apjiearance, as well as in most details of structure. It differs in the follow-

ing respects: The snout is shorter,the rostral spines scarcely protruding beyond
the premaxillaries ; no barbels on snout below rostral spines or on margin of

preorbital, or at mandibular joint; region between rostral spine and front of

premaxillaries wholly occupied by a triangular movable plate, with rough,

granular surface; breast with three parallel series of sharply keeled plates; no
spine at posterior end of premaxillary fossa; ventrals very long and slender,

wholly white; spinous dorsal, anal and pectorals with fewer rays.

Head 4.^ in length ; width at base of pectorals, 7 ; depth 8J. Dorsal vii-8.

Anal 9. Pectoral, 12 on each side. Thirty-nine plates in dorso-lateral series.

Rostral projection shorter than in A. emmelane, with two short, forwardly
directed spines, behind which is a pair more widely separated, directed upward
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and backward. Supraocular ridge elevated, not sharp, finely granular, with

preocular and postocular spines. Ridges and spines on head as in J. emmelane,

but none of the former roiigh-serrate. Eye large, 3J in head, longer than snout

and more than twice the interorbital width. Mouth little overpassed by the

rostral spines, the maxillary reaching slightly behind front of orbit, 3^ in

head. Teeth present on jaws, vomer and palatine. Barbels fewer than in A.

emmelane. Three are present on maxillary, two of which are at its posterior

end, the upper much the longer. The third is inserted more anteriorly, behind

the middle of the maxillary. Eight shorter barbels are present on each man-
dibular ramus, the posterior only near the joint. Several short baibels on gular

region, and a cross series on branchiostegal membranes, usually one barbel for

each ray. Plates on the body as in A. emmelane, all with sharp spines, which

are present, though small in the ventral series. Middle of breast with one

median and two lateral series of plates, all of which bear distinct longitudinal

keels. The two lateral ridges on breast are the anterior continuation of the

ventral ridges of the trunk.

The spinous dorsal begins at the seventh dorsal plate, the last dorsal spine

articulating with the thirteenth plate. The first and last rays of the second

dorsal articulate, respectively, with the eigliteenth and twenty-fourth plates-

The dorsal series unite at the thirtieth plates, the median series of nine plates

thus formed bearing double or bifid spines throughout. The first and the last

anal rays articulate, respectively, with the sixteenth and twenty-third plates

of ventral series (excluding the anterior three on breast). The ventral series

coalesce immediately opposite the union of dorsal series. The anus is opposite

the interspace between the third and fourth plates. Ventral spines long and
slender, equaling length of snout and eye. Pectorals equaling length of head in

advance of opercular joint. Five lower pectoral rays with incised membranes,

the tips projecting.

Color similar to A. emmelane, the back and sides with 7 or 8 narrow black

crossbars, the posterior of which extend faintly on the under surface. The inter-

spaces on back are somewhat dusky, with lighter vermiculating lines and spots,

a few of which extend on the bars. The dorsals have a speckled appearance,

and are darker above the black dorsal bars. Head blackish above, the liead and

body light or slightly dusky below. Ventrals white. Anal white, with some
black markings along the base of the rays. Pectorals with a wide black bar at

base, succeeded by a wide white bar, followed by a narrower black bar and

a narrow terminal white bar. Caudal with a narrow basal bar of black, then a

narrow white bar followed by a broad black bar, and edged with white.

Xenochirus latifrons Gilbert. Stations 3665, 3671, 3672.

Xenochirus triacanthus Gilbert. Station 3664.

Farcella diaptera (Gilbert). Station 3667.

Macrourus acrolepis Bean. Station 3670. One taken in a gill net set in 581

fathoms, vicinity of Monterey Bay.

Lyopsetta exilis (Jordan & Gilbert). Stations 3664, 3665, 3666, 3667, 3671.

Eopsetta jordani (Lockington). Monterey; Santa Catalina Island.

Psettichthys melanostictus Girard. Santa Cruz ; Monterey.

Hippoglossina stoniata Eigeumann & Eigenniaun. Stations 3662, 3663.

Citharichthys sordidus (Girard) . Stations 3662, 3663, 3664, 3665, 3668, 3671.

Parophrys vetulus Girard. Monterey; Santa Catalina Island.

Lepidopsetta bilineata (Ayres). Station 3664.

Platichthys stellatus (Pallas). Santa Cruz.

Embassichthys bathybius (Gilbert). Stations 3669, 3670. One specimen taken in

a gill net in 278 fathoms, Monterey Bay.

Microstomus pacificus (Lockington). Stations 3669, 3672.

Glyptocephalus zachirus Lockington. Stations 3669, 3671, 3672.



Report U. S. F. C. (To fact page 28.) Plate 2.





PISHES FROM ("OAST OF SOUTHERN CALIFORNIA. 29

LIST OF DREDGING STATIONS AND THE FISHES TAKEN AT EACH STATION.

Station 36(52, off Sauta Cataliua Island;

47 fathoms.

Zaniolepis latipiunis.

Taiandichthys tenuis.

AveiTuncus sterletus.

Hippoglossina stomata.

Citharichthys sordidns.

Station 3663, off Santa Catalina Island;

47 fathoms.

Zaniolepis latipinnis,

Zaniolepis frenatus.

Chitonotus pugetensis.

Taraudichthys tenuis.

Icelinus qnadriseriatus.

Hippoglossina stomata.

Citharichthys sordidus.

Station 3664, off" Santa Catalina Island;

80 fathoms.

Sebastodes elongatus.

ScorpiBua guttata.

Tarandichthys tenuis.

Radulinus boleoides.

Xenochirus triacanthiis.

Lyopsetta exilis.

Lepidopsetta bilineata.

Station 3665, off Santa Catalina Island;

59 fathoms.

Raja iuoruata.

Sebastodes elongatus.

Sebastodes saxicola.

Scorp;ena guttata.

Xenochirus latifrons.

Lyopsetta exilis.

Citharichthys sordidus.

Station 3666, off Monterey Bay; 68 fath-

oms.

Hydrolagus colliei.

Sebastolobus alascanus.

Sebastodes elongatus.

Station 3666, etc.—Continued.

Sebastodes chlorostictus.

Lyopsetta exilis.

Station 3667, off Monterey Bay ; 90 fath-

oms.

Sebastolobus alascanus.

Sebastodes saxicola.

Furcella diaptera.

Lyopsetta exilis.

Station 3668, off Monterey Bay; 39 fath-

oms.

Citharichthys sordidus.

Station 3669, off Monterey Bay ; 278 fath-

oms.

Polistotrema stouti.

Chauliodus macouni.

Sebastolobus alascanus.

Embassichthys bathybius.

Microstomus pacificus.

Glyptocephalus zachirus.

Station 3670, off Monterey Bay ; 581 fath-

oms.

Sebastolobus altivelis.

Macrourus acrolepis.

Embassichthys bathybius.

Station 3671, off Monterey Bay ; 56 fath-

oms.

Sebastodes goodei.

Sebastodes elongatus.

Sebastodes saxicola.

Xenochirus latifrons.

Lyopsetta exilis.

Citharichthys sordidus.

Glyptocephalus zachirus.

Station 3672, off Monterey Bay ; 68 fath-

oms.

Sebastodes elongatus.

Xenochirus latifrons.

Microstomus pacificus.

Glyptocephalus zachirus.
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NOTES ON THE EXTENT AND CONDITION OF THE ALEWIFE
FISHERIES OF THE UNITED STATES IN 1896.

By Hugh M. Smith.

THE ALEWIVES OR RIVER HERRINftS.

Alewives are the most abundant food-fishes inhabiting the rivers

of the eastern coast of the United States, and, next to the shad, are

commercially the most valuable fishes of those waters. Although their

range is similar to that of the shad—namely, from Maine to Florida

—

they are somewhat more generally distributed; they enter all the rivers

frequented by shad and also annually visit in large numbers many

other streams.

The two species of alewives are very similar in appearance and

habits, and may easily be mistaken for each other on casual observa-

tion. They are usually distinguished by fishermen and dealers and

receive different names, but the identification of individual specimens

by fishermen is often faulty, as they depend more on the time of the

run and the denseness of the schools than upon any reliable structural

or color characteristics.

The branch herring {Pomolohus pseudoharengus) is found from North

Carolina northward along the entire coast; if it exists at all in the rivers

of South Carolina and Georgia it is very rare, and extensive collections

of fishes in the St. Johns Kiver, in Florida, have failed to disclose Its

presence. It is extremely abundant in Albemarle Sound, Chesapeake

Bay, Delaware Bay, Kew York Bay, and their tributaries, and in the

rivers, ponds, and bays of New England. It appears earlier than the

other alewife, usually preceding the first run of shad, and ascends to

the headwaters of streams to spawn.

The glut herring {Pomolohus cvstivalis) is common in the St. Johns

Eiver, Florida, and is found thence northward along the entire coast

of the United States, being most abundant in Albemarle Sound and

Chesapeake Bay. It usually appears, suddenly, about the middle of

the shad season, coming in enormous schools. It does not, as a rule,

ascend the streams far above tide water, and spawning takes place at

a shorter distance from the sea than in the case of the branch herring.

The branch herring may be readily distinguished from the glut herring

by the pale lining (peritoneum) of the abdominal cavity, this structure

being black in the glut herring. Other features by which the two fishes

maybe identified are the deeper body, more elevated tins, and larger eye

of P. pseudoharengus.

p. R. 98 3 33
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The size of alewives taken for the market is quite uniform. The
average weight is two-fifths or one-third of a pound, the two species

being similar in this respect. Examples weighing as much as half a

pound are rare.

As food-fishes, the alewives are generally regarded as superior to the

sea herring, being larger and of better flavor, but they are decidedly

inferior to the shad in food value. There is very little difference in the

edible qualities of the two species, although the branch herring has

the reputation of being somewhat better. Many reach the market in

a fresh condition, but perhaps the largest quantities are salted or

smoked, smoking being a favorite method of preparation in New Eng-

land. For use as bait in the line fisheries for cod, haddock, and other

ground fish, alewives are considered highly satisfactory, and large

numbers are thus utilized in Maine and Massachusetts. The abund-

ance and cheapness of these fish make them of almost incalculable

importance in the coast sections, and in 1896 nearly 150,000,000 were

sold by fishermen of 14 States for food and bait, besides which large

quantities were given away at the fishing shores. The average price

received by the fishermen was one-third of a cent per fish.

These fishes are known by a large number of names along different

parts of the coast. In the New England States the name alewife is in

general use, while in the Middle and South Atlantic States "herring"

is the name most frequently heard. The branch herring is known as

spring herring, branch alewife, gaspereau, wall-eyed herring, hardhead,

alewife, ellwife, and ellwhop. Among the names for the glut herring are

blueback. May herring, school herring, summer herring, blackbelly,

English herring, kyack, cat-thrasher, and sawbelly.

THE ALEWIFE FISHERIES CONSIDERED BY STATES.

Alewives are caught in much larger numbers than any other fishes

entering the fresh waters of the United States, and among all the fishes

of American waters are surpassed in this resi)ect only by two species, the

sea herring {Glupca harengus) and the menhaden {Brevoortia tyrannus).

They are taken for commercial purposes in every seaboard State from

Maine to Florida, except Georgia, in which an alewife fishery was
formerly carried on. Maryland, Nortti Carolina, and Virginia are the

leading alewife States, although important fisheries also exist in Maine,

Ehode Island, Connecticut, Massachusetts, New York, and New Jersey.

The fishing is prosecuted with pound nets, trap nets, weirs, seines, gill

nets, fykes, and dip nets ; the largest catch is with pound nets and seines.

In most States special apparatus is employed, but far the larger part

of the yield is obtained with apparatus set primarily for other fishes.

In 1800, according to the investigations of the United States Fish

Commission,* over 2,500 persons were engaged in the alewife fisheries,

besides many thousand people who operated apparatus in which ale-

wives constituted an important j^art of the catch. Over 800 people used

See Report U. S. Fish Comuiissiou 1897, pp. cxxv-cxxx.
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seines, 030 set gill nets, and nearly 500 fished weirs and pound nets.

In the preparation of the catch by smoking and salting 134 persons

were engaged. In Maryland there were 61G alewife lishermen, and in

]\Iassachnsetts 388, while in Maine, Delaware, New Jersey, and North

Carolina there were more than 200. The following table exhibits in

detail the distribution of the fishermen:

7Vf/>/(; shoivin<j by Statca the number of persona employed in the alewife Jishjries of the

United States in 1896.

'
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Table ahuwini/ by States the boats, apparatus, and property employed in the alewife fisheries

of the United States in 1896—Continued.



ALEWIFE FISHERIES OF UNITED STATES IN 189^. 37

In Massachusetts 7,370,000 were taken—more tlian in any other State;

in the shad fishery of Maryland nearly 40,0()0,0()0 alewives were caught;

in that of North Carolina nearly 3."),0()0.000, and in that of Virginia

about 27,000,000.

The table which follows shows by States the number, pounds, and

value of alewives caught with each kind of apparatus. Nearly half of

the j'ield was taken in ijound nets, traps, and weirs, and about two-lifths

in seines. Only relatively small quantities are obtained with gill nets,

fyke nets, dip nets, and other minor apparatus. The largest pound-net

catch, amounting to 25,000,000 fish, was made in Virginia; the largest

seine catch, aggregating 21,000,000 fish, was in Maryland.

Table showing by States aiid ajyparatus of capture the quantity and value of aleicives taken

in the United States in 1896.

States.
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THE FISHERIES CONSIDERED BY WATERS.

In the following- series of four tables, the extent of the alewife fish-

eries in 1896 is exhibited by waters; the first table shows persons

employed, the second the boats, apparatus, etc., used, the third the

aggregate catch in all kinds of appliances, and the fourth the catch in

the apparatus set especially for alewives.

The alewife fisheries of the Chesapeake Basin are seen to have been

engaged in by over 900 ])ersous, or more than two fifths the total num-
ber of alewife fishermen, the Chester, Potomac, and York rivers being

most prominent in this respect.

TaMe shoivhuj by waters the numher ofpersona engaged in the alewife fisheries.
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The alewife fisheries of the Chesapeake Basin represented an invest-

ment of .$;;;i,2S3, of Albemaiie Sound $12,270, of Taunton Eiver $12,008,

and of Penobscot River $9,888. The use of traps and weirs for aknvives

was most extensive in the Penobscot and Elk rivers, in each of which

107 of such appliances were in operation. Seines were most numerous
in the Taunton, Connecticut, and Indian rivers. Gill nets were used

in largest numbers in the Delaware, Indian, Chester, York, and Neuse
rivers. The employment of dip nets is restricted to the New England
States.

T(xhlc showing/ hi/ wafers ihe boats, apparatus, and other property employed in the alewife
fisheries.

Waters.
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Table ahowinij hi/ waters the boats, apparatus, and other property employed in the alewife

fisheries—Coutiuued.
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Tahle showitig hy waters the a<j(jreg(ite catch of aleunves.

41

"Waters.
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The alewife catcli in different waters with apparatus set especially

for these fishes is shown in the next table. The Potomac Eiver is seen

to have the largest yield, closely followed by the Damariscotta, after

which come the Connecticut, Taunton, Sassafras, Delaware, Merrimac,

Elk, and Hudson.

Ta1)h' sliowing hi/ waters the number, weujlit, and value of the alewives tahen in the special

alewife fisheries.

Waters.
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9,000,000 pounds in 1880 to over 17,()00,000 pounds in ISi^O, and in Vir-

ginia from (5,900,000 pounds in 1880 to 1L>,197,000 pounds in 1890, and

the decrease in North Carolina from 15,500,000 pounds in 1880 and

20,000,000 pounds in 1888 to J 4,355,000 pounds in 1890.

Notwithstanding' a jieneral increase in 189() amounting to 16,382,000

pounds over 1880 and 5,908,000 pounds over 1888, the value of catch

was less than in either of the earlier years. The average price of ale-

wives per pound in 189G was 0.7 cent, while in 1888 it was nearly 0.9

cent and in 1880 1.1 cents.

Comparaliri' statement of the catch of aJewires in 1880, 1888, and 1896.

States.
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INTRODUCTION.

Washington, D. C, June 29, 1898.

On May 6, 1807, the United States Fish Commission received a com-

mnnication Irom Hon. Adolph Meyer, M. C, inclosing the following

concurrent resolution of the legislature of Louisiana

:

Be it resolved by the house of representatives of the State of Louisiana, and the senate

concurring, That the United States Fish Comuiission be requested to investigate

in the oyster-spawning season and report to this general assembly before its next

session the exact season of the oyster spawning in this State and all other facts

respecting the same, and whether or not the present existing laws are not injurious

to the oyster industry of this State.

S. P. Henry,
Sjteaher of the House of Bepresentatives.

E. H. Snydek,
Lieutenant-Governor and President of the Senate.

MUKPHY J. Foster,
Governor of the State of Louisiana.

John T. Michel,
Secretary of State.

Pursuant to this request, and iu view of the imi^ortance of the Louisi-

ana oyster industry, it was decided to undertake an investigation of

the subject, and Dr. H. F. Moore, of this Commission, was directed to

visit Louisiana in August and September, 1897, for the purpose of

making some preliminary inquiries, and the steamer Fish Hawkj Lieut.

Franklin Swift, U. S. N., commanding, was dispatched to the State iu

February, 1898, to conduct a more extensive examination of certain

oyster-grounds. The accompanying report, based on the investigations

thus made, has been prepared by Dr. Moore, who accompanied the ves-

sel and was charged with the consideration of the biological aspects of

the work. It was the intention of Lieutenant Swift to write the report

on the reconnaissance made by the Fish Hmclc, but before he could do
so he was detached from the Commission and assigned to uaval duty.

George M. Bowers,
TJ. 8. Commissioner of Fish and Fisheries.
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REPORT ON THE OYSTER-HEDS OF LOUISIANA.

By H. F. Moore,
Asaiataiit, United States Fish Commission.

Within recent years several investigations of Gulf coast oyster-

groimds have been made by the United States Fish Commission, but

none of these related to the waters of Louisiana. Upon the receipt of

the request from the general assembly for information concerning the

oyster-beds of that State, the writer was ordered to Louisiana for the

purpose of determining certain fa(;ts relating to the question of close

seasons, and to make an examination preliminary to a more careful and
extended investigation by the steamer Fish HaicJc later in the season.

A period of about fifteen days in August and September was spent in

the oyster regions of St. Bernard, Plaquemines, and Terrebonne parishes,

and as a result it was decided to confine the contemplated survey to

the St. Bernard region as offering better facilities for the character of

work which it was desired to undertake. The Fish Hawk was not avail-

able until February 1, from which time until February 24, when she

left in order to begin her regular work of shad-hatching, the field work
was prosecuted vigorously and continuously, except when interrupted

by stormy weather.

Owing to the shallowness of the water the Fish Haivic could not be

used for active duty in the survey, and she was therefore anchored as

close as possible to the oyster-beds and used as a base of operation

for the launches, at first off the northern entrance to Grand Pass, and
afterwards, during the greater part of the work, oft' the mouth of

Three-mile Bayou. The work was often performed at a distance from

the ship, and much time was unavoidably lost in running to and from

the scene of the day's operations. Should a complete oyster survey of

the region be attempted in the future, it could be much facilitated by
employing several light-draft vessels, which could be worked into tlie

marshes and used as quarters for the field j^arties on the launches.

lb was originally intended to make a thorough and complete survey

of the oyster-beds of St. Bernard Parish similar to that which was
made b}^ the Fish Hawk in Apalachicola Bay, but this plan was aban-

doned when it Avas found that the time at the disposal of the party was
to be so limited. Many of the stations established by the Coast Survey
have been obliterated or washed away by the storms, and it would
have required more time than was available for the entire work to

erect and cut in the signals necessary to a proper survey. Contrary to

F. 11. 98 4 49
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expectations, it was fouud that the topography in general had not

undergone many important changes since the snrvey upon which the

Coast Survey charts were based, and the several points could be iden-

titied and located with sufficient accuracy to suit the purposes of a

reconnaissance.

The plan finally adopted was to run lines of timed soundings from point

to point, so as to cover the intervening waters by series of intersecting

zigzags. As the lines were rarely over 2 miles in length, the position

of any given sounding could be approximately determined by its time,

the time of beginning and ending the line being noted, aifd the speed

of the launch being nearly uniform on each series of soundings. Most

of the important beds were also located by compass bearings from

charted points. The charted areas of the beds, as well as their posi-

tions, are but approximate; but it is believed that the aggregate is

measurably near the truth, although individual beds might prove some-

what greater or less iu extent than appeared from the hurried exami-

nation which it was possible to make. The soundings were made by

means of the sounding pole devised and used by Lieutenant Swift in

the survey of Apalachicola Bay, and described in his report upon the

oyster-beds of that vicinity. Owing to lack of time no effort was
made to determine with exactness the number of oysters to the square

yard, as is done in a regular survey, and the terms ''dense," "scatter-

ing," and "very scattering" are relative in their application to this field

only. Dense and scattering beds are such as can be worked with profit

by means of tongs. " Very scattering " beds are shown on the chart with

some ambiguity—in a few places, especially in the lagoons, denoting

a growth, which it hardly pays to work, sparsely distributed over the

entire bottom; in other places, as in the northern part of West Karako
Bay, representing small beds more or less dense, distributed at irregu-

lar intervals, and in the text described as "scattered in patches," or in

somewhat similar terms. Such beds can be worked with profit.

The investigation in St. Bernard Parish was under the direction of

Lieut. Franklin Swift, U. S. N., commanding the Fish Haivl: The
liydrograi)hic field work and the location of the oyster-beds was carried

on by Mate J. A. Smith, U. S. N., and by Mr. Eugene Veith, of the

steamer Fish Hawl-.

After the Fish Haich concluded the reconnaissance in St. Bernard
Parish, the writer was instructed to make an examination of the oyster-

grounds of Louisiana west of that region. In jjursuance of the latter

purpose, he left the ship at Bay St. Louis upon its departure for the

north on February 25, and proceeded to several places in Phujuemines

Parish, where boats were hired, and all the principal natural beds and
planting-grounds were examined. At Grand Isle, on Barataria Bay, a

lugger was secured and an examination made of all the oyster-grounds

in the vicinity, after which a cr^uise was nuide to the westward, under

the guidance of men familiar with the region, as far as Morgan City, all

of the oyster regions, with the exception of the upper waters of Terre-
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bonne Buy, being- visited en route. No attempt was made to cbart or

locate even approximately tbe individual beds examined on tbis brief

tour, but tbeir general cbaracter, present condition, and future pros-

pects are reported upon in tbe following pages.

Tbe writer acknowledges bis indebtedness to Col. V. 0. Zacbarie,

Hon. E. McCullom, Hon. Adolpb Meyer, and Hon. S. l\ Henry for

valuable assistance and information, and to Mr. F. F. Hansell for the

use of bis yacht in visiting tlie St. Bernard beds in August, 3897.

THE NATURAL OYSTER-BEDS OF ST. BERNARD PARISH.

General description of the regiofi.—Tbe area eipbraced witliin the limits

of tbe reconnaissance made by tbe Fish HatvJx; •cind shown upon the cbart

accompanying tbis report, does not include all of the oyster-grounds

within the parish of St. Bernard. Field work was pushed into tbe inte-

rior waters lying southwest of Indian Mound Bay and Southwest Pass,

and known to the oystermen as Treasure Bayou, Mussel Bayou, Flat

Bay, etc., but the lack of a chart of this region approaching even

apj)roximate correctness has made it seem inadvisable to attempt to

plot the oyster-beds found there, though they are described in general

terms in the text. South of Drum Bay, in which lie tbe southernmost

of the charted beds, are extensive areas of good oysters stretching

to the parish line at Mozambique Point, but these were not examined,

owing to lack of time. We were informed that notwithstanding their

extent and the good quality of the oysters they were not extensively

worked, on account of their inaccessibility as compared with other beds

of St. Bernard Parish, and for this reason it was considered that, for

tbe purposes of the investigation, it was not advisable to devote to

tbeir examination time which could be more profitably spent in the

study of those beds which were in active use and which therefore pre-

sented problems of more immediate importance. In this connection

incidental mention may be made of the gregariousness and the general

lack of ejiterprise of the oystermen of this district, who, in the latter

part of the season, often spend upward of two weeks in loading their

boats in Three-mile Bay, rather than leave their fellows and famiUar

ground to sail 20 or 30 miles to tbe southward, where they claim they

could secure their fares in three or four days.

The district covered by the field work extends from Mississippi

Sound on the north as far as Morgan Harbor on the south, and from

Cbandeleur Sound to tbe zone wliere the water becomes of such slight

salinity as to be fatal to oyster life. Within the limits of the reconnais-

sance this zone accords approximately with the meridian passingthrough

Lake Borgne light-house, in Mississippi Sound the oysters extending a

mile or two west of that limit, while in the marshes they are all east of

tbe line. Tbe area covered by the reconnaissance was about 200 square

miles, comprising a large part of the "Louisiana Marsh." The land

is low, rarely rising more than 18 inches above the level of ordinary

high water, but in a few cases shell-banks have been thrown up by
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wave-action, thus producing the maximum land elevations, in no case,

perhaps, more than 3 or 4 feet above tide. During storms the entire

land area may be flooded, and in the disastrous hurricane of 1893 it

was covered by from 8 to 12 feet of water. The soil is a stiff mud or

blue clay, covered with a sparse growth of coarse grasses and scattered

tufts of Saliconiia. Along the bayous there are clumps of mangrove
bushes, but with the exception of several crab trees on Mud grass

Island, there is probably not in the whole dreary expanse a plant

reaching a height of 10 feet, nor is there a single human habitation.

The land constitutes a low-lying archipelago of irregular islands

separated from one another by shallow bays, muddy lagoons, and tor-

tuous bayous, the area of the water being somewhat greater than that

of the land. The bayous are of two classes, rather broad, short, deep

passes, like Mne-mile Bayou, Three-mile Bayou, and Deep Pass, which

serve as the main avenues of tidal flow to and from the interior bays,

and long, narrow water courses which characteristically run lengthwise

of the islands, as is seen in the cases of Door Point Bayou, Dead Man
Bayou, etc. The bayous of the first class have generally a depth of

from 18 to 42 feet, those of the second class from 5 to 12 feet, and all are

more or less obstructed by bars across their mouths. The bottoms of

the bayous are almost invariably composed of soft mud.
The bays, with the exception of several of those opening into Chan-

deleur Sound, communicate with the outer waters by narrow mouths.

Their floors are comparatively level and, with one or two exceptions,

are composed principally of soft mud, with scattered ])atches of hard

mud and sand, usually so small in area as to be negligible in plotting

the soundings. The depth of water is generally from 3 to 6 feet,

although in some of the bays, particularly those to the eastward, there

are channels through which a considerably greater depth can be carried.

The lagoons are very shallow, small-mouthed, blind bays, like Blind

Pass and Grecque Bayou, with soft bottoms largely exposed as mud
flats at low water.

Blind Pass, Nine-mile Bayou, and False-mouth Bay.—Blind Pass

marks the western extension of the oyster in the marshes on the south

side of Mississippi Sound. It is a shallow lagoon communicating on

the north with Mississippi Sound, on the east, by a narrow^ but deep

cut, with Nine-mile Bayou, while to the southward a tortuous bayou

establishes communication with False-mouth Bay. It consists largely

of a nnid-flat, exposed at low water, with oysters of lather inferior

quality sparingly scattered over the bottom.

Nine-mile Bayou is about 2.^ miles long to its main entrance into

False mouth Bay and has a width of from 100 to 300 yards. At its

mouth there is a depth of about 18 feet, which rapidly shoals outwardly

to Oi or 7 feet. In the bayou the depth ranges from 17 to 39 feet, the

average being about 24 feet. The bottom is soft, excepting that i)ortion

lying opposite the small island at the southern end, where hard mud
was found. There are no oysters in this bayou.
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False-inoiitli Bay covers about 11.3 square miles. It connects with

Mississippi iSoiuid by means of Niuo-mile Bayon, and to the eastward

opens by a wide mouth into the passajic between Raccoon and Mud-

grass islands. The bottom is composed of hard mud of a somewhat

clayey character, resembling- that on the surrounding islands. The

<lepth is almost uniform, in the northeastern part being from .'5 to -Vf

I'eet an<l elsewhere from 4 to 5 feet. The density in the middle of Feb-

ruary varied from 1.0048 to 1.0060 in the several parts of the bay, the

temperature at tlie same time ranging between 10.5° C. (61.7° F.) and

10° O. (66.2° F.). The water is less saline than elsewhere in the marsh,

owing to its proximity to the main sources of fresh water, the Pearl

River and the discharge from Lake Pontchartrain.

There are very few oysters in False-mouth Bay, and those discovered

by the reconnaissance were found fringing the three islands shown on

the chart, as a scattering growth of single oysters of fine shape, round,

deep, and about inches long. The amount of young growth was

small, a few oysters about 2 to 2i inches long being found attached to

the old ones, to clam shells, and lying singly on the mud. A very small

amount of spat was attached to the clam shells which fringe the north-

east shore of the southernmost island. All of these oysters, both large

and small, were extremely fat, but their flavor was insipid owing to the

low salinity of the water. The oystermen state that the oysters are

always fatter here than on the beds to the eastward, and that they are

kept "cleaned up" by the boats which aim to carry the best oysters to

the New Orleans markets. It is the custom of the oystermen to paddle

around the shores when the water is clear and smooth and pick up with

nippers the oysters which can be clearly seen. In December, 1897, a

small bed was found in the northern part of the bay, but a number of

boats went to work upon it and within a few days it was reduced to a

state of practical extinction and we were unable to find any remnant
of it.

An examination of the bottom by means of the dredge and tangles

showed it to be remarkably clean and free from debris of all kinds. A
few crabs of small size, several species of lamellibranchs, and numerous
worms were the only living forms found on the hard bottom. Enemies

are probably extremely rare, although it is jiossible that the drumfish

might cause damage upon beds of planted oysters. The conch was not

found at all, although it is not uncommon in the neighboring waters

of Three-mile and Nine-mile bays. The boring clam {Martesia) is com-

mon, but it is less abundant than in the more saline waters, and in any
case it would not prove detrimental to the oyster.

It seems probable that the scarcity of oysters in False mouth Bay is

due in a large part to the lack of suitable places of attachment for the

spat, and if this be so there is but little doubt that productive beds

might be established by planting shells, together with a sufficient

number of brood oysters to furnish fry. We found here the largest

area of firm bottom discovered anywhere within the limits of the recon-
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naissance. In most other parts of the district the hard bottom is dis-

tributed in small patches, lying- like islands in the midst of soft mud,

but in False-mouth Bay the shells and seed could be deposited almost

anywhere without danger of becoming engulfed. The amount of oyster

food is larger than almost anywhere else in the district, the average

uumber of diatoms in each liter of water 1 foot above the bottoiu being

about 22,000. The extreme fatness of the oysters is also ample evidence

of the abundance of food, although, of course, the amount available

for each individual would become less if planting were extensively

undertaken. The chief drawback to planting lies in the low salinity,

which, as before stated, detracts from the flavor of the oyster, and if

not corrected during the spawning season would also militate against

the production of young. Without doubt, however, there is an increase

in the density during the late spring and summer, when fry abound.

Material to serve as cultch or collectors for the attachment of the young

oysters might be obtained from the island in the extreme southern part

of the bay, where the shore is covered by a mass of clam shells more

or less finely broken up. The smaller particles of shells are too small

for use, as the action of the storm waves in the shoal waters of the

bay would tend to carry them away; but many of the shells are entire,

and these, together with the larger fragments, should make excellent

cultch.

Nine-mile Bay.—This body of water lies east of Pirate Point and

west and northwest of Raccoon Island. It is continuous with Three-

mile Bay to the eastward, and in its northwest corner it communicates

with Nine-mile Bayou by a channel in which the depth varies from 10

to 21 feet.

North of Ninemile Bay and in communication with it lies South

Bayou, a lagoon- like body of water, very shoal and with no oyster-beds.

The depth of water in the bay is between 4 and 5 feet, and the bottom

is composed principally of soft mud. The density on February 14 was
about 1.0060, and the temperature at the same time was about 17° C.

(62.0° F.). The oysters are obtained principally in the eastern part,

between Raccoon Island and the opening to South Bayou, being gen-

erally single, much scattered, and of rather good shai)es. These beds,

like those in Three-mile Bay, are much worked, and late in the season

are composed principally of cuUings. There is a small bed of scat-

tered oysters just oft' the southeast point of Pirate Point, which appears

to have been established, or at least largely sustained, by artificial

means as a result of bedding oysters for "fattening" purposes, the

culled young growth and shells being carefully returned to the water to

serve as seed and cultch, the product of which becomes available for

market in subsequent seasotis. This place is claimed by oystermen to

possess remarkable ])roperties as a fattening-ground, but as the oysters

are brought from the denser waters to the eastward and exhibit their

improvement within 24 hours from the time of bedding it is probable

that the process is one of bloating rather tlnui of fattening.
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small bed of oysters is found in the soiitlieastcni branoli of Nine-

mile Bayou, about the middle of the second reach from Nine-mile Bay,

on the west side of the channel. It is from 30 to 50 yards long, and
extends to about the middle of the l)ayou. It contains some single

oysters of good shape and quality an<l many dead shells.

Thrco-mile Hay.—Three-mile Bay is the most iuiportant oyster region

in St. Bernard Parish, not because its beds are more extensive than
those of other parts of the Louisiana Marsh, but because of its accessi-

bility from New Orleans and the cities on Mississippi Sound. Nearly
all of the boats enter the marsh at Three mile Bayou, whatever may
be their ultimate destination, and it is to this place also that oyster-

freighters resort to secure their fares from the luggers and other craft

engaged in the active work of oystering.

Three-mile Bay lies between Three-mile Bayou (by which it commu-
nicates with Mississippi Sound) on the north and Raccoon Island on the

south, its eastern and western limits being Nigger Point and Shell Point,

respectively. It covers an area of about 7.3 square miles. In Three-

mile Bayou the depth of water reaches a maximum of about 40 feet,

the channel gradually shoaling as it enters the bay, over the greater

part of which the depth ranges from 4 to 6 feet. In some places a

dejith of 3 feet or less is to be found, but in general such shoal spots

are less common than in West Karako Bay. The average density of

water during February was about 1.00G5, and the temperature was about
170 0.(62.0° P.).

The bottom is composed of mud of varying degrees of softness.

There are a few small areas of hard bottom, but these are principally

upon old oyster-reefs, and are now used by the oystermen as beds on
which to deposit their catch pending the completion of their cargoes.

The softest bottom is found in the southern part of the bay near Rac-

coon Island, where the mud is entirely too soft to utilize for planting,

but places in the center of the bay might be used, although on account

of the danger of sufitbcation in the mud the oysters could not be planted
very thickly. The amount of oyster food contained in the water is

large, and, especially in the northern part of the bay near the inlet, the

currents are comparatively strong. Originally, we were informed, the

natural oyster-beds in this bay were dense and extensive, but as a

result of the persistent "working" to which they have been subjected

during the past few years the dense, well-defined reefs have entirely

disai)peared, and have been replaced by a scattering growth of more
general distribution. The clusters are kept broken up by the ]Drocess

of culling, with the result that the separated oysters show considerable

improvement in shape, condition, and flavor over their original state.

Tliey are usually either single or in clusters of from two to four; they

are rather elongate, moderately fat, of fair flavor, and comparatively
free from extraneous growths, such as mussels and algte. On the very
soft mild near Ilaccoon Island, in the southern part of the bay, the

oysters are extremely long and in clusters overgrown with mussels.
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Early in the season and until about January or February there is a

rather large proportion of marketable oysters, but later these become

caught up, leaving practically nothing except dead shells, spat, and

young growth. This was essentially the condition of the beds at the

time of our examination, and after the middle of February it took about

three times as long to catch a barrel of oysters as it did early in tlie

season, and in the latter part of the month most of the fleet which liad

been oystering there were forced to move farther into the interior. By
the time the next season opens many of the young oysters which have

been culled oft' will have reached a suitable size for market, and the

providence of one year thus insures the plenitude of the next. Were
it not for the moderate care with which the oysters are culled and the

young ones and the dead shells returned to the beds whence they were

taken, it is impossible that these beds sliould have so long sustained

the demands made upon them. Were it the custom here, as it is in

certain other parts of the State, to carry off the young for seed, the

phenomenon of the annual recuperation of beds previously exhausted

of their marketable stock would not be witnessed.

Not all of the boats cull their catch as carefully as they should.

Those which carry their oysters to New Orleans and other markets for

sale as <' shell stock," from motives of self-interest exercise due care,

for imperfectly cleaned and separated oysters bring a lower jirice than

those which are well culled and free from extraneous growths of bar-

nacles, mussels, and young oysters. The chief difficulty is with those

boats which catch oysters for the canneries, located principally without

the State, where the presence of small oysters is not objectionable.

It is reported that dredges have worked in Three-mile Bay, but the

conditions are such that it is probable that this practice was never

extensive.

West Karal<o Bay.—West Karako Bay embraces about 9 square

miles, included between Crooked Island and the land masses embracing

Johnson Bay and its connections, and between the Raccoon Islands

and Shell Island. Its greatest extent is east and west. The bottom

resembles that of Three-mile Bay, being composed principally of soft

'Giud with patches of hard mud at wide intervals. The depth over most

of the bay ranges from 4 to G feet, but there is a maximum depth of

Si feet in the channel running from Dead Man Island to the cut north

of Shell Island, and there are also a number of shoal spots upon which

the depth is less than 3 feet, these shoals usually being covered with

oysters. The average density of the water is about l.OOGo.

The oyster-beds in this bay are more extensive than in Three-mile

Bay, and there are also several well-defined reefs which can be charac-

terized as dense. One of these lies south of Dead Man Island and two

others lie west of Shell Island, about ojjposite its northern and south-

ern points, respectively. The oysters on these reefs are of moderate

size and in clusters of from G to 20. North, northeast, and east of Dead
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Man Island, as far as the mouth of Picnic Bayou, are patches of scat-

tered oysters in clusters. No attempt is made to indicate either

their size or location on the chart, although they are sliown m toto

over the area mentioned. There are other beds of scattering growth,

the limits of which are l)etter defined, and these are i)lotted with some

approximation to correctness. All of these oysters are of the same
general character, being in clusters of from G to 20, rather thin-shelled

and ehmgate, approax^h.ing in general the raccoon type, and in some

parts of the bay they ajjpear to be more or less imbedded in the mud.

They are to some extent clothed with brown alga, especially in that

part of the bay lying east of Dead Man Island, and many of tlie clus-

ters bear a few mussels and barnacles. The amount of young growth

is large. At the time of the examination most of these oysters were

but moderately fat, and some of them were quite poor. They show
many of the features exhibited by virgin beds, and their quality would
doubtless be improved by more extensive working, jirovided that proper

culling methods were practiced. West Karako Bay is resorted to by a

number of boats, especially by those engaged in taking oysters for the

canneries, and late in the season, after the beds of Three-mile Bay
become depleted of their more desirable oysters, some of the oystermen

engaged in the "shell trade" also work there.

Jolinson Bay and Johnson Bayou.—Johnson Bayou is about 2 miles

long, communicating at its southern end with an intricate series of

bays and lagoons lying north of West Karako Bay. At the entrance

from Mississippi Sound the depth of water is about 6 feet, but inside

it deepens to 12 or 14 feet toward the west bank. The bottom is

composed of very soft mud. It contains a very scattered growth of

oysters throughout its length.

Johnson Bay is the easternmost and largest of the several bodies of

water communicating with the bayou. It contains about 1.3 square

miles. The bottom is principally soft mud, and the density was about

1.0002 during the first week in February.

There is a scattering growth of good oysters all around the shores,

and a few also occur in the middle, where there is also an old, exhausted

reef, the crest of which is dry at low water. It is about 150 yards long

and 100 yards wide, and it constitutes the most extensive area of hard
bottom in the bay. It could be utilized to advantage for planting. At
the time when this bay was examined there were seven schooners

oystering there, the captain of one of which stated that the oysters

were much scarcer than formerly and that it took him from 10 to 17 days

to get a load of 120 barrels. The oysters are gathered by small boats,

of which each schooner has several, which go into the small bayous and
alongshore, where they i)ick them up in the shoal water.

In the southern part of the irregular bays west of Johnson Bay
there is a bed of scattered oysters on the soft mud in a depth of from

1 to 3 feet. They are generally in clusters of from 3 to 15, mostly of

medium size, with a good growth of young oysters and some spat,
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and more or less overgrown with mussels. It is stated that tbere is a

scattering growth all over the irregular lagoons to the northward.

The density on the bed examined was 1.0066,

JiJast Karulio Bay, Northwest Jack Williams Bay, and Picnic Bay.—
East Karako Baylies between Shell Island and Deep Pass, the-former

separating it from West Karako Bay and the latter placing it in coiu-

munication with the waters of Chandelenr Sound. It embraces about

7.4 square miles, its greatest extent being in a north-and-south direc-

tion. In the northern half of the bay the deptli varies from 2^ to 4

feet, the bottom being composed principally of soft mud, often mixed with

sand. Along the southern side of tlie island in the northern part,

there is considerable hard mud and sand interspersed with soft mud, and

also a few patches, more or less limited in extent, in other places. In

the southern half of the bay the water averages somewhat greater in

depth, being from 4 to 7 feet. A channel runs from the northern point

of Shell Island toward the mouth of Deep Pass, the water reaching a

maximum depth of 16 feet near the point projecting into the southern

end of the bay, and there is also some deep water near the upper

entrance to Deep Pass. In this part of the bay the bottom is composed

of soft mud almost exclusively. The amount of oyster food is very

great.

In East Karako Bay there are about eight oyster reefs which are

either awash or exposed on their crests at low water. On and near

these crests the bottom is invariably hard, being composed of a mac-

adam of sand and ground-up clam and oyster shells closelj" compacted,

with entire shells lying upon the surface. As a rule these ridges are

long and narrow in their exposed portions.

Near the crests of the reefs there is usually a scattering growth of

young oysters about 2 to2i inches long, together with a few large ones,

and considerable quantities of spat are attached to the dead shells,

which, from the combined action ofthe sun and waves, are usually bright

and clean and admirably suited to serve as cultch. The young-growth

oysters are usually single or in small clusters, and are well shaped and

flinty shelled. Away from the crests of the reefs the bottom becomes

gradually softer, finally merging with the surrounding mud, and as the

bottom changes there is also seen a modification in the characters of the

oysters. They occur in larger clusters, usually containing from 6 to

10 adult individuals; the shells lose their flintlike api)earance ami

become dark brown and more or less overgrown by a dark-brown sea-

weed, which appears to be especially abundant in the southern i)art of

the bay. These oysters are invariably flat, thin shelled, and tlie largest

of them are usually not more than .5 inches long. Excepting a bed otf

the long point on the eastern side, all of the oysters in East Karako Bay
are inferior in fatness and flavor and are rarely taken by the oyster-

men. They mark the extreme condition toward which those in West
Karako Bay indicate a tendency, and no doubt represent the primitive

state of most of the oyster-beds of this region. If these beds were
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worked, there would doubtless result an improvement in tbe quality of

the oysters, due to the breaking up of tlie clusters and the tliinuing out

and better distribution of the individuals. It would be distinctly

advantageous if many of these oysters could be gathered as seed and

l)lanted elsewhere, under restrictions advocated in the recommenda-

tions attached to this report, thus producing not only an improvement

in the character of the plants, but also in the environment of those left

upon the natural beds.

There are several places in the bay where the growth is quite dense,

and over considerable areas there is an average of from to 8 clusters

of from 3 to 8 adult oysters each per square yard. Surrounding these,

and more or less connecting one dense area with another, there are

scattered clusters lying on the soft mud. The com[)aratively few oysters

taken from the beds in this region are used exclusively for steaming,

and the alga, which often grows in luxuriant tufts on the shells, detracts

from the value of the oysters for this purpose, as it is extremely difficult

to prevent its filaments from becoming mingled with the "meats."

Northwest Jack Williams Bay is a northern extension of East Karako
Bay, and it bears the same general characteristics as are found in the

northern part of the latter. Its density is about 1.0110, the depth of

water is from 2i to oj feet, and the bottom is largely composed of soft

mud. Two beds of oysters were found—ojie in the center of the bay,

where there are scattered clusters on the soft mud, and another around

a shell island in the eastern part, the latter resembling the exposed

reefs described above. There is also a scattered growth along the

southwest shore.

Picnic Bay extends westward from the bay just described, and at the

strait connecting the two is a small bed of oysters which extends for

some distance into the southern part of Drum Bayou. There are also

a few oysters scattered all over the bay, the mud there being very soft,

with a number of dead shells imbedded beneath the surface. They are

long, narrow, and sharp-edged, and grow in clusters, bearing mussels,

barnacles, and tunicates. The shells frequently contain dark vesicles

filled with black mud. The density in this bay was several degrees

lower than in the neighboring water, being but 1.0070. I'he depth

rarely exceeds 2^ feet.

Drum Bayou and Turkey Bayou.—Drum Bayou is a long, narrow
channel leading from Mississippi Sound southward to Picnic and North-

west Jack Williams bays, and giving off a branch westward to Turkey
Bay. The depth of water ranges from 5 to 10 feet, with about 3 feet

on the bar across the mouth. The density is about 1.0105 and the bot-

tom is mostly soft mud. There are some large single oysters ia the

channel, together with many dead shells and some young growth, and
at low water occasional large clusters of raccoon oysters are exposed
along the banks. The oysters in the channel are rather long and nar-

row, but at the time of examination were in fair condition and of good
flavor. The creek leading into Turkey Bayou possesses the same gen-
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eral features as the main stream, but lias a depth of from 1 to 3 feet.

ItcoDtaius oysters of fair quality, both single and in clusters of from 3

to 10, some of them being very large.

In Turkey Bay, the large lagoon discharging through Turkey Bayou,

the depth of water varies from 13 to G feet, the bottom being generally

soft and muddy and the density about 1.0076. There are three areas

of scattered oysters, one lying in the channel between the eastern shore

and a small island, another being about a quarter of a mile from the

entrance to Turkey Bayou, and the third beginning opposite the chan-

nel opening to the westward and extending southward for about three-

eighths of a mile. The latter bed is the largest of the three, and near

the mouth of the creek there are some oysters, of good size and quality.

This creek also contains a scattered growth of oysters, which becomes

dense in the branch running to the northward, where the oysters are

large and fine.

Orand Pass, Bayou Grecque, and Shrimp Bay.—Grand Pass (Oyster

Bay) has an area of about 1.8 square miles. It opens on the north

into Mississippi Sound and on the southeast toward Chandeleur Sound.

The depth is generally between 2J and 5 feet, but deeper water occurs

on the west side of the small island in the northern part of the bay,

where soundings of from 12 to 16 feet were found. Excepting in the

vicinity of the oyster-reefs and in places along the shore, the bottom is

composed of deep soft mud. The density during the first week in

February averaged about 1.0100 and the temperature was about 10.5°

0. (50.9° F.).

There are eight oyster-reefs in the eastern part of this bay, several of

them being partially exposed at low water. A scattering growth of

marketable oysters also occurs in the shoal water along the eastern

shore, and on the middle third of the western shore we found a corre-

sponding development of young growth. In the latter locality every

shell or other hard body in the water has young oysters attached to it

in clusters, and there is no doubt but that by exposing suitable cultch

around the edge of the marshes, as is done at Bayou Oook and Whale
Bay, important and productive spatting-grounds could be established

and a supply of seed thereby secured which would be independent of

the natural beds. It is stated that considerable quantities of oysters

were to be found formerly in the center of the bay, but that they had

been exterminated by the dredges which operated there. At present

there are practically no oysters and very few shells to be found away
from the sliores aiul reefs, but there is, of course, no indication of the

means by which they were caught n\) if they ever existed in other i)arts.

Oystering here appears to be confined to the vicinity of the exposed

reefs and the shoal water along the eastern shore. The oysters at the

time of our examination were rather poor in shape, of moderate size,

and inferior in fiavor and fatness. They are usually found in small

clusters. The conch is the most troultlesome enemy with which the

oys^ters have to contend in this vicinity. It is rather more common
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and destructive here tluiii iu the waters farther removed from Missis-

sippi and Chaudeleur sounds.

In tlie extreme southern part of the bay there is a very scattering

growth and in the mouth of Jack Williams Bayou tliore occurs a bar of

raccoon oysters, partially exposed at low water. Kaxtcoon oysters also

occur along the shores between tide marks throughout the length of

the bayou and in the small, muddy ditches opening into it, and in the

channel are scattered clusters of oysters which are fairly fat and
superior in flavor to those which are found on the beds of Grand Pass.

From the southwest part of Grand Pass a tortuous, narrow, and in

some places deep, bayou leads south to a series of shoal lagoons, the

entire chain constituting Grecque Bayou. The lagoons have an aver-

age depth of about a foot, with a few holes 2 to 3 feet deep in places,

and extensive mud-flats around the margins. The bottom is usually

very soft. The density varies from 1.0107 in the ponds near the

entrance to 1.0119 in those at the end of the chain, the flow of water
through the long, narrow communication with Grand Pass being

apparently insufiicient to compensate for the increased evaporation on
the shallow mud-flats. Over the greater part of these lagoons there

is a very scattering growth of large and rather good oysters on the

mud, and there is also a scattering fringe of raccoon oysters on the

edge of the marsh. The oysters in Bayou Grecque are taken by small

boats and carried to the schooners iu Grand Pass.

Shrimp Bay and Southeast Jack Williams Bay.—Shrimp Bay lies

southeast of Grand Pass, with which it has direct communication by
means of the upper part of Jack Williams Bayou. Its depth varies

from 1 foot in the northern and eastern parts to about 4 feet at the

southern end, wliere it opens into Southeast Jack Williams Bay, together

with which it has an area of 1.7 square miles. Its density on February
3 was 1.009G. This bay contains five oyster-reefs, exposed at low water,

with a scattered growth of oysters surrounding each. Near the reefs

the bottom is hard from the accumulation of ground-up shells and sand,

but elsewhere it is soft, and in the northern half of the bay with a hard
substratum of dead shells about a foot beneath the surface. This por-

tion of the bay appears to have been at one time an extensive oyster-

bed, which has been largely destroyed by an accumulation of mud
thrown down, some of the oystermen claim, by the great storm of 1893,

and the reefs, which have been already mentioned, and several patches

of oysters along the northeast shore, are now all that remain. There
are also oysters in the bight on the eastern side of the bay, scattered

more or less sparsely over the mud-flats and near the small islands

forming an exi)08ed bar.

Upon the reefs the oysters are small and of the clustered raccoon

type, but in the slightly deeper waters surrounding them there are

some single oysters of good shape, but not very fat. In Southeast
Jack Williams Bay, which consists of a larger western and a smaller

eastern arm, there are very few oysters, although the i^resence of shells



62 REPORT OF COMMISSIONER OF FISH AND FISHERIES.

beneath the surface of the mud iudicates the submergence of beds

formerly existing there. In the eastern branch there are a few shells

lying on the surface of the mud, and in tlie lagoon at its southern end

there are raccoon oysters along the banks and a few clusters in the

channel in about 5 feet of water.

In the bay the depth is from 2 to 3 feet, the bottom being comjiosed

of soft mud. The density in the eastern arm was 1.0107 and in the

western 1.0094.

Cranetown Baij.—This bay, which lies between West Jvarako Bay
and Southwest Pass, has an area of 2.7 square miles and a depth of

between 3 to 6 feet, except near the mouth of Elephant Pass, a

broad bayou having a maximum depth of 30 feet, by which it com-

municates with Ohandeleur Sound. The bottom over most of the

northern and eastern parts of the bay consists of soft mud, except upon

and near the exi)osed crests of the reefs, but toward the middle of the

west shore there is a considerable area of hard mud and sand. Being

in such intimate connection with the outer waters via Deep Pass and

Elephant Pass, it is not surprising to find that the water here is denser

than on most of the other oyster-beds of St. Bernard Parish, ranging

from 1.0139 to 1.0163. The amount of oyster food, as measured by the

number of diatoms, is small. The currents are rather strong.

In the northern part there are several dense beds of oysters, which

have their crests bare or awash at low water. Surrounding these, as

well as on the west side, there is a scattering growth of oysters in

clusters. In general character these beds resemble those of East

Karako Bay, the oysters being inferior both in shaj)e and flavor. Near

the crests of the reefs there is a considerablequantity of young oysters

in small clusters attached to dead clam and oyster shells.

On the northeast shore, in the small bay between Deej) Pass and
Elephant Pass, there is a bed of scattering oysters in small clusters.

These are of fair size and fatness, and in general somewhat sujjerior to

the other oysters in the vicinity. A scattering growth of rather large

oysters and many dead shells are found in the mouth of the bayou
opening into the southwestern part of the bay. These are the fattest

and best oysters in the vicinity.

Kerchimbo Bay lies west of Cranetown Bay, with which it communi-

cates by the bayou just mentioned. It opens southward into South-

west Pass, westward by an artificial cut into East Karako Bay, and

northward into the same bay by a bayou containing a few good-sized

oysters and many dead shells. The depth of water is about 3i feet,

excepting near its upper end, where there are barely 2i feet in the

channel. It contains several old reefs composed of dead shells and a

scattering growth of rather poor oysters of medium size. According

to the testimony of the oystermen there are good oysters scattered all

over Kerchimbo Bay, but the reconnaissance did not discover them.

Southice.st Pass.—This is a long, narrow body of water stretching

from Cranetown and Jverchimbo bays on the northeast to the entrance
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to Drum liay on the southwest. It is about 1) miles long and its width

varies from i to 1.^ miles, the averaji,e being' about } mile. The area

is about 7.9 s«iuare miles and the depth is generally between 3 and 4

leet, although deeper water is found near the island in the center and

some of the oyster-beds are in a depth of less tliau 2fi feet. There is

considerable hard bottom, and in the southern two-thirds hard mud
is the predominating characteristic. The density is somewhat greater

in thenortliern part of the bay, Avhere it averages about 1.0120 as com-

pared with an average of 1.0084 in the southern part, this difference

appearing to be due to the closer communication with the exterior

waters in the north and with the interior bays and bayous, by way of

Catfish Pass, in the south. The water contains a fair amount of oyster

food, more than Brum Bay but less than either East Karako or Indian

Mound bays, which lie to the north and west, respectively. There are

good marketable oysters distributed throughout practically the entire

length of Southwest Pass. In most cases the growth is scattering, but

north of the island, near the center of the bay, is a reef, on which there

is a dense growth of small oysters in clusters, together with a few good

ones of medium size and some dead shells. This appears to bean old

reef, from which the marketable oysters have been nearly all removed,

but its condition is such that it will again be productive within a year

or two. There is a scattering growth of oysters, in clusters of from 3

to 5, extending eastward from the denser portions of the bed.

A scattering growth also occurs near the shores of the island, and
just south of it there are small patches distributed over the bottom,

none of them being extensive enough to be called a bed, but constitut-

ing in the aggregate quite a large body of oysters. In the southern

half of the pass there is a growth along shore on both sides of the

channel, where the oysters are in clusters, much scattered, and all of

fair quality. These beds appear to be rather extensively worked, and
it is said that large quantities of oysters have been taken from there

to the markets and that prior to the Nita crevasse in 1890 they had
been almost exterminated by excessive tonging.

Brum Bay.—Drum Bay lies southeast of Southwest Pass, with which

it communicates by a broad pass at the western end. Including the

waters as far east as Keelboat Pass, the bay embraces about 12 square

miles. North of Drum Bay, and separated from it by a long, irregular

island, there are two shallow bays having together an area of about 1.7

square miles. The water in Drum Bay is from 3^ to feet deep, the

general depth being greater to the eastward, where, between the two
islands lying northwest of Keelboat Pass, there are 19 feet of water in

one place. In the composition of the bottom hard mud predominates,

but it is interspersed with areas of soft mud. The density varies from
1.0101 near the western pass to about 1.0150 in the eastern part, near

Keelboat Pass. The amount of oyster food, as determined by an
examination of the water, appears to be small.
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There are oysters scattered all over this bay as far as the entrance

to Chimney Bay. There is one very dense bed about ^ mile long and
i mile wide lying near the center of the bay, and northwest of it lies a

smaller reef, where the oysters are equally dense. Upon these beds

the oysters are in clusters of from 3 to 10, of the raccoon type, poor in

shape, condition, and flavor. These beds are not worked and there are

about 18 inches of water on their crests at low tide. There is a scat-

tering growth of oysters over a large part of the bay to the westward

of the reefs just described, especially along the shores, and lying across

the narrowest part is a bed of clustered oysters of fair quality. The

best oysters, so far as flavor and condition are concerned, are found on

a small bed northeast of the entrance to Chimney Bay, but the growth

there is very scattered and the bed is apparently nearly exhausted.

A dry shell-reef lying north of this bed is now extinct as an oyster-

ground, being composed entirely of dead shells, and it is stated that a

bed of excellent oysters formerly existed between the two islands to

the eastward, but that it was exterminated a number of years ago by
tonging. No indication of it now remains.

In Julius Pass, in some parts of Scow Pass, and in Chimney Bay
there are, according to the statements of the oystermen, a few scatter-

ing oysters, but except the former these waters were not examined.

There is a scattering growth in the two bays north of Drum Bay, where

the water is very shoal and the bottom muddy. The amount of young
growth in Drum Bay is fair. The clusters are overgrown to a slight

extent with alg«, barnacles, and mussels.

California Bay.—In the head of California Bay the depth varies from

3 to 5 feet and the bottom is composed almost entirely of hard mud.
Excepting at the mouth of Dead Man Bayou, there are no oysters, but

several beds of dead shells were found. At the mouth of the bayou
there is a scattering growth of fine, large, single oysters of excellent

flavor and fatness. Formerly such oysters were found throughout

the bayou, and we were informed that in the winter of 1890-97 about

2,000 barrels were carried away from this place, and our soundings and
examination showed that practically none are left.

Fox Bay contains a few scattering oysters near its eastern end, and
there is a small bed in Redtish Bend near Elephant Pass.

Indian Mound Bay.—This is the largest body of water in the Louisiana

Marsh and it contains more good, marketable oysters than any other

of the bays within the limits of this reconnaissance. It lies between

Crooked Island and Catfish Pass and between Mudgrass Island and
the long island forming the western side of Southwest Pass. Its area

is about 21 square miles and its depth averages about 4 feet and ranges

between 3 and 5 feet. Its density is least in the northwestern part

and greatest m its southern part, as may be seen from an inspection of

the chart; the average for the entire bay was about 1.0070, somewhat
greater than in West Karako Bay and less than in either East Karako
Bay or Southwest Pass, with all of which it is in communication. The
amount of oyster food in the water is large.
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Practically the entire shore of this bay is fringed with oyster-beds,

and there is besides a scattering growth around the islands in the

middle. In the northeastern part, between Crooked Island and Mud-
grass Island, there is a dense bed about 5 milo long by

jl
mile wide.

The oj^sters on this bed are of good size, single and in clusters, and
quite fat, although the flavor at the time of examination was poor,

owing to the low salinity of the water. In the northeast corner of

Indian Mound Bay, there is another bed of dense growth extending in

a northeast and southwest direction for about 1:^ miles, with a maxi-

mum width of about § mile, and running oft' westward into a scattered

growth of considerable extent. This bed constitutes the largest single

body of good oysters in the region covered by the reconnaissance.

They grow principally on the mud bottom, in clusters of from 3 to 10,

their upper valves being dark with broad coriaceous edges, which
usually indicate rapid growth, the lower valves being flinty and sharp-

edged. Notwithstanding the denseness of this bed, the oysters are

generally fat aud in good order, and the flavor is excellent. There is

some growth of alga on the clusters here, but it is much less luxuri-

ant than on the beds of Karako Bay. Taking into consideration the

abundance and character of the oysters on this bed, it is but little

frequented by the oystermen, not more than two or three vessels being

seen upon it at any time during our visit. South of this bed is another

dense body of oysters of somewhat similar character, but smaller in

extent. On both beds there is an abundance of young growth and spat.

Near the middle of the northern part of the bay lies another dense

bed, fringing a long, narrow reef exposed at low water. The oysters

here are mostly in clusters and covered with a considerable growth of

alga, mussels, aud barnacles. Most of the other oysters in this bay are

more or less scattering, but in the extreme southern part, just north

of Catfish Pass, there is a dense bed of good oysters surrounded by a
considerable area of more scattered growth. Several vessels were
oystering here, and a considerable quantity of oysters is caught late

in the season, after the beds of Three-mile Bay and vicinity have
become somewhat exhausted.

North and west sides of Mudgrass Island.—These shores are largely

composed of very soft, deep mud, a condition which has a very palpa-

ble effect upon the character of many of the oysters, which assume an
extremely narrow, elongated form, and grow in inverted pyramidal

bunches, the lower members of which are immersed in the mud. On the

north shore there are three areas of dense growth. Two of them are

situated near the northwestern point of the island, on moderately hard

mud, the oysters being large and single or in small clusters, with an
abundance of spat attached. The third bed lies in a deep bay near the

western end of the north shore, close to the point the oysters being of

fair shape and quality, but on the soft bottom which constitutes by far

the greater part of the bed tliey are long, narrow, and sharp-edged as

described above.

F. R. 98 5
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Near the middle of the west side of the island, lying in a cove, is a

dense bed of rather good, large oysters on hard bottom. There are few

barnacles here, but mussels are abundant. The rest of the oysters oq

the west side of the island are of the kind described as characteristic

of the soft bottom.

Treasure Bay, Mussel Bayoii,and vicinity.—Tlie waters included under

this heading, except a jjortion of Treasure Bay, are not shown upon the

accompanying chart, inasmuch as a proper survey has never been made.

They embrace an intricate system of shallow bays and bayous lyiug

southwest of Indian Mound Bay. Tbe bottom is almost everywhere

composed of a very soft, deep mud, and the density of the water is low.

The oysters are usually long, narrow, clustered, and rather poor in

condition and flavor. The shells are covered with great clusters of

large mussels and some barnacles, the growth of the former being

more luxuriant than at any other place in the Parish of St. Bernard.

Immediately south of Dutchman Pass there is a rather dense bed of

oysters lying in a bight behind a small island. Upon the denser i^arts

of this bed the oysters are rather small and are in clusters, but near

the edges, in the deeper water, there is a scattering growth of single

oysters of excellent shape and flavor and very fat. A limited amount
of young growth is found upon these single oysters, but the denser

growth near shore is well covered v.'ith spat. The bottom in the vicinity

of this bed is composed of hard mud.

Mississi2)pi Soimd.—There are j^robably beds of oysters scattered

here and there on the shoals throughout such parts of Mississippi

Sound as fall within the limits of St. Bernard Parish, but with the

exception of those near the entrance to Lake Borgne and in the vicinity

of Isle 51 Pitre they are rarely or never worked by the oystermen and
were not investigated by the Fish HaiiTi. Scattered oysters cover the

whole stretch between Lake Borgne Light and St. Joseph Island, but

as they lie within the limits of the State of Mississippi they are not

represented on the chart. In the deep waters lyiug between Lake
Borgne Light and Half-moon Island many small beds of oysters are

found in depths of from 7 to 25 feet, most of them being in less than

15 feet. These beds, being small and numerous, could not be definitely

located without the consumption of more time than was at our disposal,

and they are therefore indicated only in the most general way on the

accompanying chart. Upon most of these the growth was a scatteriug

one, but there was one bed lying in 8 to 10 feet of water which was
quite dense. There is another dense bed lying on the northeast side of

Half-moon Island, close inshore and in a depth of from 3 to 7 feet,

where all of the oysters were small, apparently the result of last year's

spatting, and in dense clusters. They will i)robably be fit for use in the

canneries next season, but unless broken up and transplanted they will

never be suitable for the " shell trade." This is evidently an old bed

recently rejuvenated.
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About 2 miles east of Half-moon Island lies a bed known as Grand

Bank. It is in from to 13 feet of water and extends about north and

south tor about IJ miles, with an average width of about
i|
mile. The

oysters here are in bunches, rather scattering, and of small size. It is

stated that this bed was formerly very productive, but that it has been

ruined by steam-dredges.

On the south side of Ilalf-moon Island there is a scattering growth

beginning near shore and extending out for a distance of about a mile.

The oysters here are not uniformly distributed, but occur in patches

usually of small size, although there is one large bed, triangular in shape

and measuring about ^ mile in base and altitude.

South of Grassy Island is a circular patch of scattering growth about

^ mile in diameter. About ^ mile southwest of the same island lies a

smaller but somewhat denser bed.

A dense bed, circular in shape and about i mile in diameter, occurs

southwest of Eound Island, in about 6i to 7 feet of water, and from the

southwest side of the island a very scattering growth extends for about

^ mile, where it merges with a well-defined bed.

Off the north point of Le Petit Pass Island is a bed of scattering

oysters, and on the east side there is another bed, a portion of which

is covered by a dense growth. About midway between Le Petit Pass

and Nine-mile Bayou there lies a crescentic bed, beginning | mile from

shore and stretching in a general northeast direction for about li miles.

Upon all of these beds the oysters are poor in size, shape, and flavor,

being in clusters of the raccoon type, and fit only for use in the can-

neries. At the time that these beds were visited there were a number

of vessels working upon them with tongs, and between Half-moon

Island and Lake Borgne a steam-dredge was engaged in scraping the

bottom. The oystermen claim that the dredges have caused much
harm in this vicinity. The water here is always comparatively fresh,

owing to the discharge from the Pearl Elver and Lake Poutchartrain,

and apparently the oysters are sometimes killed by the low salinity, an

explanation which would account for the existence of beds composed

entirely of young growth on old, dead shells. In the latter part of

February the average density of the water north of Half-moon Island

was 1.0012, and south of the island it was 1.0028. This was without

doubt lower than normal, as the readings were taken immediately after

a period of heavy rainfall. It is doubtful if the oysters could with-

stand such a low density for any considerable period, and they probably

do so for a limited time only by tightly closing their shells against the

admission of the objectionably fresh water. It was noticed that certain

marine animals, notably species of worms, were either dead or dying

on the beds north of Half-moon Island.

There is a small bed of oysters just at the mouth of Turkey Bayou,

and a considerably larger bed, now almost exhausted, lies about ^ mile

offshore, midway between Drum Bayou and Grand Pass.
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Lying south and southwest of South Shell Bank and stretching as

far as the north of Grand Pass there is an extensive oyster-bed known
as Cabbage Eeef. It receives its name from the abundance of the

seaweed ulva, known to fishermen as "sea cabbage." The growth on

this bed is very scattering and it appears to be rarely worked by the

oystermen, although formerly it was an important oyster-ground. It

is stated that the oysters here were nearly exterminated by the conchs,

and that most of those not so destroyed were covered with mud and
sand during the great storm of 1893. Practically continuous with this

bed there is a moderately dense growth skirting the north shore of Isle

a Pitre and extending more or less into the bayous, as far as the edge

of the deep water lying to the westward of Deep-water Point. Most

of these oysters, both along shore and on Cabbage Reef, are of mod-

erate size and in clusters of from 5 to 15. There are but few mussels

or barnacles, but there was in February a moderate growth of seaweed,

which is said to become more extensive later in the season. Youug
growth and spat are abundant. East of Deep-water Point there are

no oysters excepting a scattering growth in a salt pond, now closed

but formerly au open lagoon.

Chandeleiir Sound.—There are now, according to the testimony of the

fishermen, very few oysters to be found in Chandeleur Sound, although

there were formerly beds of considerable extent in several localities.

No detailed examination of this region was made, although the shores

were explored in a few places.

There appear to be very few, if any, oysters on the outer shore

between Isle a Pitre and Door Point, but there were formerly some

more or less extensive beds between Door Point and Pelican Point, as

well as in the neighborhood of Brash Island and outside of Deep Pass.

In Live Oak and California bays, around the shores of Martin, Sam
Holmes, and Mitchell Islands, there are beds of old shells where there

were formerly productive oyster-reefs frequented by oystermen. The
general opinion of oystermen is that these beds have been exterminated

by the conchs.

THE NATURAL OYSTER-BEDS OF PLAQUEMINES PARISH.

East of tlie Mississippi the oyster-beds of Plaquemines Parish stretch

from Mozambique Point to Bird Island Sound. Formerly the oyvSters

in this region, especially near Mozambique Point, were large and rather

desirable in quality, but in 1897 most of them were killed by the Bohe-

mia crevasse, and at the time that the beds were examined it was found

that Quarantine and California bays contained practically no adult

oysters, although there were a number of dense reefs of young growth,

many of which had their crests exposed at low water. The fishermen

state that the beds are now numerically far richer than before the

crevasse— a statement which au examination shows to be extremely
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probable. Nearly every old shell on these reefs bore young, and many
of them were completely covered by oysters from 1 to 3 inches long.

In their present crowded state it is not likely that these will develop

into good oysters, either as regards shape or condition, for as they

increase in size many of them will be killed by the growth and crowd-

ing of their fellows, and the remainder will show in their poorness and
irregularity the bad effects of their severe struggle for existence.

It would be of great advantage to have some of the superfluous

oysters removed. If half of those now on the beds were taken up, the

clusters broken, and the single oysters planted on suitable bottom,

there would result not only an improvement in those planted, but also

in those left upon the beds. This is one of the instances where it

would be advisable to depart from a general policy of prohibition of

the removal of small oysters from the natural reefs. Some of these

oysters were taken to the planting-grounds west of the river while the

canal was still open, subsequently to the crevasse; but that avenue is

now cut off', and the voyage around the Delta is so long as to make it

more advantageous for the planters to go to Timbalier for their seed.

It is not at all unlikely, however, that planting could be carried on

with some advantage on the east side of the river, where it is now
extremely limited in extent.

South of Bird Island the heavy discharge of fresh water from Cubits

Gap so reduces the normal salinity as to prevent the growth of oysters,

and in Garden Island Bay, where natural reefs formerly existed, the

oysters were exterminated by the Pass a Loutre crevasse. The only

natural reefs uow existing in the vicinity of the Delta are a small one

in East Bay and another in West Bay, near Southwest Pass.

West of the Mississippi Eiver the natural reefs of Plaquemines Par-

ish are limited in extent and of but little importance as compared with

the planting interests. There are a few oysters of volunteer growth in

August Bayou and in Cyprian Bay. In Chi Charas Bay there are said

to be several reefs, which give employment for a term each season

to from 30 to 40 boats. These beds are overfished, and are said to have
decreased greatly during recent years, although it is probable that they
were never very extensive.

In Bayou Cook the natural beds were long ago exhausted, and in

Bay Adam, where there were originally a number of reefs, practically

no oysters are now taken from them, although occasionally some are

caught. In Bastian Bay there are still some natural reefs from which
oysters are taken each season, but these also are said to be much less

productive than formerly, and doubtless will before long become
extinct.

In that part of Barataria Bay lying within the limits of Plaquemines
Parish there are now no productive natural reefs, and even the rem-
nants of those previously existing are fast disappearing through the

destruction and dissolution of the dead shells.
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THE NATURAL OYSTER-BEDS OF JEFFERSON PARISH.

This paiisli includes within its limits the major part of Barataria

Bay, formerly a productive oyster region, but now exhausted. Several

days were spent in examining these waters, but with one exception not

a reef was found which was not extinct from an economic point of view

and fast approaching that condition biologically. The exception noted

is in Bayou des Islettes, where there are a few fine large oysters in a

hole 25 feet deep, where they can not be reached by the tongs of the

oystermen. The reefs are all in the southern half of the bay, the

northern half having never produced oysters within the recollection of

the inhabitants, probably owing to its low normal salinity. A large

area of marsh and swamp land drains into this bay and as its mouth is

almost closed by islands the influence of salt water from the Gulf of

Mexico is not suflicient to counteract the influx of fresh water in the

north.

That this region was at one time an important one is evidenced by the

number of extinct reefs which are to be found, as well as by the testi-

mony of the inhabitants. None of these beds appear to have been very

extensive, and in this feature they resemble, in general, those in other

parts of the State, but their number makes the total area not incon-

siderable. It is not necessary to indicate the location of these reefs

other than to say that they are scattered through Caminada Bay, Bay
Coquette, Tambour Bay, Bay Joyeuse, Bay des Islettes, Champagne
Bay, along the shores and islands of Grand Lake, which is the main
body of Barataria Bay, and in Cat Bay, or Bay Devise, as it is called

locally. All of these reefs are of the same character. They are for

the most part composed of dead oyster- shells, with occasionally a large

single oyster of fine flavor and shajje. There is practically no young
growth, for which there appear two probable reasons—the dearth of

adult individuals to furnish the spawn and the absence of suitable

cultch for the attachment of the young.

The dead shells are worm-eaten and corroded by the boring-sponge

and the clam-like Martesias. They are fast disappearing and passing

into solution, and with their disappearance there will pass practically

all that distinguishes the reefs from the surrounding bottom, thus

making more and more remote the possibility of the recuperation of

Barataria Bay as a natural oyster-ground. It took nature many years

to erect these reefs upon the soft and muddy bottoms of the bay, but

a few years suffice for their destruction. Already, in Champagne Bay
and elsewhere, the shells upon the surface of the mud have disappeared,

and the location of the old reef is marked only by the shells which have
sunk into the ooze or have been buried beneath the sediment deposited

by the water. In the section of the report dealing with matters relat-

ing to oyster-planting there is pointed out a method of utilizing these

extinct reefs.

The cause of the destruction of these reefs appears to have been

overfishing in some form or other, more probably that species of improvi-
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deuce which results from lax euforcemeut of the culliug laws. There

is uo reasou for believing that the beds were exterminated by oyster

enemies, although there is uo doubt they did some harm, and no cre-

vasse has occurred during a period which would allow it to be offered

in explanation of the facts observed. Crevasses, and enemies, with

few exceptions, leave the shells upon the beds to serve as cultch and
assist nature in her efforts at recuperation; but the overzealous oyster-

man, raking seed from the natural beds, sometimes leaves not even the

shells. It is stated that for six or seven years oystering was here car-

ried on in a destructive way by men engaged in planting on other parts

of the coast. It is claimed that not only the small oysters but even

the shells were carried off, and the present condition of the beds lends

color to the belief that the statement is true, at least in part.

What has already occurred here is now taking place elsewhere, and

it behooves those interested in the oyster business of the State to cor-

rect a condition which will before long result In irremediable damage.

THE NATURAL OYSTER-BEDS OF LA FOURCHE PARISH.

The oyster regions of La Fourche include portions of Caminada and
Timbalier bays. The few oyster-beds at one time existing in the former

are now extinct and in the same condition as those in Jefferson Parish.

The two bays are connected by a canal, which furnishes the main avenue

of communication between Timbalier and the planting-grounds of

Plaquemines and the markets of New Orleans.

At its western end the canal opens into Little Lake, in which there

is an extinct reef of small size, now utilized as a bedding-ground when
the oysters in Timbalier Bay are too salt. It is not improbable that

this reef was destroyed by the fresh water discharged into the lake by
the canal leading from Bayou La Fourche, the density here being but

1.0044.

The most important oyster region in the parish is on the northeast

side of Timbalier Bay, in the vicinity of Jacks Camp, Camp Malnomme,
and Bayou Landry. At each of these places, but especially at the

first, there are considerable villages composed of the rude camps of

the oystermen built upon piles on the sea marsh. In the immediate

neighborhood of the camps the oystermen have their bedding-grounds,

upon which the oysters are stored until the cargo of the boat has been

completed.

There are reefs all over this part of the bay, the oysters being of

moderate size and good flavor. The density is about 1.0160. Upon all

of these reefs there is a good growth of young oysters, from 1 to 3 inches

long, aliout 50 per cent of the old oysters and dead shells having young
growth attached. A hurried examination of these beds indicates that

they are in a fairly satisfactory condition and not in danger of extermi-

nation unless through neglect of proper culling. There appears to be

no doubt tha4; their productiveness has decreased during the past

four or five years, and from the estimates of a number of the oystermen
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it seems that the average daily catch per man has fallen off at least 60

per ceut, and probably more. One important factor in producing this

diminution is that large numbers of young oysters are taken from the

natural reefs and planted in other parts of the State. During certain

months of the year this business is quite extensive, and the drain on

the natural reefs is very considerable.

It is immaterial for what purpose these young oysters are taken

—

whether for transplanting to distant beds or to be thrown upon the

shell pile, the effect upon the reef is the same. In one case, of course,

they are wasted, and in the other they serve a useful purpose, but in

either case the natural beds are rendered less productive and placed

one stage nearer extinction. It can be readily seen that if this removal

of the young continues, whatever may be the reason or pretext, the

time must soon arrive when there will be neither young nor old, neither

marketable oysters nor seed, upon the natural reefs. It was in all

probability some such cause as this which led to the extinction of the

reefs in Barataria Bay. There are said to be 200 boats licensed to fish

on the natural reefs of La Fourche Parish, but many of them have
lately moved into Terrebonne Parish on account of the partial deple-

tion of the beds near Jack's Camp. There are no oysters excepting

raccoons south of Grand Point, although there are some young oysters

of good shape in Champagne Bay just eastward of the mouth of Bayou
La Fourche.

THE NATURAL OYSTER-BEDS OF TERREBONNE PARISH.

Terrebonne Parish contains the most important oyster-grounds of

the State, and there are GOO boats of all kinds licensed to fish within

its borders. The oyster-producing waters extend from the eastern

part of Timbalier Bay almost to Atchafalaya Bay, where the influx of

fresh water places a limit upon the growth of the oyster-beds.

In the northern part of Timbalier Bay there is a newly discovered

oyster-bed lying in a small bay. These oysters are of rather inferior

shape, being somewhat of the raccoon type, as is often seen on beds

which have not been worked. There were 9 or 10 boats fishing here.

In Pass Felicity there are a number of beds of oysters somewhat like

those found in the vicinity of Jack's Camp. In the southern part of

Lake Felicity there are beds of long, thin-shelled oysters growing on

the soft mud along the shores. The young growth here is but moder-

ate in quantity. It is stated that the oyster-planters to the eastward

carry away shells and oysters, large and small, from these waters.

Along the northwest shore of Lake Felicity there is a reef, upon which

the oysters are in small clusters, of good size and shape, and with an

abundance of young growth. In this lake mussels are often quite

troublesome, overgrowing and crowding the oysters, and making it

difficult to cull them. The density is 1.0100.

There are oysters on the northwest shore of Lake Barrc, especially

in the places known to the oystermeu as ]\Iud Bayou, Hatchet Bayou
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(Bayou la 11 ache), and Muddy Bayou. There are a good many reefs,

but very lew oysters, in Bay Jocko, which lies between Timbalier Bay,

Terrebonne Bay, and Lake Barre. No very definite information in

regard to this region was obtained. The northern part of Terrebonne

Bay was not visited, but the following general information concerning

it was derived frora reliable sources. Oyster-reefs are scattered over

the northern two-thirds of the bay, both along the shore and out in the

middle, but there are not many as far south as Pointof-Marsh. The
water varies from 2 feet to 22 feet in depth over the oyster-beds, but

the latter depth is unusual. The water is said to be fresher than in

Timbalier Bay, a statement which seems probable in view of the dis-

charge of Bayou Terrebonne and Little Caillou Bayou into the bay,

and which is confirmed by the readings taken in corresponding parts

of the two bodies of water. In the western part of Timbalier Bay the

density was 1.0179, while at Point-ofMarsh, the corresponding part of

Terrebonne Bay, it was but 1.0128.

It is stated that fifteen years ago there were no oysters above Bayou
Lagraisse, nor in some of the small bayous of Lake Barre, and their

presence there now is supposed to be owing to changes in the drainage

due to the cutting of timber along the bayous and the washing of the

islands. The topographical changes in the region between Timbalier

and Terrebonne bays are quite extensive and rapid, and islands were

observed there in all stages of destruction, some of them cut into

pieces, others barely showing above the water, and still others whose

former positions were marked merely by shoals or by dead brush project-

ing above the surface. It appears probable that these changes might

have produced considerable alteration in the liydrographic characters,

and thus have changed the adaptability of the waters for oysters.

Some of the oysters from this bay were examined and found to be of

fair size and shape and good quality and condition. In general they

somewhat resemble those from Jack's Camp, in Timbalier Bay.

The drumfish is the principal enemy of the oyster in Terrebonne Bay,

the waters being too fresh to be very suitable for the snail [Purpura).

Mussels are sometimes troublesome in the fresher waters.

The testimony in regard to the relative abundance now and in the

past is contradictory, but it seems probable that while there may have

been an extension of the area over which the oyster is found, there

has been at the same time a diminution in numbers upon the beds whicb
have been worked. Young oysters for i^lanting purposes are now taken

extensively from Terrebonne Bay to Bayou Cook and vicinity, and the

beds in Terrebonne Bay are being worked more extensively than for-

merly, owing to the partial depletion of the beds in Timbalier. In the

vicinity of Point-ofMarsh are some extinct oyster-reefs with a few dead

shells, sponges, and other forms commonly abounding in such i^laces.

In Pelican Lake, lying immediately west of Terrebonne Bay, there

are considerable quantities of raccoon oysters on the flats. These are

not fit for the markets, but could be utilized with profit in planting.

Some of the natural reefs here appear to be approaching exhaustion,
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although there still remain on them some rather good oysters of elon-

gated form. The old shells are much sponge-eaten, and badly suited

to catch young spat.

In Wilson Bay there were formerly several very good beds upon
which the oysters fattened early in the season, but these have now
been exhausted by overfishing. A few men fished here early during

the past season, but they soon found the work unprofitable and aban-

doned the grounds for more favorable fields.

In Pass des Isles there are a few reefs of good oysters, and in the

small bayous leading off from it raccoon oysters abound. The reefs in

Lake Chieu, which were productive eight or ten years ago, are now
practically exhausted, and many of the men who fished there have gone

to Sister Lake. Here also there is no doubt that the extinction of the

beds was due to overfishing, coupled, perhaps, with laxness in culling,

especially on the part of those engaged in planting. There are still

many raccoon oysters in the bayous opening into the lake, and these

are now used as seed by the planters.

In Grand Bayou de Large there are about twenty camps between the

Gulf and Sister Lake (Lake Caillou, in part), and there are oysters all

along this stretch, in water varying in depth from 8 to 22 feet. Several

men are engaged in planting. This bayou appears to be the Bayou
Grand Oaillou of the published charts and maps, but, if so, it is very

incorrectly laid down. It is difficult to identify many of the bodies'of

water between Timbaher Bay and Oyster Bayou or Four League Bayou,

as the mapping of this region was either extremely faulty in the (first

instance or else the topography has undergone most remarkable

changes. On some maps lakes are shown where none exist; on all of

them important bodies of water are not shown at all, and many of those

indicated are incorrect, both in position and topography.

Lake Barre, which is about 8 miles long and 3 or 4 miles broad, is

not shown at all on some of the maps published under both United

States and State authority; there is no lake east of Lake Felicity;

Lake Chien (southeast of Sister Lake) is not shown on any map which

I have seen; Sister Lake (Lake Caillou) is entirely wrong in both out-

line and i)osition, and King Lake, which is practically a bay of Sister

Lake, is, with its connections to the westward, not shown at all. It

will therefore be impossible to indicate very definitely the positions of

the places mentioned, and they will be called by the names used by the

oystermen rather than those used on the maps.

In Sister Lake there are oyster-reefs at intervals along the shores, in

addition to those in the center of the lake, the oysters being generally

of good quality, the best coming from a reef near the discharge of the

lake into Bayou de Large. When first discovered they were rather

inferior in shape and condition, but, as is usually the case, the oysters

have improved in both respects, owing to the breaking up of the

clusters and the thinning out of the dense growth. It is stated that a

man can take from 4 to 8 barrels of oysters i)er day in these waters,
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and tlieie appear to be no immediate grounds for apprehension of

failure. Several of the 03'ster-reefs in Sister Lake are sometimes over-

grown with mussels to an extent that renders tonging upon them
unprofitable. The density is about 1.0120.

Bay Voisin leads from the southeast corner of Sister Lake to King
Lake, an L-shaped body of water, with one limb running east and west

and the other approximately north and south. There is one bed of

raccoon oysters in King* Lake, and there are also some very fine oysters

there and in Bay Voisin, but they are getting somewhat less abundant

than they have been. Some of the oystermen predict a rapid depletion

of the beds, owing to the attacks of snails, which are said to be becom-

ing more common than formerly.

