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LETTER OF TRAI^SMITTAL.

Department of Commerce and Labor,

Bureau of Fisheries,

Washington, Sejjtemher 15, 190^.

Sir: I have the honor to transmit herewith the report of the opera-

tions of the Bureau of Fisheries for the fiscal 3^ear 1904, consisting

of a general review of the work by the Commissioner and detailed

accounts by the chiefs of the respective divisions.

Respectfully submitted.

Geo, M. Bowers,
Commissioner.

The Secretary of Commerce and Labor.





REPORT OF THE COMMISSIONER OF FISHERIES

FISCAL YEAR ENDING JUNE 30, 1904.

GENERAL RESULTS.

Durjng- the first j^ear's operations of the Bureau of Fisheries as a

component of an executive department, after thirty-three j^ears' exist-

ence as an independent commission, it is to be noted that the practical

work has proceeded on the same general lines as heretofore, that the

results attained in all branches have been satisfactory^, and that the

outlook for greatl}^ augmented work is very favoraljle.

The efforts of the government on behalf of the fisheries are 3^early

becoming more generally appreciated, and a (;lesire actively to cooperate

with the Bureau has been manifested throughout the country by all

persons directly or indirectly interested in the promotion of fishing as

a business or as a pastime. The sums voted annually for expenditure

through this channel represent only about one per cent of the value of

our fisheries; the preservation of some of the most important of these

is now largely dependent on the Bureau's operations; and it is easily

demonstrable that in pursuing* a liberal policy for the promotion of

the fishing industr}' Congress is simpl}^ making an investment that

yields returns far greater than those which attend private business

enterprises.

The succeeding references to the character and scope of the Bureau's

operations and the more extended accounts of the work in the various

branches of the service will be supplemented by special articles in the

annual report and bulletin.

PROPAGATION AND DISTRIBUTION OF FOOD-FISHES.

LEADING FEATURES OF THE WORK.

The 3^ear 1004 was one of the most successful in the history of the

Bureau, considered with reference to the operations of the hatcheries.

The total distributions, which have been equaled by those of only a

single previous season (1902), exceeded 1,250,000,000. The conditions

attending the hatching of such a large number of fishes necessitate the

planting of most of them in the form of fry; but increased attention

1
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has been given to the rearing of important species wherever practi-

cable, and the output of adult, j^earling-, and fingerling fish was nearly

50 per cent larger than in any previous year.

The importance of the Bureau's fish-cultural operations, however,

must not be gauged b}^ the results during an}^ one .year, but by the

average for a series of years. Peculiar seasonal conditions often

materiall}^ modify the work of particular stations, sometimes favor-

ably, more often unfavorably, and give an erroneous impression as to

its extent. It usually transpires that a year which is characterized

by a greatly diminished yield of certain fishes is noteworthy for an

augmented output of others, so that the aggregate distributions

remain normal. This point, which has frequently been emphasized

and illustrated in previous reports, was exemplified anew in 1904,. when

an exceedingly poor season for shad and white-fish was offset b}' the

largest collections of eggs of Pacific salmons and flat-fish ever known.

An important feature of the work of artificial propagation, which

has often been referrc^d to but can not be too strongl}^ emphasized, is

that. an exceedingly lai-ge percentage of the young fish hatched annu-

ally are from eggs taken from fish that have been caught for market,

and hence would be totalh' lost were it not for the efforts of the

Bureau. To the many hundred millions of young food and game

fishes thus produced must be added many more millions resulting from

the superiority of artificial propagation over natural propagation in

the matters of fertilizing and incubating eggs and of safety of the

young.
STATIONS OrKRATED.

The fish-cuitural work of the Bureau in lOOi was conducted in 26

states, at 49 stations and substations. In respect to their output, the

substations are in most cases of equal, in some cases of greater, impor-

tance than the stations, but their equipment is less complete and for

administrative purposes they are subordinated, and their personnel

supplied from the stations to which they are attached.

The demand and the local facilities determine the proportion of

effort directed toward the cultivation of the important commercial

species. During the past year the salmons were propagated at 11

stations; white-fish at 7; lake trout at 5; shad at 4; pike perch at 3;

cod at 2; flat-fish at 2; striped bass, white perch, and yellow perch at

1 each; and the lob.sterat 2.

THE SPECIES CULTIVATED AND DISTRIBUTED.

The luuuber of species now regularly cultivated and distributed by the

Bureau is upward of 50, and the artificial propagation of new fishes is

being taken up as the work increases and the demand arises. A full list

of the species handled in 1904 follows, from which it will be seen that in

every section, so far as the existence of hatcheries permits, the supply of

the important food and game fishes is being increased by the Bureau's
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efforts. Thus, intheriversof the Atlantic seaboard yhad, salmon, striped

bass, white perch, and yellow perch have been planted; in the streams of

the Pacific coast, quinnat salmon, blueback salmon, silver salmon,

humpback salmon, and steelheads; the Great Lakes have l>een stocked

with white-fish, lake herring, lake trout, and i)ike perch; the numer-

ous interior lakes, ponds, and streams have ))een enriched by plants

of landlocked salmon, rainbow trout, black-spotted trout, brook trout,

oruyling, black bass, calico bass, crappie, rock bass, sun-fish, etc.; and

in the waters of the northeast coast the supply of cod, pollock, liat-lish,

and lobster has been increased."

The Cat-fish.es (Silukid.k).

* § Spotted Cat, Blue Out, Channel Cat { Tctaliirus 2)unctatHs)

.

* § Horned Pout, Bullhead, Yellow Cat {Amelurus nebiiloms).

*Ma»bled Cat {Ameinrus i^ebulusus marmomtus).

§ Black Cat {Ameinrus melas).

The Suckers and Buffalo-fishes (Catostomid.e).

§ Small-mouth Bu£falo-ii,<h {Icliobits bttbalus).

The Minnows and Carps (Cypkinid.t:).

t .| Carp ((//^»'/)(»s car])!o). Cultivated varieties, Gerniaa Carp, Leather Carp,
' Mirror Carj), ete.

II t Gold-fish [Carassins auratus).

II i Tench {Tinea tinea). Cultivated variety, Golden Tench.

II .t
Ide {Lrucisrvs idits). Cultivated variety, Golden Ide.

The Shads and Herrings (Clupeid.e).

* Shad [Alo.tit mpidhi<l)iia).

The Salmons, Trouts, White-fishes, etc. (Salmoxu).!-;).

* White-fish {Corcgonus dnpciformiii).

* Lake Herring, Cisco {Arffi/rosomus ariedi).

* Quinnat Salmon, Chinook Salmon, Tyee Salmon, King Salmon {Oncorh)/nchus

tschaw'jUcha).

* Silver Salmon, Coho {Chieorhynchm kiitutch). ^
* Blueback Salmon, Red-fish, Sockeye {Oneorlvjnchnx ncrhi).

* Humpback Salmon {0»corh>/ncJa(s gorbvKcIia).

* Steelhead, Hardhead, Salmon Trout {Sahno r/ainhin-i).

If Rainbow Trout {Sidino irideus).

* Atlantii- Salmon {Scdiiio salar).

*^ J^andlocked Salmon {Sahno sebago)

,

* Yellowstone Lake Trout, Cut-tliroat Trout, Black-spotted Trout {Sahno lemd).
* Colorado River Trout, Black-spotted Trout {Sahno pleuriticm)

,

* Arkansas River Trout, Green-backed Trout {Salmo stomias).

* Yellow-finned Trout {Salmo maedonaldi).

t * Sea Trout, Salmon Trout {SaJmo tnitta).

t * Loch Leven Trout {Sahno tridta hvcnaui.^).

* Lake Trout, Mackinaw Trout, Longe, Togue {Cristiromer namageush).
* Brook Trout, Speckled Trout {Sah'ermusfoniinaJis).

* Golden Trout, Sunapee Lake Trout {Salrelinas aitreohis).

* Canadian Red Trout {Salvelinus marstoni).

* Hybrid Trout {Salrelimis fondnaUs \ anreolus)

.

« The fishes artifioirtlly propagated are designated thus, *; those simply collected and distrihuted

thus, §; those propagated as food for other fishes thus, f; those propagated for ornamental purposes

thus, II; and introduced species thus, J.
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The Graylings (Tiiymallid.e).

* Montana Grayling {Tbi/maUns montanus).

The Mackerels (Scombrid^).
* Common Mackerel {Scomber sro)nJ>r as).

The Basses, Sun-fishes, and Crappies
(
Centra rciiice).

"*
§ Crappie {Pomoxis annularis).

* § Strawberry Bass, Calico Bass {Pomoxls sparoldes).

* § Rock Bass, Red-eye, Goggle-eye {AmblopUtes rupcstrls).

* § Warmouth, Goggle-eye {Chaenobryttus gulosus).

* § Small-mouth Black Bass (Micropterus dolomieu).

" § Large-mouth Black Bass {Micropterus salmoides)

.

* § Blue-gill Sun-fish {Lepomis pallidus).

The Perches (Pekcid.e).

* § Pike Perch, Wall-eyed Pike, Yellow Pike, Blue Pike {Stizostedion vilreum).

" § Yellow Perch {Perca flavescens)

.

The Sea Basses (Serranid.e).

* Striped Bass, Rock-fish {Roccus lineatus).

* White Perch {Morone americana)

.

The Cods (Gadid.e).

* Cod {Gadus callarias).

* Pollock {PollacMus vircns).

The Flounders (Plevronectid.e).
* Winter Flounder {Pseudopleuronectes americanus).

Crustaceans.
* American Lobster [Ilomarus americanus).

The Bureau long since discontinued the cultivation of carp, and does

not favor the further indiscriminate planting of this species; that

the demand for the fish is not satisfied, however, notwithstanding its

wide dispersal, is shown hy the numerous applications received from
all parts of the countr}^ for supplies of carp for private and public

waters. It is the practice to satisfy these requests 1)}' the substitution

of better native species, among which the cat-fishes may be mentioned.

The fishes of this family are adapted to such different conditions, are

so hardy and prolific, and arc so wholesome, that they arc among the

best fishes available for the stocking of certain waters. The demand
is increasing, and the Bureau is endeavoring to meet it by taking up
cat-fish culture incidentall}' and on a necessarily small scale at several

hatcheries; but the time seems to have arrived when a special station

for the cultivation of the cat-fishes is required.

Various water animals are now under investigation that ma}' eventu-

ally lead to their wholesale propagation by the Bureau, among such

being the sea mullet, the most valuable fish of the South Atlantic and

Gulf States; the common blue crab; the diamond-back terrapin, and

the green sea turtle.

THE OUTPUT SUMMARIZED.

The number of fish and fertilized eggs distributed ]jy the Bureau in

1904 is given by species in the appended summary. The aggregate

output of 1,267,343,025 was divided as follows: Fertilized eggs,
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263,123,354: fry. 99J:,503,(U0: tiuo-erling.s, yearlings, and adults,

9,710, 031. The eggs shown were for the most part donated to vari-

ous states to be incubated in their own liatcheries, the resulting fry

being planted under the direction of the state tishery authorities.

The number of fish and eggs of each of three .species distributed

exceeded 200,000,000; the output of each of two others was over

100,000,000, and of six others upward of 20,000,000.

It is worthy of remark that while the Bureau makes ample provision

for maintaining the supply of lishes caught chietly by anglers, nearly

99 per cent of the tish handled are those which are the objects of

commercial fisheries.

Summar)/ of distribution ofjish and e<jgs during the fiscal year 1904.

•

Species.
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Dtstributiomi and assir/riments of Jislt and eggs in the states and territories during the fiscal

year 1904.

state or territory.

Alabama
Arizona
Arkansas
California
Colorado
Connecticut
Delaware
District of Columbia
Florida
Georgia
Idaho
Illinois
Indiana
Indian Territory
Iowa
Kansas

j

Kentucky 1,

Louisiana
Maine 67,

Maryland ,
' 59,

Massacliusetts I 363,

Michijjan 169,

Minnesota 5,

M ississippi

Missouri 24,

Montana 3,

Fish and
eggs distrib-

uted.

11,

48, 250
10, 030
34, 005

807, 484
144,060
833, 425
001,400
995, 200

3, 950
563, 790
251,200
15,998

533, 860
3, 220

944,800
16, 470

891, 689
4,356

232,963
121,458
854, 148
544, 407
881,200
51,882
642,513
016, 450

State or territory.

Nebraska
New Hampshire
New .Jersey

New Mexico
New York
North Carolina.
Nortli Dakota .

.

Ohio
Oklahoma
Oregon
Pennsylvania .

.

Rhode Island...
South Carolina

.

South Dakota .

.

Tennessee
Texas
Utah
Vermont
Virginia
Washington
West Virginia ..

Wisconsin
Wyoming

Total

Fish and
eggs distrib-

uted.

2,

G,

26,

12,

202,

27,

81,

2

1,

2,

98,800
985,740
859,950
216,075
248, 275
275,025
312, 850
166, 318

9, 458
157, 687

. 687, 230
,951,800
184, 600

, 786, 638
48, 025

139,246
202, 000

, 514, 721
,148,858
, 768, 160
, 728, Oil

, 147, 050
824, 300

1,264,408,025

CAR AND MESSENGER SERVICE.

The distribution of the output of the various hatcheries is accom-

plished by means of the Bureau's live railway cars especially designed

for the purpose, and a corps of detached messengers who accompany
consignments of fish in baggage cars to the less accessible places. The
cars traveled 70,221 miles in the past year, the messengers 103,177

miles. Free transportation was furnished by a number of railroad

companies, as shown in the following table, and acknowledgment is

hereby made of this courtesy and liberality.

Statement of miles offree transportation furnished by various railroads during the year IDO4.

Name of railroad.
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Statement of miles of free iransjwrtation furnishecJ l>;/ rctnons railroads during the year
iPO^—Continued.'

Name of railroad.

Portland aiul Paimford Falls
Kio Grande Southern ,

llio Grande Western
Kumford Falls and Rangeley
Lake

Rutland
St. Johnsbury and Lake Cham-
plain

St. Louis and San Francisco
St. Louis Southwesterji
San Antonio and Aransas Pass .

.

376

1,309

Messen-
gers.

1S4
743

864
3,884
709
758

Name of railroad.

Sandy River
Somerset ,

Southern Kansas r..

Southern Pacific
Texas and New Orleans
Texas and Pacific
Vandalia
Wabash
Washington Countv

Total.

Cars.

1,063
254

204

15, 193

Messen-
gers.

82
164
260

1,840
267

5, 152

1,592

98, 957

RELATIONS AVITH THE STATES.

The Bureau maintains close relations with the fishery authorities of

the states, and cooperates with them to the fullest extent in the pro-

motion of local fishery interests. This cooperation is of mutual bene-

fit, and the results are often much greater than would be possible were
the government and the states to pursue independent courses. The
Bureau is pleased to defer to the state ofiicers in all matters affecting

local conditions, and does not take any part in state fishery legislation.

Donations of eggs and fish have been made to the fish commissions

pf 18 states, under whose direction the eggs were hatched and the frj-

distributed. The allotments to the states, as shown in detail in the

table, aggregated more than 244,000,000, representing 13 species of

food fishes.

AUofments of eggs andjit^Ji to the state jisJi ro)nmissions in 1904.

State and species. Eggs.

California:
Brook trout
Grayling
Landlocked salmon

.

Quinnat salmon
Colorado:

Steel head trout
Connecticut:

Lake trout
Landlocked salmon

.

Rainbow trout
Shad

Maine:
Landlocked salmon

.

Quinnat .salmon
Steelhead trout

Maryland:
Shad

Massachusetts:
Pike perch
Rainbow trout

Michigan:
Grayling
Lake trout
Loch Leven trout . .

.

Pike perch
Steelhead trout

Minnesota

:

Rainbov,' trout

200, 000
100, 000
10, 000

64, 147, 354

40, 000

200, 000
10, 000
22, 000

25, 000
100, 000
20, 000

5, 989, 000

5, 000, 000
30,000

100, 000
2, 300, 000

47, 495, 000

3, 000, 000

BO

15

34,800
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AUotinents of eggs and fish to the state fish conimissions in 1904—Continued.

State and species.

Missouri:
Grayling
Pike pereli

Nebraska:
Brook trout
Rainbow trout

New Hampshire:
Atlantic salmon.....
Lake trout
Landlocked salmon

.

Qninnat salmon
Steelhead trout

New York:
Brook trout
Lake trout
White-lish

Oregon:
Brook trout
Quinnat salmon

Pennsylvania:
Atlantic salmon
Lake trout
Pike perch
Kainbow trout
White-fish

Utah:
Brook trout

Vermont:
Brook trout

Wisconsin:
White-lish

Wyoming:
Black spotted trout .

.

Grayling
Rainbow trout

Eggs.

10,

46, 000
000, 000

50, 000
33, 000

20, 000
100, 000
10,000

100, 000
20, 000

200, 000

, oao, 000

10, 509, 000

3,000
200, 000

35, 000, 000

4(i, 280, 000

50, 000

10, 000, 000

400, 000
50, 000
25, 000

Total 240,944,354

Frv.

Finger-
lings, year-
lings, and
adults.

200, GOO

5, 000

3, 206, 600

10, 000

1,000

45, 845

At the request of the Michigan fish commissioners, the Bureau has

continued to operate the state hatcheries at Detroit and Sault Ste.

Marie, directing its eiiorts there to the propagation of white-fish, lake

trout, and pike perch. Negotiations are in progress with a view to

the taking over l)y the Government of other state hatcheries which

for various reasons the local authorities do not care to operate.

In its efforts to maintain the suppl}^ of commercial fishes, the Bureau

has nowhere labored more assiduously and expended more money than

in Michigan, which state Jias most valuable fishery interests at stake

in all of the Great Lakes except one. For many years the fish-cultural

work of the government on the Great Lakes has been on an immense

scale, far exceeding that in any other section of the country, and of

the unmistakable benefits resulting therefrom the "Michigan fishermen

have reaped the largest share. Notwithstanding these facts, howe^'er,

the fish wardens of Michigan have for a number of years made deter-

mined efforts to interfere with and curtail the work of the Bureau's

representatives, raising petty objections to the methods pursued in

the collection of spaw^n. Their shortsighted and unwarranted actions

have caused great annoyance and at times have threatened completely

to stop fi.sh-cultural Avork in the Michigan waters of the Great Lakes.

During several years matters were at an acute stage, but it was not
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until the fall of 1003 that a crisis came, resulting in the arrest of

employes of the Bureau by State officers. In view of the important

bearing of this case on the work of the Bureau in the Great Lakes

region, it is considered advisable to refer to it in some detail by citing

laws, correspondence, and judicial proceedings, as follows:

Scdioti 439S, Berised Statutes of the United States, regard'mg poirers of the United States

FisJi Commission.

The Commissioner may take or cause to be taken at all times, in the waters of the

sea coast of the United States, where the tide ebbs and flows, and also in the waters

of the lakes, such fish or specimens thereof as may, in his judgment, from time to

time be needful or i^roper for the conduct of his duties, any law, custom, or usage of

any state to the contrary notwithstanding.

* Section 6, Act SS, Public Acts of Michigan, 1S99.

It shall be lawful for the United States Fish Commission, through its representa-

tives or employees, to fish with nets in any of the waters of this State during any

season of the year, for the purpose of gathering spawn from such fish caught, to have

and to hold both ripe and unripe fish, and to have the privilege of selling such fish after

stripping, to help defray the expenses incurred in the work of propagation : Provided,

That such fishing by said fish commission shall be under the supervision and control

of the state game and fish warden, and, provided farther. That at least 75 per cent of

the fry resulting from the spawn so taken shall be planted in the waters of this State,

the same to be determined by reports to the state game and fish warden.

Letter of S. P. Wires, superintendent United States hatcherj/, Dulidh, Minn., October 23,

1903, to C. II. Chapman, state fish warde^i, Sault Ste. Marie, Mich.

On behalf of the United State Fish Commission, 1 respectfully request your per-

mission to continue fishing with tugs at Marquette and Ontonagon a few days, if

practicable, after the beginning of the close season. We desire to comply fully with

your wishes and the law of your state in the conduct of this w^ork, and any instruc-

tions you may give us in relation thereto will be carefully carried out.

On the first day of the close season last year we wired your preilecessor, Mr,

Morse, the names of the tugs we were operating, also the names of the masters of the

tAgs, and each day thereafter we reported direct to him the number of jiounds of

fish taken by each tug, and last June we mailed your office a statement showing the

number of eggs collected in Michigan during the close season and the number of fry

planted in Michigan waters from the Duluth station, and so far as I know everything

was entirely satisfactory.

I am under the impression that we discontinued fishing last season at Ontonagon

on the 4th and at Marquette on the 7th of November.

An early reply will greatly oblige.

Telegram of S. P. Wires, Duluth, October 21, to s'atefish marden, Sault Ste. Marie.

In order to fully stock the United States Fish Commission station, Duluth, with

lake trout eggs, it will be necessary to continue fishing with two or three tugs at

Marquette and probably two at Ontonagon, Mich., a few days after the beginning of

the close season, but it will be impossible to give any portion of the fish caught while

engaged in this work to the state, as the total catch of fish will fall considerably

short of paying the expenses of collecting the eggs. Will you insist upon taking the

unstripped fish? Please wire rejily.
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Telegram of slate fsh warden, Sault Sie. Marie, October 28, to S. P. }yires, Duluih.

I have no power to change the law; fish not spawnera belong to the state of

Michigan.

Telegram of S. P. Wires, Duluih, October 28, to United States Commissioner of Fisheries,

Washington, D. C.

To procure a full stock of eggs for the Duluth station it will be necessarj- to con-

tinue fishing at Marquette and Ontonagon a few days after October 30, as we did

last year; 1)ut if compelled to turn over to the state all unstripped fish it will in my
judgment be impracticable to do so. The game and fish warden of Michigan claims

that all unripe fish caught by the United States Fish Commission during the close

season are state property. Please advise.

Telegram of United Slates Comndssioner of Fisheries, October 29, to S. P. Wires, Dvluth.

Make collection of lake-trout eggs same as last season.

Telegram of S. P. Wires, Marquette, Mich., November 4, to United States Commissioner of

Fisheries

State game and fish warden has arrested captains of tugs fishing for us at Marquette.

Have four gang nets in lake at this jwint. Should have competent attorney to look

after the interests of the Commission at once. Please advise.

Telegram of United States Commissioner of Fisheries to S. P. mres, 3farcjuette, November 4-

Matter will be referred to Department of Justice and Attorney-General will prob-

ably instruct district attorney to look after interests of this Bureau.

Telegram of S. P. Wires, Marquette, Mich., November 4, to United States Commissioner of

Fisheries.

Plave had trial against masters and owners adjourned until the 11th instant. Tugs

will lift to-morrow. Game warden threatens to seize all fish caught from now on.

Wire instructions.

Letter of Fran I- N. Ckirl; superintendent United States hatchery, Northville, Mich., Octo-

ber 31, to United States Commissioner of Fisheries.

On my arrival at the Soo Tuesday morning, October 27, I found your telegram

ordering me to "proceed with lake-trout collection and dispose of fish same as last

season." Soon after receiving your telegram I had a conference with Mr. Chapman,
state game and fish warden, and told him I should proceed to make the lake-trout

collection on the same lines as last season, in accordance with your orders. He
stated that the attorney-general of the state informed him we had no right to sell

unripe fish, but he would confer with him again and obtain a written opinion, and

if he still held to his former opinion, the warden thought it best to start a friendly

suit in order to test the law, and asked me to write the Bureau and see if you would

agree to it. I think it best to have the matter tested in the courts, if we are to be

bothered by the warden in this manner every year.

From the Soo I went to Manistique to confer with Mr. Platts, the field foreman at

that point, and Capt. John Coffy, who is fishing three tugs for us. Coffy informed

me it would be impossible for him to fish for us under the requirements of the war-

den. I then informed him that we would fish the same as last year.

On my return to Northville I found a telegram from Mr. Stewart, field foreman at

Beaver Island, stating the tug fishermen at Beaver Island refused to fish on the basis

required by the warden, and he has also been instructed to fish on the old system.

As yet very few eggs have been received from Manistique; information from Platts
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yesterda}' ?ay!? 20 per cent of the females are spawning. As that was the last <lay of the

open season, nets will bo set, and if 50 per cent of the spawners are ripe, the woi-k

will be pushed vigorously.

Telegram of F. N. Clark, Macldnav: Clti/, November 10, to United States Commissioner of
Fisheries.

Court temporarily enjoined w'arden not to interfere. Hearing 24th instant

Grand Rapids. Warden assures superintendent no interference, Detroit River, even

if injunction dissolved.

Letter of S. P. Wires, Duluth, November 13, to United States Commissioner of Fisheries.

In regard to our trouble with Mr. Chapman, game and fish warden of Michigan,

permit me to state that I tried to arrange matters with him so as to continue fishing

for a few days after the beginning of the close season under the Michigan laws, but

was unable to come to a satisfactory xuiderstanding, so I wired him after receiving

instructions from you that we would continue fishing with the tugs Columbia and Theora

at Marquette, Mich., under the same regulations as we did a year ago, and everything

went along smoothly until the morning of the 3d instant, when IMr. Brewster, chief

deputy warden, and two assistants, undertook to go aboard the tugs for the purpose

of supervising our work and to seize all unstripped fish for the state. We could not

allow this, as it would lay each tug captain liable to a fine of |500, also to have his

license for sailing a steamboat canceled; consequently Mr. Brewster was very much
provoked and arrested the captains and owners for illegal fishing shortly after the

tugs returned from lifting, but did not seize fish or nets. However, the arrest of the

captains caused' us to lose from 500,000 to 600,000 eggs, as no lift could be made on

the 4th.

In order that we might continue fishing until the close of the spawning season, or

until we could get definite orders from you, I employed a competent attorney and
had the hearing of the captains and owners adjourned for one W'eek, but owing to

unfavorable weather was unable to lift on the 5th, and after lifting two gangs of nets

on the 6th, we concluded that it was time to discontinue work, as manj' of the fish

taken on that date were through s]^awning and there were very few unripe fish.

When the tugs returned from lifting on the 0th, all nets and fish were seized and
turned over to the captains of the tugs to be cared for, and the same was done on
the 7th, when the last nets were brought ashore, and all spawn takers, including

Frank Thon^as and myself, were arrested on the evening of the 0th for fishing in

violation of the state game and fish laws, and in order to save time and expense, my
attorney advised me to admit certain fact.'? in connection with the case, and if found

guilty, to take an appeal, which I did.

Decision of United' States Judge Wantij.

In the circuit court of the United States for the western district of Michigan, United

States of America, complainant, v. Charles Chapman and Charles E. Brewster,

defendants, memorandum for judgment on order to show cause:

Under the acts of Congress providing therefor, the President of the United Stiites

appoints a Commissioner of Fish and Fisheries, whose duty it is to investigate the

subject with a view to ascertaining what diminution, if any, in the number of food

fishes of the coast and the lakes of the United States has taken place, and from what
cause the same is due, and whether any protective, prohibitory, or precautionary

measures should be adopted in the premises, and report upon the same to Congress.

It is also provided that the heads of the several Executive Departments shall cause to

be rendered all necessary and practiciil aid to the Commissioner in the prosecution

of his investigations and inquiries, and section 4398 of the Revised Statutes provides
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that "the Commissioner may take or cause to l)e taken at all times in the waters of

the seacoast of the United States', where the tide ebbs and flows, and also in the

waters of the lakes, such fish or specimens thereof as may in his judgment from time

to time be needful or proper for the conduct of his duties, any law, custom or usage

of any State to the contrary notwithstanding."

On November 6, 1903, which was during the closed season under the Michigan

statute, while the eggs of white-fish and trout for the purpose of propagation in

Michigan were being gathered near ]Marquette, in Lake Superior, under the direction

of S. P. Wires, superintendent of the United States fish hatchery at Duluth, he was

arrested by the defendants in this case, and the fish in his possession were confiscated.

The action of Superintendent Wires and his men in submitting to the humiliation of

the forcible boarding of their boat and the seizure and confiscation of the fish, with-

out forcible resistance, and appealing to the courts where controversies of this nature

between the two sovereign governments should be settled without friction, can not

be too highly commended.
Tfie defendants are the Michigan state game and fish warden and his dejjuty, who

claim that all fishing by the United States Commissioner of Fish and Fisheries in

the Great Lakes bordering on the state of Michigan must be done under their super-

vision, and that the only right the L'nited States Fish Commission has to fish, for

the purpose for which Congress created it, in Michigan waters during the closed

season, is considered by act No. 88 of the Public Acts of 1899, which reads: "It

shall be lawful for the United States Fish Commission, through its representatives

or employees, to fish with nets in any of the waters of this state, during any season

of the year, for the purpose of gathering sjiawn from such fish caught, to have and

to hold both ripe and unripe fish, and to have the privilege of selling such fish after

stripping to help defray the expense incurred in the work of pi'opogation; that such

fishing by said Fish Commission shall be under the supervision and control of the

state game and fish warden: And provided further, That at least seventy-five per

cent of the fry resulting from the spawn so taken shall be planted in the waters of

this state, the same to be determined by reports to the state game and fish warden."

A deputy of the state game and fish warden demanded the right to superintend

the fishing operations of the LTnited States Commissioner of Fish and Fisheries,

which demand was refused, and he then seized and confiscated the fish in the

possession of the Commissioner's agents, and caused the arrest of Wires and the

2)ersons found assisting him.

If the United States has the right which Congress evidently intended to confer by
the legislation above quoted, and a deputy game warden can legally interfere with

the exercise of that right, in the manner admitted in the answer filed in this case,

then the Government is entitled to the contempt which the deputy game warden

exhibited toward it. The United States can not undertake any work where it is not

supreme, and a Government officer could not, in any legitimate function of the Gov-

ernment, l^e under the direction and control of a state officer. If the Federal statute,

by which it was intended to confer on the Commissioner the right to take or cause

to be taken in the waters of the lakes such fish as in his judgment is needful for the

proper conduct of his duties, is constitutional, the legislation is exclusive, and any

act of any state, so far as it confiicts with that legislation, is void. The Attorney-

General in his brief says: "The defendants contend that the right of complainant

to so take fish can be exercised only pursuant to the authority granted to the United

States Fish Commission by the laws of the state of IMichigan; that the power of

complainant is limited and defined by those laws, and tliat any enactment of Con-

gress contravening the statutes of this state in relation to such fishing is unconstitu-

tional and void." The act of Congress, if invalid, is so because it conflicts with the

Federal Constitution, and not because it contravenes the statutes of the state of

Michigan. If it is decided that the United States has no riglit to take fish, under
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the act of Congress, its pi'opagatiou of food fishes must cease, because it would be

intolerable for it to exercise any of its functions under the direction and control of

persons over whom it has no authority.

If the acts of Congress creating this department are void, the Government must of

necessity suspend it, and such suspension would mean an immense loss to the state

of Michigan, and probably a much greater loss to the states bordering on tide water,

where shelliish are propagated. The constitutionality of tliis legislation has not

before been ciuestioned in the courts, and if the laws of the United States seeking to

confer upon the Commissioner of Fish and Fisheries the right at all times to take fish

needful for the conduct of his duty, notwithstanding contrary legislation by the

state, is unconstitutional, such grave consequences must flow from a judgment

announcing it that it seems to me not proper to pass upon that question on a pre-

liminary hearing where the preparation must of necessity be inadequate. The pre-

cipitate action of the defendants in this case indicates that a dissolution of the

injuijction Avould lead to an unseemly conflict which should be avoided, and there-

fore tl^e injunction will remain in force until the final hearing of the cause.

RELATIONS WITH FOREIGN COUNTRIES.

Requests for the eggs of American fish for foreign countries have

been received through diplomatic and other channels, and, as in pre-

vio'us 3^ears, have been complied with as far as practicable. For long-

distance shipments onl}' eg'g'^ with a protracted hatching period are

available, and of these the salmonoid eggs are the most important.

Upward of 2,500,000 of such eggs have been presented to Canada,

Argentina, England, Wales, France, Japan, and New Zealand, as

follows:

Countries.
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average loss of less than 10 per cent. This is worthy of note, not only

because it is probable that these eggs were transported a greater dis-

tance than has heretofore been recorded in the history of lish culture,

but also from the fact that they were taken across the equator, and

then carried by team 300 miles over the hot sands of the territory of

Neuquen, to be hatched at just the opposite season of the jetir to that

in which they would naturall}' have hatched in their home waters.

The eggs sent to the New Zealand government were also in charge

of a Bureau agent. The white-fish eggs were in course of transportation

thirty four days and the salmon eggs twenty-seven days, a journey of

2,600 and 250 miles, respectively, by rail, and 6,600 miles by steamer,

during which they were transhipped eighteen times in wagons, railway

cars, and vessels before reaching their destination. The salmon eggs

were delivered to the New Zealand inspector of fisheries at Auckland

with an actual loss of less than one-half of 1 per cent, while the white-

fish eggs were delivered at the same point with a loss of 10 per cent;

in the reshipment from Auckland to Wellington l\y steamer there was

a further loss of 10 per cent in the white-fish and a fraction of 1 per

cent in the salmon eggs, probabh^ due to the fact that they had to be

transported during the final journey at a rather high temperature,

there being no cold-storage facilities on })oard the steamer.

NEW STATIONS AND IMPROVEMENTS.

The purchase of the land selected for the new station at Mammoth
Spring, Ark., was consummated June 21, 1901, and the preliminary

topographical survey was at once begun. The site contains 15.52

acres, is in the town a short distance from the railroad station, and is

thus convenient!}^ located for shipping fish and handling supplies.

The water is obtained from a large lake or reservoir formed by dam-

ming Mammoth Spring, which is a remarkable outflow of cold, pure

water admirabl}' suited to the propagation of fish. The deed of sale

carries the right of drawing a maximum quantity of 1,200 gallons a

minute from this reservoir.

At Tupelo, Miss., two stock ponds, each 3i to 4^ feet in dejpth and

about li acres in area, have been completed, together with six cement

rearing ponds ranging from 50 to 60 feet in length and 8 feet in

width. These ponds are supplied with water from the wells by an

open conduit. A foreman's cottage, a frame building 50 by 29 feet

and containing eight rooms, has been built, the grounds have been

fenced and graded, roadwa3's begun, and shrubbery set out.

Owing to the exceptional advantages offered at Boothbay, Me., for

the propagation of both lo])sters and cod, it was decided to build and

equip the station in the most modern and complete manner. The site is

a rocky point of land, and stone quarried on the spot has entered largely

into the construction of the new buildings, which are not only sub-
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stantial but in keeping with their .surroundings. On the property

originally purchased are a seven-room frame dwelling, a small stable,

and a storehouse, which, with some repairs, have all been utilized to

good advantage. In July, 1903, the hatcher}'^ and a pumping plant

were begun. The hatchery is a lA^-story frame structure on a heavy

stone-and-concrete foundation. The main part is 70 by 48 feet, with

an extension 18 by 11 feet on the north side, surmounted by a tower.

Besides the hatching room, 60 b}^ 41: feet, which when equipped will

accommodate several hundred million lobster and cod eggs, the build-

ing contains a sleeping room, office, storage loft, closets, etc, is well

lighted, has concrete floors, and is tinished in natural v/ood. At a

short distance from the shore has been built the pump house, circular

in form and 22 feet in diameter. It is of heavy masonry to a height

of lOi'feet, and supports a tower containing a cedar tank with a

capacity of 7,500 gallons. Leading from the bottom of the pump
well a suction pipe extends into the water to a point 2 feet below

extreme low-Avater mark, and a 6-inch pipe from the pump house sup-

plies the hatcherv. Between the hatcher}^ and the pump house is the

boiler house, also of masonry, 31 by 30 feet. A frame storehouse and

carpenter shop, 32 by 20 feet, has been built on the wharf, and a brick

cistern is conveniently located near the buildings.

Owing to the severe Maine winter and the rocky character of the

site, which necessitated much blasting, progress was necessaril}- slow,

but at the close of the year the buildings were ready for machinery

and equipment. Two boilers and two pumps have been purchased and

are ready for installation. On July 2, 1904, there was added to the

property a third parcel of land of ig acres, making a total area of

about 10 acres. This purchase included a 2i-story frame dwelling,

containing 11 rooms, which can be easily remodeled into a superin-

tendent's residence.

Ait White Sulphur Springs, W, Va., good progress has been made

'toward completing the station, and tish-cuitural operations are in prog-

ress on an extended scale. A residence has been constructed for the

superintendent—a two-storv building 53 feet square, erected on a

brick foundation, containing 10 rooms and an attic, and heated by a

furnace. Two stock ponds, respectively 0,45 and 0.24 acre in area

and 5i and 6 feet deep, have been completed, and a third one, nearly

0.3 acre in area, is well under way. Ten spawning ponds Q6 b}'^ 12 feet,

and six spawning ponds 20 by 8 feet, all from 2 to 2^ feet deep, have

aliio been constructed. Lines of supply and waste pipes for the ponds

have been laid, a wagon bridge has been built over Harpers Run, and

the grounds have been graded and partly fenced.

Improvements for w^hich special appropriations were made have

been in progress at several stations, resulting in increased efficiency

and economy of operation:
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At Neosho, Mo., a lO-iiich iron supply pipe has been laid in place of

an old wooden conduit, and supply and distributing reservoirs, new
troughs, machinery, and appliances were installed in the hatchery.

Further improvements to the water supply are held in abeyance pend-

ing the acquirement of a right of way.

At Put-in-lia3\ Ohio, the capacity of the hatchery has been increased

by the purchase and installation of 760 additional hatching-jars, and
iron supply tanks of a total capacity of 17,500 gallons have been sub-

stituted for the old wooden one. There have also been extensive

repairs to the buildings and machinery.

At Duluth, Minn., the hatchery has been wired for electricity, 160

feet of the supply liume have been reconstructed, the crib well has

been deepened, and material has been purchased for a new pipe line

and reservoirs.

At Spearfish, S. Dak., sudden Hoods pouring down tlie can3'on, at

the mouth of which the station is situated, have caused much damage,

and have necessitated the expenditure of considerable sums of mone}'.

The measures originally taken to prevent such damage having proved

insufficient, an old protective channel has been excavated to a depth

of 8 feet and a width of 15 feet, and walls have been constructed of

solid masonr\' for a large portion of the distance, with retaining walls

where necessary. Besides the danger of floods from the canyon, the

lower part of the grounds, including the pond s^^stem, is su))ject to

overflow from Speartish Creek, and to guard against this, 90 feet of

stone wall was ))uilt. This wall, however, with a new bridge, was
washed away during the extreme high water last spring. The water

supply has been increased by the erection of a new cement dam which

will open up a series of springs near the head of the canyon, and the

reservoir has been lowered 8 feet to accommodate this extra supply.

Much grading about the grounds and reconstruction of roadway's has

been necessitated l)v these changes.

At the flsh ponds in \A"ashington, which are in the park system,

much has been done toward beautifying and improving the grounds to

bring them into accord with their surroundings, and this work is still

in progress. The ponds have been altered to meet the present require-

ments, and the supply and waste-pipe system has been modernized. A
triafigular frame storage building 58 b}^ 51 by 50 feet has been erected,

containing much-needed workrooms and storerooms.

At Nashua, N. H., direct connection has been made with tiie cit}?^

water system for protection against fire and to afford an emergency
supply for the ponds, hatchery, and other buildings. Sewers have been

laid, the piping system in the hatchery augmented, and all the build-

ings put in good repair.

At Northville, Mich., a series of 5 ponds, covering about 3 acres, has

been sufliciently completed to allow the propagation of small -mouth bass
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to be begun; the capacity of the hatchery for hike-trout eggs has been

increased to 35,000,000 by the instalL^tion of more hatching troughs,

additional pipe lines have been Itiid to the hatchery and ponds, and the

drainage system has been enlarged.

At Bozeman, Mont., a hot water heating plant has been installed in

the hatcher}^ and other needed improvements are being prepared for.

At Leadville, Colo., a 12-inch pipe line has been laid from Upper
Evergreen Lake to the hatchery for the purpose of obtaining a new
water suppU^ the former one not being sufficient!}^ pure and being

also subject to extreme changes of temperature.

OPERATIONS OF VESSELS.

Steamer Albatross.—On Juh^ 2, 1903, having on l^oard the special

commission to inquire into the conditions and needs of the Alaska

salmon fisheries, the vessel left Port Townsend for southeast Alaska,

where the investigation was begun at Boca de Quadra Bay. It was

desired to visit as many of the fisheries as time would permit, and the

itii^erary embraced the island passages in the vicinit}' of Metlakahtla

and Loring, and extended northward via Wrangell, through Stephens

Passage and Lynn Canal, to Skagway, returning by wa}^ of Dundas
Bay through Chatham and Peril straits to Sitka. Thence the vessel

proceeded across the Gulf of Alaska to Afognak Island, Kadiak Island,

and the Shumagin Islands, Chignik Bay, Yakutat Bay, and back to

Sitka.

Shore parties visited canneries and salteries throughout the region

under investigation, and examined the streams and lakes with refer-

ence to biological conditions as well as the commercial aspects of their

fisheries, while dredgings and collections were made bv the ship and

important material and data were obtained in the shore and deeper

waters. The Shumagin Islands were visited for the purpose of deter-

mi'ning the desirability^ of inaugurating cod hatching at that point, and

during a few davs' delay at Skagway a party explored the headwaters

of the Yukon for tlie purpose of making collections and gaining infor-

mation respecting the ascent of salmon in that river. On the return

voyage from Sitka a number of canneries omitted during the northern

trip were inspected, the vessel reaching Seattle September 9 and San

Francisco September 21. From that date until February 17 the vessel

was in port, during which time repairs were made and an engine and

boiler were installed in a new steam launch.

On Februar}^ 17 the Albatross left San Francisco to take part in a

stud}' of the fisher}' resources of the California coast, instituted by the

Bureau in cooperation with Leland Stanford University and the Uni-

versity of California. The end in view was the exploration and develop-

ment of the fishing banks, and operations were carried on in the

F. C. 1901 2



18 EEPORT OF THE COMMISSIONEK OF FISHERIES.

vicinity of San Dieg-o Bay, Cortez Banks, Santa Cataiina Island, and

Monterey Bay. The ship was continually engatred in collecting with

intermediate and surface apparatus, and in making extensive dredg-

ings and soundings about the regions under investigation. A line of

drodgings was run 200 miles west from San Diego to the 2,000-fathom

curve, and off Monterey to the 1,000-fatliom curve. The work was

brought to a close in June, and the vessel started for San Francisco,

where she arrived on the 15th of the month.

Steamer Fish Ilaivl',.—At the beginning of the year the Fish Ilaivh

was undergoing repairs at Camden, N. J. These completed, she went

to Woods Hole, Mass., arriving July 19, from which time until Septem-

ber 11 she was occupied with duties in connection with the biological

laboratory of the Bureau, her work consisting chiefly of a S3^stematic

series of dredgings through Vineyard Sound between Nobska Point

and Gay Head. At the close of the laboratory season the vessel sailed

for Washington, going thence to Baltimore on October 8 for some

minor refitting. She was engaged for a short period in the spring,

beginning March 16, in the hatching of yellow perch at Chestertown,

on the Chester River, Maryland, and on April 29 began the usual shad

operations on the Delaware River, at Gloucester City, N. J.

Schooner Grampus.—This vessel was engaged from the beginning

of the year until August 8 in collecting egg-bearing lobsters along the

Maine coast to supply the hatchery at Gloucester, Mass. On October

5, after being docked and painted, she began the collection of brood

codfish on the fishing grounds about Nantucket, No Man's Land, and

Block Island, continuing until about the middle of November, when

she was laid up for the winter and her crew detailed to assist in the

collection of cod eggs for the Massachusetts hatcheries. In April the

collection of lobsters for the present season was undertaken, and the

vessel was thus engaged at the end of the year.

General.—Besides the usual minor repairs and renewals necessary

to keep the smaller craft of the Bureau in good condition, moi-e exten-

sive alterations were made to some of the boats. The steamboat Cur-

lew.^ attached to the Iowa station, was made more available for night

work, which is often required, by the installation of electric light and

searchlight, and by the extension of the deck house to afford sleeping

quarters for the crew. A new boiler has been furnished the launch

Petrel., and her machinery and hull have been thoroughly overhauled.

New copper tanks have been put in the steamer Phalarope., and needed

alterations have been made in the arrangement of engine room and

cabin. Two new gasoline launches, 30 and 25 feet long, respectively,

have been purchased, one for use at North McGregor, Iowa, in the

collection of river fishes, and the other at Swanton, Vt., in extension

of the sturp-eon work.
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INQUIRY RESPECTING FOOD-FISHES AND THE FISHING
GROUNDS.

Attention is directed to the appended detailed report on the work of

the division of inquiry respecting" food-lishes and the fishino'-grounds.

This important branch of the Bureau deals with the biological ques-

tions Vvhich arise in connection with the economic fishenes and fish

culture. It is particularly concerned with the exploration of lakes,

streams, and salt waters; the study of the habits, growth, and distribu-

tion of fishes and other aquatic animals; the experimental cultivation

of desirable products not now the objects of cultivation, with a view

to developing methods that may be applied on a wholesale basis; the

investigation of the diseases of fishes under cultivation and in a wild

state, tlje pollution of waters in its effect on fish life, and the encour-

agement of biological research in the Bureau's laboratories and field

operations.

The special commission for the investigation of the salmon fisheries

of Alaska, to which reference was made in the last report of the

Bureau, concluded its labors in the fall of 1903, and shortly thereafter

a preliminary report was submitted, embodying the general results of

the investigation and making recommendations for the protection and

promotion of the fisheries. This report was forwarded to the Sec-

retary^ November 13, 1903, by him presented to the President on

Januaiy 21, 1904, and by the President transumitted to Congress on Jan-

uary 27, 1901, and printed as House Document No. 177, Fif t3--eighth

Congress, second session. The most important recommendations of

the special commission are the establishment of government salmon

hatcheries under the control of the Bureau of Fisheries, and the placing"

of all matters relating to the fisheries of Alaska under the direction of

the Bureau.

Among the numerous special subjects which have been under con-

sidei^tion with reference to economic questions are the oyster, sponges,

blue crab, diamond-back terrapin, green turtle, and various fishes.

The experiments in the artificial fattening of 03'sters and the cultiva-

tion of sponges from cuttings have continued with satisfactory results.

The raising of the di^iniond-back terrapin and the green turtle from the

egg is receiving attention at points in Chesapeake Bay and on the

coast of Florida, States in which inquiries have been made as to the

fishery' resources of particular waters are Maine, North Carolina,

Indiana, California, and Arizona.

STATISTICS AND METHODS OF THE FISHERIES.

The work of the division of statistics and methods of the fisheries

affords the only basis for determining the condition and trend of the

commercial fisheries of the country; it is an invaluable criterion of the
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necessity' for and the results of tisb-cultural operations of the j^ov-

ernnient and states, and is indispensable in furnishing- a basis for

legislation.

The results of the incpuries in diti'erent regions with reference to

the extent, condition, and methods of their economic fisheries, and of

the inv^estigation of special branches of the fishing industry" to which

attention has been given during the year arc shown in the appended

report of the assistant in charge. General canvasses have been con-

ducted in the New England, South Atlantic and Gulf States, and the

Hawaiian Islands, and special inquiries have been made into the con-

dition of the vessel lisheries centering at Doston and Gloucester, Mass.

;

the fisheries of the interior waters of Florida; interior lakes and

streams of New York and Vermont; the Pacitic cod and halibut fish-

eries, and the whale tisher\' centering at San Francisco. There have

also been very complete canvasses of the statistics and methods of the

salmon industry of Washington. Oregon, California, and Alaska in

conjunction with the work of the special salmon commission.

MISCELLANEOUS ADMINISTRATIVE AND OTHER MATTERS.

CIIANOES IX rKHSOXNEL.

In the death of Mr. Cloudsle3'Ilutter, which occurred November 28,

1908, the Bureau has lost the services of a very conscientious and effi-

cient assistant. Mr. Kutter l)ecame connected with the Bureau in

1897 as scientitic assistant, and at the time of his death was naturalist

of the steamer ^ !//'(/?'/ Y>.v.s-. He took an active part in biological investi-

gations on the Pacitic coast, and his Avork on the salmon added much
to the knowledge of the habifs of those fishes. Mr. Kutter was suc-

ceeded by Mr. F. M. Chaml)erlain, general assistant on the Alhatross.

The Bureau has lost another valued emplo3'ee, Capt. S. J. Martin,

whose death occurred June lU, 1904. Since 1888 he had rendered

faithful service at his home in Gloucester, Mass., in collecting statistics

of the important tisheries centering there.

Mr. William Barnum, an employee of the Bureau since 1891, and

for many years editor of the Bureau's pu1)lications, resigned February

12, 1901, to take the position of chief clerk of the Carnegie Institution.

At the request of the minister of the Argentine Republic, trans-

mitted through the Department of State, Mr. John \V. Titcomb,

assistant in charge of fish-culture, was granted leave of absence without

pa}' for nine months beginning September 1, 1903, in order to make
arrangements to inaugurate fish-cultural work on the part of the

government of that country.

Mr. E. A. Tulian, for a long time superintendent of the hatchery at

Leadville, Colo., resigned in order to take fish eggs to Argentina and
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to accept peniuinont .service with that government with the title

national tish-cultnrist of the department of agriculture.

Mr. J. Frank Ellis, superintendent of the car and messenger serv-

ice, was appointed assistant in charoe of lish-culture for the period of

Mr. Titcomb's absence.

On September 1, 190o, Mr. E. E. Hahn, who had served on the

schooner Grampun since September, 1887. as mate and captain, was

detached to take charge of the new station in course of construction

at Boothbay Harbor. Maine. Captain Hahn was a thoroughly compe-

tent and efficient officer, iT practical lisherman of great experience, a

proficient fish-culturist, and his services on the Grampus have been

invaluable to the Bureau. Mr. G. F. O. Hanson, first mate, was

appointed to the command of the Gn(//tjjus.

Mr.' John N. Cobb, statistical field agent, resigned June 30, 1901,

to accept the position of assistant inspector of salmon fisheries of

Alaska.

PUBLICATIONS AND LIBKARY.

The demand for the publications of the Bureau is increasing yearly,

and the supply of raan}^ of the bound volumes and pamphlets has

become exhausted. Much of the matter printed by the Bureau is of

permanent interest, and requests for special articles continue for

years. The second edition of the very popular and useful "'Manual

of Fish Culture'' has been entirely distributed, and a new edition,

with revisions, is much needed. There have been sent out to regular

recipients and on the application of Congressmen and others 1,797

bound volumes and 20,192 pamphlets.

During the year the bound volume of the Keport for 1902 was

issued, together with the following extracts in pamphlet form from the

reports and Inilletins for 1902 and 1903:

Description of a new genus and two new species of fishes from the Hawaiian Islands.

By David Starr Jordan and Barton W. Evermann. Bulletin for 1902.

The fresii-water fishes of western Cuha. By Carl H. Eigenniann. Bulletin for 1902.

The organ and sense of taste in fishes. By'C. Judson Herrick. Bulletin for 1902.

Eotatoria of the United States. II. A 'monograph of the Rattulida\ By H. S.

Jennings. Bulletin for 1902.

The plankton algae of Lake Erie, with si>ecial reference to the Chlorophyce;o. By
Julia \V. Snow. Bulletin for 1902.

Description of a new species of darter from Tippecanoe Lake. By William J.

Moenkhaus. Bulletin for 1902.

Notes on some fresh-water fishes from Maine, with description of three new species.

By William Converse Kendall. Bulletin for 1902.

Habits of some of the commercial cat-fishes. By W. C. Kendall. Bulletin for 1902.

A more complete description of Bacterium truttse. Bv M. C. ]Marsh. Bulletin for

1902.

Report on collections of fishes made in tlie Hawaiian Islands, with descriptions of

new species. By O. P. Jenkins. Bulletin for 1902.

The sponge fishery of Florida in 1900. By J. N. Cobb. Report for 1902.

Aquatic products "in the arts and industries. By C. H. Stevenson. Report for 1902.

The utilization of the skins of aquatic animals. By C. H. Stevenson. Report for

1902.
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List of the common names of the basses and sun-fishes. By Hugh M. Smith. Report
for 1902.

The fisheries and fish trade of Porto Rico. By W. A. Wilcox. Report for 1902.

Statistics of the fisheries of the Middle Atlantic States. Report for 1902.

Records of the dredging and other collecting stations of the U. S. Fish Commission
steamer Albatross in 1901-2. Report for 1902.

Isopods collected at the Hawaiian Islands by the U. S. Fish Commission steamer
Albatross. By Harriet Richardson. Bulletin for 1903.

Birds of Lavsan and the Leeward Islands, Hawaiian Group. By Walter K. Plsher.
Bulletin for 1903.

Notes on a porpoise of the genus Prodelphinus from the Hawaiian Islands. Bv
Frederick W. True. Bulletin for 1903.

Supplement to list of publications of the United States Fish Commission available
for distribution. Report for 1902. •*

A catalogue of the shore fishes collected by the steamer Albatross about the Hawaiian
Islands in 1902. By John Otterbein Snyder. Bulletin for 1902.

Notes on fishes collected in the Tortugas Archipelago. By David Starr Jordan.
Bulletin for 1902.

Report of the Commissioner for the year ending June 30, 1903. By George ^I. Bowers.
Records of the dredging and other collecting and hydrographic stations of the U. S.

Fisheries steamer Albatross. By Harry C. Fassett. Report for 1903.

The Museum of Comparative Zoology, Cambridge, Mass., has pub-

lished as Volume XLIII of its Bulletin, "'Reports on the Cephalo-

poda,"" by William E. Hoyle, based on collections made by the Fish-

eries steamer Albatross on its cruises to the west coast of Mexico, the

west coast of Central America, and the Galapagos Islands, in 1801,

and to the tropical Pacitic Ocean in 181)9-1900.

The library of the Bureau in Washington is gradually being made
more complete in literature pertaining to fishing, fish-culture, aquatic

biology, angling, oceanography, and related subjects. During the

year the additions numbered 111 bound volumes and 369 unbound vol-

umes and pamphlets. Excellent working libraries have been main-

tained at the laboratories at Woods Hole and Beaufort.

THE AMERICAN FISHERIES SOCIETY.

This representative society, composed largely of national and state

officials devoted to the promotion of the fisheries, the cultivation of

food and g'ame fishes, and the protection of aquatic animals, met in

annual session at the station of the Bureau of Fisheries at Woods
Hole, Mass., July 21-23, 1903, George M. Bowers, United States Fish

Commissioner, being president. An interesting series of papers was
presented and discussed, and a prominent feature of the proceedings

was the dedication of the memorial to Prof. Spencer F. Baird, pro-

vision for which was made by the society at its meeting at Woods
Hole in 1901. The memorial consists of a large granite boulder

with suitably inscribed bronze tablet, and was set up in a conspicuous

place on the lawn of the Woods Hole station. Special exercises

attended the unveiling and dedication of the memorial, and addresses

were made by Prof. W. K. Brooks, Mr. E. W. Blatchford, Mr.
Livingston Stone, and Mr. Frank N. Clark.
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LOUISIANA PURCHASE EXPOSITION.

The exhibit of the Bureau &t the Louisiana Purchase Exposition

was dul}^ assembled and installed under the direction of Mr. W. de C.

JRavenel, representative on the government board, and was fuU}^ com-

pleted when the exposition was formally opened on April 30, 1904.

Although Mr. Kavenel had not been connected with the Bureau since

Februaiy, 1902, he was, with the approval of the Secretar}', asked to

continue as representative until the close of the exposition, in view of

his efficient services and his familiarity with exposition methods.

The Bureau's exhibit occupies a separate building, adjacent to the

main government building, and is a more complete and attractive dis-

play of the kind than has heretofore been made. The aquarium, which

is particularly complete in equipment and pleasing in design, has

proved one of the leading features of the exposition.

APPROPRIATIONS.

The appropriations for the Bureau of Fisheries for the fiscal j^ear

1904 were as follows:

Salaries 1^250,140

Miscellaneous expenses:

Administration I 12, 500

Propagation of food-fishes 200, 000

Inquiry respecting food-fishes. 22, 500

Statistical inquiry 7, 500

Maintenance of vessels 45, 000

For the establishment of a new station at Mammoth Spring, Ark 25, 000

For the purchase of additional land, for improvements, and for completion

of stations at

—

Boothbay Harbor, Me 10, 000

White Sulphur Springs, W. Va 10, 000

, Neosho, Mo 12, 500

Put in Bay, Ohio 7, 500

I^uluth, Minn 2, 000

Spearfish, S. Dak 10, 000

For improvements and completion of stations at—
Fish ponds, Washington, D. C 7, 000

Nashua, N. H 5, 000

Erwin, Tenn 6, 000

Northville, Mich 5, 000

Bozeman, Mont 3, 500

Leadville, Colo 3, 800

For repairs to steamer Albatross 28, 000

For purchase of two launches 2, 000

A report of expenditures under these appropriations will be made
in accordance with law.

George M. Bowers,
Comtnissioner.





REPORT ON THE PROPAGATION AND DISTRIBUTION OF
FOOD FISHES.

By John AV. Titcomb, AssiMdut in Charge.

GENERAL EESULTS.

The usual work of propagatiou and distribution of food fishes was
prosecuted during- the past fiscal 3'ear, 44 species receiving attention

at the various hatcheries; many of tliese species and four or five addi-

tional were collected from the overflowed lands of the Mississippi and
Illinois rivers; and the lobster also was propagated. The total output

was 1,267,334,385 fish and eggs, exceeding that for all previous years

except 1902.

The total output maintains a more or less constant increase from
3^ear to year, but the results from any particular branch of fish cultural

work necessarily vary, owing to seasonal conditions. Shad operations

were prosecuted with the same energy as heretofore, but in spite of

all possible efforts there was a marked decrease in the number of

eggs collected at every station. At Bryan Point this was somewhat
compensated for by the fact that the yellow perch work, conducted at

the same time, was attended with very good success, over 23,000,000

young perch being hatched and planted in the Potomac River. At
Gloucester, N. J., on the Delaware River, where the I^ish llawh was
engaged in the collection of shad eggs, the season was especially

poor for the commercial fishermen and but few ripe shad were caught.

The natural spawning grounds on the Delaware appear to have under-

gone an entire change, and Howells Cove, one of the best spawning-

grounds on the river a few years ago, which jaelded in 1901 nearly

60,000,000 eggs, produced the past season 344,000. At Edenton, N. C.

,

the shad season was the most unsuccessful in point of Qgg collections

since the establishment of the station. At Battery station, Mar^^-

land, at the mouth of tlie Susquehanna River, about the average

number of eggs was taken, the output being 37,397,000 eggs and fry.

The total product of this station was materially augmented by the

hatching and distribution of 29.850,000 white perch.

25
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The salmon woi'k on the Pacific coast was unusually successful. At

Baird, Cal., all previous records were exceeded, the total output,

including that of the auxiliar}^ stations, being 66,948,484 eggs and fry.

Even more eggs might have been collected had it been possible to

secure sufficient men to do the work. The results at Clackamas,

Oreg., and its siibstations likewise exceeded those of all previous

years, and the output of Baker Lake station, in Washington, with its

substation at Birdsvicw, was more than double that of an}- 3^ear in its

history. The Baker Lake station is the only one where the blueback

salmon can be propagated.

A marked change in sentiment in regard to the artificial propagation

of salmon is noted among the Pacific coast salmon fishermen and pack-

ers, who arc reluctantly yielding their prejudice, and it is interesting

to note that fishermen who refuse to acknowledge the beneficial effects

of the work are frequently found basing their plans upon the run of

fish expected as the result of certain plants made from the hatcheries.

It appears that a few years ago they depended very largely upon the

July run as the mainstay of their business, the August run furnishing

a fiabby and inferior fish. In the past two years there has been a small

July run, and the increasing run through August and into September

has been of the same quality as were the fish which formerly were

taken in July. The fishermen, therefore, believe that the change has

been brought about by artificial propagation, and go into considerable

detail to follow out their reasoning.

The striped bass work, taken up experimentally during the fiscal

year 1903 at Weldon, N. C, with such encouraging results, was con-

ducted on a much larger scale and with sufiicient success to warrant

extending the field of operations, if it is possible to find places where

spawning fish can be obtained in sufficient numbers. For the purpose

of collecting eggs from fish caught by local fishermen, 9 field camps

were established along the banks of the Roanoke River between

Roanoke Rapids and Halifax, N. C, a distance of nearly 20 miles.

Although the run of fish is said to have been several times smaller

than was ever before known, the results were most satisfactory, a total

of 13,683,000 eggs being taken and yielding 7,219,000 fry. The out-

put of the station was not as large as was anticipated, there l)eing a

loss of fry due to the fact that certain features of the hatching appa-

ratus were special and not fully perfected when the operations began.

The defects were remedied as soon as discovered, however, and another

season no such loss will occur.

The output of Atlantic salmon depends very largely upon the amount

of money invested in adult fish, within the limits of the market supply.

At the Craig Brook station in Maine the salmon obtained by purchase

from the owners of the various weirs in the towns of Verona and

Penobscot during the preceding June and retained until ripe produced
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3,484,000 eggs and were then liberated. The feature of this work to

be noted is that it is evident the commercial sahnon fishery on the

Penobscot is maintained entirel}' by artificial propagation, few, if any,

of the adult fish being able to escape the weirs and reach the natural

spawning grounds. Most of the eggs taken for the hatchery, after

being sufficiently developed to bear the journe}^ the last 18 miles of

which was made on sleds, were transferred to a substation recently

established for this purpose at Little Spring Brook, on the upper
Penobscot River, and the fry were scattered in the east branch of that

stream. In other words, the distribution, which has heretofore been

effected b}' transporting the fry in cars, v/as made this year practically

in the form of eggs, the special object of the change being to hatch

and plant the 3'oung fish at points much nearer their natural home in

the heaclwaters of the river than is possible when they are hatched at

Craig Brook. Here the parent fish would undoubtedly have spawned
had they been able to pass the many devices set for their capture in

the lower reaches.

The importance of establishing a subsidiary" station on the upper
Penobscot was regarded as paramount to the operating of the Grand
Lake Stream station, where eggs of the landlocked salmon are col-

lected. As a result, there was a falling off in the total output of land-

locked salmon, but the Green Lake station produced a large quantity

of this valuable species. The demand for landlocked salmon within

the limits of Maine, where nearly all the eggs are collected, and also

in other States where this fish has been successfully acclimatized,

exceeds the supplj^, and an attempt will be made to increase the output

during the coming year.

Although cod propagation was prosecuted vigorously, the results

were extremely unsatisfactory. The exceedingly cold and stormy
Weather, together with the scarcity of fish from the inshore fisheries,

offset the efforts of the collecting force, and many of the commercial
fishermen found it not worth while to keep their boats in commission.

At Woods Hole the collection of eggs of the winter flounder was
not undertaken at the usual season because the fishing grounds were
covered with ice. When the ice disappeared, it was found that the

low water tempei-atures had retarded the spawning of the fish for a

montli, and the season's work in this branch was very satisfactory.

At the end of the season several small lots of pollock eggs were
received, which produced 1,246,000 fry.

The following innovation in lobster culture is worthy of note: As an

experiment, 7,081 seed lobsters were impounded and retained through-

out the winter. _In the spring, although only 4,748 remained, all of

these produced eggs except 030. The pound was leased with the idea

that the Boothbay hatchery would be ready to receive the eggs, but it

became necessary to transfer the fish-cultural operations to Gloucester
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temporarily', and as a result the Gloucester station was enabled to dis-

tribute 97,200,000 lobster fry, the largest product of this species in

the history of the station. While the mortality among- the lobsters in

the pound was great, the unusually severe Ayinter was particularly

unfavorable for the experiment, conducted as it was in a small shallow

pound. Persons in Portland and Boston who impound lobsters on the

coast of Maine reported an unusually heavy loss in stock and attributed

it to the intensel}' cold and stormy weather.

More than three-fourths of the lobsters impounded for this experi-

ment were of Nova Scotia origin. During the spring months the

Maine lobster dealers send both sailing and steam smacks to Nova
Scotia to secure cargoes, and this work is continued until June, when
interi'upted ])y the close season in Nova Scotia. Upoji arrival on the

Maine coast nearly all of the lobsters are impounded and held for the

high prices of the summer trade, and as they la}^ their eggs while

confined in the warm water of these inclosures, large numbers of

egg-bearing lobsters are taken out. The stock for this experiment

was obtained at the time the impounded stock of the fishermen was

transferred preparatory to being marketed.

In making the collection of lake-trout eggs in Lakes Superior and

Michigan the extremely cold weather and high winds prevailing the

greater part of the season frequently prevented the lifting of nets for

several days in succession, and considerabl}' reduced the quantit}^ of

eggs collected. Many of the eggs became water hardened before they

were fertilized, while others were frosted in the spawning tanks.