In Lake Washa there are numerous reefs of rather inferior "coony"

oysters, covered with barnacles and bearing evidence of having for-

merly borne large numbers of mussels, of which only the byssi now
remain. These reefs have not been extensively worked heretofore, but

during the present spring (1898) a number of boats were fishing for

Morgan City canneries, and several of the men engaged indicated their

intention of getting seed from this lake for the purpose of planting in

Jack Stout Bay and Bayou. If this be done and the young oysters be

taken promiscuously in the usual manner, we may expect the usual

results. The density here is about 1.0092.

In Banana Bayou, which is that part of Bayou de Large of the maps
lying between Sister Lake and Lake Washa, there are young oysters

growing over ijractically the entire bottom, and they are frequently

found attached to branches of trees and brush along the banks. This

bayou is said to have derived its name from the tact that the oysters

found here when the bed was first worked were elongate and in clusters

like bananas. The lower end of Bayou de Large, together with the

branch which discharges King Lake, is known to the oystermen as

Taylor Bayou. It contains some oyster-beds, but none of importance.

Big and Little Bays Geuope (or Genoble?) lie immediately to the

westward of Bayou Taylor and have an independent communication

with the sea. They are both very shallow and have a narrow channel

running through them. Here are found dense reefs of raccoon oysters,

exposed at low water, when they are gathered into piles to be loaded

on the boats when the tide rises. These raccoon oysters are used

principally for planting in Bayou Jack Stout, Bayou Proven5al, and
Indian Bay, all of which lie on the east side of Bayou Taylor.

In Oyster Bayou there are a number of natural reefs of raccoon

oysters, both along the banks and in the middle of the bayou. The
number of good round oysters is small.

There are a few beds of inferior oysters near the southern end of

Four League Bay and near the mouth of Blue Hammock Bayou. Last

year (1897) there was a set of spat in Blue Hammock and the young-

ones are now being secured for planting purposes. Oysters have

existed here before, but were killed off by fresh water.
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West of Atcbafalaya Bay the oyster-beds are few and imimpoi taut.

The set of the currents of fresh water discharged fr6m the Atchafalaya

is westward and their volume is such that the water of Atchafalaya

Bay, East Cote Blanche Bay, West Cote Blanche Bay, and some parts

of Vermilion Bay is too fresh to support oyster life. In some parts of

Vermilion Bay and Marsh Island there are a few inferior oysters and it

is reported that there is a b''ed of considerable size in the open waters of

the Gulf off Southwest Pass. There are said to be a few iusigniticant

beds in Calcasieu Pass and perhaps some at other inlets west of Ver-

milion Bay, but in general the character of the coast line is not such as

to favor the growth of oysters, as the sounds, bays, and bayous which

are the favored home of the oysters are lacking.

NATURAL OYSTER-BEDS—SUMMARY.

There are no oyster-beds in Lake Borgne, owing to the low salinity

of the water. Beginning at the islands at the western end of Missis-

sippi Sound, there are scattered beds as far as Isle a Pitre. There are

now few, if any, oysters in Chandeleur Sound, although they formerly

existed there. The cause of their extermination was not fully deter-

mined. In nearly all of the interior bays and bayous intimately con-

nected with Mississippi and Chandeleur sounds there are more or

less extensive beds, most of which have not yet been worked to their

full capacity, and some of which contain virgin beds of great produc-

tiveness, although the oysters are usually rather inferior in quality.

In several places the productiveness of the beds has been considerably

reduced and in others, e. g., Three-mile Bay, the j)resent supply is

entirely dependent upon the care with which the oysters are culled.

There is no immediate prospect of the extermination of these beds,

owing to their great extent, the chief danger being that the concentra-

tion of effort upon a comparatively limited area and the taking away
of large numbers of young oysters to the canneries may in time prove

destructive. The safeguard is to enforce proper culling laws.

In Plaquemines Parish, east of the Mississippi, there are extensive

beds of young oysters, practically untouched by the hand of man,

stretching from Mozambique Point to Bird Island Sound. From Bird

Island Sound around the Delta to Barataria Bay there are no natural

reefs of importance, those formerly existing there having become nearly

or entirely extinct, some by reason of overfishing and breach of the

culling law and others as the result of crevasses.

In Barataria Bay and its contiguous waters the reefs are commer-

cially extinct and apparently beyond hope of redemption by natural

means, principally, if not entirely, as a result of destructive methods of

fishing. These reefs have probably no future value except for plant-

ing, and unless soon utilized will eventually become of no greater value

than the surrounding bottom.

In Timbalier Bay and Lake Felicity the beds are still quite produc-

tive, but are already showing signs of approaching depletion to an
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extent that has induced some of the oystenuen to resort to other

waters. In Terrebonne Bay there is probably as yet no great decrease,

but between Terrebonne Bay and Atchafalaya Bay many of the more
limited beds have been exterminated or reduced to a condition where
it is unprofitable to work them; other places are still productive, but

not to the same extent as formerly.

OYSTER-PLANTING IN ST. BERNARD PARISH.

Notwithstanding the extent of the oyster business in the parish of

St. Bernard, no oyster-planting is carried on there, nor, apparently, has

any eftbrt been made in that direction. The oystermen working on the

natural reefs habitually set apart certain circumscribed areas of hard

bottom upon which they bed their oysters until they have caught

enough to make a cargo. Toward the end of the season, when many
of the beds become more or less depleted by the drain which the steady

prosecution of the industry entails, it frequently requires as long as

fifteen days for the crew of a vessel to catch a full load. Under such

circumstances oysters taken during the earlier part of the trip would
spoil before the boat was ready to sail, and to avoid this it is customary

to "bed" the culled oysters every few days in a place whence they can

be conveniently removed when the cargo is completed. The oysters

are bedded very thickly on these grounds—often, it is said, to a depth

of a foot—so as to allow of their recovery with a minimum expenditure

of labor when the load is completed, and were this done on soft bottom
the oysters beneath would be driven into the mud and suffocated; and
for this reason the beds are almost invariably placed upon the reefs,

which often aiibrd the only hard bottom to be had. The beds are

small—averaging, perhaps, about 50 feet square—and are usually

marked and sometimes inclosed by stakes to keep off the drumfish,

which often prove destructive. For the same purpose many of the

beds are surrounded with old seines, which prove effectual barriers, or

by lines with pieces of rag attached, which scare the fish away.
A few of the oystermen fishing in the Salter water at the eastern end

of the parish sometimes set down their catch in the fresher water near

Three-mile Bayou to " fatten," as they say, but in reality to undergo a
process of bloating, due to the osmotic interchange of fluids within

and without the tissues. The reverse process has been occasionally

practiced at times when the discharge of fresh water through Lake
Pontchartrain and the Pearl Eiver has been of sufficient volume to

reduce the salinity over the oyster-beds and render the oysters too

insipid for market. By transplanting the oysters for a short period to

the denser water of Chandeleur Sound it was found possible to imjirove

the flavor to an extent which rendered the oysters salable. Certain

of the oystermen residing on the shores of Mississippi Sound some-

times find no immediate market for their catch, and by bedding the

oysters temporarily near their residences where they can not be stolen,

are able to wait until the market improves and better prices prevail.
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The nearest approach to planting as it is practiced elsewhere in the

State—at Bayou Cook, for instance—is done by a man who has been

bringing oysters from Grand Pass (Oyster Bay) and bedding them

near Pirate Point for a few days. The culls and shells are thrown

down on the bottom adjoining, and this has resulted in the formation

of beds which he reserves for his private use.

Such is the i^resent extent of planting, if it may be so called, in the

parish of St. Bernard. A very large part of the bottom in this region

is probably unsuitable in its natural state for oyster-culture, but were

the profits sufficient to warrant it there is no doubt that much of it

could be improved in a manner to make it available, as will be poirted

out hereafter.

There is some bottom, not on the natural reefs, which is suitable in

its natural or unimproved condition, but the patches of hard bottom

are usually small and scattered, and, in the absence of anything more

than a mere reconnaissance, such as the time at the disposal of the

party made possible, the exact locations of these places can not be

indicated. There are a number of such places in East Karako Bay,

however, where both the bottom and density are favorable, and other

localities are indicated in a general way on the chart.

In False-mouth Bay the bottom consists of a firm clay mud similar

to the soil of the surrounding marshes and apparently well adapted to

oyster-culture. There are no natural-bed oysters in this region except-

ing a few near Shell Signal and around some of the islands at the

southern end of Nine-mile Bayou.

It is stated by the oystermen that but few oysters have ever existed

here, a condition brought about ai)pareutly by the absence of suitable

I)laces of attachment, as practically no shells or other hard bodies

were found on the bottom. It seems probable that, by sowing shells

with some brood oysters to furnish spat, successful culture might be

here carried on, the only drawback being the low salinity of the water,

which, at the time of our visit, February 12 and 14, 1898, ranged be-

tween 1.00514 and 1.00664, and rendered the oysters insipid, notwith-

standing their fatness. This density was probably nearly normal for

the season, but, as elsewhere in the region, it is subject to great fluctu-

ation according to the rainfall and the prevailing winds, and in summer,

between Ai^ril 1 and September 15, it is considerably higher than at

the time our observations were made.

OYSTER-PLANTING IN PLAQUEMINES PARISH.

East side of river.—In that portion of the Parish of Plaquemines

east of the Mississippi Eiver, oyster-culture is not extensively carried

on, but in the vicinity of Quarantine Bay, in Bayou Tortillon, and in the

northern part of Bird Island Sound near the Salt Works Canal, there

are a few men engaged in the industry. Oysters are taken from the

natural beds, separated from the clusters, and replanted on private

beds. The princii)al advantage which this region possesses appears to
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lie in the fact that the oysters here become fat earlier tnan those on the

west side of the river, and they are, therefore, more in demand in the

markets of New Orleans npou the opening of the season in September.

In 1807 the oysters at Salt Works were found to be through spawning
and quite fat during the last week of August, while many of those

examined at Baj'ou Cook the day before were still spawning and inferior

as to condition.

The oysters now (March, 1898) on the private beds in Quarantine

Bay were obtained from the vicinity of Mozambique Point and Riviere

aux Chenes, and were planted during the.summer of 1897. During the

spring of that year all of the private and natural beds in California

Bay and Quarantine Bay were destroyed by the fresh water discharged

from the Mississippi Kiver by the crevasses occurring at Bohemia and
at the several canals opening into the bays under discussion.

The princii^al enemy with which the planters here have to contend is

the drumfish, which has become so troublesome as to compel the erec-

tion of close and rather expensive stockades for the protection of the

bedding-grounds. Formerly these protections were built with rails

about 6 inches apart, but they are now constructed of pickets close

together, entering the mud at the bottom and nailed to stringpieces

at the top.

Whale Bay and Grand Pass.—Oyster-planting began here about

1885, the pioneer and most successful operator being Louis Espougar,

who in that year began to transplant oysters from the natural beds in

Garden Island Bay, between South Pass and Southeast Pass. He
appears to have been the first man to appreciate jthe importance of

planting cultch to catch the spat, and carefully collected oyster shells

and other suitable materials for that purpose, even, it is stated, stipu-

lating the return of shells when he sold his oysters unopened to the

residents of Port Eads.

After some years others began to establish private beds in Whale
Bay, until 1892 depending for their seed oysters upon the natural beds
existing in Garden Island Bay. In 1892, however, the water from the

Mississippi River broke into the head of Garden Island Bay at what
is known as the Pass a Loutre crevasse, flooding the bay with fresh

water and killing the oysters. This gap has until the present time

resisted all attempts at its closure, and the oysters have never reestab-

lished themselves. Deprived thus of the only extensive near-by source

from which to obtain their seed oysters, the planters had to choose

between establishing spatting-grounds and depending upon the young
oysters attaching to the cultch, or making the long and sometimes
stormy trip to Timbalier or the coast north of Bird Island Sound, the

nearest places in which seed oysters could be obtained in sufficient

quantities for their purpose.

It was fouiul that the destruction of the oysters in Garden Island

Bay had left large quantities of shells avaihible for use as cultch, and
the experience of Mr. Espougar dictated the use of these as the easiest
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and most economical way out of the difficulty, and large quantities

were therefore carried to Whale Cove and laid down on the spatting-

beds. In this way was established the methods of oyster-culture now
in vogue.

Since the preparation of the Coast Survey charts of this region the

topography has greatly changed, the marshes formerly existing in the

northern and western part of the bay being now cut up into numerous
small islands and channels. The dam built across the head of Gi'and

Bayou has resulted iu the complete closure of the mouth of the bayou,

which is now iu its southern half, separated from Whale Bay merely by
a chain of narrow islands with j)asses between. It is upon these islands,

both in the bay and along the shores of Grand Bayou, that most of the

planting is done.

The area of bottom naturally available for oyster-culture appears to

be extremely limited, being confined to narrow strips along shore and
varying in width in different localities, iu Grand Bayou extending

from shore to a distance of from 25 to 50 feet. Outside of this zone the

bottom is generally soft—often extremely so—and it is never utilized

for planting. Under the laws of the State each planter is entitled to

hold 10 acres in his own right, but for the reasons stated it usually

happens that a large proportion of his holding is useless for his pur-

poses. There are about six men planting here, and their holdings

probably amount to between 100 and 125 acres, some of them occupy-

ing bottom in the names of friends or members of their families. Most
of them appear to be anxious to increase their acreage, but they claim

that the entire available area is now occupied. Notwithstanding this

demand for extension, no effort has been made to improve the bottom
in such a manner as to render it suitable for planting. It seems prob-

able that this might be done by covering the mud with a thin laj^er of

sand, such as can be readily obtained at the mouth of Grand Bayou
and at other places in the vicinity. As is well known, this method has

been employed with great success elsewhere, and a large amount of

valuable oyster-land in Connecticut was useless until similar measures

were adopted. The problem is an economic one and hinges upon the

question whether or not the price obtained for oysters from this region

is sufficient to warrant the expenditure. As the sand costs nothing,

the only expense would be for labor and transportation, neither of

which would be a large item under the conditions here prevailing.

At the present time all shells and other available materials—tin cans,

stones, bones, etc.—are strewn along the shores of the marsh below the

level of high water and out from the shores to the depth of a foot or

18 inches. Much of this material is thrown among the grasses and
sedges, where it is never covered by more than a few inches of water,

even at high tide. It is stated, and undoubtedly upon good grounds,

that in this extremely shoal water the young oysters are less suscepti-

ble to the attacks of enemies, and it is also claimed that they grow more
rapidly than when they are in deej)er water.
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In shoal water, and especJally when tliey are in clusters, the oysters

grow in poor shapes; and for this reason tiie planter, as soon as the

oysters are of sufficient size, usually at the end of the first year, breaks

up the clusters into single oysters, which are then planted in the

deeper water. They reach a marketable size—from 5 to G inches—in

from 2 to 2i years from the time of planting the shells, and are very

fat and of remarkably fine flavor. It is estimated that about 100 bank

barrels, or 300 bushels, of oysters can be produced annually from each

acre of bottom; that is to say, the usual crop is 300 barrels every three

years.

Cultch and seed oysters being greatly in demand, the culling is done

with extreme care, all shells and young oysters being carefully saved

and returned to the natural bed.

It is rather surprising to find oysters of such fine quality in such

close proximity to the mouth of the Mississippi Eiver, where it might

be supposed that the water would be entirely too fresh for their welfare.

The density fluctuates with the direction of the winds, but is usually

conditioned by the stage of water in the river, being lowest during the

freshets of winter and spring and highest during the low water of the

summer months. March 4, 1898, when the river was at a moderate level

after a period of high water, the density on the oyster-beds was between

1.0109 and 1.0116, corrected to a temperature of 15° C, or 60° F. The

temperature was between 11.5° 0. and 13° (J., or 52.6° and 55.6° of the

Fahrenheit scale, a temperature lower by several degrees than was

found elsewhere upon the oyster-beds at that time, a condition probably

due to the influence of the cold water from the Mississippi Eiver.

The principal enemies of the planted oyster in this vicinity are the

conch {Purpura), the drumfish, and the stone-cracker, a species of ray.

The conch is very troublesome at times and the drumfish causes damage

during the summer months, but is much less destructive than at Bayou

Cook. The stone-cracker appears here but occasionally, but its visits

are very disastrous in proportion to its numbers. It seems to be

unknown to the oystermen elsewhere.

The oystermen at Balize have planted oysters in the small bay

immediately west of the mouth of Southeast Pass. This place was

not visited, but the conditions doubtless resemble those obtaining in

Whale Bay.

Bayou Cook and vicinity.—The most extensive planting-grounds in

Louisiana are the series of lakes, bays, and bayous lying between Bay
Jaque and Bastian Bay, a large part of the best oysters found in the

markets of New Orleans coming from this region. It is estimated that

there are upward of 500 men engaged in the several branches of the

business in this region.

In Bay Pompadour, the farthest inland of the chain of lakes con-

nected with Bay Jaque, there are neither planted oysters nor natural

reefs, owing principally to the low salinity of the water. There are a

few natural-bed oysters, but no planted ones in August Bayou, which

F. R. 98 6
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leads from Bay Pompadour to Oyprien Bay, but in Cyprien Bay itself,

and in Schofield Bay and Skipjack Bay, which open into it from the

south and southwest, there are a number of planted beds on which are

raised oysters of excellent quality. There are apparently no planted

beds in Chi Charas Bay, but in Bayou Coquette, Bay Coquette, and

Bay Jaque the industry is of some importance, although of but com-

paratively recent growth.

Both young oysters and shells are planted, the former being at jjres-

ent the more important branch of the work. Most of the seed oysters

now on the beds were obtained in the vicinity of Quarantine Bay
during the period when the open canals after the crevasse of 1897

permitted direct communication with the river. It is probable that

hereafter the planters will use shells more extensively, rather than

make the long journey to Timbalier or Terrebonne for seed, these being

now the nearest natural beds having direct communication by water.

It is estimated that about 300 bank barrels (900 bushels) of seed

oysters are planted per acre of bottom, and under good conditions these

are said to increase about 100 per cent in 1^ to 2 years. I was informed

that in one instance, where 475 barrels liad been planted on a certain

piece of bottom, 480 barrels were taken up in the following year, and it

was estimated that an equal quantity still remained.

The quantity of shells planted per acre could not be ascertained,

owing to the practice of spreading them along the shores in the shoal

water, as has been described in connection with the subject of planting

at Port Eads. The bottom suitable for planting occurs in patches here

and there, and there is apparently no large area of hard bottom not

interspersed with soft mud.
The principal enemy of the oyster here is the drumfish, and the

bedding-grounds are inclosed by rude rail fences to prevent its inroads.

In the markets of JS^ew Orleans the oysters from Bayou Cook have

the best reputation of any grown in the State, and a large number of

oysters grown elsewhere, many of them equal to the genuine, are put

upon the markets and sold as Bayou Cooks.

Bayou Cook itself connects Bay Adam with Bastian Bay, and is about

3 miles long, broad at the two ends, but narrowing in the middle third

of its length. The currents flowing through the bayou are moderately

strong, it being the main channel for the ebb and flow of the tides

affecting Bay Adam. It covers a bottom of considerable area, only a

small portion of which is utilized in the methods of oyster-culture in

vogue, although the oystermen state that all bottom naturally suited

to the purpose is now in use. The bottom on the planting-grounds is

usually, if not invariably, a hard mud, soft mud being avoided because

the oysters sink in it and are lost, and the sand in tlie bayou being of

a shifting character and liable to bury the beds during storms.

It is stated that in 1893 many hundreds of barrels of oysters were
destroyed in this way, some of the oystermen prior to that time not

appreciating the unstable character of the bottom. The hard mud, as
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ti rule, occurs in patches near the shores, the channel generally having

a soft bottom, and in places being too deep for the tongs used iu catch-

ing the oysters.

Although it is claimed that all of the suitable bottom in the bayou

has been taken up and is now in use for planting, no attempt has been

made to improve the soft bottom by covering it with a stratum capable

of furnishing a support for the oysters. A few shells are planted along

the shores in the manner practiced at Port Eads, but seed oysters

from the natural beds are much more extensively used. The seed is

brought principally from Timbalier and Terrebonne bays, whicli entails

a voyage of about 50 miles at least, the payment of tolls in the canal,

and the payment of a license fee in the parish in which the oysters

are taken from the reefs. During the autumn of 1897 much sfeed was

brought from Quarantine Bay, but as soon as the breaks in the levee

were closed this source of supply was cut off. The taking of seed

oysters from the natural beds is a source of much complaint among the

oysterraen fishing for the markets, who claim that the boats engaged

in the business pay but little attention to the requirements of the cull-

ing law and that large and small oysters alike are removed from the

beds.

From 300 to 400 bank barrels (900 to 1,200 bushels) are planted on

each acre of bottom, the oysters being spread as closely as possible

without being in actual contact. They are planted in the usual man-

ner, by being thrown broadcast from the boat with shovels or scoops.

It is stated that oysters here reach a marketable size in about two years

from the time at which they fix themselves to the shells, and that seed

3 inches long is ready for the market in one year from the time of

planting.

The principal enemy of the oyster iu Bayou Cook is the drumfish,

which causes some damage during the summer, but is especially

destructive during the months of September and October. Oysters

which have been long bedded are not much damaged by the drumfish,

but those which have been cleaned and laid down in preparation for

market arc especially liable to attack during the first few days. After

that, probably either because they settle down slightly in the mud, or

because they become coated with sediment and are therefore less con-

spicuous, they are not much molested. The oystermen all erect barriers

around the bedding-grounds where the cleaned oysters are deposited.

The couch or snail is not very destructive in Bayou Cook, excepting

near the entrance to Bastian Bay. Stone-crabs sometimes kill the

oysters, especially those less than 3 inches long.

In Bay Adam the conditions are practically as in Bayou Cook, excei^t

that there is less current flowing over the beds and they are more

exposed to storms. The planting-grounds are around the shores of

the lake, especially in its southern half, and, as nearly everywhere on

the coast of Louisiana, the area of naturally suitable bottom is compar-

atively small and much scattered. In Bayou Chute, which establishes
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communication between Bastian Bay and the extreme southern part of

Bay Adam, oyster-planting is also carried on to a considerable extent.

In these places the drumfish is less troublesome than in Bayou Cook,

but great damage is done to the beds by the conch or snail.

It is estimated that about 500 men are employed in oystering in the

Bayou Cook region, i)ractically all of whom are engaged in operations

pertaining to planting and the transportation of the planted oysters to

market. Most of these are alien-born, being principally natives of the

Slavonic provinces of Austria, but there are also some native-born

planters, usually Creoles. In Cyprian Bay, Bay Coquette, and vicinity,

most of the planters are Creoles or other natives.

• .OYSTER-PLANTING IN JEFFERSON PARISH.

In Barataria Bay the oyster industry amounts to practically nothing,

owing to the extermination of the natural beds and the almost com-

plete neglect of oyster-culture. A few oysters are planted for home
consumption near Grand Isle, and one or two men at that place plant a

few for the markets, but the entire production for all purposes is very

small. A few oysters from Timbalier are planted on a small bed in

Bay Coquette, near the mouth of the canal, in La Fourche Parish. In

Bay Devise, shown on the Coast Survey Charts as Cat Bay, one, or

perhaps two, persons have planted oysters on what appears to have

been formerly a natural reef, although it has not been productive for

several years. In the few cases cited seed oysters are brought from

Timbalier Bay, and it is stated that except at Grand Isle it is impos-

sible to secure a set of oyster spat upon shell or upon cultch. The
oystermen think that it is possible to do so at Grand Isle for some
mysterious reason connected with the drainage of fresh water from the

island, but it is probable that a set could be obtained anywhere in the

southern half of Barataria Bay and its connected waters if there were

but enough adult oysters to furnish the young. As there are practi-

cally no adult oysters, except those on the few planted beds mentioned,

over the greater part of this region, it is useless to expect young oysters

to grow. The belief of some of the oystermen that young oysters are

generated spontaneously under certain peculiar conditions of admixture

Of fresh and salt water is a biological absurdity.

The general conditions for oyster-culture appear to be good, and it is

quite probable, indeed almost a certainty, that self-perpetuating beds

might be readily established by bringing adult oysters from the Tim-

balier or other natural beds and planting them upon suitable bottom

in any part of Barataria Bay south of the mouth of Champaign Bay,

and jirobably for some distance north of that point. In the upper

parts of the main bay, which is locally known as Grand Lake, and in

Hackberry Bay, Creole Bay, Bay Batiste, and their connections, it is

probable that the water will prove too fresh in which to raise oysters

of good quality, if, indeed, they could be grown at all.

After establishing the planted beds of brood oysters there should
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be no difficulty in securing a set of spat on shells or other cultch laid

down in the vicinity, or the shell-beds might be first established and

the brood oysters scattered over them in the proportion of 25 to 40

barrels per acre. There arc perhaps several hundred thousand bar-

rels of shells on and around the small islands on the western side of

Grand Lake. These are clean and bright and in excellent condition

for planting, and moreover may be obtained for the labor of loading

them on the boats, which may be run close against the bank, so that

the labor of loading may be reduced to a minimum. These shells are

small, averaging 1 or 2 inches in diameter, and as comparatively few

spat would i^robably attach to each, the labor of culling would be

much less than if large oyster shells are used, when often a hundred

young attach to a single shell and the oysters grow in large clusters.

The amount of bottom suitable for oyster-culture is comparatively

limited, especially if we except from consideration the extinct oyster

reefs. What should be done with the latter is a matter worthy of con-

sideration. As they now are, they are worthless to everybody. It is

only here and there that an adult oyster can be found, and even the few

old shells reuiaiuiug upon them are fast disappearing, owing to the

attacks of boring organisms, worms, sponges, and lamellibranchs, which

are rapidly bringing about their disintegration and decay. In the course

of time the shells will become dissolved and entirely disappear, and

eventually, with the deiDosit of sediment, the bottom will become almost,

if not quite, as soft as the surrounding mud. The young oyster, as has

been frequently pointed out in the publications of the Fish Commission

and elsewhere, is extremely minute at the time it settles down from its

free-swimming existence, and a very slight deposit of silt or slime is

often sufficient to prevent its attachment to the hard bodies which are

its only salvation. The shells upon these old reefs are now more or

less completely covered with slime and sediment, whereas upon a

thrifty reef there are always many comparatively clean shells to be

found.

Each year that passes makes it more and more improbable that these

reefs will ever become rehabilitated, and even now the condition of the

shells is such that it is doubtful if oyster fry would find them suitable

places for attachment, and the time will certainly come when all hope

of nature again esiablishing beds must be utterly abandoned. In their

present condition, however, they appear to be very well adapted to

planting purposes, and it appears to be good economics to permit their

use for this i)urpose rather than to still hug the almost certainly vain

hope that nature will ag.in step in and renew her bounties, and, waiting

thus too long, lose the opportunity to make some salvage from the

wreck which wasteful and improvident methods have already wrought.

Under a proper system of private culture these same reefs, now
worthless, could probably be made to yield a product far greater than

they ever did under the joint administration of nature and the natural-

bed oystermen. It is a just and proper regulation that prohibits plant-
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ing- ou the natural reefs or that forbids their alienation from the use of

the public, but a law which practically says "ouce an oyster-reef always

an oyster-reef" is contrary to the best interests of a State and her citi-

zens.

OYSTER-PLANTING IN LA FOURCHE PARISH.

In Timbalier Bay most of the planting is done in the northeastern

side, in the vicinity of Jack's Camp and at Camp Malnomme. In Little

Lake no oysters are planted, but an extinct oyster-reef there is some-

times used as a temporary bedding-ground where oysters are freshened

during periods of excessive salinity in the more open waters. In Bayou
Landry and in Jack's Camp Baj' one association of individuals is said to

hold 120 acres of planting-ground, of which 60 acres are affirmed by
the oystermen to be upon productive natural reefs which were regularly

worked up to the time that the grounds were staked oft' as a private

reservation under the laws relating to planting. It is impossible to

form an opinion as to the merits of a controversy of this character with-

out a careful investigation, as the decision hinges largely upon a

question of veracity between the contending parties. This incident

emphasizes the necessity for more definite laws regarding the occupa-

tion of the natural reefs for planting purposes.

Just what constitutes a natural reef is a matter which will receive a

variety of interpretations, and some authoritative definition, even

although it may be somewhat arbitrary, should be promulgated for the

guidance of those intrusted with the enforcement of oyster regula-

tions. The importance of making legal recognition of the fact that

oyster-reefs may, under certain conditions, cease to be such, beyond
reasonable hope of redemption, is pointed out in the discussion of

the prevailing conditions in Barataria Bay. On the other hand, the

contention and dissatisfaction among the oystermen at Jack's Camp
shows there is danger in a too lax interpretation of laws prohibiting

the individual occupation of natural beds to the exclusion of the

public. Without expressing any opinion as to the merits of the special

case cited, it may be emphatically pointed out that the State should

safeguard from invasion those beds which it holds in common for the

use of its citizens, as otherwise the ftivored few are permitted to reap

the benefits which justly belong to the many.
A number of j)ersons in addition to those associated in the case above

cited are also engaged in oyster-culture on a small scale at Jack's Cami>

and Camp Malnomme. The practice is confined almost exclusively to

the planting of seed from the natural beds, but some of the men spread

a few shells along shore in the vicinity of their camps and afterwards

transfer the young oysters to their beds in deeper water. The set of

spat so obtained appears to be sufficiently abundant to amply warrant

the further development of this practice, especially as the natural reefs

are less productive than heretofore.
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OYSTER-PLANTING IN TERREBONNE PARISH.

Ill Terrebonne Bay there are but lew men planting oysters as com-

pared with the hirge numbers engaged in fishing ou the natural reefs.

In the parish of Terrebonne, which includes the greatest and most

productive oyster region in the State, there were but 32 oyster-planters

to whom licenses had been granted in 1898, although it is stated that

next season there will be a very material increase in the number, there

being about 50 applicants now waiting for the survey of their beds.

Of the 32 planters whose claims are registered there are not over 15 in

Terrebonne Bay, the rest of them being in the bays and lakes lying to

the westward. Most of the planting consists in the bedding of seed

obtained from the many natural reefs in the bay. Comparatively few

shells are planted, notwithstanding that at least 100,000 barrels are

piled around the oyster-canneries at Houma, where they could be

obtained for little or nothing and carried on the boats returning from

that place to the oyster-beds. Most of the planted oysters are in the

bayous and coves in the northern part of the bay. They are said to

reach marketable dimensions when about 3 years old.

In Pelican Lake, a branch of Pelto Bay, there are several camps
with bedding-grounds protected by stockades or fences. On the flats

there are a great many raccoon oysters which are worthless in their

present condition, but which might be utilized with profit for planting

purposes. Such oysters when culled and planted upon good bottom

undergo great improvement both in shape and condition, and in a year

should be fit for market and hardly distinguishable from those which

grew under good conditions from the start.

In Wilson Bay the oysters are said to get fat early in the season, and
as the natural beds there are nearly exhausted it is quite prob?ble that

this would prove a good field for an attempt at planting.

In Lake Chien planting began about five years ago, when the natural

reefs were approaching depletion, and there are now three or four pri-

vate oyster-beds. Most of these are on the original natural reefs, which

afford about the only hard bottom in the lake. A few shells are planted,

but most of the seed is obtained from the raccoon oyster-beds in the

surrounding bayous. When placed in deeper water, these inferior

oysters improve very much in shape and flavor and are ready for market
in about a year from the time of planting. They are said to get fat in

September, but at the time the lake was visited (March, 1898) they

were but moderately fat, although of very fair flavor. Both drumfish

and snails are here very troublesome at times.

At Bayou de Large there are several men engaged in oyster-planting,

small oysters being planted one year and marketed the next; and in

Sister Lake and King Lake, both included in Lake Caillou as shown on

the charts, some of the men engaged in oystering on the natural reefs

have small planting-grounds.

Jack Stout Bayou and Bayou Provenyal are considered the best
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planting-grounds in this vicinity, as the oysters get very fat there

early in the season. These bayous lie to the eastward of Bayou Taylor,

which leads to the sea from the southwestern end of King Lake.

The maps of this part of the coast are extremely imperfect, and it is

impossible to say which of the charted bayous are those now under

discussion.

Seed oysters are obtained from Big and Little Bays Geuope (or Geno-

ble"?) and from Lake Washa (Mauchas) and i^lanted on the old reefs or

on hard mud, the former being considered best for the purpose. When
ready for market they are taken up, cleaned, and rebedded upon hard,

clean bottom for from 3 to 7 days to wash and purge of dirt before being

sent to market. Oysters are planted on a small scale in other bayous

in the vicinity. Very little use of cultch is made by the planters in this

region. They depend almost entirely upon the natural reefs for their

seed, and instead of assisting the perpetuation of the natural oyster

supply they aid in its destruction. At the mouth of Taylor Bayou
there are great banks of shells on the outer coast readily accessible and
well adapted for use as cultch. If this material Avere utilized properly,

it would soon become unnecessary to obtain seed from the natural beds,

and the problem of perpetuating the reefs would present a much more

hopeful aspect.

SPAWNING OF THE LOUISIANA OYSTER.

If we may judge from the size of the spat which is found adhering to

hard bodies on the oyster-beds, a set occurs during almost every month
of the year, but the principal spawning season is between April 1 and

September 15, although, for reasons which are not explicable by the

facts at command, there appears to be considerable local variation in

the time at which the climax is reached. The investigations made,

although they are not entirely conclusive, point to the fact that the

oysters west of the river in general ripen before those on the east side.

During the last week in February the oysters of St. Bernard Parish

showed no indications of the near approach of the spawning season,

only an occasional individual emitting a few ripe eggs, while a week or

ten days later a considerable proportion of those west of the river, in

Plaquemines Parish, were decidedly "milky."

The same variation in the time of cessation of spawning was noticed.

During the last week in August the oysters in Bayou Cook were still

spawning rather copiously, those in Bay Adam had evidently just con-

cluded, while those at Salt Works Canal were found to be fat and well

conditioned, indicating that spawning had been over for several weeks,

as it is not until the bulk of the spawn has been discharged that the

oysters begin to fatten. In St. Bernard Parish they were found to be

spawning freely at Three-mile Bayou and at Grand Pass on the 31st of

August.

The oystermen say that spawning begins, or as they state it "the

oysters become milky," when the water begins to decrease in salinity
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under the influence of tbe spring freshets, and that it ceases with the

influx of Salter water in the fall. A change in the salinity of the water

may perhaps stimulate reproduction, but it happens that the water is

more and not less dense during the summer, when the oyster is spawn-

ing copiously, than it is in winter when only sporadic cases of sexual

activity x)revail.

The following table shows in condensed form the conditions prevail-

ing at several places during the latter part of August, 1897

:

Density.

Grand Pass, St. Bernard Parish
Tliree-mile Bayou, St. Bernard Parish.
Salt Works, Plaquemines Parish
Bay Adam, Plaquemines Parish
Bayou Cook, Plaquemines Parish

Aug. 31
...do
Aug. 25
Aug. 24
...do ...

1. 0176
1. 0128
1.0151
1. 0076
1.0106

Spawning freely.
Uo.

Not spawning.
Do.

Spawning.

It will be seen that there is uo relation shown between the density

of the water and the cessation of spawning, and that the relative as

well as the absolute densities at the different seasons are not deter-

mining factors is seen when we consider the geographical relations of

Bayou Cook and Bay Adam. No increase in salinity could take place

in the latter, where spawning had ceased, without having a prior effect

upon the former, where spawning still continued. At the same time it

is apparently a well-established fact that in certain places, e. g., Salt

Works, Wilson Bay, Bayou Provengal, and others, the oysters cease

spawning and become fat very early in the season. Closer investiga-

tion would doubtless show that this was not due to one, but to a variety

of causes, embracing density, temperature, and amount of food matter

available.

The young fry of the oyster, which freely swims in the water, is often

wafted long distances and widely distributed by the currents, a fact

which accounts for the establishment of new beds and the frequent

rejuvenation of old ones which have been destroyed. An instance of

the latter, in Quarantine Bay, is noted in another connection in this

report. In order that these minute fry may succeed in establishing

themselves, it is necessary that they should find some clean, solid body

to which to fasten, a fact that must be borne in mind when considering

the question of oyster-culture and the use to be made of exhausted

beds, such as are found in Barataria Bay.

RATE OF GROWTH OF LOUISIANA OYSTERS.

In the waters of Louisiana the oyster reaches a good marketable size

within three years of the time of its fixation, this fact being estab-

lished not as the result of more or less loose estimates, but from

authentic data established by experience. It is rarely possible to

determine with accuracy the age of oysters upon the natural beds,

but occasionally circumstances arise which make such determinations
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nearly accurate. A case of this kind occurred in Plaquemines Parish

in 1897, when the oysters in Quarantine Bay and its vicinity were

killed by a crevasse, which occurred about March 15 and lasted until

July, when the water again became salt enough to support oyster life,

and a heavy set of spat fell upon the dead shells. On March 2, 1898,

when these beds were examined, much of this spat had grown to a

length of from 2i to 3 inches, and, assuming that the water became
suitable for oysters as early as July 1, these oysters could not have

been older than 8 months.

In Bayou Schofield some oyster shells, put down about July 1, were

taken up about August 15, and were found to bear spat, some of

which was an inch in length. Shells planted in Bay Coquette in Sep-

tember, 1897, were taken up March 5 and found covered with young
oysters, most of which were from 2 to 2| inches in length, although

there were a few as small as f inch.

At the same place, oysters grown on shells planted September, 1896,

and culled and rebedded when about 1 year old, had grown to a

length of about 3J inches by the 5th of March, 1898, when they could

not have been more than 18 months old. They were of excellent shape

and fine flavor. In July or August, 1895, a piece of rock about 6 or 8

inches in diameter was thrown ui)on the planting-ground in Bayou
Schofield, being removed 23 months later. It is now in the possession

of the United States Fish Commission and is covered with a growth of

40 or 50 oysters, all of which are over 4 inches, some of them being as

much as 6 inches in length, but all rather inferior in shape owing to

the crowding to which they were subjected. Tabulating these results

we have the following as illustrating the normal rate of growth of

oysters on favorable bottom in Louisiana

:

Locality.
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DESTRUCTIVE AGENCIES.

Conch, Snail, Borer.—The iiiollusk wbich is known by these names

on the coast of Louisiana is the Purpura Jioridana of naturalists. It

causes considerable damage at times to both the planted and the nat-

ural beds, especially those located nearer the sea where the prevailing

density of the water is higher, as it appears to be much more suscep-

tible to the effects of fresh water than the oyster itself. There is a

difference of opinion among the oystermen concerning the manner in

which this mollusk destroys the oyster, some contending that it bores

a hole in the shell like the northern drill, and others that it injects

between the lips of the shell a substance which possesses the power of

paralyzing the oyster and causing the sliell to gape so as to permit

access to the interior. Some of the oystermen pointed out what they

considered to be the borings of this snail, but they were merely the

bottoms of the chambers made by Martesias, the upper portions having

disappeared by the delamination of the shells.

During the entire period of the investigations, although many bush-

els of oysters and dead shells were examined, not a single drilled oyster

shell was noted, although several Polinices shells showed the handiwork

of some boring gasteropod.

A number of specimens of Purpura were kept in aquaria with oysters,

but in no instance did they molest them in any way. The theory that

they inject a poisonous fluid into the oyster can be set aside as improb-

able, and there can be little doubt that they destroy their prey after

the manner of their relatives, among which can be numbered the de-

structive drill, Urosalpinx, of Chesapeake Bay. This form, by means of

its rasp-like tongue, bores a small hole in the shell of the oyster,

through which it introduces its proboscis and extracts the soft parts.

Urosalpinx feeds upon small oysters only, but the conch of the Louisi-

ana oyster-bed, owing to its greater size and strength, could doubtless

attack much larger individuals with success. It is said that extensive

beds are sometimes practically depopulated by this animal, and the

oystermen of St. Bernard Parish hold it responsible for the destruction

of the oysters of Chandeleur Sound and for the present rather sparse

population of Cabbage Eeef. It is found everywhere on the oyster-

beds of Louisiana excepting the less saline waters. It breeds in spring,

its eggs being inclosed in vase-shaped capsules, attached to hard bodies

in the water. Its numbers could doubtless be materially reduced were

the oystermen to carefully destroy all animals and their eggs which
they may take in the course of their work. Apparently little attention

is paid to this matter, and most of the snails caught are thrown back
on the beds with the culls and dead shells, to continue their destruction

and to perpetuate their kind.

Drumfish.—The drumfish is one of the most destructive enemies of

the oyster, and in Louisiana its depredations are especially annoying,

inasmuch as they are largely confined to planted beds of single oysters.
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On tlie natural reefs, where the oysters grow in clusters, the denseness

of the growth and the sharp edges of the shells make it difficult for the

fish to wreak much destruction, although the smaller clusters of young

oysters are frequently eaten, being crushed and swallowed, shell and

soft parts alike. The lips of drumfish caught on and near the oyster-

beds are lacerated from contact with the knife-like edges of the young

oysters. The oystermen working on the natural reefs often suffer con-

siderable loss by having eaten the culled and cleaned oysters which are

temporarily bedded, and frequent cases are reported of the loss of 30

or 40 barrels of bedded oysters within a single day. To prevent these

inroads on the bedding-grounds the oystermen encircle them with old

seines supported on pickets, or lines to which rags are attached are

used to frighten the fish away, and in some places substantial stockades

are constructed.

The drumfish is troublesome on nearly all of the planting-grounds

in the State, but it appears to be especially so at Bayou Cook. The

damage done to planted beds is usually wrought very soon after the

separated and culled oysters are laid down. After several days have

elapsed the oysters seem to be immune, probably either because they

have sunk slightly in the mud on which they are planted or because

they become more or less covered with sediment, which makes them

less conspicuous. If the drumfish can be kept off for a week or two

there appears to be but little danger of an attack thereafter, but if for

any reason the oysters are rebedded the same difficulty is encountered

as before.

To prevent depredations on the beds fences and stockades are erected,

differing in dimensions only from the more substantial structures on

the bedding-grounds. The drumfish operates in water of all densities,

often occurring in that which is almost fresh and where the conch

would never occur. It is most abundant and destructive during the

months of September and October, but does some damage during every

season except winter.

Stone-cracTcer.—The oystermen of Port Eads complain of the depre-

dations of a large ray, known as the stone-cracker. Judging from the

description of its general appearance and the large size which it is said

to attain ('< about 25 feet across") this appears to be the devil ray or

devil-fish, Mania birostris, which is not uncommon on the coast of

Louisiana. A planter at Port Eads states that he lost 300 barrels of

oysters in two weeks through the depredations of this fish, and that he

was at first unaware of the agent which caused this destruction, but

finally saw 5 or C of them in the act. This species is not reported as an

oyster enemy at any other place on the coast of Louisiana.

Stone-crab.—The stone-crab, Menippe mercenaria, is said to some-

times kill a good manyoysters, especially the young ones under 3 inches

long, breaking off the edges of the shells and extracting the contents.

This enemy was reported from Quarantine Bay, Bayou Cook, and

Bayou Coquette, and their connected waters. As a rule, it does not
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occur in sufficient inimbers to cause very great damage, but one man
stated that lie liad had almost an entire lugger-load of oysters, from 2

to 3 inches long, destroyed by an unknown enemy, which had crushed

the thin edges of the shells. The appearance of specimens of shells

taken in Quarantine Bay and said to resemble those just mentioned

leads to the suspicion that the destruction was wrought by the crab

under discussion, the entire distal halves of the shells being wrenched
and crushed.

Boring-sponge.—Upon the oyster-beds of Louisiana occurs a boring-

sponge closely related to, if not identical with, the Cliona sulplmrea

found on the oyster-beds of the North. Cliona sulplmrea in its mature
stage forms large yellow masses sometimes more thauG inches in diam-

eter. During the investigations in Louisiana waters none of these

massive forms were found, but many of the dead shells and some of the

living ones were honeycombed by the galleries of the young sponges,

which sometimes projected, as mushroom-shaped papillae, nearly a

quarter of an inch above the surface of the shells. This was particu-

larly the case on the extinct reefs of Barataria Bay and other places

west of the Mississippi Eiver, where it occurs usually associated with

the coral, Astrangia dance, exactly as it does in places on the Atlantic

coast. It is thought that this sponge does little harm to the oysters of

Louisiana, but, in connection with the boring mollusk Martesia, it per-

forms an important function in cleaning the reefs of old shells, which it

corrodes and dissolves as its galleries extend. By the combined action

of these forms the old reefs are practically eradicated in the course of a

short time, and unless they become restocked with spat within 3 or 4

years they are placed beyond the possibility of natural rejuvenescence

by the destruction of the cultch. It is rather remarkable that this

sponge does not attack the shells on the shell-banks, such as are found

in Barataria Bay.

Martesia cuneiformis.—This form is extremely abundant on the coast

of Louisiana, especially upon the oyster-beds of St. Bernard Parish.

It is a small species of boring-clam, which, during infancy, bores into

the oyster shells, excavating a tiny cell from which it does not again

emerge. As the clam increases in size the cell is enlarged, eventually

becoming an egg-shaped cavity half an inch in its major axis and com-

municating with the exterior by a small pore about -oV inch across.

Often these are so closely arranged as to be almost in contact, and the

oyster shell is so weakened that the outer part will scale off with a
slight blow. This delamination appears to often take place naturally,

the bases of the ovate chambers showing on the remaining parts of the

shell as a collection of rounded pits, often mistaken by the oystermen
for either incipient or abortive borings of the snail, Purpura. These
animals can not be classed as true enemies of the oyster, and, in fact,

they do it practically no injury, as the chambers rarely penetrate the

shell, and even then are readily closed, and the delamination spoken
of is not sufficiently profound to seriously injure the shell. The oyster
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shell is used solely as a protection and a place of abode and without

design upon the fleshy parts of the oyster, the food of the Martesia

being found in the incurrent streams of water passing through the

external orifice of the chambers.

Algcc.—Two species of alg?e, which have not been identified, are

found upon the oyster-beds of Louisiana. One of these is a species of

TJlva., a green form with expansive fronds, its appearance well meriting

its popular names of " sea lettuce" and '^sea cabbage." This is quite

abundant in some places during the summer, but seems to die down
in winter. It appears to cause no serious annoyance to the oystermen

as it is readily removed from the shells. The second is a species of

Floridece, which maintains a luxuriant growth throughout the winter.

It consists of purplish-brown, slender-branching filaments, growing in

dense tufts upon the shells. While it in no manner injures the oysters,

except so far as it serves as a basis for the collection of mud and silt,

it is a source of great annoyance to oystermen on account of the diffi-

culty of its removal, and it not infrequently hai^pens that fishing on a

bed is temporarily abandoned because of its abundance. If oysters

are sent to the markets or canneries with this seaweed attached the

filaments almost certainly become mixed with the meats and fluids and

render the opened product almost worthless.

Crevasses.—Practically the entire oyster region of Louisiana is so

situated with respect to the Mississippi Eiver as to be subject to the

influence of crevasses occurring at almost any part of its course south

of the mouth of the Eed Eiver. In 1890 great damage was caused by

the Nita crevasse, which discharged through Blind Eiver into Lake

Maurepas, and thence via Lake Pontchartrain and Lake Borgne into

Mississippi Sound. This afiected the oysters in St. Bernard Parish

and Mississippi Sound as far as Biloxi.

In the spring of 1897 the river broke through the levee at Bohemia,

and, in a minor degree, at other places on the east bank of the river,

and killed all the oysters in the vicinity of Quarantine and California

bays; and several years ago the Pass a Loutre crevasse, which has not

yet been closed, produced a similarly disastrous eff"ect in Garden Island

Bay. Instances might be multiplied, but those noted are probably the

most striking ones occurring within the last few years.

The effects of a crevasse are twofold ; it deposits nuid and freshens

the water, both of which are more or less disastrous to the oysters.

Crevasses occur during periods of high water, when the river is carry-

ing large quantities of materials scoured from its watershed, and when
this sediment-hulen stream strikes the salt water, either at its mouth or

through a temporary discharge resulting from a crevasse, its velocity

is checked and the mud in suspension is deposited, while at the same
time the salt water precipitates certain materials which have entered

into actual solution. When these materials are thrown down ujDon the

oyster-beds the oysters are smothered and the shells buried.
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In some cases the deposit of mud may be slight or the swiftness of

the currents of fresh water pouring out to sea may actually exert a

scouring action, carrying off the deposit of sediment which is normally

thrown down in the comparatively still waters of the bays and bayous,

and leaving the shells exposed and clean, even thougli the animals be

killed by the abnormal freshness of the water.

When the deposit of mud is excessive the prospects for recuperation

are poor, as the young oysters, even though they be wafted on the cur-

rents into the devastated region, can find no place for attachment. On
the other hand, when the oysters are killed by the fresh water the shells

are often left in excellent condition to serve as cultch, and oyster fry

carried in from afar finds abundant facilities for fixation. This appears

to have been the case in St. Bernard Parish after the Nita crevasse,

and was certainly so in Plaquemines Parish after the breakage in the

levees at Bohemia. In the latter instance, soon after the subsidence

of the water, the spat began to set thickly upon the shells, and at the

time of our investigation there was a very dense growth of young on
all of the beds examined, although hardly an old one was to be found.

As was found by conversation with oystermen at many places, there

is a general belief among them that a crevasse will always rehabilitate

an exhausted oyster region, owing to the production of oyster spawn by
the interaction of the fresh and salt waters. This idea is based upon
false reasoning from the facts just set forth. It is extremely improba-

ble, for instance, that the beds of Barataria Bay would be again ren-

dered productive by a crevasse, because there are but few oysters in the

vicinity to furnish the spawn, and the cultch, or material to which the

young could attach, has been almost destroyed by boring organisms of

several kinds. Without these the influence of the crevasse is of no
avail, as its benefits are in all probability due entirely to the mechan-
ical effects of the currents to which it gives rise.

RECOMMENDATIONS.

In consideration of the observations and conclusions set forth in the

foregoing report the following recommendations are made:
1. That no oysters be permitted to be removed from the natural beds

for any purpose whatever during the period from April 15 to October 1.

This regulation is intended not so much to protect the spawning
oysters, which would, of course, result incidentally, as to protect at

least some of the young oysters from injury at a time when they are

exceedingly delicate and when, owing to their small size and fragility?

it is almost impossible to cull them from the marketable oysters as

defined by the culling laws. By allowing them an additional month's

growth, under the favorable conditions obtaining in Louisiana, a larger

number should have reached a size permitting of their detachment from
their places of fixation.

2. Ko oysters, wheresoever caught, should be sold or exposed to sale

within the close season as fixed in the preceding section.
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This prohibition is regarded as tlie most feasible metliod of enforcing

the close season in the absence of a large and expensive oyster police.

If all States should adopt legislation along this line it would solve the

question of the enforcement of close seasons. It is similar to the regu-

lation which has been found most efficient in protecting game and fish.

It would doubtless cause some inconvenience and loss to dealers and

restaurateurs who now sell oysters, presumably from without the State,

during the close season, but it is doubtful if they would suffer to a

greater extent than they would under a strict enforcement of section 7,

Act No. 121, General Assembly, 1896.

3. It should be illegal to remove from the natural beds, for any pur-

pose whatever, shells or oysters under 3 inches in length. All oysters

caught on the natural beds should be culled upon the beds whence

they are taken and all shells and oysters less than 3 inches long, as

measured from hinge to tip or nip of shell, should be promptly returned

to the beds.

Eegulations in regard to culling oysters are considered the most

important and efficient measures which can be adopted for protecting

the natural beds, as close seasons can not be relied upon to prevent

their extinction. It has often been demonstrated that it is quite pos-

sible to utterly " clean up " a bed within the limits of a short close

season, and the writer knows of cases in Louisiana in which beds of

limited extent were practically bared of oysters within two or three

days by a small fleet of boats, each anxious to get the largest possible

share of desirable oysters recently discovered. If all the oysters be

caught up in two days, two weeks, or two months, it is useless to close

the beds during the rest of the season. If, however, the culling law

be strictly enforced there will always be a crop of young oysters grow-

ing up to take the place of the old ones carried to the markets, and if the

minimum limit be placed at 3 inches, as recommended, there will always

be some of these capable of spawning. In August, 1897, oysters of that

size were found to be sexually active on the beds of St. Bernard and

Plaquemines parishes.

The minimum limit here recommended is one-half inch greater than

that provided for in the present laws of Louisiana and most other

States. It is believed that this increase is highly essential to the

welfare of the natural reefs, and as oysters less than 3 inches long

bring but a small price in the markets, it is regarded as unjustifiable

to sacrifice the future for an insignificant gain in the present. As a

matter of fact, many of the oystermen voluntarily reject all the oysters

under the size recommended, and there is no good reason why all should

not be compelled to do so. By increasing the cull limit two ends are

gained—a larger number of oysters must be left on the reefs and a

larger proportion of these will be capable of spawning during the fol-

lowing period of reproductive activity. The law would be incomplete

and unsatisfactory, however, were it to prevent the taking of young

oysters for the market and yet allow them to be taken for use as seed.
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The provision of section 8 of the oyster act of 1896, <'that nothing

in this section shall deprive the police jnries of the parishes in which

natnral oyster beds or bars are situated of the privilege of granting

permission for the removal of shells or small oysters to other parishes

in the State for planting purposes," is one which would allow the utter

destruction of the natural beds, however wise and stringent the rest of

the law might be. The culling law as it stands defeats its own ends.

Whatever the purpose to which young oysters may be devoted, their

removal must be injurious to the parent beds. Nature takes cognizance

of immediate rather than mediate results, and does not inquire into

motives when her laws are infringed upon. It is an interesting fact,

and one not without significance, that the natural beds first exhausted

in Louisiana are those nearest the most extensive planting-grounds.

Doubtless the curtailment of the present privilege possessed by

planters of taking young oysters from the natural beds would bring-

forth a protest, but this should not stand in the way of a rational

administration of the oyster laws. The regulation here suggested does

not prevent the taking of oysters for seed, but only prescribes the size

of seed which it shall be legal to take from the natural reefs, and there

is still a reasonable profit to be derived by bedding oysters not less

than 3 inches long. The planter's profit arises not only from an increase

in quantity due to growth, but also from a great increase in the value

bulk for bulk—the larger oysters are more valuable than the seed,

while the planted oysters, owing to their generally superior shape and
condition, are more highly valued than the natural growth.

It is, moreover, much to the planter's interest to have the natural

beds preserved, and any reasonable measure, such as is liere suggested,

"should receive his support. The extermination of natural beds means
increasing difficulty in procuring seed, either large or small, a point

well illustrated by the experience of Bayou Cook i^lanters, who since

the destruction of the Barataria Bay beds have been compelled to go

to Timbalier Bay, involving the payment of canal tolls and increasing

the distance by about 20 miles.

Even should the proposed regulation practically prohibit oyster-

planting as now carried on, it would be preferable to enforce it rather

than to permit the extermination of the natural beds, for that in itself

would result in the destruction of both. This conclusion is justified

when it is remembered that there is another and more valuable method
of oyster-culture open to the planters, the system of planting cultch,

which will be described hereafter. The planting of seed oysters does

not greatly increase the productiveness of the oyster lands. It improves
the size, shape, and flavor of the plants, and to a limited extent

increases the oyster output by saving some which would perhaps fall

victims to the vicissitudes of life on the natural beds, but in the main
it merely transfers the immediate source of the product from the public

to private beds without lessening the drain upon the former.

F. K. 98 7
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4. All boats or vessels engaged iu culliug should be at anchor on the

natural beds.

This proviso is intended to aid in the enforcement of the preceding

one requiring culling upon the reefs. It will prevent the practice,

more or less common, of saving time by culling the oysters while under

way to market, with the result that the culls often fall upon unsuitable

bottom and are destroyed, v/hereas they would have been saved had

they been culled on the reefs.

5. Every effort should be made to induce the oystermen to adopt the

practice of exposing shells or other cultch for the purpose of catching

the spat or young oysters. This method of culture is now carried on

to a limited extent in some i)arts of Plaquemines Parish, as may be

seen by reference to that section of this report which deals with the

subject of oyster-planting. It not only results in an improvement in

the quality of the oysters, as iu seed-planting, but also in a very impor-

tant increase in the quantity. If generally adopted it would result in

saving millions of oysters which now perish in the soft mud and ooze

for lack of i^laces for attax'hment, and every oyster so saved is an oyster

added to the product of the State.

By this method of oyster-culture the planter makes himself inde-

jjendeut of the natural reefs; he raises his own seed oysters and there

is no necessity or supposititious necessity of carrying away the young

growth from the public beds. At the same time there is a reduction in

the quantity of natural-reef oysters needed for the markets, part of this

demand being satisfied by the oysters from the planted beds, and finally

these planted beds would directly benefit neighboring natural beds,

especially if these be somewhat exhausted, by furnishing large quanti-

ties of fry to aid in their recuperation. From every x^oint of view,

therefore, it is advantageous to encourage the planting of cultch, but

unless private enterprise be sufQciently keen to appreciate its opportu-

nities it is difficult to see how Louisiana planters can be induced to

undertake it. Probably the best means for bringing this about would

result naturally from the curtailment, as heretofore recommended, of

the present too liberal policy in regard to the taking of seed from the

natural reefs. If the men be not allowed to take small oysters and

shells promiscuously, and if they be compelled to cull oft" the oysters

less than 3 inches long, precisely as if they were taking them for the

markets, it will doubtless make them more alive to the advantages of

planting shells. It is hoped that this, with the aid of more liberal

regulations in regard to planting recommended hereafter, will induce

an increase in the acreage of planting beds and promote the use of

cultch rather than seed from the natural beds. It is believed that after

one or two men have demonstrated the advantages of the method sug-

gested the others will not be slow to follow. In n)any places, as has

been pointed out in the section dealing with oyster-i)hinting, there are

large quantities of shells available on the spot, and when this is not

the case shells, broken tiles, or other suitable materials may be brought.
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with but little labor or expense, by the boats returning- from the

markets.*

The recommendations which follow are mainly aimed to offer all

reasonable facilities and inducements for the extension of the system

of oyster-culture advocated above,

(5. It is suggested that provision be made for granting to the oyster-

grower permanent tenure of his beds. He should be permitted to

hold them, subject to the rights of navigation, under provisions similar

to those under which he might hold lauds above tide. The first

cost should be nomimil, say $1 per acre and the cost of making the sur-

vey; and the tax thereafter should not be more than a fraction of the

annual rental now levied on the leased lands. It would, perhaps, be

advantageous to allow the planter the option of purchasing under the

above conditions or of leasing on liberal terms. The end to be kept

in view is to induce persons to undertake oyster-culture, and not the

immediate production of a large revenue for the State or parish. It is

believed, however, that under more liberal ijrovisious a larger number
of persons would engage in the industry, and that both directly and
indirectly this would result in an increase in the revenue derived from

the oyster industry, besides adding to the individual prosperity of the

citizens of the State. In March, 1898, there were but 32 grants of

oyster-lands m the parish of Terrebonne—which has the most extensive

oyster-lands of any parish in the State—yielding not over $80 yearly

each to State and parish under present laws. This is a small matter,

indeed, to stand in the way of regulations fostering what is likely to

prove a great industry, and which at the same time would do much
to perpetuate the value of the public oyster-lands.

7. The area which may be ])urchased or leased by each applicant

should be increased from 10 to at least 25 acres, and doubtless it would
be good policy to remove the limit entirely. The policy of restriction

is unreasonable and illogical, and few would advocate it with reference

to lands above tide, its consequences there being obvious. If it be
considered, however, that a limit to individual holdings be desirable,

it should be remembered tbat when the shells are planted it will take

about a year longer for the oysters to reach a marketable size than if

yearling seed from the natural beds be used, and that the planter there-

fore requires a larger area upon which to produce a given annual crop.

8. It is recommended that a definition be made of the meaning of the

term "natural oyster reef or bed" as used in the oyster laws, and that

this definition be drawn with due regard to the fact that a reef may
cease to be such, either as a result of oystering or in consequence of the

operation of purely natural causes. The reasons for this recommen-
dation are set forth on pp. 85 and 80 of this report, where they are

considered in connection with certain concrete cases which fell under
the observation of the writer. It is recognized that a definition of

*Tlie methods usually employed are explained in detail in "Oysters and Methods
of Oyster-culture," iu Keport U. S. Fish ('ommission for 1897.
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what constitutes an oyster- reef must be to a certain extent arbitrary

in character, and the following is offered as tentative and is designed

especially for the conditions prevailing in Louisiana:

A natui-al oyster reef, bar, or bed is an area of not less than 500 square yards of

the bottom of any body of water upon which oysters are found or have been found

within a term of live years immediately preceding the time at which the questions

concerning said bottom are decided, in quantities which would warrant taking

them for profit by means of tongs.

The reasons for the several provisions of the definition are as follows

:

The minimum limit of 500 square yards is placed in order that small or

insignificant patches of oysters within the limits of otherwise available

planting-grounds shall not, under the provisions of the oyster law, debar

an applicant from having such bottom assigned to him as a private plant-

ing-ground. The term of five years is established because it is believed

that within that time, uuder the conditions existing in Louisiana, a

depleted oyster-reef will either have become regenerated or else be

beyond hope of redemption by natural agencies, and there will be no

reason for further exempting it from occupation as planting-ground.

The final provision is to prevent an extinct reef from being regarded

as a natural bed for the purposes of the oyster act, merely because

it contains a few scattered oysters which could not be taken for the

markets with profit.

9. It is suggested that the oyster laws might in some places be

enforced better, as they certainly would be, throughout the State,

more uniformly, if their administration were placed in the hands of a

State fish commission appointed for that purpose. There are some

parts of the State in which the oyster fishery is apparently subject to

no suj)ervision whatever, except that now and theu the vessels engaged

in it are called upon to pay a tax.
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THE SHAD FISHERIES OF THE ATLANTIC COAST OF THE
UNITED STATES.

By Charles H. Stkvenson.

INTRODUCTION.

AccordiDg to the returns of the United States Fish Commission there

were 24,768 men employed in the shad fisheries of the Atlantic coast of

the United States in 1896; the boats, apparatus, etc., employed were

worth $2,040,342, and the yield of shad numbered 13,053,429, valued

at $1,651,443. These figures include only the common shad {Alosa sap-

idissima), and not the several related species known as hickory shad

winter shad, mud shad, jack, etc.

The capture of shad is occasionally reported from certain of the trib-

utaries of the Gulf of Mexico, but it does not exist iu those w^aters in

sufficient abundance to maintain important fisheries. The several

plantings made from time to time have resulted in colonizing shad iu

nearly all the rivers of the Pacific slope from San Pedro to Puget
Sound, and the annual yield on that coast approximates 200,000. In

addition to the United States coast, the species is also caught on the

eastern coast of the British North American provinces as far north as

the Gulf of St. Lawrence, the yield approximating 600,000 annually.

There is no species of fish more important to the residents of the

entire Atlantic seaboard than the shad, and none whose preservation

so immediately concerns a larger number of persons. The yield of

codfish is larger and of greater value, but the fishery for that species

is confined to one section of the coast, gives employment to less than

half as many men, and its prosecution requires costly vessels and appli-

ances, necessitating lengthy trips from port and much exposure and
loss; whereas shad occur more or less abundantly along the entire

coast, ascending the rivers as far as they permit, almost to tlie very

doors of fishermen and consumers several hundred miles from the sea,

and are caught by all forms of aj^paratus, from the costly seines and
pound nets near the coast to the roughly constructed bow nets and fall

traps in the headwaters of the rivers.

However, there are few fishes whose geographical range and local

abundance are more easily affected by agencies of man, and during

the last fifty years the shad fisheries have undergone great changes.

In the early part of the present century these fish ascended the numer-

ous streams until they reached the headwaters or met with impassable

falls, and they were caught all along the river course, every point yield-
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iDg its quota for local use. Not only did this method of reacliiug the

consnmers have many advantages over the present, but it also gave

opportunity for a large percentage of the shad to spawn in suitable

places jind thus keep i\p the supply. There was no concentration at

any particular point, and the limited local demand did not warrant

the prosecution of the fisheries so vigorously as to cut off' the run at

points above.

Dams were gradually constructed along the streams, completely

blocking the passage to the spawning-grounds in the upper reaches.

Then the concentration of the fisheries near the mouths of the rivers

resulted, in certain narrow streams, in excluding shad almost entirely

from the middle and upper parts, restricting or entirely preventing the

reproduction of the species in those rivers. The excessive fisheries

and the destruction of spawn by sewage and by washings from culti-

vated fields, and of young shad by improper modes of capture, make
heavy drains upon the natural abundance of these fish. In a number

of streams on the Atlantic seaboard the fisheries have been entirely

destroyed by these combined agencies, and in most of the others the

number of shad that reach the spawning areas has been so far reduced

that natural reproduction is yearly becoming less effective in keeping

up the supply, and the necessity for artificial hatching becomes propor-

tionately greater.

The history of the shad fisheries shows that there was a decrease in

the yield in nearly every river on the coast until 1880, when the results

of artificial propagation became apparent, not only maintaining an

equilibrium, but increasing the abundance. Since 1880 the aggregate

yield has greatly increased, the i^roduct in 189G being 28 per cent

greater than in 1888 and nearly three times as great as in 1880. And
yet 1896 was what is commonly termed an "off" year for shad, the

catch being smaller than in 1895 or in 1897. It should be noted, how-

ever, that this largely increased yield has been accompanied and even

surpassed by an increase in quantity and effectiveness of the apparatus

of capture, but it was made possible by the results of artificial propa-

gation. Comparing 1880 with 1896, it is observed that the increase in

the yield numbered 7,905,154. At 25 cents each, the average price

l^aid by consumers, this represents an increase of $1,976,288 in the value,

over 60 times the expenditure for shad propagation, a result probably

uusuri^assed in any other line of fish culture.

The supporting of profitable shad fisheries is not the only object to

be gained in maintaining the supply of shad on the coast. The rela-

tion between the different species of fish in the economy of nature is

not very well understood, but sufficient is known to indicate that the

valuable shore fisheries on the New England coast are intimately asso-

ciated with the run of shad and similar species up the rivers of that

section. Seventy years ago the run of fish up the rivers of the New
England States was very much greater than at present, and after the

parent fish had disappeared the waters swarmed with the young, which
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later in the year descended to the sea in enormons scliools, attracting

the cod, haddock, and other offshore specnes, which were caught in great

abundance within a short distance of the coast, rendering unnecessary

the expensive and hazardous trips to distant banks. But with the

depletion of shad, alewives, salmon, and kindred species came a corre-

si)onding diminution in the number of cod, haddock, etc., near the coast.

And it appears that any measures tending to restore the anadromous
fishes to their former abundance will also improve the coast (isheries.

Another subject requiring attention is the conflicting laws regulat-

ing the shad fisheries in contiguous waters, and frequently in the same
waters when under the jurisdiction of more than one State. Many of

the most important shad streams either form the boundary line

between two States or they traverse more than one State, thereby sub-

jecting them to more thau one system of regulations. Thus in the

Delaware River there are three systems of regulations operative, viz,

those of New Jersey, Pennsylvania, and Delaware. In the Potomac
there are likewise three jurisdictions, viz, Maryland, Virginia, and the

District of Columbia. The regulations of the shad fisheries on the

New Jersey side of the Hudson River conflict with those on the New
York side of that stream. Also in such rivers as the Pee Dee, Susque-

hanna, and Connecticut, which traverse more than one State, there is

usually considerable friction between citizens of the two States because

of alleged injurious methods of fishery being j^ermitted in each end of

the river.

The main object of this report is to attract more attention to the

shad fisheries, to the necessity for improvements in the passage of shad

to the headwaters of the rivers, for continued and increased efforts in

the line of artificial propagation, and to the desirability of having

uniform regulations in the various waters possessing similar physical

conditions. It relates exclusively to the fisheries on the Atlantic coast

of the United States and contains no reference to the important results

accomplished in introducing shad into the waters of the Pacific coast,

nor the even more interesting subject of the possibilities of stocking

the Mississippi River and tributaries. The general condition of the

fisheries and kindred subjects are first discussed, and these are followed

by a description of the fisheries of each water area.

In the preparation of this report use has been made of all available

material, acknowledgment being given in cases where other reports or

publications have been extensively quoted. From the reports of the

United States Fish Commission and the State commissions, as well as

those of the Chief of Engineers, United States Army, so many data

have been obtained that it would be useless to attempt to refer in detail

to the authority for each statement therefrom when not of particular

importance. The writer has personally visited and investigated the

shad fisheries of most of the water areas of the Atlantic coast at

some time during the past nine years, and the result of those observa-

tions is embodied in this report.
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The statistics lierein given, showing the extent of the shad fisheries

in 1896, which is the year referred to in this report when not otherwise

mentioned, were obtained by agents of the United States Fish Com-
mission. Valuable assistance has been received from Messrs. Ansley

Hall, John N. Cobb, and H. O. Weaver, of the Commission.

MIGRATIONS OF SHAD.

The shad belongs to the migratory class of fishes, being found in the

coastal waters during only a portion of each year. In their annual

migration mature shad appear in the southern rivers of the United

States in December and January, and as the season advances they

appear successively in the various streams, reaching the New England

waters about May 1. After remaining in the rivers several months
they disappear, renewing the performance the following season.

The young fry, hatched out in the rivers in spring and early summer,

remain there until the following fall, when they leave for the ocean,

and nothing more is seen of them until they return to the estuaries as

mature or nearly mature fish, supposed to be two or three years old.

Their habitat from their disappearance on the coast in the summer and
fall to their reappearance in tlie following winter or spring is unknown.
It is likewise unknown whether, as they disappear from the estuaries,

they remain nearby or go far off from the shore, or whether they retreat

in a direction parallel with the coast to the warmer waters of the South.

Neither has it been established whether individual shad visit the rivers

every year or every two years, but the depletion by casualty and capture

is so great that probably only a small proportion ever ascend the rivers

a second time.

In accordance with the old-time theory that all seasonal migrations

were directed toward and from the equator, it was foi'raerly considered

that the entire body of shad wintered in the South and started north-

ward in a vast school at the beginning of the year, advancing along the

coast iu almost military array, sending a detachment up each succes-

sive stream, this division, by a singular method of selection, being the

individuals that were bred in those respective streams, the last portion

of the great school entering the Gulf of St. Lawrence.

But zoologists now recognize a second kind of seasonal movement,
termed ^'bathic migration," by which uniformity of temperature is

secured far more readily than by moving toward or from the equator;

and the present theory is that the young shad hatched out in any par-

ticular river remain within a moderate distance off the mouth of that

stream until the period occurs for their inland migration, and that the

schools offish are generally distributed off the coast at all times, enter-

ing the rivers as soon as the temperature of the water is suitable.

Their appearance first in the extreme southern river of the coast, the

St. Johns, and at later dates successively iu the more northern rivers,

seems to confirm this view. There are exceptions to this order of
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appearance. For instaiice, the Asliopoo and Edisto rivers are many
miles nortli of tlie Altamalia or tlie Savannah, and yet the rnn of shad

in the former is nsnally coincident with the run in the two latter.

Explanation of this is fonnd in the fact that the Ashepoo and the

Edisto rise in the sand hills and swami)s, while tlie two latter streams

have their sonrces in the mountains of northern Georgia and South

Carolina; consequently at a given date the waters of the two former

ave warmer than those of the Altamaha or Savannah. Hence it

appears that the season of migration is determined by the temperature

of the water rather than by geographical location.

The following summary shows for the principal water areas of the

Atlantic coast the approximate dates at which shad fishing began in

1896:

Waters.
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fish, commonly known on the New England coast as "sea shad," which

usually appear somewhat later than the grown fish. Excepting in

the St. Johns liiver, Delaware River, and on the New England coast,

comi)aratively few of the small fish are caught unless unusually low

temperature prevails in the rivers during the fishing season,

A subject about which there is much disagreement is whether shad

spawned in a certain river return or endeavor to return to the same
stream on their reappearance from the sea as mature fish. This idea has

been quite generally accepted, and has to some extent furnished argu-

ments for the prosecution of the work of artificial propagation. Not
only has it been contended that shad return to the river basin in which

they were spawned, but that they endeavor to return to the sanse local-

ity in that river basin. In a letter written by Professor Baird in 1873

to the Hon. Hamilton Fish, then Secretary of State, the following

statement is made:

Aiiadromons fish, or snch as run up the rivers from the sea to spawn, will return,

if possible, to the river in which they first saw the light. So true is this that where

there may be two or three rivers entering the sea in close proximity, which have
become destitute of shad or herring in consecjueuce of long-continued obstructions,

and the central one only has been stocked by artificial means, the fish, year by year,

will enter that stream, while those adjacent on either side will continue as barren of

fish as l)efore.

While this may be true to a certain extent, yet, as Professor Baird

says in the same letter:

It is difficult to imagine how a shad spawned in any northern stream could avoid

entering a more southern river if in its vicinity.

It seems that fish spawned in Kennebec River are more likely to

return to that stream than they are to Delaware River, and that shad

fry planted in the latter stream will tend to improve the fisheries of

that section rather than those of the waters of Georgia. But how is

it in case of two rivers in close proximity, like tbeOgeechee and Savan-

nah, whose entrances into the sea are only 17 miles apart"? The young

shad leaving those rivers and remaining in the deep water off the

mouths thereof for a period of two or three years must surely com-

mingle as a result of currents, variations of temperature, search for

food, etc. Again, in the instance of two or more streams which com-

municate with the sea through the same outlet, as the Neuse, Chowan,

and Roanoke rivers, all of which are tributaries of Pamlico Sound, or

the various tributaries of Chesapeake Bay, does the peculiar instinct

common to shad cause them to pass by the mouth of one stream and

enter another merely because, three years before, they were spawned in

that other river? It appears more reasonable to suppose that shad

remain in the hydrographic area in which they are spawned, this area

including the rivers entering the sea and the submerged areas between

the coast line and the Gulf Stream, and that they seek any suitable

spawning-grounds within that area and do not necessarily return to the

identical river in which they were bred. When shad were introduced
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in the Sacramento River it was supposed that tliey would return only

to that stream, but they have since appeared in nuiiiy of the Pacilic

coast waters in which they had not been indigenous and had never

been planted.

Those who believe that shad return to the identical river in which

they were spawned refer to the numerous instances in which the fish-

eries of Ji certain river have decreased after the shad have been

excluded, by means of dams, from the spawning areas in that stream.

But those decreases appear to be due rather to the general depletion of

shad in that coastal area. For instance, the Merrimac Kiver was

obstructed in 18 18 by a dam at Lawrence, 25 miles from the sea, yet shad

were caught in considerable abundance below that dam for a period

of thirty years thereafter, and the decrease in the Merrimac appears

to be merely an incident of the decrease on the New England coast.

This decrease is apparent in Casco Bay, where neither obstructions nor

spawning-grounds have ever existed. Comparatively few shad ascend

tlie Savannah or the Pee Dee as far as the spawning-grounds, yet the

tisheries of those streams appear to be holding their own among the

rivers of the South Atlantic States.

It is well known that in their passage through the coastal waters

sliad pursue certain well-defined paths, which, however, may be varied

by unusual conditions of temperature or currents. Thus, in passing up

tlie lower end of Chesapeake Bay shad usually crowd the western shore,

and are caught in immense numbers in the pound nets set there, while

the nets on the opposite shore take very few, this being due to their

followiug the thread of fresh water entering from the western side of

the bay. Yet during certain seasons, when quantities of cold water are

flowing down the Virginia rivers, or during the prevalence of northwest

winds, shad are caught in considerable abundance on the eastern shore

of Virginia and those nets on the western shore take comparatively

few. In entering Connecticut River, shad appear to follow the shore

west of the mouth of that stream, where they are caught in consider-

able numbers for a distance of 10 or 15 miles, yet they are rarely caught

on the shore immediately east of the river. In this instance they are

attracted by fresh water flowing from the Connecticut, which appears

to pursue a southwesterly course immediately on leaving that river.

After entering the estuaries the rate and course of the shad move-

ment up the rivers are influenced by various causes, which are thus

described by the late Commissioner McDonald

:

If, in consequence of warm rains at the river source, the temperature of the water

becomes suitable to the shad at an earlier date than usual, then their upward move-

ment takes place very rapidly, ami, we may say, tumultuously, the great schools of

tish crowding in and moving up all at once, so as to produce what is termed a "glut."

If, however, the temperature of the water rises by insensible degrees with the

advance of tlie season, then the upward movement begins when the water temper-

ature of the river has passed above that of the sea, and takes place gradually, the

rate of movement in such cases being slow and the period prolonged. Again, when
the shad have entered the rivers, the temperature conditions being such as to dei^r-
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mine a rapid upward movemeut, yet should the fish eucounter tioods and cousequent

muddy waters, their upward movement is arrested, the schools back down before

the flood, and, if this condition is prolonged, may be driven entirely out of the

river. In short, fluctuations in the river temperature have corresponding influences

upon the shad movements; any sudden change, whether to a higher or lower tem-

perature, apparently arrests their upward course for a time, and sonjetimes even

determines a retrograde movement. Many of the anomalies which perplex fisher-

men in the course of their work may be explained by the varying movements of the

fish as controlled by the water temperature in the rivers. We find, for example, that

while at a particular seine shore during one season a very large catch is made, yet

in the following season the fishery in the same locality may prove a failure, although

the general i"un of fish in the river has not diminished. If we suppose a seine to

sweep the flats at the mouth of such a stream as the Occoquan Creek (a tributary

of the Potomac River), and if we further suppose that the river waters in the

channel are colder than, or as cold as, the waters of the Chesapeake Bay, the shad

in their movement up the river would avoid the main current and would slowly

work their way up the shores and over the flats, where the temperature of the

waters will be found to be, under such circumstances, several degrees warmer than
in the channel. Such a season would be profitable to a seine sweeping the flats.

Again, if the wateis in the main channel of the river were of suitable temperature,

then the upward movement of the shad would take jjlace in the channel and not

along the flats. Under such circumstances a channel seine would make a very large

catch, while a seine hauled over the flats would probably find very indifterent

fishing.

In their migrations up the rivers shad ascend the stream until the

volume of the water forming the channel of the river becomes quite

inconsiderable, or, as is more frequently the case, until their move-

ments are arrested by impassable falls, dams, or other obstructions.

However, a discussion of the limit of their range in the rivers is

reserved for a sjiecial chapter.

RANGE OF SHAD IN THE RIVERS.

In considering the limit of shad range in the rivers the principal

points to be kept in view are the size of the stream, uniformity of slope,

and its freedom from dams and other obstructions. No river on the

Atlantic seaboard appears too long for shad to ascend to its head-

waters, provided they meet with nothing to bar their progress. At
present they ascend the St. Johns, in Florida, a distance approxiuiating

375 miles; the Altamaha 300 miles; the Sautee 272 miles; the Neuse
270 miles, and the Delaware River a distance of 240 miles from the

sea. However, these distances do not equal the extreme ranges in tlie

early part of the present century. Then shad ascended the Savannah
to Tallulah Falls, a distance of 384 miles, instead of 209 miles as at

present. They ran up the Pee Dee to Wilkesboro, a range of 451

miles, whereas the present limit on that river is Grassy Island, 242

miles from the sea, and only one shad was reported from that point in

1896. On James Kiver the former run was 350 miles in length, while

the present limit is at Bosher's Dam, 120 miles. But the greatest

decrease exists in Susquehanna River, in which shad formerly ascended

to Binghamtoii, 318 miles from the mouth and 513 miles by water-

course from the sea, whereas at i)resent they do not appear to pass

beyond Clark's I'erry, 84 miles from the month of the river.
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The following summary shows, in coniparjitive form, the original and
the present limit of the shad range in 23 of the principal rivers of the

Atlantic seaboard

:

Distance
of sources
above
coast
line.

Original limit of shad run.

Locality.

Distance
from
coast
line.

Present limit of shad

Locality.

Distance
from
coast
line.

St. Johns
Altamaha
Ogee('hee
Savannah
Edisto

Santpo jWateree.
'''^"^®® \Congaree
Pee Dee
Cape Fear
Neuse
Pamlico-Tar
Koauoke
James
Rappahannock ,

Potomac
Susquehanna
Delaware
Hudson
Housatonic
Connecticut
Merrimac
Kennebec
Penobscot

Mites
375
450
350
425
300
350
410
497
290
340
252
457
420
248
400
617
457
314
202
409
140
155
255

Sources
Macon
Ogeeehee Shoals
Tallulah Falls .

.

Sources
Great Falls
Green River
Wilkesboro
Haywood
.Sources
Rocky Mount..

.

Weldon

Falrnouth Falls!
Great Falls
Binghamton
Deposit
Glens Falls
Falls Village....
Bellows Falls...
Winnepesauk ee
Carritunk Falls

Miles.
375
370
200
884
300
272
374
451
210
340
157
249
370
155
190
513
256
209
150
204
125

Sources
Hawkinaville
Milieu .

Augusta Dam
Jones Bridge
Great Falls
Columbia
Graasy Lsland
Smiley Falls
Fish Dam
Rocky Mount
Weldon
Bosher's Dam
Falmouth Falls - .

.

Great Falls
|

Clark's Ferry..
Burrows Dam..
Troy
Birmingham ...

Windsor Locks
Lawrence

Miles.
375
300
100
209
281
272
233
242
181
300
157
249
140
155
190
279
196
164
92

20
44
35

It appears that in 23 of the principal rivers, aggregating 8,113 miles

in length from the coast line, shad formerly existed throughout (5,052

miles, or 72 per cent of the length, whereas at present they are to be found

in only 1,203 miles, a decrease of 1,819 miles. This summary comprises

only the priucii)al rivers, and if the minor streams and tributaries were
included, the total length from which shad have been excluded would
doubtlc-^s appear more than twice as great. In much of that length

shad were quite numerous, the catch in many instances exceeding the

yield in the part to which the fisheries are now confined. The upper sec-

tion of the Pee Dee is supposed to have yielded over 100,000 annually.

In James Eiver, according to the late Commissioner McDonald, the

annual catch of shad in the 230 miles from which they are now excluded
" was at one time far in excess of the now (1880) entire catch for the

whole river." The present excluded length of the Susquehanna for-

merly yielded several hundred thousand annually. In a report of

special commissioners of Massachusetts, appointed in 1865 to investi-

gate the fisheries of that State, it was estimated that at the beginning
of the i)resent century the annual shad yield in Merrimac Eiver ranged
from 500,000 to 1,000,000 in number, whereas none ascend that river at

present.

The limitation in the range of shad in the rivers is the result of sev-

eral agencies in addition to the size of the stream, the most important

of which are (1) natural falls, (2) insurmountable dams, (3) pollution of

the water, (4) agricultural operations, and (5) extensive fisheries.
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Natural falls exist at the escarpment line in all of the rivers having

their sources above the coastal plane, but in only a few instances are

they of sufficient height to form insurmountable obstacles to the range

of shad, among these being Weldon Falls on the Roanoke Kiver, Great
Falls on the Potomac, and Bellows Falls on the Connecticut, all of

which form absolute barriers to the further progress of shad that may
reach those points, excluding them from the whole of the river above.

Most of the other Atlantic coast streams having their sources above

the coastal plane have been made impassable at or a short distance

above the escarpment line by means of artificial dams for develoi^ing

water-power or lor navigation improvements. In this class are the

Savannah, the Santee, the James, the Susquehanna, the Housatonic, the

Connecticut, the Merrimac, the Kennebec, and the Penobscot, the lengths

from which shad are excluded appearing in the aforegoing table.

Numerous attempts have been made by the erection of fishways

to enable shad to pass above these obstructions, among the costly

contrivances of this nature being those in the Savannah at Augusta,

the Santee at Columbia, the Potomac at Great Falls, the Susquehanna
at Clark's Ferry, the Housatonic at Birmingham, the Connecticut at

Holyoke, the Merrimac at Lawrence, and the Kennebec at Augusta.

And although these are modern constructions, designed by engineers

of ability, familiar with the principles of hydraulics and the habits of

fish, none of them appears to be successful for shad, this fish being so

timid that it will not enter fishways readily used by salmon, alewives,

and other species. True, a few individuals may pass through some of

them, but the number is not sufficiently large to be of any practical

value, and in a majority of instances where shad are reported above a

dam they have swum over the crest during freshets or they have passed

through breaks in the obstruction.

Access to suitable spawning areas being necessary for the mainte-

nance of the fisheries if natural reproduction is depended on, and as

many of the spawning-grounds are located in the headwaters of the

rivers, it follows that while the exclusion of shad from the upper sec-

tions is the innnediate it is not the most important elfect of those

obstructions. It has been the common experience in all the shad rivers

that whenever a high dam or other obstruction has been erected across

the stream the fisheries above that x)oint have at once ceased, and those

immediately below have for a year or two flourished on the large num-
ber whose ascent has been stopped by the barrier, and then they too

have declined. It also appears that the extent of this decrease below

the dam is largely dependent on the nearness of the obstruction to

the mouth of the river and the proportion of the spawning-grounds to

which they are denied access, and if all the breeding-grounds have

been cut oft' in a definite coastal region the shad have almost entirely

disappeared.

This is clearly illustrated by the conditions in Connecticut River.

The erection of the Holyoke dam in iSll) prevented the fish from
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ascending above that point, and as they strayed about in tlie river

below the obstruction they were taken in greater abundance than

lornierly. At the Parsonage tisliery, near the mouth of the river and

40 miles below the dam, the shad yield during the twenty years pre-

ceding the erection of the obstruction averaged 9,854 annually; during

the live years following 1849 the annual catch averaged 19,490; during

the next ten years it was but 8,304, and for the following six years,

1805-1870, the annual average was but 4,48l* shad, less than one-half

the former yield. The record of the catch on the Connecticut from

1853 to 1890 shows that the total yield below the dam decreased from

nearly 500,000 annually to an average of less than one-tenth of that

number. In a few rivers the development of water-power has resulted

in completely exterminating the anadromous fishes, this being the case

in the Thames, the Blackstoue, the Merrimac, the Saco, and other

rivers. However, instead of the employment of a few hundred persons

in taking fish each spring, the water-power on those streams affords

employment to thousands of mill operatives.

The utility of the spawning areas below the dams has also been

impaired by chemicals, sawdust, and other refuse from mills and towns

on the river banks. In a number of small streams these have almost

completely destroyed the spawning and breeding areas, but regulations

against this practice now exist in many States.

Another factor having some effect on limiting the range of shad up
the rivers is the increased agricultural operations. At the time of the

settlement of the river valleys most of those areas were covered with

forests, and the ground was carpeted with leaves and moss, which

checked the surface liow of water and restricted its evaporation, thus

tending to constancy in the flow of rivers, and freshets were rare and

of insignificant proportions. With increase of population the forests

were cleared away and large areas of land brought under cultivation,

causing injurious meteorological changes and more numerous and

destructive floods. During heavy rains the plowed soil upon the hillsides

is easily washed into gullies through which the cold water is quickly

conveyed to the rivers, filling them beyond their capacity and bringing

into them masses of earth and other debris, thus covering the spawning-

grounds. The freshets are soon over, and the flow of water in the

streams becomes so small that shad are not induced to proceed so far

up as formerly.

On some of the Southern streams decreased navigation has resulted

in reducing the length of shad range. This is especially true of the

Combahee, the Ashepoo, the Edisto, the Chickahominy, the Matta-

poni, and the Pamunkey, the channels of which are now encumbered

with drifting logs, overhanging trees, brushwood, and shoals of loose,

shifting sand, through which a passageway for the ascent of fish was

formerly maintained by navigation and the rafting of timber.

The most important factor in reducing the inland range is the exten-

sive fisheries near the coast. In the first half of the present century

F. R. 98 8
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shad were caught all along the river course, every ijoiiit yielding its

quota for local use and the limited demand not warranting the prosecu-

tion of the fisheries so vigorously as to cut off the "run" at points

above. But the profit derived from shipping shad to distant markets

has caused a concentration of tlie fisheries at points near the mouths

of the rivers where convenient shipping facilities exist, resulting, in

certain narrow streams, in practically excluding shad from the middle

and upper sections where the spawning-grounds are located. The effect

is not so apparent as in the case of impassable dams and natural falls,

for the latter form absolute barriers, whereas extensive fisheries merely

limit the number of fish ascending to the extreme range of the river

and not the length of that range. Yet, in many cases they affect the

future abundance of the species even more than the dams and natural

falls. This is especially noticeable in those narrow streams whose

fluvial characteristics extend nearly or quite to the sea, as in most of

the rivers between the St. Johns and the Neuse, and to some extent in

the Susquehanna, the Hudson, the Connecticut, etc. In the Ogeechee,

Savannah, Edisto, Pee Dee, and Cape Fear, the great bulk of the catch

is obtained in the extreme lower end, within '60 or 40 miles of the sea,

and comparatively few shad ascend as far as the spawning-grounds.

In the Connecticut nearly all the shad are caught within 20 miles of the

mouth. In those rivers the dams perform a very unimportant part in

limiting the run of fish, for few shad ever reach those obstructions. In

the broad estuaries tributary to the sounds of North Carolina and to

the Chesapeake and Delaware bays the effect of the large quantities of

twine is not so apparent; yet, even in those waters only a small per-

centage of the shad reach the spawning-grounds.

EXTENT OF THE SHAD FISHERIES IN 1896.

TJie extent by States,—The following tables show the extent of the

shad fisheries of the Atlantic coast of the United States during the

season of 1896. First is presented a series of three tables showing, by

States, (1) the number of persons employed; (2) the boats, apparatus,

etc., used, and (3) the number and value of shad taken, and these are

followed by three other tables showing similar data for each water-

course. From these it appears that of the 23,128 shad fishermen in

1896, 8,793 operated drift nets; 2,703, stake nets; 4,840, seines; 3,076,

pound nets and weirs; 3,926, bow nets, and 253 operated fyke nets and

miscellaneous apparatus. In addition there were 1,445 shoresmen, 195

transporters, and also many persons operating apparatus in which shad

were taken incidentally. The boats, apparatus, etc., employed aggre-

gated $2,040,342 in value, and the catch of shad numbered 13,053,429,

of which 5,998,143 were taken in drift nets, 1,703,099 in stake nets,

1,999,942 in seines, 3,139,830 in pound nets and weirs, 123,803 in bow
nets, 73,440 in fyke nets, and the remaining 15,172 were taken by spears,

fall traps, etc.
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Statement of the number of persons employed in the shad fisheries of the Atlantic coast of
the United States in 1896.
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Statement of the number and value of shad caught on the Atlantic coast of the United
States in 1896.

Georgia
South Carolina .

North Carolina .

Virginia
Maryland
Delaware
Pennsylvania...
New Jersey
New York
Connecticut
Rhode Island . .

.

Massachusetts .

,

Maine

Total

22, 080
68, 427

.$53, 677
44, 808
19, 405
18,910
74, 178
68, 875
60, 936
36, 525

249, 763

50, 938
10, 740

1,689
10, 134

33, 602
944, 582

304, 808
129, 034
4,200

191, 275
83, 775

$285

61615
204. 080
39, 663

14, 959
672

29, 095
10, 449

125, 248 $8, 627

4,262
532, 966
151, 335

223, 351

53, 922
308, 335
466, 439
68, 345
7,472

12,442
45, 825

1,107
90, 899

12, 740
24, 499
7, 154

40, 487

45, 790
8,991
1, 673

1,390
2,512

5,998,143 696,147 1,703,099 309,156 1,999,942 245,869 3,139,830 361, (

Pound nets and
weirs.

478, 531 $90, 690
1, 871, 074 180, 197

449, 567 52, 658
380 53

40, 377

22, 550
7,093

12, 472
5,300

252, 480

6,720
3,641
1,669
3,284
1,155

21, 565

Florida
Georgia
South Carolina

.

North Carolina .

Virginia
Maryland
Delaware
Pennsylvania- .

.

New Jersey
New York"
Connecticut —
Ehode Island .

.

Massachusetts.,
Maine ,

Total

.

Fyke nets.

54, 008
5,600

Bow nets. Miscellaneous.

2, 865
24, 816
55, 710

27, 612
2,300

10, 500

$1, 125
6,089

12, 284

3,940
445

1,893

50
714

2,000
3,463
2,003

5,400

73, 440 10, 748 123, 803 25, 776 15, 172 2, 115 '

13, 053, 429 1, 651, 443

460, 214
143, 974
146, 627

2, 096, 804

3, 203, 503

1, 541, 050
468,344
621,239

3,338,480
542,814

i

70, 288
j

13,532
39,822
366,738

$62, 589
49, 289
33, 436

417, 243
307, 055
166, 551
69, 260
79, 445

340, 056
74, 833
14, 082
3,590
3,236

30, 778

It appears that in the niiraber of persons employed, North Carolina

ranks hrst among the Atlantic coast States, this position being dne to

the large number of bow-net fishermen in the State. Next in order are

Maryland, Virginia, New Jersey, and South Carolina. In the number
of shad caught New Jersey stands first, with a yield of 3,338,480, and

Virginia comes second, with 3,203,503 shad. Virginia usually ranks

first, with North Carolina second, but the catch in those two States in

1896 was unusually small, while it was considerably above the normal

in New Jersey.

The extent hy water areas.—No regular shad fisheries are prosecuted

along the ocean shore of the United States, and the great bulk of this

species is taken within the gener al coast line. With the exception of

a few individuals caught incidentally in the several pound nets along

Virginia Beach, no shad are reported as obtained along the ocean shore

south of liarnegat, N. J. Between Barnegat Inlet and Sandy Hook
Point there are a hundred or so pound nets set for menhaden, fiounders,

bluefish, etc., which catch 10,000 or ir»,000 shad annually. The next

point at which shad are taken outside the general coast line is between

the eastern end of Long Island and Cape Cod, where 3,000 or 4,000 are
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caught each year in pound neta. Between Cape Cod and the eastern

part of Maine mackerel boats catch several thousand shad, and a few

are taken in pound nets set on the coast, 97,5(>5, being- thus taken in

1890, making- a total of 115,(576 shad taken in 1896 along the ocean

shore, against a total of 113,937,753 taken within the coast line.

The following table shows by water-courses the number of persons

employed in the shad fisheries in 1896:

Statement, by water areas, of the number of men employed in each branch of the ahad
Jisheries of the Atlantic coast in 1896.
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The following table shows, by water areas, the boats, apparatus, etc.,

employed in the Atlantic coast shad fisheries in 1896:

Statement, hy ivater areas, of the boats, apparatus, etc., employed in the shad Jisheries of
the Atlantic coast of the United States in 189G.

Water aroas.
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Boats, apparatus, etc. emploi/cd in Atlantic coast shad fisheries in 1890—Contiimod.

Water areas.
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Northward from the Delaware there are only three important shad

streams, viz, the Hudson, Connecticut, and Kennebec, the yield in

which, in 1890, numbered 588,898, 51,690, and 290,122, respectively. In

the Hudson, the most important apparatus are drift nets, stake nets,

and seines; in the Connecticut, drift nets and seines only are used; and

the entire yield of shad in the Kennebec is obtained in weirs and drift

nets. Besides these three rivers there are numerous small streams and

coastal indentations in wliich more or less shad are caught each year.

The following statement shows the number and value of shad caught

on the Atlantic coast in 1896:

Statement, by water areas, of the number and value of shad caught in each form of appa-
ratus employed on the Atlantic coast in 1896.

Water areas.

St. Johns River
St. Marys River
Satilla River
Altamaha River
Ogeecbee River
Savannah River
Comhahee River
Ashepoo River
Edisto River
Cooper River
Santee River
Winyah Bay and tribu-

taries
Cape Fear River
Pamlico Sound
Neuse River
Pamlico-Tar River
Croatan and Roanoke

sounds
Albemarle Sound
Roanoke River
Chowan River
Pasquotank and Per-
quimans rivers

Chesapeake Bay
James River and tribs. .

.

York River and tribs
Mobjack Bay
Rappahannock River
Potomac River
Nanticoke River and trib-

utaries
Choptank River and trib-

utaries
Susquehanna River
Miscellaneous rivers

Delaware Bay
Delaware River
Miscellaneous ri vers

Ocean shore of New Jersey.
New York Bay
Hudson River

Great SouthBay and Gardi-
ner Bay

Long Island Sound
Connecticut River
Miscellaneous rivers

Ocean shore of Rhode Is-

land
Narragansctt Bay and trib-

utaries
Buzzards Bay and Vine-

yard Sound
Cape Cod and Massachu-

setisbays
Casco Bay
Kennebec River and tribs.

.

Penobscot and other Maine
rivers

No.

331, 033
7,609
1,500

17, 310
55, 425
54, 299

Value.

$53, 297
1,313
240

5,803
19, 514
19, 196

80, 259
54, 809

18, 485
5,221

4,000
500

242, 903
339, 628
350, 441

40, 354
279, 280

117, 266

120, 261

35, 540
72, 271

1, 098, 821

2, 086, 791

75, 845

63, 500
297, 178

6,110
50, 317

18, 527
13, 950

3,244
1,139

23, 971
28, 091
31, 201

3,157
23, 188

12, 625
3,949

103, 996
226, 795
13, 508

7,620
42, 958

46
8,244
2,810

355
5,434

Stake nets.

2,584

"9,' 262'

37
3,090
6,400

21, 967
80

2,065

387, 236
26, 483
8,114

73, 626
429, 599

6,100

101, 706
43, 921

104, 118
11, 510

34, 695
4,200

200
52, 275

222, 575

Total 5,998,143 696,147 1,703,099 309,156 1,999,942 245,869 3,139,830 361,632

14
622

1,254
4,281

25
433

15, 090
82, 664

1,195

18, 324
5,251

8,242
1,616

2,015

3,813

5.371
672

2,634
20

1,608
11, 402

114,077
38, 693

20, 000
132, 213
143, 809
60, 450

12, 322
33, 622
49, 509
12, 701

9, 740
123, 445

29, 897

67, 245
90, 444
40, 899

700
686, 612
56, 693

865
1,010

68, 345

41

5,839
1,592

9,087
40, 325
5,500

21, 239
7,439

3,800
25, 401

16, 043
11, 835

2,395
4,064
4,341

955

Pound nets and
weirs.

60,853 : $13,478
22, 471 3, 902

7, 759 1, E

75, 915
173, 380

9, 853

3,019

7,478
13, 832
5,023

74

7^194
378
223

10
1,264

456
2,017

495

122, 595

15, 558
1, 277, 367

3,119
138, 895
140, 777
262, 504

42, 143

115, 041

"7L847
100

13, 675
42, 332

4,755
9,258

1,051

11, 421

3,385

1,915
18, 055

234. 305
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Stalemeni, Inj ivatrr areas, of the number and value of shad catu/hl in each form of appa-

ratus employed on the Atlantic coast in 189G—Continued.



122 REPORT OF COMMISSIONER OF FISH AND FISHERIES.

Statement of the numher, uwUjht, and value of roe and huch shad caught on the Atlantic

coast of the United States in 1896.
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COMPARISON WITH PREVIOUS YEARS.

In considering" the comparative abundance of sliad it is not safe to

be guided by the results of the fisheries in a single locality or even in

an individual river basin. The catch in each locality fluctuates under

local conditions, and it is only by comparing- the returns for a large area

of the coast that it can be determined whether there has been an actual

increase or decrease.

The season of 1880 is the earliest one for which we have accurate or

even fairly reliable data relative to the yield of shad aloug the entire

Atlantic coast or even a considerable portion of that coast. The
adverse agencies tending to deplete the species had then reduced the

yield to a very low point and the effect of artificial propagation had not

become generally apparent. During that year the total yield of shad

on the Atlantic coast approximated 5,102,315 in number,,worth -$995,405.

The use of improved apparatus of c;apture and the more vigorous jjrose-

cution of the fisheries has resulted in a considerable increase in the

aggregate yield since that season. The yield in 1888 was reported at

10,181,005, for which the fishermen received $1,005,170; in 1892 it was

11,091,505, valued at $1,879,088, and in 1890 it numbered 13,053,429,

worth $1,051,443 at first hands.

Wliile the yield in 1890 was by far the largest of any of the four years

above noted, yet that season was scarcely representative of the last

three or four years. Not only were shad less abundant than usual, but

the prices were so low that many fisheries were abandoned before the

season was at an end. However, in the rivers of Florida and Georgia,

in Delaware River, and Connecticut River the catch in 1890 was the

largest for many years. From Savannah River to the Chesapeake Bay,

inclusive, the yield in 1895 and in 1897 was far in excess of that in 1890.

The following summary shows by States the yield of shad in 1880,

1888, and 1890. The returns for 1880 and 1888 were published in pounds,

and in reducing them to number the average weight has been assumed
to be 3^ pounds each.

Florida t 71, 914
Georgia ' 72, 000
Soutu Carolina '

59, 314
ISTorth Carol iua > 920, 360
Virginia

|

906, 272
Maryland i 1, 074, 121
Delaware i 300, 000
Pennsylvania I 159, 885
New Jersey 214, 285
New York 781,028
Connecticut 376, 581
Rhode Island 13, 743
Massachusetts 47, 007
Mai-ne 165, 805

Total
I

5, 162, 315

$20, 136
17, 941

12, 432

329, 569
134, 496

140, 326

52, 500
27, 980
35, 000

136, 680
65, 902
2,405
8,226
11.876

935, 465

Number. Value.

413, 714
75, 200

123, 657

1, 608, 774
2,316,235
1, 598, 781
396,919
396, 340

1, 863, 842
984, 468
104, 553
4,971

51,316
242, 835

19, 000
27, 050

292, 409
376, 944
218, 230
51, 999
76, 942

307, 411
150, 882
23. 786
1,213
5,312

24, 368

10, 181, 605

460, 214
143, 974
146, 627

2, 096, 804
3, 203, 503
1,541,050

468, 344
621,239

3, 338, 480
542, 814
70, 288

13, 532
• 39, 822

$62, 589
49, 289
33, 436

417, 243
307, 055
166, 551
69, 260
79,445

340, 056
74, 833
14, 082

3,590
3, 236

30, 778

, 651, 443
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It appears that since 1880 there has been au increase in the yield in

every State south of New York, and from that point northward there

has been a decrease in each State except Maine. The greatest increase

has occurred in New Jersey, the yiekl of shad in that State in 1880

numbering 214,285, which was increased in 1888 to 1,803,842, and in

1896 to 3,338,480. Virginia ranks next with an increase from 900,272

in 1880, to 2,090,804 in 1890. The largest decrease has occurred in Con-

necticut, where the catch in 1880 numbered 370,581, and in 1890 only

70,288.

The yield for the entire coast shows an increase of 97 per cent in the

eight years from 1880 to 1888, and from 1888 to 1890 the increase was

28 per cent. The value of the shad, liowever, does not show so great

au increase. Indeed, comparing the returns for 1888 with those of 1890,

we iind that while the total number of shad increased 2,871,824, the

value decreased $13,733. The average price received by the lishermen

for shad in 1880 was $19.28 per hundred; in 1888, $10.35, and in 1890,

$12.05 per hundred.

In considering the recent yield of shad with that prior to 1880, few

data exist on which to base satisfactory conclusions. It is well to guard

against placing too great conhdeuce in estimates as to the early abun-

dance of these tish. In the report of the Maine Fish Commission for

1807, the yield of shad on the Penobscot during the preceding season

was estimated at 2,500,000 in number, but a careful survey of the

fisheries of that river during the following season, made by the same

commissioners, showed that the number of shad caught approximated

only 5,000. If this correction had not been made, the former number

would doubtless have prevailed as the basis for comparisons of the former

and present abundance of shad in Penobscot River. In the Gazetteer

of Virginia, published in 1835, is an account of the fishery resources

of Potomac Eiver, which includes the remarkable statement that in a

good season of six weeks the catch of shad on that river numbered

22,500,000, while the alewives caught annually reached the remarkable

number of 750,000,000. And this estimate has been used by many
writers as a basis for lengthy discussions of the decrease of shad in the

Potomac.

True, there are numerous records, kept with great accuracy, showing

the yield of shad at individual fisheries, and even for entire river basins,

for periods of 20, 40, and even 00 or more years prior to 1880, but they can

not be taken as a basis for determining the abundance or comparative

yield of this species all along the coast. Great changes have occurred

in manner of prosecnting the fisheries and even in the fishing-grounds

during the past half century. Formerly tlie great bulk of shad were

caught by means of seines, while at present the large catches made by

drift nets, stake nets, pound nets, etc., leave a comparatively small

number to be caught in the original form of ap])aratus. Also tlie large

increase in the amount of apparatus em])loyed results in ii much smaller

average catch for each individual apparatus. II' only 20 seines or pound
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nets are used in a certain water-course, it is to be expected that the aver-

age catch per net will be greater than if that number be increased to

100. And while probably in many of the water areas along- the coast

the average catch of shad per net is less at present than formerly, yet

it is equally probable that the present aggregate yield of shad is much
greater than ever before.

An account of the comparative abundance of shad in each water area

will be found in the latter half of this report, containing a dis(;ussion

of the fisheries of each separate locality.

We must not overlook the great length of water-courses formerly

abounding in shad from which these fish are now excluded by means of

dams and other obstructions. But to offset this there has been a great

extension of the fisheries into water areas in which no shad whatever

were caught half a century ago. Formerly the great bulk of the yield

was obtained from the middle and upper sections of the rivers, while

at present nearly all the catch is obtained in the lower section and in

the salt water of the estuaries. The extension of the fisheries into the

estuaries is of recent origin, dating only from the middle of the present

century, and their development has been principally during the past

twenty years. It requires large and costly apparatus to prosecute the

fisheries there, and forms suitable have come into use only quite

recently.

With the exception of drift nets in Delaware Bay, New York Bay. and
one or two less important places, and the mackerel purse seines, which
take a few shad on the ISew England coast, pound nets and stake nets

are the only forms of apparatus employed in catching shad in salt

water.

Over 90 per cent of the shad caught in salt water of the Chesapeake
region are taken in pound nets, yet the use of that apparatus there

dates only from ] 865, and not until 1S75 were they extensively employed.

Stake nets and pound nets, which catch practically all the shad taken

in the salt water of North Carolina, have been used in that region only

since 1865. It thus appears that, while the up-river fisheries are

decreasing, a very large area is being added to the fishing-grounds.

At present nearly half of the total shad yield on the Atlantic sea-

board is obtained in salt water, and those fisheries are becoming more
extensive each year.

The following summary shows, approximately and in comparative

form for each water area, the number and value of the shad caught in

1896 and the number and ijercentage of those taken in salt water.

The line of demarcation between the salt and fresh water of the estu-

aries being indefinite and variable, this table is only approximately

correct for certain regions, but tlie percentage of error is too small to

materially affect the general result.
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Table showing the number and value of shad taken in 1896, and the number and percentage

of those taken in salt ivater.

Total
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moving the seines and other apparatus of capture over the spawiiiug-

gTouiuls disturbs and drives away the fish from those areas and destroys

many of the eggs and young shad already there.

The construction of dams has exchided shad from a hirge portion of

the spawning grounds, notwithstanding the erection of fishways in

those obstructions. Sawdust, chemicals, and other refuse, and agricul-

tural operations, have greatly impaired the utility of the spawning
areas even now available, and the extensive fisheries have very largely

decreased the number of shad reaching those areas. These adverse

agencies have reduced natural reproduction to almost an insignificant

factor in keeping up a supply ample to maintain the present fisheries,

rendering artificial propagation essential to their prosperity. They so

affected the abundance of shad that during the Seventies the returns

of the fisheries reached a minimum. Then the results of artificial

propagation began to appear, not only maintaining an equilibrium, but

greatly increasing the abundance. While the increased yield was pre-

ceded by an increase in the quantity of apparatus used, yet it was made
possible by the greater abujidance of shad due to artificial propaga-

tion. Comparing 1880 with 1896, it is observed that the increase in

the yield numbered 7,891,114, At 25 cents each (the average paid by
consumers), this represents an increase of $1,972,778 in the value, over

^ixty times the expenditure for shad propagation, a result probably

unsurpassed in any other line of fish-culture.

The general condition of the shad fisheries along the entire coast

having been noted we now proceed to a description of the fisheries of

each individual water area, those areas being grouped according to

States, beginning with the southernmost and proceeding northward.

THE SHAD FISHERIES OF FLORIDA.

The extent by water areas of each branch of the shad fisheries of

Florida in 1890 is presented in the following series of three tables,

showing (1) the number of persons employed, (2) the boats, apparatus,

etc., used, and (3) the number and value of shad taken. There are but

two rivers in this State which support commercial shad fisheries, viz,

the St. Johns and the St. Marys.

Statement, by water areas, of the number of pemons employed in each branch of the shad
fisheries of Florida in 1896.



128 REPORT OF COMMISSIONER OF FISH AND FISHERIES.

Statement, by water areas, of the boats, apparatus, etc., employed in the shad fisheries of
Florida in 1896,

"Waters.
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the temperature of the St. Johns River at Jacksonville, it is seen that the temi»ora-

ture of the Avater <>ra(lnally descends, reachinj;^ 60° F. at Jacksonville about the last

of Noveiiiher. This date is coincident with the first appearance of shad in tlie St.

Johns. * * * In all otherstreams on the Atlantic coast the lish appear to wait unti-

the temperature of the river has risen above that of the salt-water area into which
the river empties before thej- ascend in the spring. The migration of shad into the

St. Johns Ixiver is clearly not for the immediate pur))ose of spawning, ns that opera-

tion is not performed for months, lint in order that they m;iy keep within the limit of

the hydro-isothermal area appropriate to them. W(; must suppose that Ihe tempei'al

ture of the ocean waters, on the continental ])lateaii outside the coast line, is higher

than 60° F., and although uncongenial to the fish, yet they must necessarily remain
in that temperature until the waters of the St. Johns, cooling as the winter advances,

have fallen below the temperature of the outside waters. As soon, therefore, as water
of a lower temperature than that in which they are commingles with the ocean water
it serves as an incentive—as it were, the signal—for their migration into the estuary

of the St. Johns.—(Natural History of Aquatic Animals, pp. 599-602.)

Shad fishing- on the St. Johns is of recent origin. Indeed, it is

claimed by some persons that shad have run up this river daring the

hist forty years only, but this is doubtless erroneous, the absence of

extensive fisheries before the Sixties being due to inadequate shipping

facilities and insufficient local enteri)rise. Drift nets were introduced

here about 1800, and their use increased quite rapidly, most of them
being operated by fishermen from Connecticut and New Jersey. The
war interrupted all fishing except for local use, but at the close of hos-

tilities the operation of drift nets was renewed and greatly increased.

It is reported that, in 1873, 94,000 shad were caught with 30 nets oper-

ated from New Berlin, about 10 miles from the mouth of the river, and
that in 1876, when shad were unusually abundant, the average catch

at New Berlin was 5,000 per net. At Palatka, 100 miles from the month
of the river, drift nets were first used in 1872, and 7 nets in 1876 caught

66,000 shad, the largest yield in any one net numbering 11,000.

In a letter from Jacksonville, dated in January, 1874, Dr. Charles

Koch says

:

From the bar at the mouth of the St. Johns River up to Palatka 75 to 80 nets are

fished during the shad season. These nets are 200 yards long and 10 feet deep and are

set in from 10 to 12 feet of water. In 1873 the prodiict of the shad fisheries amounted
to 250,000 shipped or consumed. The average price at Jacksonville was 15 cents

apiece.

Mr. R. E. Earll estimated that in 1877-78 there were 80 drift nets on

the river and that the average catch was 2,500 each, making a total of

200,000 shad for that season. He further states tliat the yield for the

previous season approximated 280,000, and for 1875-76 the yield was
about 160,000 or less. The Tenth Census reports the yield in 1879-80

at 251,700 pounds, but it does not appear what basis has been used in

reducing the number to pounds. ISIo mention is made in those esti-

mates of the use of seines.

The yield of shad on the St. Johns in 1890 was the largest for many
years, numberiug 872.074. During the four years following the catch

gradually decreased; but in 1895 it was somewhat better, and this

F. R. 98 9
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increase was continued in 1890. In the last-named year the entire

yield was 170,252 roes and 280,029 bucks, a total of 450,281, of which

331,033 were taken in drift nets and 125,248 in seines. Couij)anug the

number of fishermen in 1890 and 1890, it appears that the yield of

872,074 shad in the former year was obtained by 442 men, whereas the

450,281 shad in 1890 were secured by 447 fishermen, an increase of 1

per cent in the number of fishermen and a decrease of nearly 50 per

cent in the number of shad secured. The catch in 1890 was made with

191 gill nets and 10 seines, while in 1890 there were used 171 gill nets

and 24 seines.

From the foregoing it appears that the yield of shad on the St. Johns

during the years noted has been as follows

:

Tear.
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takings shad. These range iu length from 500 to COO yards, averag-

ing about 575 yards, with 5-inch mesh and from 10 to 50 meshes

deej). They are heavily leaded, the leads weighing 2 ounces each and

placed 2 or 3 feet apart. The average cost of the nets api)roxi mates

$125, and 2 men are required for each. They are set directly across the

current, one end being buoyed and the other attached to the boat, and

are allowed to drift with the current. They are operated during both

ebb and flood tides, but usually the flood tides yield larger returns.

The number of drift nets operated in this section in 1896 was 146,

aggregating 83,500 yards in length and $15,625 in value, and requiring

the services of 292 men. Comparatively few of these men are natives

of Florida, many of them coming from Connecticut and New Jersey

and residing in Florida only during the shad season. The catch, which

was unusually large, consisted of 125,346 roe shad and 165,770 bucks,

valued locally at $47,720. Nearly all of these fish were shipped to New
York City and other distant markets.

From Jacksonville to Bridgeport, a distance of 46 miles, the river is

from 2 to 5 miles in width and quite sluggish, so as to preclude the use

of drift nets, and no fisheries are operated.

The Palatl-a section.—The second division of St. Johns River extends

from Bridgeport to Welaka, a distance of 35 miles, located wholly

within Putnam County. Drift nets exclusively are used in this stretch

of the river, and the fishery is centered at Palatka, a town of 3,000

inhabitants. These nets are much shorter than those used below Jack-

sonville, averaging in length about 240 yards each, with a scant 5 inch

mesh, and costing about $60. The number used in 1896 was 22, each net

requiring the services of one boat and usually of two men, although in a

few instances a single man operated one net. The water was unusually

low, retarding the ascent of fish beyond Welaka, and the yield in this

portion of the river was the largest since 1890, the total catch in the 22

drift nets numbering 9,550 roe shad and 27,750 bucks, valued locally at

$5,222.

The Palatka fishermen complain considerably of the injury caused by
the presence of a species of water hyacinth {Piaropns crassipes) in the

river. This plant was introduced into the St. Johns in 1890 from a small

pond at Edgewater, near Palatka. It becoming desirable to clean the

pond, the plants were thrown into the river, where they flourished

luxuriantly, producing masses of flowers and adding an attractive

feature to the river scenery. It does not become fixed to the soil, and
its movements are governed by the wind and current. During the past

three or four years it has increased so abundantly and its range has

been so extended as to seriously impede the operations of the fisher-

men, being distributed quite generally from Bridgeport to Lake George

and existing to some extent as far down the river as Jacksonville.

Several of the drift-net reaches in the vicinity of Palatka have been

seriously injured by the plant, which gets entangled in the nets and
causes much trouble and loss of twine. Occasionally, under favorable
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conditions of wind and tide, the fisliermeu of certain reaches are pre-

vented from operating their nets for several days at a time by reason

of the mass of vegetation covering the water. Should the plant spread

during the next few years as it has during the past six, drift-net fishing

in the Palatka section will necessarily be abandoned.

From Lake George to Lake Harney.—This portion of the river, known
as the Upper St. Johns, consists of a series of connected lakes, the

most important being Lakes George, Dexter, Monroe, and Harney.

Sanford, a town of 3,000 inhabitants, on the shore of Lake Monroe, is

the center of the shad fisheries. This town is practically the head of

navigation on the river, daily steamers connecting it with Jacksonville,

over 200 miles distant.

Seines are the principal apparatus used in this section, the only

other apparatus employed being a very few drift nets. Of the 127,865

shad taken in 189G, 125,248 were obtained in seines and 2,617 by drift

nets. An interdiction exists against the use of seines in the lakes

forming part of the St. Johns; consequently most of the seine fishing is

confined to the channels connecting the lakes. Drift nets can, of

course, be used only in the channels, and the extent of the seine fishery

there restricts the use of drift nets.

There were only three drift nets reported from the Upper St. Johns

in 1896. Two of these were each 600 yards in length and the third was

200 yards long, the mesh in all being 5-inch. The catch numbered

1,445 roe shad and 1,172 bucks, valued locally at $355.

The seines range in length from 200 to 700 yards, 50 to 100 meshes

deep, with 3 or 4 inch mesh. They cost from $60 to $300, and require

from 4 to 10 meu each, according to the length of the seine and the

strength of the current. The 24 seines used in 1896 aggregated 7,150

yards in length and $2,175 in value, and required the services of 110

fishermen and 50 small boats, worth $1,000, in addition to which 1

steam launch, worth $2,000, was used in transporting the fish to San-

ford. The catch numbered 33,911 roe shad and 91,337 bucks, valued

locally at $8,027. Among the bucks are included 53,807 " skips," which

average in weight about 1 pound each. In the early part of the season

shad are sold to the Palatka shippers as high as 50 cents each, but the

price falls rapidly, and when the season is at its height the price is

frequently less than $7.50 per 100.

ST. MARYS RIVER.

St. Marys River has its source in the Okefenokee Swamp, whence it

forms the boundary line between Florida and Georgia for a distance of

175 miles to its entrance into the Atlantic. It is narrow, but deep and

tidal nearly the whole length, and is navigable for steamboats as far as

Traders Hill, 45 miles from the ocean. There are several small steamer

landings on the river, but the only settlement of considerable size is

St. Marys, a town of 700 inhabitants on the Georgia side of the river

near the mouth. Owing to its proximity to the St. Johns, and the
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greater abundance of fish in that stream, as well as to the meager ship-

ping facilities on the St. Marys, very little attention has been given to

catching shad in the latter river. The fisheries are confined to the use

of a few drift nets and stake nets by men living between Crandall and
Kings Ferry, most of the catch being landed at Oakwell, Ga., and
Kings Ferry, Fla., whence it is carted to the nearest railroad station

and shipped to distant markets. Some few shad are also taken for

home use by means of bow nets, but this fishery is of little consequence

and no data are at hand to show its actual extent. Seine fishing is

scarcely practicable on the St. Marys, as the stream is so narrow and
the tidal current so strong that seines could be hauled only during slack

water.

The number of men employed in the shad fisheries of the St. Marys
in 1896 was 110, 40 of whom lived on the Florida side of the river

and 70 on the Georgia side. They commenced fishing about the 1st

of January and continued until some time in April, 80 using drift

nets and 30 using set nets. The drift nets numbered 80, with an
aggregate length of 5,000 yards and valuation of $1,200. On account

of the numerous snags and the narrowness of the river, the longest

nets used are only 90 yards, and some are only 40 yards in length.

The mesh is generally 5 inches and the depth about 14 feet. The stake

nets numbered 15, with a length of 1,275 yards and valued at $300.

By the drift nets 3,363 xoe shad and 4,246 bucks, worth $1,313, were
taken, while the set nets caught 1,062 roe sbad and 1,522 bucks, valued

locally at $441, making a total of 10.193 shad, worth $1,754, caught on
St. Marys River, of which 3,933 were taken by men living on the

Florida side and 6,260 by residents of Georgia.

THE SHAD FISHERIES OF GEORGIA.

Although requiring a greater number of fishermen the shad fisheries

of Georgia are not so extensive as those of Florida as regards the

value of boats, apparatus, etc., and the quantity and value of shad
taken, as appears from the following series of tables showing the extent

of the fisheries of Georgia by water-courses

:

Statement, by ivater areas, of the number ofpersons employed in each branch of the shad
fisheries of Georgia in 1896.

Waters.
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Statement, iy water areas, of the boats, apparatus, etc., employed in the shad fisheries of
Georgia in 1896.

Waters.
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ALTAMAHA RIVER.

This river is formed by the junction of the Ocmulgee and Oconee

rivers,on the Hue between Appling and Montgomery counties, and, after

flowing a distance of 150 miles, empties into the ocean a few miles

below the town of Darieu, the river, with its many tributaries, being

situated entirely within Georgia. The Altamalia is the most southerly

stream flowing into the Atlantic whose sources are above the escarp-

ment line, its two principal tributaries rising in the hills of nortliern

Georgia. The total fall of the river from the junction of its head

tributaries to Darien approximates 83 feet, an average of 7.G inches

per mile, this slope being nearly uniform. Its width varies from 150 to

800 feet, averaging about 300. It is navigable for vessels of 5 feet

draft from the mouth to the junction of its two principal tributaries.

Although shad are quite abundant in the Altamaha, yet the shipping

facilities are so unsatisfactory that the fisheries have never been devel-

oped, only enough for local use being obtained. These local fisheries

extend from the mouth of the river to the junction of its two principal

tributaries, but are most extensive in the vicinity of Darien and Doctor

Town. The season is much later in the Altamaha than in the rivers

south thereof, since the temperature of the water is generally lower, the

Altamaha having its sources in the mountains, whereas the other

streams rise in the sand hills and swamps near the coast. The forms

of apparatus used are drift nets, set nets, and bow nets, named in the

order of their importance as determined by the number of shad taken

in 1896. Of 25,030 shad caught during that year, 17,310 were obtained

in drift nets, 7,010 in set nets, and the remaining 710 in bow nets.

Drift nets are operated iirincipally in the lower part of the river below

Doctor Town, although a few are used above that settlement. Most of

these are owned by Darien and Brunswick fishermen. In 1896 there

were 162 drift-net fishermen on the river, using 80 nets, with a total

length of 4,000 yards and valuation of $2,000, and the catch numbered

7,835 roe shad and 9,475 bucks, valued locally at $5,803.

The set nets on the Altamaha are used between Doctor Town and
Seward, near the junction of the two tributary streams. These nets

are each from 30 to 35 yards in length, with 5^-inch mesh, cost about

$15, and require one boat, worth about $5, and 2 men. The total

number of nets used in 1896 was 60, and the number of shad taken by
tliem was 3,335 roes and 3,675 bucks, valued locally at $2,270.

Bow nets or skim nets are used in the upper reaches of the river above

Doctor Town. Fifteen of these were operated by 30 men in 1896, the

catch of shad numbering 310 roes and 400 bucks, worth $229, making
the total yield on the Altamaha River in 1896 11,480 roes and 13,550

bucks, valued locally at $8,302.

Ocmulgee River.—This river is formed by the union of South and
Yellow rivers about 20 miles below Covington, and thence flows about

300 miles to its union with the Oconee. The head of navigation was
formerly at Macon, but at present navigation by steamboats with a draft
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of 5 feet or more is confined to that portion below Hawkinsville, a

length of about loO miles. The descent of the river from Macon to its

union with the Oconee is nearly 200 feet. At Macon it crosses the fall

line in a shoal several miles in length, and above that city there are

numerous shoals but no falls of great height until the extreme upper

section of the river is reached. Shad ascend the Ocmulgee as far as

Macon, but few are taken above Hawkiusville, and nearly all those

caught on the rivers are obtained below Abbeville. The catch in 1896

is reported at 1,502, valued at $632, of which 892, worth $368, were

taken in set nets, and 610, worth $264, in bow nets.

Oconee River.—This river rises among the hills of northeastern Geor-

gia, the main stream being formed by the union of North and Middle

forks, which unite below the town of Athens, at a height of 500 feet

above sea level, whence it flows 280 miles to its union with the Ocmul-

gee. At present steamboats ascend to the crossing of the Oconee and
Western Kailroad, a distance of 108 miles; but the stream is naviga-

ble as far up as Milledgeville, 180 miles from the mouth, where it crosses

the escarpment line at a height of 221 feet above sea level. On the

Oconee shad are occasionally seen as far up as Milledgeville, but very

few are caught above the town of Dublin, 108 miles above the mouth.

Below Dublin they are obtained by means of set nets and bow nets, the

reported catch in 1896 by the former being 600 roe shad and 700 bucks,

worth $530, and by the latter form of apparatus 620 roe shad and 925

bucks, worth $632, a total of 2,815 shad, valued locally at $1,162.

OGEECHEE RIVEB.

This river, the only one of importance between the Altamaha and
Savannah, is located entirely in Georgia, rising in Greene County, and,

after flowing a distance of 350 miles, empties into the Atlantic 38 miles

above the entrance of the Altamaha and 16 miles below the mouth of

the Savannah. It is navigable for vessels of 16 feet draft for a dis-

tance of 25 miles from the mouth, and 10 miles farther for vessels

drawing 5 feet. Nearly the whole of the Ogeechee is located below

the escarpment line, and it drains extensive swamps. Consequently it

is not subject to sudden freshets, and the temperature of the water is

generally much higher for corresponding dates than in the two adja-

cent streams, the Altamaha and the Savannah, which have their sources

in the mountains. At the Shoals of Ogeechee, 200 miles from the ocean,

where the river crosses the escarpment line, there is a wooden dam 225

feet long and 8 or 9 feet high, used in connection with a gristmill, and
4 miles above is a second wooden dam 280 feet long and 15 feet high,

develoi)ing 150 horse-power for running a cotton factory. The foot of

these shoals is the uppermost limit of the shad range, and very few

pass above Millen, 100 miles from the sea.

The Ogeechee ranks first among the shad streams of Georgia, sur-

passing even the Savannah in the number and value of shad taken and
yielding nearly twice as many as the Altamaha and tributaries. Owing
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to the liifilier temperature of the water, shad run up the Ogeechee
somewhat earlier tlian in case of the Altaraaha or Savannah, but later

than in the St. Johns, the fishing- season beginning about the first week
in January and continuing until the end of March. Practically all the

commercial fishing is carried on with drift nets in the lower 22 miles of

the river, the best fishing being near Harv^ey's Cut, about 10 miles from

the sea. Most of the fishermen are non-residents of the river basin,

many coming from Savannah and Xew England and living in house

boats during the shad season. Savannah is the headquarters for the

fishermen and the principal market for the catch.

The drift nets used on this river range from 200 to 600 feet in length,

with f) to 5^ inch mesh, and cost from $40 to $185 each. Occasionally

they are operated as set nets, being fastened across the current during a

tiood tide. The number in use in 1896 was 80, aggregating 10,667 yards

in length and $r),000 in value. Eighty fishing boats, worth $2,800, and
4 house boats, worth $400, were used, and the catch numbered 22,225

roe shad and o3,200 bucks, valued lo(;ally at $19,514.

Several small set nets and bow nets are operated in the middle sec-

tions of the river in taking sliad for local consumption, but no data are

available with which to show the extent of the product.

SAVANNAH EIVER.

The Savannah has its sources in the mountains of western North
Carolina, but the river proper is formed by the union of the Tugaloo

and the Seneca rivers at Audersonville, S. C, and for a distance of

325 miles it forms the boundary line between Georgia and South Caro-

lina, emptying into the sea a short distance below the city of Savannah.

It is navigable for steamboats as far as Augusta, where it crosses the

escarpment line. The difference in elevation at this point and at the

city of Savannah is 108 feet and the distance 202 miles, giving a mean
slope of 0.53 foot per mile. Between Savannah and Augusta there are

no villages or considerable collections of houses, excei)tat Pureysburg,

S. C, about 23 miles above Savannah. The river averages about 300

feet in width in the lower 170 miles; thence to Augusta the width

ranges from 500 to 900 feet. The bed of the stream is of sand, with

coarse gravel and rock in limited quantities.

Seven miles above Augusta, where the river crosses the fall line,

there is a large dam, developing one of the most important water-

powers in the South. When originally constructed, in 1847, the dam
was 5 feet high. In 1875 it was enlarged, the height varying from 6 to

15 feet, averaging 10.63, built of stone on a fonndatiou of rock. It

extends diagonally up stream for 1,000 feet, thence 720 feet directly

across, and is ])rovided with 4 waste weirs, 3 of them 20 feet wide and
the other one 15 feet, which may be closed by needles. The dam is

overflooded during freshets, the water sometimes standing 7 or 8 feet

above its crest. Between the base of this obstruction and Augusta the

river descends by a series of falls or rapids a vertical distance of 45 or
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50 feet in 4 miles. Because of its injurious effect on the fisheries, this

dam has caused much complaint from the residents of the river basin

above Augusta. In 1883 a fishway was constructed in the South

Carolina end of the obstruction, but its efficiency has never been

apparent.

Shad enter Savannah Eiver about the first week of January, and by

January 20 the fishing season is well opened and continues until the

middle of April, when shad become scarce and garfish so numerous and

destructive to the nets that the fishery is abandoned. The commercial

fisheries are prosecuted almost wholly by means of drift nets, the only

additional apparatus being a few set nets, fall traps, and cast nets,

which are operated mainly for other species of fish. Of the 51,412 shad

taken by fishermen from the Georgia side of the river in 1896, 51,325

were caught in drift nets, 37 in set nets, and 50 in fall traps. In addi-

tion to the above, residents of South Carolina caught 2,974 shad by
drift nets and 20 by cast nets, making a total catch in Savannah Eiver

of 54,40(5 shad, worth $19,236.

The principal fishery is in the lower portion of the river along the

Georgia shore, and tributary to the city of Savannah, where there

were 50 drift nets operated in 1896. These averaged 350 yards in

length and 30 feet in depth, with 5|-inch mesh, and cost about $75

each, requiring one boat, worth $35, and two men for each net. The
catch averaged 1,000 shad to the net, this being greater than in any

previous season during the past twenty years. The yield in 1895 was
an increase over previous years, but the returns for 1896 were much
greater than for 1895. Some fishermen attribute this increase to the

building of the Government jetty at the mouth of the river, contend-

ing that the jetty breaks the force of the freshets and also, to some
extent, prevents the fish from jiassing by the mouth of the Savannah
and on to the streams further north. The channel over the bar has also

been deepened considerably, and this may have had some beneficial

effect. However, it should be noted that in all the streams of Georgia

and Florida the catch in 1895 was somewhat larger than during the

two or three years immediately preceding, and that the yield in 1896

was also greater than in 1895.

From the northern limit of the Savannah fisheries to the Augusta
dam, a distance of 175 miles, the fisheries are prosecuted mainly for

local consumi)tion. Very few shad are taken in this length by residents

of Georgia, only 23 fishermen being reported for 1896, using 7 drift nets,

25 stake nets, and 26 fall traps, and catching 1,412 shad. From the

South Carolina side of the river 13 small drift nets were operated in

1896, yielding 2,974 shad, valued locally at $878. An interdiction

exists against fishing with drift nets "from the rising of the sun each

Thursday until the rising of the sun on each Monday," but no special

effort is made to enforce this regulation.

A few cast nets, of the type common along the southern coast, are

used immediately below the Augusta dam. They are operated only in

comj)aratively shallow water where the bottom is free trom snags and
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bowlders, for if there be rocks or snags the net will " hang," permitting

the fish to escape. The use of these nets has considerably decreased;

in 1880 13 were reported, whereas in 1896 there were only 3, yielding

but 20 shad.

The fall traps used in the rapids immediately below the Augusta
dam are made by placing stones in two straight converging lines in

the form of a V, but not meeting by 6 or 8 feet, thus constituting

breakwaters and preventing the fish from passing except through the

opening therein. Within this opening there is constructed a framework
of wooden slats with high sides, the up-river end of which rests on the

bottom, while the lower end is raised 5 or 6 feet. When the fish come
within the influence of the current passing through this apparatus

they are forced up on the slatwork and kept there by the strength of

the current, the high sides preventing them from flopping over. The
space between the slats is about 1 inch wide, permitting small fish to

pass through. When the river is low it is difficult for shad to pass

these obstructions, but during freshets, which are frequent in the shad

season, the traps are submerged and the fish readily pass over them.

The scarcity of shad during recent years has resulted in a decrease in

the use of this form of apparatus and the profitableness of those now
in the river results principally from the capture of catfish. In 1879

there were 110 fall traps, whereas in 1896 only 26 were reported, with

an aggregate yield of 50 shad. In 1873 the average catch for each

trap was reported at about 10 per day, and it was then stated to be
very much less than several years before.

Several valuable seine fisheries formerly existed on the Savannah
below Augusta, but none have been operated during the past twenty
years. Compared with twenty or more years ago, the yield of shad in

the Savannah is small, except in the extreme lower end of the river. A
part of this decrease may be ascribed to the large amount of drift-net

fishing in the vicinity of Savannah, where the stream is quite narrow
and the amount of twine used therein almost completely obstructs

the passage of fish. A second cause for the decrease is found in the

limitation of the available spawning areas. The quantities of muddy
water render the lower lengtli of the stream unfavorable for spawning
purposes, and the dam near Augusta prevents utilization of the area

above that i)oiut, thus limiting the spawning-grounds to a few miles

just below the Augusta dam, and within this restricted area the eggs
are quickly eaten by the predaceous fish attracted thither.

The Savannah above the Augusta dam.—Above the Augusta dam there

are several shoals, but the ascent is slight, being 109 feet in the 51

miles to Petersburg, Ga., an average of 2.1 feet per mile. Omitting

Long Shoals Fall, where the river descends 53 feet in lOJ miles, the

average for the remaining 40J miles is less than 18 inches per mile.

From Petersburg to Andersonville, S. C, a distance of 55 miles, the

current is very swift, the total ascent between the two points being 288

feet. At Trotters Shoals there is a fall of 74.88 feet in 7 miles, and at
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several other places falls of over 10 feet per mile occur, with very great

velocity of current. In the early i^art of the present century shad

annually migrated In quantities to the headwaters of the Savannah and

throughout the Tugaloo, 49 miles in length, and for a distance of 10

miles up the Tallulah, an important tributary of that stream, where

their farther progress was barred by Tallulah Falls, 384 miles by the

river course from the sea. Since 184G the dam above Augusta has

acted as a barrier to the farther ascent of most of the shad that find

their way to that point. The few that pass through the sluices are not

sufficiently numerous to warrant commercial fisheries, but they are

occasionally taken in apparatus set primarily for other species a dis-

tance of 80 or more miles above Augusta.

THE SHAD FISHERIES OF SOUTH CAROLINA.

The following tables show, by water-courses, the extent of each

branch of the shad fisheries of South Carolina in 1890, The unusually

large number of persons employed for the small number of shad caught

is very noticeable, the average yield per man being less than 100 shad:

Statement of the nimiber of men employed in the shad fisheries of South Carolina in 1S96.
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Statement of apparatus, etc., employed in the shad fisheries of South Carolina—Cont'd.

"Waters.
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Shad asceud Combahee Eiver to Walker and Ashepoo River as far

as Walterboro, a distance of 85 and 50 miles, respectively, but the

fisheries are centered at the crossings of the Charleston and Savannah
Eailroad. The shad season in these two streams corresponds with that

on the Edisto, running from January 15 to March 31, and the forms of

apparatus are similar. The number of set gill nets and stake nets on
the Combahee in 1890 was 14, and on the Ashepoo 17 nets were used.

The catch by the former was 3,090 shad and by the latter 6,400.

The following shows, for a series of years, the number of shad taken

by an average gill-net boat on the Combahee and the Ashepoo rivers,

respectively

:

Years.
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of 49 miles above Orangeburg and 98 miles from the Junction of the

two streams. The rafting of timber on this stream, as on many other

Southern rivers, exerts a beneficial influence by tending to keep an open
passageway for the ascent of fish through the driftwood, overhanging
brush, etc.

The commercial shad fisheries on the Edisto extend from near the

mouth of the river to Orangeburg on the North Fork, yet they are

most extensive near Jacksonboro, at the crossing of the Charleston and
Savannah Eailroad. They are prosecuted largely by negroes from

Charleston, but the number of natives engaged has increased daring

recent years. The set-gill net is the principal apparatus used, and a

few bow nets and seines are employed, especially in the upper reaches

of the river, the latter forms of apparatus being used mainly by the

natives. The principal gill net grounds extend from 12 miles below
Jacksonboro to 2 miles above that station.

The gill nets are made of No. 40 twine, with 5J to 5J inch mesh, and
cost about $35 each. At each end of the net is a rod several feet in

length, anchored at one end to keep it upright, and attached by means
of a rope bridle to a fixed stake or tree trunk on the shore. The size

of the nets varies, but averages about 35 fathoms long "in gear," and
40 meshes deep. They are made, however, to fit the channel of the

river, stretching almost from bank to bank and reaching to the bottom,

forming a serious impediment to the passage of fish. On account of

the clearness of the water fishing can be carried on only at night, thus

leaving a free passage for shad during the daytime. The nets are

usually not less than 300 yards from each other. In the lower part of

the river, where the tide current is strong, they are put out at three-

fourths flood and taken in at one-fourth ebb. The season opens about

January 10 and closes the end of March, the greater portion of the

catch being made in February. By a State law the time for fishing

with gill nets is further restricted to four days of the week, from the

rising of the sun each Monday to the setting of the sun each Thursday.

In 1896, 84 men engaged in the gill-net fishery on the lower portion

of the Edisto, using 42 boats, worth $2,130, and 62 nets, worth $2,184.

The catch amounted to 11,132 bucks and 10,835 roe shad, with a local

valuation of $4,281, and in addition thereto 5,258 hickory shad were
taken. In 1880 the number of net fishermen was reported at 150 and
the catch of shad at 90,000 pounds. In 1890, 48 nets took 30,100 shad.

The following record of the catch of one gill-net boat on the Edisto

Eiver, from 1885 to 1896, inclusive, is presented as a fair showing of

the relative abundance of shad during that period

:

Tear.
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In addition to the gill-uet fishery, a number of shad are taken on the

Edisto by means of small seines and bow nets. In 189G there was 1

seine operated about 10 miles below Jacksouboro and 8 between that

station and Branchville. These seines are 35 to 70 yards long, 3- inch

mesh, of No. 9 cotton, and worth on an average from $30 to $45 each.

Their catch of shad numbered 2,040, of which 1,080 were bucks. In

addition to these, a quantity of hickory shad, striped bass, bream,

perch, herring, etc., were taken. Above Branchville 3 seines were used,

taking 594 shad in 1896. Hickory shad are caught in considerable

numbers at Gibham Ferry and at other points below Branchville, but

above that village none are reported.

Bow nets are used by the native planters and woodsmen all along the

river from the mouth to the upper limits of Orangeburg County. In

1896 83 were used, by means of which 3,672 shad and 500 hickories were

taken, the shad selling at 20 to 40 cents each and the hickories at 5

and 10 cents each. This fishery is carried on generally at night, begin-

ning between 7 and 10 o'clock. Some of the catch is sent to Columbia,

but the greater proportion is sold for local use.

CHARLESTON HARBOR AND TRIBUTARIES.

Between the Edisto and Santee rivers are several streams having

a common outlet at Charleston, the most important being Cooper,

Ashley, and Wando, each of wbich is small and navigable only for

short distances from Charleston. A few shad ascend each of these

rivers, but the fisheries are extremely local and limited in extent. Near
Monks Corner, at the entrance of the Santee Canal into the west branch

of Cooper River, and at several other places on the same river a few

shad are taken each year by bow nets, pump nets, gill nets, and seines.

In 1896 the total number of shad taken on that stream was 396, of

which 216 were caught by pump nets, 80 by bow nets, and the remain-

der by means of gill nets and seines.

The pump net resembles the bow net somewhat in the principle of

its opeiatiou, and it is also similar to the contrivances operated from

the piers at Chicago. A pole 20 feet long, having suspended from its

outer end a pair of cross sticks, to which is fastened a net 10 feet

square and with 2^-inch mesli, is "pumped," like a well sweep, on a

forked post fixed on the bank of the river.

A few shad are taken in the East Branch of Cooper Eiver and in the

lower section of tlie Wando and Ashley, but the catch is so small as

to not warrant an extended investigation in those streams.

SANTEE RIVER AND TRIBUTARIES.

The Santee is formed by the junction of the Congaree and Wateree

at a distance from the ocean of 90 miles in a straight line, but, follow-

ing the sinuosities of the stream, a distance of 184 miles. The river is

navigable its entire length, the width at low water varying from 200

to 500 feet, and the fall being less than half a foot per mile. There are
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no villages nor considerable collections of houses along the river, the

banks being lined with extensive swamps and forests.

On account of the lack of transportation facilities and tlie limited

population in the vicinity, the fishery resources of the Santee have

never been developed. The planters and woodsmen along the banks of

the stream catch a few shad with bow nets and set gill nets for local use,

and near the crossing of the Northeastern Kaihoad at St. Stephen there

is some fishing for distant markets, but the business is inconsiderable.

During the year 1896 the shad taken on the river below Wright Bluif,

120 miles from the ocean, numbered 7,309, of which 5,244 were taken

by bow nets and 2,065 by gill nets. The small extent of the fisheries

did not warrant ascending tlie river above Wright Bluff, and no

reliable account exists of the small catch between that point and tlie

junction of Congaree and Wateree rivers.

Wateree or Cataivba.—This river, the principal tributary of tne

Santee, rises among the Blue Ridge Mountains of North Carolina and
follows a winding course of over 400 miles before its union with the

Congaree. Shad ascend the Wateree in some numbers as far as Cam-
den, 232 miles from the ocean, and a few are at times taken at the foot

of Great Falls, 20 miles farther up, where, in a distance of 8 miles, the

foil of the river aggregates L73 feet. It does not appear that shad ever

passed above Great Falls in large numbers, if at all. The steep slope

of the Wateree above that point, its comparatively small volume of

water, and its numerous falls and shoals would seriously impede the

progress of shad even if j)rovision were made for their passage above

that obstruction.

Congaree River.—The Congaree is formed by the junction of Broad
and Saluda rivers, 49 miles above its union with the Wateree. Shad
were formerly taken on this river in considerable numbers in the shoals

near Columbia, and some^ ascended each of the main tributaries many
miles farther. On Broad River a few stragglers ascended as far as

Green River, 141 miles above Columbia and 28 miles above the boundary

line between North and South Carolina, or 374 miles from the ocean.

The elevation of the mouth of Green River is about 758 feet above sea

level, and of the Congaree at Columbia about 135 feet. At present the

dam at Columbia appears to be the upper limit of the shad run. No
reliable data exists as to the number of shad taken on Wateree and
Congaree rivers in 1896, but it was probably less than 2,000.

In 1883 a fishway was constructed over the Columbia dam, consist-

ing of 3A sections, 36 feet long, with a total rise otf 9 feet. It is sub-

stantially built and is of the type known as the McDonald Fishway,

consisting of two sets of buckets, straight-wooden buckets to receive

the water in its downward flow and curved-iron buckets to direct this

water back up stream, thus atibrding a comparatively quiet waterway.

It is fairly efficient for certain species when kept free of trash, but

shad do not appear to use it.

F. R. 98 10
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WINYAH BAY AND TRIBUTARIES.

Winyah Bay, the confluence of Waccamaw, Pee Dee, Black, and

Sampit rivers, is one of the principal shad producing regions of the

Southern States. This bay possesses characteristics to be found at

the mouths of many of the large streams in the South. The length

approximates 12 miles, the width ranging from f to 4 miles, and the

bottom is of shifting sand, in which numerous channels have been

washed by the tide.

From the outer entrance of the harbor to Georgetown, a distance of

14 miles, also for 30 miles up the Waccamaw and at the mouths of

Sampit and Black rivers, the water is well filled with drift nets from

the middle of January to the end of March, this being the only appa-

ratus used for taking shad. In 1896, 254 drift nets were used in the

waters tributary to Georgetown, the length ranging from 200 to 600

yards, with mesh from 5J to 5'^ inches, and depth from 40 to 60 meshes.

Two men are required for each boat, the men being mainly negroes,

many of whom find employment during the rest of the year in the rice

fields or the turpentine woods.

The season begins usually during the second week in January and

continues until some time in April, with the weekly close times operative

in this State.

The catch in 1896 numbered 40,411 roe shad and 39,658 bucks, the

local value being $18,454. In addition, 14,246 hickory shad were taken,

worth $1,068. Most of the latter were females, the large mesh of the

nets ijermitting the buck hickories to escape. This fishery has not been

profitable for several years, the total receipts barely paying for the twine

used.

The season in 1896 closed earlier than usual, the low prices in the

Northern markets not warranting shipments alter the first week of

April. In the first part of the season the buck shad largely outnumber

the roes, but later the proportion is reversed, resulting in about an

equal division between the two. The following shows the number of

each sex handled monthly by one Georgetown firm in 1896

:

Month.
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The following summary shows, for certain years, the number of drift

nets and the total and average catch of shad per net in the vicinity of

Georgetown:

Year.
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length above the Narrows. lu this report the name Pee Dee is applied

to the entire stream above Waccamaw Eiver.

The Pee Dee is one of the principal streams on the southern coast. It

rises on the eastern sloi)e of the Blue Eidge in Watauga County, N. C,
and before its entrance iuto Waccamaw liiver flows a distance of about

485 miles, of which 213 miles are in South Carolina and 272 miles in North

Carolina. It is navigable for steamers of 3i feet draft for a distance

of 230 miles above Georgetown, two steamers running regularly and

going as high as Cheraw when practicable. In discussing the fisheries

of this stream it is natural to divide it into three sections—(1) the

lower 204 miles of the river, being from the Waccamaw to the lowest

dam near Cheraw, covering the navigable portion
; (2) from Cheraw to

the Narrows, a distance of 71 miles, containing numerous dams and

other obstructions to the passage of fish; and (3) the 210 miles above

the Narrows, known as the Yadkin.

From the Waccamaui to Chermv.—The lower portion of the Pee Dee
possesses the usual characteristics of South Carolina streams. The
banks are low and swampy, occasionally varied by bluffs; the width

varies from 150 to 300 feet at low water, and the slope averages 0.279

foot per mile. The course is extremely winding, being almost a con-

tinuous series of semicircular curves, requiring 203 miles to traverse

from the Waccamaw to Cheraw, whereas in a straight line the distance

is less than 100 miles.

Shad are obtained throughout this length of the Pee Dee, but in no

great abundance at any point. From the Waccamaw to Mars Bluff

they are at present taken only by means of bow nets; drift nets have
been used to some extent, but the numerous logs and snags in the river

prevent the successful prosecution of that form of fishery. From Hunt
Bluff to Cheraw, a distance of 50 miles, seines and drift nets areemployed.

During 1896 the total number of shad taken on this length of the river

was 8,967, of which 7,759 were taken by bow nets, 1,018 by seines, and
190 by drift nets.

The bow nets are employed most extensively at Smith Mills, Dunham
Bluff, Savage Landing, Stone Landing, Drewit Bluff, Birch Ferry, and
Crawford Landing. The season begins about February 10 and lasts

generally 2i months, the catch ranging from 20 to 200 shad per boat.

It is said that twenty years ago the boats usually caught 20 to 40

shad each per night. In 1890 the average catch per boat for the entire

season approximated 114, and during 1896 the average for the 168 bow
nets used between the Waccamaw and Mars Bluff' was 46 for the sea-

son. The catch in 1895 was considerably more than in 1896, but in 1894

it was somewhat less than in 1895 on account of the i^revalence of low

water in this portion of the river.

Between Hunt Bluff and Cheraw there Avere formerly numerous
seine fisheries, but on account of the increased scarcity of shad these

have been greatly reduced, both in number and in size. The lowest is

at Hunt Bluff, 15 miles below Society Hill, where two small seines
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were used iu 1890, yielding: 152 shad. About 10 miles above Hunt
Bluff is another seine bar, where two short seines were used in 18!)0,

the catch approximating- 50 shad and 1,000 hickories. Just above
Douglass Falls and about 3 miles below Society Hill a small seine

was used, catching 22 shad and 280 hickories. About 4i miles above
Society Hill and 17 miles below the lowest fishing dam a double-seine

fishery was operated, the catch numbering 790 shad, of which 470 were
bucks. The season was quite short, extending only from jMarch 1 to

April 5. It thus appears that in 1890 there were but 4 seine fisheries

operated below Cheraw, yielding 1,018 shad, of which 594 were bucks.

If the present scarcity of shad continues, even these fisheries will

doubtless soon be abandoned.

In the neighborhood of Society Hill there are 4 drift nets, used by
as many negroes, iu the capture of shad. These nets are 32 yards

long and have 5^-inch mesh. On account of the clearness of the water
it is necessary that the fishery be carried on at night instead of during

the daytime. The season begins March 1 and lasts about six weeks,

the men fishing about four nights each week. In 1890 190 shad were
taken, of which 103 were bucks. Between Society Hill and Cheraw
shad are first taken by both seines and drift nets about six weeks later

than in the vicinity of Georgetown, and as the distance is 230 miles, it

appears that they travel about 5i miles per day.

From Cheraw to the Narrows.—The second of the three sections into

which it has been found convenient to divide Pee Dee Eiver extends

from Cheraw to the Narrows, a distance of 71 miles.

Throughout this length of the river the current is quite swift, the

descent being about 355 feet, an average of 5 feet to the mile, but in

places exceeding 20 feet to the mile. There are numerous fishing-dams

along this stretch of the river, with from 1 to 2 feet fall. The dams are

constructed of rough stone masonry, or by filling a log cribbing with

rocks, at convenient points where the river is narrow and shoal, the

cost ranging from $100 to $1,500 each. While these dams frequently

extend across the stream, there are generally thoroughfares around
them, and at high water, which usually prevails during the shad sea-

son, they are partly submerged, permitting many fish to pass over.

Numerous sluices are left for the passage of water, in which are i)laced

the fall traps and wheels for catching the fish.

The fall traps differ little from those in use in many of the Atlantic

coast streams, and, being placed so as to catch the fish going down the

river, take very few shad during the upward run. They are 25 to 30

feet long, to 8 feet wide, with a descent of about 5 feet, and cost from
$20 to $00 each.

The wheels, which are intended especially for shad, are somewhat
similar to those used in the Columbia Eiver salmon fisheries. They
are said to have been introduced in the Pee Dee about 1840, antedating

by over thirty years those used on Columbia River. They consist of

two or more curved wings, 5 to 7 feet long, attached to a rotary shaft
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fixed in the sluiceway. The wings consist of wooden frames covered

with small slats or twine and so arranged that, the wheel being fixed

in the sluice and rotated by the downward current of water, the fish

ascending the stream are caught and carried up by the wings and

shunted into a box or barrel placed at the side of the wheel, whence

they may be removed at leisure. The entire apparatus is constructed

quite cheaply, costing about $0. In addition to shad these wlieels take

suckers, catfish, redhorse, white perch, carp, etc., the value of the

annual catch being from $50 to $300 at each fishery.

The lowest of the fishing-dams on Pee Dee Eiver is about 1 mile

above Cheraw and consists of 1 wheel and 3 fall traps, the length of the

dam being 280 yards. The catch at this fishery in 180G was 100 shad.

About 2 miles farther up is a dam 100 yards long containing 2 wheels

and 2 fall traps, yielding 96 shad in 1896. Each of these fisheries is

small and only imperfectly obstructs the passage of fish.

About 4 miles above the lowest dam is a seine fishery, at which two
seines, each 100 yards in length and with 2 inch mesh, are operated in

the spring. In 1896 they were hauled from March 15 to April 30,

about 18 times each per day during five days of each week, catching

shad, redhorse, carp, fat-backs, suckers, etc. The yield of shad was
280 roe and 310 buck, against a total of 300 in 1895.

Three miles above this seine bar is a fishery, which yielded 120 roe

and 136 buck shad in 1 896. In 1895 it consisted of 14 wheels only, but

in 1896 it had 23 wheels and 3 fall traps. A mile or so above the preced-

ing, is the Pollock fishery, containing 23 wheels and 7 fall traps. In

1896 it yielded 102 roe and 108 buck shad. Less than 2 miles above is

the Pegues fishery, a half mile below the North Carolina State line,

and containing 13 wheels and 3 fall traps which yielded in 1896 18 roe

and 14 buck shad. These fish-dams make pools above them 2 feet

deep, and back the water uj) about half a mile.

One mile above the North Carolina line is the Man ship fishery,

entirely crossing the river, containing 22 wheels and 7 fall traps, and
yielding 5 roe and 7 buck shad in 1896, and about 95 shad iu 1895.

The Dockery fishery, containing 14 dippers and 2 fall traps and yield-

ing 1 roe and 1 buck shad in 1896, and about 60 shad in 1895, is located

a short distance below the Carolina Central Kailroad bridge, 8 miles

above the South Carolina line.

Six miles above the railroad bridge comes the Ingram fishery, con-

sisting of 10 wheels and 3 fall traps. The dam at this fishery entirely

crosses the river proper, but fish may ascend by a small thoroughfare

which passes around an island at this point. No shad were taken here

in 1896; iu 1895 the catch approximated 125, of which about 40 per

cent were roe. This fishery was established about 1865, it originally

containing but 8 dippers, the catch at that time averaging about 5,000

shad annually, selling at from 5 to 6 cents each. From 1890 to 1894

the annual yi<ild was about 300 shad.
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Next comes the Grassy Island fishery, 17 miles above the South

Carolina line and 2.") miles above the lowest dam near Cheraw. This

contains 25 wheels and 2 rail traps, the yield in 1895 being 305 shad,

but only 2 in 1896, both of which were bucks. This appears to be the

highest ])oint to which shad as(;ended the Pee Dee in 1890. The catch

during the first season following the establishment of this fishery,

about 1875, approximated 17,000 shad. A short distance above the

Grassy Island fishery is the Upper fishery or the Grassy Island Upjier

fishery, consisting of 14 dippers and 3 fall traps. There is a small

island in the river at this point and 12 of the dippers and 2 traps are

located in the main channel of the stream, and 2 dippers and 1 trap in

the side channel. These caught 192 shad in 1895, but none whatever

in 1890.

Joseph Aldman's fishery, 50 miles above Cheraw and 21 miles below

the Narrows, containing 2 wheels and 2 fall traps, has yielded no

shad since 1894, when it caught 1 buck. Ten to twelve years ago

this fishery yielded about 100 shad each season. A number of fishing-

dams in this vicinity have been permitted to go to waste on account of

the scarcity of fish. Sampson Parker has a fishery 13 miles below the

Narrows and 58 miles above Cheraw which contains 3 wheels and 1 fall

trap, the dam entirely blocking the river. This fishery took no shad

in 1890 and only 2 buck shad in 1895. This is the highest point on the

river at which shad have been taken since 1892. Six miles below the

IS arrows is Kirk's fishery, consisting of a dam partly blocking the river,

containing 2 fall traps, which have taken no shad during the last five

years.

At the Great Falls or the Yadkin Falls, 2 miles below the Narrows,

there are 3 dippers, which have yielded no shad since 1892. A fishery

of 2 or 3 dippers, about 1 mile below the Narrows, has taken no shad

since 1891. In the case of the two latter there are no artificial dams,

the dippers or wheels being located in the favorable sluices in the rocky

course of the river, and in no case do they entirely block the channel.

Numerous other dams formerly existed in this length of the river,

es])ecially between Grassy Island and Great Falls, but the unprofit-

ableness of the fishery has led to their abandonment.

It thus appears that from Cheraw to the Narrows, a distance of 71

miles, there are at present IG wheel and fall-trap fisheries, which more
or less effectually obstruct the free passage of fish. All of these were
originally constructed for catching shad, but in 1896 not a single shad

was taken in the upper six fisheries, only 4 in the next three, and
the total yield of shad in the 10 was but 710, of which 342 were
females. In 1895 the catch in the same apparatus was 2,229 shad. The
decrease was especially apparent above the Broach and Quick dam,
the catch above that point being 258 in 1896 against 1,409 in 1895. The
catch from the Broach and Quick dam to the lowest dam, including

Sherrel's seine bar, was 1,042 shad in 1890 and 1,000 in 1895. It should

be noted that the Broach and (.)uick dam was enlarged in 1895 so as to
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extend quite across the stream, and that the lowest dam was not com-

pleted until 1896.

The Narrows is a remarkably picturesque series of rapids confined

between high cliff's, with a length of about 4 miles and a total descent

of 105 feet. Forty years ago Judge Locke had six or eight fishing

"stands" in the Narrows each year, which are reported as having

yielded on certain days as high as 300 shad each. Many of these were

sold fresh to hucksters, who disposed of them in the neighboring set-

tlements, and the rest were salted for use on the plantations.

Mr. Wesley K. Littleton lias maintained a fishery there since 1880,

Laving in that year 2 dippers or wheels, which caught about 300 shad

In the season, lasting during March, April, and May. The catch has

decreased constantly since 1880. In 1892 only 2 shad were taken, and
none whatever since then, although the fishery has been increased to

7 dippers.

From the Harrows to the headivaters.—From the head of the Narrows

to the Eichmond and Danville Railroad bridge near Salisbury, a dis-

tance of 43 miles, the Pee Dee has a width of 500 to 1,800 feet, a depth

usually of less than 3 feet, and an average slope of over 5 feet per

mile, and contains a dozen or more shoals with plunges from 1 to 6

feet. Prior to 1890 shad were occasionally taken in the numerous fish-

dams located in this length of the river, but I have learned of none

whatever being taken since that date. The catch consists principally

of redhorse, suckers, carp, fatbacks, etc.

From the Kichraond and Danville Railroad bridge to the foot of Bean
Shoals, a distance of 04 miles, the river has an average slope of a little

over 2 feet per mile, the elevation at the foot of Bean Shoals being 725

feet above sea level. In this stretch there are numerous fish-dams,

several occupying the full width of the river, and a number of shoals,

none of which have a vertical fall of more than 2^ feet. From the foot

of Bean Shoals to Wilkesboro, a distance of 57 miles, the slope approxi-

mates 3 feet per mile. This stretch of the river contains 25 or more
old fish-dams, and but few vertical falls of more than 1 foot. The
elevation of the river at Wilkesboro is about 931 feet above sea level.

Col. John A. Holt, of Salisbury, N. 0., reports that thirty or forty years

ago shad were caught in considerable numbers at the various fisheries

between Salisbury and Bean Shoals, occasionally at Bean Shoals, and

rarely at Wilkesboro. Needless to state, they have not been seen in

these waters for many years, the extensive fisheries and the numerous

dams below preventing their ascent.

Lynch River,—Of the numerous tributaries of the Pee Dee, Lynch
River aflbrds the longest run for shad. This river rises in Union

County, N. C, and after flowing a distance of 200 miles enters the Pee

Dee about 8G miles above (leorgetown. The stream is quite shallow

and narrow and its drainage small; at one point near its mouth it is

but 20 feet in width, and at numerous other points the water is not

over 1 foot deep. A small skiff can not navigate the river without
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frequently stopping to luiul over obstructions. Notwithstanding tlie

adverse physical conditions, Lynch River is well adapted to shad, and
those fish ascend as far up as Tilley Ferry, 125 miles above the mouth,

and are taken in considerable numbers at Cartersville and lower points.

Bow nets only are used, and as there are no important settlements on
tlie river the fisheries are of small extent, the number of shad obtained

below Cartersville in 189G being 820, the nets used numbering 25.

Little Pee Dee River.—Little Pee Dee River, one of the principal

tributaries of Pee Dee River, rises in the southern part of Il^orth

Carolina, and after flowing 75 miles enters the Pee Dee about 5G miles

above Georgetown. So far as could be learned, no shad whatever are

caught on this stream, nor have they ever been obtained there in large

numbers, due, probably, to the fact that the Little Pee Dee is sluggish,

with abundant seepage, the river course broadening in many places

into small lakes.

Blade River.—Black River has its sources in Kershaw and Sumter
counties, flows over 150 miles, and enters Winyah Bay near Georgetown.
From the mouth to Pine Tree Landing, a distance of 45 miles, the river

is deep and navigable for vessels of 10 feet draft. Thence to Potato

Ferry, 11 miles distant, it is shoal, averaging not over 3 feet in depth,

and the bottom rocky. Above Potato Ferry the water is less than 1

foot ill depth at low stages.

Shad are taken on this stream as far up as Mouzans, over 130 miles

from Georgetown, and considerable fisheries exist below Harpers,

especially in the neighborhood of Pine Tree and Pitchkettle. Except
in the extreme lower end, bow nets only are used, the number employed
in 180G being 65 and the catch amounting to 5,825 shad, of which 3,545

were roes. The yield on the Black River has very much decreased in

recent years, as is also the case with most of the rivers tributary to

Winyah Bay. Twenty years ago 25 zo 30 shad were nightly taken by
each bow net, whereas in 1896 the average catch was but 2 to 4 per

night. The catch in 1896 was much less than in 1895.

The shad season on the Black River begins about February 10, one
month later than in Winyah Bay. Several drift nets are used near the

mouth of the Black River, but these have been included with the fish-

eries of Winyah Bay.

iSampit River.—The Sampit is a small stream rising in Sampit Swamp
and entering Winyah Bay just below Georgetown. In the lower part

a few drift nets are used by Georgetown fishermen, but these have been
listed with the Winyah Bay fisheries. The planters and woodsmen for

a distance of 20 miles up the river use bow nets, taking sufficient shad
for local use, the catch in 1896 numbering 720, of which 60 per cent were
bucks. Mr. D. B. Bourne, of Sampit, reports that shad are as abundant
in this stream at present as they ever were.

The fisheries of Winyah Bay and tributaries have been described
with much detail, as they represent the modified conditions that are

more or less in evidence in most of the Atlantic coast streams, the cor-
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rect miderstauding of which is quite important. Formerly the shad

fisheries of these waters extended as far up as Beau Shoals, on the

Upper Pee Dee, a distance of 3S2 miles from the ocean. There was no

concentration at any particular point, and the local demand that existed

in any section did not warrant the prosecution of the fisheries so vigor-

ously as to cut oft" the run of shad at points above. About 1846 the

use of dams for catching shad was introduced in this river, and during

the first few years following the adoption of this form of apparatus

large catches were made. It is reported that 17,000 shad were taken

at one dam during the season immediately following its construc-

tion, and it is probable that prior to 18(50 the catch in that portion

of the Pee Dee located above the North Carolina line numbered over

100,000 annually. The multiplication of dams resulted in shutting off

the fish from the upper reaches of the river, where the best spawning-

grounds are located, and the run so decreased that in 1890, as already

shown, only 10 shad were taken in that section.

A no less important change has occurred in the lower half of the

river. The profits derived from shipping fish to northern markets have

resulted in a concentration of the fisheries at the point nearest the

mouth of the river where the most convenient shipping facilities exist.

This not only secures the shad much earlier than if the fisheries were

prosecuted at a distance from the mouth, but it afibrds an unobstructed

passage from the ocean, the run not being cut oft" by other fisheries.

Of the 97,685 shad taken in Winyah Bay and tributaries in 1896, 82,500,

or 85 per cent, were caught within 30 miles of the ocean, practically

none of which had spawned. Of the remaining 15,185 taken at a greater

distance from the ocean, the percentage that had spawned is, indeed,

very small. This has so reduced natural reproduction as to make it

almost an insignificant factor in keeping up the supply, and renders

artificial propagation essential to the prosperity of the fisheries.

The inquiry on the Pee Dee was begun at Salisbury, N. C, the writer

traveling the banks of the river to the ocean. Many of the fisher-

men living between Salisbury and the Narrows were strongly of the

opinion that a wire net was stretched across the river near Grassy

Island, so as to prevent the further ascent of shad. The fishermen of

Grassy Island were no less emphatic in their assertion as to the exist-

ence of the wire net, but its alleged location was near Gheraw. At
Cheraw and for many miles below that city statements as to the wire

net were heard, but the location was fixed near the mouth of the river.

When that point was reached it was found that the much-talkedof

obstruction had no existence except in the imagination of the fishermen.

Although the wire net does not exist, yet the stream is so narrow that

it is almost completely obstructed by an amount of twine which would

have little appreciable effect in retarding the run of shad up the broad

tributaries of the Chesapeake or up the Delaware.
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THE SHAD FISHERIES OF NORTH CAROLINA.

As determined by the number of persons employed, the amount of

capital invested, and the vahie of the catch the shad fisheries of North

Carolina are the most imj)ortant on the Atlantic coast. The following

tables show the extent of the fisheries by water-courses:

statement, hy tvatvr areas, of the number of persons employed in each branch of the shad
fisheries of North Carolina in 1S96.

Waters.
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Boats, apparatus, etc., employed in North Carolina shad fisheries—Contiuued.

"Waters
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CAPE FEAR RIVER AND TRIBUTARIES.

The Cape Fear River is formed by the confluence of Haw and Deep

rivers, in Cliatliam County, North Carolina, at a distance, following the

river course, of over 200 miles from the sea. It is navigable for light-

draft steamers as far as Fayetteville, 145 miles from the ocean. By
means of locks and dams it was formerly navigable to the junction of

Haw and Deep rivers, but these aids have long since been abandoned.

From the sea to Fayetteville the slope is about 10 feet, whereas from

Fayetteville to the foot of Smiley Falls, a distance of 42 miles, the slope

is 35 feet. Below Smiley Falls there were formerly four dams, ranging

in height from 5 to 15 feet, but these have not been in existence for

many years. The lowest obstruction at present is Battle Dam, about

12 miles above Smiley Falls, built of wood, 11 feet high and 500 feet

long, extending directly across the river. Two miles farther up is

Buckhorn Dam, 3 or 4 feet high and about 1,000 feet long, which for-

merly backed the water up to the junction of Haw and Deep rivers, a

distance of 8 miles. Each of these dams is now in bad condition, being

broken down in several j)laces. Haw and Deep rivers, which form the

Cape Fear, rise in Guilford County, 80 miles above their conflueuce.

They are small streams, with considerable descent, averaging about 7

feet per mile each, and with numerous shoals and falls, which present

absolute barriers to the upward passage of shad.

There are two distinct geographical sectious in the Cape Fear shad

fisheries: (1) The Wilmington section, from the mouth of the river to

the entrance of Black River, 15 miles above Wilmington, in which drift

nets exclusively are used; (2) thence to Smiley Falls, 42 miles above

Fayetteville, in which bow nets, drift nets, and seines are employed.

Each of these will be described separately.

The Wilmington section.—The drift nets in the Wilmington section

are o^^erated from Deep Water Point to Dollison, 1^ miles below the

mouth of Black River. The length of those in the lower reaches ranges

from 150 to 425 yards each, the depth averaging 50 meshes, and the

size of mesh being 5:^ and 5J inches. The nets between Wilmington

and Dollison vary in length from 100 to 135 yards each; otherwise they

are similar to those operated below Wilmington. Occasionally a net is

used in one of the lower reaches during the early part of the season and

then cut in half and used as two nets in the upper reaches during the rest

of the season. About 20 short nets were drifted in Brunswick River in

1890. This river or thoroughfare is about 12 miles long, leaving the

Cape Fear River 4 miles above Wilmington and reentering it 4 or 5

miles below that city. The Brunswick nets are from 100 to 120 yards

in length, with a valuation of about $21 each. In ISTorth East River, a

tributary entering the Cape Fear at Wilmington, there are several nets

operated between the mouth and Three Cypresses, the men living

between Wilmington and Castle Hayne. These nets range in length

from 120 to 150 yards, the depth and mesh conforming to those on the

Cape Fear between Wilmington and Dollison.
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The total catch of shad in 189G in the Cape Fear below Dollisou, in

Brunswick River, and in Northeast River below Three Cypresses, num-
bered 49,434, of which 21,316 were roes. The legal season extends

from January 1 to May 15, but actual fishing began January 21 and

ceased April 18, a close time operating from 6 p. m. Saturday to 6

p. m. Monday and from 6 p. m. Tuesday to G p. m. Weduei-day of each

week. The length of the season is determined largely by the tempera-

ture and flow of the waters. A warm March and April shortens the

season and low water has the same eflect, each causing the fish to pass

rapidly upstream. There were more shad caught in 1896 than in 1895,

the season being longer. There have not been so many shad taken in

this vicinity during recent years as formerly. The catch in 1891 was

55,976; in 1890, 60,695, and in 1889, about 70,000. In 1890 108 nets

were employed; 115 in 1891, and 125 in 1896, This gives an average

per net of 562 shad in 1890; 487 in 1891, and 363 in 1896,

During the early portion of the season three-fourths or more of the

catch consists of buck shad. As the season progresses the proportion

is more evenly divided, and toward the end the roes greatly outnum-

ber the buck shad. During the season of 1896 roe shad constituted 43

per cent of the total catch. Ripe shad are not found until near the end

of March, and they are most numerous about May 1; consequently, the

fisheries yield few eggs suitable for fertilization, as they cease before

the end of April. One Wilmington dealer, who handled 15,007 shad in

1896, reports that not over 12 of them had spawned.