Another obstacle to the success usuallj^ attending this work was the

interference of the Michigan game warden, who claimed the right to

supervise the Bureau's operations during the close season. It is the

practice to employ tugs, engaged in commercial fishing, for the pur-

pose of collecting spawning fish in these waters, and in the controversy

the work of these tugs was interrupted for several days. The question

was appealed to the courts, which enjoined further interference on the

part of the game warden; but the time lost was sufficient to materiall}^

affect the quantity of eggs taken.

It is necessary to record also that the output of white-fish on the

Great Lakes was much below that of the two previous years. On the

other hand, this shortage is largely compensated for in the fact that

the output of pike perch exceeded that of any previous year in the

history of the Bureau, Put-in Bay station alone producing 214,275,000

eggs and hy.
The work of propagating the sniall-mouthcd black bass, begun last

yeai', has been continued experimental!}^ at several stations with very

encouraging results, and it is believed it will be possible another 3''ear

to meet all demands for this very desirable game fish. Its propaga-

tion has now been taken up at NorthA'ille, Mich.; White Sulphur
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Sprino-s, AV\ Yu. ; VVythevillc, Va. ; Cold Sprinj^^s, Ga. ; Erwin, 'renn,,

and to a «iiiall extent at St. Johnsljury, Vt., the waters at all of these

points having- proved eoni^enial. At some of these stations the larg-e-

moiith black bass also was propagated, and at the San Marcos, Cold
Springs, Wytheville, and Northville stations the output of both

species exceeded that of any previous 3^ear. The Tupelo, Miss.,

station has not yet been completed, but sufficient ponds were con-

structed to allow of the production and distribution of 13,500

fingerling bass of the large-mouthed species.

The i)ropagation of the eastern brook trout, black-sjootted trout, and

rainbow trout was conducted on the same lines as heretofore, the out-

put exceeding that of past years. In this connection the stations at

Leadville, Colo., and Spearfish, S. Dak., are worthy of special men-
tion, tlie product of each being far in excess of that of any previous

year.

The usual exhibit of lish and other aquatic animals was maintained in

the Central Station aquarium, at Washington, D. C. , and, although small,

continued to be attractive to a large number of visitors daily. In addi-

tion, the hatching of shad and various species of trout was conducted

on a small scale for exhibition purposes.

ACCLIMATIZATION OF FISH.

The waters in the Black Hills of South Dakota were originally

devoid of trout, but the}- now afford a source for the collection of eggs

and contribute to the output of the Spearfish station, though the bulk

of the black-spotted trout produced at this station is derived from eggs

taken at a subsidiary station in Yellowstone Park. The w^aters of

Colorado furnish another illustration of the successful acclimatization

of fish, in the fact that the eastern brook trout has become so firmly

established there that it is now possible to collect more eggs of this

species from the natural streams and ponds at the subsidiaries con-

netted with the Leadville station than arc collected from any station

in the east, where the fish is native.

The demand for rainbow trout has exceeded the supply in some
parts of the country where its introduction has been especially success-

ful. It is frequently called for by applicants who want it because it

is different from the native species, and it is a favorite for acclimati-

zation in foreign lands. Not far from Paris, France, is a large com-

mercial hatchery devoted entirely to the propagation of rainbow trout,

the annual product being 100,000 fish of market size, besides the sale

of eggs and alevins for stocking preserves. In some states the accli-

matization has not been successful, and this is particularly true of the

waters of New England, where mau}^ plants have been made and have

resulted in the production of onl}^ a few adult fish. With the excep-

tion of some lakes in Massachusetts, it is not known that the rainbov,-
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trout has obtained a sufficient foothold in an}- New Eng-land waters to

maintain itself by natural reproduction. Enduring' as it does a some-

what higher temperature than the nativ^e trout, it was hoped it would

succeed in w\aters which, owing- to deforestation or other causes, have

become unsuited to the latter.

The successful acclimatization of the steelhead trout in Lake Super-

ior and other inland waters makes it desirable to propagate this species

on a larger scale. The latest reports from Lake Superior give infor-

mation that the steelheads spawned last spring in nearl}^ all of the

tributary streams along the north shore of the lake.

The landlocked salmon has been successfully introduced in several

ponds in ISIaine where it is not indigenous, and in Pierce Pond with

marked results. This pond is 9 miles long, about three-fourths of a

mile in width, and over 100 feet deep in places, and is practically land-

locked. The plant was made eight j^ears ago and forgotten until the

summer of 1903, when one specimen was caught weighing 16i pounds,

one 14 pounds, several 12 pounds, and some 9 and 7 pounds. Quite

a number weighing 5 pounds were caught, and these were the smallest

taken. When the above information was received, these salmon were

said to be quinnats, the result of plants made nine 3"ears ago, but an

investigation has demonstrated that the introduction of the quinnat

salmon proved a failure. It would be interesting to learn the results

of a similar investigation of the reported success in acclimatization of

quinnat salmon in certain fresh-water lakes in France.

FISH-CULTURAL NOTES.

In addition to the regular work of propagation, tish-cultural experi-

ments have been conducted at various points.

It being a recognized fact that landlocked salmon from Green Lake,

Maine, have a much greater average weight than those from Grand
Lake Stream, it was determined to compare the rate of growth by
carrying through the season at the Craig Brook station parallel series

of lish from these waters. It was shown that under similar conditions,

and with the same water supply for a given length of time, landlocked

salmon of Green Lake grew more rapidly than those of Grand Lake
Stream; the Green Lake fish also showed greater endurance, there

being a smaller mortality among them than among the Grand Lake
Stream lot.

For observation and experiment in the domestication of landlocked

salmon, one brood hatched from the eggs of 1899 was maintained in

the most capacious pond available, and a special study was made of

the development of the reproductive organs and the character of the

oifspriug. The lot comprised 173 fish, confined in a pond with an

area of 45 by 60 feet and a mean depth of about 6 feet, and in Novem-
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ber, 1903, they yielded 9,000 eggs, from which 4,930 fry were hatched

in April and Ma^^ The parent lish had been dieted several months

preceding their .spawning, being fed very sparingly f(.)r a time and at

last subjected to a lengthy fast, but this did not suffice to insure prime

quality in the eggs, which distinctly lacked normal vigor. It has been

suggested that to secure gOod results it may be necessary to supply a

more natural food than the hogs' plucks, on which the fish have sub-

sisted all their lives. Another brood of landlocked salmon hatched in

1901 is held to secure data as to the comparative rate of growth and

eventual size of fish derived from Grand Lake Stream and Lake

Auburn.

A small number of albinos was discovered among the landlocked

salmon hatch of 1903, and at tlie end of the year these fish were

apparently healthy and vigorous, 25 remaining out of the original 28.

At the Baker Lake station, in Washington, it has always been a

very difficult matter to trap the fish which pass through the lake and

ascend the ti'ibutary streams to spawn, owing to the fact that these

tributar}^ streams arc of glacial origin, tiow through a narrow gorge,

and are subject to such tremendous floods that no fish racks can with-

stand them. Upon the recommendation of the superintendent a trap

similar to that used on Puget Sound was conveyed in sections over a

pony trail to the lake, put together, and set up in a depth of from 1

to 60 feet at low water, the piling and webbing being made 15 feet

above low-v/ater mark to insure the capture of fish during high water.

It was set at the outlet of the lake, and although not installed before

the run of fish had begun, its practicability was demonstrated and the

product of the station was doubled. Still greater results may be

expected the coming season.

As the fish were caught when entering the lake, most of them were

unripe. Two inclosures were therefore constructed for holding the

unrijpe fish—one of webbing and piles 100 feet wide by 200 feet long,

with an average depth of 6 feet during low water; for the other a

slough which flows into the lake was utilized. This slough has a large

and constant, though very sluggish, flow of water through it, and con-

tains deep holes. There was no apparent difi'erence in the quality of

the eggs, but the fish held in the former inclosure were continually

working against the webbing and became more or less fungused. This

was especially noticeable among the male fish, many of which became

caught in the webbing by their teeth. The fish in the slough inclosure

la}^ quietly in the deep holes, making no eft'ort to escape, and were in

perfect condition at the time of spawning. Many of the fish were

thus held for two months, and there was no apparent difference between

their eggs and the eggs of those which were found ripe and stripped

immediately after being caught. This is the first occasion on which
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the Bureau has been successful in the penniug of the Pacitic coast sal-

mon for an extended period, but it must be borne in mind tliat the

water at Baker Lake is always at a much lower temperature than the

water at an}^ other station where salmon operations are conducted.

The method of killing and bleeding the tish by cutting off their tails

before taking the spawn has been adopted at this station, and the use

of a normal salt solution for washing the eggs has not been found

necessary if the tish are properly bled.

The method of taking spawn at the Clackamas hatchery and its sub-

stations was similar to that of previous years, but several experiments

were tried to test the efficacy of bleeding the fish prior to taking the

eggs, and the advantage of this method, if any, over the use of a normal

salt solution for washing the eggs. Experiments were also made to

determine whether or not eggs should be washed before they are trans-

ported. A million eggs were taken by killing the fish and extrud-

ing the eggs by hand pressure; the eggs were then washed and ferti-

lized, and they hatched with a loss of 10.6 per cent. Six hundred and

eleven thousand eggs were taken ])y killing the females, bleeding by

cutting off the tail, pressing the eggs out b}^ hand, and washing them

with a normal salt solution. This lot hatched with a loss of 18. T per

cent. Two million six hundred and fifty thousand eggs were taken by

killing the fish, bleeding them by cutting oft' the tail, pressing the

eggs out by hand and fertilizing' without washing. These hatched

Avith a loss of 9.9 per cent. Seven hundred and fifty-four thousand

eggs were taken from fish which were killed and not bled, the eggs

being taken b}" incision and washed in a normal salt solution before

being fertilized. The loss in this case was 3.8 per cent. Two million

five hundred and ninety-three thousand eggs were obtained b}' killing

and bleeding the females, then taking the eggs by incision and washing

without the use of the normal salt solution. The loss in hatching

amounted to 1.5 per cent. Six hutidred and nine thousand eggs were

taken b}' killing and bleeding the fisli, taking the eggs l)v incision,

and washing in a normal salt solution. These hatched with a loss of

2.02 per cent. One hundred and seventy-six thousand eggs were

taken l)y incision after killing and l)leeding the tish, and washed in

a normal salt solution. These hatched with a loss of 1.9 per cent.

The experiments were not concluded.

A large num])er of young salmon, the product of eggs obtained at

various substations, were reared to the fingerling stage and marked

before being liberated. The adipose fin was removed on all, and in

order to identify tlie different lots the fish hatched at Clackamas were

given an additional mark by remoA'ing the anterior portion of the

dorsal fin. The posterior half of the dorsal fin was removed from the

fish produced at Little White Salmon, the anterior half of the anal
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from those from Mill Creek, California, and the posterior half of the

anal lin on the ones from Rogue River. Some of the iish first marked

were held over three weeks before being liberated, and their health,

did not seem at all affected by the mutilation.

Experiments at the Rogue River station, in Oregon, indicate that

green eggs can best be transported over the rough roads by transfer-

ring them to canton flannel tra3^s before the milt has been washed

from them.

At the Bozeman station the superintendent continued his experi-

ments in the artificial feeding of grayling fry. Blood was last year

regarded as the most desirable food for 3'oung fry, and this season's

work has confirmed that belief. When the fry were placed in the

nursery ponds it was observed that they picked off the small organ-

isms lodged there, and, in imitation of the natural conditions, bunches

of water cress dipped in blood and liver emulsion were suspended in

the hatching troughs for the fry to feed upon. This device having

proved fairly successful, it was adopted in the nursery ponds, which,

being supplied with creek water, contained also small crustaceans and

other natural food.

At the W^^theville, Va. , station some experiments have been made
to test the merits of azotine, a stockyards preparation, in comparison

with liver as food for trout. By way of preparation the azotine wa»
mixed with wheat middlings in equal parts, cooked into a mush, and

before feeding was pressed through a screen. The preparation is

nutritious, but unsuited to the delicate stomachs of small fry. After

the fish are two or three months old it appears to agree with them when
given alternatel}- with liver. The experiments have not been conclusive.

It was noticed at the Put-in Bay station that the eggs of pike perch

which were placed on the batteries where they received the most light

and sunshine hatched in less time than those situated in. the darker

pant of the house; it was also noticed that those hatching in the shortest

time produced the greatest percentage of fry. No direct experiment

was made along these lines, but the difference was sufficient to attract

the attention of the superintendent.

It is reported b}^ Mr. Alex, llerbster, of Put-in Bay, that a pike

perch weighing about 8 pounds, in ripe spawning condition, was

caught by him with hook and line through the ice on January 14.

The earliest previously recorded date for the spawning of pike perch

in Lake Erie is in the month of April.

In the striped 1)ass work at Weldon, N. C, the smallest yield of

eggs was 14,000 from a 3-pound fish, and the largest was 3,220,000

from one of 50 pounds. The largest yield of eggs previously recorded

is 2,200,000 from a fish whose weight is not given. It is reported

that there is an earl}^ and a late run of striped bass, with color

F. C. 1904 3
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markings and shape so different that all experienced fishermen can

easily distinguish them, the two runs being known as ''long rock"

and "short rock," respectivel3\

On the 1st of April, 2,770,000 eggs w^ere taken from a flat-fish

caught in Woods Hole Harbor. The fish was 18 inches long, 10 inches

wide, and weighed 3^ pounds after being stripped. The greatest

number previously recorded as having been taken from one fish is

1,462,000, from an individual of about the same size.

The impounding of lobsters throughout the winter was not only a

success in the increased product of young lobsters, but it was noticed

that the eggs from the impounded lobsters w^ere more fully developed

when taken from the pound than were the eggs of lobsters collected

elsewhere at about the same time. The eggs began hatching May 21,

fully a week earlier than in any previous season, and three weeks earlier

than the other lobster eggs on hand at the same time. The eggs from

the impounded lobsters also revealed a more uniform development

than the others, quite 75 per cent of these hatching before the others

had begun to hatch in any quantit3^ There were also remarkably few

bad eggs, the loss being estimated at not over 2 per cent, while the

loss in the eggs from other sources ran from 6 to 10 per cent. The

greater maturit}' of the impounded product, as well as the more uni-

form development, can be accounted for by the fact that these lobsters

were in a shallow pound where the water would naturally be of a

higher temperature than the deeper waters of the ocean, from which

the other lobsters were obtained. The same course of reasoning holds

good only indirectly in accounting for the superior quality of the

eggs.

OrERATIOXS OF THE STATIONS.

The stations and substations at v, liich fish-cultural 'operations were

conducted in 1904, with the persons in charge, are shown in the

appended statement. The subsidiary stations mentioned have regu-

larly established plants for the conduct of fish-cultural operations, and

in some instances are more j^roductive than the permanent stations

with which they are connected; none is pro-sdded with a personnel, all

being operated under the direction of the superintendents of the

stations with which they are respectively connected. It is customary

to detail some one from the personnel of the regular station to assume

direct charge while operations are being conducted at the substation.

Several temporary field stations are annuall}^ operated from some

stations, but these are not given in the following list. In such cases

the work is of short duration, with few, if any, permanent fixtures.

For illustration, collections of landlocked salmon and brook trout

eggs are annually made at several field stations connected with the

Green Lake station in Maine; for the St. Johnsburv station large
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collections of brook trout eggs are made at three small subsidiary-

stations operated simply during the spawning season and until the

eggs are sufficiently well developed to bear transportation to St.

elohnsbury.

Slaiions and substations operated in 1904-

Name and location. Superintendent.

Green Lake, Me
Craig Brook, East Orland, Me

Upper Penobscot, Me.
Nashua, N. H

Sunapee Lake, N. H.
St. Johnsbury, Vt

Swanton, Vt.
Gloucester, Mass
Woods Hole, Mass
Cape Vincent, N. Y
Steamer Fi^i Hawk
Battery, Havre de Grace, Md
Bryan Point, Md
Central Station, Washington, D. C.
Fish Lakes, Washington, D. C
Wytheville, Va
White Sulphur Spring.?, W. Va
Erwin , Fishery, Tenn
Cold Springs, Bullochville, Ga
Tupelo. Miss
Edenton, N. C

Weldon, N. C.
Put-in Bay, Ohio
Northville, Mich

Detroit, Mich.
Sault Sle. Marie, Mich.
Charlevoix, Mich.
Alpena, Mich.

Duluth, Minn
Quincy, 111

Manchester, Iowa
Bellevue, Iowa.
North McGregor, Iowa.

Neosho, Mo
San Marcos, Tex
Leadville, Colo

Grand Me.sa Lakes, Colo.
Spearfish, S. Dak

West Thumb, Yellowstone Park.
Bozeman, Mont
Baird, Cal

Battle Creek, Cal.
Mill Creek, Cal.

Clackamas, Oreg
Little White Salmon, Wash.
Big White Salmon, Wash.
Rcigue River, Oreg.
Eagle and Tanner creeks, Oreg.

Baker Lake, Wash
Birdsview, Wash.

E.E. Race.
Charles G.Atkins.

W. F. Hubbard.

E. N. Carter.

C. G. Corliss.

E. F. Locke.
Livingston Stone.
J. A. Smith, commanding.
Alexander Jones.

«

R. \V. Owens.
John E. Brown. <i

C. K. Green.
George A. Seagle.
R. K. Robinson.
Alexander Jones.
J. J. Stranahan.
C. P. Henkel.a
S. G. Worth.

S.W. Downing.
Frank N. Clark."

S. P. Wires.
S. P. Bartlett.
R. S. Johnson.

H.D.Dean.
J. L. Leary.
E. A. Tulian, W. T. Thompson.

D.C. Booth.

James A. Henshall.
G. H. Lambaon.

Claudius Wallich.

Henry O'Malley.

a In charge.

F'lsh and eggs furnished for distribution by the stations of the Bureau of Fisheries during
the fiscal year 190 i.

Station and name of species.
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Fish iuid eggs funushrd for distribution bij the stations of the Bureau of Fisheries during
the fiscal year 1904—Continued.

station and name of species.

Nashua, N. h.:
Landloclied salmon ,

Brook trout
Rainbow trout
Lake trout
Golden trout
Canadian red trout
Grayling

St. Johnsbury, Vt.:«
Landlocked salmon
Brook trout
Rainbow trout
Steelhead trout
Lake trout
Small-mouth black bas«..

Swanton (sul)station), Vt.: "

Pike perch ,

Gloucester, Mass.:

Eggs.

50, 000

Cod.
Flat-lish
Pollock
Loljster

Woods Hole, Mass.:
Cod.
Flat-fish
Mackerel
Lobster

Cape Vincent, N. Y.:
Landlocked salmon
Brook trout
Rainbow trout
Lake trout
White-fish
Pike perch

Steamer ilsli Hawk:
Shad

Battery, Md.:f«
Shad
White perch
Striped bass

Fish Lakes, Washington, D. C:
Black ba.ss

Crappie
Cat-tish

Central Station, Washington, D. C:
Brook trout
Rainbow trout
Shad
White-fish
Pike perch

Bryan Point, Md.:«
Siiad
Yellow perch

Wythoville, Va.:a
Brook trout
Rainbow trout
Steelhead
Black bass
Rock ba.ss

White Sulphur Springs, W. Va.:
Brook trout
Rainbow trout

Erwin, Tenn.:
Brook trout
Rainbow trout

5, 000, 000

45,000

G, 964, 000

1,600,000

20, 000

Fry.

348, 000

74,000
36, 000

40, 000

1,239,287

8.5, 000

31, 585, 000

35, 366, 000
124, 615, 000
1,246,000

97,200,000

44,079,000
103,657,000

324, 000

9, 682, 000

9,200
1, 198, 600

42, 000
4, 470, 000

14, 800, 000
100, 000

5, 454, 000

29, 245, 000
29, 850, 000

200, 000

54, 000
6,150

2,032,000
435, 000

2, 499, 000

27, 397, 000
23, 238, 000

10, 000
75, 100

413,000
112,383

Fingerlings,
yearlings,
and adults.

oin addition to the above, the following transfers of fish and eggs were made:
From Green Lake to other stations, 37,000 landlocked salmon eggs.

From Craig Brook to Nashua for rearing, 48,785 brook trout fry.

From St. John.sbury to Craig Brook, 400,000 brook trout eggs; to Nashu;i, 75,000 brook trout fry for

rearing to fingerlings.
From Swanton to Cape Vincent, 4,0.50,000 pike-perch eggs.

From Battery to Central Station, Washington, D. C, 1,188,000 .shad eggs for hatching.

From Bryan Point to Central Station. 200,000 shad eggs.
From Wytheville to other stations, 360,000 rainbow-trout eggs.
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Fish and cggi^ fiimhlicd for distrihuthm by the stations of the Bureau of Fisher
the fiscal year 1904—Continued.

37

['.s during

Station and name of species:

Erwin, Tenn.—Continued.
Black bass
Rock bass

,

Bream
Cat-iish

Cold Springs, Ga.:
Black bass
Crappie
Warmouth bass
Bream
Cat-fisli

Tupelo, Miss.:
Black bass

Edenton, N. C:
Shad

Weldon (substation), N. C:
,Sl ri p^^d bass

Put-in Bay, Ohio:f«
Liike trout
Wliite-lish .

Lake herring
Pike perch

Northville, Mich.:(«
Brook trout
Rainbow trout
Steelhead trout
Ijoch Leven trout
Lake trout
Small-mouth black bass

Detroit (substation), Mich.:a
White-fish
Pike perch

Alpena (substation), Mich.:
Lake trout
White-fish

Charlevoix (substation), Mich.:
Lake trout
White-fish

Sault Ste. Marie (substation), Mich.:
Lake trout
White-fish

Duluth, Minn.:«
Brook trout
Rainbow trout
Steelhead trout
Lake trout
White-fish
Pike perch

,

Qnincv, HI.:
Bla'-k bass
Crappie

,

Bream
,

Cat-fish
Manchester, Iowa:

«

Brook trout
Rainbow trout
Steelhead trout
Black-spotted trout
Loch Leven trout
Lake trout
Litndlocked salmon
Quinnat salmon
Pike perch
Yellow perch
Rock bass

,

Bellevue (substation), Iowa:
Black bass
Crappie
Cat-fi.sh

Eggs. Fry.
Fingerlings,
yearlings,
and adults.

4, 5(50, 000

40, 280, 000

82,' 666,'656

3, 010, 000

14, 035, 000
22, 405, 000

50, 000

100, 000
188, 500

1,728, CO J

3, 698, 000

884, 000
53, 250, 000
23, 300, 000

139, 275, 000

830, 000
GO, 000
9, 500

138, 000

28, 000, 000
2, 300, 000

2, 2.50, 000
30, 000, 000

2, 500, 000
30, 000, 000

1,000,000
10, 000, 000

17, 000
13, 400

7,155,000
10, 000, 000
3, 850, 000

156, 000
55,000

2, 100, 000
25, 000

(I In addition to the above the following tnmsfors were made:
From Put-in Bay to other stations, 23,000,000 pike-perch eggs
From Northville to other stations, 3,305,000 lake-trout eggs.
From Detroit to other stations, 25,980,000 white-fish eggs.
From Duluth to Cape Vincent, 2,793,250 lake-trout eggs.
From Manchester to other stations, 50,000 brook-trout eggs and 421,000 rainbov/-trout eggs



38 REPOET OF THE COMMISSIONER OF FISHERIES.

Fish and eggs furnished for distribution by the stations of the Bureau of Fisheries during
the fiscal year i5C^—Continued.

Station and name of species.

Neosho, Mo.:

a

Landlocked salmon
Quinnat salmon
Rainbow trout
Steelliead trout
Grayling
Black bass
Strawberry bass
Kock bass

San Marcos, Tex.:
Black bass
Crappie
Strawberry bass
Rock bass ,

Bream
Cat-fish

Leadvllle, Colo.:'i

Brook trout
Rainbow trout
Steclhead trout
Black-spotted trout
Grayling
Loch Leven trout
Lake trout

Spearfish,S. Dak.:"
Brook trout
Rainbow trout
Loch Leven trout
Black-spotted trout

Bozeman, Mout.:'^
Brook trout
Rainbow trout
Steelhead trout
Black-spotted trout
Lake trout
Grayling

Baird, Cal.:

Quinnat salmon
Battle Creek (substation), Cal.:

Qiiinnat salmon
Mill Creek (substation), Cal.:

Quinnat salmon
Clflckamas, Oreg.:

Quinnat salmon
Landlocked salmon
Brook trout
Rainbow trout
Steclhead trout
Black-spotted trout
Lake trout
Grayling

Little White Salmon (substation), Wasli.:
Quinnat salmon

Big White Salmon (substation), Wash.:
Quinnat salmon

Eagle and Tanner creeks (substation), Wash.:
Quinnat salmon

Rogue River (substation), Oreg.:
Quinnat salmon
Steelhead trout
Black-.spotted trout

Baker Lake, Wash.:"
Steelhead trout
Quinnat salmon
Blucback salmon
Silver salmon
Humpback salmon

Eggs. Fry.

341,000
6, 000

.

425, 000

40, 000

" "334,066'

27, 3.52, 8.50

21, 3.5-t, 2.55

15,891,249

3, 113, 000

5, 287, 000

2, 219, 000

161, 000

1,074,000
5, 000

50,000

442, 000
2, 000
44,500

2, .553, 650

2, 350, 130

(), 247, 247

206, 069
64,132
15,132
10, 620
80, 280
48, 550

10, 426, 000

5, 950, 800

938, 500

9, 023, 428
8, 073
8,095

70, 000
70, 883

3, 855, 000
3, 984, 645

176, 597

Fingerlings,
yearlings,
and adults.

18
3,975

70,075
25
26

11, 355
2,530

29,530

127, 625
1,079

200
9,109
1,452

597

318, 840
42, 016
8,000

3,923,634
9

18
33

1,.577

9,000
2,158

2,117,000

94,800
40,300
55, 000

548, 000
2, 000

225

13, 470
24,170
7,692

11,090
36, 010
31, 626

a In addition to the above the following transfers were made:
From Neosho to other stations, 141,400 rainbow-trout eggs.
From Leadville to other stations, 350,000 brook trout eggs and 95,000 black-spotted trout eggs;

100,000 rainbow-trout eggs, which were sent to the Argentine Republic, were acquired by exchange
with the Colorado Fish Commission, and are not included in the above tabulation.
From Spearfish to Central Station, Washington, D. C, 20,000 black-spotted trout eggs.
From Bozeman to other stations, 160,000 grayling eggs and 20,000 black-,spotted trout eggs.
From Baker Lake to other stations 94,000 steclhead-trout eggs.
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DISTRIBUTION.

In the distribution of fish it is the general polic}^ of the Bureau to

plant certain species as fing'crlings or yearlings at an age of from

two to twelve months. This is found especialh^ desirable with such

species as the brook trout, but as some of the stations are not adapted

for the rearing of trout, owing either to the extreme high temperature

of the water in summer or to the presence qf bacteria, in these cases

the product is planted as fly. At stations where fingerlings and year-

lings are reared, it is necessary to reduce the stock to prevent over-

crowding as the fish become larger, and in such cases, so far as it is

possible to do so, the precaution is taken to select for the earliest

distribution waters where the fish will l)e least preyed upon by the

larger fishes and other aquatic animals.

At the stations devoted to the propagation of black bass, much atten-

tion has Ijeen given to the subject of the age for distribution. From
experience thus far, it appears veiy desirable to distribute the young
fish when they are from 1 to 3i inches in length, beginning the collec-

tions for this purpose soon after the young fish have broken up their

schools and are scattered along the shores of the ponds. Bass five-

eighths of an inch long will eat their young companions, one of this

length having been found at the Fish Lakes station choked to death in

its attempt to eat a younger fish of its own species. At the San Marcos,

Tex., station it is customary to begin the distribution of black bass

and other pond fishes in April, continuing throughout the summer.

The commercial species, such as the lake trout, white-fish, pike

perch, cod, etc., which are hatched bj'^ tlie hundred million, are neces-

sarih" planted as fr}^, and it is customary to distribute them just

before the umbilical sac is absorbed.

The work of distributing the fish collected along the overflowed

lands of the Mississippi and Ohio rivers is entirely dependent upon
higK and low water conditions. During the past year the water was

so high throughout the summer that the work of saving fish usually

confined and doomed to perish in the lagoons caused by the receding

waters was unnecessary. The fish distributed from these collections

vary in size . from fingerlings to 6 to 8 inches in length. All fish

seined from these overflowed lands are either planted in adjacent

waters or transported by car to other parts of the country to supply

individual applicants for both public and private waters. Prepara-

tions were made during the past year for extending this field of oper-

ations by the establishment of an additional distributing station at

North McGregor, Iowa, for collections in the lagoons along both

sides of the Mississippi River from Dubuque, la., to La Crosse, Wis.

In the following tabulation all plants of fish and allotments of eggs

are shown bj^ species and waters stocked, the latter being grouped

according to States, which are listed in alphabetical order.
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Details of distribution.

Species and disposition. Eggs. Fry.
Fingerlings,
yearlings,
and adults.

ShdiJ.

Connecticut:
State Retaining Pond, Joshuatown ,

Pecks Pond, Strafford ,

Delaware:
Brandywine Creek, Wilmingtoi^ ,

St. Johns Creek, Dover
Mispillian Creek, Milford
Indian River, Millsboro

District of Columbia:
Potomac River, Three Sisters ,

Georgia:
Flint River, Albany
Savannah River, Augusta
Ocmulgee River, Macon

Maryland:
State Fish Commission, Baltimore ,

Northeast River, Northeast
Potomac River off Bryan Point

Pamnnkey Creek
Piscataway Creek
Swan Creek ,

Broad Creek
Susquehanna River, Port Deposit

Havre de Grace ,

Garrett Island
B\ish River, Bush River Station
I'iitiixent River, Laurel i

I ';i til i)sco River, Relay
Elk Creek, Elkton
Chesapeake Bav oft" Havre de Grace

Battery Haul ,

Western Cliannel
Massachusetts:

Parker River, Bayfield
Parkers Mill Pond, Wareham
Assawom jtsett Pond, Middleboro

Missouri:
Louisiana Purchase Exposition, St. Louis

New Jersey:
Delaware River, Howells Cove

Bennetts Fishery
Gloucester

South River, Old Bridge
Rancocas Creek, Hartford

New York:
Hudson River, Catskill

North Carolina:
Trent River, Pollacksville
Great Pedee River, Cordova
Cape Fear River, Fayetteville

Wilmington
Newport River, Newport
Lumber River, Lumberton
Six Runs River, Clinton
Scuppernong River, Columbia
Pembroke Creek, Carters Landing
Salmon Creek, Avoca
Albemarle Sound, mouth of Salmon River. .

.

Albemarle Sound, Capehart Fishery
Albemarle Sound, Pembroke Creek

Rhode Island:
Tributaries of Narragansett Bay, Providence

South Carolina:
Catawba River, Catawba Station
Pedee River, Pedee
Edisto River, Jacksonboro

Virginia:
Chickahominy Creek, W'alkers
Meherrin River, Emporia
Potomac River, Occoquan Bay

Hunting Creek
Pohick Creek
Dove Creek

5, 989, 000
175, 000

2, too, 000

372, 000
4, 188, 000

Total

3, 000, 000
2, 770, 000

3, 000, 000
600, 000
COO, 000

1,800,000

1G2, 000

300, 000
1,861,000

300, 000

150, 000

2, 014, 000
8, 655, 000
1,064,000
1,963,000
1,122,000

400, 000
685, 000
300, 000
533, 000
750, 000
490, 000
533, 000
607, 000
469, 000

1,148,000

3, 300, 000
295, 000

2, 940, 000

2,491,000
2, 063, 000

450, 000
450, 000

3,000,000

300, 000
300, 000
295,000

,

440,000
390, 000
355, 000
300, 000
450, 000
103, 000
513, 000
446, 000

55, 000

2, 950, 000

240, 000
445, 000
440, 000

490, 000
1.38,000

4, 520, 000
3, 546, 000
2, 140, 000
1, 372, 000

13, 169, 000 65, 493, 000
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Details of distribution—Continued.

41

Species and disposition.
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Details of distribution—Continued.

Species and disposition.

LaruUocLrd salmon—Continued.

Maine—Continued.
Arnold Pond , Farm ington
Mirror Lake, Rockland
Camden Lake, Rockland
Alford Lake, Rockland
Tufts and Grindstone ponds, Kingfleld ...

Sebago Lake, Mattock.s
Long Pond, Great Pond
Pillsbury Pond, Newport
Quantabacook Pond, Belfast
Squaw Pan Lake, Presque Lsle
South Pond, Warren
Crawford Lake, Warren
Unity Pond, Unity
Mount Blue I'ond, Phillips
Nickerson Lake, Iloulton
Woods Pond, Ellsworth
Pattens Pond, lillsworth
Boydens Lake, Perry
Donnells Pond, Franklin
Rangeley Lakes, Qciuossoc
Moose Pond, Hart land
Ohio Brook, Ayers Junction
Little Sebago Lake, White Rock
Sebago La ke, Sebago Lake
Green Lake, Great Brook
Little Rocky Pond, Dedliam
Attean Lake, Jackman
Big Spencer Pond, Jackman
Notched Pond, New Gloucester
Lily Pond, Eastport
Cobbosseecontee Lake, Augusta
Messalomskee Lake, Oakland
Ellis and McGrath lakes, Oakland
Lake George, Skowhegan
Eastern Grand Lake, Danforth
Thomas Pond, Sebago Lake Station
Bog Lake, McGeorges Crossing
Hunters Lake, McGeorges Crossing
Flying Pond, Readfleld
Green Lake, Otis
Branch Pond, Dedham
Lake St. George, Liberty
Moluncus Lake, Kingman
Portage Lake, Portage
Swan Lake, Soarsport
Alligator l^ake. Great Pond
Tunk Pond, Tunk Pond
Lonss Pond, Bethel
Woods Pond, Blue Hill
State Fisli Commission, Winthrop

Massachusetts:
Mashpec Great Lake, Sandwich
Neck Pond, West Barnstable
Lake Quinsigamond. Worcester
Fair Ground Lake, Worcester

Miasouri:
Louisiana Purchase Exposition, St. Louis.

New Hampshire:
Lake Massabe.sic, Manchester
Lake Winnepecket, Warner
Penacook Lake, Concord
Highland Lake, East Andover
Crystal Lake, West Canaan

Enfield
Lake Tarleton, Pike Station
Bow Lake, Rochester
Dan Hole Pond, Center Ossipee
Newfound Lake, Franklin
Webster Lake, Franklin
Lake Sunapee, Sunapee

Newburg
State Fish Commission, Laconia

New York:
Lake Madeline, Tupper Lake
New York Citv aquarium
Tuxedo Club, Tuxedo Park
Applicant, Caledonia

New York

Eggs.

•25, 000

Fry.
Fingerlings,
yearlings,
and adults.

5,000

5,000
4,000

10,000

2,000
5,000

10,000
500

9,200

,400
,500
,000
,000
,800
,000
,000
,500
,800
,000
,000
,000
,000
,200
,100
,000
,000
,000
,000
,022
,700
,000
,000
,500
,000
,000
,000
800
,000
,000
,000
,000
,200
,000
,000
,000
,000
,000
800
,000
,000
,000
,000
,000
,000
,000
,000

1,200
1,000
1,000

100

118

3,500
1,500
1,500
1,500
2,600
1,500
1,800
1,000
1,500
2,000
2,000
4,500
3,750
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Species and disposition. Eggs. Fry.
Fingerlings,
yearlings,
and adults.

Landlocked mlmoil—Continued.
Oregon:

Clackamas River
Vermont:

Clyde River, Newport
Ciispian Lake, Greensboro
Willoughby Lake, Westmore
Big and Little Averill lakes, Averill

Washington:
Sullivan Lake, Newport

Argentina:
Argentine Government 50, 000

Total

,

122, 600 27, 290

Silver salmon.
Washington:

Bake» Lake, Whatcom County
Silver Salmon Slough, Whatcom County
Lower Baker River, Whatcom County...

Total

.

Blucback salmon.
Wa.shington

:

Swift Creek, Whatcom County
Baker Lake, Whatcom County
L»wer Baker River, Whatcom County

Total

Humpback salmon.
Washington:

Runths Spring Branch, Whatcom County.
Swift Creek, Whatcom County
Baker Lake, Whatcom County

Total

Steelkcad trout.

Colorado:
Musgrove Lake
State Fish Commission, Denver ,

Idaho:
Lake Coeur d'AIene, Coeur d'Alene ,

Iowa:
Lake Okohoji, Spirit Lake

Maine:
State Fish Commission, Monmouth

Michigan:
Big Blue Lake, Montague
Higgins Lake, Roscommon
JCake Superior, Tobins Harbor
Paint Creek, Ypsilanti
State Fish Commission, Pontiac
Applicant, Negaunee

Minnesota:
Pike Creek, St. Louis County
Schultz Lake, St. Louis County

Missouri:
Louisiana Purchase E-xposition, St. Louis..

Montana:
Basin Creek, Harlowton
East Boulder Creek, Big Timber
Black-tail Lake, Butte

New Hampshire:
State Fish Commission, Concord

New York:
Tuxedo Club, Tuxedo Park

Oregon:
Clear Creek, Stone
Rogue River, Rogue River Station
City Reservoir, Astoria

Vermont:
Willoughby Lake, Westmore
Crystal Lake, Barton
Sleepers River, near St. .Tohnsbury
Caledonia Trout Club Pond, St. Johnsbury

Virginia:
Reed Creek, near Wvtheville
Elk Creek, Elkcreek

40,000

20, 000

2, 234, 645
650, 000

1, 100, 000

3, 984, 645

1,730,000
2, 000, 000

125, 000

3, 855, 000

50, 000
35, 397
91,200

176, 597

9,500

26,000

20, 000

10, 000

14,132
8,073
1,000
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Details of dldrihnilon—Continued.

Species and disposition.

Skdhcad ^-ou^—Continued.
Washington:

Pliinney and Grandy creeks, Skagit
Argentina:

Argentine Government

Total

Eggs. Fry.

70, 000

JjX'li I.ri'tn trout.

Micliigan:
Intermediate Lake, Bellaire
Big Sturgeon River, Indiaii River
Fish I'ond, Detroit
State Fish Commission, Pontiac

ilissonri:
Louisiana Purchase iCxposition, St. Louis.

South Dakota:
Fish Pond. Roubaix
Beaver Creek, Buffalo Gap
Rapid Creek, Mystic.

Lower Iron Creek, Hennosa
Speariish (;reek. Speartish
S\inderhind Pond, Speartish

Total

Raiiihou- trout.

Alabama:
j;iberla Lake, Gadsden
Overlook Fish Pond, Treulon

Arizona:
St. David Pond, Benson
Live Oak Creek, Flagstaff
Headwaters Oak Creek, Flagstall
Oak Creek, Jerome
West Beaver Creek, Jemme
Clear Creek, .Terome
Sycamore ( 'reek, .Icrome
Cook Pond, I'rescott

Arkansas:
Spring Pond, Earnharts ,

Spring River, Imboden
Aliens Mill Pond, Bentonville
Fish Pond. Bentonville
Flint Creek, Gentry
Spring Creek, Belleville
We^t Fork NVhite River, Brentwood
Mammoth Springs, Mammoth Springs
Fish Pond, Belleville
Fish Pond, IlatlieUl

Spring River, Mammoth Springs
Coloradf):

St. Vrain Reservoir, Lyons
North F(irk Frying Pan River, Thomasville
Frying Pan River, Basalt
Upper Savage Lake, 'i'homasville
Lake Canal Reservoir, Windsor
Las Lagos, Blackhawk
Gunnison River, Gunnison
Lake Hasscll. Idaho Springs
Clear Creek, Idaho Springs
Fall River, Idaho Springs
Roaring Fork River, Aspen
Big Thompson River, Loveland
Castle Creek, Aspen
Jefferson Lake, Jefferson
Gibson Creek. Webster
Platte River, Web.«ter
North Fork South Platte River, Shawnee...
South Fork Platte River
Platte River, Brookside
Grand River, Newciistle ,

Harrishiivg Lak(\ .Midland
Lake otonowiiiidii, Kidgway
Cottonwood Creek, Ridgway
North ( 'rcstone Creek, Cre.ston
Clyde Pond, Clyde
Cimarron River, Cimarron
Beaver C.reek, Clyde
Fish Pond, Glenwood Springs
Trout Ponds, Salida

102, 705

118,000
20, 000

3,800
10,000
10,000
10, 000
7, iJOO

3,000

182, 300

10, 000
10, 000
4, 800

Fingerlings,
yearlings,
and adults.

5,000
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Details of distiibiitio)i—Continued.

Species and disposition. Eggs.

Rainboiv trout—Continued.
Michigan:

Fish Pond, Farmington
Bass Lake, Iron Mountain
Flint and Clinton rivers, Oxford
Spring Pond, Spring Lake
McCutcheon CreekT Crystal Falls
Carletc>n Creek, l\!(intague
Iron River, Iron ]Mountain
Soutli Bi-anch Au Sable River, Bay City
Spring Brook Trout Company, Kalamazoo

Minnes<_ita:
Lester River, Dulutli
State Fish Commission, St. Paul

Mississippi:
FislL Lake, Corinth

Missouri:
Mill Spring Lake, Humausville
Meramec River, Salem
Bennetts Mill Pond, Lebanon
Franks Lake, Di.xon
Boiling Springs, Arlington
Little Piney River, Newburg
Meramec Spring, St. James
Blue Spring and Brazil creeks, Bourbon
Saltpetre and Spring creeks, Stanton
Indian (^reek, St. Clair
Spring Pond, Goodman
Schlicht Spring, Schlicht Station

Suedeborg
McMahons Springs, Neosho
Lake Ha Ha Tonka, Ha Ha Tonka
Louisiana Purchase Exposition, St. Louis

Montana:
Crow Creek, Townsend
Blacktail Deer Creek, Dillon
Mcintosh Spring Creek, Red Rock
South Fork McDonald Creek, Lewistown
Big Deer Creek, Lewistown
Van Nest Pond, Lewistown
Whitmore Lake, Gold Butte
Knights Lake, Kalispell
Dempsy Creek, Deer Lodge

Nebraska:
State Fish Commission, Long Pine Creek, South Bend.

New Hampshire:
Pond and streams, Potter place
Loon Lake, Plymouth
Mascoma River, Canaan
Isinglass River, Dover
Lake Wentvvorth, Hudson

New Jersey:
Sindle Brook, Oakland

New Mexico:
North Percha River, Nutt
Fish Pond, Dorsey
Spring River, Koswell

_.

Bonita Pond, Capitan '.

New York:
Indian Lake, Peekskill
New York City Aquarium
Applicant, Brooklyn -.

Applicant, New York
North Carolina:

Mill Pond, Lonisburg
Fish Pond, Walnut Cove
Trout Lake, Lenoir
Bald Creek, Waynesville
FL«h Pond, Saluda
Cockdills Creek, Waynesville
Earmans Creek, Loftis
Steels Creek, Loftis
Loftis Mill Creek, Loftis
Little River, Loftis
Pole Bridge Creek, Cedar Mountain
Buckhorn Creek, Cedar Mountain
Clear Creek, Cedar Mountain
Fish Pond, Brevard

j

Fish Ponds, Dnketon !

Little River, Grange !

Fish Pond, Goldsboro
I

20, 000

Fry.
Fingerlings,
yearlings,
and adults.

13, 400

7,000

5, 000
5,000

33,000

5,000
1,000
1,000

10,000

3,000
500

4,400
5, 400
2, .500

4,400
500

34, 800

800

1, 8.50

500
3,000
2,750
2, 7.50

2,750
2,750
5,750
5,4.50

2,750
4,025
3,000
2, 7.50

COO

2, 500
4,000
2,000
2, 000
2,000

800
2,000
1,500
2,600

10, 000

6,485
1,395

10, 475
1,600

COO

800

1,000
500

1,000
300

900

400
400
600

1,000
1,050

800
750
750
750

1,500
750
750
750
500
600
800
400
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Species and disposition.

Hainborv trout—Continued.

North Carolina—Continued.
Tliipps Pond, Greensboro
Campbell Branch, Maxton
Sehaley Creek, Elk Park
Bull Creek, Swannanoa
Lake Woodlawn, Marion
Armstrong Creek, Marion
Ball Mountiiin Creek, Marion
Toms Creek, Marion
South Fork Swannanoa River, Black Mounttiiu
Freeman Creek, Andrews
Trout Pond, Flat Rock
Spring Pond, Littleton
Nantahala River, Nantahala
Queens Creek, Nantahala
Frankiin Lake, Brevard
Lake Toxaway, Brevard
North Toe River, Spruce Pine

Ohio:
Cedar Creek, Springfield
Fish Pond, Pomeroy

Amanda
Artificial Pond, Dennison
Spring Lake, Sycamore

Oregon:
Spring Branch, Dallas
Rock Creek Lake, Haines
Meadow Lake, Yamhill County
Trout Lake, I'matilla County
Clatskanie River, Clatsop County ;

.

Necanicum River, Clatsop County
Clear Creek, Stone
Meadow Lake, Carlton
Fifteen Mile Creek, The Dalles
Catherine Creek, Union
Killimoque Creek, Haines
Grande Ronde River, La Grande
Spring Pond, Albany
Beaver Creek, Albany

Pennsylvania:
House Creek, Pott-sville

Woodard Pond, Columbia Cross Roads
Spring Run, Mercersburg
Moll Hollow Run. INIiffliuburg

Limestone Run, Mifflinburg
Weiricks Gap Run, jMiftliuburg
North Branch BuiYalo Creek, Mifiiiuburg
South Fork North Branch, Miffiinburg
Raritan Run, MifHinbuig
Panther Run, Mifflinburg
Tl^ms Creek, Bushkill
Maple Run, Currys Station
Oriental Pond, Fairchance
Spring Meadow Brook, Bedford
Hermitage Pond , Euclid
East Dyberry Creek, Honesdale
Brinks Brook, Honesdale
Sonners Pond, Honesdale
Small Stream, Elkins
Sundrop Creek, Hamburg
Furnace Creek, Hamburg
Thomas C^eek, Maria Furnace
Baigley Creek, Mansfield
Avery Pond, Honesdale
Rattling Run, Gordon
Buckhom Creek, Gordon
Blair Furnace Pond, Altoona
O'Donnell Creek, Carbon Center
Mosquito Creek, Williamsport
Cove Creek, Bedford
Elk Run, Johnstown
Anderson Creek, Stewartstown
Bowmans Creek, Tunkhannock
Dark Hollow Creek, Tunkhannock
Wild Cat Run, Tamaqua
Leibys Run, Tamaqua
Upper Rabbit Run, Tamaqua
Busby Run, Tamaqua
Owl Creek, Tamaqua
Beaver Creek, Tamaqua

Eggs. Fry.

5,000
'2,000

3, 000
5, 000

3,000
4,000

9,000
815

6,000
5,000
7,000
4,000
8, 000
3,000
1, 500

4,970
3,780

Fingerlings,
yearlings,
and adults.
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Details of diMrlbnHon—Continued.

Species and disposition,

Eainboiv trout—Continued.

Pennsylvania—Continued.
Kreamers Run, Tamaqua
Falling (Spring Creek, Chambersburg
TributJiry of Fox Run, York
Diugman Run, Coudersport
Stream and lake, Jenkintown
Silver Creek, St. Marys
South Fork Powers Run, St. Marys
North Fork Creek, St. Marys
Kay Fork Creek, St. Marvs
West Creek, St. Marys. .

.".

Tlyrnes Creek, St. Marys
Black Creek, Tremont
Coleri Creek, Tremont
Cabin Branch, Hellam
Rattling Run, Minersville
Wheeler Run, Minersville
West Falls Creek, Minersville
Deep Creek, Minersville
Spring Creek, Mahanoy City
Nigger Hollow Creek, Mahanoy City
Messer Run, Malianoy City
Broad Jlountain Creek, Mahanoy City. .

.

Locust Creek, Mahanoy City ". ". . .

.

Mill Stony Creek, Mahanoy City
Codoras Creek, Mahanoy City
Krells Pond, Mahanoy City
Little Need Creek, Mahanoy City
Still Creek, Mahanoy City .". '.

Brush Valley Creek, Ashland
Roaring Creek, Ashland
Buckhorn Creek, Ashland
Clarks Creek, Tower City
Creek and pond. Tower City
Davis Run, Shenandoah
Waste House Run, Shenandoah
Laurel Creek, Williamsport
Fishing Creek, Jamison City
Goldmine Creek, Goldmine
Wolf Creek, Pottsville
Werden Creek, Hudson
Shaffers Creek, Hudson
Pigeon Creek, Jamison City
Panther Creek, Jamison City
Aqua Nueva Lake, Ro.sedale
MeMiehaels Creek, Stroudsburg
East Branch Run, Henryville
Buckhill Creek, Creseo
Paradise Creek, Mount Pocono
Five Mile Creek, Lake Ariel
Spring Creek, Wayne County
Susquehanna River, Wilkesbarre
State Fish Commission, Bellefoute

South Dakota:
Tributary of Whitstone Creek, Bonesteel
Fish Pond, Eureka
Spring Run Pond, Galena
Rapid Creek, Rapid City
Deer Creek, Rapid City
Beaver Creek, Buffalo Gap
Cascade Creek, Cascade Springs
Red Earth Creek, Hermosa
Sturgis Park Lake, Sturgis

Tennessee:
Fish Pond, Kenton
Drakes Creek, Avondale
Greenwood Lake, Sherman Heights
Fish Pond, Arthur
Doe Ri\'er, Hampton
Little Doe River, Hampton
Mill Pond, Dunn

London
Roan Creek, Blevins
Tiger Creek, Blevins
Big Creek, Newport
Teg Creek, Gang
Ledford Pond, Tullahoraa
Spring Branch, Erwin
Burts Branch, Crandell

Eggs. Fry.

5,000
4, 380
13,300

1,000
1,000

Fingerlings,
yearlings,
and adults.



REPOET OF THE COMMISSIONEE OF FISHERIES.

DcfdUs of (lintrihntion—Coiitiiinetl.

49

Species and disposition. Eggs. Fry.
Fingerlings,
yearlings,
and adults.

Jiaiuboir <rt)»/—Continued.

Tennessee—Continued.
Tagell Branch, Crandell
Parks Brancli, Crandell
Beaver Dam (Jreek, Crandell
Cove Creek, Buckeye
Cane Creek, Kimmins
Fish Pond, Fayettcville
Duck River, Columbia

Utah:
Applicant, Salt Lake City

Vermont:
Black Pond, Woodstock

Vii'ginia:
Great Run, Fauquier Springs
Fish Pond, Beavei dam

J
Capon Roads

Jeremiah Run, Rileyville
Gooney Creek, Front Royal
Littl* korth River, Harrisonburg
Highland Terrace Lake, Harrisonburg.
Dry River, Harrisonburg
Beilevue Ice Pond, Bellevue
Darns Creek, Winchester
Vancluse Lake, Winclicster
Snake Den Creek, Hunters
North Creek, Indian Rock
Little Burnley Creek, Abingdon
Mill Creek, Cliilhowie
Fish Pond, Broadnax

Lynchburg
Rabbit Creek Pond, Fosters Falls
Crystal Pond, Crimora
Difficult Run, Vienna
Nick Creek, Atkins
Bradley Branch, Bradley
Laurel Creek, Damascus
Maple Branch , Damascus
Laurel Run, Timberridge
Fish Pond, Alton
Spring Pond, Luray
Dry River, Elkton
Blucstone River, Graham
Cedar Creek, Natural Bridge
Long Gentry Creek, Gala
Bassett Creek, Bassett
Mountain Stream, Luray
Happy Creek, Front Royal
Elk Creek, Shenandoah Junction
Town Creek, Abingdon
Belter Pond, Abingdon
Mfile Run, Island Ford
inackberry Creek, Bassett
Leatherwood Creek, Dyer Store
Peach Bottom Creek, Longs Gap
Beaver Creek, Martinsville
Jones Creek, Martinsville
Fish Pond, Martinsville

Washington:
Wagner Lake, Wilbur
Cowiche Creek, North Yakima
Hidden Lake, North Yakima
Troublesome Creek, Madison
Cold Spring, Creston

West Virginia:
Rich Creek, Petersontown
Edgewood Spring, Bunker Hill
Fish Pond, Monongah
Trout Run, Romney
Fish Pond, Brookside
Shade and Ephraim Creeks, Beury
Horseshoe Pond, p:glon .'

Penny Run Pond, Eglon
Fish Pond, Marlinton
Gauley River, Camden on Gauley
Branches of Greenbrier River, Durltin .

Lcetown R\in, Shenandoah Junction..
Sweet Spring's Greek, Sweet Springs ...

Cove ( 'reek, Sweet Springs
Big Clear Creek. Alderson

2,000

19, 800
l,(iOO

5,000
4,000
8,000
9, 000
5, 000
2, 500
5,000
1,500
4,500
7, 500
2, 5!J0

4,000
1, 500
1, 500
5,000
1,600
1,500
2,000

5, 000
8,000
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Details of dtstrihution—Continued.

Species and disposition.

Hainbow trout—Continued.

AVest Virprinia—Continued.
Moutli Clierry River, Curtiii

Cranberry River, Cranberry
Gauley River, Ricliwood
Enochs Creel:, Encich Siding
Spring Creek, Fallini^ Springs
Spring Branch, Whiti' Sulphur Springs .

Howards Creelc, White Sulphur Springs
Mill Creek, Macdonald
Williams River, Marlinton
Laurel Creek, Marlinton
Locust Creek, Beard
Spring Brandy Scott

Wisconsin:
Pigeon Creek, Alma Center
Tributary of Main Creek, Ingram
Wausaukee River, Athelstane
South Branch, Pike River
Medicine Brook, Pike River
Middle Inlet, Pike River
South Intel, Pike River

Wyoming:
State Fish Commission, Wolf

England:
Applicant, Malvern Wells

Canada:
Applicant, Owen Sound

France:
Applicant, Lyons

Eggs.

Total

Blacl-spottcd trout.

Colorado:
Rhyolito Reservoir, Gillett
Baker Lake, Jefferson
Fall Creek. Colorado Springs
Chicago Lake, Idaho Springs
Chinns Lake, Idaho Springs
Cascade Creek, Cascade
Lime Creek, Thomasville
Big and Little Cimarron Rivers, Cimarron.
Millers Lake, Idaho Springs
Snow Mass Creek, Snow Mass
Maroon Creek, Aspen
Big Thomp.son River, Loveland
Upper Pienas Creek, Del Norte
Platte River, Cliff

Buffalo
Shawnee

South Platte River, Dome Rock
North Platte River, Shawnee
South Fork Platte River, South Platte
North Fork South Platte River, Estabrook.
South Platte River, Muldoon
South Fork St. Vrain River, Lyons
St. Vrain River, Lvons
Rock Creek, Dillon
Eagle River, Berrys Station
Lake Eldora, Eldora
Tennessee Creek, near Leadville
Cache La Poudre River, Fort Collins
Lawn Lake, Loveland
Lake Wauconda, Perrv Park
Taylor Creek, West Cliff

Clear Creek, Granite
Sylvan Lake, Placerville
Naylor Lake, Georgetown
Buffalo Creek, Estabrook
Fern Lake, Morain
Odessa Lake, Morain
Grand Lake, Grand Lake
Alexander Lake, Delta
North Fork Gunnison River, Delta

Hotchkiss
Pavonia

Harbi.son Lake, Grand Lake
North Fork Grand River, Grand Lake
Grand River, Grand Lake
Island Lake, Cedaredge

25,000

10, 000

20, 000

10, 000

211,000

Fry.

21, 383
21,000
25, 000
20, 000
5,000

15, 000
5, 000

471,378

Fingerlings,
yearlings,
and adults.

1,000
2, 450
1,800

800
1,000
1,480
1,500

4,080
4,080
4,080
4,0^0
4,0.S0

523, 103

15, 000
20, 000
30, 000
15, 000
15, 000
35, 000
35, 000
50, 000
15, 000
30, 000
30, 000
65, 000
35, 000
30, 000
30, 000
30, 000
30, 000
40, 000
30, 000
50, 000
30, 000
40, 000
40, 000
40, 000
90, 000
30, 000
40, 000

145, 000
20, 000
25, 000
50, 000
35, 000
15, 000
25, 000
30, 000
15,000
15, 000

153, 300
123, 500

75, 000
75, 000
50, 000
5, 300

25, 000
25, ooa

260, 000
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Species and disposition. Eggs. Fry.
Fingerlings,
yearlings,
and adulta.

Black-spotted fj'ou^—Continued.

Colorado—Continued.
Barren Lake, Cedarcdge
Willow Creek, Dexter
South Fork Grand River, Leliman
Strawberry Lake, Lehman
Frazier River, Coulter
Frying Pan River, Ruedi
Platte River, between Grant and South Piatte
Boulder Creek, Dillon
Dallas and Dolores rivers, Ridgway
East Beaver, Middle, and Bison creeks, near Cripple
Creek

Soutli Fork White River, Meeker
Deep and Grizzley creeks. Glenwood Springs
Rio Grai de River, between Del Norte and Creede
Grand ly ver and tributaries, Newcastle
Crystal River, Redstone
Trout Ponds, Granite
North and South Fork St. Vrain River, Lyons
Eggleston Lake. Cedaredge
Island Lake and streams, Cedaredge
Ward Lake, Cedaredge
Headwaters Frazier River, Empire
Lake Creek, Leadville

Idaho:
Matt£on Pond, Yollmer
Anderson Lake, Market Lake
Witter Lake, Priest River
Spring Creek, Soda Springs
Beaver Canyon Creek, Humphrey
Port Neuf River, Pebble

Iowa:
Spring Branch, Manchester

Forestville
Missouri:

Louisiana Purchase Exposition, St. Louis ,

Montana:
Prescotts Reservoir, Hill

,

Bull Run Pond, Butte
Lake McDonald, Belton
Sixteen Mile Creek, Sixteen
Tributaries of Sixteen Mile Creek, Bakers
South Fork of Sixteen Mile Creek, Bakers
Tributarv of Sixteen Mile Creek, Canyon
Musselshell River, Two Dot ".

Jocko Creek, Arlee
Crow Creek, Arlee
Mission Creek, Arlee
Belt Creek, Monareli
Black Tail Deer Creek, Dillon
Jak* Canon Creek, Dillon
Cotton Wood Creek, Dillon
Alkali Creek, Dillon

,

North Fork of Milk River, Chinook
Fish Lake, Hayden
Arnells Creek, Lewistown
Decker Creek, Red Rock
Warm Spring Creek, Logan
Lake Morrison, Dell
Lake Kiote, Dell
Cotton Wood Lake, Dell
Deadman Lake, Dell
Coburn Reservoir, Malta
Lost Camp Creek, Harlowton
Tillinghast Creek, Monarch
Cow Creek, Harlem
Trout Pond, Bozeman
Horse-Shoe Lake, Twin Bridges
Pritchard Lake, Gold Butte
Smith River, White Sulphur Springs
Checker Board Creek, White Sulphur Springs
Bison Creek, Basin
Muskrat Creek, Boulder
Spring Branch, Livingston
South Boulder Lake, Jefferson Island
Dog Lake, Plain s
Avoca Creek, Monarch
East Buffalo Creek, Ubet
Indian Creek, Minden
Boyd Creek, Lewistown

44,000

130, 000
5,000

25, QUO
5,000

25, 000
100, 000
100, 000
30, 000
75, 000

75, 000
25, 000
50, 000

100,000
50,000

100, 000
10, 000

100.000
130, 000
135, 000
135, 000
75, 000
50,000

13, 000
3,000
3,000
5,000
8,000

, 45,000

10, 000
8,000

34

15, 000
6.000

12, 000
10, 000
19, 000
8,000
7,000
7, 000

15, oOO
15,000
15, 000
15, 000
15, 000
15, 000
10, 000
15, 000
30, OtX)

5,000
7,000
8,000

10, 000

10, 000
3,000
5, 000
5,000

10, 000
12, 000
12, 000
15, 000
3,000
8,000
3, 000
7,000
5, 000

15, 000
15, 000
10, 000
5, 000

10, 000
15, 000
7,000

10, 000
5,000
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Details of distribution— QowtmneiS..

Species and disposition.

Black-spotted twut—Con tinued

.

New Mexico:
Carrizo Creek, Clayton
Cieneguilla del Burro Creek, Clayton
Alamora Creek, Clayton
Alamosita Creek, Clayton

Oregon;
Fish Pond, Junction City
Trout Lake, Umatilla County
Clear Creek, Stone ,

Necanicum Creek, Astoria
Kogue River, Kogue River ,

South Dakota:
Fish Lake, Bonesteel ,

Battle River, Hermosa ,

East Fork of Spearfish Creek, Englewood
Spearfish Creek, Elmore
Whitewood Creek, Englewood
North Fork of Little Rapid Creek, Dumont
Spring Creek, Raiiid City ,

Rapid Creek, Kai>i<l City ,

Box Elder Creek, Rapid City ,

Iron Creek, Hill City
Spring Creek, Hill City ,

False Bottom Creek, St. Onge
Beaver Creek Pond, Spearfish
Spearfish Creek, Spearfish
Cow Creek, Spearfish
Water Cress Creek. Spearfish
Franklin Creek, Spearfish
Cox Creek, Spearfish
Spring Creek, Spearfish
Montana Lake, northwest of Spearfish
Castle Creek, Mystic
Spearfish Creek, Elmore
Sylvan Lake, Custer
Squaw Creek, Maurice
Silver Creek, Sturgis
Bear Butte Creek, Sturgis
Little Rapid Creek, Rochford
North Castle Creek, Rochford
Lime Creek, Rapid City
Trout Ponds, Piedmont
Elk Creek, Piedmont
Little Elk Creek, Piedmont
Beaver Creek, BulYalo Gap
Evans Lake, Hot Spring
Cold Brook, Hot Spring

Utah:
Tributaries of Provo River, Heber

Washington:
Branch Clover Creek, Lake View
Speller Creek, Northport
Muskrat Lake, Curlew
Yakima River, Clealum

,

Wyoming:
Trail Creek Pond, Sundance ,

Duck Lake, Yellowstone National Park
,

Y'ellow Stone Lake, Yellowstone National Park ,

State Fish Commission, Laramie
Ranchester

Wales:
Applicant, Upper Downing, North Wales

200, 000
200, 000

25, 000

Total 469, 000

Brook trout.

California:
State Fish Commission

Colorado:
Cole Creek Pond, Telluride
Lake Wauconda, Perry Park
Platte River, Shawnee
Middle Elk Creek, Newcastle
Fish Pond, Carbondale

Colorado Sjirings
Wrights Lake, Coloradd Sjirings
Little Cimarron River, iMontrose
Jarvis Creek, Montrose
Fish Pond, Basalt
Fork of San Juan Creek, Pagosa Springs.

Fry.

10, 620
8, 695

Fingerlings,
yearlings,
and adults.

19,315

10,000
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Details of dtstrihution—Coutinued.

Species and disposition.

I

Brook trout—Continued.

Colorado—Continued.
Nay lor Lake, Georgetown
Elk Creek, Newcastle ,

Davis Lake, Telluride ,

Lake Alicia, Thomasville
Youngs Lake, Leadville
Nueva Lake, Summit County
Private Lake, JefYerson
Spring Brook, near Leadville
Rocky Lake, Fort Collins
Trout Pond, Glenwood Spring
Fall Creek, Fairview
Big Thompson River, Loveland
Roaring Fork River, Loveland
Boulder Creek, Dillon
Boulder Lake, Dillon

Natlirop
Straight Creek, Dillon
Trout Lake, Buena Vista
Lake Eldora, Boulder
Baumbicker Fish Pond, Granite
Beaver Flat Lakes, Webster
Ute Park Lake, Ute Park
Spring Creek, Montrose
Lower Spring Creek, Montrose
Rock Creek, Montevista
Basin Lake, Carbondale
take William Dale, Carbondale
St. Vrain Creek, Lyons
Lake Lenore, Ouray
Stapps Lake, Ward
Upper Crystal River, Redstone
Snake Creek, Grant
South Platte River, Florissant
Trout Ponds, Derry's Ranch
Los Piuos Creek, Osier
Mnsgnive Lake, Mustjrove
South Platte River, Cassells

Alturia
Maddox
Brookside
Glenisle

Vasquez Creek, Empire
East Beaver Creek, Rosemont
Gould Creek, Saderlind
Basin Creek, Clyde
Eagle River, Berrys Station
Grizzly Creek. Glenwood Springs
Lake Alicia, North Fork
F"ryingpau River, Ivanhoe

Mast

^
North Fork

I Lime Creek
' Ruedi

Dallas Creek, Ridgway
Connecticut:

Cosi'ob Brook, Coscob
Ponds and stream, Bolton
Neck River, Winsted
Ryan Bruok, Winsted
Sprint,' Hrodk, Middletown
Mad River, Waterbury

Georgia:
Hickory Creek, Murray County

Idaho:
Glenrea Lakes, Rea
Fish Ponds, Pick
Toohy Lake, Soda Springs
Big Bear Creek, Kendrick
Trout Pond, Kendrick

Soda Springs
Witter Lake, Priest River
^rontpelier Creek, Montpelier
Fish Pond, Vallmer
Spring Lake, Rathdrum
Port Neuf River, Pebble
Clearwater River, Lewiston
Applicant, Spencer

Illinois:

McNetts Creek, Cary Station

Eggs. Fry.