From BlacJc River to Smiley Falls.—In the second section of Cape
Fear River the bow net is the principal form of apparatus employed.

Indeed, this is the only apparatus used in the lower 35 miles, except

two 30-yard drift nets at Indian Wells, which took 200 shad during the

l^ast season. Bow nets are used all along this stretch of the river, the

number operated in 1896 being 124, which yielded 6,719 shad, valued at

$1,658. This is said to have been the smallest yield ever known. The
catch during 1895 was also extremely poor, the yield previous to that

time running from 100 to 400 to the net. A number of hickories are also

caught in the bow nets, the total jield in 1896 being 2,920.

From Kelley Cove to Blizabethtown, a distance of 35 miles, drift

nets are used almost exclusively, the only exceptions being the two

bow nets at Browns Creek and one bow net at Elizabethtown. There

are also two drift nets at Indian Wells, and 61 between Harrison Creek

and Fayetteville. These nets are 20 to 45 yards long, 7 feet deep, 5i

to 5g inch mesh, and cost about $5 each. The season begins a week or

more earlier than in the bow-net fishery and closes about the end of

April. The catch in 1896 was very small, only 5,375 shad being taken

by the 99 boats. The conditions of the water and river were favorable

for a good run, but the fish did not make an appearance. Drift nets

have been used in this length of the river only during the last ten

years, bow nets being employed exclusively prior to that time. The
change in form of apparatus is due largely to the removal of snags and
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brush from the channel of the river, and also to the decreased run of

shad, rendering improved forms of apparatus necessary.

The lowest seine beacli on Cape Fear River in 1896 was operated at

Prospect Hall, 22 miles below Fayetteville, by Mr. William Whitedge,

using two seines 50 yards long, G to 11 feet deep, and with 3-inch mesh.

The season extended from March 29 to May 14, and 123 shad were
caught, the highest catch in one day by the two seines being 16.

Near Fayetteville three seines were operated in 1890, catching 515 shad
and 3,005 hickories. The seines are from 75 to 90 yards in length, 12

to 15 feet deep, with 3-inch mesh, and require the services of 1 men
each. The lowest is located about 9 miles below Fayetteville, and 5

miles above comes William Field's seine beach, new in 1890. A short

distance above Fayetteville is E. P. Power's beach, established thirty

years ago, and catching 5,500 shad during the first season. In 1807,

according to Mr. Powers, the catch of shad in tlie vicinity of Fayette-

ville amounted to about 22,000. The season at Fayetteville begins the

last week in February, about one month later than at the mouth of the

river. The distance between the two points being 145 miles, it appears

that shad move up the river at the rate of aboht 5 miles per day.

Smiley Falls is practically the limit of the shad run on Cape Fear
Kiver, and the few fish that pass those falls find an impassable barrier

12 and 14 miles above at Battle and Buckhorn dams. The fisheries on

this river are prosecuted so vigorously, however, that few shad now
pass above Kyle Landing, 12 miles above Fayetteville. In Smiley

Falls several finger traps take some shad each season, but fish are

becoming so scarce as to render their use unprofitable.

Blacl- River.—Black River, which tlows into the Cape Fear about 15

miles above Wilmington, is of considerable importance as a shad

stream. It is quite narrow, ranging in width from 350 feet near the

lower end to 100 feet 50 miles above. About 50 miles from its mouth
it receives a tributary somewhat larger than itself, the South or South

Black River. This branch is slightly deeper and longer than the maiu
river above this point, but it is reported that few shad ascend it.

About 30 miles above the mouth of South River, Black River receives

the Six Runs, a somewhat important shad stream. This is the head

of navigation during high water, and ordinarily very little navigation

exists above Point Caswell, 30 miles from the Cape Fear. There are

no falls whatever on Black River, and shad may ascend to the upper-

most limits. Most of the fish are taken between Point Caswell and
Clinton, and on the Six Runs below the Clinton and Warsaw Radroad
bridge, seines and bow nets being employed.

It is unlawful to fish with seines in Black River "from Cape Fear
River to the mouth of Great Coharie, also in the Six Runs to where
the Atlantic Coast Line Railroad crosses said stream, except on Tues-

days, Wednesdays, and Saturdays of each week from 1 o'clock a. m. to

1 1 .45 o'clock p. m. on each of the days above mentioned, * * * from

the 1st day of March to the 15th day of June in each and every year."
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The seines are 20 to 55 yards long, 1^-inch mesh, and Avith depth
from 10 to 12 feet. They are frequently hired out by the day to farmers

or timbermen desirous of securing a supply of shad for home use, the

usual compensation being $2 per day and the same amount per night.

Because of the distance from markets and the desultory manner in

which the fishery is carried on, the catch is not large for the number of

seines employed. In 1896, 21 seines were used, of which 12 were located

on the Six Euns and 9 on Black Eiver. On the Six Euns the seine

shores are between the mouth of the river and the crossing of the

(Jlinton and Warsaw Eailroad, Very few shad, however, are taken

above Taylor's Bridge, not a single shad being reported above that

point in 1890. The catch in the 21 seines in 189G numbered 3,745, of

which 1,985 were bucks. Sixty bow nets were reported in 1896, mostly

on the Six Euns, below Taylor's Bridge, the total yield amounting

to 2,385 shad. Ver}^ few shad from Black Eiver and tributaries are

sent to distant markets, most of them being used in the homes of the

fishermen.

North East River.—This river rises in the northeast j)ortion of Duplin

County, and after flowing 120 miles through a swampy section empties

into the Cape Fear at Wilmington. It is navigable for small steam-

boats a distance of 75 miles, to Hallsville. From that point to Korne-

gay, 15 miles, it is shallow and narrow—20 to 100 feet in width—with

low banks. In the extreme lower j^ortion of Xorth East Eiver some

shad are taken by Wilmington drift-net fishermen, as already noted.

In addition thereto, a number of men living about Castle Hayne use

drift nets, sending their catch to Wilmington. Twelve boats were used

in this fishery in 1896, the catch being 1,942 roes and 2,120 bucks.

The principal shad fishery of North East Eiver is the seine fishery,

which is prosecuted from Sandy Hill, 30 miles above the mouth of the

river, to Kornegay, a distance of 83 miles. In this section there are

about 30 seine beaches, but a decrease in the abundance of shad has

caused the abandonment of many of them. The seines range in length

from 30 to 100 yards, the depth from 8 to 20 feet, the mesh from 2 to 3

inches, and 3 to 5 men are required to each fishery. In 1896, 17 seines

were operated, the total catch by which approximated 6,989 shad, of

which 3,320 were roes. In 1890, an unusually good season for recent

years, 27 seines were used and 18,135 shad were taken. In 1891, 29

seines were used and the catch amounted to 13,455. The reduced catch

iu 1891 and in 1896 was due to heavy freshets, causing a short season all

along the middle and lower end of the river, and this also explains why
the catch above Hallsville was larger in 1891 than in 1890. An inter-

diction exists against fishing for shad in North East Eiver "from the

23d day of February to the 1st day of July eacli year, between the hour

of 12 o'clock midnight on Saturday nights and 6 a. m. on Wednesdays

of each week." The shad on this stream are very large, individuals of

7 or 8 pounds being occasionally taken, and the average weight of the

females probably exceeds 5 pounds. Formerly most of the North East
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River shad were shipped by rail to distant markets, but the small catch

of recent years has not furnished a surplus above the local demand.
In New River, Stone Bay, and other estuaries between Cape Fear

River and Cape Lookout no especial attention is given to shad, but
several hundred are taken annually in the mullet fisheries. The num-
ber thus caught is increasing, and doubtless profitable fisheries could

be established.

Cape Lookout marks a distinctive change in the physical characteris-

tics of the Atlantic coast streams. Below that cape all the rivers

empty directly into the ocean, maintaining their fluvial characteristics

almost, if not quite, to the mouth. From Cape Lookout to Cape Cod
the streams empty into large sounds or bays, as Pamlico, Albemarle,

and Long Island sounds, and Chesapeake, Delaware, New York, and
Narragansett bays. The river mouths are usually broad estuaries,

resembling arms of sounds and bays rather than rivers. The Neuse and
the Pamlico rivers, in North Carolina, and the James, Rappahannock,
Potomac, and Choptank, of Chesapeake Bay, are examples of this type.

Other streams north of Cape Lookout possess this characteristic to a

greater or less extent. This physical change aft'ects the shad fisheries

in three important particulars, viz: (1) The use of fixed apparatus of

capture, as stake nets and pound nets, is made practicable; (2) the

excessive concentration of the fisheries near the mouth is restricted

;

and (3) the beginning of the season is delayed several days.

PAMLICO SOUND.

Pamlico Sound is an irregular body of water, covering about 1,660

square miles and separated from the sea by a long, narrow sand beach

known as " The Banks." At the north end it communicates with Albe-

marle Sound through Roanoke and Croatan sounds, and on the south it

joins Core Sound, much of the waters of those sounds passing through

Pamlico Sound, and two large rivers, the Neuse and Pamlico, enter

from the west. The waters of Pamlico Sound and its tributaries com-

municate with the sea through Ocracoke, Hatteras, New, and Oregon
inlets, each less than half a mile across.

The shad fisheries of this sound, like those of most of the salt-water

estuaries of the Atlantic coast, are of comparatively recent development,

originating about 1873 and receiving their greatest development
during the past ten years. They are located in the northeast third of

the sound, east of a line drawn from Hatteras Inlet to Sandy Point,

and nearly 90 per cent are above a line drawn from Sandy Point to

New Inlet. The principal fishing stations are the marsh islands and
points at the extreme upper end of Pamlico Sound, the most important

of which are Roanoke Marshes, Hog Island, Buck Island, Stumpy
Point, Sandy Point, and Old Point. Most of these stations are inhab-

ited only during the fishing season, the men returning to their homes on

the uplands at the end of the season. In addition to the above-named
F. R. 98 11
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stations, sliad fisbing is carried ou by men living at Chicamicomico

or Eodauthe, Clarks, and Hatteras, on tbe banks. Stake nets and

pound nets are used, set in the same general vicinity, but the latter

usually inshore of the former. At present the stake nets greatly out-

number the pound nets, but the latter form of apparatus is rapidly

increasing in popularity.

The stake nets measure 16 to 18 yards in length, 6 to 16 feet deep,

with 5J to 5^ inch mesh, and from 50 to 500 are set in a string. They

are made of cotton twine and cost, with necessary appliances, about

$125 per 100 nets, the twine being renewed each season. Some of the

nets are placed in very shoal water, as ou Duck Island Fla^^s, where the

depth averages about 3 feet, and in many places so shoal that the iish-

eimen are compelled to jump overboard and shove the boat along while

overhauling the nets. The nets frequently remain in the water from

the beginning of the season to the close, whereas when set in fresh

water they must be taken up and cleaned every week. The 24,808 stake

nets set in Pamlico Sound in 1896 required the services of 184 boats,

worth $18,785, and of 368 men. The season began the first week in

February and continued until about the middle of April. The total

catch numbered 387,236, of which 207,736 were roes and 179,500 bucks,

the total valuation being $96,249.

The stake-net catch at the various stations is affected largely by the

prevailing winds both preceding and during the fishing season, the

former determining to a certain extent the salinity of the water.

The temi>erature of the water and of the atmosphere also influences

the yield on the various reefs. On the Duck Island Flats in 1896 the

water was low and quite salty, causing many fishermen who usually

occupy those grounds to set their nets in Oroatan and Albemarle

sounds. Contrary to expectations, shad were more numerous on the

Duck Island Flats than for many years previous, and the few fishermen

operating there obtained large results. At Hog Island, one of the

most important fishing stations, and which is separated from Roanoke
Island only by small creeks, the yield of shad was exceptionally large,

over 90,000 being taken. The catch in 1895 was nearly as good ; but

1894 and 1893 were poor seasons, the former being the worst during

recent years. On Long, Pingleton, and Gibbs shoals the catch was
only about two-thirds as great as in 1895, and the yield in the nets set

by the "Bank" fishermen from Chickamicomico to Ilatteras was also

unusually small.

The pound nets operated in Pamlico Sound are of the type known
as "Dutch nets," costing from $80 to $l,100.each. The "pound" is

generally 10 yards square, the " heart" 45 yards on each side, and the

"leader" from 100 to 350 yards long. The mesh in the "pound" is 2^
inches, in the " heart" 3 inches, and in the " leader" 4 inches. Tliey are

set along the shore across the current in strings containing from 1 to 11

nets each. The numl)er used in Pamlico Sound is ccmstantly increasing

and they are gradually superseding the stake nets. They are set
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about the 1st of February and remaiu in the water until late in the

spring, the bulk of the catch being obtained from February 15 to

March 15. In 189G there were 171 pound nets, with an aggregate value

of 813,885. Of these, 11 were near Hatteras Inlet and the others in

the upper portion of the sound. The yield consisted of 30,812 roe and

30,041 buck shad, with a local valuation of 113,478.

There are several interesting features in connection with the shad

resources of this body of water in addition to the fisheries at present

operated. It will be seen that the only communication between the sea

on one side and Neuse and Pamlico rivers and Albemarle Sound and

its numerous tributaries on the other, is through Pamlico Sound, the

outlets of which are Ocracoke, Hatteras, New, and Oregon inlets, whose

total cross-section does not exceed 1^ miles. Through these narrow

inlets the entire yield of shad taken in Pamlico Sound and tributaries,

exceeding 2,000,000 annually, must pass. An impression exists that

shad winter in these sounds, and in substantiation of this theory it is

contended that if they passed into the sound from the sea through any

one or all of the four inlets they would be taken in the seines which

have at times been operated in those narrow passageways. This result

would not necessarily follow, however, for when the shad enter from the

sea they are not schooling, but moving as individuals, and avoid the

fishing apparatus. In comparatively few of the coast waters are shad

taken as easily near the sea as farther inland. It will be observed that

the large quantities of fish taken in Albemarle Sound and tributaries

must pass through Croatan and Roanoke sounds, and yet only a small

percentage are taken in the numerous pound nets and stake nets located

in those bodies of water. If the fish remained in the sound during the

winter they would doubtless be discovered, even if they kept near the

bottom; furthermore, those nets set on the shoals near Hatteras Inlet

catch shad several days sooner than those in the upper portion of the

sound, indicating that the fish are traveling from the direction of the

inlet.

NEUSB RIVER AND TRIBUTARIES.

The Neuse, the most important shad stream between the St. Johns

and the James rivers, is formed in Durham County, N. C, by the

junction of the Eno, Flat, and Little rivers, and from that point to New
Berne it measures in its sinuosities a distance of 260 miles. Below

New Berne its fluvial characteristics disappear and it becomes a broad

arm of Pamlico Sound, 40 miles long. The head of navigation is at

Smithtield, 150 miles above New Berne, at an elevation of about 100

feet above sea level. In addition to the tributaries forming its source,

the Neuse receives the waters of Trent, Contentnea, and Little rivers,

and some minor streams. Shad formerly ascended Neuse River to its

uppermost limits, and extensive fisheries are said to have existed near

Raleigh, 190 miles from New Berne. At present they ascend in small

numbers some distance above Raleigh, probably as far as Fishdam, in

Durham County, and local fisheries exist above Smithfield. The bulk
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of the catch, however, is obtained within 22 miles below and above New
Berne. For convenience of description, the shad fisheries of the Neuse
are divided into two geographical sections, viz: (1) the lower 72 miles,

from Pamlico Sound to Contentnea River, and (2) from Oontentnea River

to the headwaters.

From the mouth to Conte^itnea River.—Below Contentnea River the

Neuse flows through a low, swampy, timbered section, the banks rising

from a few inches to 4 or 5 feet above low water, and large areas adjacent

being covered during sliglit freshets, which, however, are rarely sudden

or violent. The width of the stream from Pamlico Sound to New Berne

ranges from 6 to 1^ miles, and from New Berne to the Contentnea it is

from 250 to SO feet at low water.

The forms of apparatus used in the shad fisheries of this section of

Neuse River are seines, drift nets, bow nets, stake and pound nets, the

first-named being the most important. There are three branches of

this fishery, viz. : {a) the large seines below New Berne, requiring the

use of horses
;
(b) the seine beaches above New Berne, and (c) the so-called

drag nets, which are small seines without permanent beaches, hauled

in such places as, from time to time, present favorable inducements.

(a) The large seines below New Berne, 5 in number, are located on

the south side of the river from 3 to miles below the city. It is

reported that the first haul seine was operated here in 184G by Richard

Felton, a fisherman from Albemarle Sound. These seines are from 800

to 1,200 yards in length, 15 to 18 feet in depth, with mesh from 2h to 2J
inches, the value ranging from $300 to $450 each. Six men, two horses,

and two boats are usually required, and the rental of the shores is from

$50 to $100 each annually. Seining begins about the first week in

February and continues until the second or third week in April. The
total catch by the five seines in 189G was 5,088 roe shad and 5,954 bucks,

with a local valuation of $2,192. In addition to shad, these seines

catch quantities of alewives and striped bass.

(6) The seines used at the beaches between New Berne and Contentnea

River are from 80 to 240 yards long, with 2\ to 3 inch mesh, 50 to 70

meshes deep, and cost from $30 to $75 each. An average of 3 men and
1 boat is required for each seine. At New Berne the season begins about

February 10, but near the Contentnea it is from two to three weeks

later. In 1896 there were 28 seine beaches, which yielded 82,512 shad,

of which 49,987, or GO per cent, were bucks. Fishing is carried on

every day except Sunday, and even on that day when shad are run-

ning plentifully. The catch varies considerably from year to year, the

height of the water being the most important factor. The banks are

so low that during freshets many of the beaches are overfiooded and
fishing is suspended for several days or even weeks. Since the above

cause permits the shad to pass the seines down the river, it naturally

follows that the best seasons in the upper reaches are coincident with

high water in the lower part of the river. A few beaches, however,

are so situated as to make their best hauls during high water.
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{<') The third class of seines, known as drag nets, are used at such

phices on the river as may appear most desirable from day to day,

no specially prepared seining beach being necessary, the nets being

"footed up" in the water. They are used from the mouth of the river

up to Pitchkettle Creek, 22 miles above New Berne, and also to some

extent in Trent Kiver, near its mouth. The maximum depth of water

suitable for operating them is 12 feet for beginning the haul and 4 feet

for "footing up" the net. They average in length about 225 yards, and

50 meshes deep, the mesh being about 2J inches. Three men and one

boat are required for each, the value of the net averaging about $75

and the boat $45. It is stated that this form of apparatus was intro-

duced here about 1840 by Capt. Isaac Lewis. Their success does not

depend entirely on the catch of shad; indeed, that species constitutes

but a small portion of the yield, the aggregate yield in 1890 being 4,951

roes and 5,095 bucks. The other fish taken are herring, white perch,

suckers, pickerel, striped bass, black bass. etc. The. use of these nets

is increasing.

The stake nets in Neuse Eiver are set in 8 to 10 feet of water and

in strings of from 30 to 60 nets each on the sides of the channel of

the river from Northwest Creek, 5 miles below New Berne, to Great

Island, 11 miles above that town. They are about 20 yards long, 10 feet

deep, with 5^-inch mesh, and, with the necessary stakes, etc., cost about

$115 per hundred. Generally 70 nets are used by each boat, the latter

costing about $50 and requiring the services of two men. This is the

earliest branch of the shad fishery on the river, the season beginning

each year about January 25 and ending about the first week in April.

The stake-net fishery is most profitable during periods of high water.

In 1896 47 boats engaged in this fishery, using 3,240 nets, and the catch

numbered 10,262 roe shad and 12,856 bucks, the local valuation being

$3,811. An interdiction exists against this form of fishery, but it is not

enforced. Most of the men using stake nets are residents of Carteret

and Pamlico counties, hailing from Cedar Island and Hunting Quarter

in the former, and from Goose Creek to Bay Eiver in the latter county.

Drift nets are operated from a short distance above the New Berne

wharves to 12 miles down the river. These nets are from 100 to 120

yards long, 5i-inch mesh, and cost about $18 each. The season begins

about the second or third week of February and closes the first week
in May. In 1896 38 drift nets were used, the yield being 8,360 roe shad

and 10,125 bucks, with a local valuation of $3,244.

Notwithstanding an interdiction against pound nets in the Neuse,

the employment of this form of apparatus is increasing each year. It

was introduced here about 1878, and in 1880 6 were reported. In 1889

and in 1890 the regulation against their use appears to have been

enforced, no pound nets being reported in the returns for those years.

But a few were introduced into the lower part of the river, where local

sentiment was favorable, and the evasion of the law gradually extended.

In 1896 87 pound nets were set between Trent Kiver and Adams Creek,
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34 on tlie north side of the river and 53 on the south side, in depths of

water ranging from 6 to 12 feet. The leaders average 200 yards in

length, and the mesh in the trap is from 2 to 1^ inches. The average

value of the pound nets is about $120, many of them being constructed

of twine used previously in seines. The season begins about August 15

and continues until early in May. Shad constitute only about 20 per

cent in value of the total pound-net catch, the o.ther species taken being

herring, striped bass, sea trout, croakers, white perch, drum, pickerel,

etc. The catch of shad in 1896 was 22,471, of which 12,972 were bucks,

and of herring 1,146,280 were obtained.

While comparatively few shad caught by means of bow nets reach

New Berne, yet the use of that form of apparatus between New Berne

and Contentnea River is quite extensive, especially in the vicinity of

Spring Garden, Gowpeus, and Pitchkettle. They are used to the best

advantage during high water, as then most of the seining operations

are suspended by reason of the beaches being overflooded, leaving a

greater number of shad to be taken in other apparatus, and for the

further reason that the shad are less cautious during the muddy-water

period and are more easily netted. "The number of bow nets in use

between New Berne and the Goutentuea in 1896 approximated 185,

requiring 180 boats, worth $620, and 360 men, and the yield approxi-

mated 5,800 roe shad and 6,450 bucks, valued at $2,901.

From Contentnea River to headicaters.—The apparatus used in the

shad fisheries of Neuse River from the entrance of Gontentnea River to

Smith Mills, a distance of 125 miles, consists of bow nets, seines, and

stake nets. Bow nets are used throughout the length of the river;

seines are operated between the entrance of Gontentnea River and Bear

Greek, 37 miles, and stake nets are operated at the railroad bridge, a

short distance below Kinston, 17 miles above the Gontentnea.

The seines range in length from 50 to 80 yards, the depth averages

12 feet, and the mesh about 2i inches. The season begins usuallj" the

first week of February and ends the second or third week of May, the

annual rental being about $20 for each beach. The catch of shad by
each seine in 1896 ranged from 25 to 1,350 in number. It is stated that

the present catch in these seines is not one-fourth of the yield twenty

years ago. The Bear Greek seine-hole, the uppermost beach operated

at present, caught only 200 shad in 1896, whereas from 1880 to 1890 the

average catch was about 1,000 each season. Until quite recently there

were several seines on the Neuse between Bear Greek seine-hole and

Smithtield, but unprofitable fishing led to their abandonment. In 1896

two seines were operated 50 miles above Bear Greek seine-hole, but on

Little River, a tributary entering Neuse River near Goldsboro.

Bow nets are operated from the entrance of the Gontentnea to Wilson

Mills, the total number employed in 1896 being 257 and the yield of

shad numbering 11,067. The distance from Wilson Mills to New Berne

is 156 miles, and as New Berne is 80 miles distant from the ocean it fol-

lows that the shad taken at Wilson Mills have traversed at least 236
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miles since leaving;" tbe sea. This is one of the most distant points from
the ocean at which commercial shad tislieries are now prosecuted. It

appears that the season in the upper portion of the river does not begin

until tlie end of February, four weeks later than at the lower end of the

river. The distance being about 135 miles, the progress of the shad up
the river shows an average of 4 or 5 miles per day. There are probably

a few bow nets operated above Wilson Mills, but the small extent of the

fishery did not warrant an extension of the inquiry above that point.

The six stake nets operated on Neuse Kiver above the Contentuea
were set near the Kiuston railroad bridge. The length of the nets was
22 yards each, the depth 3") meshes, and the size of mesh 5^ inches.

Two men and two boats were engaged; the catch by one boat was 774

shad and 7 rockfish, and by the other boat 50 shad were taken.

Treiit River.—The Trent, the largest tributary of the Neuse, is of

considerable width and depth, but draining only a small area of terri-

tory the current is sluggish. The drag-net and drift-net fishermen of

Kew Berne operate in the lower end, but with this exception few shad are

taken in this stream. It appears that they do not run far up the Trent
in large numbers, probably on account of the sluggishness of the water

and the consequent accumulation of drift and other refuse matter.

Gontentnea River.—About 32 miles above New Berne the Neuse
receives the waters of Coutentnea River, sometimes called Moccasin
Eiver, the shad fisheries of which are almost as important as those of

the Neuse above this point. This river flows about halfway between
Neuse and Tar rivers. It is about 140 miles long and it is navigable as

far as Stantonsburg, 63 miles above the mouth. Above Stautonsburg

it is full of narrow rapids and abrupt falls, forming a barrier to the

further ascent of fish as well as to navigation. The apparatus used

in taking shad consists of seines, stake nets, and bow nets, the total

yield on the river in 1896 being 7,033, of which 3,222 were roes. Of
this catch, 2,573 were taken in seines, 2,541 in stake nets, and 1,919

in bow nets.

The length of the seines ranges from 30 to 80 yards, the mesh 2 to

3J inches, and the number of men required four to each seine. The
beaches rent for $20 to $40 annually. In the lower part of the river

the season begins about the last of February, but it is a week or more
later above Snow Hill. During 1896 the catch was unusually small,

owing to low water permitting the shad to be taken on the lower

Neuse, the total yield in the 10 seines on the Contentuea being 2,573

in number. The Tingle Beach, 3 miles above the mouth of the Gon-

tentnea, caught 2,400 shad in 1895 and only 410 in 1890. The number
of seines on this river is much less than formerly, there being 25 or

more ten years ago. In addition to shad, the seines take herring,

hickories, perch, bream, etc.

The stake gill nets used on Contentuea Eiver are from 18 to 40 feet

in length, with Si-inch mesh, and cost on an average about $1.50 each.

From two to five nets are used by each boat. The season begins
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about the end of February and closes the second week of May. The
catch in the 178 stake nets set in 1896 was 1,499 roe shad and 1,042

bucks. Seventy bow nets were used on the Contentnea between the

mouth and Stantonsburg, yielding 609 roe shad and 1,310 bucks.

These bow nets differ in no particular from those used in taking shad

in other Atlantic coast streams.

Little River.—About 2 miles above Goldsboro the Neuse receives the

waters of Little River, which is nearly 100 miles in length. Shad
ascend as far as Whitley Mills, about 15 miles from the mouth, the

numerous milldams obstructing their further passage. In the length

below Whitley Mills a few shad are taken by means of seines and bow
nets, the season beginning about the end of February and ending

during the second or third week of May. In 1896 two 65-yard seines

were used on Little Eiver, one 6 miles and the other 11 miles above

the Neuse, the yield of shad being 186, of which 60 per cent were bucks.

Bow nets are used at various points below Whitley Mills, the total

number reported in 1896 being 17, with a catch of 300 shad.

PAMLICO TAR RIVER.

Pamlico and Tar rivers are different sections of a single stream, the

name changing near the town of Washington, IS". C. The lower portion,

Pamlico River, has a length of 37 miles, and the upper portion. Tar

River, is 180 miles long, giving a total length of 217 miles. The
Pamlico length is really an arm of Pamlico Sound, whereas Tar River

has all the usual fluvial characteristics. Tarboro, 49 miles aboveWash-
ington, IS the present head of navigation. Above that town the river

is 90 to 200 feet in width with a gentle slope, affording ample passage

for the ascent of shad 36 miles to Rocky Mount, where further jirogress

is barred by a natural fall of about 20 feet, utilized for mill purposes,

the site of the first cotton mill in North Carolina, erected in 1817. The

shad fisheries of Pamlico-Tar River extend from the mouth to a short

distance below Rocky Mount, the yield in 1890 being 32,601 roe shad

and 34,481 bucks. The apparatus used consists of seines, stake nets,

drift nets, pound nets, and bow nets, the first named yielding nearly

60 i)er cent of the total product

Seines are operated from Core Point, 16 miles below Washington, to

Pillsboro Landing, 33 miles above that town. Those below Washington

range in length from 450 to 1,000 yards, and above thattown the length

of the seines is from 50 to 200 yards, one or two seines being used at

each beach. The mesh is from 2 to 2^ inches in the bunt, and from 4

to 9 men are required for each seine. The season begins usuall}' during

the first week of February below Washington, and about two weeks
later in the upper portions of the river. The catch in 1896 was the

smallest for several years, the yield at the 32 beaches on the river being

only 38,693 shad, while 30 seines are reported as taking 108,728 shad

in 1890. The weather was uniavorable for an early start and high

water limited the operations at many of the beaches. Of the yield
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in 1896, 32,178 shad were obtained in Pamlico River and 6,515 in the

Tar.

Stake nets are set alonj^- both sides of the channel of this stream from

the mouth to the town of Washington. They average 20 yards in

length, 10 to 12 feet deep, with 5| to 5J inch mesh, and are made of

cotton twine, which must be renewed annually. In 1896 840 nets were

used, set in strings of from 10 to 40 nets each. The season began the

second week of February and closed about the end of April, yielding

4,260 roe shad and 3,854 bucks, with an aggregate value of $1,632.

During heavy freshets a number of drift nets are used in the river

from 1 mile below Washington to the same distance above that town.

These nets are about 100 yards in length, with 5|-inch to 5i-inch mesh,

and cost $10 or $12 each. Two men are required for each net, and the

boats used are worth $10 to $15 each. The catch is small, as these

nets are used only when the water is high. In the 23 nets operated

at times in 1896 the yield of shad was 5,221, of which 2,867, or 55 per

cent, were roes.

The bow-net fisheries are operated at various points from Washing-
ton to 25 miles above Tarboro, the total number of nets in 1896 being

120, of which 22 were operated in Pamlico River and 98 in the Tar. In

the lower part of the river two men are required for each net, but in the

upper portion a few of the nets are operated by one man each. The
catch in 1896 by those in the Pamlico end was 1,010 shad and in Tar

River 6,285. Most of these shad are consumed by the families of the

fishermen and their neighbors.

The few pound nets or Dutch nets in Pamlico River are set near the

mouth of Pungo River, a short tributary of the former, from September

until the following May, and in these some shad are taken. An inter-

diction exists against the use of this form of apparatus, resulting in

restricting but not entirely prohibiting the fishery. In 1896 27 of these

nets were used, aggregating in value $3,325, being set in strings with

from two to four nets each. The catch of shad numoered 7,759, of

which 3,926 were roes.

CROATAN AND ROANOKE SOUNDS.

These sounds, separated from each other by Roanoke Island, form the

channel of communication between Pamlico Sound and Albemarle

Sound, all the waters of the latter, including its numerous tributaries,

passing through them. Croatan Sound is 10 miles long, 2^ to 4 miles

wide, and averages 8 to 10 feet deep, the bottom being very uneven

and broken. Roanoke Sound has the same length as Croatan Sound
and is 1 to 2 miles wide and very shoal except in a narrow channel

skirting the shore of Roanoke Island, where the depth averages from 8

to 12 feet. The bulk of the shad passing from Pamlico Sound traverse

Croatan Sound, in which there are consequently important fisheries.

In Roanoke Sound very little twine is set, and the experience of the

fishermen indicates that few shad pass through that body of water.
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Except one seine in the extreme upper end of Oroatan Sound, stake

nets and pound nets are the only apparatus used in these two water

areas, and these catch almost an equal number of shad each.

The stake nets differ in no particular from those in use in the extreme

northern part of Pamlico Sound. From 75 to GOO nets are set in a

string, the nets averaging in length nearly 20 yards each. The strings

are placed generally north and south, so as to present the least surface

of resistance to the strong currents caused by prevailing winds. In

Eoanoke Sound there was but one string in 1896, containing 225 nets and

set in the northern part above Dalby Point. In the Croatan 16 strings

containing 3,220 nets were set in the eastern half, and 14 strings con-

taining 2,405 nets in the western half. The number of men and value

of boats and apparatus employed in each sound are shown in the tables.

The catch of shad by 225 nets in Eoanoke Sound was 5,000, of which

about two-thirds were roes, and in Croatan Sound the stake-net yield

was 37,598 roe shad and 31,028 bucks, with a local valuation of $14,006.

• The pound nets average in value from $75 to $100 each and are set

near the shores. In Roanoke Sound there were but 3 pound nets in

1896, while 140 nets were in Croatan Sound. Four men and a boat

worth $150 were used to operate the former, and 72 men, with 34 boats

valued at $1,530, were required in Croatan Sound. The catch by the

former approximated 1,350 bucks and 731 roes, and by the latter the

yield was 44,769 buck and 29,065 roe shad. The pound nets also

caught 866,500 alewives and quantities of striped bass, squeteague,

bluefish, mullet, etc.

In the extreme northern end and on the western shore of Croatan

Sound a 2,300-yard seine was operated in 1896, requiring the services of

30 fishermen, 29 shoresmen and preparators, 1 open flatboat, and 2

steam scows. The size of mesh was from 2 to 3i inches, the depth of

water from 4 to 12 feet, and the yield of shad approximated 20,000, of

which two-thirds were bucks.

It appears that the total catch of shad in these two sounds in 1896

by means of stake nets was 73,626, of which 56 per cent were roes;

whereas the catch by pound nets and seines aggregate 95,915 shad, of

which only 38 per cent were roe shad. This difference is due in a

large measure to the size of the mesh in the gill nets, failing to hold

many of the small buck shad, leaving a greater proportion to be taken

in the pound nets. Except sufficient for local use, the fish are delivered

by boat at the Old Dominion Wharf on Roanoke Island, and thence

sent to Norfolk, where they are distributed to northern markets.

ALBEMARLE SOUND.

Albemarle Sound is formed at the confluence of Roanoke and Chowan
rivers, extends eastward a distance of 60 miles, and connects with the

northern end of Pamlico Sound through Croatan and Roanoke sounds.

The characteristics of this sound dilfer little from those of the broad

estuaries forming the lower end of Neuse, Pamlico, James, Rappahau-
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Doclv, and Potomac rivers. It is a bay rather than a sound, receiving

the latter designation from its association with otlier waters of this

portion of the coast. The water is fresh except <luring periods of

excessively dry weather or of prevailing southerly winds, when it

becomes somewhat brackish at the eastern end near Croatan Sound.

It is considered the largest coastal body of fresh water in the world,

the width averaging 7 or 8 miles and the area approximating 450 square

miles. It is remarkably free from strong currents and tides, except

those of infrequent occurrence resulting from gales, and the depth of

the bottom is quite uniform, averaging from 16 to 20 feet.

The shad tisheries of Albemarle Sound are among the most important

on the Atlantic coast, stake nets, pound nets, and seines being exten-

sively employed. Of the 735,192 shad caught in this body of water in

189G, 429,599 were taken by means of stake nets, 173,380 by pound
nets, and 132,213 by seines. The. principal tishing centers are Edenton,

with 197 fishermen; Peter Mashew's Creek, 90 fishermen; Mackey
Ferry and vicinity, 70 fishermen, and Pear Tree Point, 36 fishermen.

Numerous other stations employ from 5 to 20 fishermen and a number
of shoresmen and preparators. Elizabeth City and Edenton are the

principal shipping centers.

The stake-net fishery is by far the most important, the yield exceed-

ing by 40 per cent the aggregate catch in all other forms of apparatus.

The nets average about 20 yards each in length and from 10 to 14 feet

in depth, with from 5^ to 5^ inch mesh. The total value of the 21,985

used in 1896, including stakes, ropes, etc., was $29,944, and 331 men
were required to operate them. From 50 to 500 nets are set in each

string, the general direction of the strings being at right angles to the

current. They are located at various points throughout the sound, but

are most numerous at the extreme eastern end, near the entrance into

Croatan Sound. In an area of 25 square miles in that region there

were 46 strings in 1896, containing 7,785 nets, 35 per cent of the total

number in the sound. From this section to the mouth of the Koanoke
Eiver stake nets are set less numerously and at irregular intervals, but

the number in the western end of the sound has greatly increased

during the last two years. The catch in 1896 aggregated 185,701 roe

shad and 243,898 bucks, valued at $82,664. The season began about

the first of February and lasted until the middle of April. Most of the

catch is carried to some station on the Norfolk and Southern Railroad

and thence shipped to northern markets, Elizabeth City receiving the

bulk of the catch, with Edenton a close second.

The pound nets in Albemarle Sound difler in no particular from those

in the neighboring waters on the south. A few are located near Peter

Mashew's Creek in the extreme lower end of the sound, but the greater

portion are in the upper half, within the limits of Chowan and Wash-
ington counties. They are set along the shores with from 1 to 25 nets

on each string. This fishery is of comparatively recent development,

originating about 1870.
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The following summary shows by counties -its location and extent

in 1896:

Dare
Tyrrell
Wasliington
Bertie
Currituck .

.

Camden
Pasquotank
Perquimans
Chowan

Total

.

No. of
men.

$4, 800
2,625

15, 230
3,000

200

$2, 200
510

1, .558

370
]00
40
75

620
3, 729

Shad caught.

No. of No. of
roes. bucks.

11, 490
2,947
10,668
4,372

200

1,050
50

64, 535

17, 220
4,730

19, 046
6,105

253
2,000

250
7,845

51, 396

108, 845

$5, 236
1,447
5,484
2,009

88
550
51

2,592
14, 637

32, (

a Includes six nets in Alligator River. 6 Includes four nets in Little Alligator River.
c Located in North River.

Haul seines were the only apparatus of capture employed in the shad

fisheries of Albemarle Sound until about 1860, and until quite recently

they have been the principal apparatus. At the present time, however,

they play a minor part in the shatl fisheries of this region, only 4 being

operated—3 on the shore of Chowan County and 1 in Bertie County.

They average in length about 2,500 yards each and in depth 12 to 16

feet, with 2-inch mesh in the bunt and 3-inch in the wings. From 25 to

35 men are required at each fishery, and steamers or steam flats are

used in hauling each seine. The catch of these four seines in 1896 was

69,857 roe shad and 62,356 bucks, with a local valuation of $25,401. In

addition to shad, 4,235,324 alewives were taken, the value being $11,655.

A very small quantity of striped bass, perch, and sturgeon are also

caught in the seines.

To illustrate the comparative abundance of shad during the last half

century, the following statement is presented, showing for a series of

years the yield of shad at the Greenfield seine fishery on Albemarle

Sound

:

Year.
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The John Wood seine has made the following catches of shad and
alewives each year since 1891

:

Tear.
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chaiiiiel being very tortuous and the bed of the river interspersed with

rocks and islands, most of wliich are submerged at higli water. Above
Eton Falls to the head of the river, a distance of 5G miles, the depth of

water varies from 2 to 10 feet at low water, and the fall aggregates 146

feet, an average of 2.6 feet per mile. This portion of the river is navi-

gated only by i^ole boats, and, while a few fish are found in it, there are

no established shad fisheries.

The commercial shad fisheries of the Roanoke are confined to the

extreme lower end, from the mouth to Williamston, The forms of

apparatus employed are seines, bow nets, stake nets, drift nets, and

wheels, named in the order of their importance ; 80 percent of the total

yield being obtained by seines. The fisheries are centered principally

at Plymouth, Jamesville, and Williamston, in addition to which there

are numerous minor fishing stations.

Eight seines were employed in 1896, with an aggregate length of

6,050 yards and valuation of $6,100. Four of these were operated

between Plymouth and the mouth of Cashie River, two a short distance

above Plymouth, and two at Jamesville, 17 miles from the mouth of the

river. The men required to operate these seines numbered 169; 30

boats, worth $1,815, were used, and the value of the shore property

utilized aggregated $33,247. During the season herein reported the

fish were late in coming up the river, resulting in a small catch and
low prices. In 1895 one seine caught 11,000 shad in one week, three

times as many as were taken in any one seine during the best week in

1896. The yield in 8 seines in 1896 was 9ii,3ii9 bucks and 47,440 roes,

with a local valnation of $16,043. This large proportion of bucks was
due chiefly to the large size of mesh used in stake nets between the

mouth of the river and the sea, permitting small fish to pass through.

The gill-net fisheries of Roanoke River are of little importance, owing

to the rapidity of the current and the crookedness of the stream. A
string of stake nets is set at the junction of the Cashie River with

the Roanoke, near the mouth of the latter. Fifteen 20-yard nets, witli

Sf-iuch mesh, were used there in 1806, the catch aggregating 6,100 shad.

For a distance of 2 miles above and the same distance below Plymouth
18 80-yard drift nets, with 5-inch mesh, were operated in 1896. These

required two men each, only one net being used to each boat. The catch

was small, approximating 4,000 shad, most of which were consumed in

the homes of the fishermen and their neighbors.

The bow nets used on the Roanoke below Palmyra numbered 435,

requiring the services of twice that number of men. These nets are

about 20 feet long, 8 feet wide, the bag having about a 5-foot hang. They
had a poor season, taking only 13,500 shad, an average of 31 per net.

Most of the catch by these nets is used locally.

In the lower end of Roanoke River a number of wheels are used,

their form of construction (for a description of which I am indebted to

Mr. John N, Cobb) being somewhat simihir to those on Pee Dee River.

The principal difference is that on the Pee Dee the wheels are fixed iu
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sluice-openings in dams, whereas navigation on the Koanoke prevents

the construction of dams, and the fishermen secure two fiat bottomed,

square-sided boats parallel to each other and about (J or 8 feet apart,

the boats being held in the current by means of a long sapling project-

ing from the bank. A strong axle is placed in a bearing on each boat,

the ends of the axle projecting about 2 feet beyond the farther side.

To one end of this axle, and sometimes to both, is attached a paddle

wheel of rough boards, and in the middle of the axle and occupying the

full space between the boats is fixed a large curved scoop of twine or

latticed strips of wood, the scoop being so constructed as to shunt

the fish into one or both of the boats when they are dipped up by the

current acting npon the paddle wheels, whence they are removed at the

leisure of the fishermen. The cost of each apparatus is about $15. In

189(> there were 75 of these wheels in the lower Roanoke, which were

owned and operated principally by farmers living near the river banks.

The catch aggregated 3,000 shad and also large quantities of hickv^ries

and alewives.

CHOW^AN RIVER.

The Chowan is formed by the junction of the Blackwater and Notto-

way rivers nearly on the line between North Carolina and Virginia,

whence it flows with a sluggish current a distance of 55 miles to its

entrance into Albemarle Sound. For the lower 20 miles the river

averages 1^ miles in width and 15 to 20 feet in depth. Above Holiday

Island the width gradually contracts to about 500 feet near the head of

the river. The water is dark and clear, in marked contrast to the muddy
water from Eoanoke Eiver. The shad fisheries of Chowan River are

somewhat greater in extent than those of the Roanoke, and there is

a remarkable difiereuce in the forms of the apparatus used. Bow nets,

stake nets, and wheels are not reported, and two- thirds of the catch

is obtained by means of pound nets, in addition to which seines are the

only important apparatus used. Most of the fisheries are prosecuted

between the mouth of the river and Harrellsville.

There were formerly a large number of seines on Chowan River, but

the unprofitableness of the fishery has led to the abandonment of many
of them. In 1896 only eight were used, with an aggregate length of

9,740 yards and valuation of $12,600, requiring the services of 190 fisher-

men. Seven of the seines were hauled on the west side of the river and

one on the east. The most important is the one used at the Willow

Branch fishery, situated just above the mouth, on the west side, the

annual catch by which frequently exceeds 35,000 shad and 1,500,000

alewives. The services of 23 fishermen and two steam flats are required

to operate it, and 25 shoresmen take care of the catch. The yield of this

seine in 1896 was 34,300 shad and 1,500,000 alewives. Of the remain-

ing seven seines, two were operated at Coleraine in Bertie County, one

below Canons Ferry in Chowan County, and two above Harrellsville,

one at Winton and one at Mount Gallon, in Hertford County. The two

last-named seines are short, averaging 200 yards each ; the others range

in length from 2,300 to 750 yards each. The catch in 1896, by the eight
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seines above noted, was 60,450 shad, valued at $11,835, of which 28,150

were roes and 32,300 bucks. The catch of alewives during the same

season amounted to 6,772,000. The season begins usually about March
12 and ends the second week of May, the maximum run being- about the

first half of April.

Chowan Eiver has the most important pound-net fishery of the rivers

south of Virginia, the number of those nets in 1896 being 447. They
are small, averaging in value about 870 each. Several of them are

constructed with a small heart inside of the usual one, but the value of

this addition is not generally recognized. The pound nets are located

from the mouth of the river to Mount Gallon and mostly on the east

side, 311 being on that side in 1896, while 136 were on the west side of

the river. They are set usually in strings containing from 2 to 20 nets,

only 5 nets being set singly during the last season. The depth of the

water ranges from 6 to 20 feet, and the season runs from about the sec-

ond week of March to the middle of May. The yield of shad in 1896

numbered 122,595, valued locally at $22,490, of which 47,576 were roes

and 75,019 bucks.

Above the railroad bridge at Tunis there were 13 rowboats engaged

in drifting gill nets, 1,440 yards of twine with 5i-inch mesh being used.

The catch was small, amounting to only 500 shad, which were used

principally in the families of the fishermen. The water of the Chowan
appears to be too clear for the profitable employment of gill nets.

THE SHAD FISHERIES OF VIRGINIA.

The following series of three tables shows by water areas the extent

of each branch of the shad fisheries of Virginia during the season

covered by the present report

:

Staiemeni, hy water areas, of the number of persons employed in each branch of the shad
fisheries of Virginia in 1S9G.
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Staieinenf, h;/ irattr areas, of the boats, apparatus, etc., emploijed in the shad fisheries of
Virginia in 1896.

Stake nets.

No. Length. Value.

Chesapeake Bay

:

AVestoru shore
Eastern shore

James Kiver and tributaries:
Below Chickahominy Kiver
Between Chickahon'iluy and Appomattox rivers
Above Ai)poiiiattox Kiver
Chickahominy Kiver
Apjiomattox River

York River iind tributaries:
York River
Panumkey River
Mattapoiii River

Mobjaek Bay
Rappahannock River:
Below Deep Creek 74
From Deep Creek to Leedstown

;
142

Leedstown and above
;

56
Potomac River:
Below Mattox Creek

! 84
Above Mattox Creek

|
241

.$26, 505
3,995

2,311
2,225
610

1.406
365

5,157
1,530
1,542
3,615

7,011
2,218

618

6,455
11,495

Yards.
12, 740 $1, 340

2^440

990 6, 461
53 378

27, 164

400
5,733

Total
i2,( 77, 058 9, 378

|

90, 214

Drift nets.

No. Length. Value, No. Length. Value.

James River and tributaries

:

Below Chickahominy River ,

Between Chickahominy and Appomattox rivers
A bove Appomattox River
Chickahominy River
Appomattox River ,

York River and tributaries:
York River
Pamunkey River
Mattapon'i River

Rappahannock Kiver

:

From Deep Creek to Leedstown
Leedstown and above

Potomac River

:

Above Mattox Creek

Yards.

69, 727
11,020
28, 842
6,720

$6, 220

1,535
1,775

Yard.?.

1, 400
1,450

$730
1,025

51, 341
46, 601

3,712
13, 080

4,209
3,936

335
1,445

Total 1,370 043 25, 998 42

2,425
1,225

1,250
770

1,155
475

Waters.
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Statement, hy water areas, of the yield of shad in each form of a])paratus employed m the

fisheries of Virginia in 1896.

Waters.
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basius and its lisheries will be separately described, leaving for the

present a notice of that portion of the bay proper located in Virginia.

Shad appear to pass up this water-course mainly along the western

shore, attracted, doubtless, by the fresh water from the large tributaries

entering on that side, over 90 per cent of the total catch being obtained

on that shore. If conditions are such that during the early season the

waters of the rivers are warmer than those of the Chesapeake, large

runs of shad occur up the rivers. But if rains and melting snows send

downi cold waters during April and May, then the shad remain longer

in the bay and large catches are made there. In this section of the

Chesapeake shad are taken almost exclusively by means of pound nets,

this being the location of the most extensive pound-net fishery on the

Atlantic coast. Within an area 70 miles long and 10 miles wide, cov-

ering the western side of the bay and the mouths of the tributaries

from the James to the Potomac rivers, there were set in the spring of

1896 738 pound nets, worth $185,025, taking 1,638,593 shad, worth

$156,950 at local prices. Of the above, 334 nets, taking 566,752 shad,

were located in the mouths of the various rivers, leaving 404 nets, with

a yield of 1,071,841 shad, as the number on the western shore of the

bay proper.

In the limits of Princess Anne County two pound nets were set in Lynn
Haven Roads, in 3 or 4 fathoms of water, one net being set oft" the head
of the other. They were very large, the leaders being 327 fathoms in

length, with 3f-inch mesh, and the crib 50 by 60 feet with 2^-inch mesh.

Fishermen from Norfolk County set two small nets on Craney Island

Flats, in Hampton Roads, a short distance west of Elizabeth River.

Of the pound nets in Elizabeth City County, 11 were located between
Newport News Point and Fort Monroe, and 62 between Fort Monroe
and Black River, in from 10 to 18 feet of water. Although not strictly

within the legal limits of those waters, it is advisable to list the pound
nets between Poquosin Flats and York Spit as in York River, since

shad taken in those nets have left the main body and are proceeding up
the York. For the same reason those nets betweenYork Spit and New
Point are listed as in Mobjack Bay, and the 36 nets on the south side

of Rappahannock Spit outside of a line drawn from Windmill Point to

Stingray Point, the legal limit of Rappahannock River, are listed as

within that stream.

On the shore of Mathews County, from New Point to Stingray Point,

there were 93 nets set in from 10 to 24 feet of water. The remaining
234 pound nets on the west shore are located between Rappahannock
Spit and Smith Point on the shores of Lancaster and Northumberland
counties, in depths of water ranging from 12 to 40 feet. Pound nets

are more numerous in this section than on any other portion of the

Atlantic coast, there being 87 in 1896, in an area 6 miles long and 3

miles wide immediately below Smith Point. These nets were set mostly

in strings of 6 or 7 each, but sometimes many more, one string having
16 nets. The mesh is generally 4^-inch, but a few nets are constructed
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with 2J-iucli raesh for retaining alewives. The season extends from the

first or second week of March to the end of May. The largest catch of

shad in any one net was 12,130, obtained in theonter one of five set off

Taskmaker Creek; while the smallest catch was 200 shad taken in a

net set especially for alewives on the south side of Fleet Point.

On the eastern side of the Chesapeake 18 large pound nets situated

on the shore of Northampton County and 32 on the shore of Accomack
County, during the spring of 1896, caught a few shad. The catch by
those nets in Northampton County is usually very small, and especially

so in 1890, owing to the strong winds causing the fish to avoid that

shore more than usual. The nets in Northampton County are set quite

late, generally after the first week of April, when most of the shad have

passed by. During some seasons shad are taken on this shore in con-

siderable abundance. In 1885 2,600 were taken in one lift of a pound
net, whereas in 1896 the same net yielded only 780 shad during the

whole season. Of the 32 pound nets on the shore of Accomack County,

23 were set on Tangier Island and the remaining 9 on the east side of

Pocomoke Sound. The season begins about March 20, and the last

shad are taken about the end of June, the nets remaining in the waters

until the end of September, catching quantities of bluefish, squeteague,

Spanish mackerel, etc.

The following summary shows by counties the location and extent in

1896 of tbe pound-net fishery of that portion of the Chesapeake Bay
located in Virginia, not including the nets operated in Mobjack Bay or

at the mouths of York or Eappahannock rivers

:
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Pound nets are the only apparatus used for taking shad, the number
in 189(5 being- 70. Of these, 27 were located on the northeast side of

the bay from Kew Point to the mouth of East River, and 49 on the

southwest side between York Spit light and the mouth of Severn River,

the nets on the north side of York Spit being listed as within this bay.

These pound nets differed in no particular from those used in the (Jhes-

apeake, except that they were generally somewhat smaller, costing

about $200 each. Shad were fairly abundant, but about the middle of

March the tishing was injured by high winds, and the total catch for

the year was less than usual, numbering 72,852 roe shad and 67,925

bucks. The fishermen of Mobjack Bay, as well as those of the Chesa-

peake, complain of the extremely low prices received, the local value

of the 140,777 shad taken in this bay being only $13,874..

JAMES RIVER.

James River is formed by the junction of Jackson and Cowpasture

rivers in Botetourt Countj^ and empties into Chesapeake Bay about 20

miles from the ocean, the entire river and all its tributaries lying wholly

in Virginia. The total length, following its sinuosities, is about 335

miles, but in a straight line it is only 200 miles from the headwaters to

the mouth. In the lower portion the width ranges from 2 to 6 miles,

while from the entrance of the Chickahominy, 50 miles from the mouth,

to the entrance of the Appomattox the average width of the river is less

than 1 mile. At the entrance of the Appomattox the fluvial character-

istics begin, and thence to Richmond the banks are quite steep and the

course narrow and tortuous. The river is navigable for vessels drawing

16 feet to the head of tide water at Richmond, 111 miles distant from

the mouth.

At Richmond there are numerous falls and rapids extending through

a rocky bed a distance of 3 miles, in which the total descent is about

84 feet, and in these rapids there are several dams, supplying power

to mills in Richmond and Manchester. These obstructions, however,

do not entirely block the upward passage of shad, being low and

extending only partly across the stream. Nine miles above Richmond
is Bosher's dam, from 9 to 12 feet in height and 900 feet in length,

entirely crossing the channel, forming a barrier to the further ascent of

shad. If this dam were made passable, little benefit would be accom-

plished unless numerous other obstructions were similarly improved,

there being 14 dams from 9 to 16 feet high within the 200 miles above

Bosher's dam.

Prior to the erection of these obstructions large numbers of shad

ascended as far as the junction of Jackson and Cowpasture rivers, and

were taken in considerable quantities in those two tributaries over 335

miles from Chesapeake Bay. According to Marshall McDonald, the

annual catch of shad between Richmond and Lynchburg was at one

time far in excess of the present yield for the entire river, and even in

the Valley of Virginia, west of the Blue Ridge, seine fisheries were
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operated with profit. From April 1 to April 10, 1779, 2,200 shad were

taken in one seine located at Wood Island, 100 miles above Richmond.

At present few shad pass above the falls at Richmond, and i>ractically

none go higher than Bosher's dam.

The shad fishsries of James River are naturally divisible into three

geographical sections, viz: (1) from the mouth of the river to the

entrance of Chickahominy River, this portion being strictly an arm of

the Chesapeake Bay; (2) from the Chickahominy to the entrance of

Appomattox River at City Point, and (3) from the Appomattox to the

foot of Bosher's dam, 9 miles above Richmond. Of the 324,555 shad

taken in 1896, 100,379 were caught in the lower section, 190,791

between Chickahominy and the Appomattox, and 33,385 above the

Appomattox.

The principal form of apparatus below the Chickahominy is the stake

net, with an occasional pound net and seine. Between the Chicka-

hominy and the Appomattox drift nets and seines are used, and thence

to Richmond Falls the drift net is the only form of apparatus. In the

falls there are a number of traps which take a few shad.

From Chesapeake Bay to Ghiclialiominy River.—On the lower section

of the James there were 84 strings of stake nets in 189G, each contain-

ing from 20 to 90 nets. The nets were each 30 feet long, from 40 to 70

meshes deep, with 5-inch mesh. The cost of the nets varies according

to the depth of water in which set. but averages about $60 for a string

of 50 nets, divided as follows

:

Twine, 30 lbs. at 75 cents each $22. 50
Poles, 51 at 15 cents each 7. 65
Skinning 51 poles at 7 cents each 3. 57
Sticking 51 poles at 20 cents each 10. 20
Hanging; 50 nets at 11 cents each 5.50
Rings, 100 at 6 cents each 6. 00
Rope, 50 lbs. at 10 cents each 5. 00

Total 60. 42

The strings of nets are set across the current on the sides of the

channel in depths ranging from 8 to 18 feet. The season begins during

the first week of March and ends about the last week of April. Fish-

ing could be extended several weeks later, but on account of the low

prices of shad and the deleterious effect of the warm water on the nets

it is not generally profitable. Even with less than two months' fishing

it is usually necessary to replace the nets at least once. In the 84

strings operated in 1896, containing 3,898 stations, there were used in

all about 8,719 nets. The catch numbered 91,778 shad, of which 31,026,

or 33.8 per cent, were bucks, the small proportion being due to the large

mesh of the nets permitting them to pass through.

Just opposite Newport News, on either side of the channel, there were

three small i)ound nets, worth about $100 each, which caught a few

shad, the total yield being 3,119. These are the only pound nets used

on the James, there being an interdiction against their use in this

stream above Newport News.
Two seines were operated in 1896, one at Piney Grove in James City

County, anti the other at Swan Point in Surry County. These were
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about 700 yards lono-, with o-incli iiiesh in the l)uiit, and required the

services of 9 men each. The season began May 12 and ended about

the last of April, the catch of shad aj>gTegating- 5.48.5 in number, of

which 4:,355 were bucks.

From Chickahominy to Appomattox.—On the middle section of James
Kiver drift nets constitute the principal form of apparatus, yet a few

seines are used, and in the extreme lower end there were 8 strings of

stake nets in 189G. These strings, containing 235 nets, were operated

by men living at Clareniont and Sandy Point, taking 9,928 shad. The
drift nets measure about 350 yards in length and G5 to 80 meshes deep,

with 5-inch mesh. Where the channel is narrow, as from Coggins

Point to City Point, this length is divided into two or three sections.

On the shoal grounds between Coggins Point and City Point a number
of shallow nets, 30 meshes deep, are used. These contain from 4 to 6

pounds of twine and are usually operated in two sections. Other than

in depth they resemble in every particular the nets used in the channel.

The total number of drift-net boats in the middle section of James
Eiver in 1896 was 182, using 69,727 yards of twine, and the catch of

shad numbered 162,655, valued locally at $14,706.

Between the Chickahominy and the AiDpomattox there were formerly

many seine beaches, most of which are now abandoned on account of

the unprofitableness of the fishery and, in one or two cases, destruction

of the beaches by engineering operations tending to improve the navi-

gation of the river. In 1896 only four seine shores were operated, viz;

Haprisou Landing, Beechwood, Coggins Point, and Flowerdew Hun-
dred. The seines were from 250 to 500 yards in length, with 2^ and 2f
inch mesh, and the yield of shad was 18,208, valued locally at $1,770.

The large proportion of bucks in the catch of these seines is somewhat
noticeable, numbering 13,385, or 73 per cent of the total yield, this

being due doubtless to the large quantity of roes caught in gill nets in

the lower part of the river.

From Appomattox to Bosher^s Dam.—Above the entrance of Appo-

mattox Eiver drift nets are the only apparatus used in the James
Eiver shad fisheries. The principal fishing centers are Bermuda Hun-
dred, Turkey Creek, and Deep Bottom, while a few nets are used above

Dutch Gap, in Cox and Graveyard reaches. Formerly drift nets were

used in Trent and Coal Yard reaches, situated in the loop of James
Eiver around Farrors Island, but since the opening of Dutch Gap that

portion of the river has shoaled to such an extent that it is impracti-

cable to drift in it. On account of the narrowness of the channel the

nets above City Point are much shorter than those below, the length

ranging from 40 to 100 yards. Usually two nets are operated by each

boat, requiring the services of two men. The mesh is from 4§ to 5^

inches and the depth from 50 to 110 meshes. The season begins about

the last week of March, three or four weeks later than at the mouth of

the river, and closes about the end of May or first of June. In 1896 128

drift nets were used, the catch amounting to 33,385 shad, worth $2,709

at local valuation. Of this yield, 23,387, or 70 per cent, were bucks.
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Id the falls at Eichmond there are numerous finger or fall traps, m
which several hundred shad are taken annually while endeavoring to

pass above the rapids. At one time the number of these fall traps

exceeded 150, but the catch has been so small during recent years that

the worn-out traps have not been replaced.

CMckahominy River.—The Chickahominy, one of the finest shad

streams of the United States for its size, rises in Henrico County,

12 miles northwest of Eichmond, and after flowing a distance of 60

miles empties into James Elver 50 miles from the Chesapeake Bay.

Windsor Shades bar, 27 miles from its mouth, is the present head

of navigation, a minimum depth of 8 feet existing to that point,

the width of the channel ranging from 100 to 250 yards. Thence to

Providence Forge, a distance of 5 miles, the channel is tortuous, 20 to

80 feet in width, flowing between low swampy banks, which open into

lagoons or bays of wide water. From Providence Forge to Long
Bridge, about 10 miles, the Chickahominy is a cypress swamp of from

one-half to 1 mile in width, intersected by a channel 20 to 50 feet wide.

Shad fisheries extend throughout the length of the Chickahominy, yet

they are most extensive in the vicinity of Lanexa. The total catch of

shad on this river in 1896 was 150,953, of which 131,643 were taken by
means of drift nets, 17,510 by seines, and 1,800 by "hedgings." Of the

total yield 103,748, or 68 per cent, were bucks.

In the lower portion of the Chickahominy and in the vicinity of

Lanexa the drift nets contain each about 5^ pounds of jSTo. 50 twine,

55 to 60 meshes deep, with 5-inch mesh. From Winns Landing to

Providence Forge the nets contain from Ih to 2 pounds of twine, 45

meshes deep, with 4^-inch mesh. The length of the 5J-pound net aver-

ages 200 yards, and of the If-pound net 70 yards. The length of twine

used by the 160 boats in 1896 measured 28,842 yards, one man being

required for each boat. The season began about March 10 and closed

some time near the middle of May. The yield was an average of recent

years, aggregating 131,643 in number, of which 40,777 were roes and
90,866 were bucks. Eight seines were used in the Chickahominy during

the same year, of which the largest, about 1,000 yards in length, was
operated at Ferry Point, near the mouth of the river. This seine, how-

ever, is not used especially for taking shad, that species forming only

a small proportion of the total catch. The lengths of the other seven

seines range from 260 to 175 yards and the mesh from If to "Ih inches.

The aggregate value of the 8 seines was $1,155, the number of men
employed 43, while the total catch of shad numbered 17,510, worth

$1,297 at the local valuation.

A short distance above Providence Forge, where the river is only a few

feet in width, there are three or four hedges or pockets, each consisting

of a crude dam, 2 or 3 feet high, permitting the jjassage of shad only

through the current i)assing through an opening therein. A fisherman

stands at this opening with a net in hand ready to lift out such fish as

may attempt the passage. At the hedges operated in 1896 1,800 shad
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were taken. The greater proportion of the fisli caught by this method

are either ripe or have already spawned.

Chickahominy liiver in the vicinity of Lanexa i)reseuts favorable

conditions for the establishment of an auxiliary shad hatchery. Within

a distance of 10 miles on either side of that station over 130,000 shad

are taken annually, of which about 45,000 are roes. If 3 per cent of

them are suitable for hatching purposes sufficient fertilized eggs would

be secured to support an extensive hatchery. Large supplies could

also be drawn from the James and the Pamunkey, each about 15 miles

distant from Lanexa. The ripe lish could be obtained very cheaply

and the shipping facilities are good, the main branch of the Chesapeake

and Ohio Eailroad passing along the river bank.

Appomattox River.—This river, the longest affluent of the James, rises

in Appomattox County, Va., and after flowing about 140 miles empties

into the James at City Point. Shad ascend only 13 miles to Petersburg,

their progress above that city being barred by numerous rapids and

dams. In a distance of 6^ miles above the city there are 5 dams, each

from 2h to 8 feet high, and numerous falls and rapids, giving a total

descent of 110 feet. Shad are taken in the Appomattox by means of

drift nets and seines. The former are operated at Broadway, in Prince

George County, and at Covington Beach or Cat Hole, in Chesterfield

County, the total number of nets in 1896 being 46. These nets are

from 100 to 200 yards in length, 45 to 70 meshes deep, with 5-inch mesh,

and two men and one boat are required for each. The men live mostly

in Petersburg, camping on the shores during the season, paying the

owners for the privilege at the rate of one shad per week for each fish-

erman. The season begins the second week in March and continues

about two months. The catch during 1896 was 3,835 roe shad, 8,110

bucks, with a local valuation of $1,087.

The seines used in ApjDomattox River were located as follows : One
at City Point, one at Gatlin Beach, two at Covington Beach, and one

at the mouth of Swift Creek. They measure from 200 to 275 yards each

in length, about 80 meshes deep, with 2^-inch mesh. The shore rental

paid for the five seines aggregates $225 annually. The season is coin-

cident with that of the drift nets in the same locality, and the aggregate

catch of shad in 1896 was 8,309, valued locally at $794.

Tnthefallsof the Appomattox just above Petersburg there are about

20 fall or finger traps, in which a few shad are taken with herring and

other species. The catch of shad is at present very much less than

it was twenty years ago, probably not exceeding 50 in 1896.

YORK BIVER.

York Eiver is formed by the junction of Pamunkey and Mattaponi

rivers at West Point, and, following a southeasterly course for a dis-

tance of 41 miles, it unites with Chesapeake Bay about 16 miles north

of Fort Monroe. It is really an arm of Chesapeake Bay, with an

average width of about Ih miles, possessing no fluvial characteristics
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whatever. The water of York River is brackish nearly to West Point,

oysters being- i^lauted within G miles of that town. Pound nets and

stake nets represent the principal forms of apparatus used in the shad

fisheries, and a few shad are taken incidentally in fyke nets and seines.

The catch of shad in 1S9G was 182,375, of which the pound nets yielded

138,89."), stake nets 42,640, fyke nets 590, and seines 250.

Of the pound nets 53 were set on the north side of the river, between

York Spit Light and Gloucester Point; 34 on the south side, near Toos

Point and Poquosin Flats, and 3 near Plum Point, at the head of the

river, making a total of 90 nets. Excepting the 3 near Plum Point and
23 on the shore of York County, all of these nets are owned in the south-

eastern portion of Gloucester County, mostly in the settlement known
as Guinea. They range in value from $50 to $500, averaging about $200

each, and with some repairs will last for several seasons. The depth of

water ranges from 10 to 20 feet, the leaders being set across the cur-

rent. Each fishing company has from 1 to 7 nets, and uses sailboats

averaging $100 in value, the total number of sailboats being about one-

half the number of pound nets used. The season begins the first week
in March and closes about the end of May, the greater part of the catch

being obtained during ^pril. Of 5,243 shad taken in 4 pound nets in

1896 1,262 were obtained in March, 3,170 in April, and 811 in May.
The catch in 1896 was unusually small, the total yield of shad in the

90 pound nets being only 138,895, an average of 1,543 per net. The
largest yield for any one net was 4,380. In addition to this species, the

pound nets take alewives, Spanish mackerel, squeteague or sea trout,

blueflsh, croakers, pompano, etc.

The stake nets in York River are located on both sides of the chan-

nel from Cappahosack to West Point, but most abundantly between

Potopotauk Creek and Plum Point, being set in rows of from 10 to 20

nets in from 11 to 14 feet of water. The nets are 6 to 9 yards long, 35

meshes deep, with 5-inch mesh. They last only about three weeks, two
settings being required for each season. The season begins about

March 1, although most of the nets are not out until the middle of that

month, and closes the third or fourth week of April. Nearly all of the

fishermen are also farmers, and agricultural operations shorten the fish-

ing season. In 1896 58 boats engaged in this fishery, using 990 stake

nets, 6,461 yards in length, and the catch aggregated 28,232 roe shad,

worth $3,949, and 14,408 bucks, worth $1,183. Except sufficient for

local use, all the catch was sent to Baltimore by the steamers running

between that port and West Point.

During the past season two fishermen from Indiantown, on the

Pamunkey River, attempted to take shad with drift nets in the narrow

portion of Y'ork River between Gloucester Point and Yorktown, where

the width is a trifle over a half mile. Their nets were 200 yards long,

65 meshes deep, with 5-inch mesh. After working about ten days with-

out success they abandoned their attempt. It should be noted that the

depth of water in this portion of Y^ork River is 80 feet or more, whereas

the nets used were only about 15 feet deep.
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PamunJx-ey River.—This river, which takes its name from a tribe of

Indians, the remnant of which is yet enga.i;ed in shad lishinj]^ in its

waters, is formed by the Junction of the North Anna and Soiitli Anna
rivers a short distance above Hanover Ooiirt-House, whence it flows

a distance of 100 miles to its union with the Mattaponi at West Point.

It is navigable, during- eight or nine mouths of the year, for vessels

drawing ;") or (5 feet of water, as far as Worraley Lauding, 54 miles above

West Point. Above Wormley Lauding the river is tortuous, much
obstructed by logs and brush, and from 40 to 120 feet wide. Shad

ascend the Pamuukey in considerable numbers throughout its length,

but are taken in greatest abundance in the lower 30 miles. Of the

184,257 shad caught in 1896 180,642 were taken by means of drift nets,

2,334 by seines, and 1,281 in stake nets.

The drift nets are operated throughout a distance of 43 miles from

the mouth of the river, and principally for a distance of 10 miles below

and the same distance above Lester Manor, 24 miles from York River.

The drift nets below Williams Ferry average 150 yards in length, 55

to 70 meshes deep, with 4^ or 5 inch mesh. Above Williams Ferry the

length ranges from 130 to 75 yards and the depth from 50 to 35 meshes.

Below Williams Ferry two or three nets are carried by each boat,

requiring the services of two men. Above that point, where the fishing

is for local use exclusively, each boat has but one net, and in some

instances but one man. When more than two nets are used the extra

nets are old ones, which can be used only during weak tide or slack

water. A total of 330 nets, 51,341 yards in length, were used by the

153 boats in 1896, the catch numbering 180,042 shad, for which the

fishermen received $14,911. Below White House the season begins

during the first week of March and closes some time in May, depending

on the run of fish and the market price. At some landings the stur-

geon fishery or agricultural operations shorten the season. Above
Williams Ferry the season begins during the third and fourth week of

March and closes about the 10th or 15th of May.

Several rows of stake nets are set in the extreme lower end of the

Pamunkey during March and April. These are similar to the nets in

the upper portion of York River, and their catch in 1896 was only 1,281

shad. There were two seines operating in this river during the past

year, one at Smith Ferry and the other at Sweet Hall, distant 21 and

24^ miles respectively from the mouth of the river. The former was

distinctively a shad seine, while the latter was used also for alewives,

striped bass, etc. The yield of shad by the two seines was 2,334, of

which 1,490 were bucks. Very few were taken in the upper one of these

seines, it being shoal, and during the work of deepening it the shad

passed by. In the narrows of the Pamuukey, near Hanover Court-

House, there are several " hedgings," which take a few shad each year,

probably not exceeding 500. It does not appear that shad pass above

Hanover Court-House in any considerable numbers, and probably none

are taken in South Anna and North Anna rivers.
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There are few jjlaces soutli of Potomac River better adapted to

shad-batching operations than the Pamunkey between Hill's Landing

and White House Station. Within a river length of 16 miles, the dis-

tance in a straight line approximating 6 miles, there were in 189G 109

drift-net boats, taking 154,072 shad, and two seines taking 2,334 shad,

a total of 156,406. Of these 70,383, or 45 per cent, were roe shad, of

which about 14,000 were taken after April 20. It is reported that 10

per cent of -the roe shad taken after April 20 are suitable for fertiliza-

tion, making a total of 1,400 that may be used for this purpose. This

does not include the ripe fish that may be obtained prior to April 20,

nor the number that may be drawn from the Mattapoui, to 8 miles

distant, or the Chickahominy, within 15 miles, each of which would

yield nearly, if not quite, as many as the Pamunkey. This section of

the stream is bordered by the West Point branch of the Southern Rail-

way, giving convenient shipping facilities.

Mattaponi River.—The Mattaponi rises in Spottsylvania County,

and after flowing a distance of over 120 miles unites with Pamunkey
River at the head of York River. The lower 00 miles from the mouth
to Aylett is navigable and has considerable trafiflc. From Aylett to

Mundy's Bridge, a distance of 26 miles, the channel is obstructed by
logs, drift, and overhanging trees, yet it is navigated by rafts and
small boats. The Mattaponi is not quite so large or so deep as the

Pamunkey, but is otherwise quite similar, and there is even less differ-

ence in the extent and cliaracteristics of the shad fisheries of the two
streams. As on the Pamunkey, drift nets and haul seines are the

means of capture, the yield by the former apparatus being by far the

greater.

The drift nets are similar in every particular to those used on

Pamunkey River, except that they are somewhat longer, with a smaller

number to each boat, the length of the 262 nets on this stream in 1896

aggregating 46,601 yards. The total catch by the 153 boats num-
bered 169,799, valued locally at $16,290. While a large portion of this

catch is sold locally, most of it is sent by boat or hauled across land to

the West Point branch of the Southern Railway, and thence shipped

to Richmond and other distant markets.

The seven haul seines on the Mattaponi were used at the following

points: Savage's, Walkerton (2 seines), G-athney's, Bugley's, and Jones

Landing in King and Queen County, and at Pointer Landing in King
William County. They range in length from 280 yards to 50 yards, the

mesh being 2^ inches. The season begins generally during the first

week of April and extends to about the end of May; but at Savage,

16 miles above West Point, the season is somewhat earlier than this.

The total catch by the above seven seines was 10,117 shad, the smallest

for a number of years. There were formerly several small seines above

Pointer Landing, as well as at other places on the Mattaponi, but they

have given way to the cheaper and more effective drift nets.
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RAPPAHANNOCK RIVER.

This river rises ou the eastern slope of Blue Ridge Mountains, in

Fauquier and Rappahannock counties, and crosses the fall line at Fred-

ericksburg, the head of navigation, 106 miles from its mouth, following

the course of the river. The fluvial characteristics extend only about

40 miles below the fall line and the lower 50 miles is really an arm of

Chesapeake Bay. About 2 miles above Fredericksburg there is a dam
900 feet long and 18 feet high, built in 1860 and used for developing

water-power, which completely blocks the upward passage of fish.

In describing the shad fisheries of the Rappahannock, the river is

naturally divisible into three sections: (1) from the mouth to Deep
Creek, the boundary line between Lancaster and Richmond counties, 26

miles; (2) from Deep Creek to the boundary line between Westmore-
land and King George counties, 45 miles; (3) thence to Fredericksburg,

36 miles.

From Chesapeake Bay to Beep CreeTc.—The lowest of these three sec-

tions is purely an arm of the Chesapeake, the width ranging from 4 to

2^ miles. Pound nets, which constitute the only form of apparatus

used for taking shad, were introduced in this locality in 1872, and their

use has increased each year, the number employed in 1896 being an

even 100, valued at $23,462. Fifty-seven of these were located at the

extreme end of the north side of the river between Windmill Point

Light and Windmill Point Creek, the depth of water ranging from

10 to 25 feet. The remaining 43 nets were located as follows: Twelve
between Mosquito Point and the mouth of Corrotoman River, and 12

between the Corrotoman and Deep Creek on the north side; and on

the south side, 8 near the mouth of the river and 11 between Urbanna
Cr6ek and Parrott Creek. The difference in the number of nets set on

the north and south side of the river—81 and 19 respectively—is quite

remarkable, due to the rough water and fewer fish on the south side.

The mesh in the heart of the pound nets is generally 4^ inches, but a

few of the nets have 2J-inch mesh, for retaining alewives also. The
latter species are so cheap, however, that very few fishermen in this

region bother with them. Each pound-net company has from 2 to 7

nets, requiring the services of an equal or greater number of men, and
one or two sailboats, worth from $50 to $400 each, and one or two row-

boats. The total number of men engaged in operating the 100 pound
nets was 116, using 43 sailboats, valued at $6,321, and 31 rowboats,

worth $690.

The season began during the last week of March and closed about

the first of June, the greater j)ortion of the catch being obtained from

April 10 to May 10. The total catch was 194,067 shad, valued locally

at $17,579. Of these, 46 per cent were roe shad and 54 per cent bucks.

The pound nets also caught about 500,000 alewives and quantities of

squeteague, bluefish, sturgeon, etc.

Except such as are sold locally the yield of shad in the pound nets.
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as well as in other apparatus set iu the Eappahannock, is sent to Balti-

more by the daily steamers serving that river.

From Deep Greek to Layton.—In the second of the three sections of

Eappahannock Eiver, covering Essex, Eichmond, and Westmoreland

counties, the forms of apparatus used are stake nets, pound nets, drift

nets, seines, and fyke nets. The total catch of shad in 1896 was 171,080,

valued locally at $13,489, of which 104,118 were taken in stake nets,

51,575 in pound nets, 7,580 in drift nets, 6,792 in seines, and 1,015 in

fyke nets.

The pound nets in this section are much smaller than those near the

mouth of the river, averaging iu value $125 each against $235 near the

mouth. They are usually set singly, but occasionally two and even

three are set iu one string, especially between Sharp's wharf and Tap-

pahannock. Along the northeast side of the river there were 63 pound
nets, 52 on the shore of Eichmond County and 11 on the Westmoreland

shore. On the opposite side—the Essex County shore—there were 37

pound nets, making an even 100 nets for this section of the Eappahan-

nock. The catch was smaller than for several years preceding. Three

pound nets set near Sharp's wharf caught 4,442 shad in 1895 and 3,872

in 1896, 764 of the latter being obtained iu one day. The total yield in

1896 was 51,575, valued at $3,923, 38 per cent of these being roes.

All the stake nets on Eappahannock Eiver are located iu this section,

and they extend throughout the 38 miles from Deep Creek to Leeds-

town. They are 8 or 9 yards long, 10 to 20 feet deep, with 4i to 5 inch

mesh, of linen twine, and must be renewed each season, if not more

frequently. They are set in strings of 10 to 30 nets on the sides of the

channel at intervals of a few hundred feet. The total number in use in

1896 was 3,263, aggregating 27,164 yards in length, the yield of shad

numbering 104,118, valued locally at $8,242. The stake-net season

began about March 20 and ended the last of April, the greater portion

of the yield being obtained during the first two weeks of April. Com-
paring the stake-net fishery of the Eappahannock with that of James
Eiver, it appears that the yield in the latter stream was 101,706 shad,

or 2,412 less than iu the former. But the value of the catch in the

James was $18,524, over twice that of the Eappahannock, the difterence

being due principally to the season in the James being nearly three

weeks earlier than in the latter stream.

The drift nets in the middle section of Eappahannock Eiver are oper-

ated in the extreme upper end thereof above Leedstown. They average

over 200 yards in length, 5-inch mesh, 60 meshes deep, and cost about

$20 each, 2 nets being used by each boat, which requires the services

of 2 men. The season extends from the last week in March to the first

of May. The catch of the 9 drift-net boats iu 1896 was 7,580 shad,

worth locally $571, of which 40 per cent were roes, the percentage being

greater than for several years preceding.

Two sluid seines were used on the shore of Essex County, one at Mal-

lory Point and the other at Port Tobacco, at distances of 46 and 71
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miles, respectively, from the mouth of the river. These seines were 450

and 800 yards long, respectively, with 2 and 2^ inch mesh, and required

the services of G or 7 men each. The season extended from the last

week of March to the end of May, and at the lower beach 815 sliad were

taken, of which 585 were bucks, while at the upi)er one the yiekl of shad
was 5,977, of which 3,791 were bucks. Both of these seines are also

used throughout the year for taking other fish. Prior to 1885 a hatch-

ery was operated ou the opposite side of the river from the Port Tobacco
seine, utilizing the eggs therefrom.

A few shad are taken during March and April in the fyke nets set

near Tappahaunock. Eight nets were used in 1896 worth $190, and the

yield of shad numbered 1,015, of which 460 were roes and 555 bucks.

From Tobago Bay to Fredefickshurg.—The upper end of the navigable

portion of Eappahannock Eiver consists of a tortuous stream, 36 miles

in length, 50 to 250 yards wide in its upper 28 miles, broadening out at

its lower end, and terminating in two small bays—Nanzatico and
Tobago—a mile or more across. The counties bordering this section

are King George, Caroline, Stafford, and Spottsylvania. Drift nets,

pound nets, and seines are used for taking shad, and at the extreme

upper limit, in Falmouth Falls above Fredericksburg, there are several

fall or finger traps. The drift nets and pound nets are used from

Tobago Bay to Hop Yard, the lower 17 miles, and the seines are used

at the two extremities. Of the 52,642 shad obtained in 1896, 32,774

were caught by drift nets, 16,862 by pound nets, 2,948 by seines, and
58 by fall traps.

The drift nets measure from 75 to 100 yards in length, 30 to 52 meshes
deep, with 5-inch mesh, and cost from $12 to $20 each. Near Port

Eoyal the season begins about the second or third week of March and
lasts about two mouths. In the short drifts, fishing is prosecuted only

during slack water. When the water is clear fishing is restricted to

the night time, but when it is muddy the fishermen operate mostly

during the day. Of the 32,774 shad taken by these nets in 1896, 19,941,

or 61 per cent, were bucks.

The pound nets in the upper section are very small, averaging about

$65 in value each. Excepting two strings just below Oaken Brow, one

containing 4 and the other 3 nets, all of the pound nets are set singly.

An average of $10 is paid for shore rental for each net. The season

extends throughout the months of April and May, and about 5 jjer cent

of the catch is reported as being ripe roe shad. The total catch of shad
by the 31 pound nets numbered 16,862, valued locally at $1,414, of which
6,285 were roes.

A 500-yard seine, with 2^-inch mesh and 8 feet deep, was operated on

the upper side of Tobago Bay in 1896, taking 2,892 shad from March 20

to May 20. lu addition to this seine there were two others, 150 yards

in length each, with 2^-inch mesh and 6 feet deep, operated on the Staf-

ford County shore, opposite Fredericksburg. Very few shad were taken

in these two seines, the total number being 56, of which 49 were bucks.
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In the falls of the Eappahannock above Fredericksburg and adjacent

to Falmouth there are 19 ftill or finger traps, which take many alewives

and a few shad, the number of the latter in 1896 approximating 58, of

which 38 were bucks. There are no shad whatever reported from this

stream above Falmouth Falls.

POTOMAC RIVER.

Although the Potomac Eiver forms the boundary line between Vir-

ginia and Maryland, it is located wholly within the limits of the latter

State. By a compact made in 1785 a right of fishery in this river exists

in common between citizens of the two States, citizens of Virginia enjoy-

ing equal privileges with those of Maryland. This makes it convenient

to describe the shad fisheries of both sides of the river at the same

time, and as the river is situated wholly in the limits of Maryland, this

discussion is placed in the chapter on the shad fisheries of that State

(page 199). It will suflice to note in this place that the yield of shad

on the Potomac during 1896 numbered 684,063, of which 450,825, worth

$43,084, were taken by residents of Virginia.

THE SHAD FISHERIES OF MARYLAND.

The extent, by water areas, of each branch of the shad fisheries of

Maryland in 1896 is presented in the following series of three tables,

showing (1) the number of persons employed, (2) the boats, apparatus,

etc., used, and (3) the number and value of shad taken.

statement, iy tvater areas, of the number of men employed in each branch of the shad
fisheries of Maryland m 1806.
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statement, hij water areas, of the boats, apparatus, etc., employed in the shad fisheries of
Maryland in 1896.

Waters.
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Statement, hy water areas, of the yield of shad in eachform of apparatus employed in the

fisheries of Maryland in 1896.

"Waters.
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somewhat brackisb. A number of important rivers enter this bay from

either side, and Susquehanna Eiver enters at the northern end, con-

tinning tlie separation of the two shores of Maryhiud and draining a

liirge area of Pennsylvania.

At its entrance into Maryland, Chesapeake Bay receives each year

2,250,000 or more shad, of which about 750,000 pass up the Potomac,

330,000 proceed up the Pocomoke and Tangier Sound tributaries, 50,000

up the Patuxeiit, 350,000 up the Choptank and tributaries, 50,000 up
the Chester, 050,000 in the meantime being taken on the shore of the

Chesapeake and its smaller tributaries, leaving 70,000 or more to pass

up into the Susquehanna. These figures include only the shad that are

taken by the fishermen, and not those otherwise destroyed or that

escape these fatalities and return to the sea, as to the number of which

no estimate can be formed. Tlie shad fisheries of each of the several

tributaries of the Chesapeake will be separately described, leaving for

the present chapter a notice of the fisheries of the bay proper. Many
of the shad obtained in the bay are taken in the lower and middle por-

tions, but the great bulk of the catch is taken in the extreme upper

end.