10, 000
15,000
5, 000
5, 000
5, 000
b, 000
5, 000
5,000

lb, 200
5,000
8,000
5, 000
5,000
5,000

7,000
10,000
10, 000

25, 000

3,500

Fingerlings,
yearlings,
and adults.
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Details of distribution—Contmuad.

Species and disposition.

Brook trout—Continued. .

Indiana:
Perleys Pond, South Bend
Watervievv Pond, Crawt'ordsville

Iowa:
Baldwins Brook, Cresco

Maine:
Billings Pond, Blue Hill
Thurstons Brook, Sedgwick
Perkins Brook, North Berwick
Salmon Lake, Rangeley
Marsh River, Brooks
Round Pond, Norway
Kangeley Lakes, Oquossoc
Sprague Pond and Brook, Waldoboro
Carry Pond, Bingham
Fish Pond, Farmington
Canaan Lake, Rockland
Flying Pond, Redfleld
Nessalonskee Lake, Oakland
McGraw Pond, Oakland
Ellis Pond, Oakland
Carp Pond. East Orland
Craig Pond, East Orland ,

Swan Lake, Searsport
Mill Brook, Cumberland Junction
North Twin Lake, Norcross
Little Houston Pond, Katahdin Iron Works .

China La ke, Waterville
Sebago Lake tributaries, Mattocks
Spring Lake, Bigelow ,

Clearwater Lake, Farmington ,

Shephards River, Brovvnfield ,

Pill.sbury Pond, Newport
Rowe Pond, Cumberland Junction ,

Bingham
Willett Meadow Brook, Waldoboro
Squaw I'an Lake, Pre.sque Isle
Eagle Lake, Mount Desert ,

Sandy Brook, Unity
Spring River Lake. Franklin
St. Georges River, Belfast
Longs Pond, Bethel ,

Lake Cobosseecontee, Augusta
Stiles Brook, Brooks
Sebago Lake, Sebago Lake
Johnsons Trout Brook, Burnham Junction .

.

Pattens Pond, Ellsworth ,

Hoi brooks Pond, Dcdham
Branch Pond, Dedham
Phillips Lake, Dedham
Green Lake, Dedham

Otis
Maryland:

Reservoir, Mountain Park
Spring Branch, Williamsport
Spring Lake, Oakland
Marsh Run, Oakland
Brownings Dam, Oakland
Little Seneca Creek, Germantown
Tributary of Gunpowder River, Glencoe
Spring Branch , Cockeysville
Patapsco Creek , Woodbine ,

Patuxent River, Woodbine
Mill Creek Dam, Perry ville
McHenry Lake, McHenry
Trout Pond, Deer Park ,

Massachusetts:
North Branch, Springfield i

Parsons Brook, Northampton ,

Fairbanks Brook, North Grafton
Burnitt Brook, North Grafton
Merrian Brook, North Grafton

,

Stillwater River, Sterling Junction
Babcock Brook, Princeton
Trout Brook, Jamesville ,

Sewell Brook, Worcester
Fair Ground Lake, Worcester
Lake Qiiinsiganiond, Worcester ,

Pleasant View Lake, Williamsburg
,

Felton Brook, Clinton.'. r ,

Eggs. Fry.

5,000

8,000

15, 000

30, 000

30, 000

30, 000
40, 000

l.i5, 000
30, 000
10, 000
25, 000
•10, 000
40, 000
40, 000
30, 000
30, 000
40,000
40, 000
50, 000
25, 000

150:030
25, 000
25, 000
10, 000
30,000
10,000

170, 000
130, 000

18, 000
18, 000

10, 000

Fingerlings,
yearlings,
and adults.
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Species and disposition.

Brook <rot(^—Continned.

Massai'hnsotts—Continued.
Cold Si>ring Broulc, yaundevsville
Carroll Brook, yaun(ki>ville
Crosby Brook, Saiindersville
Stow Brook, Worcester
Mill Pond. Gloucester
Jemisons Brook, Millburg

Michigan:
Turk Lake Creek, Greenville
Stoney Creek, Shelbyville
West Branch of Succor Creek, Mayville
Hamilton Creek, Mayville
Phelps Creek, Mayville
Inlet to Phelps Lake, Mayville
Herbe Creek, Mayville
Tompkins Creek, Mayville
Sycamfire Creek, Lansing
Spring Brook, Novi
Minnehaha River, Oden
Spring Creek, Iron Mountain
Benson Creek, Mount Morris
Spring Brook, Milford
Trout Pond, New Bufialo
Spring Creek, Alpena
Tributary of Turtle Creek, Alpena
Bigton Creek, Newaygo .-

Safe Harbor Creek, Carsonville
Happy Hollow Fisli Ponds, Hillsdale
Smith and Hale (Greeks, Emery Junction
Gold and Silver Creeks, East Tawas
Van Wetten Creek, Mikado
Pine River and creeks, Lincoln
Rapid River, Leetsville
Maple River, Pellston
Carp River, Carp Lake *

Johnson Creek, Prescott
Hall Creek, Farwell ,

Newton Creek, Farwell
Spring Brooks, Clair
Dennis Creek, Lake
Trout Brooks, Baldwin
Bowen and Cedar Creeks, Wingleton
Trout Brook, Branch
Beitners, Anderson, and Fletcher Creeks, Grawn .

Beitners Creek, Traverse City
Boardman River, Traverse City
Desmond Creek, Barker Creek
Mason Creek, Barker
Barker Creek, Barker
Orr Creek, Ellsworth
Wood Creek, Ellsworth
Bflss Creek, Ellsworth
Beaver Creek, Kalega
Cedar Creek, Kalega
Trout Brooks, Bellaire
Fish Pond, Shepard ville
Gaylords Pond, Williamston

Minnesota:
Cooks Valley Brook, Wabasha
Lake La Valle, Lamoille
Clear Creek, Nickerson
Poplar River, Lutsen
Sucker Brook, Detroit
Rocky Run, Carson
Talmadge Creek, St. Louis County
Moose Creek, Duluth

Missouri:
Louisiana Purchase Exposition, St. LkjuIs

Montana:
Spring Creek, Lewistown
East Fork of Spring Creek, Lewistown
Beaver Creek, Lewistown
Boyd Creek, Lewistown
Browns Gulch Creek, Butte
Ashly Lake, Kalispell
Little Sheep Creek, Lima
Fish Pond, Anaconda
Elk Lake, Arlee
Rose Lake, Red Rock
Trout Pond, Bozeman

Eggs. Fry.

5,000
• 5, 000
5, 000

10, 000
5, 000
5,000

10, 000
20,000
10,000
10,000
10,000
10,000
16,000
15, 000
26,000
10, 000
15,000
4, 000

15, 000
15,000
10, 000
15, 000
50, 000
30, 000
25, 000
30, 000
25, 000
50, 000
25, 000
25, 000
20, 000
50, 000
20, 000
25, 000
10, 000
10,000
20,000
10,000
15, 000
15, 000
10,000
10, 000
10,000
10, 000
10, 000
5, 000
5,000
8,000
8,000
4,000
5, 000
6,000

20,000

5,000
5,000
G, 000
5, 000
5,000

Fingerlings,
yearlings,
and adults.

,.500

,.500

250
300
260

71

500
3,500
3, .500

3,500
4,500
2,000
3, 000

.500

2,000
800

1,000
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Details of distribution—Continued.

Species and disposition. Eggs. Fry.
Fingerlings,
yearlings,
and adults.

Brook <rou;—Continued.

Montana—Continued.
Fish Pond, Gold Butte
McDonald Creek Lake, Gold Butte
Fish Pond, Goodman Siding
Rock Creek, Brownes
Crystal Lake, Sheridan
Belt Creek, Ncihart
Trout Pond , Laurel
American Creek, Harlowton
East Boulder Creek, Big Timber
Carmichael Creek, Craig
Fish Pond, Victor

Bozeman
Reservoir, Hill
Little Boulder Creek, Boulder
North Fork of Sun River, Craig
Highwood Creek, Fort Benton

Nebraska:
State Fish Commission, Bordeaux Creek, Southbeiid.
Niobrara River, Cody
State Fisli Commission, Southbend

New Hampshire:
Dudleys Brook, Exeter
Wild Meadow Brook and Pond, Grafton
Lake Winnepecket, Warner
Cole Pond and Brook, Potter Place
Moscoma River, ("anaan
Roaring Brook, Winchester
Mirey Brook, Winchester
Head Suncock River, Concord
Ceasar Brook, Milford
Silica Bed Brooks, Troy
Rum Brook, Epping
Merrie Mio Creek, Sunapee
Tannery Brook, ^Ia^eheste^
Watts and Little Cohass brooks, Manchester
Peters and Millstone brooks, Manchester
Harry Brodk, Manchester
James Brook, Manchester
Dearborn Brook, Manchester
Boyce Brook, Manchester
Little Brook, Manchester
Townscnd Brook, Wolfboro
Little River, Lee
Dalton Brook, Manchester
Peters Brook, Manchester
Reservoir, Maneliester
Peters Sprrn^r, Manchester
Robie Run Brook, Manchester
Warren Brook, Manchester
Damons Brook, Manchester
Bowmans Brook, Manchester
Shingle Brook, Manchester
Manter Brook, Manchester
Stump Meadow Brook, Manchester
James and Peters brooks, Manchester
Shcpard Brook, Manchester
Ray Brook, Manchester
Dogmond Brook, Manchester ,

Medin Brook, Manchester
Farm Brook, Manchester
Dumpling Brook, Manchester
Christian Brook, Manchester
Walkers Brook, Manchester
Tannery Brook, Concord ,

Dolph Brook, Concord
Bowboy Brook, Concord ".

Clough Brook, Concord
Eastman Brook, Concord
Ash Brook, Concord
Trout Pond, Concord
Little River, North Hampton
Blodgett Ponds, Wentworth
West Branch, Bradford
California Brook, West Swanzy
Shaker Brook, I^Iarlboro
Blood Brook, West Lebanon
Tributaries of Souhegan River, Greenwich
Sandwich Pond, Plymouth
Flowage Brook, Hookset

50,000
6,000

29, 800

"8," 666'

5,000

5.000
5,000
8,000

8,000

5,000
5,000

8,000
5,000
5,000
5, 000
5, 000
5,000
5, 000

10, 000
6, OW
5, 000
5,000

5,000

8. 000
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Species and disposition.

Brool' /ro!<<—Continued.

New Hampshire—Continued.
Tucker Brook, Milford
Quoquinine Creek, Milford
Osgood Brook, Milford
Witch Brook, Milford
Fish Pond, West Springfield

Grafton County
Loon Lake, Plymouth '

J<:incrs()ii Creek, Petersboro
ISlidc Brook, Seolts
Nasli Brook, Groveton
('liase Brook, Nashua
Trout I'ond, Wlii telield

Rowel 1 Pond, Franklin
West Branch, Campton Village
Brown Brook, Ashland
Dan Hole Pond, Center Ossipee
Flinta Creek, Hollis
Mad River, Campton Village
Johnsons brooks. Pike Station
Alvirne Pond, Nashua
Putney Creek, North Weare
Lake Sunapee, Newberry
Birch Brook, Newberry ".

Clayhank Brook, West Ossipee
filmwriod Brook. Elmwood
Ayors Brook. Hudson
Mountain I^ake, Sanbornville
Gile Ice Pond, Franklin
Ponds and brook, Whitetield
Laurel Lake, Fitzwilliam
Ammonoosuck River, Fabyans
Trout Pond No. 2, Potter Place
Rand Brook, Greenfield
Silver Brook, Warner
Long Pond, Warner
Tilton Brook, East Andover
Stevens Brook, Warner
Fish tond, Keene
Cole, Onestack, Gage, and Virgin brooks. Concord.
Boat Meadow Brook, Hookset , .

.

Ragged Mountain Brook, Potter Place
Spring Brook, Nashua
Baldwin Brook, Milford

New Jersey:
Bushes Pond. Morris County
Rockaway River, Dover '

Applicant at Branehville
New Mexico:

>yler Spring, Clayton
Miller Lake, Clayton
Travajos Spring, Clayton
Apache Spring. Clayton
Chama Creek, Charaa

New York:
Carleton ponds Carleton Island
Owego Creek, Owego
Gollands Pond, Syracu.se
Loon Lake, Malone
Lake Titus, Malone
Little River, Benson Mines
Wist Creek, Watertown
Stock well and Evans creeks, Watertown
Powell and Clarke brooks, Stittville
Woodward Pond, Adams Center
Hubbard Creek, Carthage
Independence Creek, Adirondack Station
Pleasant and Chase lakes, Pleasant Lake
Marshall Brook, Adirondack Station
West Brook, Adirondack Station
West Canada Brook, Adirondack Station
Hazel and Taylor brooks, Adams
Beaver River, Beaver River
State Fish Commission, Pleasant Valley Hatchery.

Caledonia Hatchery
New York City Aquarium
Applicant, New York
Spring Pond, Herkimer
West Mill and Sandy creeks, Watertown
Stoney Brook, St. Regis Falls

Eggs. Fry.

m\

20, 000

.5, 000
6,000

10, 000

S, 000
8,000

-1,000

10, 000
10, 000

10,000
6,000
S, 000
8,000
8,000
8,000
4,000

12, 000
8,000
h, 000
5,000

10, 000

Fingerlings,
yearlings,
and adults.

25, 000

100, 000
20, 000
10, 000
45, 000
10, 000

100,000
50,000
40, 000
50, 000
10, 000
.50, 000
10, 000
85, 000
10, 000
10, 000
20, 000
13,000
50, 000

103, (iOO

97,000

15,000
100,000
25, 000
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Details of distribution—Continued.

Species and disposition.

Brook trotd—Continued.

New York—Continued.
Woods Lake, North ville

West Canada Creek, VVaterville
Schlalons Creek. East Worcester
Green Lake, Syracuse
Preston Ponds, North Creek
Miramitchee Creek, Poughkeepsie
Virgil Creek, Drydon
East Brook, Eastport

North Carolina:
West B\ili';il() r'reek, Andrews
Big Siiiiwbird Creek. Andrews
Little Snowbird t^reek, Andrews
Santeetla Creek, Andrews
Sycamore Creek. Morrisville
Shipfords Creek, Davidsons River
Pigeon Roost Creek, Mitchell County.
Hollow Poplar Creek, Poplar ".

.

North Dakota:
Spring Lake. Rugby
Spring Pond, Dickinson

Ohio:
Snyder Creek, Mansfield
Petersburg Lake, Mansfield
Fish Pond, Athens
Trout Pond, Mentor
Spring I'ond, near Cleveland
Mad River, Bellefontaine

Oregon:
Spring Branch, Falls City
p]agle Creek, near Clackamas
Mosher Creek, Wasco County ,

Mill Creek, Wa.sco County
,

Eight Mile Creek, WascoCounty
Fifteen Mile Creek, Wasco County
Molton Creek, Umatilla ("ounty
Clatskanine River, Clatsop County ...

Clear Creek, Stone *

North Fork of Santiam River, Lvons..
Tyghe Creek, The Dalles ."

,

Butte Creek, Woodburn
Clatskanine River, Clatskanine
Yaquina River, Albany

,

Lado Creek, Hot Lake
McKay Creek, Pendleton
Umatilla River, Bingham

,

Spring Lake, Ashland ,

Deer Lake, Oregon City ,

State Fish Commission, Astoria ,

Pennsylvania:
Hartung Creek, Pottsville

,

Crane Creek, Tremont
Adams Creek, Tremont ,

Jeffs Creek, Tremont
Goldmine Creek, Tremont
Black Creek, Tremont
Middle Creek, Tremont

,

Pjnie Creek, Tremont
Cherry Run, Lock Haven
Chathams Run, Lock Haven
Hartman Run, Lock Haven
Buck Hill Creek, Cresco
Otts Run, Riddlcsburg
Black Lick Creek. Ebcnsburg
Davis Run, Ebensbnrg
Jones Run. Ebcnsburg

,

Trout Pond, Ebensbnrg
Clear Shade Creek, Johnstown
Potter Creek, Currys Station ,

Mountain Stream, Currys Station
Meadow Branch, Currys Station
Oriental Pond, Fairchance
Deer Creek, Shrewsbury

,

Hagermans Run, Williamsport
Rock Run, Williamsport
Moscinito Crt'ok, \Nilliamsport
Dry Run, Williamsport
Ashcroft Run, Westover
Mattinglys Run, Bedford
Blue Spring Run, Milton

Eggs. Fry.

35,000
30, 000
35, 000
25, 000

6, a)0
5,000

15, 000
5,000
5,000
6,000

10, 000
15,000

12, 000

5, 069
10, 000
10, 000
10, 000
15, 000
10, 000
10, 000
10, 000
10, 000
10, 000
5, 000
1,000

Fingerlings,
yearlings,
and adults.

875
500

1,000
1,000

500
500
500
500
875
900

10, 000
2,900

8,270

1,500
1,000
1,000
1,000
H, 400
5, .500

2,500

400
900
400
600
700
400
400
400
500
800
500
400
400
500
950
400
150
400
400
400
400
300
300
900
400
900
400
500
,500

300
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Species and disposition. Eggs. Fry.

Brook <ro!(<—Continued.

Pennsylvania—Continued.
Little Chest Creek, Ebensburg
Lead Run, Jamison City
Trout Run, .lamison City
Fishing Creek, Jamison City
Breastwork Run, Stoyestown
Evans Ran, Marietta,
Buffalo Run, Bellefontaine
Spring Creek, Bellefontaine
Fishing Creek, Millhall
Remington Run, Williamsport
Roaring Brook, Nanticoke
Pikes Creek, Nantieoke
Fades Creek, Nanticoke
Black Cjeek, Nanticoke
Huntington Creek, Nanticoke
Wapwollcpon Creek, Nanticoke
Badlocks Run, Nanticoke
Hemlock Creek, Nantieoke
Mountain Inn Creek, Nanticoke
Irish Creek, Paxinos
Harveys Creek, Nanticoke
Logans Branch, Bellefonte
Pine Creek, Andreas
Pole Bridge Creek, Laporte
Deep Hollow Run, Laporte
Starrucca Creek, Starrucca
Cony Creek, Starrucca
Spring Branch, Willow Grove
Sandy Run, Fort Washington
Penns Creek, Rising Spring
Laurel Run, Rising Spring
Swamp Hollow Creek, South Danville.
Little Crossing Creek, Sinking Springs.
Otts Run, Hopewill
Yellow Creek, Hopewill
Spruce Run, Mount Pocono
Trout Run, St. Marys
Fall Run, Nordmoiit
Hunters Run, Nordmont
Wilson Run, Penfield
Crystal Dam, Minersville
Indian River, Minersville
Tar Run, Minersville
Black Creek, Minersville
Buck Creek, Minersville
Swat^ira Creek, Minersville

' Pulfs Springs, Ambler
Fish Pond, Ambler
Bu/iger Springs Pond, Ligonier
Bullard Creek, Troy
Morgan Creek, Troy
Wolf Creek, Mahanoy City
Huss-sosock Creek. Mahanoy City
Pine Creek, Mahanoy City
Hawks Creek, Mahanoy City
Rapplings Creek, Mahanoy City
Locust Creek, Mahanoy City
Swartz Creek, Pottsville
Cold Run, Pottsville
West Branch Cold Run, Pottsville
Tar Run, Pottsville
Hummels Run, Pottsville
Black Creek, Pottsville
Hunters Creek, Nordmont
Rock Creek, Nordmont
Gansell Creek, Nordmont
Sinking Creek, Center Hall
Lindemuths Creek, Gordon
Big Bear Creek, Hudson
Little Bear Creek, Hudson
Meadow Creek, Hudson
Shades Creek, Hudson
Rattling Run Creek, Tamaqua
Broad Mountain Creek, Ashland
Frackville Creek, Ashland
Stormy Creek. Rattling Run
Rattling Creek, Rattling Run
Black Creek. Rattling Run
Bear Run, Bear Run
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Details of distribution—Continued.

Species and disposition.

Brook (rout—Continned.

Pennsylvania—Continued.
Pringle Creek, Summerhill
Laurel Creek, Summerhill
Brush Run, Altoona ,

Laurel Run, Huntingdon
Stone Creek, Huntingdon
Lake Eyr, West Chester
Broadhead Creek, Stroudsburg
Stony Run, Henry ville ,

Cranberry Creek, Cresco ,

Paradise Creek, Mount Pocono .-,
,

Bala Farm Pond . West Chester ,

Calkins Creek, Honesdale ,

Toms Creek, Bushkill
South Dakota:

East Fork Spcarfish Creek, Hanna
Rapid Creek, Eiiglewood
False Bottom Crork, St. Onge
Speartish Creek, IClmore
Beaver Creek, Spearfish
Freueh Creek , Custer
Soutli Boxelder Creek, Nemo
East Fork Spcarfish Creek, Englewood
Boxelder Creek. Nemo
Castle Creek, Roehford ..,

Fish Pond, Roehford
Litth' Speartish Creek, Filmore
Whitman Lake, Loyalton
Bear Butte Creek, Pluma
Squaw Creek, Hermosa
Battle Creek. Hermosa
South Bo.Kelder, Roubai-K
Hay ( 'reek, Foubaix
Boxelder Creek, Roubai.x
Elk Creek, Roubaix
Bear Butte Creek, Deadwood
Rapid Creek. Rapid City
Spriii,i,'<lale Pond, l!ai>i'i City
Spring Creek, Rai)id (Mty
Spunk Creek, Hill City
Spring Creek, Hill City
Iron Creek, Hill City
Pine Creek. Hill City
Elk Creek, Piedmont
White Clay Creek, Pine Ridge Agency
Spring Creek, Whitewood
Beaver Creek, Buffalo Gap
Water Cress Creek, Spearfish
Smith Branch, Speartish
Speartish Creek. Speartish
Cox Lake, Speartish
Montana Lake, Speartish
Spring Branch and Pond, Piedmont
Blaekpipe Creek Pond, Galena
Elk Creek, Deadwood

Tennessee:
Stony Creek, Hunter
Roans Creek, Mountain City

Utah:
Pincocks Springs, Ogden
Applicant, Salt Lake City
State Fish Commission, Murray

Vermont:
Little Leech Pond, Averill . :

Shrewsbury Pond, Cuttingsville
Simpsonville Brook, Brattleboro
Frog Pond, St. Johnsbury
Mill Brook, Windsor
Cleveland Brook, Bethel
Mud Pond, Randolph
Trout Brook, Pittsford
Pond and stream. West Hartford
Brooktield Branch, Randolph
Tributary of Reach Brook Creek, Essex County .

.

F'letcher Bniok, Lyndon ville
Walker Quarry and Stepler Creek, Williamstown
Trout Broi ik, Northfield
Wardners Pond, Montpelier
Nigger Head Pond, Montpelier
Langdon Pond, Montpelier

Eggs.

•25, 000
60, 000

Fry.

20, 000
20, 000

10,000
10,000
10,000
10,000
10, 000
10,000
10, 000
15,000
20,000
10,000
4,000
10,000

Fingerlings,
yearlings,
and adults.

10, 000
10, 000
10,000
9,500

20, 000
11,250
10,000
10, 000
22, 000
5,000

10, 000
10. 000
10,000
10, 000
10,000
6,0(30

12, 000
10, 000
15, 000
5,000
5,000

10, 000
5,000

10, 000
21,000
5,000

10, 000

20, 000
20, 000
20, 000
15, 000
10, 000
20, 000
16,000
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Species and disposition.

Brook D'ow^—Continued.

Vermont—Continued.
Yatter Pond, Montpelier
Bennett Brook, Montpelier
Hobart Brook, Montpelier
Ice Pond, Brattleboro
Spring Branch, Randolph
Jones Brook, Braintree
Ballore Creek, Wilmington
Mills Brook, Barre
Burroughs Brook, St. Johnsbury
Spring Brook, St. Johnsbury ,

VVaterraans Branch, Johnson
Tributary of Granby Brook, Gallups .

.

Black Pond, Woodstock
Cold ^rook, Brattleboro ,

Lake Lakota, Woodstock
T\icker Brook, Woodstock
Salmon Brook, Dummerston ,

Passumsic River, Lyndonville
Ferrin Creek, Island Pond
Willington Brook, Randolph
Pond and brook, Randolph
Ayers Brook, Randolph
Peth Brook, Randolph
Hatch Pond, Randolph
Mill Brook, Windsor

,

Williams River, Proctorville ,

West Branch Williams River, Chester .

South Branch Williams River
Whetstone Brook, Brattleboro
Marlbnnj Pond, Brattleboro ,

Count' 15rook, Brattleboro
Suiiunit pDiid, Summit
Branch White River, Williamston
East Roxbury Pond, Montpelier
Amponpanoosic River, Sharon
Keyes Brook, Sharon
Barney Brook, Westminster
Governors Brook, Westminster
Mill Brook, Westminster
Battenkill River, Mancliester
Fish Pond and stream. West Hartford
Pico Lake, Rutland
Darling Pond, (Jroton
Lake Mansiield, Stowe

Waterburv
Lake Mitchell, West Norwich
Darling Pond, Westville
State Fish Commission, Roxbury

Virginia:
Bnake Den Creek, Hunters
Matthews Lake, Martinsville
Sweet Run, Loudnun County
Falls Branch. Oak Ridge
Fox Creek, Troutdale
Tates Run, Wytheville
Ogle Creek, Dunlap
Tributaries of Ditlieult Run, Hunters .

Little River, Grayson County
Falling Spring Branch, Covington
Spring Branch, Wrights Siding
Laurel Run, Covington
Casteel Run, Covington
Little Creek, Burkes Garden

Washington:
Wagner Lake, Wilbur
Martins Lake, Springdalc
San Poil Lake, Republic
Pond and stream, Newport
Spring Branch, North Yakima
Jones Lake, Yakima
Fish Pond, Cheney

Spokane
Valley

Bear Creek and French Lake, Milan..
Spring Brook, Milan
Mirror Lake, Meyers Falls
Spring Brook, Snohomish
Fish Pond, Seattle
Summit Lake, Woodenville

Eggs. Fry.

10,000
20, 000
20,000

20, 000

15, 000
15, 000
5, 000

20, 000
25, 000
15, 000
25, 000
20, 000
10, 000
25, 000
30, 000
20, 000
15, 000
15, 000
25, 000
20,000
15, 000
25, 000
25, 000
15, 000
20. 000
15, 000
10, 000
20, 000
10,000
25, 000
10, 000
30, 000
10, 000
10,000
10, 000
10, 000
30, 000
15, 000
24,287
60,000
60,000
60, 000

140,000
57, 000
5,000

45,000

30,000
5, 000

25, 000
25, 000
5,000

5, 000
8,000
5,000

Fingerlings,
yearlings,
and adults.
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Details of distribution—Continued.

Species and disposition. Eggs. Fry.
Fingerlings,
yearlings,
and adults.

Brook <ro«<—Continued.

Washington—Continued.
West Fork White Salmon River, Klickitat County..
Crab Creek, Harrington
Arkansaw Creek, Castle Rock
Lake Blackman, Snohomish
Trout Lake, Spokane
O'Brien Creek, Republic
San Foil Creek, Republic

West Virginia:
ISIountaiii Creek, Capon Springs
Trout iflin, Romney
Bluestone Creek, Ilinton
Glade Creek, Taleott
Mill Creek, Alderson
Fish Pond, Gladwin
Haddi.K Creek, Moore
Mill Creek. Fayette
Sprin,^ I'ond, Eslon
Fish Ponds, Eglon
Bush La ke, Eglon
MeaddW Run, Durbiu
East and west branch of Greenbrier River, Durbin .

Tygarts Valley River, Grafton
Valleyfalls

Clover Lick Creek, Cloverliek
Mouth Cherry River, Curtin

Cranberry River, Cranberry
Gauley River. Riehwood
Spring Branch, White Sulphur Springs
Howard Creek, White Sulphur Springs
Small Creek, Gladwin
Leetown Run, Shenandoah Junction
Korth Fork Blackwater Creek, Thomas
Big Clear Creek, Rupert
Meadow Creek, Shryock
Milligan Creek, Bangers
Head of Glade Creek, Hinton

Wisconsin:
Prairie River. Merrill
Beargrass River, Fallcreek
Moores Creek, Norwalk
Rock Creek, Eau Claire
Coon Creek, Eau Claire
Fourmile Creek, Barron
Korth Branch , La Crosse
Hallway Creek, La Crosse
Burham Creek, La Crosse
Richmond Creek, La Crosse
Sand Creek. Cartwright
Hay Creek, Chippewa Falls
Beef River. Fairchild
Scotts Creek, Eairchild
Badleys Creek. Fairchild
BeatyCreek, Hixton
South Branch Creek, Hixton
North Branch Creek, Hixton
Tank Creek, Hixton
Lome Creek, Hixton
Clear Creek, Eau Claire
Elk Creek, Eau Claire
Otter Creek, Eau Claire
Lowes Creek, Eau Claire
North Branch Owen Creek, La Crosse
Crolls Creek, La Crosse
Fishback Creek, La Crosse
Krauls Creek, La Crosse
Trout Creek, Millston
Stony Creek, Millston
Cowies Creek, Arcadia
Duncan Creek, Chippewa Falls
Traves Valley Creek, Independence
Douglas Creek, Black River Falls
Clear Creek, Black River Falls
Roaring Creek, Black River Falls
Slauser Creek, Black River Falls
Papoose Creek, Black River Falls
Van Herset Creek, Black River Falls
Town Creek, Black River Falls
Squaw Creek, Black River Falls
Trout Run, Black River Falls
Kenyon Creek, Black River Falls

12,000
10,000
10,000
10,000
8,000

15, 000
5,000

18,000
50,000
25, 000

73,000

' "4," 566'

19, 000
.50, 000
25, 000
15,000
25, 000

800
600

6,000
6,000
5,000

200
3,000
3, 950
300
900

'6,'666

4, 950
450
150

2,000
1,000
2,800
2,500
2,000
2,348

'"460

500
250
400
200
200
250
2.50

250
250
250
2.50

250
600
250
2,50

300
300
300
300
300
200
450
260
250
250
250
250
250
300
250
300
250
300
250
250
250
250
450
250
200
200
200
200
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IkUdls of (Usfribution—Conthmed.

Species and disposition.

Brovk- trout—Cuntimicd.

Wisconsin—Continued.
PeiTvs Creek, Black River Falls
Aliens Creek, Black River Falls
Snow Creek, Black River Falls
South Branch of Levis Creek, Black River Falls.
White River, Neshkoro
Gilbert Creek, Mcnomouio
Little Elk Creek, ISIenomonie
White River, Wautoma
Emmons Creek, Vi'aupaca
Piiae River, Wildrose
Bostwic Creek, La Crosse
Chipmunk Creek, La Crosse
State Road Cooley Creek, La Crosse
Mormon Cooley Creek
South Ot>olev Creek
Gills Cooley Creek
Halfway Creek, La Crosse
Centerville Creek, La Crosse
Mormon Spring Creek, La Crosse
Adams Valley Creek, La Crosse
Dutch Creek, La Crosse
Brown Ci-eek, Augusta
Sand Creek, Augusta
Mullett River, Plymouth
Louliv Creek, Menomonie
Deer Creek, Durbrook
Halls Lake, Alma Center
Reefer Creek, Orienta
Trout Creek, Alma
Irving Creek, Menomonie
Applicant, Osceola

Wyoming:
Fish Lake, Gillette
Green Mountain Springs, Tnyankara
Sand Creek, Beulah
Red Water River, Aladdin

Japan:
British Minister, Tokyo

Ai'gentina:
Argentine Government

Eggs.

20,000

25,000

100,000

Total 541, 000

Lake trouf.

Colorado:
Trout Pond, Glenwood Springs

Connecticut:
State Fish Commission, Windsor Locks

Michi^n:
Suite Fish Commission, Sault Ste. Marie
Long Lake, Alpena
Brush Lake, Hillman
Lake Superior, Marquette

off Long Point, Isle Royale
Washington Harbor, Isle Royale.
Rock Harbor, Isle Royale
Todd Harbor, Isle Royale
Tobins Harbor
Eagle Harbor
Ontonagon
Fish Island
Whitelish Point

Lake Michigan, off Charlevoix
Irishmans Reef, off Charlevoix .

Manistique
Lake Huron, off Scarecrow Island

Presque Isle
North Point

Minne.sota:
Lake Alexandria, Littlefalls
Leech Lake, Walker
Lake Superior, Grand Marais

Grand Portage
Chicago Bay
Beaverbay ."

oft" Poplar River
French Creek
Two Harbors
Mouth of Lester River
Duluth

200, 000

2, 300, 000

Frv.

5, 500
7,000
5,000
5, .500

4,500
6, 500
3,500
3,500
3,500
5, 000
3,500
3, 500
4, .500

4,500
3, .500

3, 500
3, .500

4,000
5,000
5,000
5,000
6,000
3,500
5, 000
4,500
6,000

Fingerlings,
yearlings,
and adults.

15,000
10,000

7, 221, 536

30,000
30, 000

1,020,000
320, 000
320, 000
280, 000
280, 000
360, 000
320, 000
640, 000
240, 000
500, 000

1,250,000
1,250,000

500, 000
1,090,000

550, 000
560, 000

15,000
25, 000
360,000
3ti0,000

360, 000
265, 000
265, 000
180,000
180, 000
100, 000

200
200
200
200

800
1,500

842, 462

24

8,200
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Details of distribution—Continued.

Species and disposition. Eggs. Fry.
Fingerlings,
yearlings,
and adults.

Lake trout—Continued.
Missouri

:

Louisiana Purchase Exposition, St. Louis
New Hampsliire:

Partridge Lake, Littleton
Crystal Lake, West Canaan
First Connecticut Lake, Becclier Falls
State Fish Commission, Laconia
Forest Lake, Littleton
Loon Lake, Center Ossipee
Newfound Lake, Bristol

New York:
State Fish Commission, Caledonia
New YorTc City Aquarium
Otsego Lake, Cooperstown
Lake Ontario, Trout Hole, off Cape Vincent .

.

off Grenadier Island
Trout Hole, off Charity Shoals .

off Tibbetts Point Light
off Oneills Point

Ohio:
Big Lake, Urbana
Lake Erie, off Kelleys Lsland

Oregon:
Clackamas River, Clackamas
Sui^ker Lake, Oswego ,

Jordan and Perkins Lakes, Marshfield ,

Pennsylvania:
State Fish Commission, Corry

Vermont:
Big A verill Lake, Norton

Washington:
Deep Creek Lake, Northport ,

Pierre and Summit Lakes, t)rient
Steilacoom Lake, Lake View

Wi.sconsin:
Butternut Lake, Three Lakes ,

Sugar Camp Lake, Rhinelander
Lake Superior, off Madeline Ishind ,

Sand Island
Bark Bay
Rossport

Big Creek, Molleyville
Argentina:

Argentine Government

100, 000

200, 000
10, 000

200, 000

50, 000

Total 3, 060, 000

Golden trout.

Vaine:
Canaan Lake, Rockland
Nortens Lake, Rockland
Moostocmaguntic Lake, Oquossoc
China Lake, Waterville

Missouri:
Louisiana Purchase Exposition, St. Louis.

New Hampshire:
Lake Sunapee, Lake Sunapee

Total

Canadian red trout.
Missouri: •

Louisiana Purcliase Exposition, St. Louis.

Grai/ling.
California:

State Fish Commission, Sisson
Colorado:

South Platte River, Florissant
Los Pinos Creek, Osier
South Platte River, Altruria
Grizzley Creek, Glenwood Springs
Frying Pan River, Ivanhoe

Idaho:
Maize Lake, Hailey
Crystal Lake, Hailey

Michigan:
State Fish Commission, Harris

Missouri:
Louisiana Purchase Exposition, St. Louis.
State Fish Commission, St. Joseph

100, 000

100, 000

38, 000
46,000

15,000
20, 000
30, 000

20, 000
20, 000
31,000

35, 000
1,250,000
1 , 450, 000

850, 000
2.50, 000
635, 000

884, 000

20, 000

20, 000

19, 980
40, 280

10, 000
10, 000

350, 000
316, 200
265, 000
300, 000

2,000

18, 486, 460

5,000
5,000
5, 000
5,000

16,000

36,000

10,000
10, 000
10,000
10, 000
10, 000

50, 000
50, 000
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Details of distribution—Continued.

Species and disposition.

GratjUnij—Continued.
Monttina:

Fish Ponds, Anaconda
Flatliead River, Kalispell
Stillwater River, Kalispell
Beaver Creek, Havre
Bridger Creek, Gallatin County
Lymaji Creek, Gallatin County
Box Elder Creek, Havre
Dupuyer Creek, Conrad
Elk Creek and tributaries, Red Rock Lake.

Nrvv Hampshire:
Pond and streams, Potter Place
Tributaries of Sugar River, Newport
Beaver Brook, West Windham
Swift Diamond Creek, Colebrook

Oregon: <

South Fork Walla Walla River, Milton
North Fork Walla AValla River, Milton
Walla Walla River. Milton
Collins Creek, Albany

Wyoming:
State Fi.sh Commission, Sheridan

Total

< Lake lici rim/.

Ohio:
Lake Erie, off Middle Island

Kelleys Island
Put-in Bay

Total

Eggs.

50, 000

334,000

White-flsh.

Michigan:
Crystal Lake, Beulah
Long Lake, Battle Creek
Lake Superior, Marquette

Ontonagon
Whiteflsh Point

Lake Huron, Sturgeon Point
Thunder Bay
North Point
Scarecrow Lsland

Lake Michigan, Charlevoix Reef
off Fishermans Island
head of Beaver Island

St. Marys River, Sault Ste. Marie
' Detroit River, off Belle Isle

Minnesota:
Lal^ Superior, off mouth of Lester River

New York:
State Fish Commission, Caledonia
New York City Aquarium
Otsego Lake, Cooperstown
Lake Ontario, off Tiblietts Point Light

Charity Shoals
Grenadier Island
Newfound Shoals
Pigeon Island
Van Schuick Shoals
South Bar, West End

Ohio:
Lake Erie, Ballast Island Reef, Put in Bay

near Lutes Point, Put in Bay
Middle Island, off Kelleys Island
near Gull Lsland, off Kelleys Island.
off Kellvs Island
North Bass Reef, off Put-in Bay

Pennsylvania:
State Ksh Commission, Erie

Wisconsin:
State Fish Commission, Mineral Point

England:
Applicant, Malvern Wells

New Zealand:
New Zealand Government

Argentina:
Argentine Government

Total

Fry.

2, 000, 000
10, 000

46, 280, 000

10, 000, 000

25,000

1,000,000

1, 000, 000

60, 316, 000

150, 000
50, 000
50, 000
50, 000

100, 000
100, 000
100, 000
100, 000

1,753,650

10. 000
10, 000
10, 000
10,000

15,000
15, 000
15, 000
3,5.50

2, 692, 200

5, 000, 000
5, 000, 000

13, 300, 000

23, 300, 000

1,000,000
200, 000

4, 200, 000
4, 200, 000
9, 000, 000
5, 000, 000
6, 000, 000
15,000,000
5, 000, 000

23, 000, 000
3, 000, 000
3, 000, 000
1,000,000

27, SOO, 000

1,600,000

435, 000
4, 300. 000
2,000,000
2,000,000
2, 500, 000
2, 000, 000
1,000,000
1,000,000

10, coo, 000
10, 000, 000
10, 000, 000
5, 000, 000
8,250,000

10,000,000

176, 486, 000

Fingerlings,
yearlings,
and adults.

F. C. 1904-
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Details of distribution—Continued.

Species and disposition. Eggs. Fry.
Fingerlings,
yearlings,
and adults.

Pike perch.
Connecticut:

Brookside Lake, Winsted
Taunton Lake, Bethel

District of Columbia:
Potomac River, off Three Sisters

Indiana:
West Fork, White Eiver, Indianapolis
Pretty Lake, Plymouth
Pine Lake, La Porte
Lake Gage, Angola
Crooked Lake, Angola
Silver Lake, Angola
Stone Lake, Angola
Lake Maxinkuckee, Culver
Goose Lake, Columl)ia City
Pleasant Lake, Pleasant Lake

iowa:
Upper Iowa River, Chester
Cedar River, Waterloo

Kentucky:
Kinnikonnick River, Vanccburg
Appletree Reservoir, Stearns

Massachusetts:
State Fish Commission, Wilkinsonville

Michigan:
Lake Antoine, Iron Mountain
Pleasant Lake, Edwardsburg
Pine Lake, Allegan ,

Long Lake, Manistee .) unction
Hamlin Lake, Ludiugton
State Fish Commission, Detroit

Minnesota:
Eagle Lake, Willmar
Horse Shoe Lake, Carson
Swan Lake, Fergus Falls
L(Mig Lake. Fergus Falls
White Earth Lake, White Earth
Green Lake, Chisago City

Missouri:
Lotiisiana Purchase Exposition, St. Louis
State Fis"li Commission, St. Joseph

New Hampshire:
Swanzey Pond, West Swanzey
Emerson Pond, Westrindge

New Jersey:
Bear Pond, Netcong

New York:
St. Lawrence River, mouth ScotcSi Brook

North Dakota:
Cold Lake, Underwood
Painted Woods Lake, Washburn

Ohio:
Auglaize River, Wapakoneta
Tuscarawas River, Isleta
Muskingum River, Marietta
Lake Erie, North Bass Reef, ofl Put-in Bay

Stones Cove, off Put-in Bay
School House Reef, off Put-in Bay
School House Reef, off Put-in Bay
School House Reef, off Catawba Island

.

Niagara Reef, off Port Clinton
Gull Island Reef, off Kelleys Island

Pennsylvania:
State Fish Commission, Erie

South Dakota:
Lake Poinsett, Estilline

Vermont:
Resctie Pond, Ludlow I

Galusha Pond, Montpelier
Lake Bomoseen, Fairhaven
Derby Pond, Newport
Black River, Hardwick
Winooski River, Winooski
Missisquoi River and Bay, Swanton

Swanton
High Gate Springs

Lake Champlain, Missisquoi Bay
Goose Bay
Gander Bay

,

Swanton

6,000,000

47,495,000

12, 000, 000
10,000,000

35, 000, 000

300,000
500,000

833, 000

1, 000, 000
300, 000
300, 000
600, 000
500, 000
300, 000
;^,oo, 000

7, 700, 000
200, 000
300, 000

800, 000
1, OW), 000

1,000,000
876,000

300, 000
500, 000
300, 000
500, 000

1, 000, 000

300, 000
300, 000
200, 000
300, 000
G50, 000
300, 000

300, 000
300, 000

833, 000

100, 000

75, 000
226, 000

2, 500, 000
2, 500, 000
1,250,000

25, 000, 000
10, 000, 000
15, 000, 000
23, 400, 000
15, 000, 000
16, 000, 000
15, 000, 000

600, 000

300, 000
300, 000
500, 000
300, 000
500, 000

1, 260, 000
2, 000, 000
8, 000, 000
1,500,000
3, 000, 000
3, 500, 000
2, 000, 000
3,285,000
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Details of distribution—Continued.

Species and disposition.

Pike percA—Continued.

Vermont—Continued.
Lake Champlain, St. Albans Bay.

McQuan Bay...
Otter Creek, Vergennes

Virginia:
Meherrin River, Emporia

West Virginia:
Ohio River, Sistersvllle

Wisconsin;
Diamond Lake, Drummond
Kleuths Lake, Medford
Sackets Lake, Medford
Niger Lake, Medford
SchoQl House Lake, Medford

Eggs.

Total

Yellow perch.

Iowa:
Maquoketa River, Manchester

Maryland:
Potomac River, off Bryan Point

Swan Creek
Piscataway Creek
Pamunkey Creek

Virginia:
Potomac River, Little Hunting Creek

.

off Dove Creek
Pohick Creek
Occoquan Bay

Total

White perch.
Maryland:

Chesapeake Bay, Battery Shoals

—

Western channel
Eastern channel.

Swan Creek, Swan Creek
Mill Creek, Mill Creek

Total

109, 495, 000

Fry.

2, 000, 000
1, 250, 000

500, 000

830, 000

1,250,000

200, 000
200, 000
200, 000
200, 000
200, 000

181,706,000

25,000

878,000
1, 040, 000
2, 275, 000
3, 250, 000

2, 600, 000
3, 705, 000
2,080,000
7, 410, 000

23, 263, 000

Fingerlings,
yearlings,
and adults.

2,450,000
1, 500, 000
9, 100, 000

14, 400, 000
1, 900, 000

29,350,000

Species and disposition.
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Details of distribution—Continued-

Spedles and disposition.

Co(^A—Continued.

Ohio—Continned.
Auglaize River, Wapakoneta
St. Joseph River, Montpelier

Oklahoma:
Fish Pond, Okarchee

Mulhall
Black well
Stillwater

Three Ponds, Oklahoma City
Pennsylvania:

Fish Pond, Wa.shingtonville
Chambersburg

South Carolina:
Mill Pond, Greenville
Fish Pond, Williston

Trenton
Fountain Inn ,

South Dakota:
Fish Ponds, Ipswich
Lake Kampeska, Watertown.. . .

.

Tennessee:
Fish Ponds, Gibson

Medina
Collinsville
Fayetteville
Brentwood

Limestone Spring, Mountain City
Armstrong Pond, Columbia
Spring Branch, Fishery

Texas:
Six Mile Tank, Decatur
Fish Ponds, Santa Anna
Fair Grounds Pond, San Antonio
Railroad Lake, Irene

Belle Branch ...

Virginia:
Anderson's Pond, Martinsville..

Total

Large-mouth black 6as.s.

Alabama:
Fish Pond, Florence

Allentou
Dickinson
Brantley
Guin
Kingston
Mobile
Cottonton
Seale
Sawyersville
Haleysville

Fish Lake, Lincoln
Russellville
Birmingham

Mcintosh Pond, Enterprise
Little Sniff Lake, Selma
Rocky Hill Lake, Courtland...
Pitts Pond, Pittsboro
Whetstone Lake, Montgomery.
Spring Pond, Brantley
Hurricane Branch, Atmore
Beasley Pond, Clayton
Coone Pond, Lowndesboro
Turners Pond, Selma
Lake Como, Birmingham
East Lake, Birmingham
Cypress Creek. Florence
Sand Cut Pond, Eufaula
Ossipeippa Creek, Cusseta
Phillips Pond, Cuba
Spring Branch Pond, Atmore.

.

Craddock Pond, Dadeville
Edmonds Mill Pond, Ozark
Bridges Fish Pond, Jasper
Woods Pond, Berlin
Pearces Mill Pond, Seale
Eight Mile Creek, Cullman
Small Creek, Cullman

Finger-
lings, year-
lings, and
adults.

100
200

200
50
20
100
150

275
50

200
1,000
1,000

300

400
400

150
50
50

200
25
200
25
13

100
75
100
160
162

200

Species and disposition.

17,857

2.000
400
.500

.-00

600
300
500
500

1,600
500
500

1,000
600

1,000
700
800
800
500

2,000
500

1,000
500
500
500

1,000
800

2, 000
500

1,000
500
500
500
500

1,000
1,000
800

1,000
1,000

Black bass—Continued.

Alabama—Continued.
Mill Brook, Madison ,

Wiggins Spring Brook, Madison ,

Clear Creek, Jasper
Bay Branch Pond, Andalusia
Stone Cieek, Blount Springs
Rosemont Pond, Demopolis
Sucarnooehee Creek, Livingston
Crooked Creek, S.vlacauga ,

Arizona:
Silver Creek, Holbrook
Morgan Lake, Phoenix
La Laguna Pond, Benson
Sisson Pond, Safford
Jones Reservoir, Safford
Fish Pond, Benson

Benson
Pecks Lake, Jerome
Verde River, Jerome
San Francisco River, Clifton . .

.

Arkansas:
St. Francis River, Pickett
Willow Pond, Malvern
McIIenry Pond, Malvern
West Fork White River, Brent-
wood

West Fork White River, Fayette-
ville

Illinois River, Fayetteville
Mill Pond, Benton

Connecticut:
Slater Pond , Chester

Delaware:
Mill Lake, Milford
Ingrams Mill Pond, Milton
Chesapeake and Delaware Canal
Delaware City

Denton Fish Pond, Broadkill...
Fish ponds, Wilmington

Florida:
Blue Lake, De Land
Sand Lake, Orlando
Cypress Lake, Cypress
Dalis Pond, Leroy
Fish Pond. Leroy

Green Cove Spring.

.

Georgia:
Sun Set Lake, Lakepark
Fish Pond, Hephzibah

Thomaston
Milledgeville
Jesup
Woolsey
Summerville
Comer
Paschal
Nickville
Tate
Lavonia
McDonough
Duluth
Sycamore
Cedartown
Renfroe
Fashion
Thomaston
Eastman
Renfroe
Clarkesville

Hall Pond, Thomasville
Deep Creek, Clarkesville
Sanders Fish Pond, Whiteplains
Long Fish Pond, Whiteplains .

.

Reservoir, Milledgeville
Nelson Mill Pond, Macon
Martins Pond, Milner
Flint River, Jonesboro
Spring Creek, Willacoochee
Little River, Buchanan
McCalls Mill Pond, Macon

Finger-
lings, year-
lings, and
adults.
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Details of distribution—Continued.

Species and disposition.



70 REPORT OF THE COMMISSIONER OF FISHERIES.

Details of distribution—Continued.

Species and disposition.
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Details of distribution—Continued.

Species and disposition.
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Details of distribution—Continued.

Species and disposition.
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Details of distribution—Continued.

Species and disposition.
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Details of distribution—Continued.

Species and dispositfon.
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Details of distribution—Continued.

Species and disposition.
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Details of distribution—Continued.

Species and disposition.
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Details of distribution—Continued.

Species and disposition.
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Details of distribution—Continued

.

Species and disposition.
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Details of distribution—Continued.

79

Species and disposition.
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Details of distribution—Continued.

Species and disposition.

Bream—Continued

.

Kentucky:
Fish Pond, Crittenden

Shelby ville

Frankford
Bowers Pond, Lancaster
Little River, Hopkinsville
Lake Ellerslie, Lexington
Bagley Pond, Crittenden
Dowling Pond, Lawrenceburg...

Mississippi:
Haynes Mill Pond, Brooksville .

.

Mooreville Pond, Corinth
Bynums Pond, Corinth
Holley Pond, Corinth
Morris Lake, Corinth
Morrison Mill Pond, Corinth
Morohams Lake, Corinth
Pish Pond, Corinth

North Carolina:
Hintons Pond, Raleigh
Wyatts Mill Pond , Raleigh
Nolichucky River, Pigeon Roost.

South Carolina:
Spring Branch, Greers
Fish Pond, Gaffney

Spartanburg
Honeapath

Enoree River, Enoree
Goose Creek, Otranto
Spring Branch, Kershaw
Parkers Pond, Gaffney

Tennessee:
Rich Pond, Tellico
Loosahatchie Creek, Somerville

,

Two Lakes, Cleveland
Indian Creek, Fishery

Texas:
Fish Pond, Decatur

Paris
El Paso

Clearwater Lake, Vernon
Railroad Tank, Coleman Junc-
tion

Brownwood Lake, Brownwood.
Fair Ground Pond, San Antonio
Fish Lake, Palestine
Railroad Lake, Irene

Belle Branch...
Applicants

Finger-
lings, year-
lings, and
adults.

Total

.

45
80
65
65

150
65
45
300

50
150
100
75
75
75

150
75

•iOO

800
10,000

100
100
100
100
100
100
200
100

500
150
500
e.'is

35
225
360
75

25
125
212
240
65
60
40

89, 920

Cod.
Massachusetts:

Atlantic Ocean, off Gloucester. .

.

Vineyard Sound, off

—

Tarpaulin Cove
Jobs Neck
Lackeys Bay
Woods Hole

Great Harbor, Woods Hole
Eel Pond, Woods Hole
Buzzards Bay, off Weepecket
Islands

Total

Flafjiy/i.

Massachusetts:
Great Harbor, Woods Hole
Vineyard Sound, Falmouth
Eel Pond, Woods Hole ,

Little Harbor, Woods Hole
Atlantic Ocean, Gloucester
Waquoit Bay, Waquoit
Blizzards Bay, off Weepecket
Islands

Total

Fry.
35, 376, 000

24, 076, 000
4, 363, 000

1, 002, 000
587, 000

12, 353, 000
322,000

1,376,000

79,455,000

Fry.
53, 476, 000
35, 723, 000

926, 000
2, 097, 000

124, 615, 000
3,349,000

8,086,000

Species and disposition.

228, 272, 000

Pollock.

Massachusetts:
Atlantic Ocean, Gloucester ...

Muckerd.
Massachusetts:

Great Harbor, Woods Hole . .

.

Vineyard Sound, Falmouth...

Total

I.ohst, i:

Maine:
Casco Kay, n^av

—

Diamond Island
Mackerel iHJand
Southside Back Bay
Clapboard Island
Cottage Cove
Hnsseys Sound
Cow Island
Broad Cove
House Island
Fore River

Gulf of Maine—
Mon began Harbor
Near Mctinic Island
Muscle Ridge Channel
Near Stonington
Isle au Hant
Swan Island
Rockland Harbor
Wood Island Harbor
East side of Portland Head ..

Whitehead Cove
Between Boon Island and
Cape Porpoise

Isle of Shoals
Between Monhegan and
Georges Isle

Between Port Clyde and
Whitehead

West side of Long Island
Near Ship ('ove
Off Boon Island
Cape Porpoise Harbor
Off moutli of Kennebec
River

Atlantic Ocean, off—
Whaleback Light
York Ledge
Silas Point
Stones Ledge

Coast of Maine

—

Frenchmans Bay
Quoddy Bay
Lubec Narrows
Moi isabec Reach
Oft' Prospect Harbor
Near Ponds Island
Near Averys Rock Light

Massachusetts:
Atlantic Ocean

—

Gloucester
Manchester
Rockport
Marblehead
Beverly
Lanesville

Vineyard Sound, Falmouth
Great Harljor, Woods Hole
Buzzards Bay

—

Falmouth
Gosnold

Hadlev Harbor, Gosnold
Ipswich Bay, Newburyport

New Hampshire:
Atlantic Ocean, near Ordians
Point

Total.

Fry.

1, 246, 000

135, 000
189, 000

324,000

2,700,000
1 , 500, 000
1,600,000
1,500,000
1,500,000
1,750,000
1,600,000
1,500,000
1, 500, 000
1,500,000

1,500,000
1,000,000
1,500,000

500, 000
600, 000

1,000,000
1,000,000
1,750,000
1,750,000
1,500,000

(i, 000, 000
350, 000

3,1.50,000

3, 500, 000
1,500,000
1,500,000

500, 000
2, 000, 000

500, 000

4,500,000
1,500,000
1,500,000
1,500,000

1,000,000
500, 000
500,000

1,000,000
1,000,000
1,000,000
1,000,000

22, 350, 000
3, 450, 000

3, 650, 000
1, 400, 000
1, 100, 000

800, 000
2,088,000
1,979,000

5,033,000
367,000
215, 000
500, 000

1,600,000

106,882,000



REPORT ON INQUIRY RESPECTING FOOD-FISHES AND THE
FISHING GROUNDS.

By Barton W. Evermann, Assistant in Charcir,

OUTLINE OP THE WORK.

A large part of the work of this division during the fiscal year 1904

consisted in the continuation of investigations already begun with ref-

erence to the biology and culture of various animals of economic

importance, including principally the oyster, the commercial sponges,

the blue crab, and the diamond-back terrapin; studies of the fresh-

water fishes of Maine and of the biology of the small lakes of northern

Indiana were also continued. Several new inquiries were instituted,

those of especial importance being an investigation of the Alaska

salmon fisheries, a biological survey of the coast of California in the

vicinity of San Diego and in Monterey Bay, and experiments in the

culture of the green turtle. Various fresh-water lakes in western

Washington and. the waters of the Gila River basin in Arizona were

examined with reference to their physical characteristics and the possi-

bilities of fish culture. The investigations dealing with the diseases

of fishes were pursued with reference to a number of special phases,

as Well as those already studied.

THE OYSTER.

Exjperhnents in oyster fattening at Lynnhaven^ Ya.—For a number
of years, as may be seen bj'^ reference to preceding reports, the Bureau

has been engaged in an endeavor to develop a practical method of

fattening oysters. It is the custom of many growers to transplant

their oysters, shortly before putting them on the market, to beds

where the natural supply of food is luxuriant and oj^sters rapidly

fatten. In many localities such favorable places are few or entirely

lacking, and the oysterman is compelled to put inferior stock upon the

market and thus forfeit the full measure of profit.

The experiments which have been carried on by the Bureau under

the direction of Dr. H. F. Moore and in the immediate charge of

Col. W. W. Blackford, of Lynnhaven, Va., are intended to develop
81
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a method of artificially producing these fattening beds in localities

where they do not naturally exist.

A bight of Lynnhaven Bay, embracing a water area of 2.6 acres

and an average depth of about 2 feet, has been cut off from the open

waters of the bay by a dam, excluding all but the highest storm tides.

The food of the oyster consists mainl}^ of microscopic plants, of much
beauty of form and color and remarkable motility, known as diatoms.

These, like the higher plants, are dependent for their growth or mul-

tiplication upon the supply of inorganic salts in the water. Ordinarily

this is obtained by the natural drainage from the land, and consequently

oyster food is generally more abundant in the neighborhood of the

mouths of streams having rich and extensive drainage basins. Warmth
during at least a part of the year is also an important factor in the

multiplication of diatoms, and consequently shallow waters, rather

than deep ones, are usually better for fattening beds, other conditions

being equal. Under the S3^stem in vogue in France shallow ponds

apparently of themselves satisfy the conditions, but this was not the

case at Lynnhaven. There was evidently a dearth of useful saline

constituents in the water, and to supply this commercial fertilizers

were introduced. The result was prompt, and there was an almost

immediate increase of diatomaceous growth in the pond.

This abundance of food having been secured, oysters were placed

in various parts of the pond, but the results were mainly negative, and

a study of the conditions indicated that this, in a measure at least, was
due to the absence of currents to waft the food within reach of the

sessile 03^sters. In the following year a remedy was found. At one

side of the pond, or claire, a canal 150 feet long and about 8 feet wide

was constructed of sheet piling. A circulation of water through this

canal, and returning via the open waters of the pond, was secured by
the use of a propeller operated by means of a gas engine, thus simu-

lating the conditions supplied on the natural beds by tidal movements.

The result of this arrangement was very satisfactory, and oysters

placed in the canal were fattened, in some cases within a period of

eight days, much improving their value on the market.

New difficulties were encountered, however, and to the present time

these have not been removed. There developed at times in the fat-

tened oysters a decidedly marsh}^ taste, which was eventually traced

to an abundant growth of filamentous algse in certain portions of the

claire. The same saline richness of the water which proved so favor-

able for the diatoms was equally favorable to the growth of other

vegetable matter. It was found that a limited application of lime

water retarded or destroyed the algal growth, but it was necessary to

exercise constant watchfulness and frequently the affection would

develop suddenly and stop the shipment of oysters at a time when
they were bringing the best prices. During the present jea.r it was
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found, too, that there was some danger in the application of lime, a

variation in the methods previously used having resulted in the

destruction of a large proportion of the diatoms. At the close of the

fiscal year, experiments were being conducted with extremely attenu-

.ated solutions of copper sulphate, after the method of water purifica-

tion developed and recommended by the Department of Agriculture.

A second difficulty was the gradual freshening of the water in the

claire during periods of excessive rainfall. To overcome this, a pro-

peller pump was installed to maintain constant fullness of the pond by
pumping water from the bay to replace that lost by evaporation, the

pump being driven by the same engine which operated the propeller

for maintaining currents. The results were entirely satisfactory.

In general it maj^ be stated that the feasibility of fattening oysters

by this method has been amply demonstrated, but owing to the many
unforseen difficulties and delays encountered, it has not been possible

to operate the claire at its full capacity, and the commercial possibili-

ties of the system have not yet been developed.

Experiments on the North Carolina coast.—The experiments and

investigations in oyster planting and oyster culture begun on the North
Carolina coast in 1902, in collaboration with the geological and nat-

ural history survey of North Carolina, have been continued by the

Bureau through the Beaufort laborator3^ The work has been con-

ducted in Pamlico Sound and Newport and North rivers, but in the

past fiscal year was confined to Pamlico Sound.

The object of these experiments is primarily to ascertain to what
extent and with what profit the great areas in this region now barren

of oysters may be made productive, whether the absence of oysters in

a special region is due to other causes than the lack of cultch, and what
method of planting- is best suited to the particular combination of con-

dirions (bottom, depth, abundance of spat, salinity, food, etc.) prevail-

ing in a particular locality.

Private planting seems to be on the increase; while yet verj' limited,

it is apparently more common and more profitable than it was a few
years ago. In at least one region (Portsmouth) such planting has

already proved to be cramped by the scarcity of "seed." Large areas

convenient to such places, but not adapted to yield a market product,

might be utilized b}'^ private persons or by the state for growing seed

oysters. It is also to be determined whether the present natural beds

may be artificiall}' enlarged.

Thirty plants were made during 1904, there being now a total of 35

plants in 13 localities. Some of these plants have been made not with

the immediate object of creating small oyster rocks, but to answer cer-

tain definite questions; for instance, before making extensive plants

in doubtful places it is advisable to ascertain whether spat will catch

in such an area, and to what extent sanding up or sinking in the mud
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may be expected to occur. A .small ridge or mound ma}^ in some cases

be a satisfactory preliminary plant. If there is an area in Pamlico

Sound where a set will not occur it will be encouraging' to know this.

On the other hand, if an area should be found where spat will not set,

a rare opportunity will thus be discovered for interesting experiments

to throw light on important open questions concerning the distance of

setting place from birthplace of an oyster, and the value of placing a

few spawning oysters in a bed.

EXPERIMENTS IN SPONGE CULTURE.

The experiments in sponge culture which this Bureau has been con-

ducting for several years, and references to which have been made in

previous reports, have been continued during the present year under

the direction of Dr. H. F. Moore. The general methods followed

have not diverged materially from those employed during the past two
years. The sponges are cut into pieces about 1 inch square and 2

inches long, with a slit about 1 inch deep in a plane parallel to one of

the long sides of the cutting. The slit is placed astride of the wire or

line used for a support, and the two faces are bound closely together,

with the result that the}'^ eventually fuse into an organic whole sur-

rounding and closely embracing the line.

The experiments of the present year have been directed mainly to

testing various materials for the supporting wires, which are festooned

between stakes planted in the bottom about 25 to 30 feet apart, with

the cuttings distributed along them at intervals of about 1 foot. The
experience of the preceding fiscal year demonstrated that though the

organic adhesion of the young sponge to its support was not essential,

it was of very material advantage. When organic attachment does

not take place, there is always the liability that the sponges will become
loose, owing to the corrosion or loosening of the short lengths of wires

by which they are secured to the main supporting wires. When this

takes place, it necessitates refastening, otherwise the sponge rotates

under the action of the waves, becomes abraded at its point of attach-

ment, and if inverted undergoes the necessity of an entire readjust-

ment of its circulatory canal system. An inverted sponge tends to

reverse the direction of the internal water currents by which it feeds,

breathes, and excretes, the original oscula, or openings for the escape

of the water, closing up and new ones being formed on the new upper

surface. While this is going on, the sponge is appai'ently at a dis-

advantage in the performance of its functions, and there is a retarda-

tion of growth.

Any arrangement, then, which will obviate the expense of refas-

tening and insure the maintenance of the cutting\s original orientation

with respect to its support and to the horizontal, is a distinct advantage.

Previous experience had shown that lead possessed this property, but
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that lead wire is too weak to support even its own weight in the lengths^

necessitated by the conditions of the experiment, and in the preceding

fiscal year the expedient was tried of using ordinary tarred marline

with a thin casing of lead. The marline supplies the required tensile

strength, and the lead, besides serving as a protecting covering for the

cordage, furnishes the desired surface for the attachment of the

sponges. The cuttings within a week attach themselves to the lead

and soon form an adhesion sufficiently close to prevent oscillation in

the waves and yet not so close as to offer an impediment to their

removal from the wire when it is desired to harvest them. Lead-

covered marline had been in use for twenty months at the close of the

fiscal year, and yet showed no indications of impairment in strength.

It must last twice that long, however, to demonstrate its usefulness.

When leaded marline was first employed the lines were rigidly

attached to the stakes, but the continual swaj^ ing in the waves caused

repeated flexure near the point of attachment, and resulted in fractur-

ing the inductile lead and abrading the marline core to the breaking

point. A flexible attachment is now employed, and there is no longer

this difficulty.

Asbestos cord, treated with a mixture of paraffin and asphaltum and

incased in lead, and lead-covered underwriters' wire have also been

tried, with results in general similar to those above described.

With the use of lead it became necessar3'^ to abandon aluminum wire

for attaching the sponges and closing the slit, as electrolytic action

destroyed it before it could serve its purpose. Rubber bands are now
emploA^ed instead, care being exercised to have them of such length,

compared to the size of the cutting, that no undue pressure is exerted

on the tissues of the sponge.