Because of the differences in the physical characteristics, in the forms

of apparatus used, and also in the seasons at which shad are taken

therein, it is desirable in treating of the Chesapeake fisheries to sepa-

rate them into two geographical sections, the first covering the lower

three-fourths or more of the bay, from the Virginia line to Swan Point,

and the second including that part above Swan Point, which is at

the north side of the mouth of Chester Eiver and opposite Patapsco

lliver.

From the Virginia line to Swan Point.—Tliis portion of Chesapeake

Bay is 90 miles long and from 4 to 20 miles wide. From the western

side it receives the waters of the Potomac and Patuxent rivers, while

from the east it receives the Pocomoke, Wicomico, Nanticoke, Chop-

tank, and Chester rivers, and some smaller streams.

The shad fisheries outside of the rivers are of comparatively small

extent and confined to the use of pound nets and a few stake nets,

yielding 159,279 and 4,620, respectively, in 1896, of which 29,780 were

obtained by men living on the Eastern Shore and 134,119 by fishermen

from the Western Shore.

The location of pound nets on the Eastern Shore was as follows : Poco-

moke Sound, 8 nets, taking 7,149 shad; below Little Annemessex Eiver,

5 nets, yielding 1,410 shad; Smith's Island, 1 net taking 4,875 shad;

Tilghman Island and Wittman, 4 nets, with 2,640 shad ; and Kent Island,

4 pound nets, yielding 9,080 shad. On the Western Shore 4 nets were

located at Point No Point, 29 near the mouth of the Patuxent, 5 at

Governor Eun, and 48 between Holland Point and Gibson Island,

making a total of 86 nets, worth $11,224, which yielded 53,167 roe and

80,952 buck shad, worth $18,347. Most of the pound nets are of the

"single heart" variety, and the mesh in the bowl is generally 4 inches,
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but some have 2^-incli mesh for retaiuing alewives. The season for

shad begins the second or third week of March and continues for

nearly two months. The yield at the various stations was much less in

189G than in 1895 and several previous years. In the 5 nets set just

below the mouth of Little Anneniessex Kiver only 1,416 shad were

taken in 1896, whereas in 1893 2,100 shad were obtained in one lift of

the same nets. The decrease was not confined to shad, but shared in

by nearly all the species usually taken. In the spring of 1895 the 5

nets above referred to yielded $3,400 worth of fish, while the local

value of the catch in the spring of 1896 did not exceed |600.

The stake nets are located along the shore from Tilghman Island to

Kent Island. In 1896, 96 nets were set on the shore of Tilghman Island,

27 off Sherwood and Wittman, and 31 along the shore of Kent Island,

making a total of 154 nets. The number of men employed was 64, and

the catch numbered 3,300 roe and 1,320 buck shad, valued locally at

$786. This fishery is almost entirely for local use, and comparatively

few of the shad thus taken find their way into distant markets.

From Swan Point to head of Chesapeake Bay.—This section of the

Chesapeake, comprising less than one-fourth of the area of the bay
proper, is bordered on the east by Kent and Cecil counties and on the

west by Baltimore and Harford counties. The depth of water in the

channel ranges from 3 to 5 fathoms, yet there are numerous shoals and
flats where the depth is from 2 fathoms to a few inches. The water is

normally brackish, but during heavy freshets it becomes almost fresh

above Spesutie Island. Susquehanna River enters the extreme north-

ern end, and on the northeast three arms extend several miles inland,

forming the estuaries of Northeast, Elk, and Sassafras rivers. The
principal fishing centers are Havre de Grace on the Western Shore, and
Charlestown, Northeast, Bettcrton, Tolchester, and Eock Hall on the

Eastern Shore. This is the principal shad region of Chesapeake Bay,

as determined by both the quantity and quality of the product. The
yield in 1896, although smaller than usual, numbered 130,011 roes and

193,132 bucks, of which 87,875 roes and 155,028 bucks were taken by
drift nets, 23,524 roes and 13,255 bucks by stake nets, 15,040 roes and

18,582 bucks by seines, and 3,572 roes and 6,267 bucks by pound nets,

the total local value of the whole being $32,108.

Tills is the location of the most valuable drift-net fishery of the

Atlantic coast south of Delaware Bay. The nets are operated from

the mouth of the Susquehanna down to Poole Island, a distance of 25

miles, and at times even below that point. They are also operated in

that arm of the Chesapeake known as North East lliver and in the

extreme lower ends of Elk and Sassafras rivers. The depth of water in

which they are drifted ranges all the way from 3 or 4 to 30 feet, but

most of the nets are designed for use in 14 to 18 feet of water. From
400 to 2,000 yards of twine are carried by each boat, the total for the

191 boats operating in 1896 being 249,030 yards. This is usually cut



SHAD FISHERIES OF THE ATLANTIC COAST. 197

into lengths contaiuiug from 150 to 400 yards each. The size of the

mesh is mostly 5^ iuches, but some flshermeu use 5^, 5|, and 5J inch.

The cost of 1,000 yards medium-width twine is about $85. Two or

three men are required for each boat, the value of the latter averaging

nearly $100 each. The nets are used principally at night, a lantern

mounted on a float being attached to each end. While the nets are

drifting the tishermen "run" the net from end to end, discovering the

presence of fish by the " feel " of the upper line. That portion of the net

containing the fish is then raised and the shad removed, when the net

is dropped to drift as before.

It is essential that the fish be removed very soon after they are

enmeshed, otherwise they are likely to be mutilated by eels, which are

very annoying during the shad season. Sometimes a large ])art of the

catch is found to consist of heads and backbones of shad, from which

the flesh has been stripped by eels.

The season begins about the 1st of April and extends to the last of

May or 1st of June. The catch in 1806 was unusually small, the total

yield for the 191 boats being only 242,903, an average of 1,272 per boat.

Some boats have caught over 8,000 shad in one season. The catch by
drift nets has been decreasing for several years, attributed by the

fishermen to the increased number of jDound nets in the Virginia section

of Chesapeake Bay. The following summary shows the location and

extent of the drift-net fishery in this part of the Chesapeake in 1890:
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yards long, wortli $3,745. The nets were set about February 1 for

striped bass, and the season for taking shad extended from March 20

to the beginning of May, the yield numbering 23,524 roes and 13,255

bucks, valued locally at $2,974. The price during that season was
unusually small, the lowest certainly within the last ten years.

Six seines were used in the extreme northern end of Chesapeake

Bay in 1896, their location being as follows: Carrot Cove (1 seine), Car-

penter Point (1 seine), Fishing Battery Light (2 seines), and Spesutie

Island (2 seines). The length ranges from 1,500 to 2,500 yards, the

aggregate of the 6 seines being 11,600 yards, with 2 to 3 inch mesh.

The value of the 6 seines was $10,200, and the number of fishermen

employed 306, with 268 shoresmen. The season began the second week
of April and lasted six or seven weeks, the catch numbering 14,560

roes and 18,052 bucks, worth $3,902. The yield of alewives numbered
6,516,000. In addition to the above, there was one seine on Miller

Island used for taking striped bass and perch, in which some shad were

caught. This seine was 600 yards in length, required 10 men to operate

it, and the catch of shad numbered 480 roes and 530 bucks. Large
quantities of alewives were obtained, but on account of the low prices

ruling for these fish very few of them were marketed.

The two seines at the Fishing Battery Light are operated from large

floats or batteries, containing stables, storehouses, salting sheds, quar-

ters for the men, etc. An average float is simply a large raft, 60 by 80

feet, of suflicient buoyancy to be removed to any desirable point on the

flats, where it is secured into position by piles passing through wells in

the raft. Each of three sides of the float is provided with an apron 45

feet wide, held in position by stout chains, and which can be raised or

lowered at will. This ajiron provides an inclined plane, on which the

seine is hauled in the same manner as at shore seines. The selection

of the side on which the hauling is made is determined by the direction

of the current, the wind, etc. The fourth side is used as a wharf. When
practicable three hauls are usually made each day, two on the ebb tides

and one on a flood tide, the yield of shad on the former being five or

six times as great as the latter.

Of the 69 pound nets ox)erated in the upper portion of Chesapeake
Bay in 1896, 46 were located between Turkey Point and Northeast, 7

between Charlestown and Carpenter Point, 6 ofl' Betterton near the

mouth of the Sassafras River, and 6 on the western shore from Miller

Island to North Point. These nets cost from $50 to $150 each. They
are usually set in strings containing from 2 to 4 nets each. They are

not operated especially for shad, and that species represents only a

small proportion of the total catch, the shad yield in 1896 numbering
only 9,839, worth $1,099.

The use of pound nets or stake nets is prohibited "in Chesapeake
Bay, north of a line 1 mile south of Pool Island, except the bay shore

of Kent County up to Howell Point at the mouth of Sassafras River."
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POTOMAC RIVER.

This river, the largest and most important tributary of Chesax»eake
Bay, is formed by the union of the north and south branches on the

line between Maryhmd and West Virginia, whence, forming the bound-
ary line between Maryland and tlie Virginias, it flows a distance of 290
miles to its entrance into Chesapeake Bay, 75 miles above Cape Henry.
Below Washington it is broad and sluggish, forming one of the largest

estuaries on the Atlantic coast, covering 370 square miles, not includ-

ing its tributaries. This estuary is 100 miles in length and varies in

width from 2 to 7 miles, with a navigable depth of 10 feet or more at

low water, the depth in some places exceeding 100 feet. At Wash-
ington, the head of navigation, the fluvial characteristics appear, and
from that point to Great Falls, 15 miles above, there are numerous
shoals, with several small falls, the most important being Little Falls,

at a distance of 5 miles above Georgetown, where the descent is several

feet. At Great Falls, where the Potomac crosses the escarpment line,

the water passes over a mass of rock, descending 35 or 40 feet, the

total fall in a distance of IJ miles being 8'a or 90 feet. Great Falls have
always presented a barrier to the upward movement of shad. If they

could be passed no serious obstruction would be met with until where
the river breaks through the Blue Ridge, just below Harpers Ferry, 60

miles above Georgetown. In 1882 an appropriation of $50,000 was
made by Congress for the erection of suitable fishways at Great Falls,

and ill 1885 the work of construction was begun, the plans providing

for a fishway in six sections in the Maryland channel. A high freshet

during the night of October 29-30 considerably damaged the partly

completed sections, and after examination it was decided that '* the

fishways were not planned sufficiently strong to withstand the eilects

of the violent floods of the locality in which they were placed," and the

project was abandoned.

That portion of the river below the District of Columbia is entirely

within the limits of the State of Maryland, the boundary line between
Maryland and Virginia following the extreme low-water mark on the

Virginia side of the main body of the river and from headland to head-

land at the mouths of creeks along the same shore. In 1785, while the

boundary line was in dispute and before the adoption of the Constitu-

tion of the United States, Maryland and Virginia entered into articles

of agreement for the regulation of commerce, navigation, and other

industries of mutual interest, and one of the articles provided for a

right of fishery in Potomac River in common to the citizens of the two
States, and that in the regulation thereof neither State should enforce

any law not approved by the other. The effect of this comjiact has been

to prevent any regulation of shad fisheries by either of the two States,

and the citizens of both States enjoy equal fishing privileges in the river.

Prior to 1830 shad fishing was prosecuted almost exclusively by means
of seines, the fisheries being controlled by the well-to-do riparian pro-

prietors. Nearly every large plantation on the river had its fishing
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shore, the returns from which were large, some of them renting ior

several thousand dollars. Some time during the Thirties drift nets were

introduced by fishermen from Delaware Kiver, and by 1835 they had
increased to such an extent as to embarrass the seining operations and

to materially lessen the profits. A convention of fishermen was held

at Alexandria, Ya., to protest against the use of drift nets and to take

measures to secure legal prohibition of them. This was the beginning

of the contest which was waged for years between the riparian owners

and the wandering fishermen who have successfully contested the right

to equal fishing privileges with the former.

In 1871 it was reported that 24 seines were then used on the Mary-

land shore of the Potomac, requiring the services of 619 men, 74 boats,

and 51 horses, and catching in the spring of that year 110,400 shad,

worth 114,353. During the same year 243 drift nets were reported on

the same side of the river, with 161,446 square fathoms of twine,

requiring 456 fishermen and 213 shoresmen, catching 351,800 shad,

valued at $38,698, making a total of 462,200 shad, worth $53,051, taken

by residents of Maryland. No reliable estimates or records showing

the extent of the fisheries of the Virginia shore during that year are

available, but they have generally been more extensive than on the

Maryland shore.

A fair idea of the comparative yield of shad in the Potomac during

the past quarter of a century may be obtained from an examination of

the following table showing the number of shad inspected in the Dis-

trict of Columbia from 1873 to 1896, inclusive, which represents from

50 to 75 i)er cent of the total yield in the river

:

Tear.
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The ibllowing- suinmaiy shows, by States, the uuuiber of peo])le

eini)k)ye(l iu each branch of the shad (isheries of the Potomac Eiver in

189G:
'

Deaignation.
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There are two geueral methods of hanging the drift nets, viz, the

"single line" and the "double line." In the former the lower jiortion

of the net is permitted to swing freely, having no bottom line and not

being weighted. The mesh in these is generally 5i or 5^ inch. The
second form of nets, known as "double line," is operated mostly on the

shoals, and consequently is usually longer and shallower. In these nets

a line extends the entire length of the bottom, to which leaden weights

are attached, serving to hold the net in a somewhat rigid position, and
the mesh is usually 5-inch. The reason for the differeuce in the size of

the mesh in the "single-line" and "double-line" nets is that the bottom

of the former, swinging clear and free, readily yields to every motion of

the lish enmeshed therein and the fish soon becomes wound up and
entangled in the meshes, being unable to either withdraw or force its

way through the net; while the latter, being in a somewhat unyield-

ing position in the water, due to the weighted bottom line, is not easily

entangled, and the mesh must be sufSciently small to hold the fish

firmly. The "single-line" nets are usually from 50 to 90 meshes deep

and the "double-line" nets from 30 to 60 meshes in depth. The former

are drifted mostly during slack water, and consequently remain in the

water usually only two or three hours at a time. The latter are oper-

ated on both tides, and may remain in the water a half day or longer.

An ordinary gill net, full-rigged, costs $100 to $125; after being used

one season its value is reduced one-half, and three seasons' work usually

renders it unfit for further use. The season begins about the last week
in March and ends about the middle of June. The yield in 1896 was
unusually small, only 50 or 60 per cent of that obtained in 1895. The
yield by the 118 boats from the Virginia shore numbered 85,440 roes

and 56,960 bucks, a total of 142,400, while the Maryland fishermen

obtained 136,880, of which 82,128 were roes and 54,752 buck shad. The
price received by the fishermen was also low, averaging between $8 and
$8.50 per hundred.

The stake-net fishery of Potomac River is of little importance, con-

sisting of a few strings of nets operated in the lower half of the river

by residents of Virginia. The total number used in 1896 was 529, set

in 9 strings, requiring the services of 21 men who employed 12 boats,

worth $935. The catch was quite small, numbering only 6,746 roe shad

and 4,764 bucks, worth $1,616.

The pound-net fishery is confined almost entirely to the lower half of

the river, the nets set for shad above Maryland Point being few in

number and cheaply constructed. Pound nets were introduced about

1875, and since then they have constantly increased in favor. In 1889

there were 330 pound nets; in 1890, 37(5; in 1891, 411, and in 1896, 430.

Of those used in 1896, 299 were operated by Virginians and 131 by
residents of Maryland. The former, however, are much larger and
catch many more shad than those on the Maryland side of the river,

the Virginia nets being most numerous near the mouth, while most of

the Maryland nets are between JSanjemoy Point and Ulakistone Island.
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The mesh in most of the shad pound nets has the foUowin^^ dimen-

sions: Leader, 7 iuches; first ''pound," 0; seeond "pound," 4 or 5, and

main "pound," 4 or 4;^ inches. Some of the nets have 2i-inch mesh, in

order to retain the alewives; while a few of the reguhir shad nets have

a backing- of 2^-inch mesh, against which the tish are bunted when the

net is lifted, the alewives not escaping readily through the large mesh

except when the net is being lifted. There is a tendency to increase

the size of the mesh, and during the last year it was 12 inches in some

of the leaders, and this will probably be exceeded, as the tide runs

strong and a small mesh trap is more likely to be swept away than one

of larger mesh, and it also accumulates more seaweed and other floatage.

The "pounds" are usually from 40 to 60 feet square and the leaders

from 200 to 250 yards in length, the average cost of the nets approxi-

mating $100. The total catch of shad by the pound nets in 1896 num-

bered 269,228, of which 114,999 roes and 102,531 bucks were obtained by

Virginia fishermen, and 31,163 roes and 20,535 bucks by residents of

Maryland. This yield was not so large as usual, nor were the prices so

high as in former years. Unusually warm weather in April resulted in

glutting the market, and prices did not recover during the season. The

lowest prices received were 6 cents for roes and 3 cents for bucks, but

from two to three times that amount represented the average prices.

The total value of the above yield was $28,801, of which $23,268 repre-

sented the Virginia and $5,533 the Maryland catch.

Seining was formerly the most extensive branch of the Potomac

Eiver shad fisheries, but its importance as compared with the drift-net

and x)ound-net fisheries is becoming less each year.

The following shows the location and extent of this fishery in 1896

:

Localities.
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PATUXENT RIVER.

The Patvixent, the most important shad stream between the Potomac
and the Susquehanna, is situated wholly in Maryland, rising in Howard
and Montgomery counties, and flows a distance of 110 miles to its

entrance into the Chesapeake, 20 miles above the mouth of the Poto-

mac. It is navigable for steamers of 7 or 8 feet draft to Bristol, 40 miles

from the mouth. Aside from the numerous apparatus of capture, fish

meet with no serious obstruction to their ascent of the river until near

Laurel, 95 miles from the mouth, where the river is crossed by two

dams for developing water-power. Because of the numerous fisheries

in the lower half of the river and the narrowness of the stream very

few shad ever reach Laurel and none ever pass above the dams at that

town. Of the 52,354 shad taken in 1890, 24,375 were obtained by means
of seines, 19,700 by drift nets, and 8,279 by pound nets. As the fish

enter the river they encounter lirst the pound nets near the mouth;

after proceeding about 35 miles they reach the lowest seine beach, and

a short distance farther up, between Dunkirk and Leon, they reach the

drift-net grounds.

The pound nets operated in the lower end of the river are mostly

between Point Patience and Drum Point. They are small, averaging

in value only $125 each, and have small mesh, depending more on taking

alewives than shad. The catch of shad by the 33 nets in 1896 numbered
3,305 roes and 4,974 bucks, worth $910 at local values. The yield of

alewives in the same nets numbered 795,830, valued locally at $2,152.

The seine beaches are located entirely in the upper reaches in Prince

George and Anne Arundel counties, from Hill's Lauding to Leon where
the river is 500 or 000 feet wide. The seines range from 100 to 200 yards

in length, with 2^ or 2f inch mesh, and are worth from $80 to $300 each.

Ten shad seines were used in 1896, aggregating 1,700 yards in length

and $1,815 in value. The catch numbered only 9,244 roe shad and
15,131 bucks, valued locally at $2,680.

Drift nets are operated only in a reach 5 or 6 miles in length, in the

vicinity of Dunkirk and- Leon. The nets are each about 200 feet in

length, with from 5 to 5| inch mesh, and cost $10 or $12. Of the 18 drift

nets used in 1896, aggregating 1,205 yards in length, 10 hailed from Leon,

Anne Arundel County; 7 from Dunkirk, Calvert County, and 1 from

Nottingham, Prince George County. The catch numbered 19,700 shad,

of which 8,520 were roes and 11,180 bucks, the aggregate value being

$2,277.
SUSQUEHANNA RIVER.

While the Susquehanna is one of the longest rivers of the Atlantic

coast, only 12 miles of its length is within the limits of Maryland.

Since most of this river is situated in Pennsylvania, its general physi-

cal characteristics will be noted in the description of the shad fisheries

of that State. The Maryland section ranges from a half to nearly 1

mile in width, but as the water is very shoal it is navigable only a few

miles above the mouth. The fall in the 12 miles from the Pennsylvania
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line to the entrance of the river into Chesapeake Bay is 69 feet, an aver-

age of 5.75 feet per mile, the greatest within a short distance of the

month that exists on any large river of the Atlantic coast. The impor-

tance of the Susqnehanna Kiver shad fisheries suffers somewhat in com-
parison with thoseof the Susquehanna Flats. The latter fishing-grounds

are usually more profitable, but as a rule, they also recjuire larger and
more costly apparatus of capture than the river fisheries. The appara-

tus used in the river consists of drift nets and seines near the mouth,
and fall traps and bow nets in the rapids above Port Deposit.

The gill nets are drifted between the Baltimore and Ohio Railroad

bridge and Port Deposit. They are similar to the nets used at the

head of Chesapeake Bay, differing only in length, as the reach is not

very wide. Of the 49 boats engaged in this fishery in 1896, 33 hailed

from Port Deposit, 9 from Frenchtown, 5 from Perryville in Cecil

County, and 2 from Lapidum in Harford County. They carried 28,672

yards of twine in lengths averaging from 125 to 130 yards each, the

size of the mesh being mostly 5.J inches. The yield was much smaller

than usual, the catch numbering only 14,060 roe shad and 21,480 bucks,

the total local value being $3,949.

The seines are of two general sizes, the larger being from 600 to 800

yards in length, while the smaller ones are from 100 to 150 yards long.

Of the former size there were 7 used in 1896, with an aggregate length

of 5,200 yards and valuation of |4,700, requiring the services of 265

fishermen and 71 shoresmen. The catch was scarcely up to that of an
average season, numbering 16,831 roe shad and 9,171 bucks, valued
locally at $3,222. One of the seines caught 24,000 shad during the

season of 1883. The small seines numbered 5, with 2^-iuch to 4^-inch

mesh. Thirty men were required, and the catch numbered 1,759 roe

shad and 2,584 bucks, worth $507, making a total of 30,345 shad, worth

$3,729, taken in seines.

At various points in the rapids of the river below the Pennsylvania line

there are several "fish pots" or fall traps, consisting of a small break-

water of rocks forming a triangle with the apex pointing downstream.
At the apex is placed a slat-work wooden frame with the rear end
raised a foot or two above the surface of the water and the front or

up-river end resting on the bottom. In passing along the stream the

fish meet these stone breakwaters, and following them reach the traps,

upon and over which they are washed by the current, falling into a box
placed under the raised or downstream end of the trap. These traps

have engendered considerable bad feeling among the fishermen on the

river. An interdiction exists against their use in Pennsylvania, but
they are unrestricted in the Maryland section of Susquehanna River.

The number reported in 1896 was 15, and the catch of mature shad
numbered 778 roes and 1,225 bucks, worth $259.

On account of the increasing scarcity of fish, bow nets are not used
so extensively as was formerly the case. They are operated from boats

and also from rocks situated in favorable places in the channel, one
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mau being required for each net. The number of nets reported in 1896

was 8, with a yield of 1,600 shad, worth $220, making a total of 69,488

shad, worth $8,157, taken in the Maryland section of the Susquehanna.

Considerable complaint is made in this portion of the river regarding

the refuse from a sulphide paper mill established in 1891 at Couowingo,

about 10 miles from the mouth of the river. When the water is low

this refuse moves back and forth with the tide, doing considerable

injury to the fisheries, but during high water the refuse is carried out

into the bay, where it does little damage.

The rivers entering Chesapeake Bay from the east are quite different

from those on the western side of the bay. The eastern tributaries are

more numerous, and, draining a low, flat region, their declivity is nearly

uniform and without falls. Excepting two or three of the smaller ones,

they rise in the somewhat elevated area forming the western portion of

Delaware and flow in a general southwesterly direction, expanding at

their mouths into broad estuaries. They are tidal nearly to the upper

limits, and are navigable for vessels of 5 or 6 feet draft for three-

fourths or more of their length. Beginning at the southern boundary,

the most important are the Pocomoke, Wicomico, Nanticoke, Choptank,

and Chester rivers, yet the tributaries of these and the smaller streams

are so numerous that there is probably no point on the Eastern Shore

of Maryland over 8 miles distant from tide water. The shad fisheries

of each of these estuaries and their tributaries will be described in

succession.

POCOMOKE RIVER.

Pocomoke River rises in Great Cypress Swamp, on the line of Mary-

land and Delaware, whence it flows between narrow banks a distance

of 115 miles to its entrance in Pocomoke Sound. It is navigable for

vessels of 9 feet draft to Snow Hill, about 50 miles from the moutb.

The water is quite muddy, due to the suspension of the black alluvial

soil from its source. Much of this earthy matter is deposited at the

mouth of the river, where the accumulations of years extend for an

average depth of 20 feet over 16 square miles, forming the "muds,"

over which at low tide there is a depth of 4 or 5 feet of water. The
shad fisheries of the Pocomoke are of considerable local importance,

and extend from the mouth of the river to several miles above Snow
Hill, the principal fisheries existing at Pocomoke, Mattapoui Ferry,

and Snow Hill. The yield in 1896 was less than usual, numbering

29,752, of which 23,713 were taken by men living in Worcester County
and 6,039 by Somerset County fishermen. Of the total yield, 17,692 or

60 per cent were buck shad. The forms of apparatus are bow nets,

drift nets, seines, and fyke nets.

The bow-net or dip-net fishery yields 80 per cent of the total number
of shad taken on the Pocomoke. The bow nets are similar to those

used in the Carolinas, except that they are of more costly material. The
frame is of tough but light wood, bent in a long, oval shape, with the

longest diameter from 14 to 16 feet. Within this frame is a loose net
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of the best hemp twine, Iso. 35 or 40, with ;i "liaiig" of 5 or (5 feet,

the twine measuring 200 nieslies around the frame, the mesh being 4^

inches. Usually two men are re(iuired for each net, one of whom
operates the net while the other propels the boat 5 but in some instances

the net is operated from a stationary point or the boat is permitted to

drift with the curreut, requiring the services of only one man. The
catch by the 97 bow nets used on this river in 189G numbered 23,812,

of which 14,052, or GO per cent, were bucks. The season begins during

the third week of March and lasts about two months, the fish being

most numerous the second or third week of April. Tiie season in 1896

was unusually short, and consequently the catch Avas small, averaging

only 235 shad per net. Yet this average was far in excess of that for

any other river in the United States, the nearest approach being an

average of 95 shad per net on Santee River, in South Carolina. During
certain years as many as 1,000 shad have been taken in a single bow
net on the Pocomoke. The catch is practically all marketed in the

towns and settlements adjacent to the river, the price received ranging

from 10 to 30 cents each.

Drift nets are used in the lower end of the Pocomoke, from Shelltown

to Eehobeth, and near Snow Hill, the head of navigation. They are

from 40 to 00 yards long "in gear," and from 44 to 52 meshes deep, with

4f to 5J inch mesh, the cost ranging from $6 to $9 each. Two nets are

usually carried by each boat, and generally two men are required, but in

the headwaters one fisherman operates each boat. The boats in 1896

numbered 21, using 2,180 yards of twine and catching 1,293 roe shad
and 1,905 bucks, valued locally at $491. The catch was the smallest for

several years, the average being only 152 shad per boat.

There were 6 seines used on the Pocomoke River in 1896, 1 at Cedar
Hall, 4 near the mouth of Nassawango Creek, and 1 at McKee Island,

above Snow Hill. They were from 70 to 100 yards in length, 8 to 12

feet deep, with 2^ to 2^ inch mesh. The shad season extended from the

last week in March to the first week in June, and the catch numbered
2,537, of which 63 per cent were bucks. In addition to this species,

quantities of alewives, perch, catfish, etc., were secured in the seines.

Fyke nets complete the enumeration of the apparatus in which shad
are taken in the Pocomoke River, these nets being used by residents

of Eehobeth and Shelltown, near the mouth of the river. They are

not operated especially for shad, and secure also many eels, perch,

alewives, catfish, pike, etc. They are set from the middle of September
to near the last of April, and the catch of shad in the 16 nets in 1896

numbered 115 bucks and 90 roes, making a total of 29,752 shad secured

in Pocomoke River.

Between Pocomoke and Wicomico rivers there are three small streams

entering Tangier Sound, viz : Annemessex, Big Annemessex, and Mano-
kin, in which a very few shad are to be found each year, esi^ecially in

the last named; but there are no established fisheries, and the shad
taken incidentally are used in the homes of the fishermen. •
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WICOMICO RIVER.

Wicomico Eiver rises near the elevated rim which encircles Great

Cypress Swamp, in which Pocomoke River has its origin, and after flow-

ing a distance of 35 miles enters the head of Tangier Sound. Near its

mouth it expands into a broad, shallow sheet of water, called Monie

Bay, characteristic of nearly all tributaries of Chesapeake Bay. It

is navigable for vessels of 7 feet draft from the bay to Salisbury, 23

miles above the moutli, where the lowest milldam crosses the stream.

For many years the river was made a receptacle for refuse matter from

the numerous sawmills on its banks, to the great injury of the spawning-

grounds; but during recent years this refuse has been burned in the

mill yards. Considering its small size, the yield of shad on the Wicom-
ico is remarkable, with a navigable length of only 23 miles the product

averaging about 75,000 shad annually. In actual yield it ranks third

among Eastern Shore rivers, being surpassed by the Choptank and the

Nanticoke. The apparatus employed consists of drift nets, stake nets,

seines, pound nets, and fyke nets, the catch by the first named in 1896

being G7 per cent of the total yield on the river.

Drift nets are operated from White Haven to Williams Point, 1 mile

below Salisbury, a distance of 12 miles. The length of the nets varies

from 100 yards at White Haven to 40 yards at Williams Point, and the

depth from 53 to 31 meshes, with from 4| to 5^ inch mesh. The season

begins about the middle of March and lasts six weeks, the catch rang-

ing from 100 to 900 shad to each boat. The yield in 1896 was unusually

small, averaging only 274 shad per boat, the catch by the 106 boats,

using 307 nets, numbering 21,275 roes and 24,123 bucks, valued locally

at $5,442.

There are usually several rows of stake nets operated each year near

the mouth of the Wicomico River by men living at Victor and Mount
Vernon, in Somerset County. The nets are 20 yards long, 40 meshes

deep, with 5 to 5J inch mesh, and are worth about $4 each. The season

begins about the third week of March and lasts four or five weeks, the

yield averaging about 250 shad per boat. In 1890 there were 19 boats,

using 70 stake nets, taking 2,320 roe shad and 2,405 bucks. The num-
ber of stake nets in this portion of the river is increasing and the yield

during recent years has been good, although somewhat less than usual

last 5'ear.

During the season covered by this report there were 5 "double-heart"'

pound nets located on the north side of Wicomico River 4 miles below

White Haven, being set across the current on the side of the channel,

with one net on each string. They cost about $100 each, and the 5 nets

required the services of 6 men and 3 skiffs. The season began JMarch 14

and ended the first week in May, th6 catch numbering 7,004 roe and

5,472 buck shad, worth $1,667 at local valuation, and in addition thereto

57,860 alewives and also numerous striped bass, perch, catfish, spots,

suckers, squeteague, etc., were taken.
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Three small seines wore operated in 189G near the headwaters of the

river within 4 miles of Salisbury, the length ranging" from 145 to 340

yards each, with 2^-inch mesh in the bunt. The season for shad began

tlie second week in March and ended the latter part of May, the catch

numbering 1,544 roes and 2,510 bucks, worth $452, the seines also taking-

alewives, striped bass, perch, catfish, etc.

The fyke nets are not set especially for shad. They are located in the

lower portion of the river, 18 sets, or 3G nets, being used in the spring

of 189G, reiiuiring 9 men and 5 boats to fish them. The season for shad

extended from the middle of March to the middle of May. The yield

numbered G35 roes and GG7 bucks, making a total catch in the Wicomico

of 32,838 roe shad and 35,177 bucks, valued locally at $8,480. Except

such as are sold in the immediate locality, most of the shad from this

river are sent to Baltimore.

For several years the State of Maryland has maintained a small shad

hatchery at Salisbury, on the Wicomico Eiver, from which several mil-

lion fry are annually distributed, not only in the Wicomico but in other

streams of the peninsula.

NANTICOKE RIVEE.

The headwaters of Nanticoke River are in Kent and Sussex counties,

Del., uniting in a navigable stream at Seaford and 11 miles lower

down crossing into Maryland. About 5 miles from the Delaware line

it receives the waters of Marshyhope Creek, and from this junction

flows 30 miles to its entrance into the head of Tangier Sound. In the

lower 10 miles the river is a mile or more in width and the channel 12

to 30 feet deep; thence to Vienna, 25 miles from the mouth, the width

is from 500 to 150 yards and the depth about the same as in the lower

portion. From Vienna to the entrance of Marshyhope Creek the width is

from 200 to 250 yards and the depth generally more than 20 feet. Above

that creek the width and depth gradually diminish to 100 yards and

8 feet, respectively, at Seaford, where navigation ceases. Nanticoke

Eiver ranks third in the extent of its shad fisheries among the Mary-

land rivers, being surpassed only by the Choptank and Potomac. The

fisheries extend from the mouth to several miles above Seaford, the

total yield in 1896 being 210,308 shad, of which 52,4G7 were obtained in

Delaware and 38,6C0 in Marshyhope Creek, leaving 125,181 as the

number taken in the Maryland portion of the main river. The present

chapter deals only with the latter section, notes on the portion located

in Delaware being reserved for the description of the fisheries of that

State. Drift nets, stake nets, pound nets, and fykes are the only forms

of apparatus used in the shad fisheries of the Maryland section of the

Nanticoke, and over 50 per cent of the yield is obtained by means of

the first named.

Drift nets are operated from Quantico Creek to the Delaware line,

and are most numerous from Vienna to Sharptown. They measure

from 175 yards in length below Vienna to 115 yards at Galestown, and

F. R. 98 14
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from 65 to 51 meshes deep, with 4| to 5^ inch mesh. Each boat usually

carries two nets and requires the services of two men. The season

begins about the middle of March and lasts seven or eight weeks.

The drifting begins usually at 1 o'clock on Monday morning of each

week and on other secular days at 3 o'clock a. m., continuing until day-

light. The largest catch in one day by any one boat in 1896 was 316

shad, taken on Monday, March 23, near Vienna. In one drift of a mile

in length, with a net 165 yards long, 115 shad were taken. The total

catch by the 73 drift-net boats numbered 62,876 shad, of which 36,566,

or 58 per cent, were bucks. This catch was smaller than usual, the

prices being so low that many of the men ceased fishing by the middle

of April.

Stake nets are used in the extreme lower end of the Kanticoke from

Eoaring Point to Sandy Hill. The total catch in the 282 nets numbered
11,930 roes and 5,735 bucks, valued at $2,015, A very noticeable dif-

erence is observed in the proportion of roe and buck shad reported from

Sandy Hill and those reported from fishing stations farther down the

river. Of the total catch at Eoaring Point, Jesterville, and Walterville

over 80 per cent were roe shad, whereas at Sandy Hill the proportion

that the roe bore to the total yield was less than 60 per cent. This is

due to the fact that the mesh of most of the nets at Sandy Hill was 5

inches, whereas at the former places it was mostly 5| inches. One boat

at Jesterville using 25 nets, with 5|-inch mesh, caught 1,083 roes and
105 bucks in 1896.

While the pound nets in Nanticoke Eiver are not set especially for

shad, yet numbers of this species are taken therein. Of the 26 pound
nets in 1896, 4 were set between Nanticoke Point and Eoaring Point

and the remaining 22 above Quantico Oreek. The 4 at the mouth
of the river were large nets, worth over $300 each, while the others

cost from $50 to $80 each. The mesh in the bowl of the nets was from

2^ inches to 3 inches, small enough to retain alewives, of which large

quantities were obtained.

The yield of shad was somewhat larger than usual, the 4 nets at the

mouth of the river taking 8,596 bucks and 6,827 roes, the proportion

of the roe shad being greater than for several years preceding. The
remaining 22 nets took 8,680 roe shad and 11,200 buck shad, making
a total of 35,303 shad taken in the pound nets, worth $3,022 at local

values.

The fyke nets set in the lower part of the river, below Quantico

Creek, catch a few shad with other fish. They are operated generally

in sets of 2 nets each, in from 4 to 8 feet of water. In 1896, 143 fyke

nets were used m the Nanticoke, of which 82 Avere owned at Wetip-

quin and 56 at Sandy Hill. The yield of shad was 5,897 bucks and
3,440 roes, with a valuation of $795, the price being unusually low.

The Nanticoke Eiver fyke nets produce over 50 per cent of the entire

yield of shad in all the fyke nets operated in the Chesapeake Bay and
tributaries, including both Maryland and Virginia.
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Marshyhope Creek.—Tlio northwest braii(;li of Naiiticoke River

diver.nes IVom the iiiaiii stream at liiverton, a small village in Wicomico

County, and extends about 3J: miles to the swamps of Kent County,

Del. It has an average depth of 5 or feet up to Federalsburg,

20 miles from the mouth, where it is crossed ])y a milldam. Consider-

ing its size, the shad fisheries of Marshyhope Creek are quite extensive.

They are prosecuted from the mouth to Federalsburg, ))ut are most

extensive about Brookview, known until recently as Crotchcr Ferry.

The catch in 1890 numbered 38,GG0 shad, of which 24,920 were taken

iu drift nets, 7,180 in seines, and G,DOO in small pound nets.

The drift nets average nearly 100 yards in length, from 49 to 53 meshes

deep, with 5 to 5:^ inch mesh. The season begins usually the last week
in ]\rarch and extends to about May 20. The total catch by the 38 drift-

net boats iu 189G was 14,140 roes and 10,780 bucks, valued locally at

§2,306. Between Brookview and Federalsburg, on the Marshyhope
Creek, there were 8 seines operated. These ranged in length from 40

to' 150 yards, aggregating 545 yards, with 2^'-inch mesh. Forty men
were employed in hauling them, the catch being 3,400 roes and 3,780

bucks, worth $823. The popular local opinion is adverse to the use of

pound nets, yet 12 small nets were used above Brookview in 189G, with

a total shad yield of 6,560, almost equally divided between roes and
bucks. Several of the pound nets in Marshyhope Creek and a number
in tlie Nanticoke are of an improved pattern, invented and patented

by Capt. M. B. Marshall, of Vienna, Md.

FISHING BAT.

This bay is a broad estuary, 11 miles in length and 2 or 3 in width,

connecting Transquaking and Blackwater rivers with the head of Tan-

gier Sound. The depth of water in the channel approximates 20 feet,

but in the extreme upper end and on the sides of the channel the

depth of water averages about 5 feet. During some seasons the shad

yield of Fishing Bay is of much local value, but in 1896 it was extremely

small, the total catch in that year being about 9,790, whereas the aver-

age catch is three or four times that amount, stake nets and pound nets

being the apparatus used.

The stake nets measure 16 or 18 yards in length, with from 5 to

5i inch mesh. Being set on the flats at the sides of the channel, they

are very shoal, averaging 16 meshes in depth. The last season was
short, extending from March 16 to the middle of April, when crabs

and eels became so numerous that fishing was abandoned. The catch

in the 388 stake nets amounted to 4,300 roe shad and 3,865 bucks,

valued locally at $991. Of the four small pound nets used, two were

located near the entrance of Blackwater River at the head of the bay,

and two off Fishing Point, about 6 miles above the mouth of the bay,

the yield of shad numbering 660 roes and 965 bucks. The value of

these nets and the men, boats, etc., employed are set forth iu the tables

showing the extent of the Maryland shad fisheries.
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TransquaMng River,—This is a small stream situated wholly in Dor-

chester County and entering Fishing Bay at the extreme northern part.

Shad are taken by near-by residents, principally for local use. There

are three forms of apparatus used, viz, i)ound nets, " stick weirs,'' and
bow uets, the catch by the first named being over twice as great as by
the other two combined. The i)Ound nets are small, costing probably

$70 each, and are operated from the 1st of March to the end of Ajiril,

and also in the fall. The number used in 1896 was 17, catching 3,846

roe and 6,378 buck shad, valued locally at $920. The " stick weirs"

are constructed by fixing sticks and brush in the bed of the river so as

to form a weir. They are rude contrivances, costing possibly $15 each,

and the catch is entirely for local use, the yield in the 12 weirs last

season approximating 850 roe shad and 1,020 bucks. In addition to

shad, many alewives and other species are taken in both pound nets

and weirs.

A few bow nets are used on the Transquaking and its principal tribu-

tary, the number in 1896 being 20, yielding 1,600 shad, about equally

divided between roes and bucks.

Blackwaier River.—This stream is situated wholly in Dorchester

County and empties into Fishing Bay, not far from the Transquaking.

About 8 miles above its mouth it separates into two branches, known,

respectively, as Little Blackwater and Big Blackwater. Shad ascend

this river and its branches to the uppermost limits, and are taken at

numerous points in drift nets and pound nets. The drift nets average

40 yards in length, 7 feet in dei)th, with 5-inch mesh. The 34 drift-net

boats in 1896 required 36 men and used 46 nets, 1,840 yards in length,

worth $184. The season began about the third week of March and

lasted four or five weeks. The catch approximated 3,700, about evenly

divided between roes and bucks. The pound nets and "stick weirs"

used in the Blackwater and tributaries are similar to those in the

Transquaking, except that they are somewhat smaller. Of the 39 used

in these waters, 24 were in the main river, 9 in Little Blackwater, and 6

in Big Blackwater. The catch was 5,645 roe shad and 3,815 bucks,

valued at $1,051, making the total yield of shad on the Blackwater

River and tributaries 13,160, worth $1,480. Very few of these shad are

shipped to distant markets.

CHOPTANK RIVER.

The Choptank is the largest and most important of the Eastern

Shore rivers. From the Chesapeake to Hunting Creek, a distance of

30 miles, it is a tidal estuary, the width ranging from 5 miles to 500

yards and the depth in the channel from 70 to 20 feet, the water being

nearly as salty as in Chesapeake Bay. About 18 miles above Hunting
Creek it receives the waters of Tuckahoe Creek, a tributary nearly as

long as the main stream above this point. The river is navigable for

vessels of 9 feet draft to Denton, 7 miles above Tuckahoe Creek, and
small-boat navigation extends to Greensboro, 8 miles further. The yield



SnAD FISHERIES OF THE ATLANTIC COAST. 213

ofshad 111 1890 was nearly oiie-lmlf of the total product on all the Eastern

Shore streams and nearly five times as many as were taken on Sus-

quehanna Kiver, numbering 27(3,076 on the main stream and 02,344

on Tuckahoe Creek, a total of 338,420', valued locally at $35,810. Of
the total yield 183,730, or 54 per cent, were bucks. The forms of appa-

ratus used are pound nets, drift nets, seines, and stake nets, with a few

shad taken in fyke nets.

The location of pound nets extends from Nelson Point, near the mouth
of the river, to 2 or 3 miles above the entrance of Tuckahoe Creek, but

the nets are most numerous between Oxford and Windy Hill, a distance

of 25 miles. In 1890 there were 24 strings with 2 pound nets each, 2

with 3 nets in a row, one string of 4 nets in a row, and 127 nets set indi-

vidually, making a total of 185. Those near the mouth of the river

average in value about $120, while the nets in the upper portion cost

less than $40 each. The former are set more particularly for striped

bass, bluefish, si^ueteague, perch, catfish, etc., and take comparatively

few shad, while the catch by the latter consists largely of shad and ale-

wives. The season begins in the lower part of the river during the

second week of March, in the upper portion about ten days later, and
lasts about two months, the bulk of the shad being taken from April

10 to May 10. Shad were somewhat scarce last year, and about the

middle of April the weather became warm and prices fell so low that

they did not even cover the expense of shipment, resulting in many of

the nets being taken up. One net set near Oxford yielded 2,200 in one

lift in 1895, whereas the yield during the entire season of 1890 did not

equal that amount. The catch in the 185 nets numbered 52,220 roe and
62,532 buck shad, valued locally at $11,811.

The drift-net fishery is most extensive from the mouth of Tuckahoe
Creek to Denton, but this branch of the shad fisheries is prosecuted

from Windy Hill to the head of the river. The length of the nets ranges

from 00 to 200 yards each and the depth from 40 to GO meshes, according

to the width and depth of the reach in which operated. From 2 to 5 nets

are carried by each boat, the latter worth from $0 to $20 and having

almost invariably a crew of two men. The season begins about the end
of March and continues until nearly the middle of May. In 1896, on
account of the low prices of shad, many fishermen ceased fishing earlier

than usual, and the total catch by the 118 drift-net boats numbered
only 33,281 roe and 47,310 buck shad, valued locally at $8,541.

The upper limit of the stake-net fishery on the Choptank is in the

vicinity of Hunting Creek, near the lower limit of the drift-net fishery,

and from this point to Castle Haven, a distance of 18 miles, these nets

are quite numerous. They are set on the sides of the channel where

the w ater is from 10 to 10 feet deep. The length of nets ranges from

12 to 25 yards each and the depth from 25 to 45 meshes, dependent

respectively on the strength of current and the depth of water where

they are located. The size of mesh is mostly 5 inches, a few nets of

5^-iuch mesh being employed also. From 10 to 100 nets are used by
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each boat, the average number being about 40 or 45. The last season

began about March 20 and lasted six or seven weeks, the yield by the 34

boats numbering 18,925 roe shad and 16,350 bucks, worth $3,813.

All the shad seines on Choptank Kiver are operated within 8 miles

of Denton, from Williston to Greensboro, in Caroline County. The
length ranges from 120 to 325 yards each, and the depth from 10 to 30

feet. The seine shores are not so valuable as twenty or more years

ago, but at present are worth from $50 to $500 each. In 189G there

were 14 seines operated on this river, with an aggregate length of

3,293 yards, and valuation of $1,460, requiring the services of 71 men,

14 boats worth $189, and $ },200 of shore property. The season began

the third week of March and ended on May 15, as required by a State

law. The large seines make about 12 hauls each day during the run

of fish, the smaller ones being hauled somewhat more frequently. The
most important of the seine fisheries is the Cedar Island fishery, owned
by Mr. B. G. Stevens, which in some seasons takes 10,000 or 12,000

shad. The total shad yield in the 14 seines was 45,050, of which 24,110

were bucks, the local value being $5,183.

Between Dover Bridge and the entrance of Tuckahoe Creek there

are usually a score or more fyke nets, in which a few shad are taken,

the yield in 1896 numbering 402, of which over 70 per cent were bucks.

Until recently there were several "pound weirs," or "stick weirs," in

the headwaters of the Choptank, but legislation adverse to their use

resulted in this branch of shad fishery being abandoned in 1895. N"early

all the shad taken in the Choptank River are shipped by steamer to

Baltimore, and as most of them reach market after April 10, when large

supplies are being received from Virginia waters and Delaware Bay,

the price at which they are sold is necessarily quite low. This was
especially true during the season herein reported, when the market

was so glutted about the middle of April that many Choptank River

shad were thrown away, and other shipments did not bring enough to

X)ay expenses of marketing them,

Tuckahoe Creek.—This is the only tributary of Choptank River that

has shad fisheries of any importance. Branching off about 8 miles

below Denton, it is navigable for vessels of 8 feet draft for a distance

of 10 miles. A small shad hatchery has been maintained for many
years by the State of Maryland at Cowarts Point, a few miles above
the mouth, from which five or ten million young shad are annually

distributed. The shad fisheries of Tuckahoe Creek extend from the

Cho])tank to Hillsboro, the yield in 1896 being 02,344, rendering it one

of the most important shad streams on the Atlantic coast for its size.

The forms of apparatus used are drift nets and seines, M'ith a few pound
nets and weirs.

The drift-net stations on Tuckahoe Creek are Cowarts Point (14

boats) and Isew Bridge (2 boats) in Caroline County, and Rees Landing
and New Bridge (13 boats), Covey Landing (5 boats), Frank Lauding

(2 boats) and Todd Lauding (2 boats) in Talbot County.
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The nets are from 60 to 90 yards in length and are about 55 meshes

deep, with 5 to r).| inch mesh. The 38 boats in 189G used 117 drift nets,

with an aggregate length of 8,802 yards and valuation of $1,140. The
season began about the 1st of April and closed, according to law, on

May 15. The catch jjer boat ranged from 200 to 2,000 shad, and aver-

aged something over 1,000, the total catch of the 38 boats being 39,670,

almost equally divided between roes and bmjks, the number of the

former being 20,010 and the latter 19,630.

The seine beaches on Tuckahoe Creek extend from Hillsboro to

within 8 miles of the mouth of the river. Eight beaches were occu-

pied last year, of which 2 were new ones. The seines range in length

from 110 to 300 yards and from 9 to 37 feet in depth, with 2^-inch

mesh generally. The catch of shad numbered 9,001 roes and 13,194

bucks, the proportion of the roes being smaller than usual.

Several pound nets and fyke nets are operated from the Talbot side

of Tuckahoe Creek, taking a few shad, as well as alewives, perch, cat-

fish, etc. Xine pound nets and 34 fykes were used in 1896, the former

taking 283 and the latter 196 shad, as appears from the table showing

the extent of the Maryland shad fisheries. Except sufficient for local

consumption and for sale in the neighboring settlements and towns,

all the shad taken on Tuckahoe Creek, as well as on Ohoptank Eiver,

are shipped to Baltimore by the daily steamers connecting that port

with the river.

The local efi'ect of close seasons is well illustrated by the condition

on Choptank Eiver and Tuckahoe Creek. In the lower half of the

Choptank the shad season begins about the middle of March and ends

about the 10th of May, whereas in Tuckahoe Creek and the upper por-

tion of the Choptank the season begins about the 1st of April and
closes by law on May 15, giving those sections nearly two weeks less of

fishing than is enjoyed in the Lower Chojjtank. As a matter of fact,

taking 1,000 shad after May 15 is generally less injurious to the future

prosperity of the fishery than taking an equal number before that date,

since the percentage of spawned shad in the former lot is greater than
in the latter, thus yielding many more young shad when the fish are

caught after May 15 than when taken before that date. Catching a
shad immediately before it has spawned certainly prevents it from add-

ing its quota to the supply of young fish ; but this is also prevented if

the shad be caught near the month of the river a mouth or more before

its spawning period. It can not be denied, however, that many eggs
are destroyed when seines are dragged over the spawning-beds.

ST. MICHAEL RIVER.

Eastern Bay is a side elongation of Chesapeake Bay, covering about
100 square miles and receiving the waters of the St. Michael, Wye, and
smaller rivers. There are few fisli in this bay, and the only one of its

tributaries in which the shad fishery is of any consequence is St.

Michael Eiver. This small estuary, lying wholly in Talbot County,
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is 16 miles loug and varies in depth from 12 fatlioms to 8 feet or less.

Shad fishing is confined to the operation of several strings of stake

nets, the yield finding a market in the near-by settlements. Sixty men
engaged at intervals in this fishery in 1890, using 31 boats and 92 nets,

3,090 yards in length. The season began March 25 and closed the

beginning of May, the catch numbering 1,212 roe shad and 1,003 bucks,

valued locally at $423. That season was unusually backward and

short and the fish remarkably scarce.

CHESTER RIVER.

Chester River is the second largest stream entering the Chesapeake

Bay on the east, being surpassed in size only by the Choptank. It is

navigable for vessels of 10 feet draft to Chestertown, 20 miles from its

mouth, and for 3 or 4 feet draft about 10 miles farther. The width

ranges from 2 or 3 miles near the mouth to 150 feet near Millington, at

the head of navigation. The shad fisheries are prosecuted from the

mouth of the river to the headwaters, but the catch is most numerous

in the pound nets set near the mouth and in the stake nets from

Chestertown to Millington. Of the total yield in 1890, 19,584 were

taken by fishermen living in Kent County and 33,923 by fishermen

from Queen Anne County.

The stake nets are set from Quaker Neck to Millington, the number
of boats engaged in this fishery being 63, requiring 109 men to operate

them. The nets measure from 20 to 50 yards in length and 30 to 45

meshes deep, with 5 to 5^ inch mesb, the aggregate length of the 178iiets

used in 1896 being 7,020 yards. Tbe season began April 6 and closed

about May 25, the total yield being 13,440 roes and 6,150 buck sliad,

worth $3,223 at local valuation. A number of drift nets were formerly

operated in Chester Kiver, but they have gradually been superseded by

stake nets, only 2 being reported for 1896. both operating at Chester-

town.

Shad seines are used on the Chester liiver between Island Creek and

Orumpton, 14 being employed in 1896, of which 5 were operated on the

Queen Anne shore below Chestertown, the same number by men living

at Chestertown, and 4 in the vicinity of Crumpton. There were also 3

seines at Queenstown, which took a very few shad. These seines

measure from 400 to 150 yards in length, with 2 to 3 inch mesh, the

aggregate length of the 17 being 3,835 yards. They were operated by
65 men, and in the season lasting from the middle of March to the end

of May caught 3,874 roe and 6,059 buck shad, with a local valuation of

$1,526.

The principal pound-net fishery of Chester Kiver is located near the

mouth of the river on both sides of the channel. On the southern

shore, between Love Point and the Narrows, there were 11 pound nets

in 1896, the value approximating $1,570. The mesh was 2i inches, and

the season for shad extended from the last week of March to the 1st
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of June. The yield uumbered 5,080 roes and 8,010 bucks, and was

worth $1,943.

On the north shore of the river, between Eastern Xeck Island and

Swan Point, there were 51 nets set in 20 strings, the largest string con-

taining nets, but most of them witli only 1 net each. Tliese nets were

much smaller than those on the Kent Island shore, the value of the 51

being only $3,210, and the catch of shad numbered 2,314 roes and

2,500 bucks, valued locally at $470. The yield of alcwives during the

same year was 708,000, worth $1,530. There were pound nets also at

Ghestertown, Quaker Neck, and Crumpton, the total numbering 19,

worth $705. The catch of shad was 1,165 roes and 1,660 bucks, worth

$413, making a total of 21,319 shad, valued at $2,826, taken in Chester

Eiver pound nets. In addition to shad, these nets take large quantities

of alewives, perch, striped bass, catfish, etc.

The numerous fyke nets below Ghestertown take many alewives and

a few shad, the hitter species being 'merely an incidental catch. The
83 fyke nets on the river in 1896 caught 2,390 shad, of which 1,440 were

bucks and 950 were roes. This river ranks second among Maryland
rivers in the number of shad taken in fyke nets, being surpassed only

by the Nanticoke. The surplus of Chester Kiver shad, after supplying

the local demand, is sent to Baltimore and Philadelphia, good shijipiug

facilities existing to those points by both steamer and rail.

SASSAFRAS AND ELK RIVERS.

Sassafras River.—In this tidal stream, 18 miles long, there are com-

paratively few shad, the great abundance of fresh water coming down
from the Susquehanna attracting them past the mouth of this river.

A few are obtained each year in pound nets set for alewives, perch,

striped bass, etc. In 1896 there were 31 pound nets, worth $1,810, and
the shad taken numbered 230 roes and 1,060 bucks, worth $166.

Ulk River.—Elk River rises in Chester County, Pa., and enters

Chesapeake Bay near the northern extremity, having a total length of

35 miles. From Chesapeake Bay to Elkton, the head of navigation, the

river is a broad estuary three-fourths of a mile wide and 16 miles in

length. There are no professional shad fisheries in Elk River, but a

few shad are taken in the large number of jjound nets set for alewives

and other species. These nets are set on botb sides of the channel from

the mouth to Plum Point, near the head of the river. Those near the

mouth take the largest quantity of shad, 100 or more being taken in

each net, whereas few of the individual nets in the upper half takeover

25 shad. The pound nets in 1896 numbered 139, worth $8,020, requiring

41 boats and 85 men to operate them. Shad were taken from March 20

to the end of May, the yield of this species being 1,629 roes and 3,615

bucks, valued locally at $637. The yield of alewives was 2,327,000 in

number, but this represented only a portion of the quantity that could

have been secured had there been a satisfactory market for them.
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THE SHAD FISHERIES OF DELAWARE.

The sliad fisheries of Delaware are prosecuted from Nauticoke Eiver,

Delaware Eiver, Delaware Bay, and small tributaries entering them,

as appears from the following series of tables

:

Statement, hy water areas, of the nnmler of persons employed in each branch of the shad
fisheries of Delaware in 1S96.



SHAD FISHERIES OF THE ATLANTIC COAST. 219

Statement showhin the yield in each braneli of the shad fisheries of Delaware in 1S96.

Waters.
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400 to 1,700 per boat, the total yield uumbering 12,020 roe shad aud
10,740 bucks, for which the fishermen received $2,235.

Haul seines are used only in the extreme upper limits of the river,

above the Maryland border line. From that point to 2 miles above

Seaford there are 10 seines, measuring from 125 to 200 yards in length,

20 to 30 feet in depth, with 2^ to 2^ inch mesh. Five men are required

at each fishery, and the beaches rent usually for about $15 annually.

The season extends from the second week of March to the second or

third week of May, and the catch by each seine usually ranges from

200 to 3,000 shad. The aggregate catch by the 10 seines in 1896 was

8,702 roe shad and 11,090 bucks, valued locally at $1,803.

Broad Greek.—This creek is a branch of Nanticoke Eiver, joining that

stream a short distance above the Maryland line. It penetrates the

swamps of southern Delaware, and is navigable a distance of 8 miles,

to Laurel. Its shad fisheries are of local importance only, the annual

yield approximating 10,000, obtained by means of drift nets and seines

which differ in no particular from those used on the upper portion of

the Nanticoke. In 1896 there were 11 drift-net boats and two seining

crews, and the catch aggregated 9,635 shad, of which 6,710 were obtained

by drift nets and 2,925 by seines.

DELAWARE BAY AND RIVER.

The shad fisheries prosecuted in Delaware Bay by residents of the

State of Delaware are very much less extensive tban those carried on

by citizens of New Jersey, aud the same statement is applicable to

Delaware River, although the difference in the latter is not so great.

The residents of the two States fish generally on the same grounds,

with similar forms of apparatus, depend on the same markets, aud
their interests are identical in nearly every particular. It is therefore

most convenient to describe the fisheries of the two States in the same
chapter, and as those prosecuted from the New Jersey shore are by far

the most important the fisheries "of both the bay and river will be

described in the chapter relating to that State. It will suffice to state

in this connection that in 1896 47,520 shad were taken in Delaware Bay
and 280,809 in Delaware River by residents of Delaware, the value

aggregating $47,797.

The principal fishing centers on the river are Newcastle, Delaware

City, Wilmington, and Port Penn, while on the bay the principal cen-

ters are Bombay Hook and Bowers Beach.

There are a number of small streams tributary to Delaware Bay and

situated entirely within this State which yield a number of shad each

year, the most important being Broadkiln, Mispillion, Murderkill, St.

Jones, Leipsic, Duck, Appoquinimink, and Christiana creeks. They all

rise in the central and western part of Delaware and fiow in a general

easterly direction to their entrance into the bay. They are short, the

longest barely exceeding 25 miles, and are tidal nearly to their source.

The fisheries of each will be briefiy noted.
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Bt'oadldhi Creelc.—T\\\^ creek is situated in Sussex County aud emp-

ties into Delaware Bay a short distance above tlie breakwater at Lewes.

It is nearly 20 miles long, navigable to Milton, a toM^n of 1,200 inhab-

itants, about 14 miles from the mouth. According to Dr. Shortlidge,

formerlj^ fish commissioner of Delaware, shad were not caught in

Broadkiln Creek previous to plantings of fry made there about eight

years ago. They are now taken in some abundance by means of seines

and drift nets. The run in 1890 was smaller than usual, in 1895 it was

fair, while the catch in 1892 was the best on the creek. In 189G, 18

seines were used, with an aggregate length of 1,580 yards, and worth

$370. The catch of shad numbered 6,185 roes and 7,020 bucks, with a

local valuation of $2,139. A State regulation makes it "unlawful for

any person or persons to make more than one haul on the ebb tide and

one haul on tlie flood tide for the taking of shad in Broadkiln Kiver, or

to use the rattler, which is made to scare the shad, or to use anything

that might be conceived of to drive the shad," and that the seine shall

not remain across the river longer than one hour on each tide, but it

does not appear that these regulations are enforced. The drift nets

numbered 13, with an aggregate length of 600 yards, and a valuation

of $43, and the catch numbered 1,033 roes and 1,662 bucks, worth $387

at local prices,

Mispillion Creek.—This is a narrow, tortuous, sand-hill creek, enter-

ing Delaware Bay about 17 miles northwest of Cape Henlopen. i^^ear

its mouth it averages 80 yards in width, and in the vicinity of Milford,

the head of navigation, 18 miles from the mouth, the average width is

about 30 yards. The apparatus used for taking shad are drift nets and

a few seines. The former measure 50 yards in length, with 5J-iuch

mesh, and require the services of one boat and one or two men each.

Most of the 00 drift net fishermen live at Milford, and they fish between

that point and 14 miles below. The number of nets employed in 1896

was 50, the catch by which is reported at 26,000 roe shad and 21,500

bucks. Four shad seines were used on the Mispillion in the vicinity of

Milford, averaging 80 yards in length, with 2-inch mesh, and requiring

the services of 4 men each. The catch of shad numbered 3,180, about

equally divided between roes and bucks, with a local value of $643.

Murderkill GreeJc—This creek is navigable from the mouth to Quillen

Landing, 5 miles above Fredericka and about 12^ miles from Delaware

Bay. Its shad fisheries are of small extent, confined to the use of a

few drift nets, seines, and bow nets by men living at Fredericka. The

seines used numbered 6, with an aggregate length of 480 yards, the

yield of shad approximating 2,900, worth $569, of which 1,700 were

roes. Twenty drift nets were used during the same year, catching

3,500 shad, worth $693, of which about three-fifths were roes. The

Murderkill is the only river in Delaware from which the use of bow
nets is reported. The catch by the 10 nets was reported at 1,300 roe

shad and 1,000 bucks, worth $445, making an aggregate of 8,700 as the

total yield in 1896.
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St. Jones Greek.—St. Jones Creek is a tidal stream, 40 miles in length,

which empties into Delaware Bay immediately above the entrance of

Murderkill Creek and 75 miles below Philadelphia. It is navigable for

vessels of G-foot draft to Lebanon, 12 miles above the mouth ; thence 5

feet can be carried a distance of 9 miles to Dover, the head of naviga-

tion and the capital of the State. The shad fisheries are limited to the

use of haul seines at Lebanon, Cherrytree Lauding, and Dover. These

seines are each from 80 to 100 yards in length, with 2^ to 2i-inch mesli,

requiring 4 men each. They had a fairly good season in 189G, the catch

in the six seines numbering 1,656 roe shad and 2,404 bucks, worth

$507. There is a State interdiction against placing "any net, seine, or

other device used in fishing in or across St. Jones Eiver on or during

any flood tide."

Leipsic CreeTc.—Leipsic Creek differs little from the other small creeks

of this State, and its shad fisheries call for no special description. A
few drift nets and seines are used between the mouth of the creek and
Leipsic, 10 drift nets being employed in 1896, catching 900 roe shad

and 800 bucks, and 4 seines caught 500 roes and 598 bucks—a total of

2,798 shad, worth $420.

DucTc Greelc.—This stream is narrow and winding, 15 miles in length,

and empties into Delaware Bay 5^ miles above Bombay Hook Point.

In 1896, 14 fishermen from Smyrna, in Kent County, used 4 seines, each

80 yards in length, with 2^-inch mesh. From Walker, in Newcastle

County, 8 men used 2 seines, each 53 yards in length. The catch by
the former approximated 1,000 shad, of which two-thirds were roe;

and the catch by the Walker fishermen was about one-half as large,

with the same j>roportion of roes and bucks.

Appoquiiiimink Greek.—This is a tidal stream, 20 miles in length,

lying altogether in Newcastle County, and emptying into Delaware

Eiver 5 miles below Port Penu and 46 miles below Philadelphia. It is

navigable for vessels of 7-foot draft to Odessa, a town of 500 inhabi-

tants, 9 miles from the mouth. Two seines, each 80 yards in length,

with 2|-inch mesh, were used in 1896 by 6 men from Odessa. The

catch of shad was small, numbering only 350, of which nearly 60 per

cent were roes.

Ghristiana Greek.—For purposes of navigation this creek is the most

important one in Delaware, as it forms the harbor of Wilmington. It

is navigable to Wilmington, a distance of 8 miles, and above that

point it is crossed by several dams for generating water power. Six

seines were used in 1896, averaging 50 yards in length, with 2i-iuch

mesh. Their catch is reported at 2,300 shad, of which two-thirds were

roes. Four drift nets were also used, each 120 yards long, with 5.finch

mesh. They caught 400 roe shad and 200 bucks, making a total of

2,900 shad, worth $484, taken during the year herein reported.
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THE SHAD FISHERIES OF PENNSYLVANIA.
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The shad fisheries of Pennsylvania are confined to the Susquehanna
JKiver and to the Delaware Bay and Eiver and their tributaries. The
following series of tables shows the extent of those fisheries in detail:

Statement, by water areas, of the niimher of peraoyis enqdoyed in the shad fisheries of
Pennsylvania in 1S96.

Waters.
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SUSQUEHANNA RIVER.

Susquehanna Eiver is situated partly in Maryland and New York,

but princii^ally in Pennsylvania, traversing that State from its north-

ern to its southern border. Its source is in Otsego Lake, New York,

whence it flows a distance of 422 miles to its entrance into Chesapeake

Bay. On account of the numerous rapids and the shoalness of the

water, the river is not navigable except for skiffs in short reaches. It

differs from most streams on the Atlantic coast north of Cape Lookout

in that it maintains fluvial characteristics quite to its mouth and

crosses the fall line very near its entrance into Chesapeake Bay, only

the extreme southern end being tidal. From the mouth to Columbia,

a distance of 43 miles, the width varies from a few hundred yards to

something over a mile, and the channel is dotted with islands and
rocks. The fall in this length is considerable, being 224 feet for the 43

miles, an average of over 5 feet per mile, resulting in numerous rapids

but no abrupt falls of any moment. Aside from the large quantity of

drift nets and seines near the mouth, the first serious obstruction to the

ascent of shad is at Columbia, where the stream is crossed by a dam
C,800 feet long and 7 or 8 feet high, built about 1835 for the purpose of

feeding the Susquehanna canal. This dam has been the principal cause

of the destruction of the up-river fisheries, and its existence has naturally

I6d to much contention between the fishermen and the owners of the

dam, a brief account of which is given on pp. 225-226. Breaks fre-

quently exist in this obstruction, ])ermitting some shad to pass above it.

Forty miles above Columbia tlie Susquehanna receives its second

largest tributary, the Juniata, a stream 100 miles in length, the shad

fisheries of which were formerly of considerable local importance.

The second dam on the Susquehanna is at Clark Ferry, just above the

entrance of the Juniata, the structure being 7 feet higli and nearly

2,000 feet long. At Sunbury, 3S miles above Clark Ferry, there is

another canal dam 2,600 feet long and 7i feet high. Immediately above

Sunbury the Susquehanna receives its principal tributary, the West
Branch, which flows a distance of 175 miles before its union with the

Susquehanna, and whicli is obstructed by numerous dams. The Nan-

ticoke dam, 7 miles below Wilkesbarre and 174 miles from Havre de

Grace, is the fourth dam on the Susquehanna and has had very injuri-

ous effect on the shad fisheries. This structure, completed in 1830, is

of cribwork, 900 feet long and 6 feet high above low water. There are

a dozen or more old fish-dams between Nanticokc dam and the New
York line. The fall in this length is slight, averaging scarcely more

than 2 feet per mile. At Binghamton, N. Y., 318 miles from the mouth

of the river, there is a cribwork dam 450 feet long and 5i feet high at

low water, extending entirely across the stream. Above Binghamton

there are several primitive crib dams, producing falls of 3 to 10 feet.

In the early part of the present century, before the construction of the

dams above enumerated, the shad fisheries of the Susquehanna were

among the most important on the Athintic coast, extending from the
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mouth to some distance above the New York State line. But siuce 1835

they have been confiued almost exclusively to that portion of the river

lying below the Columbia Dam. The yield between Columbia and the

Maryland line in 1896 numbered 25,672 roes and 38,534 bucks, of which

21,402 roes and 32,214 bucks were taken in seines and 4,180 roes and
6,320 bucks in bow nets. Thirty-three seines wore used, of which 14

were at Washington Borough, 7 at East Prospect, and 8 at Columbia.

The aggregate length ot these seines was 6,360 yards and the value

$2,345. The catch in 1896 was not up to the usual quantity. During
the early part of the season the water was very high and in the latter

part it was unusually low, thus shortening the season at each end.

The bow nets used in the Susquehanna below Columbia are similar to

those in the Maryland section of the river. They are worth from $3 to

$5 and require one man to each net. They were used at the following

places in 1896: McCall's Ferry, 16 nets; Fite's Eddy, 12; Creswell, 8;

Long Level, 5, and Safe Harbor, 10, making a total of 51 nets.

The researches of the Wyoming Historical and Geological Society

show that above the forks at Sunbury, in the early i)art of the present

century, there were 40 fishing shores, some of which were worth $1,000

annually, the average value being about $300. There is an apparently

trustworthy record of the capture of 9,997 shad at a single haul of a

seine at Fish Island, near Wilkesbarre. It is rei)orted that just below

Nanticoke 3,800 shad were taken in one night, and at Monocacy Island

2,800 were taken at a single haul. At the Sterling Island fishery "over

2,000 were caught in one day in five hauls." These large catches were,

of course, exceptional and possiblj^ somewhat overrated, but they serve

to show that the yield was very great. The same society estimates the

annual value of the shad catch at the 40 fisheries above noted to have

been at least $12,000. At an average of 8 cents each this would make
150,000 shad. The catch on the West Branch and the Juniata combined

was probably equally large, and on the main river, between Sunbury

and the Maryland line, the yield was doubtless much greater, making
a total of at least 500,000 shad caught each year in that portion of the

Susquehanna located in Pennsylvania. This abundance'continued till

the construction of dams on the Susquehanna during the Thirties, the

most injurious being those at Columbia, Clark Ferry, Sunbury, and
Kanticoke. The Columbia dam, being nearest the mouth of the river,

naturally drew to it the obloquy of those interested in the destroyed

ujvriver fisheries, that obstruction being regarded as the prime cause

of all the difficulty.

The charter to the canal company required that a rafting channel

should be left in the Columbia dam. Three years after its construction

the State legislature directed that the company should build therein

a sluice not less than 100 feet wide, with an ascent of 1 foot in 5, to

promote the passage of fish. It does not appear that the company
satisfactorily complied with this mandatory act, nor with a similar one

F. R. 98 15
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enacted in 1851, yet in 1863 the State formally acknowledged the dam
as satisfactory. The hostile sentiment among the np-river residents

increased, culminating in a mass convention at Harrisbnrg, composed

of four or live hundred delegates, which resulted in the passage of an

act by the legislature then in session requiring that the several com-

panies owning or interested in dams on the Susquehanna should erect,

within six months thereafter, such sluices or other devices as would

permit the free i)assage of shad and other fish up that stream.

In compliance with this enactment the canal company owning the

dam at Columbia, selecting a point about a quarter of a mile from the

western bank, where shad were accustomed to gather in the greatest

number during the season, removed a 40-foot section of the dam and in

that space built a new subdam, the top of which was about level with

the water below. The lower slope of the subdam was placed at an

inclination of 1 in 15, and the sides of the aperture in the main dam
were dentated, so as to promote the formation of eddies in the current

passing over the subdam. This structure did not appear to answer

its purposes, and in 1873 the State made an ai)propriation for another

fishway at that point, the designs consisting of a single trough 120

feet long by GO feet wide, running through the dam, and about 150 feet

back into the part below, with its n[)per end sunk 2 feet below the

crest of the dam, the sides of the trough or fishway being protected by

strong abutments built up on both sides. This also proved ineffectual,

and in 1880 a third fishway was placed in the dam, consisting simply

of an opening 125 feet wide, this i)lan being chosen because it conformed

to a break in the dam, experience having shown that shad passed

through such an opening more readily than through any fishway that

had been constructed. In 1886 a fourth fishway was constructed on

the site of the one built by the canal company in 1866.

While shad do pass above the dam, yet during recent years few

have been caught above Columbia, except when breaks exist in the

obstruction. This was the case in 1873, 1877, 1895, 1896, and possibly

during some intervening seasons. The break in 1895 occurred in the

spring and many shad ascended as far as Clark Ferry, The men along

the river were not prepared for their coming and few fish were caught.

The break was not repaired, and in 1896 some few seines were used

which did fairly well in those i)laces where the bottom was sutViciently

clean for hauling. The principal places above Columbia dam where

shad were caught are Bainbridge, Marsh Run, Newmarket, McCormack
Island, and Buncannon on Susquehanna Kiver, and Newport on the

Juniata. Seines were the only apparatus employed, and the number
of these between Columbia dam and Clark 1^'eriy dam was 14, with 2

on the Juniata near Newport. The length ranged from 250 yards down
to 80, with 4| to 5i- inch mesh. The catch in the 14 seines on the Sus-

quehanna numbered 2,417 roe shad and 3,276 bucks, valued locally

at $1,696. The 2 seines at Newport, on the Juniata, caught 280 roe

and 420 buck shad, wortli $287, making a total of 6,393 shad taken
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above the Columbia dam in 1896. The fisliing season for sliacl on the

Susquehanna and the Juniata rivers is limited "from Monday at sun-

rise till Saturday at sunset of each week from March 15 to .Tune 25 of

each year." In 1873, when there was a large break in Columbia dam,

9,000 shad were taken in one of the Newport seines; in 1870, when
there were no breaks, 511 shad were caught, and in 1877, when there

were two breaks, one 20 feet wide and one 35 feet wide, 820 sliad were

taken. If the break in the Columbia dam is not repaired, the catch

above that point will doubtless continue to increase, as the fishermen

will make preparation for them.

The shad fishermen on the upper Susquehanna have three principal

comi^laints, the first and most general one being the existence of the

Columbia dam. The second complaint is that in Juniata Kiver below

the Millertown dam, and to some extent in Susquehanna River, there

are a number of rough V-shaped stone breakwaters, similar to those

used in the Maryland section of the river, but having a small-meshed

net stretched across at the apex instead of the usual finger or fall trap.

This contrivance is intended for the capture of eels, but in the late

summer and early fall large quantities of young shad are caught and
destroyed. The seine fishermen near the Columbia dam are charged

with a practice known locally as "shingling," which consists in attach-

ing new shingles to weights by means of short lines and placing them
in the current of water passing through the breaks in the dams. The
current causes the anchored shingle to revolve rapidly, scaring the fish

and thus preventing them from passing above the broken dam.

DELAWARE RIVER.

Tlie shad fisheries prosecuted in Delaware Eiver by residents of

Pennsylvania are of importance, the catch averaging at least half a

million, but the operations of the New Jersey fishermen are much
greater. It is desirable to describe the fisheries of both sides of the

river at the same time, and, those on the New Jersey side being the

more numerous, an account for the entire river will be given in the

chapter relating to that State. In 1896 there were 705 residents of

Pennsylvania employed in the shad fislieries of Delaware River and
Bay, using 173 drift nets, 45 seines, and 30 spears, and taking 550,040

>-had, worth $07,449, as appears in the tables on page 223.

SchmjlMll River.—Tha Schuylkill formerly yielded many shad. Wil-

liam Penu mentioned in one of his letters that "000 shad had been taken
with one sweep of the seine" in that river. In 1818 the Schuylkill

Navigation Company built two large dams across the stream, one at

Shawmont and the other at Reading. In 1820 the city of Philadelphia

built the large dam at Fairmount for water-supply purposes, thus com-
pletely destroying the shad fisheries above that point. But the fishing

below the Fairmount dam was remunerative until the building of the

gas works a few years later, the refuse from which causes shad to

avoid this river.
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THE SHAD FISHERIES OF NEW JERSEY.

The extent by water areas of the shad fisheries of jS'ew Jersey is jire-

sented in the following series of three tables, showing (1) the number of

persons employed; (2) the boats, apparatus, etc., used, and (3) the

quantity and value of the catch.

Statement showitiff, hy tcaier areas, the numher of persons employed in the shad fisheries

of New Jersey in 1896.
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Statement of boats, apparatus, eto., employed in New Jersey shad fisheries—Continued.

Waters.
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DELAWARE BAY AND RIVER.

The sources of the Delaware are in the high plateau of central New
York, in Delaware and Schoharie counties, at an elevation of over 1,800

feet above sea level. Eighty miles below the headwaters it becomes

the eastern boundary of Pennsylvania, and by a breach, known as the

"Delaware Water Gap," it passes through the Kittatiuny Mountains

at a distance of liOO miles below its source. It crosses the escarpment

line near Trenton, the head of navigation, 280 miles from its head-

waters and 133 miles from the Atlantic Ocean. From Trenton to Fort

Delaware, a distance of about 75 miles, it is a broad, navigable stream

from i to 2 miles in width, supporting considerable commerce below

Philadelphia. Near Fort Delaware it increases in width, and at some
indefinite and much-disputed point it merges into Delaware Bay, which
is merely a continuation of the estuary of the river. This body of

water separates the States of Pennsylvania and Delaware from New
Jersey, and the fisheries are prosecuted by the residents of those three

States.

The i^resent chapter covers all the shad fisheries of Delaware Eiyer

and Bay, including those which are prosecuted by residents of Pennsyl-

vania and Delaware, as well as those of New Jersey. These fisheries

are the most extensive in America, the annual yield ranging between

3,000,000 and 4,000,000, being several times greater than on any other

river on the coast. In 1896 the catch numbered 3,882,024, of which

3,003,595 were taken by residents of New Jersey, 550,640 by residents

of Pennsylvania, and 328,389 by Delawareans. In describing the shad

fisheries of this body of water, it is most convenient to divide it into

three sections, the first covering Delaware Bay; the second, the tide-

water portion of the river from the head of the bay to the fall line at

Scudder Falls; and the third from the escarpment line to the head
of the river. Of the total yield in these waters in 1890, 1,103,821 were
caught in the bay, 2,602,628 in the tidal portion of the river from the

head of the bay to Scudder Falls, and 176,175 from the section above

Scudder Falls.

The following table shows the number of persons employed in each

branch of the shad fisheries of Delaware Bay and Eiver during 1896

:

Branch of fishery.
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TUe following table shows the boats, apparatus, etc., emijloyed iu

the fislieiies of Delaware Bay and River iu 1890:

Designation.
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Belaicare Bay.—Delaware Bay is the broadest portion ot the estuary

of Delaware Eiver, forming an arm of the sea varying in width from

4 to 30 miles and is 45 miles in length, covering 600 square miles. Its

northern limit is somewhat indefinite and has been the subject of con-

siderable contention. For sake of convenience, in this report the head

of the bay has been assumed to be at a line drawn from Bombay Hook
on the Delaware shore to the mouth of Stow Creek on the New Jersey

shore. The channel, which traverses the axis of the bay, is from 30 to

50 feet deep and from 1 to 3 miles in width, and on either side there

are broad shoals or flats covered by from 5 to 20 feet of water. The
water in the bay has about the same density as that in the ocean.

The forms of apparatus used are drift nets, stake nets, seines, and ])0und

nets, the first named being by far the most important and obtaining

over 99 per cent of the total catch.

The following series of tables shows by States the extent of each

branch of the shad fisheries of Delaware Bay during the year covered

by this report

:

Tahle showing, by Stales, the number of persons employed in each branch of the shad
fisheries of Delaware Bay in 1896.

Branch of fishery.
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Table showing by States the yield of the shad fisheries of Delaivare Bay in 1896.
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Delaware River below Scudder Falls.—The estuary of Delaware Kiver,

from the head of Dehxware Bay to the fall line just above Trenton, is,

from a commercial and fishery point of view, one of the most important

streams on the Atlantic coast. It varies in width from 4 miles at the

lower end to a few hundred feet near Trenton, up to which point it is

navigable. On the east it borders Salem, Gloucester, Camden, Burling-

ton, and Mercer counties, N. J., and on the west it passes the shores

of Newcastle County, Del., and Delaware, Philadelphia, and Bucks

counties in Pennsylvania. By the compact of 1783 between the States

of New Jersey and Pennsylvania, the whole surface of Delaware Kiver

from shore to shore is the dividing line between the two Su^-tes as far

as relates to the arrest and prosecution of offenders against the laws

of either State. All fishing is interdicted after June 10 of each year,

and also from sunset Saturday night until 12 o'clock p. m. Sunday of

each week. The principal fishing centers are Penn Grove, Pennsville,

Salem, Pedrickton, Gloucester, and Camden in New Jersey; Delaware

City and Newcastle in Delaware, and Philadelphia in Pennsylvania.

Drift nets and seines are the only apparatus used. Of 2,002,628 shad

caught in 1896, 2,085,591 were taken by drift nets and 517,037 by seines.

The following series of tables shows the extent of each branch of the

shad fisheries of this water area:

Table alto winyI, by States, the number of persons employed in each branch of the shad
fisheries of Delaware liivcr below Scudder Falls in 1896.

Branch of fishery.
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Table showing, by Stales and apparatus, the yield of shad in the Delaware Hirer below

Scudda- Falls in 1S9G.

Apparatus.
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Between Eagle Point aud Fisber Point, on the New Jersey side of

the river aud directly opposite the city of Philadelphia, there are three

very valuable fisheries, which catch more shad than any other three

seine fisheries in the United States. The first of these is the Howell

Cove, or Fancy Hill, which yielded 65,000 shad in 1896. The seine used

was 1,000 yards in length with 4§-inch mesh, the season extending from

April 27 to June 5, and 55 men being employed. The following sum-

mary shows, for a series of years, the yield of shad at the Fancy Hill

fishery

:

Year.
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and 54,000 shad during the entire season. This fishery then rented for

$1,400 per annum. In 1896 3,000 shad were caught at the Badger
Island fishery.

In the rapids between Trenton and Scudder Falls dam there are 6

seine fisheries, located in the most favorable spots. Two of these are

situated directly below the dam, 2 on the I^ew Jersey shore opposite

Yardley, and the remaining 2 on separate islands between that point

and Trenton. The catch of shad in these seines in 1896 ranged
between 1,000 and 16,000 in number.
From Scudder Falls to the headicaters.—Near Trenton the Delaware

crosses the escarpment line, 133 miles from the ocean. The fall here

is very slight, the descent within 7 miles being only 10 to 20 feet, accord-

ing to the tide and prevalence of freshets. Six miles above Trenton, at

the head of the rift known as Scudder Falls, there is a timber and stone

dam 4 or 5 feet high and 800 feet or more in length, extending in a

broken line across the stream, with a chute 115 feet in width for the

passage of fish and rafts. This dam was constructed originally in 1835

and improved about 1869. In 1870 the fishermen brought suit in the

county court at Doylestown, Pa., against the company, claiming that

the change in the dam was injurious to tbe passage of shad. The court

imposed a nominal penalty on the company, and restrained them from

repairing or improving the dam. As a result, it has so deteriorated

that it offers little obstruction to the passage of fish.

At Lanibertville, 15 miles above Trenton, there is a stone and crib-

work dam, from 3 to 10 feet high and 1,700 feet long, a chute being left

for the passage of rafts. At Lackawaxen there is a canal-feeder dam
just below the entrance of Lackawaxen River. This is a cribwork

structure about 400 feet long and 2 feet high, with a chute 160 feet

wide for rafts. During freshets the water stands several feet above

the crest of this obstruction and shad ascend in some numbers to Bur-

rows dam, in New York, about 50 miles above Lackawaxen. There are

numerous minor dams at various points between Trenton and the New
York line, but they do not seriously impede the upward passage of fish

or downward navigation of rafts or small boats.

The shad fisheries above tide water are more extensive on the Dela-

ware than on any other river of the United States, the catch in 1896

numbering 176,175, worth $29,581. They extend from Scudder Falls

to Lackawaxen, a distance of 140 miles, but are most extensive in the

stretch 40 miles above Scudder Falls dam. With the exception of one
drift net operated a short distance above the falls, seines and spears

are the only apparatus used in taking shad in the upper section of the

Delaware. Of the 176,175 shad caught in 1896, 169,575 were taken by
means of seines, 5,400 by spears, and 1,200 by the one drift net.

The legal season closes on June 15 of each year and all fishing is

interdicted from sunset on Saturday to 12 o'clock on Sunday night of

each week.
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The following series of tables shows, by States, the extent of each

branch of the shad fisheries of the Delaware Kiver above Scudder

Falls dam iu 1896

:

Nurtiber of persons employed.