The growth of the sponges during the year has been satisfactory,

sorfie of them having attained a size of over 5 inches at the age of

thirty months. Others, eighteen months old, are 4 to 4^ inches in

diameter. At Anclote Key there has been a somewhat alarming

mortality among the larger ones, and this may indicate the beginning

of serious difficulties, as there is a possibility that these sponges may
be approaching their limit of growth, if such exists. At Sugar Loaf

Key and in Biscayne Bay, where the growth has been slower, this

difficulty has not developed. During the next fiscal year, this matter

will receive special attention, as the experiments are now approaching

a critical stage. No apprehension is felt that insuperable difficulties

will be encountered.
THE BLUE CRAB.

The investigations and study of the life history of the blue crab in

Chesapeake Bay begun by Prof. W. P. Hay in 1902 have been contin-

ued by him during the past fiscal year when opportunity offered.

Many important observations were made at Crisfield, Md., and at
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other places. The results of these investigations have been set forth

by Professor Hay in a special report to be issued by this Bureau.

THE DIAMOND-BACK TEERAPIN.

During the summer of 1903 Professor Hay also continued his studies

of the terrapin of Chesapeake Bay, these investigations having been

undertaken for the purpose of determining what, if anything, might

be done to preserve this important fishery. Recent observations of

the terrapin market indicated a serious decrease in the size and num-
ber of these animals sold and an increasing diificult}^ on the part of

the dealers in securing terrapin of commercial size. The native Ches-

apeake Bay terrapin had become alarmingl}'' scarce and the firms

engaged in the business were securing much of their stock from the

Carolinas and southward.

The experiments carried on by Professor Hay were directed chiefly

toward a study of the life history of the terrapin and the discovery of

proper methods of caring for them while confined in pounds or other

artificial inclosures. Little difficulty is experienced in retaining them

in inclosures or in feeding them, but conditions under which they will

breed freely while in such inclosures have not yet been found, and

difficulty has been experienced in providing proper conditions for the

development of the few eggs that are produced. Another difficulty

has been to retain the young hatched in the pounds; while yet very

small they frequently disappear and can not be found. The obstacles

to success, however, do not seem insurmountable, and it is believed

that a satisfactory method of terrapin culture will soon be developed.

In early September the operations were transferred to Crisfield,

where, at the pound belonging to Messrs. Tawes & Riggin, there

was an opportunity to study a number of species of diamond-back ter-

rapin and their behavior in captivity. It was ascertained that four

well-marked species and one subspecies of the genus Malademmys are

now being sold for food, and that all of these can be profitably im-

pounded in Chesapeake waters. As the entire lot of terrapin marked
during the summer of 1902 was found to have lost the tags, another

effort was made toward ascertaining the rate of growth by tagging

over 100 individuals and releasing them in this pound. Early in the

spring of 1904 the Bureau decided to establish a small experimental

pound of its own, and for this purpose selected a spot on the Choptank
River near Lloyds, Md. Six pens, about 20 by 40 feet, were built

and stocked with the best Chesapeake terrapin. An abundance of

flowing water and food is assured, and there are sand beds and sunning

banks extensive enough for every purpose. It is hoped that by the

end of another season definite information will have been obtained

regarding the possibility of artificially propagating these vanishing

animals.
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THE GREEN TURTLE.

A comparatively few years ago green turtles were abundant on the

coast of Florida, and their capture gave employment for a part of the

year to a considerable number of fishermen. They were shipped to

the northern markets in considerable numbers, and their flesh and
eggs were common articles of diet on both the east and west coasts of

the State. So persistently were they sought, however, and so reck-

lessly were their nests on the beaches robbed of the eggs, that the

species is now seen but rarely, and the fishery has ceased to exist.

The green turtles now put on the markets come mainly from the coast

of Mexico and Central America, and the price has risen until turtle

meat is regarded as more or less of a luxury, even in places where it

was formerly abundant. The demand for small turtles has always

been greater than the supply, and they command a proportionatelj'

higher price than the larger sizes. The market for them could be

greatly enlarged if it were possible to procure them, and it is the

opinion of the Bureau that this demand may be met by employing

some method of turtle culture. Toward the end of the fiscal year

experiments were begun,- under the direction of Dr. H. F. Moore,

with a view to developing a practical method of raising turtles from
the egg. A considerable number of eggs have been obtained, and are

now undergoing incubation. When hatched the young will be placed

in a suitable inclosure and experiments will be made to determine the

most suitable food and the best manner of rearing them. Later an

attempt will be made to breed the turtles in captivit}^

ALASKA SALMON INVESTIGATIONS.

At the close of the preceding fiscal year, as stated in the last annual

report of the Bureau, a special commission had been appointed by
order of the President to study and report upon the condition and

needs of the Alaska salmon fisheries, and, under the direction of Dr.

David S. Jordan, of Stanford University, had reached southeast

Alaska and was just entering upon its duties in July, 1903. Shore

parties were established at Loring, in southeast Alaska, at Karluk, on

Kadiak Island, and at Nushagak, in the Bristol Bay region, these

being considered three of the most important fishing centers and

afi'ording opportunity for investigation, throughout the season, of the

local conditions and the fisheries there carried on. The habits of the

various species of salmon and the problems of their culture in those

regions were also studied. Practically all of the salmon canneries,

salteries, and fisheries in southeast Alaska, also those at Yakutat Bay,

Kadiak Island, Chignik Bay, and Bristol Bay were visited by the

commission, and their methods investigated. Interviews and confer-

ences, also, were held with the officials of many of the canning com-

panies, and with various persons interested in the different phases of



88 REPORT OF THE COMMISSIONER OF FISHERIES.

the salmon industry, to the end that a clearer understanding of the

problems involved might be obtained.

Incidental to the salmon investigations numerous dredgings were

made by the steamer Alhafross at various depths in the straits and

fiords of southeast Alaska and about Kadiak Island, Afognak Island,

and Yakutat. These investigations had in view the development of

the aquatic fauna of Alaska, and resulted in large and interesting col-

lections, not only of fishes, but of moUusks, crustaceans, and other

invertebrates. These collections have been assigned to specialists for

study and report.

The salmons of the Pacific.—The salmons of the Pacific differ nota-

bly, as a whole, from the single species called salmon (Salmo solar) on

the coasts of the North Atlantic. Anatomically they differ in several

details of structure; in habits the distinctions are still more marked.

Normally, the Atlantic salmon survives the reproductive act and

returns to the rivers at the spawning time for several years. The
Pacific salmons, on the other hand, have more definite runs. The
greater part of their lives is spent in the sea, and they run into fresh

water only at spawning time. During this period they take no food

of any kind, the oil of the body is consumed, the flesh becomes dry

and pale, the jaws of the males become much elongated and distorted,

the front teeth are enlarged, the color is changed, and the whole body

becomes greatly distorted. Death follows within a few days after

spawning. There is no evidence that any individual of any species of

Pacific salmon ever survives the reproductive act.

All the Pacific salmons spawn on a falling temperature, when the

water is already cool and becoming colder. Freezing kills the eggs,

but any temperature between 54° F. and freezing is favorable to their

development; above the former point the eggs develop precociously

and the young fish are apt to die. In the more northern rivers a

temperature of 54° is reached earlier, and for this reason the run

of salmon occurs earlier in those regions than in the southern waters

of Alaska. All the species spawn by preference in running water,

though occasionally some individuals spawn in lakes. The spawning

beds are usually on gravel bars, and in the spawning act the gravel is

pushed about, not for the purpose of covering the eggs, but rather as

a part of the spawning act itself; pressure against the gravel aids in

the extrusion of the eggs. The male covers the eggs with milt, and

in so doing also moves the gravel about to some extent. This fact is

a matter of importance where different species, or different schools of

the same species, spawn upon the same beds, the later comers disturb-

ing more or less seriously the eggs of those which have preceded them.

There are five species of salmon in Alaska and neighboring waters,

and they are identical with the species found on the coasts of British

Columbia, Washington, Oregon, and California. These five species
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are well delined, and differ widely in habit and in commercial value, a

matter of vital importance to an under.standing-of the salmon question.

(1) The chinook salmon, Oncorhynchns tschawytscha (Walbaum), is

called king salmon or spring" salmon in Alaska; spring or chinook sal-

mon on Fraser River and Puget Sound; chinook, quinnat. or Colum-
bia River salmon on the Columbia; and Sacramento River salmon in

California. It is called tyee salmon where the Chinook jargon is

spoken, and tchavitche among the Russians. It reaches a larg'er size

than any other species, the average weight of those caught in the com
mercial fisheries being about 22 pounds, while examples weighing 40

to 60 pounds are not rare, and occasionally individuals have been taken

which had reached the enormous weight of 80 to 100 pounds.

In quality of flesh the chinook salmon is superior to any other.

Its flesh is red, rich, tender, and delicioush^ flavored, becoming paler

in color, however, and less rich in flavor as the spawning season

approaches. This salmon may readily be distinguished b}^ its large

size, the presence of round, black spots on back and tail, 15 to 19

branchiostegals, and 1 8 or 19 rays in the anal fin. As the breeding

season approaches, the colors become duller and the sides blotched

with dull red.

The chinook salmon runs in the large' rivers, especially those having

glacial or snow-fed tributaries. Its chief run is in May and June in

the north, in June, July, and later in the Columbia, and still later in

the ScTcramento. In the Columbia and Sacramento there is a more or

less distinct run in September. In northern Alaska the principal run
is in May; in Bristol Bay, about the middle of June. This salmon

goes to the very headwaters of the streams it inhabits, in the Colum-
bia reaching the Sawtooth Mountains in central Idaho, and the head-

Waters of other streams furnishing suitable spawning grounds. In

the Yukon some individuals are said each year to ascend to Caribou
Crossing on Lake Bennett, a distance of 2,250 miles from the sea.

In Alaska, the fish runs in appreciable numbers in the Stikine, Taku,
Chilkat, Alsek, Kussilof, Copper, Knik, Nushagak, Yukon, and
Kowak rivers. It is not abundant in southeast Alaska, though small

schools are sometimes seen in pursuit of schools of herring, and occa-

sional individuals may be taken anj^ month in the year at certain

places, particularly in Chatham Strait. It is not believed that the

species goes far out to sea, or for any great distance from the mouth
of the stream in v\'hich it was spawned.

(2) The red salmon, or red -fish of Alaska, Oncorhynchns nerka {Y^s\-

baum), is known in the Columbia River as blueback salmon, and on
the Fraser River and in Puget Sound as the sockeye, a Chinook word
originally spelled sukkegh. By the Russians it is called krasnaya ryha^

which means redfish.
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This species is the neatest in form and most symmetrical of the sal-

mons. Its usual weight at maturity is about 7 pounds, the range

being from 3 to 10 or 11 pounds. The largest example seen in Alaska

during these investigations was taken in Chignik Bay, and weighed 10

pounds 8..5 ounces. The flesh of this salmon is deep red and of good

quality, though much less juicy than that of the Chinook; it is firmer

than that of any other salmon, and lends itself readily to canning proc-

esses. In the sea the fish is clear sky blue on the upper part of its

body, silvery below, and without spots. After entering the rivers to

spawn, the color changes to crimson, at first very bright, but soon

becoming darker blood red and more or less blotched. The head, in

marked contrast with the body, becomes a bright olive-green in color.

In the males the back becomes somewhat humped and the jaws become

extravagantly produced and hooked.

In Alaska this species runs chiefly in July. It is said to run long

distances up the Yukon and to the headwaters of the Columbia in the

Sawtooth Mountains. It almost invariabl}^ spawns in small streams

tributary to lakes, occasionally in the lakes themselves about the

mouths of the tributary streams. It rarely, if ever, runs in any stream

which has not somewhere in its course a lake with available spawning

grounds in the stream or streatns at its head. These streams are often

very small, perhaps only a few feet across and a few inches deep, but

the salmon may enter them in great numbers. The determining fac-

tor is always the presence of a lake with suitable spawning beds above

it, whether the lake be only a few rods from the sea, as at Boca de

Quadra, or many hundreds of miles, as in the case of the Columbia.

With the red salmon and the chinook of the usual size there are

often found much smaller individuals. Among the red salmon these

seem most abundant at Chignik Bay, where they are called "Arctic

salmon." The small red salmon of Necker Bay, Baranof Island, are

probably of the same nature.

(3) The silver salmon, OncorhyncMis Msutch (Walbaum), is called

silversides or silver salmon in the Columbia, coho on Puget Sound
and the Fraser River, and coho or silver salmon in Alaska. To the

Russians it is known as the Msutch or hielaya ryhci^ which means white

fish. The flesh of this species is less firm than that of the red salmon,

and is rather pale, not possessing the deep-red hue of the latter; also,

the scales fall ofl" more readily when the fish is handled. In flavor

the flesh is distinctly better, and only the pale color keeps it from
ranking with the best of salmon. The silver salmon ascends the

streams for short distances only, and when in salt water it seems to

remain close inshore. The young can be taken with a seine along

the shores in Alaska at almost any time, and seem to remain in the

rivers longer than the young of the other species. The run occurs in
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the fall, and does not usually begin before the middle of August, con-

tinuing until late in September. In southeast Alaska the species is

quite abundant and is increasing in importance each year. Usually

the canneries pay the fishermen the same price for this that they pay
for the red salmon. It is canned as " Coho,'" or "medium-red " salmon.

(i) The humpback salmon, Oncorhynchus gorhuscha (Walbaum), is

known to the Russians as gorhuscha^ and to the trade as pink salmon.

It is the smallest of the five species of Pacific salmons, seldom weighing

more than 6 pounds, and usually not exceeding 3. It may be readily

distinguished by its very small scales, and the presence of oblong black

spots on the tail. The flesh is very much less firm than that of the pre-

ceding species, is pale in color, and the characteristic salmon flavor is less

pronounced. When fresh and directly from the sea it is very palat-

able and wholesome, and is generally regarded, next to the chinook,

as the best of all the salmon when fresh. As a salted fish it also ranks

well, and salted humpback bellies are esteemed a great delicacy. It

does not keep well in a fresh state, however, the flesh becoming soft

very soon after taken out of water, and becoming tainted in forty-eight

hours or less, even in the cool climate of Alaska. By the time the

fish has reached the rivers on its way to the spawning grounds, its

flesh has lost the little oil that it had, and is almost worthless as food.

Ouh" when caught some time before it would have entered the streams

is it fit for canning purposes.

The humpback salmon carries the changes due to the spawning
period to an extravagant degree, the distortion of the jaws and the

development of the hump on the back being excessive and giving the

fish a remarkable appearance. It is the most abundant salmon among
the Alaskan islands, existing in millions, and swarming everywhere
along the shores and in waters near the sea, in streams, brooks, lakes,

swajiips, and brackish estuaries—in fact, in all places where a little

fresh water can be found. It does not ordinarily go far from shore,

and does not run up the stream for great distances. It does not fre-

quent the larger rivers, and is therefore almost unknown in the Sacra-

mento and Columbia, and even in the Fraser; but most of the smaller

rivers in Alaska are croAvded with humpbacks. On account of its

great abundance and the ease with which the fish is taken in nets of

any sort, it is exceedingly cheap in Alaska, the price paid the fisher-

men by the canneries being only $7.50 to $10 per thousand fish.

Not until a few years ago was there much demand for the hump-
back for canning purposes, but as the canning establishments are

finding it more and more difiicult to fill their guarantee pack with red

salmon, the demand for the humpback has increased correspondingly.

The species is so abundant that there has never been the least difficult}'"

in supplying the demand.
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(6) The dog salmon, Oncorhynehus heta (Walbauni). in known also as

calico salmon, and, by the Russians, as haylio; in Japan, where it is

especially abundant, it is called sal'c,; to the trade it is known as chum.

Next to the chinook, the dog salmon is the largest of the five species,

reaching a weight of 16 pounds. The average of many examples

weighed at Kell Bay was 8.28 pounds. It is a plump, silvery fish

when fresh from the sea, and at that time closely resembles the silver

salmon. Later the dark of the back tends to form vertical bars on the

sides, and in the breeding season the body becomes largely dirty black,

obscurely barred with dirty red, and the jaws become greatly elon-

gated and distorted. The species enters all sorts of rivers and small

streams late in the fall, but does not ascend them to any great distance

from the sea. It is very abundant in southeast Alaska, and can be

taken in almost 2my stream from the Columbia to the rivers of northern

Japan.

The flesh of the dog salmon is very pale, with little of the salmon

flavor and none of its color. When fresh in the spring and early

summer, it is well flavored and wholesome, but when canned it is dirty

white, soft and mushy, and with a strong muddy taste. As the spawn-

ing time approaches the flesh becomes still more pale and mushy. It

is then wholly unfit for canning and there is little market for it.

This salmon takes salt well. In Japan, where it is the largest and

most abundant salmon, great quantities are salted, and it is in Japan

that a market is found for the considerable (juantities malted in Alaska.

When taken in the spring, frozen fresh, and sent in cold storage to the

East and to Germany, it sells readily.

The relative food values of the five diflerent species of Pacific salmon

when canned may be roughly expressed by the five digits, thus: chi-

nook, 5; red salmon, 4; coho, 3; humpback, 2, and dog salmon, 1.

The coho might be placed at 3.5, or even a little closer to the red.

The canned product has at the present time approximately these

relative values, but the aggregate value of the red salmon now exceeds

that of the chinook.

Besides the five species of salmon, five species of trout are found in

Alaska. These are the steelhead, Dolly Varden, cutthroat, rainbow,

and Great Lakes trout.

Commercially, the steelhead {Sahno (jairdneri) is the most important

of the trouts, but it is not abundant anywhere, though frequently taken

in southeast Alaska about the mouths of the larger streams, which it

enters for the purpose of spawning. It is a fine large fish, reaching a

weight of 10 to 35 pounds, and ma}^ be distinguished from any species

of salmon by its smaller anal fin, its numerous black spots, and its short

head. As a fresh fish it is excellent for food, and when frozen finds

a ready market in the East. It is sometimes salted, but is not much
used for canning in Alaska, chiefly because it is not obtainable in large
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quantities. It has been canned to some extent on the Columbia, and
is not inferior to the red salmon for that purpose.

The Dolly Varden trout {Salvelinus malma) is miscalled "salmon
trout" in Alaska, where it is by far the most abundant of all the trouts,

swarming in every stream and lake and about the islands from the

Columbia River to Bering Sea. It attains a weight of 8 to 12

pounds, though examples of a greater weight than 1 or 2 pounds
are not often seen. It is a fairly good food lish, but is of little

economic value except about the towns where it may be consumed
fresh, since it can not be taken in such numbers as the canning inter-

ests require and it is too small for advantageous sale in cold storage.

As a game fish it offers excellent sport to the angler in almost every

stream or lake in Alaska. In fresh water the color is rich dark blue

or olive, with crimson or orange spots; in the sea it changes to steel

graj' with spots of paler gray.

This trout is the most persistent and destructive enemy of the salmon
eggs and frv. When the red salmon and the humpbacks enter the

streams, the Dolly Vardens accompany them in great numbers, and
may be seen at the falls and cascades leaping and jumping quite as

freely and vigorously as the salmon. They follow the latter to their

spawning beds, where they devour the eggs and fry by the millions.

The only compensation for the destruction wrought by them lies in

the fact that the salmon sometimes feed upon the young trout.

The cutthroat trout (/S'«^m<? clarkii) occurs sparingly in many streams

in southeast Alaska and southward, and is a superior game fish. In

Alaska it probably does not exceed 2 or 3 pounds in weight, and is

of no importance except to the angler.. It is a black-spotted trout,

and may always be known by the dash of red on each side of the throat.

The rainbow trout {Salmo irideus) has not previously been recorded

froiti Alaskan waters, but was found by the Alaska Salmon Commis-
sion in the streams and lakes about Loring and Ketchikan and on Bar-

anof , Chichagof, Admiralty, Kuiu, and Prince of Wales islands. It

also occurs in British Columbia, particularly at Texada Island. The
species reaches a weight of 2 or 3 pounds, and is the greatest game
fish in Alaska, if not in American waters. It may be distinguished

from the cutthroat by the absence of red on the throat and the larger

scales; from the steelhead by the larger head, larger scales, smaller

size, and more ros}" coloration. It is not abundant enough to be of

any value except to the angler.

The Great Lakes trout
( Cristi/vonier namaycush) is common in the

Yukon and other waters tributary to Bering Sea, reaching a weight
of 30 to 50 pounds in the lakes at the headwaters of the Yukon. It is

of some commercial importance as a fresh fish at Dawson and other

mining towns in the interior.
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The number of species of game fish in Alaska is unusually great.

Those of chief interest to the most experienced anglers are the rain-

bow trout, cutthroat trout, steelhead trout, Arctic grayling, Great

Lakes or Mackinaw trout, Dolly Varden trout, silver salmon, and

king salmon. Others of somewhat less interest, but whose capture

nevertheless affords more or less sport, are the common pike [Esox

lucius)^ Alaska cod {Gadiis iriacroceplialus)^ Alaska pollack [Theragra

chalcogi'ammus)^ California tomcod {Microgadus proximus)^ halibut

{Hippoglossus hippoglossus) , rock trout {Hexagratnmos decagrammfius)^

the Sitka black bass {Sehastodes melanops)^ and several species of rock-

fish. The king and silver salmons can be taken by trolling almost any

month in the year, but especially in spring and early summer. One
of the best regions for this sport is that about Killisnoo.

Steelheads may be taken in the spring—large ones by trolling in

salt water and smaller ones with the fly in the streams. Dolly Var-

den, rainbow, and cutthroat trout may be taken at any time with the

fl}^ in many of the streams of Alaska. They are plentiful at Ketchi-

kan, Loring, Killisnoo, Klawock, Shakan, Hunter Bay, and Sitka.

The Mackinaw trout, common pike, and Arctic grajding occur in the

headwaters of the Yukon, easilj" reached by rail from Skagway, and

the Arctic grayling is found in all the lakes and streams from White

Pass to White Horse. It is one of the finest game fishes. The other

less important species ma}- be found almost anywhere in southeast

Alaska, and may be taken in abundance at any time.

Methods of the Alaska salmon fisheries.—The manner of taking

salmon in Alaska for commercial purposes varies with the locality".

In general it may be said that the great bulk of the catch is taken by
means of traps (or pound nets), haul seines, purse seines, and gill nets,

and that the fishing is done in salt water.

In southeast Alaska purse seines, which are simply deep drag seines

so hung as to permit of pursing by gathering in the footrope, are

used in the more important streams, particularly at Karta Bay,

Wrangel, Hetta, and Quadra. The number of these seines seems to

be increasing, and they are regarded as a very effective means of cap-

ture, most used in narrow, deep channels and where rocky shores

preclude the use of haul seines.

Haul seines, or drag seines, are used to some extent in southeast

Alaska and to a considerable extent at Alitak and Chignik Bay. At
Karluk they are the only nets used. They are effective wherever

there are clean sandy or gravelly shores.

Gill nets are used in limited numbers in southeast Alaska at Quadra,

Chilkat, etc., and at Chignik. They are effective onlj- in or off the

mouths of the larger rivers, whose waters are more or less turbid. In

clear water the fish see the webbing and do not gill well.
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Traps, or pound nets, are used sparingly in southeast Alaska, more

numerously in the northern than in the southern portion, while in

Chignik Bay and in Bristol Bay they are used almost exclusively.

They are effective when the run is large. An objection to them is

that they sometimes take more fish than the canneries can use; more-

over, they fish without intermission and take large quantities of other

fishes than salmon, such as flounders, pollack, cod, "Irish lords,"

Dolly Varden trout, and other species, which are all wasted. This

is a matter of slight economic importance at present, when there is

little or no demand for these species in Alaska, but a trap may be very

objectionable when placed in the mouth of a stream by continuously

preventing the ascent of salmon to the spawning grounds. Various

traps thus located, as in the lagoon of Chignik River, at the mouth of

Yes Bay stream, and elsewhere, have been the subject of controversy

between the salmon inspectors and the canners. The Yes Bay trap is

plainl}^ injurious.

There were in operation in 1903 in Chignik Bay and lagoon 29 traps,

so located as to practically close the channel, and the traps in Wood
River are open to the same objection. This condition is manifestly

not to the best interests of the salmon fisheries and should not be

continued. It may be noted, also, that the traps, even in Puget Sound
and the Columbia River, where they are most numerous and most

extensive, constitute only a small part of the fishing equipment or the

obstruction to the movement of the fish. In the Columbia River there

were in operation in 1903 Y31 miles of webbing offering obstruction to

the free movement of fish, of which 710 miles are chargeable to gill

nets, 5 miles to seines, 1 mile to wheels, and 15 miles to traps. In

the Puget Sound and Eraser River region there was a total of 110

miles, of which 375 miles was chargeable to gill nets and only 35 miles

to traps. There were 96 traps, all operated on the American side,

and 3,000 gillnet boats, all operated in or off the mouth of Fraser

River.

- It would doubtless be better if all traps, whether fixed or floating,

were entirely excluded from salmon waters, but such exclusion

would render fishing in some places almost impossible, or at least

unprofitable. While the traps are large and numerous in the Colum-
bia, and the gill nets many miles in extent, the supply of salmon in

that river is kept up by artificial propagation. In the Fraser River

region the traps in the sea take vast numbers of salmon, but in the

river itself is a perfect thicket of gill nets, especially immediately fol-

lowing the short weekly closed season. These conditions and the

little attention given to artificial propagation in that region account

in large measure for the apparent serious depletion of the FTaser

River fisheries. Gill-net or trap fishing affects the supply of fish on

the spawning grounds just in proportion to the number of fish taken.
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Far more destructive to the fisheries tlian any other form of appa-

ratus was the barricade now happily abolished by the salmon inspect-

ors. This consisted of a permanent obstacle of lo^s, boards, or

netting- laid across the stream so that the salmon could not pass,

but remained in the pools below, from which they could easily be

seined out. The essential evil was that the barrier remained through-

out the season, and not a fish could reach the spawning beds. After

four or five years (or the period of a generation of salmon) there

would be no run of salmon in barricaded streams. This suicidal

method was largely practiced in the early days of salmon fishing and

canning, and still earlier by the Indians. With the canners it was a

phase of the get-rich-quick idea, which has been the curse of Alaska.

After long efforts the Treasury Department, through its salmon inspect-

ors, has destroyed all these barriers, and probably none will be again

erected.

In the Chilkoot River, and in some other streams, the Indians build

stone or wooden stands or platforms in the shallow, swift current, and

stones are placed in lines on the bed of the stream in such a way as to

compel the fish when on their way vip the stream to swim by the

stands. When the salmon are running, an Indian stands on each plat-

form, and with a gaft' hook on a long pole sweeps to the right and left

through the turbid glacial water. The fish can not be seen and are

struck at blindly, but considerable numbers are taken in this way.

The fishermen and Indians condemn the pound nets and stationary

traps, chiefly because these structures take the place of their own
labor. This criticism is applied to all labor-saving devices, and is

worth}^ of no consideration from the economic side.

The canniixg and salting of salmon.—The first canneries in Alaska

were built in 1878, one at Klawock and one at Sitka. Gradually the

number increased, until in 1902 there were in operation in Alaska

64 canneries and 19 salteries, and the pack in that year amounted to

2,631,320 cases of forty-eight 1-pound cans each. In 1903 the number
of canneries operated was reduced to 60, distributed geographically as

follows: Southeast Alaska, 21; Prince William Sound, 2; Cook Inlet, 2;

Kadiak Island and Chignik Bay, 8; Bristol Ba}^, 27. The total pack for

1903 was 2,246,210 cases, valued at $9,748,599.

The salteries are usually establishments of small capital, dealing

chiefly with the humpback salmon. In most cases only the belly is

salted, the rest of the fish being thrown away. This can hardly be

called waste, as the belly is the best part, and the fish swarm in millions.

Moreover, all the adults would die after spawning, and at present

undoubtedly enough are permitted to spawn to keep up the supply.

In Taku Bay is a cold-storage plant where king salmon, dog salmon,

and steelheads are frozen and shipped to the eastern States and to
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Germany. There is an extensive oil and guano establishment at Kil-

lisnoo. The principal species taken for this purpose is the herring

{Clupea pallasii\ but considerable numbers of humpback and dog-

salmon are now used both for the oil and for fertilizer. This establish-

ment also salts a good many humpback and dog salmon bellies and

herring. The dog salmon bellies are cut small, to conform in size to

the humpbacks, and all are sold as "pinks."

Value of the Alaska salmon Jisherles.—The vast importance of the

salmon fisheries of Alaska is not realized except by those who have

given the subject special consideration. The value of the pack for

1903 ($9,748,599) exceeds the original cost of Alaska by more than

$2,000,j000 and the entire mineral output of the territory for 1901

by nearly $3,000,000. If to the value of the salmon there be added

that of the halibut, cod, herring, and other fishing industries, it is

evident that the tisheries of Alaska greatly surpass in value all the

other resources combined.

Protection of Alaska salinon.—The very large capital invested in

the Alaska salmon fisheries and the enormous annual product which

those fisheries yield demand that everj'thing possible be done to insure

their permanency, and it is evident that to this end the fishes must be

given protection commensurate with the destruction from all causes.

This must be accomplished in one of two different ways—by actual

limitation of the catch, so that a large number of fish may reach their

spawning grounds, or by artificial propagation on such a scale that

the fish destroyed by the canners will not be missed. These two
methods may be considered separatel3^

In the first place, barricades or obstructions of all sorts in the

streams should be prohibited. It is also important that no nets of

any kind be used in the smaller streams, like those in southeast Alaska

and in the Kadiak region, for in these small streams there are pools

and pockets and small lagoons from which, by pei*sistent seining, all

the fish could be taken. Moreover, nets can be so placed as to have

all the effect of barriers. For the same reason nets and traps should

be excluded from lakes and lagoons.

Hook-and-line fishing should be permitted at all times, as the sal

mon never take food in fresh water, and snap at the hook only when
annoyed by it. The Indian spear and gaff may perhaps be permitted

in the rivers, because this method has been used from time immemo-
rial, and the number of fish thus taken is inconsiderable.

The streams being free from nets or barriers, other forms of pro-

tection are of minor importance. At present there is no pollution of

streams in Alaska. There are practically no factories. Lumber is

sawed for local consumption only, and the sawmills, usually attached

to canneries, are all on the sea. Should they ever be established at

F. C. 1904 7
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the head of lakes, the spawning grounds of the red salmon will be

destroyed. The destruction of the forests above the spawning grounds

would be almost fatal to the salmon in the streams concerned. It is,

in fact, very important for the salmon industry in southeast Alaska

that the government reserve from settlement the catchment basin of

every red-salmon stream—at least every red-salmon stream suitable for

hatching purposes, thus protecting them from loss of timber, from

sawdust, from placer mining, and from pollution from oil wells.

Another form of protection would be the shortening of the fishing

season, or making the catch more costly, thus limiting it. Either of

these means would be legitimate, and without hatcheries both will be

found necessary.

The recommendations of the salmon commission are on the basis of

maintaining a permanent industry. The government should not per-

mit private citizens or corporations to destroy future industries for

the sake of present gains. It is true that the streams of Alaska,

unless injured by mining or lumbering operations, will retain their

present character; they can be repopulated when exhausted, and a

fisher}'^ industry once crippled or destroyed can be restored; but it is

far more economical to prevent such destruction, and the government

should consider nothing short of it.

The key to the whole question of the future of the Alaska salmon

industry is artificial propagation of the red salmon. Under natural

conditions the eggs must remain on the spawning beds many weeks,

or even months, before hatching, and both they and the fry are attacked

by the Dolly Varden trout, sculpins, sticklebacks, and various other

enemies, including fungoid diseases. The Dolly Varden trout, which

swarms wherever salmon eggs or fry are found, is perhaps the most

persistent and destructive. The fish duck also does much damage.

So many are the dangers which beset the young salmon that it is

doubtful whether one in a hundred, or even one in a thousand, lives

to maturit}'^. By artificial propagation practically all of these dangers

are eliminated. Almost every egg can be fertilized, the danger of

disease can be greatly reduced, all the enemies that feed upon the eggs

and fry can be eliminated, and a vastly larger proportion will reach

maturity.

The special commission strongly recommends the prompt establish-

ment of at least four salmon hatcheries in Alaska—two in southeast

Alaska, one at Afognak Island and one in the Bristol Bay region. These

stations should be well equipped in every way for handling 40,000,000

to 50,000,000 eggs each.

Every salmon hatchery in Alaska will require a trained and compe-

tent manager or superintendent. One who has learned the business

by rule of thumb will not answer; still less one who has not learned
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it at all. The supply of properly trained men is still far too small for

the work in this country.