Persons employed.
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The t'ollowing statement shows the annual catch since 188.3 at the

Taylorsville fishery, a short distance below Titusville:

V«r !

No. Of^*"-
1 Shad.
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nets ill Uiis stream, the nets averaging 300 yards in length, with 5i-inch

mesli, 2 men being required for each. Fifteen nets were used in 1896,

catching about 8,000 shad, of which two-thirds were roes.

Raccoon River.—The shad fisheries of Eaccoon Eiver, which enters

Delaware River opposite Marcus Hook, were limited to the use of 2

small seines, each 70 yards in length, the yield in which numbered only

4,800, of which two thirds were bucks. The small catch was due to the

shad being driven away by the dumping of mud in Delaware River

just below the entrance of Raccoon River.

Mantua Greek.—This creek discharges into Delaware River about 10

miles below Philadelphia, at a point abreast of Mifflin Bar. Only 1

seine was used in 189G, 100 yards in length, with 3-inch mesh. The

yield was about an average for recent years, numbering 2,000 shad,

about equally divided between roes and bucks.

Big Timber Greeli.—This creek, forming the dividing line between

Gloucester and Camden counties, is 30 miles in length and navigable

only a short distance above the mouth, yet its shad fisheries have been

successfully operated for many years. Four seines are employed, each

about 100 yards in length, with 3i-inch mesh; they are hauled for other

species as well as shad. The catch in 1896 numbeped 4,160 roe shad

and 6,240 bucks, the local value being $728.

OCEAN SHORE OF NEW JERSEY.

In several of the small sounds and bays on the ocean shore of New
Jersey a few shad are taken each year in the seines, stake nets, and

fyke nets set for other species of fish, the total yield in 1896 numbering

2,565, valued at $803. Shad were reported from Jenkins Sound, Lud-

1am Bay, Barnegat Bay, Metedeconk River, and Manasquan River,

the yield from each of which is shown on page 229. On the coast from

Barnegat Bay to Sandy Hook numerous pound nets are operated from

May 1 to October 31, in which shad are taken incidentally during Ma3^

The nets set in 1896 numbered 49, valued at $116,600, yielding 6,940

roe shad and 6,735 bucks, valued locally at $2,715, an average of 279

shad per net. This is the southernmost point on the Atlantic coast at

which shad are taken in considerable numbers outside the general coast

line.

SANDY HOOK BAY.

This bay, forming a part of the waterway tributary to the harbor of

New York City, is separated from the ocean on the east by a narrow

sand beach known as Sandy Hook. The shad fisheries are confined to

the use of stake nets, which average between 150 and 160 yards in

length, with from 5J to 6 inch mesh, and cost about $40 each. The

season begins about the first week in April and usually lasts four weeks.

The nets used in 1896 numbered 107, with an aggregate length of 16,840

yards and valuation of $3,900, 26 boats Avorth $930, and 54 men being

employed. The catch was much less than usual, numbering only 3,540

roe shad and 3,060 bucks, valued locally at $1,320.
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RARITAN HAY.

IJaritaii Bay occupies tlio triaii};iilar space 1 )ct ween Staten Island,

New York, and tlie coast of Middlesex and .Monniontli counties, N. J.,

and Its waters commingle with those of the ocean tlirougli Lower Jiay.

Its shad lisheries are valuable, the annual yield api)roximating 50,000,

the forms of ai)paratus used being pound nets, stake nets, seines, and
fyke nets. Of the 4;'.,G37 shad taken in lSO(i, 20,702 were obtained in

l)oui'd nets, ir»,r)7r) in stake nets, 1,010 in seines, and 2r)0 in fyke nets.

The stake nets are set specially for shad, but the pound nets, seines,

and fyke nets dejiend princii)ally on the catch of other species.

Tiie stake nets range from 20 to 40 yards in length, averaging about
25 yards, and the season extends from the first week of April to the

15th or 20th of May. The number of nets used in 1890 Avas 982, with

an aggregate length of 24,304: yards and valuation of $4,256, requiring

73 men and 40 boats. Their catch of shad amounted to 8,515 roes and
7,100 bucks, valued locally at $3,409. The pound nets are set usually

the first week of April, and shad are taken in them from that time until

about the middle of May. They are owned by men living at Port
^Monmojith, Belford, and Keansburg, and the number of nets operated

in 18 IG was 35, valued at $20,750. Twenty-seven boats, worth 85,740,

and 56 men were employed, and the catch of shad, which was very

much less than usual, numbered 14,552 roes and 12,150 bucks, valued

locally at 84,005. The 5 seines aggregated 3,733 yards in length and
$2,450 in value, with 2i-inch mesh, and their catch of shad numbered
485 roes and 525 bucks, valued locally at $223. These seines are hauled

l)rincipally for squeteague, striped bass, and alewives. The Port Mon-
mouth fyke-net fishermen usually catch a small number of shad, the

catch in the 25 fykes in 1896 numbering 140 roes and 110 bucks.

Raritan Biver.—The Earitan is the longest river situated wholly

within New Jersey. Its sources are in the northwestern part of the

State, the main stream being formed by the junction of the north and
south branches, 4 or 5 miles west of Somerville, whence it flows a dis-

tance of 45 miles to its entrance into Raritan Bay at South Amboy.
It is a tidal and navigable stream from the bay to the city of New
Brunswick, a distance of 14 miles. The shad fisheries of Raritan River

in 1890 consisted in the use of 11 fyke nets, worth $550, which were
set near the mouth of the river from March 1 to June 10. They were
operated by 1 man using 1 boat, worth $60, and the catch of shad
ai)proximated 2,500, which were sold locally at $938. These fykes are

also set from Sei)tember to December for striped bass.

In that section of the New Jersey shore bordering New York Bay
and Hudson River many shad are caught each year, the yield in 1896

being 217,858, of which 49,758 were caught in fyke nets in New York
Bay and 168,800 in stake nets in Hudson River. A description of the

entire fisheries of these water areas is given in the chapter on the

shad fisheries of New York State.

V. R. 98 16
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THE SHAD FISHERIES OF NEW YORK.

The shad fisheries of New York State are located principally in

Hudson Kiver and the sections of Xew York Bay leading thereto, over

98 per cent of the yield in 1890 being- obtained in those waters. A
few shad are also obtained in the Nissequague Eiver, Little Xeck Bay,

Gardiner Bay, Long Island Sound, and Great South Bay, but the catch

in the last three bodies of water is merely incidental to the taking of

other species of fish.

The following series of tables shows the extent of the shad fisheries

of each water area of this State:

Statement, hy water areas, of the number of persons employed in eaeh hranch of tlie shad
fisheries of New York in 1896.
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Staienuitl, l>y uatcr arctn, of the yield of shad in each form of apparalun evqAoijed in the
'

Jlxhvries of New York in 1S90.
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Oravesend Bay.—The sliad fisheries of Gravesend Bay in 1896 were
represented by 2 large pound nets and 2 rows of fyke nets, set in from

10 to 25 feet, the pound Jiets being set individually and the fyke nets

with 30 in one row and 4 in another. The pound nets are larger than

those on the shore of Staten Island, and are valued at $600 each. It is

necessary to have two sets of twine, since the large quantity of drift

and refuse becoming fixed to them prevents their being operated more
than a week at a time. Each of the fyke nets has five 14-foot hoops

with two funnels to the net. The catch of shad by the 2 pound nets

numbered 978 roes and 652 bucks, worth $195, while the fyke nets caught

2,880 roes and 1,920 bucks, valued at $576.

The Narrows.—Each season a large number of shad drift nets are

operated in the Narrows, the season beginning usually about April 1,

two or three weeks before the Hudson River season opens, and closes

about May 15. The nets average 400 yards in length with 5^ to 5^ inch

mesh, and cost about $75 each. On account of the extensive navigation

through this channel it is necessary to operate the nets 25 or 30 feet

below the surface, this being effected by long buoy lines, the most usual

length being 26 feet. Even at this de^ith the suction of large steamers

frequently entangles the nets in a mass and sometimes even lifts tliem

up into the screws. In 1896 there were 59 boats drifting nets in the

Narrows, using 46,900 yards of twine and operated by 120 men. The
catch was much less than usual, the total number of shad taken being

38,100 roes and 25,400 bucks, valued locally at $7,620. Most of the

fishermen live on Staten Island and at Bay Eidge, Fort Hamilton, and

Gravesend on Long Island. The others live " up the river " and else-

where and rendezvous at Fort Hamilton during the fishing season.

The latter operate also to some extent on the Hudson, but the Narrows

is their principal fishing-ground.

Upper Bay.—In the Upper Bay shad were taken by means of stake

nets and fyke nets set along the western side of the bay on the Jersey

Flats, between the northern end of Staten Island and Bedloe Island.

The stake nets were owned by fishermen from Bay Ridge, and were set

in 4 rows containing 151 "stations." The abundance of drift matter

and other refuse in the water necessitated the use of two sets of nets,

each remaining in the water about a week, thus requiring 302 nets for

the 151 "stations." The nets were each 24 feet long by 28 feet deep,

with 5|-inch mesh, and were set with the top from 10 to 12 feet below

the surface of the water. The poles were from 60 to 70 feet in length,

and 26 feet apart in the rows. To operate these 4 strings of nets

required the services of 21 fishermen, using 10 boats, valued at $2,000.

The season began about the 1st of April and lasted six weeks, the total

yield of sliad approximating 30,000 in number, of which about three-

fifths were roes. The fyke nets are owned by fishermen from Hudson
County, N.J. Tlie yield in the 214 used m 1896 numbered 27,267 roe

shad and 22,491 bucks, for which the fishermen received $7,337.
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HUDSON RIVEB.

In point of commerce the Hudson is the most imi>ortant river of the

United States, and formerly its shad lislieries were the most vahiahle

on tlie Athiutic seaboard, but in this particuhxr it is now suri)asse(l by-

several other rivers. Its sources are iu the Adirondack Mountains in

lOssex County, whence it flows in a general southeasterly direction

about 110 miles to Sandy Hill, and thence almost due south nearly 200

miles, to its entrance into New York Bay. From New York Bay to

Piermont the width is from 1 to 2 miles; between Piermont and Haver-

straw it expands into Tappan Bay, with a length of 12 miles and a

width of 4: or 5 miles; while from Haverstraw, 34 miles distant from

New York, to Albany the width of the river varies from 900 to 300

yards. At Troy, G miles above Albany, it receives its principal tribu-

tary, the Mohawk, whose volume of water is greater than that of the

Hudson above that point. Above Troy the river partakes of the

characteristics of a large mountain stream, with numerous falls and

rapids.

At Troy there is a State dam, built in 1820, of log cribwork filled in

with stone, 1,100 feet long and 10 feet high, which fonus an impassable

barrier to the further progress of shad except when the water rises

above the crest of the dam during high freshets. There was formerly

a fishway in this obstruction, but it was destroyed by a freshet several

years ago and has not been replaced. At Mechanicsville, 9 miles above

Troy, there is a dam of cut-stone masonry 10 feet high, built in 1882.

Three-quarters of a mile above is a dilapidated log dam with an original

height of 8 feet. At Stillwater, 3 miles above ^lechanicsville, there is

another log dam, forming an irregular line G feet high across the stream.

Above Stillwater the river is comparatively level for a distance of 12 or

13 miles, almost to the Saratoga dam, which is of stone, 8 feet inlieight,

built in 1873. Above Saratoga there are several other dams from 2 to

IG feet in height, among which are those at Fort Miller, Fort Edward,
Sandy Hill, Glens Balls, Palmer Falls, etc. Prior to the construction

of the Troy dam, in 182G, shad ascended the Hudson to the falls at

Sandy Hill, 50 miles above Troy, and up to fifteen years ago they were

taken in some abundance within a short distance below Troy. But

during recent years there has been little fishing above Castleton, a

short distance below Albany.

Shad enter the Hudson usually during the first week in April and
remain until the last of June. The legal season extends from March
11 to June 15 of each year, with a close time operative from sunset

on Saturday until sunrise on Monday of each week. The fisheries

extend from the mouth of the river nearly to Albany, the river being

well filled with twine up to Hudson, in Columbia Couuty_, while above

that town few fish are taken. The yield fiuctuates considerably from

year to year. In 1880 there were 711 men employed and the catch of

shad numbered 039,000. In 1885 the yield was reported at 1,174,830,
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iu 1886 at 1,300,949, and iu 1887 at 1,568,631. lu 1895 tlie yield was
1,155,610, but ill 1896 only 588,898 shad were taken in this river, the

local value of which was $83,237. Of this yield, 297,178 were caught in

drift nets, 180,775 in stake nets, 68,315 in- seines, 41,800 in pole nets, and
800 in fykes. The catch by the New Jersey fishermen numbered 168,800,

while 420,098 were taken therein by residents of New York State.

The following table shows by States the number of persons employed

in each branch of the shad fisheries of the Hudson liiver in 1896

:

Piahery.
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most extoiisivo lislu'ry on the river. To avoid injury lioiii vessels,

tlie buoy lines are so arraiij;ed as to permit the net to drift to 30 feet

below the surface. The drift nets reported from this river in 189(5 num-
bered 337, with an ag^uregate length of 2U(»,r>l)() yards and value of

$1'3, 125, while the catch aggregated 102,385 roe shad and 134,793 bucks,

valued locally at $12,958.

The upper limit of the stake-net fishery is Croton Point, on the east

side of the river, just above Sing Sing, while on tlie west side the upper-

most limit is Nyack, Rockland County. The stake nets north of the

Jersey line are small and inexpensive, costing about $1.50 each, being

set on the tiats in shallow water, not over 15 feet deep. The catch by
the shoal-water nets in 1890 was unusually small, as the shad kept

well out in the channel. In 1895 the fish ran more inshore, so that

those nets made good catches. Tbe stake nets between Alpine, N. J.,

and the mouth of the river are much larger and are set on the edge of

the channel, in water 20 to 50 feet deep. The usual dimensions of these

nets are 90 meshes long and 100 meshes deep, with 5 inch mesh; many,

however, are 100 meshes scpiare. The de[)th necessitates poles of great

length and strength, hickory and white oak being used generally. The
nets are set in rows of 25 or 30 each, running from the shore to the

middle of the channel. On the New York side there were no stake

nets below Fort Washington Point, and between there and Yonkers

there were but 3 rows, containing 120 nets; but on the New Jersey

side, between the mouth of the river and Alpine, opposite Yonkers,

N.Y., there were 1,518 stake nets in 1890, which caught 141,800 shad

—

more than one-fourth the yield of the entire river.

The stake nets in the extreme lower end of the river are subject to

considerable damage from the vessels continually passing, the greatest

amount of injury being done at night, when it is not always possible

to avoid the twine. Not infrequently a fisherman Avill have one third

of his nets destroyed in a single night, and a large percentage of loss

in this manner is always expected. However, the fishermen claim that

much of the damage is the result of pure indifierence on the part of

vessel captains, who make no eflbrt to avoid the twine. The total num-

ber of stake nets on the river in 1890 was 2,017, aggregating 21,170

yards in length, and valued at $9,093, and their catch numbered
100,005 roe shad and 74,710 bucks, worth $20,823. Of this yield 85,080

roes and 50,720 bucks were taken in the 1,518 nets set on the New
Jersey shore, and 20,985 roes and 17,990 bucks in the 1,099 nets set in

the New York jmrtion of the river.

A third form of gill net used on the Hudson River, knowni as the

"pole net," is similar in construction to the drift net, but its mode of

operation is somewhat like that of a stake net. The net is a continuous

section, 200 to 250 yards in length, costing from $40 to $00. Poles are set

on the edge of the channel about 'MJ feet apart, and to the lower side of

which the net is fastened at the commencement of every Hood tide by

means of " arms" or roi)es feet long. At the end of the Hood tide the
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net is lifted, the fish removed, and the net is again set at the beginning

of the succeeding flood tide. There were but 14 of these nets on the

river in 1896, but they were quite successful, the average catch being

about 3,000 shad, and another season will doubtless witness an extended

use of this form of apparatus.

Compared with those of the Delaware River, the seine fisheries of

the Hudson are of little importance, a single seine on the former stream

taking more shad each year than the 40 or more on the Hudson. The
seines range in length from 120 to 500 yards, with from 2 to 2^ iuch

mesh in the bunt and 4-inch to 5-inch mesh in the wings. The seven

operated in the lower 80 miles of the river take few shad, their catch

consisting i^rincipally of alewives and other species. The most exten-

sive seine fishery on the river is near Kinston Point, where two seines

are operated by steam launches from a scow anchored in the middle of

the river, the catch by which in 189G numbered 7,200 roe shad and 4,800

bucks—nearly one-fifth of the entire seine catch on the river. The total

shad yield of the 41 seines operated in 1896 was 41,757 roes and 26,588

bucks, valued locally at $8,991.

GREAT SOUTH BAY AND GARDINER BAY.

A few shad are caught incidentally in the pound nets set in Great

South Bay, the yield in 31 pound nets set in the spring of 1896 being

reported at 196 roes and 168 bucks. This small catch was due to the

lateness of the period when the nets were set.

In the pound nets at the eastern end of Long Island Sound, between

Montauk Point and Orient Point, some shad are taken each year. The
nets are most numerous in Fort Pond Bay and jS^apeague Bay and along

the shores of Gardiner Island. Shad are caught during April and

May and are obtained in greatest number on the eastern side of Gardi-

ner Island. The total number of nets in 1896 was 105, and their catch

of shad numbered 1,600 roes and 2,791 bucks, for which the fishermen

received $1,031.

LONG ISLAND SOUND.

Most of the shad entering Long Island Sound pass along the north-

ern shore of that body of water and enter the large tributaries flowing

into it through the State of Connecticut, very few being taken on the

New York shore. Of the 74,319 shad caught in this sound and tribu-

taries in 1896, 70,288 were taken along the northern shore and in the

rivers flowing therein, while only 4,031 were taken along the southern

shore. Of the latter, 516 were taken in pound nets near Orient Point,

1,738 in Nissecpiague River, and 1,777 in Little Neck Bay. Shad doubt-

less run into the other small bays and tributaries along this shore, but

in numbers too small to warrant the establishment of fisheries. The

shad fisheries of the three sections above noted will be described sepa-

rately, while those of the waters tributary to the northern side of Long
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Island Sound will be described in the chapter on the sliad fisheries of

Connecticut.

In the pound nets at tlie eastern end of the sound on the Sulfoilc

County shore, between Orient Point and Ilortou Point, a few shad are

taken incidentally with other species. These nets run out from the

shore into I'O or M) feet of water, one net beinji; the usual number to the

string-. In 189r» there were 14 i)ound nets in this locality, and the catch

of shad numbered 210 roes and 300 bucks, valued at $115.

Xisscqitiu/ue River.—Westward of Horton Point no shad are taken

on the southern shore of Long Island Sound until Nissequague Kiver

is reached. This is a small sandhill stream extending from Smith-

town Bay for several miles into the interior. While shad have been

caught in this stream for a number of years, yet fisheries have been

prosecuted only during the past two or three years. The fisheries

were most extensive in 189G, when drift nets were operated at various

times, catching 1,250 shad from May 1 to May 13. On the night of

May 13 lishing was stopped by the local authorities, the twine being

destroyed and arrests made of a number of the fishermen. After that

date many of the fishermen engaged in taking shad by the means of

spears, it being easier to elude arrest when so engaged than when using

a drift net.

The number caught by spears from May 13 to the end of the season,

about June 12, approximated 182, over half of which were roes. This

made a total of 1,738 shad taken in the Nissequague in 1890. If the

operations of the fishermen had not been interfered with the yield for

the season might possibly have approached 5,000.

Little Xeck Bay.—This bay is quite shallow and covers only 2 or 3

square miles. Strictly speaking, it is not a tributary of Long Island

Sound, but rather of East Eiver, and it is claimed that the shad enter

this body of water by way of East River and the Narrows and not

through Long Island Sound. Seasons of scarcity in Little Xeck Bay
are usually coincident with those in Xew York Bay and Hudson River,

and not with those in the Connecticut. Shad have been taken in Little

Neck Bay each season for many years, the principal apparatus employed
being pound nets, which are set from April 15 to about June 10. In

1800 there were nets used, worth $1,430, but the yield of shad was
unusually small, numbering only 770 roes and 873 bucks, for which the

fishermen received $529. One pound net, which in 1890 caught only

29 shad, yielded 1,154 in 1895, and prior to 1890 the average annual

catch was about 2,000 for each net. A single gill net was used in this

bay in 1890. This net was 700 yards in length, and the catch numbered
92 roe shad and 30 bucks, valued at $40, making a total of 1,777 shad,

worth $575, taken in this body of water.
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THE SHAD FISHERIES O^ CONNECTICUT.

The extent, by water areas, of each branch of the shad fisheries of

Connecticut is presented in the following series of tables:

Statement, by tvater areas, of the number of persons employed in each branch of the shad
fisheries of Connecticut in 1896.

Waters.
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the iniiiciinil clniiiiul boiiijj;' the Ivucc, bi'twLHMi liittlc (lull Isliiiid and
Fisher Ishiiul. At its western end the sound eonnects witli tlie waters

ofXew York Bay through a h)ng narrow passage known as l^^ast K'iver,

which separates the western end of Long Ishind from New Yoik City.

Throughout its length, except near the mouth of the large rivers, the

density of the water is very little less than that of the ocean. The prin-

cii)al river tributaries are the Thames, Conuecticut, and llousatonic,

which bring down large (piantities of fresh water.

While some shad doubtless enter Long Island Sound through East
Kiver, the great bulk passes through the Race at the eastern end. They
appear usually about the second week of April and are taken first in

the pound nets set immediately west of the mouth of Connecticut River.

Most of them pass up the Connecticut, but a large number proceed west-

ward, a few being caught in the pound nets set along the shore, while

others enter the llousatonic and some of the smaller streams of Con-

necticut and Long Island. The run into these waters during recent

years api)ears to be much smaller than formerly. The catch in 1800 in

the sound and its tributaries numbered only 74,321, of which 51,090 were
taken in the Connecticut, 9,878 in the Housatonic, and the remaining

12,753 along the shore of the sound and in smaller tributaries, whereas
the catch in the Connecticut alone was formerlj- half a million or more.

While a few shad are caught in Long Island Sound propei', there are

no fisheries dependent exclusively on that species. At the southeastern

end, on the shore of Long Island between Orient Point and Horton
Point, there are a few pound nets each year which take some shad, the

number of nets in 1890 being 14, and the yield of shad numbering 510.

Very few shad run along the northern shore of Long Island Sound east

of Connecticut Piver, and in the 77 pound nets there in 1890 only 244

shad were caught. In 28 of those nets not a single shad was taken, and
20 was the highest number caught in any net. In 1895 the 182 pound
nets on that shore yielded 290 shad.

Between Connecticut Piver and New Haven Harbor shad are some-

what more numerous, and a number are taken in the pound nets.

Immediately at the mouth of the Connecticut, between the jetties and
Cornfield Point, there were 3 pound nets in 1890, which yielded more
shad than all the rest of the nets in the sound. They were set about
the 10th of April, and from that time to the middle of June the three

caught 4,592 shad, worth $1,083, of which 2,327 were roes and 2,205

were bucks. Seven or eight miles west of the above three nets, between
Duck Island and Kelsey Point, there were three other pound nets,

which yielded 197 roe shad and 295 bucks. A lOOyard seine, operated

at the mouth of the llammonasset Piver in 1890, caught 10 roe and 25

buck shad among other species. The area occupied by the pound
nets above mentioned was formerly the location of one of the most
profitable sliad fisheries on the coast. As late as 1885 there were 49

pound nets in that section, which yielded 123,100 shad. In 1880 there
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were 48 nets and the catch numbered 69,900, while in 1887 the number
of nets was 46 and the yield of shad 01,950. Pound nets were set in this

section for the first time in 1849. The largest catches were made from

1863 to 1871 and from 1875 to 1880. During 1872, 1873, and 1874 adverse

legislation restricted the use of these nets to three days in the week.

The following summary shows the number of shad taken annually

during a series of years in a single pound net located at Money Point,

about G miles west of the mouth of the Connecticut Eiver, the location

being the same each year

:

Year.
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CONNEOTIODT RIVER.

With the exception of Keniiebec Kiver, the Connecticut is the prin-

cipal shad streaui of Xew Enghin(\. This river rises in tlie extreme
northern i)art of New llanipsliire, within half a mile of the Canadian
border, Hows in a general southerly direction a distance of 375 miles,

forming" tlie boundary line between New llampshire and Vermont, and,

traversing ^Massachusetts and Connecticut, empties into Long Island

Sound near the eastern end. It is navigable for steamers from the

mouth to Hartford, a distance of 50 miles. Above Hartford there are

numerous falls, the most important being Enfield, Holyoke, Turner,

r.ellows, Olcott, and Mclnloe, all of which are provided with dams for

developing water-power.

At Enfield, 6Q miles from the sound, the river descends over a rocky

bed, with a fall of 32 feet in a distance of 5 miles. A dam 1,500 feet

long and 4 feet high, built of logs filled in with stone, extends in a

broken line across the river. Originally this dam consisted of two
wings running out from either side of the river, leaving an opening of

150 feet for navigation purposes. This opening was closed about fifteen

years ago by a new section of dam 5 feet high, in the middle of which

there is a flshway 40 feet long. Windsor Locks Canal permits the

passage of small boats around the obstruction. The Enfield dam has

caused much irritation among the fishermen above that point, especially

among those in IMassachusetts. In 188G the general assembly of that

State adopted a resolution suggesting mutual measures on the part of

the States of Connecticut and Massachusetts toward overcoming this

obstruction, but no satisfactory result was accomplished.

The Holyoke dam, 18 miles above Enfield, extends entirely across

the river, with a length of over 1,000 feet and a height of 35 feet. It

was completed in 1819 and is one of the most substantial constructions

of its kiiul in the country, developing about 15,000 horse-power, used

mainly in the manufacture of paper. During freshets the water on the

crest of the dam is sometimes several feet deep, but ordinarily there

is little overrtow. A condition was imposed in the charter that the

Holyoke Water Power Company should pay for the fisheries destroyed

above the dam, and this requirement was complied with. Under a

provision of the common law enjoining owners of dams high enough to

stop the passage of fish to provide a suitable fishway, the Holyoke
company was directed to build a fishway. The company contended

tliat it was exemi)t from this common-law injunction because it already

had i)aid for the fisheries destroyed above the dam, as required by the

charter.

In a very interesting case, involving the rights of river fisheries, of

the water-power corporations, and of the eminent domain of the State

over both, the [Jnited States Supreme Court, affirming the de(;isions of

the supreme court of Massachusetts, decided that as the dam had
injured the fisheries below as well as destroying those above that
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obstruction, it was subject to the common-law provision and must
build a fishway. The fishway was completed in 1873, it being after the

Brackett plan, a modification of the Foster fishway. It is one of the

largest and most expensive ever constructed, being 440 feet in length,

with a general inclination of 1 foot in 15, divided into compartments

or bays by means of ±-shaped partitions that extend at right angles

from the sides, causing the water to wind through such a long, cir-

cuitous course that it actually rnns about 1,500 feet before it emerges

at the lower end. As the height of the dam is .30 feet, the fall of the

water averages about 1 foot in 50 with little momentum, but it does

not appear tbat shad have ever passed above this fishway in quantities.

During the colonial period shad were abundant in the lower half of

Connecticut Eiver, ascending as far as Bellows •Falls, 170 miles from

Long Island Sound, where the abrupt descent of the river iirevented

further progress. They easily passed Turner Falls, 50 miles below,

several thousand being taken there in a single day with dip nets.

The first artificial obstruction to their progress was the dam at Turner

Falls, erected in 1798. This obstruction prevented shad from passing

that point, and it also seriously aftected the spawning of salmon in the

river, but, as there were areas below Turner Falls suitable for shad

spawning, the run of this species below that point was not apparently

injured.

In 184i) the dam at Holyoke was completed, cutting off 36 miles more
from the upper limit of the shad run, including many spawning-grounds.

The effect of this is shown distinctly in the reliable accounts of the

catch made at the Parsonage seine fishery, near the mouth of the river.

The average annual yield of shad from 1827 to 183G was 10,376; during

the succeeding ten j-ears it was 9,332, the slight decline being perhaps

attributable to increased fishing at near-by points. The erection of the

Holyoke dam in 1849 x^revented the fish from ascending to the upper

waters, and as they retreated down the river they were taken more

abundantly than formerly. The average yearly catch by the Parsonage

seine in the five years following the erection of the dam was 19,490 shad

;

during the next ten years (1854-1803) the average was but 8,364, and
for the following six years (1864-1869) it further decreased to 4,482

annually, less than one-half of the former yield.

For many years preceding 1881 the regulations of Massachusetts and

Connecticut in reference to the Connecticut River shad fisheries were

similar, a close season beginning Juae 21, and an interdiction prevailing

against the use of nets with less than 5-inch mesh. An increased use

of pound nets at the mouth of the river aroused much antagonism

among the up-river fishermen, especially those in Massachusetts, and

resulted in the spring of 1881 in an enactment by the legislature of that

State extending the open season to July 1 and permitting the use of

nets with 2-in('h mesh. The effect of this enactment is well shown in

the table on page 256. In 1880, by the use of 5 inch mesh, only 7,727

shad were taken in that ijortior. of the Connecticut situated in Massa-
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clinsetts, wliile the small mesh in tlie foUowiiifif season caught 38,382

shad, nearly iive times as many as during the pievious year, the small

mesh permitting the capture of shad of all sizes. This resulted in a

greatly diminished catch during succeeding years. In 1882 the num-

ber of shad taken in that portion of the river was but 2,770, or less

than 8 per cent of the yield in the year previous, and the largest prod-

uct in any one season since has been but 3,591, or less than 10 percent

of the yield in 1881. Since 1883 the product decreased annually, and
it does not appear that any shad have been taken in that portion of the

Connecticut since 1 90. The average yield for the six years ending in

1881 was 10,100 annually, and during the fifteen years following 1881 it

has been only 852 shad annually.

At present the Connecticut liiver shad fisheries extend from Long
Island Sound to Wethersfield, a distance of 40 miles, but they are most

extensive in the reaches between Essex and IJaddam. The yield in

189G aggregated 45,851 taken in drift nets and 5,839 in seines. The
fishery by drift nets is most extensive from Essex to Higganum, the

principal centers being Hamburg, Chester, Hadlyme, Higganum, and
Haddam.
The number of nets used in the river in 189G was 48, of which 31 were

operated by men living in Middlesex County, 15 by men from New
London County, and 2 by Hartford County fishermen. These measure in

length from 140 to 350 yards, averaging about 200 yards, with 5i-inch

mesh, and cost about $70 each, each net requiring one boat, worth $20,

and 2 men.

The season is dependent on the movements of ice in the river, but it

generally begins the lirst or second week in April and extends to the

third week of June. The legal season extends from March 1 to June 20

of each year, and fishing is interdicted from sunset on Saturday night

to sunset on the following Sunday night of each week.

Of the total yield in 1890, 22,197 were roes and 23,054 bucks, the price

received for tlie former being |5,200 and for the latter $3,044, Seines

were formerly the only apparatus used for taking shad in the Con-
necticut, but these have been gradually superseded by drift nets. In

1890 there were only 12 seines used, most of which were operated

between Haddam and Wetliersfield. These approximated 150 yards in

length, and several were used mainly for catching alewives. Their

yield of shad was the largest since 1880, numbering 5,839, valued at

$1,204. A seine at Wethersfield caught 2,799 shad in 1896, against 730

in 1895. Another seine at the same place caught 1,894 shad in 1890 and
but 709 in 1895,

The following compilation shows the number of shad taken in Con-
necticut Kiver during a number of years, Keturns for yeais previous

to 1879 for that portion of the river situated in Connecticut are not

available. The South Hadley seine fishery, a short distance below the

Holyoke dam, was formerly the most valuable seine fishery above tlie

Enfield dam. The yield at that fishery is also noted in the table.
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Talle showing the
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little to be sjiid favorable to fiuMier work of this nature unless improve-

ment be made in the conditicms of the river. Were this accomplished,

artiticial propajjation c-ould doubtless ^a-eatly increase the run of lish;

and if suitable restrictions were applied to the fisheries the shad reach-

iug the spawninji-beds between Iladdam and Windsor Locks might also

tend tt) keep up the supi)ly.

Farm in (/ton Birer.—The Farnnngton is the only one of the several

tributaries of the Connecticut that has yielded shad during recent

years. It rises in Berkshire County, Massachusetts, and, flowing a

distance of 75 miles, enters the Connecticut about 5 miles above Hart-

ford. At Poquonock, 5 miles above the mouth, there is a log dam 4 or

5 feet high and 204 feet long, entirely crossing the river. Above this

point there are numerous other dams at short distances, forming a

complete barrier to the ascent of fish. Formerly the shad fisheries

of Farmingtou River were of some local importance, but during the

past ten or twelve years the catch has been small. In 1881 the yield

numbered 11.505, in 1882 it was 3,800, and in 1883 but 1,155 shad were

caught. Since then the yield has been very small, except in 1885, when

3,400 shad were caught by seines. In 1890 one seine was used to

obtain spawn for the State hatchery, catching about 500 shad, which

represents the full extent of the fisheries during that year.

HOUSATONIC RIVER.

This river rises near Pittsfleld in the western portion of Massachu-

setts, and, after flowing a distance of 123 miles, enters Long Island

Sound 4 miles east of Bridgeport. It is navigable for 13 miles to

Derby, where it receives its x)rincipal tributary, Naugatuck River, a

snmll rapid stream. A mile or so above Derby the Housatonic is

crossed by a stone dam 22 feet high and 030 feet in length, completed

in 1870 at a cost of 8430,000, and developing 1,500 horsepower, used for

various manufacturing purjKises. The usual spring-freshet depth over

the crest is 4 or 5 feet. A fishway was built in this obstruction, the

designs being furnished by the late Mr. Foster, of Maine. Very soon

thereafter it appeared that shad would not pass above this dam, not

even attempting to enter the fishway, although many were seen in

immediate proximity to the lower end. The fishway was destroyed by

freshets in 1873 and has not been rebuilt. Above liirmingham the fall

of the Housatonic is very great, averaging 8 feet per mile. There are

a few dams, the most important one of which is at Lanesville, where

the fall obtained is 12 feet. Very few shad pass above the Birming-

ham dam, and none appear to go beyond Lanesville, 40 miles above the

mouth. In the early part of the present century, ])revious to the erec-

tion of obstructions on the river, shad ascended to Falls Village, 73

miles from Long Island Sound. At that point the river falls abruptly

over limestone ledges a total distance of 100 feet, forming a complete

barrier to the further ascent of fish.

It was reported in 1883 that 11 seines on the Housatonic caught

F. R. 98 17
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11,550 shad and 27 gill nets caught 1,500, a total of 10,050, and in 1884

that the yield in 12 seines was 39,000 and in 47 gill nets 13,000, making

a total of 52,000 shad taken on the Housatonic during that year. In

1885 the yield was 50,600; in 1880 it was reduced to 24,800, and in 1887

the catch of shad was still further reduced to 12,400. The present

fisheries are confined to the use of a few drift nets and seines between

the mouth of the river and Birmingham, the annual Jdeld ranging from

8,000 to 15,000 in number. The drift nets in 1896 numbered 29, with a

total length of 5,640 yards, requiring 29 boats, worth $536, and 34 men.

Of these nets, 22 were used by men living on the east side of the river

and 7 on the west side. The season began about the middle of April

and extended to the third week of June. The catch was not up to the

usual quantity, 8,286 shad being taken, of which 4,335 were roes and

3,951 bucks. In 1896 there were 5 seines operated below Birnnngham

by men living on the Fairfield County side of the river. These range

in length from 150 to 250 yards, with from 3 to 5 inch mesh, and require

three or four men and one boat for each. The seining season began

about a week earlier and closed three weeks earlier than the drift net

season. The catch of shad was 812 roes and 780 bucks, making a total

of 9,878 shad, worth $2,471, taken on the Housatonic Eiver.

Bridgeport Harbor^ Pine CreeJc, etc.—In the harbor of Bridgeport, 3

miles west of Housatonic Eiver, a few shad are taken each year, most of

them being secured in a channel known locally as " The Gut." In 1891}

6 men operated 5 drift nets in tluit locality, and took 652 roe shad and

365 bucks, valued locally at $285. In Pine Creek, P>lack Kock Harbor,

Ash Creek, and several other small streams between Bridgeport and

Stamford, there are a few shad taken every season by means of sliort

drift nets. Four shad fishermen, with an equal number of boats, are

reported from those waters in 1896, using 4 drift nets, the catch in the

season extending from April 20 to June 10, numbering 342 roe shad

and 227 bucks, worth $139.

THE SHAD FISHERIES OF RHODE ISLAND.

The shad caught in llhode Island are taken incidentally in apparatus

set es])ecially for other species, excei»t that in Warren Biver 6 men used

3 pound nets, worth $920, 3 boats, worth $90, and shore property valued

at $120, catching 9,258 shad. The following table shows by water

areas the yield of shad in this State in 1896:

Statement showing, by w<iter areas, the yield of shad in Ithode Island in 1896.

Waters.
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OCEAN SHORE OE KIIODE ISLAND.

Aloiiu" the orean shore of Khode Ishind, from Watch Hill to Point

.Tnditli, there are several pound nets each spring- in which a few shad

arc taken incidentally. These nets are set about April L'O and remain

until the fall, catching shad during the first two or three weeks in

which they are set, viz, from April 20 to May 10. There were 14 pound

nets in this locality in 180(5, the total value of which was $16,800, and

their catch of shad is reported at 94(), of which about 40 per cent were

roes. The average weight of the roe shad approximated 5 pounds,

while the bucks averaged in weight about 3 pounds each. The roes

sold at an average price of o8 cents and the bucks at about 20 cents

each. On the shore of Block Island there were 4 i)ound nets in 1896,

valued at $4,900, in which 105 shad, worth $;>2, were taken. In 1895

the same 4 pound nets caught about 200 shad.

NARRAGANSETT BAY.

There are numerous pound nets set each spring at various points in

Karragansett Bay, the principal species taken being scup, squeteague,

and sea bass. The nets are most numerous oflthe southern shore ofNew-
port Island, in AVestern Channel and between Sakonnet and Tiverton.

In these pound nets a few shad are taken each year, but this species

is rarely sufficiently numerous to receive special attention from the

fishermen. In the 98 nets in Narragausett Bay in 1896, the catch of

shad was 1,090 roes and 1,073 bucks. Over half of these were taken

in 39 nets set in the Eastern Channel, between Sakonnet Point and
Mount Hope Bay, the catch being 685 roes and 563 bucks. The largest

yield in any single pound net was 70 roe shad and 78 bucks, obtained

in a net oft" Rumstick Neck, at the northern end of Narragansett Bay
near the mouth of Providence River.

Warren River.—While a few shad run up most of the tributaries of

Karragansett Bay, yet they are not in sufficient numbers to support

important fisheries, and the only well-known shad stream in the State

is Warren River. This small stream is a tidal arm of Xarragansett Bay
near its northern limit. It is only a few hundred feet in width, about

10 miles in length, and contains no obstructions to the free passage of

fish. It has been an important shad stream during the last thirty years

at least. In 1880 it was reported that about 5,000 shad, with an aver-

age weight of '.\h pounds each, were taken in 5 pound nets set in this

river. In 1896 there were 3 pound nets set at the head of the river,

near the Alassachusetts State line. The shad season began April 20

and ended May 29, and the catch numbered 5,480 roes and 3,778 bucks,

valued locally at 82,408. This was an average for recent years, the

yield ranging from 6,000 to 12,000 annually.

Paiceatuck River.—The Pawcatuck formerly yielded a large number
of shad, but at i)resent it is obstructed by numerous dams, which com-

pletely block the passage of fish. Yet a few shad are taken in the
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lower portion of this river each year, as well as in Old Warwick Cove
and Patowomut Elver, the aggregate yield in these waters averaging

about 400 annually, taken by means of seines, dip nets, etc.

Providence-Blackstone River.—The numerous dams and the sewage

from the city of Providence have served to almost exterminate shad

from Providence-Blackstone Eiver. But each year a few hundred are

taken by seines, dip nets, and other contrivances, the yield in 1896

being estimated at 500 in number.

Greenwich Bay.—Two seines hauled in Greenwich Bay in 1890 caught

108 roe shad and 52 bucks, which sold for $19.

THE SHAD FISHERIES OF MASSACHUSETTS.

There are no regular shad fisheries in Massachusetts, this species

being caught only incidentally in connection with the taking of other

fishes. The following table shows, by water areas, the yield of shad

in each form of apparatus operated in this State in 189G:

Waters.
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Tu 1880 there were 15 seiiios used in Tjiuiitoii liiver, icMiuiriii^- the

seiviees of 108 iiieu, and their catch of shad was rei)orted at (;,(>ir>,

weijihiiifr 21,408 pounds. Tlie yiehl of alewives duiinj]f the same season

numbered 1,718,000. In 18!)G tliere were 8 fisheries for alewives, at

wliic'h 13 seiues were used, witli an ajrgregate length of 1,003 yards

and valuation of $1,478. These recjuired the services of 87 fishermeu

and 22 shoresmen, and their catch of shad numbered 3,355, worth 8034,

and of alewives 1,808,478, valued at 80,478.

KUZZAKDS BAY.

In this coastal indentation, covering 225 square miles on the southern

shore of Massachusetts, there are a few shad taken each year inciden-

tally in the pound nets set primarily for alewives, scup, butterfish, etc.

These nets are set along the shore west of Api)onagansett Bay, at the

mouth of Pamansett Kiver, between that river and Goose Neck, and

on Elizabeth Islands. The number used in 1806 was 35, valued at

811,550, and the season extended from early in April to some time in

November, shad being taken during April and May. The yield of shad

was 721, valued at $252, while the alewives taken in the same nets num-

bered 258,875, worth 81,380. A State law interdicts the use of pound

nets in Buzzards Bay after the expiration of the permits granted prior

to the enactment of that regulation. These privileges expire at the

end of the season of 1807, and after that date there will probably be

no fishing in this locality except that with hand lines and the clam and

scallop fisheries.

Yincxjard Sound.—In the Vineyard Sound pound-net fishery there

are a few shad taken each year, the yield in the 42 nets operated in the

spring of 1806 being 2,664, valued at $582. The same nets caught also

320,165 alewives, which sold for $1,525. Shad are first taken in these

nets about April 20, and few are caught after May 15.

CAPE COD AND MASSACHUSETTS BAY.

The principal shad yield in Massachusetts is obtained by the mack-

erel fishermen from l'rovincetown,each of the small vessels engaged in

drifting mackerel nets from that port taking a few shad incidentally

during the month of June, the yield usually ranging from 600 to 1,200

shad annually to each vessel. The vessels engaged in this fishery

measure from 5 to 15 tons, are manned by two or three men each, and

carry from 25 to 45 nets, averaging 60 yards in length, with from 3

to 3J inch mesh. In 1806 there were 27 small vessels engaged in this

fishery, with an aggregate measurement of 341 tons and valuation of

821,050. These vessels were operated by 58 men and carried 701 nets,

47,453 yards in length, valued at $7,010, and the total catch of shad

was 10,040, for which the fishermen received $506. These shad were

unusually small, averaging only about 2 i)()unds each, due to the small

mesh of the nets. Seven Provincetown sailboats, worth 81,300, manned

by 14 men, and carrying 150 mackerel drift nets similar to those used
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on the small vessels, caught a few shad in 189G, their entire yield being

3,040, which sold for $95.

Occasionally Provincetown boats catch some shad while se iiing for

mackerel. In 1896 the steamer Cormorant, 4.8L net tonnage, made
three hauls of shad, one each on June 6, 7, and 9, catching 9,080, which
were sold fresh at 5 cents each.

The pound nets and weirs set in Cape Cod Bay catch a few shad, the

number taken ranging upward to 50 or more to each net. In 1896

85 nets set in this bay took 1,745 shad, valued at about $300.

Comparatively few of the trap nets set in Massachusetts Bay catch

shad; in 1896 only 5 are reported as having taken this species, the total

yield being 170, worth $17.

MERRIMAC RIVER.

The sources of the Merrimac are in eastern central New Hampshire,

the main stream being formed by the Junction of the Pemigewasset

and Winnipesaukee rivers, on the line of Belknap and Merrimac coun-

ties, whence it flows 110 miles to its entrance into the sea near New-
buryport. The head of navigation for coasting vessels is a few miles

above Haverhill, but small river boats ascend as far as Lawrence. At
Lawrence the stream is crossed oblicjiiely by a substantial dam 32 feet

high and 900 feet long, at the south end of which is a wooden fishway,

the whole being completed in 1848 at a cost of about $250,000. At
Lowell, 12 miles above Lawrence, there is a second dam about 30 feet

high, built in 1830 and enlarged in 1876. A third dam exists at Man-
chester, N, H., constructed in 1871, its length being 420 feet audits

height about 12 feet. There are three other dams on the river above

Manchester, viz, at Hooksett, Garvin Palls, and Sewell Palls.

Previous to the erection of these obstructions there were large runs

of shad and other anadromous tish into and up the Merrimac. It is

claimed that at the junction of the two head tributaries, the Pemige-

wasset and the Winnii)esaukee, the shad and salmon separated, the

former following the eastern branch into Lake Winnipesaukee, while

the latter ascended the colder waters of the Pemigewasset, penetrating

its source in the White Mountains.

In a report' of special commissioners of Massachusetts, appointed in

1865, "concerning the obstructions to the passage of tish in the Con-

necticut and Merrimac rivers," the following ai)proximation of the yield

of shad in the Merrimac is given

:

*

Year.
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Since the erection of tlie Lawrence and Lowell dams tlie run of sliad

in the Merriniac has been constantly decreasin<;, as appears from tbo

following summary, covering a period of nineteen years:

Year,
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Statement
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locally at $1,2()S. Diuiug .hine and July, 1800, the schooner Robert

and Ca/T, al.So tons, of Cuiidys Harbor, fished for shad with a mackerel

l)urse seine in Casco Bay and cast thereof. Tlie seine was of the ordi-

nary type used in the mackerel fishery, 31i0 yards long, 3(J yards deep,

with 2-iuch mesh. The yield numbered 40,32.j, which were salted, filling

322 barrels, and sold mostly in Portland at $6.25 per barrel.

KENNEBEC RIVKR.

This river has its sources in Moosehead Lake, the largest body of

fresh water in Maine, at an elevation of 1,023 feet above sea level;

thence it fiows in a general southerly direction 155 miles to its entrance

into the sea immediately east of Casco Bay. It is tidal and imvigable

for large vessels from the mouth to Augusta, a distance of 44 miles.

Nine miles below Augusta it receives its principal tributary, Andros-

coggin River, and expands into a wide area known as Merrymeeting

Bay. At that point the water is usually fresh, but when the river is

low it is brackish as far as Richmond. At Augusta the Kennebec is

crossed by an insurmountable crib dam 17 feet high and 956 feet long,

rebuilt in 1870, A fishway has been placed in this dam at its eastern

end, but it does not appear to be used by shad. A second dam at Water-

ville, 17 miles above Augusta, was built in 1869, and is 7 feet high and
750 feet in length. There are several dams above Waterville, the prin-

cipal ones of which are at Kendall Mills, Somerset Mills, Skowhegan
Falls, Xorridgewock, Madison Bridge Falls, etc.

For half a mile or more immediately below the Augusta dam there

are gravelly shoals which afford suitable spawning areas for shad;

hence the erection of that dam has not been so injurious to this species

as to the salmon. Merrymeeting Bay, by reason of its broad, sandy

flats, is also a favorable place for shad spawning. The greatest injury

to shad in the Kennebec has been the vast quantities of sawdust run

into the river from numerous sawmills, covering the river bottom in

many places, so that areas formerly eligible for spawning-grounds are

no longer suitable. The fishermen state that this refuse is so abund-

ant in Merrymeeting Bay thaC at times the bottoms of their weirs are

covered several feet therewith.

Shad formerly ascended Kennebec Eiver as far as Xorridgewock
Falls, 84 miles from the sea, where they turned aside into a small trib-

utary known as Sandy River. At Ticonic Falls and at Skowhegan
there were productive dip net fisheries. It is on record that at the

former place four men dipped 0,400 shad in one day, and that 1 man,
with the assistance of 3 boys, caught 1,100 shad and 20 salmon in

one afternoon. The catch in a weir at Abagodasset Point for several

years following 1820 ranged from 3,000 to 10,000 annually.' A weir

operated in Merrymeeting Bay yielded during the ten years ending in

18.35 an average of 5,961 shad annually, while in the eleven years from

1837 to 1848 (omitting 1844, the record for which is lacking), the aver-

Fishery Industries of riiitcil Stiites, sec. v, vol. i, p. 719.
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age was 3,120 per year. In 1867 the catch of shad by 40 weirs, several

seines, and an unknown number of drift nets was 180,000. In 1880,

44 weirs, 2 seines, and GO or more drift nets took 105,000 shad. At
present the shad fisheries of Kennebec River are the most important

on the Atlantic coast north of Hudson River, and the yield is greater

than in all the remaining waters of the New England States. They

extend from the mouth of the river nearly to Augusta, the forms of

apparatus employed being weirs and drift nets. The catch in 189G by

the weirs numbered 205,542 and by drift nets 45,787, making a total of

251,329, valued at $22,806. The yield of shad in 1867 was estimated

at 225,000, of which 200,000 were taken in weirs and 25,000 in other

forms of apparatus.

The weir fishery is carried on in the Kennebec chiefly between Ice-

boro, about 3 miles above Swan Island, and the Chopps, a narrow part

of the river below Swan Island. In addition thereto there are a few

weirs in the vicinity of South Gardiner and 3 or 4 in the lower part of

the river below Bath. In Merrymeeting Bay there are numerous weirs,

and a number in Eastern and Androscoggin rivers, which enter the

Kennebec at Merrymeeting Bay. The following description of these

weirs is furnished by Mr. Ansley Hall

:

In form of construction these weirs are similar to the ordinary pound nets, but

they are operated on the principle of brush weirs. They cost from $10 to $40 each,

according to their size. Instead of lifting them to remove the fish a seine of IJ-inch

mesh is need for that purpose. The seine has a staff at each end and is furnished

with purse lines. It is about 25 feet in length and varies in width according to the

depth of the water in the weir in which used. If two or more adjacent weirs are

of about the same size and depth, one seine may be used for them all; otherwise

there is a seine for each weir. The leader of each weir consists of stakes driven

about 18 inches apart and interwoven at the top with maple sprouts or brush to

form a sort of binder for support. Where the tide is unusually strong large stakes

are driven a short distance fjom the leader stakes and the leader guyed to them
with lines. The length of the leaders varies according to the width of the river, but

where the stream is of sufficient width it is 100 feet or more, but it is usually from

50 to 100 feet. From a point near the shore, where the water is about 2 feet deep at

low tide, the leader may be extended a distance not greater than one-eighth of the

width of the river channel. The weir has three pounds, viz, the big or pasture

pound, the second pound, and the hsh pound. The big pound is at the end of the

leader and the other two are always on the down-river side of the big pound. The
depth of water in which the pounds are located varies from 18 to 30 feet at low

water, but is ordinarily about 22 feet, except in Merrymeeting Bay and the tribu-

tary streams, where the depth is less. The stakes forming the pound are from 20 to

45 feet in length, depending on the depth of water. They are driven 3 or 4 feet

apart and twine with 2i or 3 inch mesh is hung on the outside of them, this twine

being sufficiently deep to extend about 1 foot above the surface at high water.

An iron chain is attached to the lower edge of the twine to keep it close to the

bottom of the river. The principal part of each pound is made with a single piece

of netting. The length of the netting in the big pound is from 140 to 145 feet, in the

second pound about 100 feet, and in the fish pound from 135 to 140 feet. Small stakes

are driven outside the twine and bound to the large stakes with cords at intervals

as far down as practicable, thus serving to hold the twine in place. The weir is

braced by guy lines made fast to piles (known as "pointers") driven on the upper side

of the big pound. The cost of a completed weir varies from $100 to $800, averaging

perhaps $200.
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The boats used in the weir (ishery are llat-l)ottoiiU'<l skills, about 15

feet h)iijj: and square at each end, this form bein<;- the most convenient

for operating; the small seine. Large scows, L*() to .'JO feet in length, are

used in building the weirs and sailboats are emi)loyed in transi)()rting

the fish caught. In ISOO there were 114 weirs, valued at $20,400,

operated on the Kennebec by 118 men, using L*09 boats, valued at

$0,483. The season for shad began about May 1 and ended about June

25, the catch numbering 205,542, valued locally at 817,780.

Drift nets are operated in Kennebec River from the mouth to Merry-

meeting Bay, but most extensively in the vicinity of liowdoiiiham,

North Bath, Bath, and (leorgetown. The length of these nets ranges

from 200 to 400 feet, averaging slightly more than 300 feet. The mesh
varies from 4^ to 5.[ inches, the mesh of those operated below Bath
being a tritle smaller than those above that town. The drift-net season

is coincident with tlie season in which shad are taken in the weirs, and
extended in 18!I0 from May 1 to June 25. During that year there were

47 boats emi)]oyed in this branch of the shad fishery, manned by 72

men and using 107 drift nets, aggregating 10,838 yards in length and
$1,508 in value. The catch numbered 45,787 shad, valued at $5,026.

Androscoggin River.—This river, the principal tributary of the Ken-
nebec, has its sources partly in Maine and partly in New Hampshire,

whence it flows KiO miles to its entrance into the broad expanse of

Kennebec Biver, known as Merrynieeting Bay. It is navigable for a

distance of G miles from the mouth to the falls at Brunswick, where it

is crossed by two dams, each about 14 feet high. At Lisbon Falls, 8

miles above Brunswick, there is a dam 10 feet in height. At Lewiston,

40 miles by the river course from the ocean, there is a natural fall of 38

feet in a distance of GOO feet, at the head of which there is a dam with

an average height of 12 feet. At present the shad fisheries of the

Androscoggin are confined to the lower end below Brunswick Falls.

Of the 13,410 shad taken on this river in 1890, .5.500 were caught in a

seine, 1,530 in 5 drift nets, and 0,380 in 2 weirs. The seine was 00 yards

in length with 3^-inch mesh, and was operated during the month of May
and the first three weeks of June. The drift nets were 80 yards in

length with 3i-inch mesh, and were used by one man each, the season

being coincident with that of the seine fishery. The two weirs were
much smaller than those in Kennebec Kiver, both of them being valued

at only $125, and reipiired lour men to operate them.

Eastern liiver.—In l^astern Kiver, which enters the Kennebec a short

distance below Richmond, there are quite a number of shad taken by
weirs and a few by drift nets. The first report of the commissioner of

fisheries of the State of Maine states:

In Eastern Kiver thirty years ago tlierc were 8 or i> weirs, each of whidi took G,000

or 8,000 shad per year, and about tlio same amount was taken by semes and drift nets,

indicating a catch of 100,000 shad annually. In 1846 on? seine took 4,719 shad; in

1847, 3,819, and in 1852, 2,500.—(Reports of the Commissioners of Fisheries of Maine
for 1867 and 1868, p. 46.)
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The weirs used in 1896 were smaller than those on the Kennebec, but

resembled them in every other particular. Seventeen were set in the

lower end of this tributary, approximating $2,815 in value, and yielding

22,383 shad, valued locally at $1,074, These weirs also caught 60,216

alewives, worth $448. Six drift-net boats were used on Eastern Eiver,

manned by an equal number of men and using 12 nets, aggregating 900

yards in length, with 5J-iuch to 5^-inch mesh. Their catch from May 1

to June 25 numbered 3,000 shad, valued at $270.

East of the Kennebec River there are no established runs of shad up

any of the rivers of the United States. They appear to pass northward

along this stretch of coast during May and June, and to return south-

ward in August and September. During both the spring and the fall

run, especially the latter, small schools enter the bays and the lower

estuaries of the rivers. In only a few localities, however, do they

appear with suflicient regularity to induce fishermen to make special

preparation for them, among which are Harrington and Pleasant rivers.

In other localities, as Penobscot Bay, Dyer Bay, Narragaugus Bay, etc.,

they are taken incidentally in brush weirs and other apparatus set for

herring, etc.

PENOBSCOT RIVER AND BAY.

This stream is the largest on the United States coast north of the

Connecticut. Its sources are in the extreme western part of Maine

near the Canadian boundary, whence it flows a distance of over 200

miles to its entrance into Penobscot Bay, 30 miles below Bangor. It

is navigable for large vessels from the mouth to Bangor, a short dis-

tance above which it is crossed by a dam 10 feet in height. Within the

next 12 miles the fall of the river approximates 70 feet, an average of

nearly 6 feet per mile. Four miles above the first dam there is a second

dam 8 feet in height, and above this point there are numerous other

obstructions.

It is stated that originally shad was the most abundant fish in the

Penobscot. At Oldtown Falls, a short distance above Bangor, there

were extensive fisheries eighty years ago, which yielded far more shad

than was necessary for the local demand, the i)rice averaging but $1

per 100. On the lower part of the river many shad and salmon were

caught in weirs and sold to the vessels, mostly from Connecticut, which

made annual trips to this river for salt fish. There was little decrease

in the abundance until the erection of the dam a short distance above

Bangor in 1830. Then came the erection of the Great Works dam, and

in 1834 the Veazie dam was built. When the shad came up in the spring

of 1835 and found the impassable barrier to their further progress they

wandered in confusion below the obstruction, and many loaded with ripe

spawn were taken in weirs in the town of Bucksport, which was reported

as a most unusual occurrence. The Penobscot, unlike the Kennebec,

has no available spawning-grounds below the dams, and furthermore

the water is frequently brackish all the way to Bangor, and whatever
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spawiiinji-j^nmiuls would be otherwise aviiilablo in tlie Penobscot are

covered witli sawdust. During the tew years foUowiug tlie coustructiou

of the dams shad were taken in abundance in tlie lower end of the

river, then they decreased, and within a few years more they were com-

l)aratively scarce. In 18(17 the yiehl of shad in the Penobscot had

decreased to 5,000. Mr. IS. B. Rich, of Bucksport, fished witli a drift

net about IS.JO, and would sometimes catch 300 sUad in a single night;

in 18(>7 he tried it again, but caught no more than 3 shad in any one

night, and sometimes 2, 1, or none. Tlie decrease in yield of shad in

these waters has continued up to the present time, the entire yield in

Penobscot River and Bay in 1800 being only 114 shad, worth $1*7, all of

which were caught in weirs set in the vicinity of VVhitmore Island.

PLEASANT AND HARRINGTON RIVERS.

On Pleasant River shad have been caught to a greater or less extent

during the past thirty years, and for the last ten years from 5,000 to 10,000

have been taken annually by drift nets. In 1890 there were 14 boats,

worth $178, and manned by 15 men, engaged in drifting nets on this

river near the town of Addison. The nets used numbered 31, with an
aggregate length of 1,800 yards and value of 8 180, the mesh being 4f
inches. The season extends from July 1 to September 15, and the

catch of shad numbered 9,000, worth $720.

In Harrington River there were 6 men who caught shad in 1896,

using boats, worth $30, and 9 drift nets, 540 yards in length, with

4^ inch mesh, worth $54. The catch approximated 3,000, most of which

were salted and sold at $8 per barrel.
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LIST OF FISHES COLLECTED AT THE REVILLAGIGEDO ARCHI-
PELAGO AND NEIGHBORING ISLANDS.

By David Stakk .Jokdan axi> Richard Cuittenden McGregor.

In March, 1807, the schooner H. C. Wahlberg, Capt. A.W.Anthony,
set out from San Diego, California, on a collecting- exjiedition to the

islands off the west coast of Mexico, the principal purpose being the

exploration of Clarion and Socorro, which islands, with other smaller

ones, compose the Revillagigedo Archipelago. Mr. R. C. McGregor, ti

student in zoology in Leland Stanford Junior University, went with

the vessel as assistant naturalist. Among other things he obtained a
tine collection of tishes, most of them secured by the use of dynamite
among the rocks of Clarion and Socorro islands, A very few of the

fishes were taken in an improvised seine; no dredge was used.

Collections were made at the following localities: Ensenada, March

6; Todos Santos Island, March 10; Sau Martin Island, March 12; San
Geronimo Island, March 15; Guadalupe Island, March 23; San Benito

Island, March 27 ; Cerros Island, April 4; Abreqjos Point, April 19; San

Jose del Cabo, April 23. Finally, nearly the whole month of May was

devoted to collecting about San Benedicto, Socorro, and Clarion islands.

Six new species were obtained, as follows:

Miirichihys pantostigmius, Claiiou Island, 5710, L. S. Jr. Univ. Mus.
ZalociiH Htilbe, Clarion Island, 1199(i, L. S. Jr. I'uiv. Mns.
Apogon airicandus, Socorro Island, .5708. L. S. .Jr. Univ. Mus.
Forcipigertlarissimits. Clarion Island, .5709. L. S. Jr. Univ. Mus.
Caiitlwriiies carolii; Socorro Island, 11995, L. S. Jr. Univ. Mus.
Azurina hinuulo, Guadalupe Island, 5706, L. S. Jr. Univ. Mus.

These species are also described in Jordan «S: Evermann's Fishes of

North America.

The fauna of the outlying islands of Mexico and Ecuador contains a

number of species properly belonging to the fauna of the East Indies.

Few of these oriental types reach the coast of Mexico or Panama, the

coast fauna in general being analogous to that of the West Indies.

Among tlie forms not found along the mainland, and identical or nearly

identical with East Indian species, are the following, those here recorded

for the first time from American waters being printed in italics:

Lycndonti8pictH8. Kypliosns Intescens. Teiilhin aliala.

Caranx orthograiunius. Forcipigcr Jldiisaimits Mflichtliys liispinosus.

Caranx lugubris. (lonj^irostris). Xanthiohthys nu'uto.

Kuhlia ar^e (ta-niura). Zauclus cornutus. Catitherines carolw (pardalis).

PriacanihuH caroUmis. Teuthis triostegus. Ovoides sotosus.

Evoplites viridis (ka.'^mira).

F. R. 98 18 273
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A full series of the specimens taken, including the types of the new
species, has been presented to the Leland Stanford Junior University

through the Hopkin^ Seaside Laboratory, under the auspices of which

Mr. McGregor carried on his work. The rest of the collection has been

sent to the British Museum, the museum at Vienna, the U. S. Fish

Commission, and the U. S. National Museum.

Family GALEID.S].

1. Mustelus lunulatus Jordan & Gilbert. One specimen, a yard long, from Ensen-

ada, Lower California, March 6. The first dorsal fin is lower and both dor-

sals and pectorals less incised than in the type of the species. The snout is

also somewhat shorter and broader. All these may be characters of increased

age, as the specimen is larger than any of those originally described.

2. Carcharhinus platyrhynchus (Gilbert). Two young individuals from Clarion

Island.

3. Galeorhinus zyopterus Jordan & Gilbert. One young example from Ensenada
harbor.

Family DASYATID-^].

4. Urolophus halleri Cooper. One specimen from Ensenada, Todos Santos Bay.

Family OPHICHTHYIDiE.

5. Ophichthus triserialis (Kaup). One examjile, 2.5 inches long, Abreojos Point,

Lower California.

6. Myrichthys pantostigmius Jordan & McGregor, new species. (Plate 4.)

Head 4f in trunk; head and trunk 1^ in tail; cleft of mouth 3 in head;

eye 2f in snout, which is 5 in head. Pectorals 2 in snout. Anterior nasal

tube equal to eye. Color olivaceous, with distinct rows of roundish blackish

spots, some oblong, smaller on head and covering whole belly ; 39 spots in

dorsal row, these spots usually alternating each with its fellow on the other

side of dorsal, but sometimes opposite ; spots of second row usually opposite

;

spots of third row smaller and more numerous, extending from the cheeks to

opposite the vent, thence running along base of anal, not running on fin, most

of this row little more than half length of snout; two rows of smaller spots

along belly from gill-opening to front of anal ; spots on nape rather large, on

head larger and more numerous than in Myrichthys xysturus. Pale color of

head reduced to reticulations; chin and throat spotted as much as head; no
pale centers to any of spots; dorsal without spots or with only a few which

come up from back ; from beginning to end the dorsal has a broad black mar-

gin about one-third height of fin; anal mostly pale, but having some black

markings toward tip; pectoral with upper half jet-black—a white margin

posteriorly—a small black spot in lower corner.

One specimen, 20 inches long, from Clarion Island; type number 5710,

Leland Stanford Junior University Museum.
This species is distinguishable from all others by the great number of

spots of small size and without pale centers, the black edge of dorsal, the

black spot on the rather large pectoral, and especially by having the belly

spotted as much as the other parts.

Family MURiENID.aJ.

7. Lycodontis pictus (Ahl). Head 4 in trunk; tail about as long as body; eye 2^
in snout, situated midway between snout and angle of mouth ; cleft of mouth
2| in head; snout 5| in head; anterior nasal tube 5 in snout; gill-opening

11 in head. Teeth in each jaw in a single series
;
palatine series either par-

allel with these or divergent; no distinct canines; teeth comparatively small)
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anttrior vonuTino oiio or two in number, liluntish and conical; po8t«5rior

vomerino teeth rather bliiut. Anterior nasal tubes moderate. Dorsal low

anteriorly, bi'ginning in front of }jill-opening.

Color lirownish-gray or pnrijlish, everywhere covered with small piiri)lish-

blaek spots wliieh are not conllucnt. In adults tlie spots an* arranj^cd in

roundish or rinj^jlike blotches on the sides; lins colored like body, without

dark edges.

Two specimens, each about 3 feet long, taken at Clarion Island seem to

correspond in full with lignres given )>y Dr. Bleekcr of this common East

Indian species.

8. Echidna nocturna (Cope). The smallest specimen measures 20 inches and is

unspotted except for a few faint yellow markings near end of tail. The
largest example measures a yard in length. Teeth of lower jaw blunt, sub-

eqnal and biserial, in upper jaw larger and irregularly biserial. Directly

nndcr front of eye these teeth become regularly biserial, much smaller, and

more pointed; two regular rows of blunt vomerine teeth. Dorsal high,

beginning over gill-opening; eye 2J in snout; head 3V in trunk; cleft of

mouth Sk in head; tail shorter than rest of body by distance from cleft of

mouth to gill-opening. Color seal brown, belly lighter, covered everywhere

with irregular spots and points of yellow, the largest about ^ inch across.

Lower jaw heavily mottled with yellow; no black margins to spots. Eight

specimens were collected among rocks in tide pools at Clarion and Socorro

islands.

Family EXOCCETIDiE.

9. Exocoetus volitaiis Linnteus.

Halocii2)sc}us erohtns (Linnaeus).

Numerous specimens taken from the Gannetsof the Revillagigedo Islands.

10. Exonautes xenopterus (Gilbert). One large specimen from Clarion Island

—

another off Morro Hermoso, Lower California.

Family MUGILIDiE.

11. Mugil curema Cuvier it A'alencienues. An abundant species at Socorro Island.

Four specimens.

12. Chaenomugil proboscideu8(Giinther). Young and large individuals abundant

at Socorro Island.

Taken commonly in large tide pools witli Kuhlia arge. S(mie of the smaller

specimens have the pectorals and anal colorless ; others have a smaller mouth

and thinner lips, but tliese characters are not coordinated with any other

ditlerences. All probably l»elong to one species.

Family HOLOCENTRID-a!.

13. Holocentrua suborbitalis (Jill. Clarion Island and Socorro Island; twelve

largo examples taken similar to others from Mazatlan.

14. Myripristis clarionensis Gilbert. Five large examples from Clarion and

Socorro islands, similar to original types.

Family MULLID^.

15. Upeueus deutatus Gill.

Vpenens dentatuH Gill, I'roc. Ac. Nat. Sci. Phila. 1862, 256.

UpencuK xajithofjt ammtiH Gilbert, I'roc U. S. N. M. 1891, i553.

A 6-inch 8pe<imen from Clarion Island. Teeth in bands anteriorlj-; uni-

serial behind; scales 38. This specimen certainly belongs to U. dentatua.

"We can not sejiarate U. xanthojiammna from it.
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Family LEPIDOPODID^.

16. Lepidopus xantusi Goode &, Beau.

Lejndopus cai(dafus Jordan & Gilbert, Proc. U. S. N. M. 1882, 358, Cape San

Lucas; not of Euphrasen.

Lepidopus xantusi Goode & Bean, Ocean. Iclitb., 519, 1896; same type; no

description.

Head 4| in body; depth 3 in head; eye 5^; interorbital space Si; snout 3;

maxillary 3^; D. 82; A. ii, 45. Jaws with long, sharp teeth in front, fol-

lowed by single rows of weaker ones arranged in groups of twos and threes.

Height of dorsal, near middle of bod}', 3 in head. Anal preceded by 2

scutes, tlie tirst minute, the second wide, strongly keeled, its length f
diameter of eye. Pectoral of 12 rays, its length 2 in head. Each ventral

consists of a flat, keeled spine followed by a minute ray. This species is

known from two small mutilated specimens, both found on the beach near

San Jose del Cabo, Cape San Lucas. The type was taken by .John Xantus

about 1860, and recorded by Jordan & Gilbert in 1882 as Lepidopus caudatus.

The second, of about the same size (5^ inches), was taken by Mr. McGregor

in 1897. From the latter the above account was taken. The spetdes differs

from Lepidopus caudatus in the much shorter dorsal and longer anal. (D.

103; A. 24, besides rudiments, in L. caudatus.)

Family CORYPHiENIDiE.

17. Coryphaena equisetis Linnseus. Head ii; depth 5; D. 51; A. 24. Eye 3|,

large, without adipose eyelid. Nostril in middle of snout, vertically oblong,

rather small, anterior opening scarcely visible. Snout bluntish, 3'§. Mouth
slightly oblique; maxillary 2| in head; narrow at tip, without distinct sup-

plemental bone. Preorbital very narrow, 4 in head. Jaws each with a

broad band of small, sharp, rather wide-set teeth; bands of villiform teeth

on vomer, palatine, aud tongue. Body elongate, little compressed, formed

as in a mackerel ; head broad above, with a conspicuous crest. No pseudo-

brauchiie; branchiostegals subtruncate; opercles strongly striate. Dorsal

beginning near opercle, posterior ray longest, last few rays pencil-like,

resembling finlets, but not divided at base; anal without evident spine, first

rays longest, 5 in head, last rays slightly free at tip, but less so than in

dorsal ; caudal peduncle slender, rather long ; caudal lobes long and sharp,

about as long as head; ventrals long, depressible into a deep groove on

abdomen. If in head ; ventral rays i, 5 ;
pectoral very short, falcate, 1* in

head. Scales cycloid, more or less elongate on each side of head, along base

of anal more or less bony, elongate and spine-like, closely imbricated ; along

ventral groove and other lower parts somewhat similarly moditied; lateral

line somewhat undulate and a little arched in front. Color dark blue-black

above, lower parts paler and nearly uniform.

This specimen is probably the young of Coryplwna equisetis. It seems to

differ from Coryphicna equisetis as described, in color, in not having an angu-

lation in lateral line, in the longer head, in having the opercle striated for

its whole length, in elevated last rays of dorsal, and possibly in modiiied

scales of belly.

One specimen, 9 inches long, from San Benedicto Island.

Family CARANGIDiB.

18. Trachurops crumenophthalmus (Bloch). Six specimens from Socorro Island.

ZALOCYS Jordan &, McGregor, new genus.

This genus is closely allied to Hypodis Kafinesque (=Lichia Cuvicr), difl'ering in

the absence of a procurrent spine before the dorsal, in the cultrate thoracic

region, and in the weaker teeth. Hypodis is scarcely dillerent from Trachi-
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iiotiix, the only cliuracters tiiiifjiblo hoiiijj; tho larger te«ith, low dorsjil, and
less flovatod forehead. The distinctioiiH lietween IlypotliH and I'nicliinuliiH

are of little vahie. I'orthmciis {-—lAchia amid and /-. x'ad'tijo) is a well-dofined

^einis, distintitiished by the larj^je mouth and projectinjj lower Jaw.
19. Zaiocys stilbe .lordan A .McCJregor, new speeies. (I'late 5.)

Mead J! ; depth 2^ ; 1). vi, i-2t>; A. Ii, 1-23. Hody elliptical, deeper than in

Hjfpodia glattciia; belly sharjdy compressed; ventral outline similar to that

of dorsal. Anterior profile of head elevated and sharp, the eye being rather

below than above its middle. Eye 5 in head, with couspicuons adipose

eyelid before and behind
;
posterior nostril much larger than anterior, verti-

cally oblong; maxillary broad, without supplemental bone, extending to

pupil, 2|j in head. Month moderate, ol>li(iue; each jaw with bands of viili-

form teeth; similar teeth on vomer, palatines, and tongue. I'reopercle very

broad; cheek moderate; suborbital narrow: preorbital very narrow, 4 in

eye. No pseudobranehia'. Gillrakers very long and slender, numerous. No
procumbent spine before dorsal. Spines low and separate; spines progres-

sively higher. Soft dorsal and anal each with a sheath of scales. First

rays of dorsal very slightly elevated, 2| in head; anal without distinct

anterior lobe, longest ray 2| in head; caudal peduncle long and slender, its

depth 3J in head; caudal tin widely foi-kcd, lobes long and slender, upper a

little the longer, more than half longer than head, and 2f in body
;
i)ectoral

moderate, iHn head; ventrals very small, 6.^ in head. Snout 3| in head.

Premaxillary protractile.

Color dark steel-blue or blackish above; lower parts soiled white; axil

and base of pectoral within jet-black; dorsal and anal each with a narrow
whitish edging; caudal black, each lobe w'ith a narrow whitish edging

within; body covered with small smooth scales, much as in Trachinotus.

Lateral line undulate; very slightly arched anteriorly.

One specimen, 16 inches in length, from Clarion Island.

Type, No. 11996, L. S. Jr. Univ. Mus.

20. Caraugoides orthogrammus (Jordan & Gilbert). Seven large specimens from

Clarion and Socorro islands.

21. Caranx marginatus Gill. Two large specimens from Socorro Island.

22. Caranx lugubris Poey. Three large specimens from SanBeuedicto and Clarion

islands.

Family APOGONIDiE.

23. Apogon retrosella (Gill). About 30 specimens secured with dynamite at San
Benito Island.

24. Apogon atricaudus .Jordan & McGregor, new species.

Head 2A; depth 3; D. vi-i, 9; A. ii, 8; scales large, tinely ctenoid, 3-26-11;

eye 3^ in head; .second dorsal spine stoutest, about 2 in head; gillrakers 17,

moderate. Body similar in shape to A. retrosella. Jaws reaching to poste-

rior border of eye, 1^ in head. Pectoral reaching to opposite front of anal,

Ij in head. Color rosy, darkened with dusky points, more or less olivaceous

above; head and throat verging on orange; tirst dorsal black; second dorsal

rosy ; caudal dusky, more or less Hushed with rosy, other tins paler ; no bhiek

spot on head or on base of caudal, there being no definite markings any-

where except the dusky red of the tail. Numerous sjteciniens collected at

San Benedicto, Socorro, and Clarion islands. Usual length 3 to 4 inches.

Type, No. 5708, L. S. Jr. Univ. Mus.

Family KUHLIIDiE.

25. Kuhlia arge .Tordan & Bollman. Thirty-one specimens, from Clarion and
Socorro islands, where it is very common.
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Family SERRANID-ffi.

26. Epinephelus labriformis (Jenyus). Three specimens, taken at Socorro Island.

27. Epinephelus analogus Gill. The two specimens from Clarion Island are

very dark, almost black, and scarcely spotted, except on the breast.

28. Dermatolepis punctatus Gill. Three specimens from Clarion and Socorro

islands.

29. Paranthias furcifer (Cuvier &, Valenciennes). San Benedicto, Socorro, and

Clarion islands. Seventeen fine specimens obtained.

30. Paralabrax clathratus (Girard). One specimen from Todos Santos Bay.

31. Pronotogrammus multifasciatus Gill. One young example from Clarion

Island. Head 2|; depth 3^; D. x, 15; A. Iil, 7. Snout f of eye. Gill's

specimen was of the same size as ours (2 inches). Ours differs from the

description in having no rnfons bands. Color very pale brown ; upper third

of body thickly sprinkled with fine black spots. In other respects this

specimen agrees with the very young oue on which the species was based.

Family PRIACANTHIDiE.

32. Priacanthus carolinus Lesson. This species is very close to Priacanthus cruen>

tains of the West Indies, from which it is very doubtfully distinguished by

the larger spine on the preopercle, which reaches the edge of the opercle

and is 2h in eye. That of P. cnieiiiatus does not reach opercle and measures

4 in eye; its edge less rough. Body a little deeper than in P. criieniatus;

depth of the latter 3 in the length. In P. carolinus the depth is 2f in the

length. In color and general appearance similar. Caudal truncate. The
distinction of this species from P. craentatiis is very doubtful. Socorro and
Clarion islands ; 4 specimens.

Family LUTIANIDiE.

33. Evoplites viridis (Valenciennes). Abundant at the Revillagigedo Islands,

Clarion, and Socorro ; 18 specimens obtained.

Family HiEMULIDiE.

r34. Anisotremus davidsoni (Steindachner). One specimen from Cerros Island.

35. Anisotremus iuterruptus (Gill). Three specimens from Clarion and Socorro

islands.

Family KYPHOSIDiE.

36. Girella nigricans (Ayres). Four specimens from San Benito Island.

37. Kyphosus analogus (Gill). Eight specimens from Clarion and Socorro islands.

38. Kyphosus elegans (Peters). Four specimens from Clarion and Socorro islands.

39. Kyphosus lutescens (Jordan & Gilbert). A distinct species, (luite different from

Kyphosus elegans, differing in larger body, smaller scales, lower pectorals,

and especially the larger month and broader teeth. In all, 19 specimens

were obtained. Those from Clarion Island indicate a marked dichromatism.

The coloration of four typical specimens may be described as follows

:

1. Everywhere bright lemon-yellow.

2. Dull dark-brown, almost black, slightly paler on lower half of body;

a large lemon-yellow area beginning on the nape extending over the sides

and front of the head; this includes the opercle, upper part of preopercle,

suborbital and preorbital on right side, while on left side the color does not

reach quite so far down; in front the color descends to a deep groove above

the upper lip; under lip, tip of left pectoral, and tip of caudal also yellowj

length, 16 inches.
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:i. Tho yellow patdi extending bat-kwanl to fioiifc of dorsal and below on

Bides only to a lino ])assinii horizontally through ceuter of e^e; no color on

pectorals, and only a few sniiill blotches on caudal and lower lip; length,

16 inches.

4. Everywhere dark-brown; scales of sides and lower parts with lighter

centers, the brown being reduced to a mere edging; no yellow anywhere;

lengtli, 11 inches.

40. Mediahiiia califoruiensis (Stcindacliner). One Hjiecinion from Cerros Island.

Family SCI^NID2E.

41. Genyonemus lineatus (Ayres). Five specimens from Ensenada, Todos Santos

Hay.

Family CH.ff3TODONTID-aE3.

FORCIPIGER .Jordan iV McGregor, new genus.

Type Clielmoii Ion(/iro8(ri8 Cnvier & Valenciennes.

This genus diftcrs from Prognathodes Gill in having smaller scales, about 175 in

a lateral series instead of 40. Chelmon Cuvier is also closely related, having

the same forceps-like mouth; but in the latter genus the spinous dorsal is

much less developed, containing about 9 spines.

42. Forcipiger flavissimus Jordan & McGregor, new species.

Head 2^; depth 2; eye 6.V in head; D. xii-22; A. iii, 17; snout 1^. in head,

its free part 2* in head. Body short, strongly compressed, its outline

angular; anterior profile very steep, concave, extending into the forceps-

like mouth. Moxith small, at tip of projected head; cleft of mouth 1^ in

eye. Scales 9-75-35; small, ctenoid, irregularly placed, smaller on head
and bases of fins; rows along lateral line parallel with it only anteriorly;

tho.se below run horizontally on lower parts of body and irregularly upward
and backward above; lateral line concurrent with back. Dorsal spines

extremely strong; fifth spine If in head; longest soft rays 2h in head;

caudal 2J in head, slightlj' lunate; upper lobe longer; third anal spine very

long, much longer than second, 1* in head; pectoral 1^ in head; ventral li

in head. Color bright orange, deepest at base of dorsal; head and nape
abruptly black to level of lower point of eye; below this point reddish

•pearly; breast and lower jaw nearly white; preorbital bones paler than

cheeks, which are mottled with brownish ; median region of top of heaid

paler; pectoral slightly dusky; dorsal and anal colored like body; last rays

of anal with a large black blotch, vertically oblong, its longest diameter a

little greater than diameter of eye ; not ocellated as in F. longirostris; soft

rays of dorsal and anal blackish at tip, the very edge pale; caudal abruptly

blackish.

This species is extremely close to F. longirostris, which is common in the

East Indies. The American species differs, however, in the deeper body and
much larger anal spot, which is almost round in the East Indian species.

This species belongs to the new genus Forcipiger, of which Chelmon longi-

rostrin Cuv. & Val. may be taken as type. Fotir specimens from Clarion

and Socorro islands; one specimen from San Bcnedicto Island. Length,

from 5 to 7 inches. Type No. 5709, L. S. Jr. Univ. Mus., Clarion Island.

43. Chaetodon nigrirostris (Gill). Six specimens from San Benedicto, Socorro, and
Clarion islands; largest about 6 inches long.

44. Holacanthus clarionensis (Gilbert). Eighteen specimens from Clarion and
Socorro islands. A very young example from Clarion Island may be thus

described: D. xiv, 17; A. iii, 18; head 4i in total length; depth 2i; pec-

toral equal to head; interorbital space equal to eye; eye 3 in head. Color

in alcohol, very pale yellow; two parallel dark-brown bands passing verti-

cally from near lower edgeof preopercle to occiput, one on each side of eye,
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the two anterior bands joining on top of he.id, forming an inverted A, nbove

which is a dark-brown spot; on posterior half of body, extending from

dorsal to anal, but not on these fins, are finer bands of very daik brown;

between each two bands is a parallel row of spots ; these are also five in

number; posterior half of body dark; caudal and peduncle abruptly light;

dorsal and. anal plumbeous, each with an edging of black, Avhich becomes

wider on posterior rays of each fin ; traces of Ijright orange near anterior

part of dorsal.

Family ZANCLID^.

45. Zanclus comutus (Linnams). Twelve line specimens from Clarion and Socorro

islands.

Family TEUTHIDID-ai.

46. Teuthis triostegus (Linnreus). Abundant at Clarion and Socorro islands, where

18 specimens were taken.

47. Teuthis aliala (Quoy&Gaimard). Head3|; depth 1| to If; eyeSi^; maxillary

6 in head; D. ix, 30; A. iii, 26; from eye to corner of mouth 1^ in head; gill-

opening 1^ in head; opercle short and obliquely set, -ii in head; humeral

bone striate. Body ovate, strongly compressed, closely covered with small

rough scales, which become shagreen-like on head ; lateral line present but

obscure ; anterior profile strongly convex above and before the eye, thence

somewhat concave and nearly vertical to the small projecting mouth. Teeth

broad, digitate, each with 4 or 5 claw-like serra> at tip; lower teeth with

serras much smaller, forming notches. Jaws very short, about equal, about

ten incisors in each. Anterior nostril moderate, close to posterior, which is

much smaller. Dorsal and anal low, continuous, rounded behind; longest

dorsal ray near end of fin, 2i in head ; longest anal ray 2 in head ; caudal

lunate, i^pper and lower angles produced but acuminate and short; middle

rays 1^ in head, the outer 1 in head; caudal spine very strong, 2! in head,

attached near its posterior end ; the short, sharp posterior end free, the long

knife-like anterior portion slipping into a groove in the flesh; pectoral long,

i longer than head ; ventrals 1^ in head.

Color dark purplish-brown, almost black ; a pale yellowish or flesh-colored

crescentic area under eye ; a ring of pearly whitish around mouth, not quite

continuous above; a pale streak along dorsal fin, widening behind into a

pale orange patch, occupying two-thirds of height of last ray ; base of last

ray dusky; anal marked in the same way as the soft dorsal; a very narrow

pale edge to soft parts of dorsal and anal
;
pectoral black ; caudal abruptly

pale at end of black caudal peduncle, with a curved dark streak parallel

with edge of fin and nearly the diameter of the eye behind it; behind this

a diff'use yellow area parallel with the dark streak ; fin behind with a narrow

pale edging; flap of opercle narrowly pale.

Abundant at Clarion and Socorro islands, where 12 specimens were taken.

We can not distinguish our specimens from descriptions and figures of

Teuthis aliala {Acanthurus glaucopareius) of the East Indies.

48. Xesurus punctatus (Gill). Two adults from Socorro Island.

49. Xesurus clarionis (Gilbert & Starks). Twelve specimens from Clarion and

Socorro islands.

Family BALISTIDiE.

50. Pachynathus capistratiis (Shaw). Six specimens from Clarion and Socorro

islands.

51. Melichthys bispinosus Gilbert. Nine specimens from Socorro and Clarion

islands.

52. Xanthichthys mento (.Jordan iV Gilbert). Seventeen specimens from Clarion

and Socorro islands.
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Family MONACANTHIDiE.

53. Cantherines carolce .lordan & McGregor, new spccieH. (Pinto (5.)

Head ',i^\r, depth 2; D. 1-38; A. 34; eye uA. IJody ollipti<'al, compressed;

iiiiterior i)n)ine somewhat eoucave, ol)li(iue ; uioiith small ; teeth largo, white,

and irregular. (Jill-opening somewhat in front of pectoral, its length 3^ in

head; dorsal spine very stout and straight; everywhere rough, Itut without

distinct liarbs; Ik iuh»»ad; dorsal rays 2 in head; anal ray 2 in lioad ; caudal

short and rounded, lii in head; pectoral 2^ in head. Tel vie hone with ven-

tral spino firmly attached, with about 10 radiating spinuies; ventral flap

little developed; caudal peduncle with four strong, bluntisli spines, turned

forward and arrayed in two i>airs, one above and one below the middle line.

Color dull grayish-olive; head linely speckled with darker; tins all pale;

lips whitish. Length 11 inches; two specimens from Socorro Island.

The species is named for Mrs. Charlotte C. McGregor.

54. Ceratacanthus scriptus (Osbeck). Thirteen specimens from Clarion and

Socorro islands. A specimen has Vieen recently sent us from the Venailos

Islands at Mazatlan, by Dr. (ieorge Warren Rogers.

Family TETRAODONTID^.

55. Ovoides setosus (Rosa Smith). Very abundant about Socorro and Clarion

islands; 48 fine specimens taken; mostly in .shallow water during low tide

at Clarion Island. These vary in color from pure lemon-yellow to indigo-

blue and dark brown, with round white spots. There are also various

intergradations, as yellow blotched with blue, the singular variations in

coloration being parallel with those of Kyphosim luteacens.

Family DIODONTIDiE.

56. Diodon hystrix Linnwus. Five specimens from Clarion and Socorro islands.

Family EMBIOTOCIDJB.

5 /. Abeona minima (Gibbons). One specimen. Todos Santos Bay.

58. Brachyistius freuatus Gill. Five specimens from Guadalupe Island, 4 to 5

inches in length. These are somewhat deeper than the typical form from

California, but we do not think them specifically distinct. Also taken at

Todos Santos Islands. Head 3; depth 2; D. viii-13; A, in, 22; scales 44
;

eye in head 3; ])ectoral in head IJ^: A^entrallA; second anal spine 4i ; middle

caudal rays 2^. Bodj- short and compressed ; back elevated ; head depressed

above snout, which sharply projects; numth, small, projecting, maxillary

not reaching to opposite eye. Gillrakers 23, slender. Color olivaceous

above with darker blotches on each scale, forming lengthwise stripes; lower

parts tinged with coppery; a large moon-shaped black spot in axil of pec-

toral, nearly as large as eye, but not so wide ; fins pale, lower ones, especially

caudal, flushed with orange.

59. Embiotoca jacksoui Agassiz. Specimens taken at Todos Santos, San IJenito,

Cerroa, and (Juadalupe i8lan<ls.

60. Taeniotoca lateralis (Agassiz). Two specimens from San Benito Islands.

Family POMACENTRID^.

A2UBINA .Jordan iV Mc(iregor, new genus.

This genus is closely allied to Chromis, from which it differs in the long and
slender body, the low vertical fins, tlio very deeply forked tail, the jiointed

snout, and especially in the continuous lateral line which extends mucli

beyond the dorsal tin, and is wanting on but two or three scales.
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61. Azurina hirundo Jordan & McGregor, new species. (Plate 7.)

Head 4 in length; depth 3|; D.xii, 11; A. ii, 11; scales 3i; maxillary 3 in

head; eye 4J; pectoral 1; ventral 1^; longest dorsal spine 3^; longest soft

ray 3|; second anal spine 3^; longest anal ray 3; caudal lobes l^; middle

caudal rays 4. Body elongate, elliptical, slender, and symmetrical, moder-

ately compressed; snout acute; profile slightly depressed above. Eye
moderate, larger than in related species ; maxillary reaching to below front

of eye. Teeth conical, rather few and small, in narrow bands or almost a

single series. Preorbital very narrow, about one-half eye; suborbital hid-

den by scales. Preopercle narrow, largely free, its edge slightly crenulate;

gillrakers 36, long and slender; head covered with small scales except

throat and tip of snout; those on body large and ctenoid, lateral line

strongly curved, continuous, extending downward along the tail, wanting
on two or three scales only. Caudal deeply forked. Color deep steel-blue

above, slightly paler below, with a tinge of orange at throat; pectoral

light yellow, dusky at base; other fins black, each with a narrow whitish

edge. West coast of Mexico. Three specimens from Guadalupe Island,

each 6+ inches long. A beautiful fish with a symmetrical outline, unusual

in this family. Type No. 5706, L. S. Jr. Univ. Museum.
62. Chromis punctipinnis (Cooper). Many young from Todos Santos Island ; adult

examples from Guadalupe, Cerros, and San Benedicto Islands.

63. Abudefduf saxatilis (Linnteus). Abundant in the tide pools at Clarion Island;

11 specimens taken.

64. Eupomacentrus leucorus (Gilbert). Socorro Island, 6 specimens; San Bene-

dicto Island, 6 specimens; Clarion Island, 4 specimens; a strongly marked
species.

65. Eupomacentrus rectifraenum (Gill). Six specimens from Clarion and Socorro

islands.

66. Eupomacentrus flavilatus (Gill). Head 3i; depth 2; D. xii, 15; A. ii, 13;

scales 29; eye in head3i; pectoral in head 1^; ventral in head 1; longest

dorsal spine 2; second anal spine 2; body deep, robust; anterior profile

more or less convex and broad; general appearance of J5. rectrifrwnum, from

which this seems to differ only in color. No blue spots, even in specimens

3 to 5 inches long; posterior part of body, especially pectoral and caudal,

light yellow ; rest of body paler than in E. rectrifranum, but color variable

;

ventrals black ; dorsal and anal dusky, more or less pale posteriorly
;
pec-

toral with a very distinct black spot at base of upper rays. The latter

species has the tail and caudal as dark as other fins, which is not the case in

E. flavilatus. Twelve specimens from Socorro Island, two from Clarion

Island, and one from San Benedicto Island.

67. Hypsypops rubicundus (Girard). One young example, 4 inches long, from

Guadalupe Island agrees in the distribution of blue spots with Mrs. Eigen-

mann's description. Eight specimens of different sizes from Todos Santos

and Cerros islands.

68. Microspathodon dorsalis (Gill).

Microspafhodon cinereus Gilbert; adult;

Microspathodon azurissimus Jordan &, Culver; partly grown.
Ten very fine specimens from Clarion and Socorro islands.

69. Microspathodon bairdii (Gill). Head 3; depth 1|; D. xii, 16; A. ii, 14; scales

3-29-10. Body short, compressed, elongated; nape abruptly produced

behind and above a depression which lies above eye, nape thus projecting

forward in a iieshy crest. Anterior profile steep with fleshy corrugations

separated by depressions. Tip of snout above premaxillary enlarged to a

fleshy pad, under which the jaw slips, separated from preorbital and top of

head by adecp crease, de(>per in larger specimens. Nostril midway between

eye and crest, its size much larger than in M. dorsalis, being i diameter of

eye. In M. dorsalis of same size the nostril is reduced to a small pore, about
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i of eye, Proorbital lowor tliaii in .1/. dorsalin, its lieight 2J in head in adnlt;

in M. dorsalia of same si/o tlie i)roorbit:il i« 2i in liead. Tt'«th small, trun-

cate, movable, about as in M. doraaliii ; lower Jaw sliorter; width of mouth
2 in head; 4 oi- 5 rows of scales on cheek. Caudal jjeduncle short and deep,

h-n-^tli 2k in head, its depth 2 in head. Dorsal elevated but not falcate,

simply auf^ular, its lonjjest ray IJ iu head; anal similar, its longest ray H
in head; caudal lunate, its lobes not produced, the upp<a- longer, 1^, in iiead

;

]»ectoral 11, in head; ventral 1^^ in head.

Color uniform deep blue-black without paler margins to fins, except very

narrow lino on upper ray of ]tectoral and upper lobe of caudal; no sjjots.

This species is well separated from M. dorsalis, diflering in the much larger

nostril, Ueshy hump at nape, in lower jireorbital, and in the uneven slope, of

])rotile, as well as the absence of falcate tii)8 to fins. The very small speci-

mens which have been named Microspathodon bairdii seem to be the young of

this species, having the large nostril and the noufalcate fins. The bright

orange markings seem to disappear with advanced age.

On© adult from San Benito Island ; three adults from Socorro Island.

Family LABRIDi5E3.

70. Harpe diplotaenia Gill. Thirteen large sjiecimens from Socorro and Clarion

islands.

71. Pimelometopon pulcher (Ayres). One specimen from Todos Santos Bay and
one from (Juadalupe Island.

72. Iridio semicinctus (Ayres). Several specimens taken at Cerros Island; one

from Todos Santos Bay.

73. Julidio notospilus (Glinther). A number of young, half an inch long, from

Clarion Island.

74. Oxyjulis californicus (Glinther). Specimens from Guadalupe Island and San
Geronimo Island.

75. Thalassoma grammaticum Gilbert. Clarion Island. Numerous specimens.

Family MALACANTHIDJE3.

76. Caulolatilus princeps (.Tenyns). Two specimens from San Martin Island.

FamUy CIRRHITIDiB.

77. Cirrhites rivulatus Valenciennes. Four fine specimens I'roni Clarion and
Socorro islands.

FamUy SCORP^NIDiE.

78. Sebastodes flavidus (Ayres). One young specimen, 5 inches long, from Todos
Santos Island.

79. Sebastodes chrysomelas (Jordan & Gilbert). One specimen from Todos Santos

I'.ay.

80. Sebastopsis xyris .Jordan & Gilbert. Head 2^; depth 3i; D. xil-i, 10; A.

111,5; scales 48; maxillary in head 1|; eye 3^; pectoral about 1; longest

dorsal spine 2j; second anal spine 1^; ventral lA; middle caudal ray

about 2. Body moderately elongate; head rather sharp; jaws equal; inter-

orbital space concave; top of head scaly and without occipital depression;

nasal spines sharp with a lleshy Hap nearly as long as pupil. Spines above

eye each with a similar tleshy flap. Preorbital, superorbital, postorbital,

and tympanic spines present, each sharp and high. Occipital and nuchal

spines also Avell developed; a small temporal spine; a small spine under the

eye on the sharp stay; a spine at end of stay in front of the preopercular

spine; the last has a small spine at its base; two sharp spines below opercular

spine. Cheeks and operclo covered with ctenoid and imbricated scales

without llajjs; body scales ctenoid and clo.sely imbricated, without Haps.
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Gillrakers very short ami slender. Breast covered with imbricated cycloid

scales. Villiform teetli on jaws and vomer, none on palatines. Dorsal thin

and moderately deeply notched ; caudal rounded ; third anal spine greater

than second; pectoral with upper rays branched; lower or simple rays

thickened and the upper of them longer than any of the branched rays.

Color light-olive, irregularly banded and blotched with darker; flushed

with cherry-red; subopercle with large black blotch somewhat ocellated.

Head blotched with olive and paler. Jaws and throat largely orange.

Dorsal mottled with blood-red, orange, and whitish. Pale-yellosvisli bar

across soft dorsal, then a blackish streak; rest of lin white, tipped witli

black; caudal largely bright-scarlet, black toward tip. Anal largely

scarlet, mottled with black; pectoral yellowish, barred with white and

black, lower part of tin washed with scarlet; ventral light yellow, with a

few black spots on posterior half, and scarlet spots on anterior portion.

The most definite marks are a dark bar from soft dorsal to base of anal,

everywhere washed with scarlet, and black spot on the subopercle.

Three specimens collected at Socorro Island, 3^, 2^, and 2 inches,

respectively.

Family COTTID^.

81. Clinocottus analis (Girard). Todos Santos and San Martin islands.

Family GOBIIDiB.

82. Gobius soporator Cuvier & Valenciennes. Numerous specimens taken in the

tide pools at Socorro and Clarion islands.

83. Gobius zebra Gilbert. Two specimens from Todos Santos and Clarion islands;

larger one If inches. The colors in life—blue stripes on a crimson ground

—

were very beautiful.

Family GOBIESOCIDiB.

84. Gobiesox adustus Jordan & Gilbert. Two specimens, each an inch long, in tide

pools at Clarion Island.

Family BLENNIIDiE.

85. Heterostichus rostratus Girard. Interorbital i less than orbit. One specimen,

7 inches long, from Guadalupe Island.

86. Gibbonsia elegans (Cooper). One specimen from San Martin Island.

87. Entomacrodus chiostictus (Jordan & Gilbert). Specimens taken m tide pools

at Clarion and Socorro islands.

Family PLEURONECTIDiE.

88. Platophrys leopardinus (Giinther). Three specimens taken at Clarion Island.

Length of each about 3 inches.



Report U. S F. C. 1898 iTo face page ?84 )

:«

If

|««M

iiii I* I





Report U. S. F. C. (To face page 284.) Plate 5.

1
•\-i

1





Report U. S. F. C. 1( (To face page 284.) Plate 6.

/

V

'-i^

\

%

-SfaUii^^





(To face paeo 284.) Plate 7.





REJPORT

INVESTIGATIONS BY THE UNITED STATES FISH COMMISSION

IN MISSISSIPPI, LOUISIANA, AND TEXAS, IN 1897.
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REPORT ON INVESTIGATIONS BY THE U. S. FISH COMMISSION
IN MISSISSIPPI, LOUISIANA, AND TEXAS, IN 1897.

My Bartox Warrex Evekmaxx, Ph. D.,

Ichthyologist of the United States Fish Commission.

INTRODUCTION.

In the present paper are embodied reports upon three distinct inves-

tigations, viz

:

1. An examination of the waters in southwestern Mississippi in the

vicinity of the mouths of Pearl River, for the purpose of determining

their general character, what fishes they already contain, and whether

additional species may be advantageously introduced into them. This

investigation was made at the iustaiice of Hon. Robert C. Davey, Rep-

resentative in Congress from the second district of Louisiana, Hon. A.

Baldwin, of New Orleans, and otlier gentlemen of that city, who take

an interest in keeping up the supply of game and food-fishes of that

region.

2. An investigation of the catfish industry of the Atchafalaya River,

Louisiana. Representations had been made to the Commission by the

fishing firms of Morgan City, through Hon. Robert F. Broussard, Rep-

resentative in Congress from the third district of Louisiana, that the

catch of catfish had greatly decreased within the last few years. It

was requested that an investigation be made as to the fact and cause

of the decrease, and that recommendations be made as to the remedy.

3. Upon the recommendation of Hon. S. B. Cooper, Representative

in Congress from the second district of Texas, an examination was

made of the iSabine and Neches rivers with reference to their fitness

for shad.

These various investigations were carried on under the immediate

direction of Professor Evermann, who was assisted in the field work by

Mr. Fred. M. Chamberlain and Mr. H. R. Center, both of the division

of scientific inquiry of the U. S. Fish Commission. The party left

Washington April 13, 1897, arriving at New Orleans the next day.

On the 15th they went to Baldwin Lodge, Mississippi, at the mouth of

Pearl River, where investigations were carried on by the entire party

until April 18, and by Messrs. Chamberlain and Center for one day

longer. On the lOth Professor Evermann went to IMorgan City, and at

once went on board the fishing tug SJunnrocl- for a trip through those

portions of the Atchafalaya River and its connecting lakes and bayous
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in which catfish fishing is carried on, returning to Morgan City on the

21st, where he remained until the 24th. Messrs. Chamberlain and

Center reached Morgan City on April 20, and the next four days were

devoted to examining the fish which were being i^repared for shipment

in the three fish-houses of that place. Collections were also made in

the waters about Morgan City.

On April 24 Professor Evermann went to New Iberia, at Mr. Brous-

sard's request, to examine Lakes Tasse and Peigneur, in that vicinity.

Mr. Chamberlain joined him on the evening of the 25th, when both

proceeded to Beaumont, Tex., where they spent one day, and then

proceeded to Lufkin, Tex. After spending one day at Lufkin,

examining the Neches and Angelina rivers, they went to Logansi)ort,

where the Sabine Eiver was examined April 29. From Logansport

Mr. Chamberlain went to Melville, La., where he spent four days

examining the catfish handled there, while Professor Evermann went

to Athens, Ga., to examine a site for a proposed fish-hatchery at

that place. Mr. Center remained at Morgan City compiling the statis-

tics of the catfish fishery at that place until April 27, when he returned

to Washington. Professor Evermann returned to Washington May 4.

On May 7, Mr. Chamberlain completed his inquiries at Melville and
the investigation was brought to a close.

During the conduct of these investigations we were the recipients of

numerous courtesies from various gentlemen, who by their kindly and
intelligent interest contributed in no small degree to the successful

completion of the work. Thanks are especially due Hon. Robert F.

Broussard, Hon. A. Baldwin, and Mr. Edward G. Schlieder, of New
Orleans; Messrs. Edgar Bass, John Dalton, and Manuel Cogueuhem,
of Morgan City, and Mr. Charles Larson, of Bayou Chene, La.

SOUTHWESTERN MISSISSIPPI.

The object of the investigations in this region was to determine the

general character of the waters, the species of fishes inhabiting them,

their abundance and habits, and the desirability of introducing other

species of food or game fishes.

Baldwin Lodge, on the Louisville and Nashville Railroad, 39 miles

northeast of New Orleans, was the center of our operations. This
place is within a short distance of the mouth of the Pearl River, where
it empties into Lake Borgne. The surrounding country is, in tlie main,
low, level, and subject to overflow} much of it is tide marshes and
bayous, narrow channels or creeks; ponds and lakes are numerous.
Bayou Isle aux Pois (or Campbell Bayou) runs immediately in the rear

of Baldwin Lodge, opening into Pearl River on the west and into Grand
Plains Bayou at the other end. It is about 90 feet wide and 12 feet

deep. Its shores, except at Baldwin Lodge, are low and marshy, and
overgrown with marsh grass and a few bushes. Grand Plains IJayou

connects with this bayou to the eastward and extends several miles to

the north and east. It is of the same general character and of about
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the same size. Several other bayons connect with it, one of them bcin^

known as Lagoon Bayou, which is the outlet of two small lajjoons.

Its shores and those of the upper ])ortion of Grand Plains Bayou are

hiuhcr and more liberally supplied with water willows and other woody
vegetation. Near its mouth Pearl River divides into several branches,

known as West Pearl Kiver, Middle Pearl River, etc. Opening into

West Pearl River is Black Bayou, which is much fretiueuted by anglers.

It is about 40 feet wide, 5 to 15 feet deep, aiul several miles long. Its

shores are low and marshy and covered with a dense growth of marsh
grass. In the water was a rank growth of water vegetation, (jonsisting

of RaniinculHs,' Myriophyllum, Anacharis, Potamogeton, Nymphwa, and
Niipliar, both of the latter in bloom.

xVnother bayou opening into Pearl lliver is known as Mulatto Bayou,
which flows through the Sea Glen plantation, several miles north of

l>a!dwiii Lodge. The land along the greater length of this bayou is

considerably higher than along the other bayous mentioned. At Sea
Glen the ground is 5 to 15 feet above the water, and is covered with

groves of maguiti(5eiit pecans and a few magnolias. Many of these

trees are of immense size, and the oaks are rendered unusually beau-

tiful by tlie great mats of Polypodium growing upon their trunks and
larger branches; and the masses of TUlatidsia usneoides, or long moss,

hanging in long, graceful festoons, form a rich drapery to the branches.

Pearl Kiver has several outlets or mouths, all opening finally into

Lake Borgne, Tliis lake is approximately 25 miles long by 10 to 12

miles wide, the greatest length extending in a northeast and southwest

direction. It is a very shallow body of water, the average depth prob-

ably not exceeding 8 feet. South of Baldwin Lodge a depth of 18 to 20

feet is found, but it rarely exceeds 9 feet.

The country surrounding Lake Borgne consists almost entirely of

low tide marshes, with rank growths of marsh vegetation, but scarcely

any bushes or trees, and is intersected and cut uj) by numerous narrow
channels or bayous. Our visit to this region was at the time of the

great flood of the Lower Mississippi, and the basin of the Pearl Kiver

was also somewhat affected. The water in all the bayous visited was
deeper than usual, owing to backwater from Pearl Kiver. Southern
winds continuing for several days freciueiitly have the same effect.

At this time the water in all these bayous was practically fresh, and
even Lake Borgne was not strongly brackish. In the late summer and>

fall, however, the water is much shallower. Ordinarily it begins to

grow brackish late in April or May, and gradually increases until the

fall rains set in, when it becomes gradually less brackish, and during

a portion of the winter and early spring it is comparatively fresh. At
this time various freshwater species of fishes extend their range even
down to Lake Borgne and its connecting bayous. Among them are

large-mouthed black bass, catfish, warmouth or " goggle-eye" perch

gaspergou, buftalo, gar, and sunfish. During the drier season the

opposite result is noticed. The fresh-water species are driven farther

F. E. 98 19
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toward the interior, while the lower portions of the bayous are Invaded

by many species of salt-water and brackish-water fiohes, such as red

drum, sheepshead, mullet, flounder, croaker, needlefish, black drum,

speckled sea-trout, porpoise, dogfish, pipefish, and the like.

Thatportion of Mulatto Bayou lying above Sea Glen usually remains

practically fresh throughout the year. A short distance above Sea

Glen such fresh-water species as large mouthed black bass, "goggle-

eye," and crappie may be found at any time. At the time of our visit

the fresh-water species mentioned above were found in all of the bayous

named. The brackish-water species were not common anywhere, and

were not found at all at any considerable distance from Lake Borgne.

Even in that lake they were very rare. The water in all the bayous

was dark in color on account of mud and other impurities brought

down by Pearl River. The temperature of the water at the surface was
usually a few degrees warmer than that of the air. In Bayou Isle aux

Pois, when the air was 64° the surface of the water was 67° to 68°,

and at the bottom (10 feet) it was 65°. The surface in Pearl River at

11 a. m. was 68°, that of Black Bayou was 70°. On April 17 the surface

temperature of Lake Borgne was 69° when the air was 62.5°.

Considerable collecting was done in the several bayous and speci-

mens of most of the fishes to be found there at that season were

secured. These were, of course, principally fresh-water species. The
anglers who resort to this region during the spring depend upon

these fresh-water species, or else go farther out, where they can get

sheepshead, red drum, and other salt-water species. During summer
and fall only the salt-water species can be obtained, except in the

upper portions of the bayous. Most of the fresh-water fishes seem to

be quite abundant. The crappie {Pomoxis annularis), however, seems

far scarcer than it should be under the favorable environment which

obtains in the upper portion of Mulatto Bayou and neighboring bayous,

and it is recommended that a large plant of that species be made in

those waters.

ATCHAFALAYA RIVER, LOUISIANA.

The investigations on this river were for the purpose of determining

the character and extent of the catfish fishery, the fact and cause or

causes of the alleged decrease in the catch during the last three or four

years, and to determine what remedial measures, if any, should be

recommended.

As this business centers chiefly at Morgan City, most of our inves-

tigations were made at that point. We were able at this place to

examine the fish brought in by the fishing tugs and to obtain the statis-

tics of the fishery. Mr. Chamberlain spent several days at Melville

making similar inquiries. A three days' trip which Professor Ever-

mann took on one of the tugboats, while on its regular trip collecting

the catches of the individual fishermen, afforded an excellent oppor-

tunity to observe the method of the fishery. The Atchafalaya River
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is, in some respects, a peculiar stream. It lias its sources in Avoyelles

and Pointe Coupee parishes, near where the Ked Kiver Joins the Missis-

sippi, ami is at all seasons more or less connected with both of those

rivers by a number of anastomosing channels and bayous. The Atcha-

falaya River is, in fact as well as historically, one of the mouths of the

Mississippi Kiver, and during the floods which come i^eriodically to

that region a vast amount of the surplus water of the Mississippi and

Ked rivers is carried to the Gulf by the Atchafalaya.

The distance from the sources of the Atchafalaya River in a straight

lino to its mouth (about 90 miles southwest of New Orleans) is about

11*5 miles. The river is, however, very sinuous in its course, and its

actual length is therefore many miles greater. The general course is

a few degrees east of south, and forms a narrow angle with that of the

Mississippi. The country through which the river flows is very low

and level, often lower than the river itself, and made up for the most

part of cypress swamps. The highest land is in many places the imme-

diate banks of the river. These swamps are reticulated and intersected

by a very complex and intricate network of bayous and lakes, all com-

paratively shallow except during the time of floods, when they become

passable for the pirogue of the fisherman and the swamper, and the

tugboats of the fish companies at Morgan City and Melville. During

excessive floods, such as that of April and May, 1897, practically the

entire country north of Morgan City is inundated. To provide against

such conditions many of the natives live in house-boats. All of the

residences built upon the ground are two stories high, and the people

hold themselves in readiness to vacate the ground floor and betake

themselves and remove their household goods to the second story

whenever the flood comes. Every family possesses one or more boats,

which are an absolute essential in that country. Bee-culture is of some

importance in this part of Louisiana, and it was noticed that the bee-

hives in all the apiaries seen were placed upon scafiblding or posts

which raised them several feet above the surface of the ground. Such

live-stock as chickens, pigs, and goats are also i)rotected from the

flood by placing them upon similar platforms. Ducks and geese are

the only possessions which do not cause some trouble or anxiety during

the times of flood.

The majority of the people of this region are either swampers or

fishermen, or both. The cutting of the cypress timber for commercial

puri)oses and getting the logs out into the river, so that they may be

gotten to the mills, is called "swamping," and those who engage in it

are termed "swampers." The cypress trees are cut into logs, which

are dragged over the ground or pulled through the water to the nearest

float road, by means of which it is easy to float them to the river, in

which they may be rafted or otherwise taken to the sawmills. A
"float road" is made by cutting away all the trees and bushes in

various places through the swamps where roads are desired, and when

the flood comes these become open waterways, through which the
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pirogue finds easy passage. These float roads also have au important

relation to the fishing- industry, as will appear later on in this report.

There are four species of commercial catfishes handled by the firms

at Morgan City and Melville, viz: The blue cat or poisson bleu {Icta-

lurus fitrcatus), the yellow cat or goujon {Leptops olivaris), the eel cat

{letalurus anguiUa), and the spotted cat {Ictalurus punctatus). The
blue cat and the goujon are by far the most important species, and
probably constitute 98 per cent of tlie entire catch.

The methods employed in this industry are very interesting. Ordi-

narily the fishing season extends from September to May, little being

done during the summer months. In some cases, however, the fishing

has continued throughout the year. Practically all the fishing is done

with "trot lines" and "brush lines," though a few catfish are some-

times taken in hoop nets, which are set primarily for buffalo. The
standard length of a single trot line is 25 feet, which equals 1 bale of

line, but a number of lines are always tied together. There is no defi-

nite length of the string, this depending upon the width and character

of the body of water in which it is set. The length may vary from a

few rods to over a mile. The longest line of which we heard was one

12 miles long, which has been used in Grand Lake. The twine used is

usually what is known as Woodbury 96 or Banner Mills 96, which is

somewhat smaller than an ordinary lead pencil. The snoods are usu-

ally 18 inches long, and they are i)laced 3 feet apart. The hooks are

fastened on by a double staging and various sizes are used, such as

Virginia, Limerick (Nos. 6, 7, 8, and 9 0), and Millwood (Nos. o and 6.)

All river fishing during the fall and winter is done on the bottom,

while all lake fishing is at the surface. During the spring, when the

country is flooded, the fish betake themselves to the woods, and the

fishing is then carried on chiefly along the edges of the. float roads.

The old tackle, which had been previously used in the river and lakes,

is now cut up into short lengths and tied, as single lines, called brush

lines, to the limbs of trees in such a way as to allow the single hook to

hang about 6 inches under the water. Each fisherman ties his lines

to trees along the edges of the float roads if he can find such territory

not already preempted by some one else. The fishing is thought to be

better in such places; besides, it is easier to visit the lines when so

located. Any fisherman who is unable to find unoccupied space along

the float roads sele<;ts the best places he can find at various points

around through the woods. In order that he may readily find his lines

when he wishes to visit them, the limbs to which they are tied are

marked with a white rag or the tree is blazed.

The different kiiuls of bait used are classed as "live bait" or "cut

bait." The live bait consists chiefly of " shad" {Dorosoma cepedianum

exile, Hiodon alosoides, iind Signalofia atcJiafalaycc),i)erc\i, and crawfish.

The "shad" are regarded as the best bait, and 100 shad are said to be

worth 200 or 300 crawfisli. The ciawfish will live on the hook three

or four days, while the shad will live only a day or two, but the shad
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is a more tempting bait. Cut bait consists of larger examples of these

and other fishes tut up into the proper size. Eels are said to make an

excellent cut bait, but they are very scarce. Live bait is most used

from September to November, inclusive, November being the best

mouth. It is preferred to cut bait at any time, but can not be obtained

in quantity except in the fall. Live bait is used, however, whenever it

can be gotten, and occasionally a fisherman is ibrtunate enough to

secure good supplies during the si)riug fishing.

These fish are inlluenced in their movements by the tem])erature of

the water. During the winter they come farther down the river where

the water is warmest, and in the summer they run farther upstream

or retire to the deeper waters.

The goujou is said to be most abundant from September to Novem-

ber, or until the fall Hoods begin, when it gradually disappears. This

is the best season for catching it, although a few may be found at any

season. The goujon is most easily and usually taken with live bait.

It is by no means a handsome fish, but its great size, the excellence of

its flesh, and its superior keeping qualities render it a very important

food-fish. It rarely reaches a weight of 100 pounds ; but exami^les of

50 to 60 pounds weight are said to be not at all unusual. The largest

individual seen by us was a ripe female 41 inches long and weighing

48 pounds. It dressed 27 pounds. One 38 inches long weighed 37

pounds, and another 37 inches long weighed 3Gi pounds. The goujon

is more voracious than the blue cat, and large individuals are apt

to feed on smaller examples of the latter ^yhen confined in the same

live-box. To prevent this, it is said that the fishermen sometimes sew

up with wire the mouth of the very large goujon.

The blue cat has the same general habits as the goujon, but the best

fishing for this species is said to be during the high water in the spring.

Then the fish leave the river, lakes, and bayous and take to the woods.

Good "woods or "swamp" fishing is sometimes had as early as March.

The impression among the fishermen is that the fish run out over the

Hooded districts on account of the more abundant food supply to be

found there. This consists chiefly of crawfish inhabiting the shallow

])Ools and ponds made accessible to the catfish through the agency of

the floods.

The maximum size of the blue cat is about the same as that of the

goujon. The largest of which we heard weighed 100 pounds. The

largest seen by us was a ripe female weighing 35 i)Ounds. A spent

female 31 inches long weighed 22 pounds and dressed 13 pounds.

Another spent female 30 inches long weighed 17 i)Ounds. It is claimed

that large fish were far more numerous a few years ago than now.

The eel cat {Trtaliirus anfjuilla) is comparatively rare, and not until

these investigations was it discovered to be a distinct species. Dur-

ing the several days spent at Morgan City and Melville not more than

35 or 40 examples of this species were seen. It does not attain a greater

length than 18 or 20 inches nor a greater weight than 8 i^ounds. The



294 REPORT OF COMMISSIONER OF FISH AND FISHERIES.

average weight of those seen was under 5 pounds. The habits of the

species do not seem to dift'er from those of the blue cat. They are said

to be taken chiefly in the spring and in the flooded districts.

The last and least important of the four species of commercial cat-

fishes found in the Atchafalaya River is the spotted cat {Ictalurus

punctatus). Only three or four were seen at Morgan City during our

visit, and the fishermen report that it is rarely taken. The few seen

did not exceed 18 inches in length.

Table showing size, sex, and spawning condition of blue catfish examined at Morgan City,

La., April 22-24, 1897.

Length.
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Table showing 8i:c, ai.r, and xpawniiKj condition of blue catjinh, etc.—Continuod

Length Spawning
condition.

14 inches
llj inches ..I

lOJinihca ..!

ir.i inches. I

14inche.^.
'

i:ij inches
14 inches.
14 inches.
11 inches.
10 inches.
12 inches.

15J inches
13^ inches
14§ inches
124 inches

12J inches
13 inches.
13 inches.
11 inches.
17 inches.

20J inches
14^ inches
19 inches.
21 inches.

19i inches
17 inches.

16i inches
23 inches.
15 inches.
17 inches.
134 inches
154 inches
loj inches
22 inches.

20 inches..
19 inches..
16 inches..
10 inches..
214 inches.
15 inches..
13 inches..
26 J- inches.
16 inches.

.

lejinches-
21 inches.

.

16J inches.
19 inches..

20J inches.
19 inches..
9§ inches..
12i inches.
18 inches..
16 inches..

13J inches.
19 inches.

.

I6J inches.
15 inches..

18J inches.

17i inches.
224 inches.
27 inches..
20 inches..
20 inches.,
lej inches.
15 inches..
18 inches..
18 inches.

.

13 inches..
244 inches.
154 inches.
15 inches.

.

Male...
Mule...
Male...
Male...
Mule...
Male...
Female
Male...
Male...
Female
Male...
Female
Female
Male...
Male . .

.

Male...
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Male i .

Female
Female
Male...
Female

Female
Female
Female

(?)

Female
Female
Female
Female
Female
Female
Male...
Female
Female
Female
Female
Male...
Female
Male?..
Female
Male...
Female
Female
Female
Male...
Male...
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female

Partially de-
veloped.

Spent.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Kipe.
Spent.

Do.
Do.
Do.

Ripe.
Spent.
Ripe.
Spent.

Do.
Do.

Spent?
Spent.

Do.
Do.

SUghtly de
veloped.

Spent.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Ripe.
Spent.

Do.
Do.
Do.
Do.
Do.

Immature.
Spent.
Spent ?

Spent.
Do.

Spent.
Do.

Half ripe.

Spent.
Do.
Do.

Kipe.
Spent.

Do.
Do.
Do.
Do.
Do.

Half ripe.
Spent.

Do.
Do.

Length.

14^ inches.
I64 inches.
26^ inches.
31 inches..
124 inches.
12^ inches.
14 inches..
11 inches..
21inche8..
20 inches..
14^ inches.
14 inches.

.

15 inches..
16 inches..
16inche8.

.

15^ inches.
10 inches.

.

144 inches.
144 inches.
16 inches.,
ninches..
214 inches.
134inches.
144 inches.
154 inches.
14 inches..
13 inches.

.

17 inches.

.

14 inches.

-

16 inches..
184 inches.
ISlnches..
134 inches.
134 inches.
124 inches.
13 inches.

.

16 inches..
134 inches.
264 inches.
I64 inches.
22 inches..
134 inches.
12^ inches.
11 inches..
144 inches.
114 inches.
I64 inches.
16 inches..

"Weight,
pounds.

16 inches
Ifjinciheg

154 inches...
114 inches...
18 inches
17 inches
16 inches
41 inches
30 inches
31 inches
31 inches
20^ inches...
24 inches
29 inches
224 inches...
204 inches...
17 inches
20 inches
28 inches
25 inches
31 Indies
17 inches
15 inches

3.50
3.25
3

48
17
22

6.50
10.50
14. 25
8.13
6.5
3.13
5.75
13.25
10.50
19.88
2.13
2

Male...
Female
Male...
Female
Female
Female
Female
Female

(?)

Female
Female
Female
Female
Female
Male...
Female
Female
Female
Male...
Female
Female
Male...
Female
Female
Male...
Female
Male...
Female
Female
Female
Male...
Female
Female
Female
Male...
Female
Male...
Male...
Male...
Female
Male...
Female
Female
Male...
Female
Female
Male...
Female
Female

Male...
Female
Female
Female
Male...
Female
Male...
Female
Female
Female
Female
Female
Female
Female
Female
Female
Male ..

Female
Female
Female
Female
Male...
Female

Spawning
condition.

Sp(

Spent.
Do.
Do.

Ripe.
Do.

Spent.
Do.
Do.
(?)

Qt.

Do.
Do.
Do.
Do.
Do.
Do.
Do.

Immature.
Spent.

Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Ripe.
Spent.

Do.
Do.
Do.
Do.
Do.

Half devel-
oped.

Spent.
Do.
Do.
Do.
Do.
Do.
Do.

Ripe.
Spent.

Do.
Ripe.

Do.
Half ripe.

Spent.
Ripe.

Do.
Spent.
Ripe.
Spent.
Half ripe.

Spent.
Do.
Do.
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Tahle showing size, sex, and spatvning condition of blue catfish examined at Melville, La.

May 2 and 3, 1897.

Length.
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Table nhowimj aize, sex, and condilion of ccl vaijiuli examined at Mori/an City and Melville,

La., Jpril f^ to May 0, I8U7.

Length.
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So far as the investigations of a single season may be relied upon,

these results indicate that the spawning season of the blue catfish in

the Atchafalaya River is a prolonged one, but that the majority of the

fish spawn in March and April. The testimony given by the fishermen

agrees closely with these results. They report finding fish in full roe

as early as the last of February and as late as the first of June, though

all admit that the majority of ripe fish are taken in March or April.

The total number of goujon examined was 42, of which all but 2 were

females. Of the 2 males, one was an immature fish and the other was

fully ripe. Of the 40 females, 18 (or 45 per cent) were spent fish, 1 was

about half developed, 1 was immature, while 22 (or 55 per cent) were

ready to spawn. This indicates for the goujon a somewhat later

spawning season than for the blue cat, of which about 84 per cent were

done spawning. The few eel cats examined showed that about 38 per

cent had already spawned and that 62 per cent were ready to spawn.

The number of spotted cats examined was not sufficient to enable

any conclusion to be drawn as to its time of spawning.

Basing conclusions as to the time of spawning period upon investi-

gations extending over only a brief portion of a single season is not

altogether safe. Accurate results can only be obtained from observa-

tions extending over two or more seasons. All that can be said, there-

fore, in this report, is that the strong probability is that the great

majority of catfish in Atchafalaya River spawn in March and April,

the period from March 15 to April 30 being the most important.

Method of handling the fish.—Each fisherman visits his lines daily, or

twice a day if possible, passing from hook to hook in his pirogue,

taking ofl" the fish and putting them in live-boxes where they are

retained until the tugboat arrives on its regular collection trip. Each
of the three companies at Morgan City has a tugboat for this purpose,

valued at $2,000 to $3,000. Each tug carries in tow a large live-box

called a live-car or fish car, into which the fish are put when received

from the individual fisherman and in which they are retained until

they are needed for dressing. The car is usually 25 to 30 feet long, 6

feet beam, and is divided into several compartments. The maximum
capacity is 40 to 50 boxes of 300 pounds each. The captain of the tug,

as agent tor the company, buys the fish from the fishermen. The fish

are measured in a box 1^ by 1 J by 3 feet. This measuring-box rests

upon the live-car over the ])articular compartment into which the fish

are to be put, and when the box is full the hinged bottom is released

and the fish fall into the car. A "box" of fish is 300 pounds, and the

price paid during the time of our visit was $7 per box or about 2J
cents per pound. If any fisherman is not satisfied with the measured
or estimated weight, the actual weight is determined. The highest

price recently paid was $8 per box. Each firm's tug usually makes
one trip, sometimes two, per week, the time required varying from

three to five days.
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A brief account of a trip which we took on the iShanirock, Captain

Hanson, belonging to Mr. John Daltou, will be useful in conveying- a

proper conception of the fishery. We left Morgan City at noon, April

11), passing up the Atchafalaya River, through Grand Lake, Chicot

Pass, Lake Chicot, and into Bayou Chene, where we tied up for the

night at Mr. Charles Larson's, about the only house on dry land that

was seen during the entire trip. Next morning we passed out of Bayou
Chcne into Lake Maugoulois, then through Bayou Tensas, Upper Grand
Kiver, Whisky Bayou, Hayou de Glaise, Bayou Alabam (Alabama
Baj^ou), to Bayou des Ourse, where we tied up in the woods alongside

the houseboat of William Kleinpeter. The next morning we went from

Bityou des Ourse by another route into Whisky Bayou, then through

Bayou la Rompe, Bayou la Rose, Butte a la Rose, Little Atchafalaya

River, Upper Grand River, Bloody Bayou, Bayou Sorrel, and Jakes

Bayou, thence back to Morgan (3ity through Lake Chicot, Chicot Pass,

Grand Lake and Atchafalaya River.

During this trip of about 180 miles fish were purchased from 25 fish-

ermen. The amounts paid each fisherman varied from 70 cents to $18,

the average being $({.81:. The total tare collected on this trip was
therefore about 25 boxes. The fares of two other tugs the same week
were respectively 13 and 16 boxes. It was noticed on this trij) that a

good many fish die before reaching Morgan City. Some die even in the

fishermen's live-boxes. The goujon seems much more hardy than the

blue cat, as none of that species died on this trip, while more than 100

of the blue cats died. The goujon is said also to be a better shipper

than the other species. When the tug returns to Morgan City it

leaves its car alongside its company's fish-house. The fish are then

taken out and dressed and barreled for shipment. The dressing con-

sists in cutting off the head, removing the viscera, and skinning the

fish, after which it is washed, and then barreled with ice for shipment.

The principal shipments are made to Texas, Oklahoma, Kansas, Mis-

souri, Colorado, and New Mexico.

During the summer months the loss from the fish dying in the live-

cars and the difficulty of shipping them in good condition usually

cause the tugs to stop running or to make fewer trips between June 1

and September 1. While some fishing is carried on during summer,
the season may properly be regarded as extending from September 1

to June 1.

The catfish industry at Morgan City had its beginning about 1873.

Not much was done, however, for several years. Complete statistics

are not obtainable for any year previous to 1892, but we have been
able to obtain complete statistics for the years 1892 to 1897, inclusive,

of the catfish sliipped from Morgan City. These are exhibited in the

following table. The fish shipped from Morgan City are caught chiefiy

at various j)laces above that town. Indeed, the Morgan City boats go
within a few miles of Melville.
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Table showing hy months the fjross weight and value of catfish handled at Morgan City,

La., during the years 1892 to 1897, inclusive.

Year.
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50,000 to2r.0,00() youn^^-; 1,000 siicli tisli would i)r<Kluco iroiii 50,000,000

to -50,000,000 y()iiii<i. It is, of course, impossible to say liow many
would live aiul grow to maturity, but that the number would be quite

adecjuate to f;reatly imi)rove the fishery can not be doubted.

The importance of these facts has already impressed the dealers.

They realize that something must be speedily done to prevent the

l)ractical extinction of the business in which they are engaged. The
tisheruien are also beginning to realize that the methods in vogue are

destructive and detrimental to any permanent fishery interests. So

strongly impressed are both dealers and fishermen with the threatened

destruction of the fishing interests of the Atchafalaya River that they

are anxious that the State enact legislation for their preservation. In

the absence of any law regulating the fishery it is scarcely possible to

secure any united action among the various ones interested looking

toward the conservation of the supply.

While the investigations were limited to the Atchafalaya River, and
chiefly to that portion of the river tributary to Morgan City, there is

every reason to believe that the catfish siq^ply is diminishing through-

out the State. The l)rief investigations made at Melville and reports

received from Plaquemine agree fully with the results obtained at

Morgan City.

, RECOMMENDATIONS.

In the light of the foregoing facts, it is evident that State legislation

is essential to the preservation of the catfish fishery of the Atchafalaya

River and in the other waters of the State. The State legislatuie

should, at its first oi)portunity, enact a law regulating fishing in the

State, which should be reasonable and fair to all the interests con-

cerned. This law should provide (1) for a close season extending from

March 15 to May 15, which period covers the principal spawning season

of the two important species of catfish, and (2) it should be made
unlawful to catch catfish of less than 4 pounds gross weight.

SABINE AND NECHES RIVERS.

The investigations and inquiries in eastern Texas and western Louisi-

ana were made primarily for the purpose of determining the advisability

of making plants of shad in the Sabine and Heches rivers. The time

was insufficient for making a satisfactory series of observations, there-

fore such conclusions as have beei. reached are purely tentative and
may be materially modified when more thorough investigations shall

have been made.

The only places visited were Beaumont, Lufkin, Michelli, and Logans-

port. The Neches River was examined at Beaumont and at Bonners
Ferry, 10 miles west of Lufkin. The Angelina River, a tributary of

the Xeches, was examined at Michelli, 9 miles north of Lufkin. The
Sabine River was inspected at Logansport.

While at Beaumont a visit was made to some ponds and a small

creek near town, from which were obtained sj)ecimen8 of a number of
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the native fishes. All of these rivers at the time of our visit were con-

siderably above their ordinary stage of water. At the railroad bridge

across the Neches at Beaumont the river was about 300 feet wide and

30 feet deep, being at least 2 feet higher than usual at that season.

The water was very muddy and the banks were covered with soft mud.

We were told that the water of this river never becomes clear, but

always remains nearly or quite as muddy as it then was.

There is usually a rise in the river early each spring and another

later, which is known as the "June rise." In June, 1884, it was said

to have been about 15 feet higher than when seen by us.

Lake Sabine, into which flow both the Neches and Sabine rivers, is

some 28 or 30 miles long and 2 or 3 miles wide, and is always salt or

brackish. Such fishes as red drum, sheepshead, and sea trout are

caught in large numbers in this lake and about Sabine Pass.

The principal fishes found in the two rivers near Beaumont are blue

cat, yellow cat, buflalo, gaspergou, and gar.

At Bonners Ferry the Neches River was several feet above low-water

mark and had been higher recently. The banks had been overflowed

and were still very muddy. The soil of the region consists of yellow

clay, with some sand. The river at this place was about 40 feet wide

and was flowing with a strong current. The water was red with clay

mud carried in suspension. The temperature of the water, at 10 a. m.

April 28, was 70°.

Among the fishes occurring in this portion of the river are the blue

cat, said to reach a weight of 85 pounds; goujon, or "Opelousas cat"

{Leptops olivaris), reaching a weight of 100 pounds; black and white

buffalo, each attaining a weight of 20 to 35 pounds; gaspergou, which

grow to 20 pounds; alligator gar, reaching a length of 7 or 8 feet; sun

perch; large-mouth black bass (locally called green trout), common in

the ponds; hickory shad or "scissor belly" {Dorosoma cepedianum)',

spoonbill cat; and grindle (Amia calva) in the ponds. Carp, which

were planted in this river several years ago, are said to be rather

common now and are regarded as a good food-fish.

The Angelina Kiver at Michelli was at the time of our visit 40 to 50 feet

wide and 10 to 14 feet deep. It was said to be 5 or feet higher than

usual and was overflowing its banks. The water was very muddy and

full of floating d6bris. The temperature of the water at 3 p. m., April 28,

was 72.60, when the air was 80.5°. Some collecting was done in a small

bayou and in some overflow ponds, and the following species obtained:

Large-mouth black bass, 1 species of sunfish {Lepomis garmani), calico

bass, 3 species of darters (Fercina caprodes, Boleosoma camurum, and

Mheostoma j€ssiw)j pirate perch, skipjack, top minnow {Fundulus nota-

tus), Fundulus pallidus, Oambusia ajffinis, little pickerel, Notropis note-

migonoides, Notropis venustus, Gliola vigilax, rosich. {Abramis crysoleucas),

Opsopoiodus emiliw, and Eyhognathus nuchale. The following additional

s])ecies are reported by fishermen to occur there : Goujon or " abaloosie,"

blue cat, white buffalo, black buflalo, "shovel-bill" cat, gaspergou, alii-
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gator gar, white gar, hickory shad, red perch, and white perch. The

goujon is said to reach a weiglit in this river ol" 50 to 75 pounds. The

bhie cat reaches about the same size, and is more abundant.

The Sabine River at Logansport is quite a huge river, which, like all

other streams in that region, was considerably above its usual stage at

the time of our visit, and, like the other streams, was red with mud
wliich it was carrying. The temperature of the water was 70"^ at 10 a.

m. April 20, when the air was 65°.

The more abundant fishes seen by us or reported by the fishermen

are yellow r'.at and blue cat, said to spawn in the summer, which is

probably an error; drum or gaspergou, reaching a weight of 20 pounds

and said to spawn in April and May; white buffalo, reaching a weight

of 35 pounds, and black buffalo, reaching about the same size, both

species spawning in INIarch. The very large goujon are here called

"Opiloosa" (Opelousas), and are described as having a fiat head and

reaching a great size. The head of one large example recently taken

weighed 20 pounds.

The fishermen speak of the carp as the "Government fish," and say

that they are regarded as a good fish and find a ready sale.

Fishing here is not of much commercial importance and is almost

wholly for local trade. It is carried on with hoop nets baited with

dough, etc. A hoop net lifted during our visit contained one small

gaspergou and two white bufialo, one of which weighed 11 pounds.

No evidence of the existence of any species of the true shad {Alosa)

in either of these rivers could be secured. The commercial fishermen

know nothing about such fish. It must be borne in mind, however,

that the methods employed by the fisherman are not such as would

result in the capture of such fish as the shad. The apparatus used in

this region consists simply of set lines and a few hoop nets, which are,

of course, useless in a shad fishery. Shad may be common in these

rivers and entirely escape observation until they are fished for with

suitable apparatus and at the proper season.

LAKES TASSE AND PEIGNEUR.

Lake Tasse, or Spanish Lake, is a small and shallow body of water

about 7 miles northwest of New Iberia, La. It is about 2 miles long

and 1 mile wide. It has no inlets, but is supplied entirely by rains.

Two artificial outlets connect it with Bayou Teche. The water is neces-

sarily quite warm in the summer, and is full of Nelumho^ NuphaVj

2\ymph(€a, Myriophyllum, and other aquatic vegetation. The following

fishes are said to occur in this lake: Large mouthed black bass, or

"green trout," reaching a weight of 6 to 10 i)ounds; sac-a-lait, goggle-

eye, bream, sunfish, barfish {lioccus chrysops), pike (Lucius rermicula-

tus), gar, grindle, goujon, blue cat, gaspergou, and buffalo. Alligators

are also very abundant.

Lake Peigneur is situated 10 miles west of New Iberia, on the country

place of Mr. Joseph Jetlerson. It is a beautiful lake about IJ miles
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wide aud 3 miles long. The greatest depth is said to be 10 feet, and

the water is much freer from vegetation than Lake Tasse. The shores

are also much higher and more picturesque. The fishes are essentially

the same as those of Lake Tasse.

LIST OF FISHES.

The following list includes all the species of fishes collected or seen

at the various places visited and such additional species as were

reported upon authority considered reliable. The nomenclature and
sequence of species agree with Jordan & Evermann's Oheck-List of

Fishes and Fish-Like Vertebrates of North and Middle America.

The localities aud waters represented are:

1. Various waters in the vicinity of Baldwin Lodge, Mississippi,

including Pearl Kiver, Lake Boigne, Bayou Isle aux Pois (or Campbell

Bayou), Grand Plains Bayou, Lagoon Bayou, Black Bayou, and Mulatto

Bayou.

2. Atchafalaya Eiver at Morgan City and Melville, La., and inter-

mediate points.

3. Lake Tasse, or Spanish Lake, 7 miles from New Iberia, La.

4. Lake Peigneur, 10 miles west of New Iberia, La.

5. Neches and Trinity rivers and some small j)onds near Beaumont,

Tex.

6. Neches River at Bonners Ferry, 10 miles west of Lufkiu, Tex.

7. Angelina Eiver at Michelli, Tex., 9 miles north of Lul'kin, Tex.

8. Sabine Eiver at Logan sport, Tex.

Common names used locally are inclosed in quotation marks.

1. Polyodon spathula (Walbaiim). Spoonbill Cat; " Shovel-nose Cat" ; "Sliovel-bill

Cat." Reported from the Neches, Angelina, and Sabine rivers by fishermen at

Bonners Ferry and Michelli.

2. Lepisosteiis osseus (Linnteus). Long-nosed Gar; "Gar"; "Garfish"; " Foisson

ann^J' This species was seen at Morgan City and reported from Baldwin
Lodge, Melville, Lake Tasse, Lake Peigneur, Beaumont, Bonners Ferry,

Michelli, and Logansport. On April 23, the following notes were taken on

a spawning female gar at Morgan City : Standard length, 40 inches ; weight,

9 pounds; length of snout, 8.5 inches; weight of ovaries, 19 ounces; total

number of eggs by actual couut, 36,450.

3. Lepisosteus platostomus Rafiuesque. Short-nosed Gar. Seen only at Beaumont,

when several specimens were seined in a pond.

4. Lepisosteus tristoechus (Bloch &, Schneider). "Allirjator Gar"; "Mississippi

Gar." Seen in Lake Borgne, at Morgan City, and at New Iberia (a specimen

from Bayou Tcche); reported from Bonners Ferry, Logansport, aud Beau-

mont.

5. Amia calva Linnaeus. Boivfin; Grindle; " Grinnel" ; "Poiason de Marais." Re-

ported from Lakes Tasse and Peigneur, and from the Neches River.

6. relichthys marinus (Mitchill). Gaff-topsail; " Sea Cat." Seen at Morgan City.

The larger ones are sometimes dressed and shipped with the fresh-water

species.

7. Galeichthys felis (Linnanis.) Sea Catfish; " Sea Cat." Seen with the preceding

at Morgan City, where it is sometimes utilized in the same way.
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8. IctalurusfurcatuB (LeSueur). " lilue Cat" ;
" Poiaaon lileii."

Thia is by far the most important of all the catlishcs of the region covered
by thia report. It attains a weight of 1(X) pounds, and thci importance of
the species is shown in the earlier portions of this paper. Its abundance,
distribution, and habits have already b<;en fully discussed. Until these
investigations were made the large cattish of the Lower Mississippi Valley
had been identified by most ichthyologists as the (ladiia JacM^/risof Walbaum.
Phnelodiis nigricaiia LoSueur and Jmiurua ponderoaus Bean were thought to
belong to the same species as Walbauni's Gadiia laciiatria, and the species
stood as Jmeinnta lacustria (Walbauni). The type of a adua lacitalris came
from Arctic America, and we have no certain means of knowing whether it

was an Ameiunia or an Ictalurua. LeSueur's Pimelodua niyricana came from
Lakes Erie and Ontario, and was probably an Ameiurua, tliough a reexam-
ination of specimens from those lakes must bo made before we can feel certain
that such is the case. An examination of the skeleton of the typo of Amiurua
povderoaus, which is preserved in the U. S. National Museum, shows that it

belongs to the genus Ictalurua, as is evidenced by the notched supraoccipital
which forms a continuous bony ridge with the first interspinal of the dorsal.
LeSueur's Pimeloduafurcatua came from New Orleans and was unquestionably
the same as the blue cat of the Atchafalaya River. At least until the large
catfish of the Great Lakes can be carefully studied, the blue cat of tiie Lower
Mississippi Valley must stand as Ictalurua furcatua, and Amiurua ponderosua
goes in its synonymy.
The number of anal rays in numerous specimens counted varies from

31 to 33. A spent female, 30 inches long and weighing 17 pounds, gave the
following measurements: Head4; depth4.34; D.i,6; P.i,9;A.32; di.stance
from tip of snout to origin of dorsal fin 2.64 in body

;
greatest width of head

1.34 in its length; interorbital width 2; width of mouth equals interorbital
width; maxillary barbel not reaching beyond head; humeral process about
3 in pectoral spine; anal base nearly ^ longer than head. Jiarbels usually
color of fish, rarely black. In other respects the description of Ameiurua
lacuatria in Jordan & Evermann's Fishes of North and Middle America agreed
perfectly with this specimen. The color of this species, as found in the
Atchafalaya River, is a dull or olivaceous blue, pale or whitish below, with-
out spots anywhere.

9. Ictalurus anguilla Evermann it Kendall. "Eel Cat"; " Willotv Cat."
The following is the original description of this species: Head 4; depth

4.5; eye 7 in head; snout 2.8; maxillary (without barbel) 3; free portion of
maxillary barbel longer than head ; dorsal spine 2 in head

;
pectoral spine 2;

width of mouth 2. D. i, 6; A. 24; vertebra; 42. Head large, broad, and
heavy; mouth unusually broad; cheeks and postocular portion of top of
head very prominent; interorbital space flat, a broad, deep groove extend-
ing backward to origin of dorsal fin; body stout, compressed posteriorly;

^
back scarcely elevated. Eye small; maxillary barbel long, reaching con-
siderably past gill-opening; other barbels short. Origin of dorsal lin equi-
distant between snout and origin of adipose tin, its distance from snout 2.6
in length of body; base of dorsal fin 3..5 in head; longest dorsal ray 1.75 in
head; dorsal spine strong, entire both l)efore and behind; pectoral spine
strong, entire in front, a series of strong retrorse serra- behind; humeral
process 2.2 in pectoral spine; ventrals barely reaching origin of anal, their
length 2 in head; anal fin long and low, the longest rays about 2.2 in head;
base of fin greater than head, 3.2 in body ; caudal moderately forked, the
middle rays about 2.2 in outer rays, which are about 1.4 in head.

Color, uniform pale-yellowish or olivaceous; no spots anywhere.
A comparison of the skull with that of /. furcatuH and /. pnnctatua of the

same size shows a number of very marked differences. Nearly all the bonea
F. R. 98 20
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in /. anguillu are heavier than in the other species; the supraoccipital is

broadly triangular and its upper surface finely grooved, while in each of

the other species it is much louger and narrower and the upper surface is

nearly smooth.

An examination of the 6 cotypes shows that there is not much variation,

all the important characters remaining quite constant. The maxillary bar-

bel varies somewhat in length, in some individuals scarcely reaching the

gill-opening, and the number of anal rays varies from 24 to 26.

From the blue cat (/. furcatus) this species differs chiefly in the fewer rays

in anal fin, the wider mouth, shorter, heavier head, much louger maxillary

barbel, and in the cranial characters already given. From the spotted cat

(/. pmictatus) it may be distinguished by its wider mouth, more blunt snout,

heavier head, the color, and the cranial characters already mentioned.

This species is well known to the fishermen of the Atchafalaya River, by
whom it is usually called the "eel cat," though the name "willow cat" is

sometimes applied to it. It was explained by the fishermen that the name
"eel cat" was given on account of the long feelers (i. e., barbels), and the

name "willow cat" because it is most frequently found about the roots of

willow trees. The eel cat is not an abundant species in the Atchafalaya

River. During six days spent at Morgan City (April 19-24) several hundred
cattish were examined at the three fish-houses, and the total number of eel

cats seen was fewer than twenty-five. The fishermen report that this pro-

portion is about as great as at any time of the year. Of four commercial

species of catfishes handled on this river, the most abundant one is the blue

cat (Ictalurus furcatus), and the next is the yellow cat or goujon {Lepiops

olivaris). The eel cat comes next and the spotted cat (Ictalurus punctatua)

last. The blue cat and the yellow cat probably constitute 98 per cent of

the entire catch.

The eel cat rarely weighs over 5 pounds, and usually not over 3 pounds.

Its flesh is firm and of excellent flavor. The spawning season appears to be

during the spring, as several individuals examined were in mature spawning
condition. In May, 1898, the writer found a few specimens of this species in

the Ohio River at Louisville, Ky.

One of the species of large catfish seen in the market at Houston, Tex., in

1891, was called "eel cat" by some of the dealers. The specimens came
from the lower Trinity and Sau Jacinto rivers, and were identified as Icta-

lurus furcatus, which they undoubtedly were. The name "eel cat" was
also heard at the mouth of Pearl River, but no specimens were obtained.

This name is probably applied in different localities to difierent species.

10. Ictalurus punctatus (Rafinesque). " Spotted Cat" ; ChannelCat. Thisspecies is

very rare in the Atchafalaya River. Only one adult was seen among several

hundred fish examined at Morgan City. Four young were seined in Lake
Lapourde, near that town. Apparently this species is much less common in

Louisiana th;in has usually been supposed.

11. Ameiurus nebulosus (LeSuenr). Common Bullhead. Three small specimens

viere obtained in a pond near Beaumont.

12. Ameiurus melas (Rafinesque). Black Bullhead. One specimen 7 inches long

and 2 smaller ones from Angelina River at Michelli.

13. Leptops olivaris (Rafinesque). "Goujon"; "Yellow Cat"; " Peided Cat";

"Mud Cat"; " Opelousas Cat." Next to the blue cat this is the mosfc abun-

dant and important food-fish in the Atchafalaya River. It was also seen by

us at Baldwin Lodge, and it was reported at Beaumont, Bouners Ferry,

Michelli, Logausport, and Lakes Tasse and Peigneur.

14. Schilbeodes gyrinus (Mitchill). Small Poison Cat. Two good specimens of

this species were obtained, one from Black Bayou near Baldwin Lodge and

cue from Lake Lapourde at Morgau City.
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15. Ictiobiis cyprinella (Cnvier »& Valcnciennos). Common liuffalo-finh\ "(lourd-

luad liiiffalo." This species is common in all the larger waters ofth«i region

visited, and is a food-fish of considerable importance, especially at Morgan
City, Melville, Bcanmont, and Logansport. It is described by the fishermen

as having the month larger than any other species and "straight out," and
feeding more at the top of the water.

16. Ictiobus urus (Agassiz). ''Black Buffalo"; ''Chopper." Occurs in the Atcha-

falaya, Neches, and Sabine rivers. Reaches a weight of 3.5 pounds or more.

Head and mouth larger than in /. bubalus. Said to spawn in March and
April.

17. Ictiobus bubalus (Ratinesque). Small-mouthed Buffalo; " White Buffalo "';

•'Rooter." Common in the Atchafalaya River and all bayous, rivers, and
lakes of this region; seen by us at Morgan City, IJeaumont, Melville, and
Logansport. Reaches a weight of 35 pounds or more. Spawns in March
and April. Described by the fishermen as having a smaller, more inferior

mouth than any other species, and as being more of a bottom feeder. All

three of these species are used as food. A specimen IG inches in total length

from the Sabine River at Logansport, La., taken April 29, exhibits the follow-

ing characters: Head 4; depth 2.5; snout 3.34 in head; eye 5. 1).28; A. 11.

Scales 9-35-5, 12 or 13 before the dorsal. Body short, compressed, the dorsal

profile strongly arched au<l subcarinate from occiput to origin of dorsal fin;

ventral outline only slightly convex. Head small ; mouth small, subinferior,

protactile downward ; lips papillose ; opercles striate ; caudal peduncle deep

and compressed, its least depth 1.75 in head. Fins moderate, first 7 or 8 dorsal

rays lengthened, as long as head, rays of the short portions 3.5 in head;

longest anal rays 1.17 in head; pectoral short, not reaching base of ventral,

1.4 in head; vontrals longer, 1.1 in head; caudal deeply lunate, the lobes

longer than head.

18. Hyboguathus nuchale Agassiz. Silvery Minnow. Two specimens in the col-

lection from the Angelina River. Others were examined on the Atchafalaya
River 70 miles above Morgan City.

19. Hybognathus hayi Jordan. Two specimens from Melville.

20. Opsopoeodu.s emiliae Hay. Sixteen from Angelina River at Michelli and 6 from
Beaumont. Lateral line complete in all. In many there are two black areas

on dorsal fin; the anterior four rays and their membranes are black, then

comes a white streak covering one or two rays, then another black streak on

the last three rays. In a few of the smaller specimens there is no black on
the dorsal; where there is any black, it is in two spots or bands.

21. Abramiocrysoleucasbosci (Cuvier& Valenciennes). Roach. Three examples
from Michelli. Not seen elsewhere, though it doubtless occurs in most of the

waters examined.

22. Cliola vigilax (Baird & Girard). Three specimens from Michelli, the largest of

which (3 inches long) has the head 4.13; depth 4; eye 3.75 in head; snout 3;

scales 8-45-5, 26 before the dorsal ; D. i, 8 ; A. 7.

23. Notropis nux Evermann. Eight examples from Beaumont, Tex. Head 4;

dei)th3.75; eye 3; snout 4; D. 8; A. 7; scales 7-35-3, 13 before dorsal. Teeth

1, 4-4, 1, hooked, and with slight grinding surface. Mouth rather small,

lower jaw somewhat included; origin of dorsal over insertitm of ventrals.

A small spot at base of caudal. Scales rather deeper than long. These
specimens agree in the main with cotypes of X. mix, l)ut the depth is greater.

Tills last is due to the fact that all these specimens are well fed and many of

them full of spawn.

24. Notropis chamberlaini Evermann.
Type, No. 48901, U. S. Nat. Mus. ; cotypes. No. 707, IT. S. F. C. Length of

type, 3 inches to base of cauilal. Typo locality, Atchafalaya River, Melville,

La. Collector, Fred. M. Chamberlain, May 5, 1897.
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Head 4.34; depth 4.2; eye 4; snout 4; D. 8; A. 10; scales 7-39-4, about 15

before dorsal. General form much like that of Hybognaihus; body only

moderately compressed, dorsal and ventral outlines slightly arched; head
lather small, pointed; mouth small, a little oblique, the maxillary scarcely

reaching anterior border of orbit, lower jaw slightly included; snout equal

to eye; eye in axis of body. Fins all rather small; origin of dorsal slightly

behind vertical at insertion of ventrals; free edge of dorsal fin somewhat
concave, the anterior rays about equal to length of head; pectoral short,

slightly falcate, the longest rays about 1.4 in head ; ventrals shorter than
pectoral, barely reaching vent; anal similar to dorsal, the rays shorter;

caudal widely forked, the middle rays 2.5 in the outer, the lobes as long as

head, the lower lobe slightly longer than the upper; scales moderately

imbricated, the exposed portions not deeper than long; lateral line com-

plete, somewhat decurved. Teeth 2, 4-4, 2 or 1, rather weak, hooked, and
with small grinding surface. Intestine short; peritoneum silvery.

General color light straw ; middle of side with a broad, well-defined sil-

very band from upjter end of gill-opening to middle of base of caudal fin, the

anterior half lying wholly above the lateral line, the posterior jiortion lying

partly below it; this silvery band bounded above l)y a narrow dark border;

cheeks and opercles silvery; a darkish band along median line of back; fins

all plain straw-color or pale lemon.

Fourteen examples of this species, 2 to 3 inches in length, were obtained

from the Atchafalaya River at Melville, La., by Mr. Fred. M. Chamberlain,

for whom the species is named.

25. Notropis louisianae Evermann.
Type, No. 48902, U. S. Nat. Mus. ; cotype. No. 708, U. S. F. C. Type locality,

Atchafalaya River, Melville, La. Collector, Fred. M. Chamberlain.

Head 4.5; depth 5.6; eye 3; snout 3; D. 8; A. 11; scales 7-37-3, 19 or 20

before the dorsal. Teeth 1,4-4, 2, little hooked; peritoneum silvery, with

numerous minute round black specks. Body long and slender, back not

arched; head short but pointed; mouth rather large, oblique, maxillary

scarcely reaching orbit ; lower jaw somewhat included ; eye large, equal to or

greater than snout. Fins rather small ; origin of dorsal far behind insertion

of ventrals, its longest rays 1.4 in head; pectorals short, their length equal

to height of anal; ventrals very short, 2 in head, caudal deeply forked;

scales firm, moderately imbricated; lateral line complete, gently decurved.

Color pale; side with a faint plumbeous band; back and upper part of sides

with numerous dark specks chiefiy on the margins of the scales, thus forming

cross-hatchings; a narrow dark vertebral band on caudal peduncle. Length

2.5 inches. Known only from the Atchafalaya River, Louisiana.

This species resembles Notropis dilectiis, but has a much smaller mouth,

blunter snout, and is less silvery along the side.

26. Notropis venustus (Girard). Two specimens from Michelli.

27. Notropis iiotemigonoides Evermann. Two specimens from Michelli and 11

from ponds near Beaumont.

28. Anguilla chrysypa Rafinesque. Baldwin Lodge and Atchafalaya River, though

not abundant. Considered excellent catfish bait by the Atchafiilaya River

fishermen.

29. Hiodon alosoides (Rafinesque). Toothed Herring; LaQuesche; "Slicker." One

specimen from Melville; seen at other places along the Atchafalaya River,

where it is used as bait in the catfisli fishery. The specimen from Melville

agrees exactly with more northern examples.

30. Dorosoma cepedianum exile .Jordan iS: Gilbert. Hickory Shad; "Shad."

Rather common in the Atchafalaya River, where it is of considerable impor-

tance as bait. Four specimens from Melville. Doubtless occurs in most

waters of this region.
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31. Signalosa atchafalayae Kverraiuiii A- Kendall. "Shad.'' Specimens of this

interostiiiji si)eties wore (>l)tainc(l at Melville and from Grand Plains and

Hlack bayous. It is not rare in the Atohafalaya River, and is of some

iuii)orlance as bait in the catti.'^h fishery.

32. Brevoortia tyrannus patronus Goode. Gulf Menhaden. Many very young

oianiples obtained liom (irand Plains Bayou.

33. Stolephorus mitcliilli (Cuvier & Valenciennes). Numerous specimens from

Hal.hvin Lodge and Lake iiapourde.

34. Lucius vermiculatiis (LeSneur). Little Pickerel. Four small specimons from

Miihelli and 1 from Beaumont.

35. Fundulus pallidus Everniann. One example from Mirhelli.

36. Fundulus grandis Baird & Girard. Three from Baldwin Lodge.

37. Fundulus pulvereus (Evermaun). Found only at Baldwin Lodge, where 4

specimens were collected.

38. Fundulus chrysotus Holbrook. Five specimens from Beaumont and 3 from

Lake Lapourde.

39. Fundulus iiotatus (Kafinesquo). Numerous fine examples from Michelli.

40. Lucania venusta (Girard). Common in Grand Plains Bayou and Lake
Lapourde.

41. Cypriuodou variegatus Lac^p^de. Five examples from Baldwin Lodge.

42. Ganibusia afiinis (Baird & Girard). Numerous specimens from Grand Plains

Bayou, Lake Lapourde, Beaumont, and Michelli. Four females from Michelli

contained 60, 70, 73, and 114 well-developed embryos, respectively; the eyes

were beginning to show. Six well-advanced examples from Lake Lapourde

contained 8, 51, 18, 13, 16, and 20 embryos each. Five others from Lake La-

pourde were less advanced. Numerous specimens from Michelli, Baldwin

Lodge, and Beaumont were well advanced. The number of young seems to

vary with the size of the fish. Very few males were collected.

43. Mollienisia latipinua (LeSueur). Numerous fine specimens from Baldwin

Lodge.

44. Siphostoma scovelli Evermann & Kendall. Pipefish. Six from Lake Lapourde

and 4 from Grand Plains Bayou. These specimens present the following

characters

:

Sex.
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49. Querimana gyrans Jordan & Gilbert. One taken in Grand Plains Bayou.

50. Elassoma zonatum Jordan. Pigmy Sunfish. One taken in Lake Lapourde.

51. Pomoxis annularis Rafiuesque. Crappie. Said to occur in Mulatto Bayou,

near Sea Glen, Mississippi.

52. Pomoxis sparoides (Lacepfede). Calico Bass. Two small examples from Beau-

mont and 3 from Michelli.

53. Centrarchus macropterus (Lac^p^de). Bound Sunfish; Flier. Two young
examples from Lake Lapourde. Color in alcohol: Body crossed by five

broad olive bands separated by very narrow pale ones. Dorsal ocellus very

plain.

54. Chaenobryttus gulosus (Cuvier & Valenciennes). Warinouth; ^'Goggle-eye."

Common everywhere; specimens from Grand Plains Bayou, Black Bayou,

Lake Lapourde, and Beaumont-; reported from Lakes Tasse and Peigneur.

55. Apomotis symmetricus (Forbes). Three young from Lake Lapourde, each

showing a very distinct dorsal ocellus.

56. Lepomis miniatus Jordan. One from Black Bayou and 5 from Lake Lapourde.

57. Lepomis garmani Forbes. Eleven specimens from Beaumont and 1 from

Michelli, upon which we have the following notes: Head (without flap) 3;

depth 2 ; eye 4 ; snout 3.5. D. x, 11 ; A. iii, 9 ; scales 6-38-12, 5 rows on cheek.

Teeth sharp
;
gillrakers very short.

58. Lepomis pallidus (Mitchill). Blue-gill Sunfish. One from Black Bayou and 6

from Beaumont.

59. Eupomotis lieros (Baird & Girard). Two specimens obtained at Beaumont.

60. Micropterus salmoides (Lac^pede). Large-motith BlaclBass ; " Green Ti-out."

Abundant about Baldwin Lodge and all other waters examined. Specimens

from Michelli, Baldwin Lodge, and Beaumont.

61. Percina caprodes (Rafiuesque). Log I'erch. One fine specimen from Angelina

River, Michelli. Head 4.25; depth 4.84; eye 4.75; snout 3.8. D. xvi-13;

A. II, 9; scales 11-89-10; nape well scaled. About 17 dark vertical bars,

with shorter ones above lateral line.

62. Boleosoma camurum Forbes. Barter. One from Lake Lapourde and 7 from

Michelli.

63. Etheostoma jessiae (Jordan & Brayton). Darter Three from Michelli,

64. Roccus chrysops (Rafinesque). White Bass; " Barfish." One obtained at

Melville; reported from Baldwin Lodge, Lake Tasse, and Lake Peigneur.

65. Lagodon rhomboides (Liunteus). Pinfish; Bream. Specimens from Baldwin

Lodge, where it is common.
66. Archosargus probatocephalus(Walbaum). Sheepshcad. Common about Bald-

win Lodge and elsewhere on the coast.

67. Cynoscion nebulosus (Cuvier & Valenciennes). Spotted Sea Trout. One
example 8.5 inches long from Lake Borgue.

68. Sciaenops ocellatus (Linnaeus). Red Brum. Common about Baldwin Lodge
and the mouth of the Atchafalaya River.

69. Leiostomus xanthurus Lac^p^de. Spot. Common about Baldwin Lodge,

numerous specimens having been obtained there.

70. Mioropogou undulatus (Linnaeus). Croaker. Specimens from Baldwin Lodge
and Lake Lapourde.

71. Aplodinotus grunuiens Rafinesque. "Gaspergou." Reported from Neches and
Angelina rivers and Lakes Tasse and Peigneur.

72. Microgobius gulosus (Girard). Goby. Five from Grand Plains Bayou.

73. Gobiosoma bosci (Lac6ptde). Goby. Common; specimens obtained at Bald-

win Lodge, Grand Plains Bayou, and Lake Lapourde.

74. Achirus fasciatus Lacepi-de. Sole. One small example from Grand Plains

Bayou and 4 from Flat Lake, Morgan City.
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PUBLICATIONS OF THE UNITED STATES COMMISSION OF FISH

AND FISHERIES AVAILABLE FOR DISTRIBUTION

ON MARCH 1, 1899.

The publications of the Commission consist of an annual report and
annual bulletin, which are congressional documents; a certain number
being allotted to each Senator and Member of the House of Kepre-

seutatives, and a small cpiota assigned to the Commission. Each vol-

ume is made up of separate papers treating of the different subjects

germane to the work of the Commission, and a small edition of each of

these papers is issued in pamplilet form in advance of the bound volume
for distribution to those who are specially interested in the subject-

matter.

BOUND PUBLICATIONS,

Of the bound publications the earlier volumes are out of print, and
all the coi)ies allowed this office have been distributed. A few copies

of the following volumes can be furnished

:

ANNUAL REPORTS.

Designation. \^^^^^^
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Serial
No.

3. Repoit on the condition of the sea fisheries of tlie south coast of New England
in 1871 and 1872, by Spencer F. Baird. Report for 1871-72, i, pp. i-XLi, 1873.

4. Report of the Commissioner for 1872 and 1873.—A. Inquiry into the decrease of
the food-fishes.—B. The propagation of food-fishos in the waters of the United
States, by Spencer F. Baird. Report for 1872-73, ii, pp. i-cii. 1874.

15. Report of the Commissioner for 1873-74 and 1874-75.—A. Inquiry into the
decrease of the food-fishes.—B. The propagation of food-fishes in the waters
of the United States, by Spencer F. Baird. Report for 1873-74 and 1874-75,
III, pp. vii-Li. 1876.

17. Report of the Commissioner for 1875-76.—A. Inquiry into the decrease of food-
fishes.—B. The propagation of food-fishes in the waters of the United States,
by Spencer F. Baird. Report for 1875-76, iv, pp. l*-50*. 1878.

21. Cheap fixtures for hatching of salmon, by Charles G. Atkins. Report for 1878,
VI, pp. 945-966 (including 15 figs.). 1880.

25. Report of the Commissioner for 1877.—A. Inquiry into the decrease of food-
fishes.—B, Propagation of food-fishes in the waters of the United States, by
Spencer F. Baird. Report for 1877, v, pp. 1 -48 \ 1879.

27. The carp and its culture in rivers and lakes, and its introduction into America,
by Rudolph Hessel. Report for 1875-76, iv, pp. 865-900 (including 6 figs.).

1878.

31. The winter haddock fishery of New England, by G. Brown Goode and J. W.
Collins. Bulletin for 1881, I, pp. 226-235. 1882.

40. Popular extracts from the investigation of the Commission for the scientific

examination of the (merman Seas, by H. A. Meyer et al. Report for 1879, vii,

pp. 525-557 (including 17 figs.). 1882.

41. List of dredging stations of the U. S. Fish Commission from 1871 to 1879, inclu-
sive, with temperature and other observations, by Sanderson Smith and Richard
Rathbun. Report for 1879, vii, pp. 5.59-601. 1882.

62. Report of the Commissioner for 1880.—A. Inquiry into the decrease of food-
fishes.—B. Propagation of food-fishes in the waters of the United States, by
Spencer F. Baird. Report for 1880, viii, pp. xvii-XLVi. 1883.

65. Reyiort of the Commissioner for 1881, by Spencer F. Baird. Report for 1881,
IX, pp. xiii-LXXi. 1884.

70. Report on the construction and work in 1880 of the Fish Commission steamer
Fish Hawk, by Z. L. Tanner. Report for 1881, ix, pp. 3-53, plates i-xviii
(including 3 figs.). 1884.

73. Annual report on the electric lighting of the U. S. F. C. steamer Albatross,
December 31, 1883, by G. W. Baird. Bulletin for 1884, iv, pp. 153-158 (including
8 figs.). 1884.

75. The status of the U. S. Fish Commission in 1884, by G. Brown Goode. Report
for 1884, XII, pp. 1139-1184. 1886.

108. Report of the Commissioner for 1884, by Spencer F. Baird. Report for 1884,
XII, pp. XIII-LXXI. 1886.

113. Report on the medus;e collected by the U. S. Fish Commission steamer Alha-
tross in the region of the Gulf Stream, 1883-84, by J. Walter Fewkes. Report
for 1884, XII, pp. 927-980, plates i-x. 1886.

115. Report of the Commissioner for 1885, by Spencer F. Baird. Report for 1885,
XIII, pp. xix-cxii. 1887.

120. On the development of the cetacea, together with a consideration of the proba-
ble homologies of the flukes of cetaceans and sirenians, by John A. Ryder.
Report for 1885, xiii, pp. 427-488 (including 3 figs.), plates i-iii. 1887.

127. A review of the Scianidw of America and Europe, by David S. Jordan and Carl
H. Eigenmanu. Report for 1886, xiv, pp. 34,3-451, plates i-iv. 1889.

129. Report on the mcdusie collected by the U. S. Fish Commission steamer Albatross
in the region of the Gulf Stream in 1885-86, by J. Walter Fewkes. Report for

1886, XIV, pp. 513-536, plate i. 1889.

130. Report on the work of the U. S. Fish Commission steamer Albatross for the year
ending December 31, 1886, by Z. L. Tanner. Report for 1886, xiv, pp. 605-692,

plates i-x. 1889.

131. Report of operations at the Wytheville Station, Va., from January 1, 1885, to
June 30, 1887, by Marshall McDonald. Report for 1886, xiv, pp. 793-800, plates
i-vi. 1889.

132. The beam-trawl fishery of Great Britain, with notes on beam-trawling in other
European countries, by J. W. Collins. Bulletin for 1887, vii, pp. 289-407
(including 34 figs.), plates i-xxiii. 1889.

134. Report of the Commissioner for 1886, by Spencer F. Baird. Report for 1886,
XIV, pp. ix-LVii. 1889.

137. Suggestions for the emi)loyment of improved types of vessels in the market
fisheries, with notes on British fishing steamers, by J. W. Collins. Bulletin
for 1888, vm, pp. 175-192, plates x vi-xxvii. 1890.
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Serial
No.

138. Notes ou the lislies collected at Cozumol, Yiicatan, by the U. S. Fish Comniis-
sion, with tlescriptions of new species, bv Tarletou H. Bean. JJulletiu for

1888, VIII, pp. l!l3-2(Mi, plates XXVIII-XXIX. 18iK).

141. A report upon tlic lislics of Kalamazoo, Calhoun, and Antrim counties, Mich.,
by Charles II. Hollmau. I'.ullctiu for 1888, viii, pp. L'lit-L'LT.. 1891.

1 IL'. Notes on the lishcs from the lowlands of (ieorgia, with a description of a new
species (Opsopnodux hollmaiii), by Charles H. Gilbert. Bulletin for 1888, vili,

pp. 2J,V22i». 18111.

14."). Report on the proposed introduction of the Jamaica mountain mullet into the
United states, by Tarhton II. B.-an. Bulletin for 1888, via, pp. 44:^-151. 1891.

141). The transplanting of liil)f,ter8 to the Pacific coast of the United States, by
Kicliard Kathbun. Bulletin for 1888. viii, pp. 453-472, plate i.xxi. 1891.

147. Preliminary report on the invertebrate animals inhabiting Lakes Geneva and
Mendota, Wisconsin, with an account of the lish epidemic in Lake Mendota
in 1884, by S. A. Forbes. Bulletin for 1888, viii, pp. 473-487, plates Lxxii-
Lxxiv. 1890.

150. Ou two species of larval dibothria from the Yellowstone National Park, by
Edwin Linton. Bulletin for 1889, ix, pp. 65-79, plates xxiii-xxvii. 1891.

151. The artificial prop.igation of sturgeon in Schleswig-Holstein, Germany. Bul-
letin for 18S9, IX, pp. 81-90. 1S91.

152. Report ujjon the pearl fishery of the Gulf of California, by Charles H. Town-
send. Bulletin for 1889, ix. pp. 91-94, plates xxvin-xxx. 1891.

154. Ou certain wart-like excrescences occurring on the short minnow {Cyprinodon
variegatus) due to psorosperms, by Edwin Linton. Bulletin for 1889, ix,

pp. 99-102, plate XXXV. 1891.

161. The fishing-grounds of Bristol Bay, Alaska. A preliminary report upon the
investigations of the U. S. Fish Commission steamer Albatross, by Z. L. Tanner.
Bulletin for 1889, ix, pp. 279-288, plates cvni-cx. 1891.

162. Report upon an investigation of the fishing-grounds off the west coast f)f Flor-
ida, by A. C. Adams and W. C. Kendall. Bulletin for 1889, ix, pp. 289-312
(including 2 figs.), plate cxi. 1891.

163. The giant-scallop fishery of Maine, by Hugh M. Smith. Bulletin for 1889, ix,

pp. 313-335, plates cxii-cxvi. 1891.

164. A contribution to the life history of Dihothrium cordiceps Leidy, a parasite infest-
ing the trout of Yellowstone Lake, by Edwin Linton. Bulletin for 1889, ix,

pp. 337-358, plates cxvii-cxix. 1891.

165. Notice of the occurrence of protozoan parasites (psorosperms) on cvprinoid fishes

in Ohio, by Edwin Linton. Bulletin for 1889, ix, pp. 359-361, plate cxx. 1891.

166. Notes on tlie king-crab fishery of Delaware Bay, by Hugh M. Smith. Bulletin
for 1889, IX, pp. 363-370, plates cxxi-cxxiii. 1891.'

167. Report upon a collection of fishes made in southern Florida during 1889, by
James A. Henshall. Bulletin for 1889, ix, pp. 371-389. 1891.

168. Report upon a physical investigation of the waters off the soutliern coast of
New England, made during the summer of 1889 by the U. S. Fish Commission
schooner Grampus, hy William Libl)ey, jr. Bulletin for 1889, ix, pp. 391-459
(including 1 fig.), plates cxxiv-clviii. 1891.

169. Notes on the oyster fishery of Connecticut, by J. W. Collins. Bulletin for 1889,
IX, pp. 461-497, plates CLix-CLXVi. 1891.

171. Report upon the construction and equipment of the schooner Grampus, by J. W.
Collins. Report for 1887, xv, pp. 437-490 (including 5 figs.), plates i-xvill.
1891.

172. Report of the operations of the U. S. Fish Commission schooner Grampus from
March 15, 1887. to June 30, 1888, bv J. W. Collins and D. E. Collins. Report for
1887, XV, pp. 4ill-.598, ])late3 i-xvi." 1891.

173. A review of tlie labroid fishes of America and Europe, by David S.Jordan.
Report for 1887, xv, pp. 599-699, plates i-xi. 1891.

174. On some Lake Superior eiitomostraca, by S. C. Forbes. Report for 1887, xv, pp.
701-718, plates i-iv. 1891.

176. Report of the Commissioner for 1887, xv. pp. i-i,xiii, by Marshall McDonald.
1891.

177. Statistical review of the coast fisheries of the United States, by J. W. Collins.
Report for 1S88, x\i. pp. 271-378. 1892.

179. Report of distribution of fish and eggs from July 1, 1888, to June 30, 1889.

Rei)ort for 1888, xvi, pp. 379-394. 1892.
180. Report upon the investigations of the U. S. Fish Commission steamer Albatross

for the vear ending June 30, 18H9, bv Z. L. Tanner. Report for 1888, xvi,
pp. 395-512, plates i.-Lli. 1892.

181. Report of operations at the laboratory of the U. S. Fish Commission, Woods
Hole, Mass., during the summer of 1888, by John A. Ryder. Report for 1888,
XVI, pp. 513-522. 1892.
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182. Notes on entozoa of marine fishes, -with description of new species, part iii, hy
Edwin Linton. Report ior 1888, xvi, pp. .523-542, plates lui-lx. 1892.

183. On the anatomy of Thysanocephalum crispum Linton, a parasite of the tiger shark,
by Edwin Linton. Report for 1888, xvi, pp. 543-556, plates lxi-lxvii. 1892.

185. The chemical composition and nutritive values of food-fishes and aquatic inver-
tebrates, by W. O. Atwater. Report for 1888, xvi, pp. 679-S68, plates Lxxxi-
Lxxxix. 1892.

186. Observations on the aquaria of the U. S. Fish Commission at Central Station,
Washington, D. C, by William P. Seal. Bulletin for 1890, x, pp. 1-12 (incslud-

ing 2 iigs.), plates i-iv. 1892.

188. Observations upon fishes and fish-culture, by Tarleton H. Bean. Bulletin for

1890, X, pp. 49-61. 1892.

189. Notes on a collection of fishes from the lower Potomac River, by Hugh M. Smith.
Bulletin for 1890, x, pp. 63-72, plates xviii-xx. 1892.

190. A review of the Centrarchtdw or fresh-water sunfishes of North America, by
Charles H. Bollman. Report for 1888, xvi, pp. 557-579, plates lxviii-lxxii.
1892.

191. Report upon the participation of the U. S. Fish Commission in the Centennial
Exposition held at Cincinnati, Ohio, in 1888, by J. W. Collins. Report for

1888, XVI, pp. 869-885, plate xc. 1892.

192. Report of the Commissioner for 1888 [.July 1, 1888, to June 30, 1889], including
the reports on the division of fish-culture, scientific inquiry, and iisheries, by
Marshall McDonald. Report for 1888, xvi, pp. ix-cxxviii.' 1892.

194. Report on an investigation of the fisheries of Lake Ontario, by Hugh M, Smith.
Bulletin for 1890, x, pp. 177-215, plates xxi-l. 1892.

195. A report upon the fisheries of Iowa based upon observations and collections
made during 1889, 1890, and 1891, by Seth E, Meek. Bulletin for 1890, x, pp.
217-248. 1892.

196. Report of an examination of the rivers of Kentuckv, with lists of the fishes

obtained, by Albert J. Woolman. Bulletin for 1890, x, pp. 249-288, plate l.

1892.

197. Notes on the streams and fishes of Clinton County, Ky., with a description of a
new darter, by Philip H. Kirsch. Bulletin for 1890, x, pp. 289-292 (including
Ifig.). 1892.

198. Report upon the rivers of central Florida tributary to the Gulf of Mexico, with
lists of fishes inhabiting them, by Albert J. Woolman. Bulletin for 1890, x,

pp. 293-302, plates lii-liii. 1892.

201. Observations on the hatching of the yellow perch, by S. G. Worth. Bulletin
for 1890, X, pp. 331-334, plate lxi. 1892.

202. The physical and biological characteristics of the natural oyster-grounds of

South Carolina, by Bashford Dean. Bulletin for 1890, x, pp. 335-361, plates
LXii-LXViii. 1892.

203. The present methods of oyster-culture in France, by Bashford Dean. Bulletin
for 1890, X, pp. 363-388 (including 2 figs.), plates lxix-lxxviii. 1892.

206. A statistical report on the fisheries of the Gulf States, by J. W. Collins and
Hugh M. Smith. Bulletin for 1891, xi, pp. 93-184. 189,?.

207. Description of a new sucker, Pantosteus jordani, from the Upper Missouri
Basin, bv Barton W. Evermann. Bulletin for 1892, xii, pp. 51-56 (including
1 fig.). '1893.

209. Observations on the spawning habits of the shad, by S. G. Worth. Bulletin
for 1891, XI, pp. 201-206. 1893.

210. A preliminary report on the aquatic invertebrate fauna of the Yellowstone
National Park, Wyoming, and of the Flathead region of Montana, by S. A.
Forbes. Bulletin for 1891, xi, pp. 207-258, 1893, plates xxxvii-XLii. 1893.

211. Notes on a collection of fishes from the southern tributaries of the Cumberland
River in Kentucky and Tennessee, by Philip H. Kirsch. Bulletin for 1891,

XI, pp. 2.09-267. 1893.

212. Report on the fisheries of the South Atlantic States, by Hugh M. Smith. Bul-
letin for 1891, XI, pp. 271-356, plates xliii-lxxiv. 1893.

214. Report upon the European methods of oyster-culture, by Bashford Dean. Bul-
letin for 1891, XI, pp. 357-406 (including 2 figs.), plates i.xxv-lxxxviii. 1893.

215. On the classification of the mvxosporidia, a group of protozoan parasites

infesting fishes, by R. R. Gurley. Bulletin for 1891. xi, pp. 407-420. 1893.

217. Report of observations respecting the oyster resources and ovster fishery of the
Pacific Coast of the United States, by C. H. Townsend. Report for 1889-91,

XVII. pp. 34.3-372, plates 3-12. 1892.

218. Report on the coast fisheries of Texas, by Charles II. Stevenson. Report for

1889-91, xvii, pp. 373-420, plates 13-27. 1893.
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219. A review of the sparoid fialies of America and Eiiioi)c, by David S. Jordan and
Bert F.'sl. r. h'eport lor 1889-91, xvil, pp. -121-544, plates 2«-G2. 1893.

222. Natural history of the useful aquatic rcjdiles and batraehians of the United
States, bv Frederick W. True. The Fisheries and Fishery Industries of the
United States, see. i, pp. 1 11-162. 1884.

223. Natural history of niollusks in general, by Ernest luuersoll. The Fisheries and
Fishery Industries of tlie United States, 'sec. I, pp. G87-710, plates 253-258. 1881.

224. Natural history of erustaceans, worms, radiates, and sponges, by Kichard
Kathbun. The Fisheries anil Fishery Industries of the United States, sec. i,

pp. 71)3-850. i)late.s 200-277. *1884.

225. The li.shes of Texas and the Rio (Jrande Basin, considered chiefly with reference
to their geographic distribution, by Barton W. Kvermann and William C.
Kendall. Bulletin for 1,S92, xil, pp. 57-126, plates x-i.. 1894.

226. The fyke-nets and fyke-net tisheries of the United States, Avith notes on the
fyke-nets of other coiintries, by Hugh M. Smith. Bulletin for 1892, xii, pp.
299-356, plates LXXll-xci. 1894.

228. Summary of the fishery investigations conducted in the North Pacific Ocean
and Bering Sea from July 1, 1888, to .July 1, 1892, by the U. S. Fish Commission
steamer Albatross, by Richard Rathbun. Bulletin for 1892, xii, pp. 127-201,
plates Li-LV. 1894.

229. List of fishes collected at Sea Isle City, N. J., during the summer of 1892, by
H. F. Jloore. Bulletin for 1892, mi, pp. 357-380. 1894.

230. Economic and natural-history notes on tishes of the northern coast of New
Jersey, by Hugh M. Smith. Bulletin for 1892, xii, i)p. 365-380. 1894.

231. On the viviparous fishes of the Pacific coast of North America, by Carl H.
Eigenmann. Bulletin for 1892, xii, pp. 381-478, plates xcil-cxviii. 1894.

232. Notes on two hitherto unrecognized species of American whitefishes, by Hugh
M. Smith. Bulletin for 1894^ xiv, pp. 1-13, plate 1. 1894,

233. Extension of the recorded range of certain marine and fresh-water fishes of the
Atlantic Coast of the United States, by W. C. Kendall and Hugh M. Smith.
Bulletin for 1894, xiv, pp. 15-21. 1894.

234. Notes on fishes from the basin of the Mackenzie River, in British America.
Bulletin for 1894, xiv, i)p. 23-25, by Charles H. Gilbert. 1894.

234. An American fish in Finland, by Oscar Nordqvist. Bulletin for 1894, xiv,
pp. 27-28. 1894.

234. Two fertile cyprinoid hybrids, by Karl Knauthe. Bulletin for 1894, xiv,
pp. 29-30. 1894.

235. Report upon explorations made in Eel River Basin, in the northeastern part of
Indiana, in the summer of 1892, by Philip H. Kirsch. Bulletin for 1894, xiv,
pp. 31-41. 1894.

236. Notes on the fresh-water fishes of Washington County, Me., by William C.
Kendall. Bulletin for 1894, xiv, pp. 43-54. 1894.

237. Worlds Fisheries Congress. Report of the secretary of the general committee,
by Tarleton H. Bean. Bulletin for 1893, xiii, pp. 1-14. 1894.

238. The assimilation of the fishery laws of the Great Lakes, by G. A. MacCaUum.
Bulletin for 1893, xiii, pp. 17-20. 1894.

239. The decrease of food-fishes in American waters, and some of the causes, by
A. M. Spangler. Bulletin for 1893, xiii, pj). 21-35. 1894.

240. The sea and coast fisheries, by Daniel T. Church. Bulletin for 1893, xiii.
pp. 37-38. 1894.

241. Our ocean fishes and the effect of legislation upon the fisheries, by J. M. K.
South wick. Bulletin for 1893, xiii, pp. .39-45. 1894.

242. The past, present, and future of trout culture, by W. L. Gilbert. Bulletin for
1893, xiii, pp. 47-48. 1894.

243. The relation of scientific research to economic problems, by G. Brown Goode.
Bulletin for 1893, XIII, pp. 49-58. 1894.

244. Biological research in relation to the fisheries, by John A. Ryder. Bulletin for
1893, XIII, pp. 59-63. 1894.

245. On the influence of light on the periodical depth migration of pelagic animals,
by .Jacques Loeb. Bulletin for 1893, xiii, pp. 65-68. 1894.

246. The investigation of rivers and lakes with reference to fish environment, by
B. W. Evermann. Bulletin for 1893, xiii, pp. 69-73. 1891.

247. The habits and development of the lobster, and their bearing upon its artificial
propagation, by Francis H. Ilerrick. Bulletin for 1893, xiii, pp. 75-86. 1894.

248. The origin of the food of marine animals, by W. K. Brooks. Bulletin for 1893
XIII, pp. 87-92. 1894.

249. Atmospheric and other influences on the migration of fishes, by J. J. Armistead.
Bulletin for 1893, xiii, pp. 93-99. 1894.
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250. Some observations concerning fish parasites, by Edwin Linton. Bulletin for

1893, XIII, p.p. 101-126, plates 1-8. 1894.

251. On the food of the menhaden, by James I. Peck. Bulletin for 1893, xiii,

pp. 113-126, plates 1-8. 1894.

252. Some plankton studies in the Great Lakes, by Jacob E. Reighard. Bulletin for

1893, XIII, pp. 127-142, plates 9, 10. 1894.

253. The aquarium of the U. S. Fish Commission at the World's Columbian Expo-
sition, by S. A. Forbes. Bulletin for 1893, xili, pp. 143-158. 1894.

253. Description of the fresh and salt water supply and pumping plants used for the
aquarium, by I. S. K. Reeves. Bulletin for 1893, xiii, pp. 159-161. 1894.

253. Observations and experiments on saprolegnia infesting fish, by G. P. Clinton.
Bulletin for 1893, xiii, pp. 163-172. 1894.

253. Report on a parasitic protozoan observed on fish in the aquarium, by Charles
Warden Stiles. Bulletin for 1893, xiii, pp. 173-190, plates 11, 12. 1894.

254. Statistical review of fish-culture in Europe and North America, by N. Borodine.
Bulletin for 1893, xiii, pp. 193-196. 1894.

255. Some notes about American fish-culture, by Oscar Nordqvist. Bulletin for 1893,

XIII, pp. 197-200. 1894.

256. Fish-culture in Michigan, by Hoyt Post. Bulletin for 1893, xiii, pp. 201-211.

1894.

257. History and methods of whitefish-culture, by Frank N. Clark. Bulletin for

1893, XIII, pp. 213-220. 1894.

259. The propagation of black bass in ponds, by William F. Page. Bulletin for

1893, XIII, pp. 229-236. 1894.

260. Fish and fishing in British Guiana, by J. J. Quelch. Bulletin for 1893, xiii,

pp. 237-240. 1894.

261. Fish-cultural investigations at St. Andrews Marine Laboratory, Scotland, by
W. C. Mcintosh. Bulletin for 1893, xiii, pp. 241-256. 1894.

261. Description of the marine hatchery at Dunbar, Scotland, by T. Wemyss Fulton.
Bulletin for 1893, xiii, pp. 257-262. 1894.

262. The past, present, and future of the ovster industry of Georgia, by A. Oemler.
Bulletin for 1893, xiii, pp. 263-272. 1894.

263. Deep-water oyster-culture, by Henry C. Rowe. Bulletin for 1893, xiii,

pp. 273-276. "1894.

264. Breeding natural food artificially for young fish artificially hatched, by A. Nelson
Cheney. Bulletin for 1893, xiii, pp. 277-279. 1894.

265. What we know of the lobster, by Fred Mather. Bulletin for 1893, xiii, pp.
281-286. 1894.

268. Foul fish and filth fevers, by J. Lawrence-Hamilton. Bulletin for 1893, xiii,

pp. 311-334. 1894.

269. Recent experiments in sturgeon hatching on the Delaware River, by Bashford
Dean. Bulletin for 1893, xiii, pp. 335-339 (including 1 tig.). 1894.

270. The fisheries of Canada, by L. Z. Joucas. Bulletin for 1893, xiii, pp. 341-348.

1894.

271. The fishing industry of Lake Erie, past and present, by C. M. Keyes. Bulletin
for 1893, xiii, pp. 349-353. 1894.

272. Notes on the Irish mackerel fisheries, by William Spotswood Green. Bulletin
for 1893, XIII, pp. 357-360, plates 13-16. 1894.

273. Past and future of the fur-seal, by Joseph Stanley-Brown. Bulletin for 1893,

xiii, pp. 361-370. 1894.

275. Fish nets: Some account of their construction and the application of the
various forms in American fisheries, by C. H. Augur. Bulletin for 1893, xiii,

pp. 381-388. 1894.

277. The fisheries of Japan, by the Japanese bureau of agriculture, compiled by
Hugh M. Smith. Bulletin for 1893, xiii, pp. 419-438. 1894.

278. On pearls, and the utilization and application of the shells in which they are
found, in the ornamental arts, as shown at the World's Columbian Exposition,

bv George Frederick Kunz. Bulletin for 1893, xiii, pp. 439-457, plates 18-41.

1894.

279. Report on a collection of fishes from the rivers of central and northern Mexico,
by Albert J. Woolman. Bulletin for 1894, xiv, pp. 55-66, plate 2. 1894.

280. Report of investigations respecting the fishes of Arkansas, conducted during
1»91, 1892, and 1893, with a ^synopsis of previous explorations in the same State,

by Seth E. Meek. BuUctin for 1894, xiv, pp. 67-94. 1894.

282. Results of explorations in western Canada and northwestern United States,

by Carl H. Eigenmann. Bulletin for 1894, xiv, pp. 101-131, plates 5-8. 1894.

283. Report of the Commissioner for the fiscal year ending June 30, 1892, including
the reports on the divisions of scientific in()uiry and fisheries, by Marshall
McDonald. Report for 1892, xviii, i»p. vil-cciv. 1894.
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284. Report upon the investigations of the U. S. Fish Commission steamer Albatroea

for the vear ending June 30, 1892, by Z. L. Tanner. Report for 1892, xviii,

pp 1-61, platt" A. 18i)4.

288. Notes on the fishes of western Iowa and eastern Nebraska, by Seth E. Meek.
Bulletin for 18t)4, xiv, pp. 133-138. 1894.

288. List of fishes inhabiting Clear Lake, California, by Charles H, Gilbert. Bulletin

for 18!H, .viv. pp. 139-110. 1891.

288. Notes on the fresh -water 8])ecie8 of San Luis Obispo County, Cal., by David S.

.Jordan. Bulletin for 18;)4, xiv, pp. 141-142. 1894.

289. On the aj)plianees for eoUectiug pelagic organisms, with special reference to

those employed by the U. S. Fish Commission, by Z.L. Tanner. Bulletin for

1894, XIV, pp. 143-151, plates 9-12. 1894.

290. The salmon lisheries of Columbia River, together with a report upon physical
and natural history investigations in the region by C. H. Gilbert and B. W.
Evermanu, by Marshall McDonald. Bulletin for 1894, xiv, pp. 153-168, plates
13-15. 1894.

292. Notes on fishes collected in Florida in 1892, by James A. Henshall. Bulletin for

1894, XIV, pp. 209-221. 1894.

293. Notes on a reconnaissance of the fisheries of the Pacific coast of the United
States in 1894, by Hugh M. Smith. Bulletin for 1894, xiv, pp. 223-288. 1894.

294. Feeding and rearing of fishes, i)articularly trout, under domestication, by
\Villi;mi F. Page. Bulletin for 1894, xiv, pp. 289-314. 1895.

295. Report upon investigations in the Maumee River Basin during the summer of
189.3, by Philip H. Kirsch. Bulletin for 1894, xiv, pp. 315-337. 1895.

296. A statistical report on the fisheries of the Middle Atlantic States, by Hugh M.
Smith. Bulletin for 1894, XIV, pp. 339-467. 1895.

297. The fishes of the Colorado Basin, by Barton W. Evermann and Cloud. Rutter.
Bulletin for 1894, xiv, 473-486. 1895.

297. A list of species of fishes known from the vicinity of Neosho, Mo., by Barton W.
Evermann and W. C. Kendall. Bulletin for 1894, xiv, pp. 469-472. 1895.

298. Report of the Commissioner for the fiscal year ending June 30, 1893, including
the reports on divisions of fish-culture, scientific inquiry, and fisheries, by
Marshall McDonald. Report for 1893, xix, pp. 1-138. 1896.

300. The American lobster. A study of its habits and development, by Francis
Hobart Herrick. Bulletin for 1895, xv, pp. 1-252, plates A-J and 1-54. 1896.

301. A prelimiuarv report upon salmon investigations in Idaho in 1894, by Barton W.
Evermann. " Bulletin for 1895, xv, pp. 253-284. 1896.

302. Notes on an investigation of the menhaden fishery in 1894, with special refer-

ence to the food-fishes taken, by Hugh M. Smith. Bulletin for 1895, xv, pp.
285-302. 1896.

303. The fishes of the Neuse River Basin, by Barton W. Evermann and Ulysses O.
Cox. Bulletin for 1895, xv. pp. 303-310. 1896.

304. Notes on intensive pond culture at Sandfort, by S. Jaff6. Bulletin for 1895, XV,
pp. 311-316. 1896.

304. Notes on the rearing of yearling trout at Sandfort, by S. Jaft'd. Bulletin for

1895, XV, pp, 317-319. 1896.

304. Fish-cultural methods at the Agricultural School at Freising. Anonymous.
Bulletin fur 1895, xv, pp. 320-321, plate .55. 1896.

304. The course of instruction of the Bavarian Fishery Association. Anonymous.
Bulletin for 1895, xv, pp. 321-324. 1896.

305. Report on a reconnaissance of the oyster-beds of Mobile Bay and Mississippi
Sound, Alabama, by Homer P. Ritter. Bulletin for 1895, xv, pp. 325-339, plates
56-63. 1896.

306. A list of fishes and moUusks collected in Arkansas and Indian Territory in 1894,
by Seth Eugene Meek. Bulletin for 1895, xv, pp. 341-349. 1896.

307. The sources of marine food, by James I. Peck. Bulletin for 1895, xv, pp. 351-368.
1896, plates 64-71. 1896.

308. Contributions toward the improvement of the culture of salmonoids and craw-
fish in small water-courses, by Karl Wozelka-Iglau. Bulletin for 1895, xv,
pp. 369-378, plate 72. 1896.

309. A review of the history and results of the attempt to acclimatize fish and other
water animals in the Pacific States, by Hugh M. Smith. Bulletin for 1895, xv,
pp. 379-472, plates 73-83. 1896.

310. Report upon the work of the U. S. Fish Commission steamer Jlbatroxs for the
year ending June 30, 1893, by Z. L. Tanner. Report for 1893, xix, pp. 305-341,
plates 15-18. 1896.

311. Report of the repre.sentative of the U. S. Fish Commission at the World's Co-
lumbi.nn Exposition, by Tarletou H. Bean. Report for 1894, xx, pp. 177-196,
plates 1-5. 1896.
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312. Report upon iohthyological investigations in western Minnesota and eastern
North Dakota, by Albert J. Woolman. Report for 1893, xix, pp. 343-373,
plate 19. 1896.

313. The food of the oyster, clam, and ribbed mussel, by John P. Lotsy. Report for
1893, XIX, pp. 375-386 (iuclndiug 4 figs.). 1896.

314. Establishment of stations for the propagation of salmon on the Pacific Coast, by
John J. Erice. Report for 1893, xix, pp. 387-392. 1896.

315. Report of the Commissioner for the fiscal year ending June 30, 1894, including
the reports on the divisions of fish-culture, scientific inquiry, and fisheries, by
Marshall McDonald. Report for 1894, xx, pp. 1-175. 1896.

316. The Russian fur-seal islands, by Leonard Stejneger. Bulletin for 1896, xvi,

pp. 1-148, plates 1-66. 1896.

317. Remarks on the movements and breeding grounds of the fur-seal, based on
observations made while on the United States naval patrol of Bering Sear in
1894, by John J. Brice. Report for 1894, xx, pp. 573-577. 1896.

318. A report upon salmon investigations in the head waters of the Columbia River,
in the State of Idaho, in 1895; together with notes upon the fishes observed in
that State in 1894 and 1895, by Barton W. Evermann. Bulletin for 1896, xvi,
pp. 149-202, plates 67-72. 1896.

319. The artificial propagation of the rainbow trout, by George A. Seagle. Bulletin
for 189B, x\i, pp*. 237-256, plates 88-94. 1896.

320. The artificial propagation of salmon on the Pacific Coast of the United States,
with notes on the natural history of the quiunat salmon, by Livingston Stone.
Bulletin for 1896, xvi, pp. 203-235; plates 73-87. 1896.

321. Report upon the operations of the U. S. Fish Commission steamer Albatross for

the year ending June 30, 1894, by Z. L. Tanner and F. J. Drake. Report for

1894, XX, pp. 197-278, plates 6-8. '
1896.

322. Description of a closing tow net for submarine use at all depths, by C. H.
Towusend. Report for 1894, xx, pp. 279-282, plates 9, 10. 1896.

323. The whitefishes of North America, by Barton W. Evermann and Hugh M. Smith.
Report for 1894, xx, pp. 283-324, plates 11-28. 1896.

324. A report upon the fishes of the Missouri River Basin, by Barton W. Evermann
and Ulysses O. Cox. Report for 1894, xx, pp. 325-429. 1896.

325. A review of the foreign fishery trade of the United States, by Charles H.
Stevenson. Report for 1894, xx, pp. 431-571. 1896.

326. The ichthvological collections of the U. S. Fish Commission steamer Albatross
during the years 1890 and 1891, by Charles H. Gilbert. Report for 1893, xix,

pp. 393-476,' plates 20-35. 1896.

327. An annotated catalogue of the fishes known from the State of Vermont, by
Barton W. Evermann and W. C. Kendall. Report for 1894, xx,pp. 579-604.

328. A report upon the fishes of southwestern Minnesota, by Ulysses O. Cox. Report
for 1894, XX, pp. 605-616. 1896.

329. List of publications of the U. S. Commission of Fish and Fisheries from its

establishment, in 1871, to February, 1896, by Charles W. Scudder. Report for

1894, XX, pp. 617-706. 1896.

330. Deep-sea explorations: A general description of the steamer Albatross, her
appliances and methods, by Z. L. Tanner. Bulletin for 1896, xvi, pp. 257-428
(including 76 figs.), pis. i-XL. 1897.

331. Report of the Commissioner for the fiscal year ending June 30, 1895, including
the reports on the divisions of fish-culture, scientific inquiry, and fisheries, by
Marshall McDonald. Report for 1895, xxi, pp. 1-123. 1896.

332. Report upon the investigations of the U. S. Fish Commission steamer Albatross
for the year ending June 30, 1895 (abstract), by F. J. Drake. Report for 1895,
XXI, pp. 125-168. 1896.

333. Notes on Biscayne Bay, Florida, with reference to its adaptability as the site

of a marine hatching and experiment station, by Hugh M. Smith. Report for

1895, XXI, pp. 169-191. 1896.

334. The transplanting of eastern oysters to Willapa Bay, Washington, with notes
on the native oyster industry, by C. H. Townsend. Report for 1895, xxi,

pp. 193-202, plate 1. 1896.

335. Description of a new species of shad (Alosa alabamce) from Alabama, by Barton
W. Evermann. Rei)()rt for 1895, xxi, pp. 203-205. 1896.

336. A check-list of the fishes and fish-like vertebrates of North and Middle America,
by David Starr Jordan and Barton Warren Evermann, Report for 1895, xxi,

pp. 207-584. 1896.

337. Report of the Commissioner for the fiscal year ending .Tune 30, 1896, including
the reports on divisious of fish-culture, scientific inciuiry, and fisheries, by
John J. Brice. Report for 1896, xxii, pp. 1-145, plates 1-10. 1897.
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338. Report of the reprcseutative of the U. S. Fish Commission at the Cotton States

and Intoruatioiiiil Kxixi.sitiou at Atlanta, (Ja., in 18y.'>, byW.de C. Uavenel.
Kt'port for lS!it;, \xii, p]). 1 I7-It.7 (incliuliii-,' 3 fif^s.), platoH ll-in. 1897.

339. Noti'S on Iho extension of tin- rocordiMl ran<;e of certain (ishcH of the United
States Coast, by lln;,rb M. Smith and William C. Kendall. Report for 1896,

XXII, pp. l()!)-lT't). 1897.

340. Notes on the food of four species of the cod family, by William C. Kendall.
Report for ]89(i, xxii, pp. 177-18(). 1897.

341. The lisheries of Indian River, Florida, by John J. Brice et al. Report for 1896,

xxii, pp. L'l.'3-1'()2. iilates 22-60. 1897.

342. Report on the lish and fisheries of the coastal waters of Florida, by .John J.

Brice. Report for ISilO, xxii, jip. 263-342, 1897.

343. Re])ort of a survey of the oyster regions of St. Vincent Sonud, Apalaehicola
Bay, and St. Ceorge Sound, Florida, by Franklin Swift. Report for 1896, xxil,

pp. 187-221, plate 21. 1897.

344. Report of the Commissioner for the fiscal year ending June 30, 1897, incliidiDg

the reports on divisions of fish-enlture, scientific inquiry, and lisheries, by
John J. Brice. Report for 1897, xxiii, i)p. i-clxxi. 1898.

346. Artificial propagation of the Atlantic salmon, rainbow trout, and brook trout.

Report for 1897, xxiii, pp. 27-101 (including 14 figures), plates 12-20. 1897.

347. Artificial propagation of the black bass, crappies, and rock bass. Report for

1897, XXIII, pp. 159-177 (including 2 figures), plates 4.3-49. 1897.

348. Notes on the edible frogs of the United States and their artificial propagation,
by F. M. Chamberlain. Report for 1897, xxiii, pp. 249-261 (including 6 figures).

1897.

349. Oysters and methods of oyster-culture, with notes on clam-culture, by H. F.
Moore. Report for 1897, xxiii, pp. 263-340 (including 6 figures), plates i-xviil.

1897.

351. The fishes of the Klamath River Basin, by Charles H. Gilbert. Bulletin for

1897, XVII, ].p. 1-13 (including 6 figures). " 1898.

352. A report upon salmon invest igations in the Columbia River Basin and elsewhere
on the Pacific coast in 1896, by Barton \V. Evermann and Seth Eugene Meek.
Bulletin for 1897, xvii, pp. 15-84 (including 6 figures), plates 1 and 2. 1898.

353. The fishes found in the vicinity of Woods Hcle, by Hugh M. Smith. Bulletin
18J7, xvii, pp. 85-111 (including 1 figure), plate 3. 1898.

355. Report of observations made on board the U. S. Fish Commission steamer
Albatross during the year ending June 30, 1896. Report for 1896, xxil, pp.
357-386. 1897.

356. Observations upon the herring and herring fisheries of the northeast coast,

with special reference to the vicinitv of Passanuui noddy Bay, by H, F. Moore,
Ph. D. Report lor 1896, xxii, pp. 387-442, plates 60-62. 1897.

357. The salmon lishery of Penobscot Bay and River in 1895 and 1896, by Hugh M.
Smith. Bulletin for 1897, x\ii, pp. 113-124, plates 4 and 5. 1898.

358. Descriptions of new or little-known genera and species of fishes from the United
States, by Barton W. p]vermann and William C. Kendall. Bulletin for 1897,

XVII, i.p. 125-133, plates 6-9. 189s.

359. Notes on the halibut lishery of the nortiiwest coast in 1896, by A. B. Alexander.
Bulletin for 1.S97, xvii, i)p. 141-141. 189S.

360. The herring industry of the Passamaiiuoddy region, Maine, by Anslev Hall.
Report for 1896, xxii, pp. 443-489. 1897.

361. Statistics of the fisheries cf the interior waters of the United States, by Hugh
M. Smith. Report for 1896, xxii, pp. 489-574. 1898.

362. Notes on the fisheries of the Pacific coast in 1895, by William A. Wilcox. Report
for 1896, XXII, pp. 575-6.59. 1898.

363. Proceedings and pai)ers of the National Fishery Congress. Bulletin for 1897,

xvii,i)p. 145-371. 1898.

.361. Proceedings of National Fishery Congress. Bulletin for 1897, XVII, pp. 147-168.

1898.

365. Methods of plankton investigation in their relation to practical problems, by
.Jacob Reighard. Bulletin for 1897, xvii, pp. 16:»-175. 1898.

366. The importaiK e of extended scientific investigation, by H. C. Bumpus. Bulle-
tin for 1S97. XVII, pp. 177-18U. 1898.

367. The utility of a biological station on the Florida coast in its relations to the
commercial lisheries, by Seth E. Meek. Bulletin for 1897, xvii, pp. 181-183.
1S98.

368. Establishment of a biological station on the Gulf coast, by W. Edgar Taylor.
Bulletin for 1897, xvii, pp. 185-188. 1898.
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369. Some notes on American shipworms, by Charles P. Sigerfoos. Bulletin for 1897,
XVII, pp. 189-191. 1898.

370. An economical consideration of fisli parasites, by Edwin Linton. Bulletin for

1897, XVII, pp. 193-199. 1898.

371. The fish fauna of Florida, by B. W. Evermann. Bulletin for 1897, xvn, pp. 201-

208. 1898.

372. The lampreys of central New York, by H. A. Surface. Bulletin for 1897, xvii,

pp. 209-215, plates 10 and 11. 1898.

373. The protection of the lobster tishery, by Francis H. Herrick. Bulletin for 1897,

XVII, pp. 217-224. 1898.

374. The Florida commercial sponges, by Hugh M. Smith. Bulletin for 1897, xvii,

pp. 225-240, plates 12-31. 1898.

375. On the feasibility of raising sponges from the egg, by H. V. Wilson. Bulletin
for 1897, XVII, pp. 241-245. 1898.

,

376.'The Hudson River as a salmon stream, by A. Nelson Cheney. Bulletin for 1897,

XVII, pp. 247-251. 1898.

377. A plea for the development and protection of florida fish and fisheries, by
James A. Hensliall. Bulletin for 1897, xvii, pp. 25.3-255. 1898.

378. International protection lor the denizens of the sea and waterways, by Bushrod
W. James. Bulletin for 1897, xvii, pp. 257-263. 1898.

379. The restricted inland range of shad due to artificial obstructions, and its eflect

upon natural reproduction, by Charles H. Stevenson. Bulletin for 1897, xvii,

pp. 265-271. 1898.

380. The green turtle and the possibilities of its protection and consequent increase
on the Florida coast, by Ralph M. Munroe. Bulletin for 1897, xvii, pp. 273-
274. 1898.

381. Some factors in the oyster problem, by H. F. Moore. Bulletin for 1897, xvii, pp.
275-284. 1898.

382. The oyster grounds of the west Florida coast; their extent, condition, and
peculiarities, by Franklin Swift. Bulletin for 1897, xvii, pp. 2x5-287. 1898.

383. The oyster and oyster beds of Florida, by John G. Ruge. Bulletin for 1897,
XVII, pp. 289-296. 1898.

384. The Louisiana oyster industry, by F. C. Zacharie. Bulletin for 1897, xvii, pp.
297-304. 1898.

'

385. The oyster bars of the west coast of Florida, their depletion and restoration, by
H. a". Sraeltz. Bulletin for 1897, xvii, pp. 305-308. 1898.

386. Notes on the fishing industry of eastern Florida, by John Y. Detwiler. Bulletin
for 1897, XVII, pp. 309-312. 1898.

387. Oysters and oyster culture in Texas, by I. P. Kibbe. Bulletin for 1897, xvii, pp.
313-314. 1898.

388. The methods, limitations, and results of whitefish culture in Lake Erie, by J. J.

Stranahan. Bulletin for 1897, xvii, pp. 315-319. 1898.

389. A brief history of the gathering of fresh-water pearls in the United States, by
George F. Kunz. Bulletin for 1897, xvii, pp. 321-330. 1S98.

390. The red-snapper fisheries ; their past, present, and future, by Andrew F. Warren.
Bulletin for 1897, xvii, pp. 331-335. 1898.

391. Some bi-ief reminiscences of the early days offish-culture in the United States,
by Livingston Stone. Bulletin for 1897, xvii, pp. 337-343. 1898.

392. The I'elations between State iish commissions and commercial fishermen, by W.
E. Meehan. Bulletin for 1897, xvii, pp. 345-348. 1898.

393. Possibilities for an increased development of Florida's lishery resources, by
John N. Cobb. Bulletin for 1897, xvii, pp. .349-351. 1898.

394. The utility and methods of mackerel propagation, by J. Percy Moore. Bulletin
for 1897, XVII, pp. 353-361. 1898.

395. The largemouthed black bass in Utah, by John Sharp. Bulletin for 1897, xvii,

pp. 363-368. 1898.

396. Florida lur farming, by J. M. Willson, jr. Bulletin for 1897, xvii, pp. 369-371.
1898.

397. The fresh-water pearls and pearl fisheries of the United States, by George F.
Kunz. Bulletin for 1897, xvii, pp. 373-426, plates i-xxii.

398. Report of the Commissioner for the fiscal year ending June 30, 1898. including
the reports on divisions of fish culture, scientific inquiry, and fisheries, by
George M. Bowers. Report for 1898, xxiv, pp. i-clxxxi, plates i-xxi. 1899.

399. Report on mackerel investigations in 1897, by J. Percy Moore. Report for 1898,
XXIV, pp. 1-22. 1899.

400. Report on lishes obtained by the steamer Albalross in the vicinity of Santa Cata-
lina Island and Monterey Bay. by Charles H.Gilbert. Report for 1898, xxiv,
pp. 23-29, plates 1 and 2. 1899.
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401. Noti'8 on the extent and condition of the alewife fisheries of the United States
in 189»i, by Hugh M. Sinitii. h'.jport for 1«J)«, xxiv, pp. 31-43. 18!»9.

402. Kei)Oit on the oyster hcds of I.onisiuua, hv H. F. Moore. Keport for 1898, xxiv,
pp. lo-UH), jilate 3. 1X!I9.

403. The shad fisheries of the Athiutic coast of the United States, by Charles H.Ste-
venson. Keport for 1«)8. XXIV, pp. I()l-l'(i9. .1899.

404. List of fishes collected at the Kevillayijjedo Archipelago and neighboring
islands, bv David Starr .Ionian and Kichard Crittenden McGregor. Report
for 1898. XXIV, i)p. 273-L'8», i>lates 1-7. 1899.

40."). Report on investigations by the V. S. Fish Commission in Mississippi, Louisiana,
and Texas in 1897, by Barton Warren Evennanu. Report for 1898, xxiv, pp.
28.3-310, i>lates 8-36. 'l899.

406. List of publications of the l'. S. Commission of Fish and. Fisheries available for
distribution on March 1. 1899. Report for 1898, xxiv, pp. 311-327. 1899.

407. Keporr upon exhiliit of the United States Fish Commission at the Tennessee
Centennial Lxposition in 1897, by VV. de C. Ravenel. Report lor 1898, xxiv, pp.
329-339, plate 37. 1899.
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Acclimatization offish in Pacitic States 309
Adams, A. C -.. 162
Albatross, description of 330

electric lijihting of 73
explorations in Bristol Bay 161

Pacific Ocean .. . 130,

180, 228, 284, 355
fishes collected by 326, 400
ichthyological collections of 326
medusae 113, 129
work of 130,

180, 228, 284, 310, 321, 332, 355
Albemarle region, North Carolina, fishes of.

Alewife fishery of United States 401
Alexander, A. B 359
America, fish-culture in 254, 255

fishes of 336
American fish in Finland 234

lobster, natural history of 300
ship-worm, notes on 369
waters, decrease of food-fishes in. 239

Antrim County, Mich., fishes of 141
Apalachicola Bay, survey of 343
Appliances forcollectingpelagicorganisms. 289
Aquaria at Central Station 186

World's Columbian Exposition. 253
Aquarium, supply and pumi)ing plants
used for './. 253

Arkansas, fishes of 280, 306
mollusks of 306

Armistead, J. J 249
Artificial food for young fish 264
Atkins, Charles G 21

Atlanta Exposition, report on 338
Atlantic coast fishes, range of 233

salmon, propagation of 346
shad fisheries 403

Atwater, W.O 185
Augur, C. H 275
Baird, Spencer F 3,4,

15, 17, 25, 46, 62, 65, 73, 108, 115, 134
Bass, black, propagation of 259, 347

rock, propagation of 347
Batrachians, natural history of 222
Bavarian Fishery Association 304
Beam trawl fishery 132
Bean, Tarleton H 138,145,188,237,311
Bering Sea explorations by Albatross 228
Bibliography of U. S. F. C. publications 329
Biological station for Florida coast 367

Gulf of Mexico 368
Biscayne Bay, notes on 333
Black bassin Utah 395

propagation of 259, 347
Bollman. Charles H 141,190
Borodine, N 254
Bowers, GeorgeM 398
Brice, J. J 314, 317, 337, 341, 342, 344
Bristol Bay, Alaska, fishing-grounds of 161
British Guiana, fishes of 260
Brook trout, propagation of 346
Brooks, W.K 248
Bumpus, H.C 360
Bush, Katharine J 100
Calhoun County, Mich., fishes of 141

California, fishes of 288
pearl fishery of 152

Canada, fisheries of 270
Carp culture 27
Central Station aquaria, observations on . . . 186
Centrarchidai, review ot 190
Cetacea, anatomy, development, and embry-
ology of 120

Chamberlain, F. M 348
Clicmical coinix'sitidu offish 185
CIhihv, a. N.lsoii 264,376
(!lunrii, Daniel T 240
Cincinnati exposition 191
Clam cult ure 349
Clam, food of 313
Clark, Frank K 257
Clear Lake, California, fishes of 288

Serial No.

Clinton County, Ky ., fishes of 197
Clinton, G. P 253
Cobb, JohnN 393
Cod, food of 340
Collecting outfit, U.S. Fish Commission ... 289

pelagic organisms 289
Collins, D.E 172
Collins,J. W 31,

132, 137, 169, 171, 172, 177, 191, 192, 206
Colorado River, fishes of 297
Columbia River, fishes of 290

salmon fisheries. 290, 301, 318, 352
Commissioner, Report of 3, 4, 15,

17, 25, 62, 65, 108, 115, 134, 176,

192, 283, 298, 315, 331, 337, 344, 398
Connecticut oyster fishery 169
Cotton States and International Exposition

at Atlanta, report on 338
Cox, UlyssesO 303,324,328
Cozumel, Tucatan, fishes of 138
Crab fishery of Delaware P.ay 166
Crappie, propagation of 347
Crayfish, culture of 308
Crustaceans, natural history of 224
Cumberland River, fishes of 211
Darter, description of 197
Dean, Bashford 202, 203, 214, 269
Decrease of food-fishes 62

in American waters. 239
Deep-sea explorations, description of 330
Deep-water mollusca 100
Delaware Bay, king-crab fishery of 166
Detwiler, John T 386
Distribution offish and fish eggs by U. S.

Fish Commission 179
Drake, F.J 321,332
Dredging apparatus, description of 289, 330

stations, list of ^. 41
Dunbar, Scotland, marine hatchery at 261
Economic problems, relations of 243
Eel River, explorations in 235
Eigenmann, Carl H 127,231,282
Electric lighting of Albatross 73
Entomostraca of Lake Superior 174
Enlozoa of marine fishes 182
Erie, Lake, fishery industry of 271
Kuropean method of oyster-culture 214
Europe, fish-culture in 254
Evermann, Barton W 207,

225, 246, 290, 297, 301, 303, 318, 323,

324, 327, 335, 336, 352, 358, 371, 405
Exhibit of Fish Commission at Atlanta 338

at Chicago 311
at Cincinnati . 191
at Nashville .. 407

Excrescences on minnows 154
Fesler, Bert 219
Fewkes, J.Walter 113, 129
Finland, American fish in 234
Fish, aci'linuitization in Pacific States 309
Fish and fishing in British Guiana 260
Fish, cause of fevers 208

chemical composition of 185
Fish Commission publications, list of 329, 406

relations to fishermen 392
Fish-culture at St. Andrew's Laboratory,
Scotland 1. 261

Fish-culture in America 254, 255, 391
Europe 254
Germany 304
Michigan 256
ponds .... 27, 259, 294, 319, 346, 347

observations on 188
reporton 176,

192, 283, 298, 315, 331, 337, 344, 398
review of 75

Fish-cultural methods at the Agricultural
School at Freising 304

Fishiiilhiral st.Ttions for Pacific coast 314
Fish, (listrihutiou l)v U. S. F. C. in 1888-89. . 179
Fisli epid.uiic in Lake Mendota 147
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Fisli hatchery at Dunbar, Scotland

location of
Fish Hawk, constrnction of

work of
Fish hybrids, fertility of.

Serial No.

264
262
333
70
70

234

uiifirations, iiiiiiienci'8 on 245,249
net.1, construction of 275
parasites, occurrence of 164,

165, 183, 250, 253, 370
propagation, report on 4,

15, 17, 25, 62, 65, 108, 115, 134, 176,

192, 283, 298, 315, 331, 337, 344, 398
rearing of 27, 259, 294, 319, 346, 347

Fisheries, biological research iu 244

Congress 237,363,364
foralewife 401

haddock 31

halibut 359
herring 356, 360
Irish mackerel 272
lobsters 373
meohaden 306

red snapper 390
salmon 290, 357
shad 403

maintenance of 226
of Canada 270

l-lorirta 341 , 342, 377, 386, 393
Gulf States 206
Indian River, Florida 341
Interior waters 361

Japan 277
Lake Erie 271

Ontario 194

Middle Atlantic States 296
New England coast 3

Pacific coast 293

sea and coast 240
South Atlantic States 212
Texas 218
United States 177

Fishermen, relations to Fish Commission.. 392

Fishery laws* of Great Lakes 238
legislation 241
trade, foreign, of United States ... 325

Fishes and fishliUe vertebrates of North
and Middle America 336

P'ishes, artificial feeding of 294
collected by Albatross 326, 400
decrease of 4, 15,

17,25,62,65,108,115,134,239
entozoa of 182
feeding of 294
food for 264
influenced by light 245
in vicinity ot' Neosho, Mo 297
nutritive values of 185
observations on 188
protection of 378
rearing of 294
viviparous 231

Fishes of America 336
Arkansas 280, 306
Atlantic coast, range of 233
British Guiana 260
California 288
Canada 282
Colorado River 297
Columbia River 290
Cozumel, Yucatan 138
Cumberland River 211
Eel River 235
Florida 167, 198, 292, 342, 371, 377
Georgia 142
Indiana 235,295
Indian Territory 300
Iowa 1 95, 288
Kentucky 196, 197, 21

1

Klamath River 351
Mackenzie River 234
Maine . 236
Mexico 279
Michigan 141

Minnesota -... 312, 328
Missouri 297
Missouri River 324
Monterey Bay 400
Nebraska. . .

.' 288

Serial No.

Fishes of Nouso River 303
New Jersey 229, 230
North America 336
North Carol! iia 303

N orth Uak ol a 312
Potomac River 189
Rio Grande Basin 225
Revillagigedo 404
Santa Catalina 400
SealsloCity, N.J 229
Tennessee 211
Texas 225
United States 339, 358
Vermont 327
Woods Hole, Mass 353

FishiTig-grounds of Bristol Bav, Alaska ... 161
off Florida coast 162

vessels, improved types of 137
Florida, biological •tation for 333, 367

commercial sponges 374
fisheries 341 , 342, 377, 386, 393

fishes of 167, 198, 292, 341, 342, 371, 377
fishing-grounds off 162
fur-farming in 396
green turtle in 380
oyster-grounds of 382, 383, 385

Food-fishes in American waters, decrease of 239
Food for young fish 264, 294

of cod 340
marine animals 248
menhaden 251
oyster, clam, and mussel 313

sources of marine 307
Forbes, S. A 147, 174, 210, 253
France, oyster culture in 203
Freshwater pearls of United States . 278, 389, 397

sunflshes of North America . . 190
Frog-culture 348
Fulton, T. Wemyss 261
Fur farming in Florida.
Fur-seal, breeding-grounds of

.

ary of!history
islands, Russian 316
movements of 317

Fyke-net fisheries 226
nets, description of 226

Geneva Lake, invertebrate animals of 147
Georgia, fishes of 142

oyster industry of 262
German Sea, scientific examination of 40
Germany, artificial propagation of sturgeon

in 151
fish culture in 304

Gilbert, Charles H . . . 142, 234, 288, 290, 326, 351, 400
Gilbert, W. L 242
Goode, G. Brown 31,75,243
Grampus, construction and equiimient of. .

.

171
investigation oflF New England

coast 168
work of 172

Great Britain beam-trawl fishery 132
Great Lakes, fishery laws of 238

plankton studies in 252
Green turtle on Florida coast 380
Green, William Spotswood 272
Gulf of Mexico, biological station for 368
( ; ulf States, fisheries of 206
(liirley, K. R 215
Haddock fishery of New England 31
Halibui fishery of northwest coast 359
Hall, Ansley 360
Henshall, James A 167, 292, 377
Herriik, Francis H 247, 300, 373
Herring fisheries 356

iuflustry of Passamaquoddy Bay .

.

380
Hessel, Rudolph '. 27
Hudson River, salmon in 376
Hybrids, fertility of 234
Ichthyological collections of the steamer
Albatross 326

Ichthyological investigations in western
M iiinesota 312

Idaho, nalmon investigations in 301, 318
Ingers(dl, Ernest 223
Indiana, fishes of 235,295
Indian River, Florida, fisheries of 341

Territory, fishes of 306
moUusks of 306

Interior waters, fishery statistics of 361
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Serial No.

International fishery congress 364
protection of fish 378

Invertebrate animals of Lakes Geneva and
Mendota 147

Investigation of commission for scientific

examination of the German Seas 40
Iowa, fishes of 195, 288
Irish mackerel fisheries 272
Jatfe.S 304
Jamaica mountain mullet, proposed intro-

duction of 145

James, BnshrodW 378
Japan, fisheries of 277

Joncas,L.Z 270

Jordan, David Starr 127, 173, 219, 288, 336, 404

Kalamazoo County, Mich., fishes of 141

Kendall, William C 162,

225, 233, 236, 297, 327, 339, 340, 358
Kentucky, fishes of 196, 197, 211

Keye8,C.M 271

Kibbe,I.P 387

King-crab fishery of Delaware Bay 166

Kirsch, Philip H 197, 211, 235, 295

Klamath Eiver, fishes of 351

Knauthe.Karl 234
Kunz, G eorge F 278, 389, 397

Labroid fishes, review of 173

Lake Erie, fisheries of 271

whitefish culture in 388
Ontario, fisheries of 194

Superior, entomostraca of 174

Lakes, investigation of 246
Lamprevs of New York 372
Larval dibothria from Yellowstone National

Park 150

Lawrence-Hamilton, J 268
Laws, fishery 238
Legislation, effect upon ocean fishes and

fisheries 241

Libbey, William, .ir 168

Light, influence of, on fish 245
Linton. Edwin . . . 150, 154, 164, 165, 182, 183, 250, 370
Lobster, development of 247, 300

fishery, protection of 373
habits of 247,300
natural history of 265, 300

propagation of 247, 300
Lobsters transplanted to the Pacific coast . 146
Loeb, Jacques 245
Lotsy,John P 313

Louisiana, investigations in 405
oyster-grounds 402

industry 384
McCallnm,G.A 238
McDonald, Marshall. 131,176,192,283,290,298,331
McGregor, R. C 404
Mcintosh, W.C 261

Mackenzie River, fisbes of 234

Mackerel fisheries 272
investigation 399
propagation 394

Maine, fishes of 236
giant-scallop fishery of 163

Marine animals, food of 248
fish hatchery 261,333,368
food, sources of 307
hatching and experiment station on
BiscayneBay.Fla 333

Mather, Fred 265
Maumee River, fishes of 295
MedusiB collected by Albatross 113, 129
Meehan,W.E 392

Meek, Seth Eugene 195, 280, 288, 306, 352, 367

Mendota Lake, fish epidemic in 142
invertebrate animals of 147

Menhaden, fishery investigations of 307
foodof 251

Mexico, fishes of 279
Meyer, H. A 40
Michigan, fish-culture in 256

fishes of 141

Middle Atlantic States, fisheries of 296
Migration of fishes 245,249
Minnesota, fishes of 312,328
Minnow, excrescences on 154

Mississippi, investigatiims in 405
Mississippi Sound, oyster-beds of 305

168

Serial No.
Missouri, fishes of * 297
Missouri River, fishes of 324
Mobile Bay, oyster beds of 305
MoUusks, natural history of 223

of Arkansas and Indian Terri-
tory 306

Montana, fauna of 210
Montery Bay, fishes of 400
Moore, H. F 229, 349, 356, 381, 402
Moore, J. Percy 394,399
Monroe, Ralpli M 380
Mullet, Jamaica mountain 145
Mussel, ribbed, food of 313
Myxosporidia, classification of 215
Nashville Exposition 407
National fisheries congress 363, 364
Nebraska, fishes of 288
Neosho, Mo., fishes near 297
Nets for fish, construction of 275
Net, submarine, description of 322
Neuse River, fishes of 303
New England coast, fisheries of 3

physical investigation
off

winter haddock, fishery of. .

.

New Jersey, fishes of 229, 230
New York, lampreys of 372
North America, fish-cult are in 254

fishes of 336
whitefish of 323

North Carolina, fishes of 303
North Dakota, fishes of ; 312
Northwestern United States and western
Canada, explorations in 282

Nordqvist, Oscar 234, 255
Notes on fish-culture in Germany 304
Observations upon fish, etc 188
Ocean fishes and effect of legislation upon

tlie fisheries 241

Oemler, A 202

Oyster culture 263,349
in Europe 214

France 203
Texas 387

foodof 313
grounds of Florida 382, 383, 385

Louisiana 402
Mobile Bay and Missis-

8ii)pi Sound 305
South Carolina 202

industry of Connecticut 169
Georgia 262
Louisiana 384
Pacific coast 217
WillapaBay 334

investigations in Apalachicola Bay,
St. "Vincent Sound, and St. George
Sound 343

problems, factors in 381

Oysters transplanted to Willapa Bay 334
Pacific coast, establishment offish-cultural

stations on 314
fisheries 293
lobsters for 146
oyster industry 217
salmon propagation on 320

Pacific Ocean explored by Albatross 130,

180, 228, 284

Pacific States, acclimatization of fish m 309

Page, William F 259, 294

Parasites of fish 164, 165, 183, 250, 253, 370
tiger shark 183

Passamaqnoddy Bay herring fisheries ... 356,360
Pearl fishery of California 152

United States 389, 397
Pearls at Columbian Exposition 278

fresh-water, of United States 389, 397
Peck,James 1 251,307
Pelagic animals, migration of 245

organisms, collecting of ^89
Penobscot Bay salmon fisheries 357
I'bysical investigation of New England
coast 168

Plankton studies 3S5

in Great Lakes 252

Pond culture, notes on 30

Post,Hoyt 256
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Serial No.

Potomac Itivcr, fishes of 189

Propagatiou ol' baas '259, ;i47

clams 349
food-fishes, report on 4,

15. 17,25,«2, 05, 108, 115, 134, 176,

192, 283, 2U8, 315, 331, 337, 344, 398
frogs ^ 348
oysters 349

Baliiiuii 346
trout 346

Protect ic^n of fishes 378
i>.sorosperui8 on short minnow 154

Publiuutious of U. S. Fish Commission, list

of 329, 40b
Ouelch,J.J 260
Qninnat salmon, natural history of 320
llninbow t rout, imipagatiou of 319, 346

Rjithbuu. Kicbaril 41,

14G, 192, 224, 228, 283, 298, 315, 331, 337
Kavcnel, W. do C 338, 107

Rcd-snapiitr tislierics 390
Ko.vis. I.S.K 253
Reighar.l. Jacob E 252, 365

Keport of Commissioner 3, .J,

15, 17, 25, 62, 65, 118, 115, 134, 176,

192. 283, 298, 315, 331, 337, 344, 398
Reptiles, natural history of 222
Re\ illagigedo, fishes of 404
Rio t ; rande Basin, fishes of 225
Ritr.T, H.P 305
Hock ba.*^:, jiropagatiou of 347
Rowo. H.C 203
Ru^'e, John (1 :i83

Rutter, Cloud 2!t7

Ryder. John A 181.244
Russi.in fur-seal islands 316

St. Andrew's laboratory, Scotliind, fish-cul-

ture at ". 261

St. (ieorge Sound, survey of 343
St. Vincent Sound, survey of 343

Salmon fisheries, Columbia River 290
Penobscot Bay 357

hatching a])i>jiratu8 21
in Ilutlson River 376
investigations in Columbia River.. 290,

301,318,3.52

investigations in Idaho 301, 31H
Salmonoids, culture of 308
Salmon, pi opa gation of 320, 346

stations ou Pacific coast 314
Sandfort, fish-culture at 304
Sauta Catalina, fishes of 400
Sa])r<degnia infesting fish 253
Scallop fishery of :Maine 163
SciiPnidiV, review of 127
Scientific examination of the German seas. 40

inquiry, report on 176,

192, 283, 298, 315, 331, 337, 344, 35)8

research , 243,366
Schleswig Holxtein, Germany 151

Scudder, Charles W .329

Sea and coast fisheries 240
fisheries of the coast ofKcw England.. 3

Sea Islo City, fishes of 229
Seagle, G eorge A 319
Seal. William P 186
Shad fisheries of Atlantic coast 403

new species of 335
raufjo of 379
spawning habits of 209

Sharp, John 395
Shipworm, notes ou 369
Si^erfoos, Charles P 369
Smeltz, H. A 385
Smith, Hugh M 163,166.189.194.201!,

212, 226, 230, 232. 233, 277, 283, 293, 296. 298, 302,

309, H15, 331, 333, 337, 339, 353, 357, 361, 374, 401,

Smith, Sanderson 41

South Atlantic Stales, fi.sheries of 212
South Carolina ny-t('r grounds 202
Southwick,.!. M. K 241

Spangler. A. M 230

Sparoid fishes, re view of 219

Sponges, commercial, of Florida 374

Serial No.

Si)onge culture 375
iiaiural history of 224

St an ley-Brow n, J osepli 273
Statistical inquiry, rejjort on 176,

192, 283, 298, 315, 331, 337. 344, 398
Status of U. S. Fish Commission 75
Stevenson. Charles '. 218, 325, 379, 403
Ste jnoger, Leonhard 318
Stiles, Charles Wardell 253
Stone, Livinustou 320,391
Stranahau, J.J. ;i88

Sturgeon i)ropagation 151,269
Sucker, descripiion of a new 207
Sun fishes, review of 190
Surface, II. A 372
Swift. Franklin 343, 382
Tanner, Z L.. 70, 130, 161, 180,284, 289, 310,321, 3.i0

Taylor, W. Edgar 368
Temperature and other observations of the

V. S. Fish Commission 41
Tennessee Centennial Exposition 407
Tennessee, fishes of 211

Texas, fisheries of 218
fishes of 225
investigations in 405
oysters of 387

Thysanocephalum crispum 183
Tiger sh.irk, parasites of 183

Tow uot. des.riptionof 322
Townsend, Charles H 152,217,322,334
Trout culture 242, 346

feeding of 294
j)arnsites in Yellowstone Lake 164
fearing of 294, 304, 319

True. Frederick W 222
Turtle, green, on Florida coast 380
IT. S. Fish Commission dredging stations ... 41

publications 329,406
status of 75

United States, flsh-cultui^ in 391
fisheries of 177,401
fishes, description of new 358

ranjieof 339
foreign fishery trade of 325
fresh-water pearls and pearl

fiahevv of 278, 389, 397
list of fishes in 336

Utah, black bass in 395
Vermont, fishes of . 327
Vertebriites of North and Middle America. 336
Ves.sels, imjiroved types of 137
Viviparous fishes of Pacific coast 231
Warren, A iidrew F 390
Washington County, Me., fishes of 236
Water investigations with reference to fish

environment 246
Water supply for aquarium 253
Western Canada and Northwestern United

States, explorations in 282
WhiteUsh culture in Lake Erie 388

methods of 257
now .species of 232
of North America 323

Wilcox, W. A 362
Willapa Bay, oyster industry 334

oysters transplanted to 334
Wilson, .jr. J. M 396
Wilson, H. V 375
Winter haddock fishery of New England.. 31
Woods Hole, fishes of 353

laboratory operations 1 81
Woolman. A.J 196. 198, 279, 31

2

World's Columbian Exposition, aquaria at. 253
report on.. 311

Fisheries Congress, report of 237, 363
Worth, S. G 201, 209
Wozelka IgIau,Karl 3ii8

Wyoming, aquatic invertebrate fauna of 210
Wytheville Station, cqierations of 131
Yellow perch, hatching of 201

Yellowstone Lake, parasites of trout iu 164
Park, aquatic fauna of 210

larval dibothria from... 150
Zacharie, F. (/' 384
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REPORT UPON THE EXHIBIT OF THE UNITED STATES COM-
MISSION OF FISH AND FISHERIES AT THE TENiNESSEE

CENTENNIAL EXPOSITION IN 1807.

By W. UK C. Ravenel,

liepresentatire of the United States Fish Commission.

Under tlie act of Congress approved December 22, 1890, providing

for the participation of the United States Fish Commission in the Ten-

nessee Centennial Exposition at Nashville, Tenn., Mr. W.deC.Kavenel,
assistant in charge of the Division of Fish-cultnre, was appointed as

the rei)resentative of the Commission on the Government Board of

Management.
The i)lan, as approved by the Commissioner, was as follows:

1. Scientitic investigations of the Commission, to be illustrated by-

models of the vessels belonging to the I'nited States Fish Commission,

with full-sized forms of the api^aratus used, and by illustrations showing
the work of these vessels ; by collections of marine animals, and by casts

of colored fishes, drawn from life; and by collections of sponges, corals,

oysters, and other shellfish.

2. Fish-cultural operations, to be shown by models and photographs
of important hatching stations; models and full-sized specimens of

aj)paratus used in the collection, transportation, and hatching of eggs,

and the distribution of fish; charts showing the work done by the

Commission since its organization, and results with reference to special

fisheries; also, by the hatching of the eggs of the various species of

the salmonidic and shad; also, an aquarium for showing the important

food and game fishes reared by the United States Fish Commission at its

various stations, together witli the important fishes of the Ohio Valley,

and the principal species taken in the South Atlantic Ocean and Gulf
of Mexico.

3. ^Methods and statistics of the fisheries, to be illustrated by models
of vessels used in the important fisheries of the South Atlantic and
Gulf States; models of boats and the common forms of fishing ajiparatus,

such as pounds, Meirs, seines, trawl lines, hand lines, etc.; also, oyster

and clam rakes, tongs, hooks for sponges, etc.; besides illustrations of

various fisheries by means of pliotograi)hs, oil i)aintings, and etchings.

As soon as possible alter the organization of the board and the

allotment of space and funds, preparations were commenced for the

construction of the aquarium and the collection of the niaterial com-

prising the exhibit. The Commission was allotted $15,500 and 5,000

square feet of space located in the southeast corner of the building.

The space was L-shaped and extended from the main aisle at the east
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entrance to the intersecting main aisle at the south entrance. By-

May 17, 1897, when the Government building- was opened to the public,

the exhibit was installed and ready for inspection, the aquarium stocked

with both fresh-water aud salt-water tishes, and the hatchery illustrating'

the methods employed in the hatching of the eggs of the shad and the

trout, was iu operation.

The accompanying diagram shows the arrangement of the exhibits

and the amount of s])ace occupied by tlie various forms. Of the total

allotment of 5,000 feet the atiuarium occupied 3,360 feet; the exhibits

illustrating tish-cultural work, scientific inquiry, and the methods and
statistics of the fisheries, the remaining 1,640.

The articles exhibited are comprised iu the following list:

Scientific Inquiry Section.
1. Exploring vessels

:

Models: Steamer Albatross, steamer Fish Haivk.
Illustrations: Forward deck of steamer Albatross. U. S. Fish Commission

steamer Albatross.

2. Collecting apparatus:
Seines and nets: Two Baird seines, 50 and 150 feet long. One herring seine.

One herring gill net. Two minnow seines. Two small seines. Two
beam trawls, one large (double) aud one small model. Two small gauze
towing nets.

Dredges: One naturalist's boat dredge. One naturalist's deep-sea dredge. Two
surface tow nets. One dip net. One Chester rake dredge (two nets).
Two oyster dredges.

Tangles: One tangle.

3. Accessories for dredging and trawling:
Sounding wire: One piece of sounding wire (large size). One piece of sounding

wire (common size). Three splices in sounding wire. Two splices in
dredge rope.

4. Apparatus for preserving collections

:

One tank box containing one 16-gallon copper tank for storage and transporta-
tion of natural-history specimens.

One tank Jbox containing one 8-galIon aud two 4-gallon copper tanks for storage
and transportation of natural-history specimens.

Five jars, assorted sizes.

Seven glass bottles with cork stoppers, assorted sizes.

Eleven homeopathic vials with rubber stoppers, assorted sizes.

Four glass dishes, assorted sizes.

Three German-silver naturalist's forceps.

5. Apparatus for deep-sea sounding:
One Tanner deep-sea sounding machine, complete with Sigsbee sounder (shot

attached) and deei^-sea thermometer.
6. Apparatus for physical observations

:

Thermometers and accessories:
Three deck thermometers.
One Miller-Casella deep-sea thermometer.
One Baird protected thermometer.
One Negretti & Zambra deep-sea thermometer.
Three wooden cases for deep-sea thermometers (experimental forms).
One metal frame for holding deep-sea thermometer (Negretti A Zambra case).

Eleven brass cases (experimental forms) for deep-sea thermometers with
attachments.

One Magnaghi case for deep-sea thermometer.
Two Tanner improved metal cases (sixth form), ordinary size, for deeiJ-sea

thermometers.
One water bottle for deep-sea investigations.

One rivading glass for Negretti A: Zambra tlierniometer.

One set of Hilgard salinometers, with cup and tliermometer.
One magnet.

7. Results of explorations

:

Collections (marine animals, dry):

(1) Crustacioans

:

One lo))8ter (Ifomarus americanns).
One crab {Echinocerus seiimanua).
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7. Kosults of explorations—Continued.
(1) CnistaccauM—Contiuiiod.

One crab ( lichiiiucenis/oraminatua).

One ileep-8ca t-rab ((leri/oti iiniii<iiteden8).

One coiiimon edible erab of the Pacific coast (Cancer maflistcr).

Olio crab (Mitlira.c liispidiis).

Throe crabs I'ilho auinodon (young).
Ono erab I'Ulio aniaodon (adult).

Two mantis shrimp (^V/Hii/a empuaa).
One box-erab (Calappa Jlamuiea).
One "Treat spider-crab {Litltodes viaia).

One eraytish nest, or chimney.
One sjtider-crab (lAbiuia emarijinata).

(2) Sponges: Sheepswool, velvet, yellow, glove, and grass.

(3) American orn:imental corals:
One piece ol' star coral (I'orites).

One piece of coral (Ociilina diff'uaa).

Two pieces of I'ungns coral (Anaricia af/arieitea).

One piece of brain coral (Manicina areolata).

One piece of coral (ilusaa).

One piece of star coral {OrbiceUa).

(4) MoUusks, oyster and other shells

:

Oyster spat 2 to 3 weeks old; 3 to 4 weeks old; 1 to 2 months old; 2 to 3
months old; 2 to 3 months old, hard bottom; 2 months old, soft bottom.

Oysters 1 year old, hard bottom ; 2 years old, hard bottom ; 3 years old, hard
bottom; 4 years old, hard bottom; 1 year old, soft bottom; 2 years old,
soft bottom; 3 years old, soft bottom; 4 years old, soft bottom; 5 years
old, soft bottom ; 5 years old, hard bottom; 6 years old, hard bottom; 6
years old, soft bottom; large, mud bottom; large, mud bottom.

Oysters, large, 16 years old, soft bottom; large, 12 years old, hard bottom.
Blue I'oint oysters.

Oyster shells, greatly thickened, due to stunted growth at margin.
Glenwood oysters; Shinuecock Bay oysters; Kockaway oysters; Shrewsbury

oy sters.

Raiipahannock River oysters; James River (near Newport News, Va.)
oysters; Saddlerock oysters; East River oysters.

Oysters from Hampton, Va., 18 months old; from Tangier Sound, Maryland
and Virginia.

Oysters from Chineoteague, Va. (first grade); (poorer grade).
Oysters from bottom of scow. Port Royal, S. C, less than 1 year old.

Planted oysters from creeks north of W'inyah Bay, S. C.
Oysters from Troups Creek, near Brunswick, Ga.
Raccoon oysters from Cattle Wharf, Charlotte Harbor, Fla.
Oysters from Rocky Point Bed, Tampa Bay, Fla., showing inclusions of mud

on inner surface.
Oysters from Cattish Point Oyster Bar, Hillsboro Bay, Fla. (source of supply

for Tampa).
Oysters from Little Sarasota Bay, Fla. (a fine grade of oysters, showing

inclusions of mud on inner surface).
Oysters from Cape Hayes oyster-bed. Charlotte Harbor, Fla. (important

ground, but not much worked until 18S8).

Raccoon oysters from month of Crooked River, Carrabelie, Fla.

Oysters from Indian Point Bar, Fla. (extra large, showing inclusions of mud
iin inner surface).

Oysters from Cat Point Bar, Apalachicola Bay, Fla. (showing inclusions of
mud on inner surface).

Oysters from St. .Mark Kiver, Fla.
Oysters from Cedar Keys, Fla. (average size of those sent to market, .showing

inelusions of mnd on inner surface).
Oysters from St. Vincent, Fla.
Oysters from Watson Bayou, east arm of St. Andrews Bay, Fla.
Oysters from Porter and Sylvia bays, St. George Sound, Fla.

().\ sters from Dog Lake, La.
Planted oysters 1 year old, from Escambia Bay, Fla.
Jaik Stout oysters, Louisiana.
Oysters from C.ilcasieu Pass, La.
Oysters fnim Matagorda Hay, Tex. (average size).

Young oysters from planted be<l8, Galveston Bay, Tex.
"Saddle-rocks" of Texas, Cedar Bayou. Tex. (12.5 will often fill a barrel).

Ostrea Iitrida. growing on shells of Oxtna lirginiva in San Francisco Bay.
The native oystir tends to cause much damage in this way.
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(4) Mollnsks, oyster and other shells—Continued.
Ostrea virginica, natural growth derived from the oysters planted in San Fran-

cisco Bay.
Ostrea virgiidca, transplanted from the Atlantic coast to San Francisco Bay and

there raised for market.
Ostrea inrninica, Guaymas, west coast of Mexico; used as food.

Ostrea litrida, Paciiic coast of the Jnited States; used as food.
Ostrea virginica, Guaymas, Mex., formerly shipped to the San Francisco market.
Ostrea Jiirida, the native oyster of the Pacific coast of the United States; from

Willapa Bay, Wash.
Ostrea larkln, the native oyster of the Pacific coast of the United States; from

San Francisco Bay, Cal.

Oyster growing on twig of tree.

Sheet of rubber containing oyster spat.

Rubber shoe with young oyster attached, Connecticut.
Anchor lantern with oysters growing on it.

Earthenware ink bottle with oysters growing on it.

Glass bottle with oysters growing on it.

One-year-old oysters growing on gutta-percha cable across Housatonic River at
Stratford, Conn.

Spat about two months old attached to crushed stone off Norwalk, Conn.
Crushed stone, used on planted beds for collecting oyster spat. Recent innova-

tion.

Jingle clutch, used on planted beds for collecting oyster spat; composed of the
shells of Jnomia and other light mollusks, and very highly regarded
under some conditions.

Oyster spat growing on child's leather shoe.

Cockle {Cardium corbis), Pacific coast of North America; edible.

Horse mussel (Modiola modiolus), Greenland to New Jersey, Europe, North
Pacific Ocean; used as food and bait.

California mussel (J/?/<i/MS californianus) , Pacific coast of North America; used
as food.

(5) Other economic mollusks

:

Haliotis, California.
Pearl oyster {Meleagrina margaritifera), Gulf of California.
Giant scallop (Pecten tenuicostatus), Labrador to New Jersey; used as food.

Common scallop {Pecten irradians), Massachusetts to Gulf of Mexicf used as
food.

(6) Enemies of the oyster:
Starfish attacking oysters. Starfish.

Egg cases of the periwinkles {Fiilgar carica and Sycotypus canaliculatus).

Asterias forbesH and small specimens clustered in shell of periwinkle, off Nor-
walk, Conn.

Starfish feeding on common mussels (Mytilus edulis), Providence, R. I.

Periwinkle {Sycotypus canaliculatus), Massachusetts to Gulf of Mexico. De-
structive to oysters.

Asterias forbesii. Medium specimen in shell of periwinkle. Connecticut.
Sea snail {Nererita duplicata), Massachusetts to Gulf of Mexico.
Drills {Purptira lapillus).

Oyster shells showing the effect of the boring-sponge {Clione sulphurea), Tan-
gier Sound, Va.

Drills {Urosalpinx cinerea), Massachusetts to Gulf of Mexico ; also introduced
with oysters in San Francisco Bay, Cal.

Razor-clam.
Flat razor- clams {Machivra patula), Alaska to California; used as food.

Giant clams {ScMzotharus nuttaUii), Pacific coast of North America; used as
food. New England Coast. Arctic Ocean to South Carolina.

Long clam or soft clam {Alya arenaria), Eastern United States; also introduced
on Pacific coast; used as food and bait.

Large clams.
Quahog or round clam ( Venus mercenariu) , Gulf of St. Lawrence to (Julf of

Mexico ; used as food and bait.

Clams [Mactra planulata), Alaska; used as food.

Sea clam or surf clam {Macira solidissima), Labrador to Gulf of Mexico; used as
food and bait.

Bloody clams {Argiiia pexata), Massachusetts to Gulf of Mexico; occasionally
used as bait.

Little-neck clams, hard-shell clams, carpet shell {Tapes staminea), Alaska to
California ; extensively used as food.

Little-neck clams {Saxidomun aratus); esteemed as food. San Diego, Cal.
Round clams {Saxido7nus rmtiallii), Pacific coast of North America; iised as food.
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Division ok Fisii-Cultuke.

(1) TransitortiitioH a])paiatns: Model of U. S. Fish CoiumiHsiou C'ar No. 1.

(2) Hatdiiii;,' aiiparatiis:

(o) Winkiiiir iiHulols:

Ono whitefish table 8 feet loii<j, 3 feet \vi<U\ and ;{ feet bi>j;b. witb lli McDon-
aUl jars for h.itchiiij; sbad efj;^^'

Two liatcbiii^j trougbsH feetlouf;;, 12 iiiclies widi-, and M inches deep,('(|iiipi)ed

for batching salniou and trout eggs.
(b) Accessories:

One »'gg scale, two funnels for shad, two siphon bags, two siplion cages,
one aciuarinm, one ])an for washing eggs.

(3) Hatching and rearing establishments:
Model of r. S. Fish Commission hatchery at Put-in Bay, Ohio.
(fl) Illustrations of batching stations, showing buildings, interior and exterior,

methods employed iu collecting, hatching, rearing, and distributing lish,

fry, and eggs.
U. S. i'ish Commission hatching station, Wytheville, Va,, 1885. Interior of

hatchery. Men at work. View of sj)ring ami ponds, looking west.
View of ponds, looking south. View of ponds, looking southeast.

Launch towing spawntakers. Stripping shad on llsbing lloat. Packing
shad eggs. Shipping fry.

L^ S. Fish Commission shad 'station, Havre de Grace, Md., 1892. Bird's-eye
view of station. Superintendent's cottage. Hatching hotise, looking
northeast. Interior of hatching house.

U. S. Fish Commission hatcliing station, Wytheville, Va. View of station,

looking north. View of station, looking south.
(h) Floating stations: Steamer /'(s/* i/^aicA;.

(4) Methods and results offish-culture:
Models: One lay figure, illustrating method of taking salmon eggs.
Charts

:

(a) Giving names and locations of stations and output of each for the fiscal

year 1894-95.

(b) Showing effect of fish-culture on the shad fishery.

Objects of the fisheries

:

Division ok Statistics and Methods of the Fisheries.

Cetaceans: Blackfish liead (cast). Grampus head (cast). Bottlenose porpoise (cast).

Harbor porpoise (cast), young.
Carnivores: Northern fur seals (mounted group). Steller's sea lions (mounted

group).
Frogs: Bullfrog (cast). Green frog (cast). Pickerel frog (cast).

Fishes: Casts of 1.50 species of marine and fresh-water food-fishes.

Drawings and notes: Five swiniiing screens containing drawings of, and notes on.
the important fishes of the Southern States.

Live fishes: Living marine and fresh-water fishes in aquaria.
Invertebrates: Living crabs, mollusks, etc., in aquaria.
Vessels

:

Series of models showing the development of fishing vessels from the settle-

ment of America to the present time.
Models of vessels used in the important fisheries of the South Atlantic and

Gulf States.
Nets: Three pound nets, one cast net, one whitefish gill net, four fyke nets, one

dij) net, one alioriginal fish weir, two herring weirs.
Traps and jjots: Six eel pots, four lobster ]'Ots, one eel trap (model), three fish-

cars (models).
Lines: One halibut trawl line, one George's cod hand line, one shore cod hand line,

one cod hand line, one shore cod and ])ollock hand line, one layout line,

one sea trout line, one drunifish line, one whiting line, one reef line, one
jack trolling line, one kingfish line, one grunt line, one rockfisb line,

one Italian'fisbery line, one line with jug floats, one Alaskan halibut line

with hook and <lnb.
Appliances for seizing: Two pairs oyster tongs, one pair oyster nippers, one oyster

rake, one pair deep-water oyster tongs, tliree clam hoes, one hand clam
hoe, oni! sponge book, four codfish jigs, one dolphin drail. twelve blue-
fish and brass drails, four Eskimo codlisb books, four British Columbia
wooden fish hooka, one series of spring claw or trap books, one series of
barbless hooks, two shark hooks, one water glass used in sponge fishery.



336 REPORT OF COMMISSIONER OF FISH AND FISHERIES.

Appliances for striking-: One series of eel spears, two frostfish spears, three crab
and flounder sjjears, one five-pronged grain, oue concli harpoon, one
turtle peg harpoon, one series of Indian fish spears, oni^ series of sword-
fish dart heads, two porpoise harpoons, two porpoise lances.

Illustrations of fisheries:

Four pictures illustrating the seal fisliery.

One picture of Aleuts killing walrus.
One picture of salmon trap (Indians of Northwest).
One picture of Marsh's improved deep-water oyster tongs.
Thirty-five swinging screens eontaining views of the difi"erent fisheries, U. S.

Fish Commission stations, eqnipments of steamers Albatross and Fish
Hawk, and plates from U. S. Fish Commission Bulletins.

PRACTICAL FISn-CULTURE.

During^ the montns of May and June 3,500,000 shad eggs were received

from the Susquehanna, Delaware, and Potomac rivers by express and

hatched in apparatus provided for illustrating practical fish-cultural

work. Of the fry resulting, 1,400,000 were liberated in the Cumber-

land River and 215,000 were held until July for exhibit. Besides the

black-spotted and rainbow trout eggs from Colorado, received in June,

20,000 eggs of the quinnat salmon were shipped from California during

the fall months. These eggs were hatched in water from the artesian

well, and the fry were placed on exhibition and planted in suitable

waters in the vicinity. This feature of the exhibit was particularly

interesting to the people of that section of the country, as it was the

first time that the eggs of any of the Salmonidte had been artificially

hatched in Tennessee. This was only rendered possible by the sinking

of a well near the Government building, which furnished an excellent

flow of water at 59° throughout the summer.

THE AQUARIUM.

The aquarium was a grotto-like, L-shaped structure, 120 feet long and

28 feet wide, containing 22 tanks, arranged in equal numbers on each

side of the passageway 12 feet wide. Each tank was 7 feet long, 3

feet high, and 5 feet wide at the top, with a capacity of 55 gallons. The
tanks next to the wall were arranged for the exhibition of the various

fresh-water species; those upon the opposite side were placed for the

exhibition of salt-water species, which included snappers, groupers,

pompano, crevalle, mullet, ami other bright-colored tropical fishes, as

well as the crustaceans, shellfish, etc.

The water for the fresh-water aijuaria was obtained from a well 84

feet deep located near the southeast corner of the buildiug, which per-

mitted the exhibition of a number of specimens of rainbow and brook

trout and steelhead trout throughout the exposition.

The water in the salt-water tanks was brought from Morehead City,

N. C, in tank cars, and stored in a large reservoir- beneath the fioor;

from this it was forced by means of nickel pumps, driven by electricity,

into a smaller tank located 18 feet above the Hoor, whence it passed by
gravity to the aquarium, thence returning to the reservoir.

The interior of the grotto was lighted through tlie aquarium tanks

and a number of ventilators, placed in the crown of the grotto arch.

It was finished in adamant and cement, partly as stuccowork, partly
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plastered in imitation of a roughly blasted tunnel. Where the two
arms of the L met, a rotunda was formed, with a pool at the bottom of

the rockwork, in imitation of the entrance to a water cave, which was
illuminated by electric lights. Here and there in the grotto, masses of

ferns and other evergreens were planted in the rockwork. Two arched

portals, in imitation of cut stone, and of simple architectural design,

formed the entrance to the grotto. The pool in the rotunda referred to

was one of the most attractive features of the a(iuarium, being filled

with bright-colored tishcs, and lighted with electric lights, submerged
in water. It also contained a large sturgeon, about "> feet long, which

was an endless source of amusement and interest to the visiting public.

The plans for the aciuarium were prepared by JVIr. G. A. Schneider,

who was in charge of its construction and installation.

FISHES IN THE AQUARIUM.

Collections of salt-water fishes were made at Morehead City, N. C,
and at Pensacola, Fla., under the direction of Mr. L. G. Harron, the

superintendent of the aquarium. The fresh- water fishes were chiefly

obtained from the Fish Commission stations at Wytheville, Va., and
Quiucy, 111., and the fish-ponds in Washington, though collections of

fishes native to that section were made from time to time in the imme-

diate vicinity of Nashville.

During the summer much difiiculty was experienced in keeping up
the display of fishes on account of the intense heat prevailing at that

time. In June the temperature of the water rose rapidly, and when it

reached 78^ it became necessary to resort to artificial means to save

the fish, notwithstanding that the specimens on exhibition were all

collected in southern waters. This was accomplished by passing the

water through 300 feet of iron pipe arranged in the shape of a coil'aud

packed in crushed ice and salt.

By this means the temperature of the water was kept down below
70"^, but the method proved very expensive, as it required over li tons

of ice per day. Later in the season the water from the well was used

for cooling the salt water after it had passed through the trough and
tanks containing salmon eggs and salmon.

FISH FOOD.

Eound beefsteak was mainly used for food, although the diet was
varied by the use of beef liver, live minnows, clams, and fiddler crabs.

The latter were shipped by express from Pensacola, packed in sand.

In the preparation of the beef and liver the fat and sinews were care-

fully removed, and it was then cut in sizes to suit the fish. For the

small specimens it was ground fine in a meat-chopper; for the larger, in

pieces varying in size. In feeding the marine fishes with beef or liver

a small amount of table salt was added. The black bass and crappie,

which were the most difficult to keep, were fed entirely on minnows.

F. R. 98 22
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FISHES EXHIBITED.

During the exposition over 9,672 fishes aud other animals were shown
in the aquarium, of the following species

:

Marine species.
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EXPENDITURES.

The total cost of tlio ])rei)iiratioii, maintenance, and return of the

exhibit ot" the Conunission, including tlie a<iuarium, was 81<»,20().<)1.

The following statement shows the objects for which the money Avas

expended

:

Services $2, 131.94
Special or contract services 2,325.75
Travel 1,117.74
Subsistence 2,261.10
Freijibt 3(;(i. 31

Cartajie ni.'JT

Expressago 270. 11
Exbiltitiou cases, liames, etc 3, 190.25
Lumber and iiiillwork 73. 29
Hardware, tools, etc 95. 90
Glass, paints, brushes, etc 691. 15
Supplies and prepavalor's materials 1, 893. 82
Packing material 23.71
Apparatus, specimens, etc 1, 131.58
Decorations, i)artitious, etc 407. 30
Office expenses 255.36

Total 16,290.61
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