It is necessary that the hatcheries be government hatcheries, under

the control of the Bureau of Fisheries. The work can not be done in

any other way. A hatchery costs as much as a cannery, and only one

or two of the strong companies can meet that expense. The feebler

ones can not do it. Moreover, but few of the canneries are located

where hatcheries are possible, and the Treasury order requiring each

cannery to maintain a hatchery is necessarily a dead letter.

A wise administration of the fisheries will permit the taking of

the largest number of fish compatible with the maintenance of the

supply, and will permit their capture by the cheapest method which
is not wasteful. With these conditions in mind we may outline what
would have been from the beginning the wisest policy for Bristol Bay,
where the conditions are in some respects unique. It is believed that

these measures, to a very large extent, are still applicable.

(1) Fishing should be confined to such portions of the bay as are

available and to the estuaries at the mouths of the streams. A very
large proportion of the fish now captured in Bristol Bay are taken on
the grounds here indicated. The only exceptions are Wood River
and the Egushak (tributary to the Nushagak estuary), a single trap 35

miles above the mouth of the Kvichak River, and a certain amount of

gill netting now prosecuted in the Naknek, Igigik, and Ugashik rivers

at points above any reasonable interpretation of the term estuary. A
careful inspection of the field has shown that although the companies
interested would not voluntarily relinquish any part of the privileges

they now enjoy, the privilege of fishing in the upper rivers could be
withdrawn without serious injury to any established industry. The
proposed restriction is considered of primary and overwhelming
in4>ortance for the continued maintenance of the fish supply, in the

face of present conditions and of those sure to develop in the imme-
diate future.

(2) It would be well if the use of traps or other fixed appliances for

the capture of salmon could be prohibited in the Bristol Bay region.

If, however, fishing were restricted to the estuaries, the immediate
purposes of this prohibition would be largelj^ accomplished. The
estuaries are for the most part unsuitable for the use of traps.

Storms and the strong tidal currents which obtain there frequently

demolish the nets, the muddy water is less favorable for their suc-

cessful operation than the clear water of the upper rivers, and the

floating debris, passing back and forth on the tides, clogs the meshes.
The recent history of traps in this district has shown a constant move-
ment out of the estuaries into the upper rivers, nearer and nearer to

the immediate spawning grounds of the salmon. During the season
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of 1903 but two traps were in successful operation in the estuaries of

any of the Bristol Bay rivers, and these two were in especially favor-

able localities, which could perhaps not be duplicated; but the num-
ber of traps in the upper streams has steadily increased.

Although, as has been said, the immediate purposes of the prohibi-

tion of traps would be largely accomplished by preventing their use,

or that of any fishing device in the upper rivers, it would yet be wise

to make the prohibition of traps absolute at this time, when no con-

siderable interests would be imperiled thereby and there are no exten-

sive vested rights opposed to the regulation. There is no question

that all the salmon which now or in future can safely be spared from

the run of spawning fish can be obtained readily and cheaply by the

use of the gill net.

All the considerations that have been urged for the prohibition of

fishing in the upper waters, away from the estuaries, apply with

especial force to Wood River. This stream, as has been shown, forms

the highway to the principal spawning grounds of the red l.:: non in

the Nushagak district. Exclusion of the salmon from these spavv'ning

grounds means, it is believed, inevitable disaster to the fisheries, and

that such exclusion is being rapidly accomplished admits of no denial.

During the sunnner of 1900 but one fish trap was operated in Wood
River (see Moser, Alaska Salmon Investigations, 1902, p. 201), and no

record exists of an\^ gill netting in the stream itself. In 1903 no fewer

than six traps were in operation, occupying especially favorable local-

ities along the lower 15 miles of the river. In addition, extensive

gill netting was resorted to along this same stretch of the stream.

The traps are permitted, by the regulations now in force, to obstruct

one-third of the channel, while the gill nets average 500 or 600 feet in

length. Some reaches of the river in which fishing is carried on by

both traps and gill nets do not exceed 800 feet in width. The result

is largely the obstruction of the stream to the ascent of fish, an

obstruction which becomes almost absolute during seasons when the

run is poor or only moderately good, as in 1903; and, bad as are the

present conditions, there are reasons for believing that they will grow
rapidly worse. Even such cannery superintendents as most sincerely

deprecate the foll}^ of the present system find themselves compelled

by fierce competition to permit no advantage, however slight, to their

rivals, and against their judgment they are now preparing to invade

Wood River or other available streams. On account of its preemi-

nent importance, Wood River demands immediate attention. Should

the general legislation above recommended fail of enactment, Wood
River and lakes should receive special consideration.

In the judgment of the special commission, the statutes governing

the salmon fisheries of Alaska should contain the following provisions:
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1. Barricades of all kinds in all streams and lakes should be pro-

liibited, except for iish-cultural purposes.

2. In lakes and in streams of the second class—namely, those under

600 feet in width and having a tributary lake—no fishing should be

allowed at any time except with rod or spear or gaff, unless for

hatchery purposes.

3. No trap or pound net, floating or fixed, should be permitted

within 1 mile of the mouth of any stream less than 500 feet in width,

and flowing from a lake or having a lake tributary to it. In the case

of each stream of this class, the Bureau of Fisheries should mark in

some conspicuous way the point above which fishing with nets would

not be ^allowed. Until so marked no fishing should be permitted

within 100 yards of the point of discharge of such stream at mean low

water.

4. The problem of the use of traps in the large streams and their

estuaries is a most difiicult one. If we are to consider the ultimate

interests of Alaska and the permanence of her salmon fisheries, no

traps should be allowed anywhere. The}' are most harmful where

most successful, especially in the flowing streams. The traps in Wood
Kiver, and probably those in Kussilof River also, ought to be removed;

those in Chignik Lagoon should at least be limited in number. But to

remove the traps from those waters would practically close up the

canneries depending upon them for their supply of fish; where traps

or pound nets are allowed, a special permission and a special license

should be required for each, and each should conform to the following

provisions: No trap should be nearer than 100 yards to any other, and

no trap should extend more than one-third the distance across the

stream, estuary, lagoon, or arm of the sea in which it may be placed,

and no net of any kind should be set which at the time of setting is

witliin 100 yards of a net set b}^ another person, firm, or corporation.

5. A weekly closed season should be provided, extending from 6

p. m. Saturday to 6 a. m. Monday, for all portions of Alaska, except

in Bering Sea and its tributary waters.

6. All matters pertaining to the salmon and all other fisheries of

Alaska, including the fur seal and sea otter, should be placed in the

hands of the Commissioner of Fisheries, under the Secretary of Com-
merce and Labor. The personnel of the Bureau of Fisheries should

be correspondingly increased, and means provided in the way of

v^essels for travel, to render effective the inspection of the fisheries,

the investigation of the streams, and the operation of the hatcheries.

The necessity for expert service, if this inspection is to be maintained,

is self-evident. It demands a knowledge of the fishes, of the fisheries,

of fishery apparatus, methods, and products, of statistical methods,

and the methods and results of fish culture—different kinds of expert

knowledge which can not often be in the possession of one man.



102 EEPOET OF THE COMMISSIONEE OF FISHERIES.

Unless trained men familiar with lishes and fishery gear, methods, and

products are placed in charge of this work the office of fishery inspector

should be abolished.

7. Power should be given to the Secretary of Commerce and Labor
to make, as occasion requires, such minor regulations as may be

deemed necessary for the good of the industry, including the closing

of streams and lakes and of their approaches, these regulations to be

made on full consideration of the various ways in which different

fisheries may be affected.

In justice to the fishing interests of Alaska it is important that all

these matters receive early consideration. All necessary legislation

and regulations should be perfected and promulgated as soon as pos-

sible, so that the canning companies may know the conditions under

which the fisheries are to be carried on next season and make their

plans accordingly.

THE COD FISHEKIES OF THE SHUMAGIN ISLANDS.

Representations having been made to the Bureau that the cod fish-

eries centering at the Shumagin Islands were becoming depleted, those

islands were visited by the Alaska salmon commission and inquiries

made concerning the condition of the fishery. It was found that the

difficulty of securing remunerative fares is increasing year by year.

Until recently an abundance of fish was found in the immediate vicinity

of the islands, but now the fishermen are compelled to go much greater

distances and the fish average smaller than formerly. It is believed

by the special commission that the establishment of a cod hatchery at

Sand Point, Pirate Cove, or some equally good location at the Shu-

magin Islands would not only conserve this important fishery, but

build it up to proportions exceeding any previous condition. Such a

station would be easy of construction and operation, and its establish-

ment is strongly recommended.

FISHES OF THE TTJKON EFVER.

Collections were made by the Alaska salmon commission in the head-

waters of the Yukon, at Caribou Crossing, Yukon Territory, Lake
Bennett, and White Pass. Nine species of fish were found, as follows:

The Mackinaw trout {Cristivomer namayoush), pike {Esox lucius)^

Alaska grayling {Thymallus signifer)^ sucker {Catostomus)^ blob {Got-

tus), white-fish {Coregonus, 2 species), and white-fish {Argyrosomns,

2 species). The inconnu {Stenodiis mackenzii) was not seen. This is

the first collection of fishes made in the upper Yukon.

INVESTIGATI )NS IN MAINE.

The fresh waters of this State have been under investigation for the

past few years, and some of the results were recorded in the last annual
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report of the Bureau. The work has been in charge of Dr. W. C.

Kendall, who has continued his inquiries during the past fiscal year.

Eagle Lakes of Aroostook County.—Twenty-six species of fishes

were collected in this region, a greater number than has been found
in any other locality of like extent in Maine. The food fishes are

chiefly members of the salmon family, and include the landlocked

salmon {Salmo sebago), lake trout or togue {Cristivomer namyacush),

square-tail trout {Salvelinus fontinalis)^ and white-fish {Coregonus

Idbradoricus., C. Stanleyi., and C quadrilateralis). Species conspicu-

ously abundant in the southern half of the state, such as eels, yellow

perch, white perch, and pickerel, do not occur in this chain of lakes,

althoi^gh yellow perch are not uncommon in the St. Johns River, of

which Fish River, in this region, is a tributary.

The landlocked salmon, steelhead trout {Salmo gairdneri)^ and smelt

( Osmerus mordax) have been introduced here. The steelhead has not

since been recognized, but in about ten years the salmon has increased

gre,atly in numbers and attained large size, due to the peculiar suita-

bility of these waters to its needs, and doubtless also to the introduction

of the smelt, upon which it feeds. In about five years the latter

species has attained a length of 12 or 13 inches, as ascertained by actual

measurement.

Of the three species of white-fishes here represented, Cor^egonus

lahradoricus is the largest. It reaches a weight of at least 6 pounds, and
is very abundant. Another form ( C. stanleyi^ until recently unde-

scribed) is much smaller, attaining a weight of scarcely more than one-

fourth pound, but is extremely numerous. It, with the young of the

others and the smelt, probably affords the bulk of the food of the trout

and salmon. The round white-fish {C. quadrilateralis) was found to

reach 1 pound in weight, but seemed to be not abundant.

This region was visited again in November, 1903, for the purpose of

ascertaining the identity of a large trout locally known as the "snow-
shoe trout," and to study the breeding habits of the various species of

Sahnonidx occurring there. It was considered of importance to fish

culture to determine the feeding habits of these fishes at their spawning
time.

On several occasions young salmon {S. sehago) 6 or 8 inches long

were observed eating the eggs of trout {S. fontinalis) as they were
deposited. No salmon were observed upon the spawning grounds,

owing to their being taken in a weir for fish-cultural purposes by the

state commission. White-fish ascended the streams, or "thorough-
fares," at night for the purpose of spawning, and were followed by
large numbers of suckers {Catostornus commersonii), iwhich were found
feeding upon the eggs. A few small cusk [Lota maculosa), also, were
eating the eggs of white-fish, and it was learned that adult white-fish

feed largely upon the eggs of their own kind and the young upon
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the eggs of the other species. Not only would spent fish follow up the

spawning fish and eat their eggs, but gravid females were found to do

the same thing. The breeding times of the common white-fish and

Stanley's white-fish were supposed to overlap because the species were

ca])tured together, but it appears that the earlier spawner {C. stan-

leyi) was probably there at this time mostly for the eggs of the common
white-fish.

In this locality there are no coiimiercial fisheries, but occasionally

the native French inhabitants are allowed to net the white-fish under

restrictions. The fishing as now regulated is chiefly important to the

sportsman, but the abundance of the white-fish in a lake system of

such extent suggests a possible commercial fishery under proper regu-

lations, which would aflford to the inhabitants of Aroostook County

at least a delicious fish for the table, both fresh and cured. A limited

net fishery, restricted to the summer months and to certain localities,

would do no more damage, if as much as is done by fishing on the

spawning beds, which is now permitted.

Union River hasin^ in Hancock County.—In August and early Sep-

tember the Union River basin was visited and the general fish fauna

of the region, especially Green Lake, Branch and Floods ponds, was

investigated. Attempts were made to secure specimens of the Floods

Pond saibling, locally known as silver trout, supposed to be Salvelinus

aureolus^ but without success, although various methods were tried.

In June, 1904, however, another visit was made to Floods Pond, and

a good collection of this fish was secured. From information fur-

nished bj^ reliable men and from observation, it appears that the silver

trout is very much scarcer than formerly, and the fish now caught are

not so large. There seem to be but a few weeks in May and June
when they Avill take a hook. The usual method of fishing is by hand

line in from 30 to 40 feet of water on the outer edge of a reef, the best

bait, as a rule, being cut chub and fresh, uncooked lobster, though

occasionally a fish is taken at or near the surface or in deep water on

a troll, and by live minnow or worm bait. This trout is a rich, fat,

and delicious fish at this time of ^-ear.

The stomachs of the specimens examined this season usually con-

tained small smelts. Many were infested with small tapeworms, large

numbers often being found in the alimentary tract of a single fish.

JRainljoiv Lake^ in Piscataquis County.—^The Bureau having received

two specimens of a peculiar trout from Rainbow Lake, closely related

to if not identical with the so-called silver trout of the Union River

basin, though of a smaller size, it was considered desirable to visit the

locality in an effort to obtain more and better specimens and to make
a study of the lake and its inhabitants.

Although quite large, being about 7 miles long by 2 or more miles

in extreme width, and fairly deep in places, Rainbow Lake has a very
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meager fish fauna. Apparently the only species other than the common
trout and the above-mentioned peculiar trout, is a small minnow

{Rhinichthys atronasus). The two trouts attain only a small size, sel-

dom over a pound in S. fontinalis and still smaller in the saibling.

This is probably due to scarcity of food.

Presumpscot and Royal River basins.—In these waters and the

brooks tributary to Casco Bay, special attention was given to smelts,

trout, and landlocked salmon. There are often found in June, in the

tidal portion of many of the brooks flowing directly into Casco Bay,

some silvery trout otherwise indistinguishable from S. fontinaUs, and

sometimes known as "salters." Some of these fish caught about the

middle of June were found to be gorged with young eels of the trans-

lucent stage. It was a mooted question among the trout fishermen of

the locality whether the fish came up from the sea or descended from

the fresh water.

In June, 1904, an attempt was made to solve the question. Seines

were used in the pools frequented by the trout at different times of

tides, and trials were made with hook and line for a long distance

below the places usually fished. The fish were found only in those

pools a short distance below high tide limit. While the water is

rather salt at flood and high tide, it is practically fresh at low water;

the seines took alewives {Pomolohus pseudoharengus) and suckers {C.

commei'sonii) in the pools mentioned. These facts taken together

indicate that the trout have descended from the fresh water.

Smelts begin to ascend the brooks, when the conditions are suitable,

in the last part of March or early April. The runs continue some-

times up to the 1st of May or later. After spawning, the fish linger

in the brooks for some time, gradually decreasing in numbers, and not

infrequently dead fish are found. All of the specimens collected were

spent males. While it was not positively decided whether the death

of these fish was due to natural causes or to injury received from

fishermen, the abundance of dead, d3dng, and fungus and copepod

infested smelts found in fresh water shortly after the breeding season

suggests that many smelts die naturally after spawning.

During spawning, and afterwards while in fresh water, food is seldom

found in the smelts' stomachs, though an occasional minnow is met

with. In one brook sticklebacks and small trout were feeding upon

the eggs, and in the stomachs of the trout sand was mixed with the

eggs, probably scooped up with them. In another brook, after the

smelts had disappeared, four species of sticklebacks {Pygosteus pun-

gitius, Gasterosteus aculeattts, G. hispinosus^ and Apeltes quadracus)

were found filled with recently hatched smelts. Though the mummi-
chog {Fundidus heteroclitus) was numerous here, no young smelts

were found in the stomachs.
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In the spring of 1904, in a brook in Freeport, where in recent years

the smelts had not appeared except occasionally in very small numbers,

there was a large run, much like the runs of twenty or twenty-five,

years ago; but owing to the lack of protection on their spawning

grounds these fish were taken in such numbers that probably few, if

any, spawned there.

INVESTIGATIONS IN WESTERN WASHINGTON.

During the winter of 1903-4 investigations were conducted at Amer-
ican Lake and other small lakes in the vicinity of Tacoma, Wash., by

Mr. J. Nelson Wisuer, of the division of fish culture, for the purpose

(1) of determining the physical characteristics of the lakes, includ-

ing the character, temperature, and depth of the water, character

of shores, catchment basin, inlets and outlets, with a study of local

meteorological conditions, and (2) of studying the animals and plants

inhabiting the different lakes, including a determination of the species

and a study of their life histories. Particular attention was given to

the fishes and the adaptability of the lakes to the white-fish and other

species which have been introduced or whose introduction has been

contemplated. The inquiries covered more or less fully the following

waters:

American Lake.—This is the largest lake of the group, being

approximately 4 miles long and averaging 1 mile in width, with a

minimum width of less than 100 yards at the narrows joining the

larger basin to the smaller, which forms the southwest portion of

the lake, lying toward Lake Sequallitchew. The outline is irregular,

the major axis of the lake lying northeast and southwest. The shore

line is a continuous series of indentations, small coves abounding, with

some 12 or 15 larger ones. The shores are low and in most places are

well wooded, as is also the catchment basin, which probably does not

exceed three times the area of the lake itself.

Murray Creek is the only surface inlet to American Lake, and near

its mouth is about 16 feet wide and 6 to 8 inches in average depth.

It is only a few miles in length and enters the lake from the southeast.

The water comes largely from springs and is clear and pure. There

appears to be no surface outlet to the lake, the drainage probably

being into Sequallitchew Lake by seepage.

The average depth of American Lake, based on 42 soundings, is 67

feet; the maximum depth, 106 feet. Usually the depth increases

abruptly and close to shore. Temperature observations made from
March 30 to April 15 show 82.5° as the maximum for the air. The
surface of the water varied from 46 to 59°, the morning (6 o'clock)

temperature running from 46 to 62°; the bottom temperature was
found to be about 48°.
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The water of this lake is clear and pure and well suited to ordinary

lake fishes. The species observed were chubs, sculpins, black bass

(introduced), sticklebacks, suckers, and cutthroat trout. The chubs

were spawning; the spawning season of the trout had passed. Bass

thrive in this lake and attain a weight of at least 4 pounds. Trout are

plentiful and reach a length of 12 to 18 inches. A species of mud
turtle, a salamander, and a fresh-water mussel were found to be

abundant.

The Bureau has planted in various lots 637,000 common white-fish

{CoregontLS clupeiforinis) in American Lake. None of the fish has

been seen since, and it is not known whether any has survived. The

physical characters do not indicate that this water is suited to the species.

Steilacoom Lake.—This lake is next in importance to American

Lake, and its general characteristics are similar. Its greatest length

is about 1.75 miles, and its greatest width less than one-half mile.

Clover Creek and Davidson Creek both flow into it near the southern

end on the east side. The former is a considerable stream, and is said

to drain Smith, Tule, and Spanaway lakes, which lie to the southeast.

The outlet of Steilacoom Lake is through Chambers Creek into Puget

Sound just north of Steilacoom. The water is shallow, the maximum
depth being but 17 feet, and the average of 17 soundings being only

12 feet.

This lake is of interest chiefly because of the fact that the so-called

small red-fish occurs in it. The species is said to be seen only in

October, at which time it is gaffed in considerable numbers. Whether
it comes up from the sea is not known to the local residents. The

other fishes of the lake are chubs (two species), cutthroat trout, large-

mouth black bass (introduced), sculpins, and sticklebacks.

Seqioallitchevj Lake.—Southwest of American Lake and only a few

rods from it is Sequallitchew Lake, which is about 1.5 miles long and

less than one-fourth mile wide, and has a maximum depth of about 17

feet. It has no tributary streams, and its outlet is through Sequallit-

chew Creek to Puget Sound. The shallow, muddy bottom and the

high temperature of the wp.ter do not indicate that this lake is suited

to white-fish. It is, however, a fairly good trout lake, the cutthroat

trout being abundant.

BIOLOGICAL INVESTIGATIONS ON THE COAST OF CALIFORNIA.

Early in the calendar year 1904 arrangements were perfected which

provided for a cooperation of Stanford University and the University

of California with the Bureau of Fisheries in a physical and biological

survey of the waters of the coast of California, and the steamer Alba-

tross was assigned to the investigation. General direction of the work
was placed in the hands of President David Starr Jordan, of Stanford
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University, and Dr. William E). Ritter, professor of zoology in the

University of California.

The investigations were begun at San Diego March 1, 1904, and

were carried on in that vicinity for more than one month. Various

localities on that part of the coast were examined, especially Cabral

Bank and vicinity and the deep water beyond the 2,000-fathom curve.

La Jolla submerged valley and the region about Coronado Island

also received attention. In all, 82 dredging and 12 plankton stations

were occupied, and plankton work was done at many of the other sta-

tions. Considerable attention was given to certain hydrographic mat-

ters, and current observations were continued for several days on and

in the vicinit}^ of Cabral Bank with interesting results. Numerous

soundings in this I'ocality resulted in establishing the extension of

Cabral Bank several miles farther northward than it appears on the

Coast Survey charts. As this bank is the chief tishing ground in the

San Diego district, this discover}^ is regarded as one of the most

important results of the month's work.

The few dredge hauls made beyond the 2000-fathom curve proved

of much interest.' The abundance of life and the character and con-

formation of the bottom indicate this to be a field promising very

rich results. Mention should also be made of the few hauls in the

1000-fathom sink between Point Loma and Cortez Bank. These

mark a locality which also promises interesting results for future

examination.

Certain areas, particularly the Coronado submerged valley, were

found to be very rich in bottom life, while others proved rather bar-

rel). One of the interesting problems for future inquiry in this

region will be to determine accurately the areas of distribution and

to correlate this distribution with the conformation of the bottom and

the character of the bottom deposits.

The groups of animals most abundantly represented, both as to

species and genera, and individuals, were found to be the glass sponges,

the actinians, all the classes of echinoderms excepting the crinoids,

and the crustaceans. The fish fauna is not particularly rich nor varied.

A large quantity of plankton material was collected, though the work
in this field was less satisfactory than the bottom collecting.

After the completion of the work about San Diego, some investiga-

tions were made off the Santa Barbara Islands in order to connect the

San Diego work with the investigations which were to be taken up at

Monterey Bay.

The survey of Monterey Bay was carefully planned, and occupied

the remainder of the fiscal year. The Coast Survey signal stations

were reestablished, thus making it possible for all dredging and other

stations occupied by the Albatross to be accurately indicated upon

the chart. The geographic distribution of the various species inhab-
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iting" the bay received consideration, and that of the sessile or fixed

species can be accurately platted on the map.

INVESTIGATIONS IN ARIZONA.

Early in January Mr. Fred M. Chamberlain, naturalist of the

steamer Alhaiross, was detailed to study the physical and biological

features of the Gila River basin in Arizona. Observations were car-

ried on at Yuma during the last half of January and the month of

February, and during March and April visits were made to most of

the streams in the Gila basin. The physical characteristics of the

streams were determined and their suitability for fish -cultural work

fully cQtnsidered, it being important that these streams be examined

before irrigation operations shall have seriously modified their charac-

ter. The results of these observations will be given in detail in a

report now in course of preparation.

INVESTIGATION OF SMALL LAKES OF NORTHERN INDIANA.

The examination of the small lakes of northern Indiana, begun some

years ago, was continued during a portion of the summer of 1903 and

for a few days in June, 1904. The investigations of the present fiscal

year, as heretofore, were under the general direction of Dr. Barton

W. Evermann and were carried on by Dr. J. T. Scovell, of Terre

Haute, Ind. The inquiries were directed chiefly toward securing data

concerning the food of the various food and game fishes occurring in

these lakes, and, second, toward determining the species and habits of

the aquatic plants and their relation to the animal life of the same

waters. The principal investigations were carried on at Lake Maxin-

kuckee, but more or less work was done at Bass Lake, Lake Manitau,

Tippecanoe Lake, and Twin Lakes.
y

DISEASES AND PARASITES OF FISHES.

The study of the diseases and parasites of fishes was continued by

Mr. M. C. Marsh, assistant assigned to the subject of fish pathology,

and a number of special investigations were made at different fish-

cultural stations of the Bureau.

The gas-hitbhie disease.—The mortality from this cause at Woods
Hole, Mass., and at Nashua, N. H., received attention in the summer of

1903. August and part of September were spent in investigations,

supplementing those already published, and, jointly with Prof. F. P.

Gorham, of Brown University, some important additions to the sub-

ject were made. Simple methods of de-aeration of water supercharged

with dissolved air were again effective at Woods Hole in preventing

symptoms of this disease, and, later in the 5^ear, when the leaky suction

pipe supplying the aquaria and hatching tanks had been replaced by a

new, impervious one of iron, all trouble from gas disease disappeared.
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At the Nashua station the investigations were continued in the spring

of 1904. They were directed chiefly to the water supply and consisted

of determinations, made at the station, with field apparatus, of the

dissolved air in samples of water taken from many different sources

of the station's water system. The results of these analyses show
that the whole station water supply except the Pennichuck, or

Nashua city water, has an abnormal content of dissolved air. All such

sources of supply are abnormally high in nitrogen and some of them
are at the same time deficient in oxygen. The constantly flowing sup-

ply is mainly from two sources, one being artesian wells, the other a

large reservoir pond fed chiefly by springs. This latter supply is in

somewhat better condition by the time it reaches the fish ponds or

troughs than is the artesian supply. In no case is the excess of nitro-

gen very high, and in only a few is the deficiency of oxygen very

great, but either is enough to cause some loss of fish and the effect of

the combined evils is believed to be mainly responsible for the mor-

tality among younger fish at the station and for the poor condition of

some of the adult stock.

The fact that water with an excess of nitrogen is unhealthful for

fishes, and that it may be corrected and rendered harmless by a suflEi-

cient exposure to the air, is shown more by the experience at the

Woods Hole station than at Nashua. At Nashua it is not easy to apply

this remedy on a large scale. One experiment, however, indicates

that it has a like effect. Two troughs, each containing 6,000 to 7,000

brook-trout fry, were supplied with water form the reservoir pond.

One was lowered to the ground and the water entered it from a box

with a finely perforated bottom and after a fall of some 3 feet. In the

other, the water entered more directly. At the end of nine days the

loss in the former trough was 645; in the latter 2,583. The exposure

of the water to the air had evidently reduced the loss 75 per cent.

The device reduced the nitrogen and increased the oxygen, but not all

the excess of nitrogen was removed nor did the water become quite

saturated with oxygen. Without doubt, were the exposure process

carried further, perhaps by one or two repetitions, all the excess of

nitrogen would have been removed and the full amount of oxygen

added, but on account of the lack of sufiicient fall this can not be done.

While a deficiency of oxygen is readily corrected by fall and exposure,

it is with difficulty that an excess of nitrogen is completely removed.

It appears, nevertheless, from the analysis of the creek outflow, which

is the whole Nashua supply after it has flowed through the ponds,

flumes, etc., that this water has been almost completely corrected of

its air defects. Therefore it might be used again, and if the hatchery

and ponds were moved to a point below, a good supply would be at

hand. But this is not to be advised. If there were provided a fall

considerably greater than at present is possible, and the whole station
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supply were brought together, the trouble could then be corrected by-

devices that would afford an extensive contact with the air. This

would require a pumping plant to raise the water, and the plan would

probably be best carried out by digging one or more large wells which

would increase the volume of supply and gather it convenient for

pumping. This, however, would be expensive in first cost, and a con-

tinuing expense thereafter, and is not to be recommended.

The simplest, least expensive, and best plan for increasing and

improving the water supply of the station is believed to be to tap

Colerain brook and bring its water to the hatchery. This brook rises

in the drainage ditches of a meadow, and flows some 2 miles to the

Nashuajliver. It is at present a somewhat depleted trout stream, and

its water is to all appearances of suitable quality for fish-cultural pur-

poses. Two determinations show it to have a proper content of dis-

solved air, which could hardly fail to be the case, since it is a small

brook well exposed to the air by its length and the nature of its bed.

Shortly before reaching the river it skirts closely the Fisheries reser-

vation. The volume of water carried by it is subject to considerable

seasonal variation, but is greatest in the winter and spring when most

needed, and if carried to the hatchery would probably be sufficient to

provide for all the eggs. It could be supplemented by Pennichuck

water if necessary. The water of all the hatchery wells could then be

diverted directly into the ponds—without flowing through thetroughs

—

and at the same time could be aerated and de-aerated considerably on

the way. Since the Colerain supply can itself be turned into the ponds

from the hatchery troughs, the water of the ponds will be very greatly

improved. The artesian wells rising in the ponds themselves can in

most cases not be improved, since they scarcely rise above the level of

the pond water, and experience may show would be better plugged

up. This may apply also to the larger wells rising in the ponds.

With the Colerain supply available for the hatcher}^, the water of

the reservoir pond could be applied to the fish ponds only, as it is at

present in part. It receives considerable exposure to the air in the

flume on the way to the ponds. This addition to the water supply of

the station is expected to prevent most of the losses now occurring

each season.

Plans and estimates are already available, the route from the brook

to the hatchery having been previously surveyed by the engineer's office

for the purpose of supplying the hatchery. The project was aban-

doned at that time in favor of Pennichuck water, the use of which

entails an expense at meter rates and is not intended to be continuous.

It is interesting to note that the Pennichuck water which supplies

the city of Nashua is, at its source in artesian wells, greatly deficient

in oxygen and has a marked excess of nitrogen, and would certainly

kill brook trout. In its course to the pumping station it is thoroughly
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exposed to the air by its flow as a creek of many falls and cascades,

and this corrects it completely.

Water supply at White /Sulphur Springs station.—A visit was made
to White Sulphur Springs station in January and February to investi-

gate the mortality among trout fry there. It was shown that the sta-

tion water varied from time to time in its supply of dissolved oxygen,

and was for a part of the time markedly deficient in oxygen. There

was possibly at the same time a deficiency in the nitrogen dissolved,

but the necessary apparatus to determine this was not available at that

time. An aerating and de-aerating apparatus on a small scale was put

in practice by lowering one trough to the floor and passing its supply

through a perforated box, the water falling a few feet in slender

streams. This arrangement caused a marked reduction in the losses,

but did not entirely prevent them. The presumption is that a more
complete process of the same sort would correct the water entirely.

Mortality at Allentown^ Pa.—In October and November study was

made of a mortality among brook-trout fry at the Allentown hatchery

of the Pennsylvania Board of Fish Commissioners. The disease

proved to be an anasmia which was finally ascribed to long continued

housing of the fry in large numbers in hatchery troughs. The prog-

ress of the disease in the afl'ected brood could not be arrested, but

terminated naturally, leaving a considerable percentage of fry in

apparently good condition.

Contaynination of oysters at Great South Bay^ Long Island.—Repre-

sentations having reached the Department of State through certain

ofiicials in London that oysters received from New York were con-

taminated with sewage and presumably with typhoid germs, the matter

was taken up by the Bureau, and in February an examination was made
of certain oyster beds at Great South Bay, from which the contam-

inated oysters were alleged to have come.

Oysters freshly taken from the beds named, and similar oysters held

for two or three days in floats on the bay shore were examined bacterio-

logically and were wholly free from sewage contamination. At
Patchogue, oyster beds were found exposed to sewage, and though

oysters taken from them were also free from sewage at this time,

some danger must have existed, especially at other seasons. The prac-

tice of floating oysters close to shore, even when not at the mouths of

creeks or rivers, was found to be more or less a menace to the health

of oyster consumers.

The oysters alleged to have been impure were taken in November
and December, while the investigation was made in February follow-

ing. Though the beds were then found free of contamination, the

method of floating the oysters near shore might easily result in their

contamination during the warmer months of the season, and it is
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regretted that the region in question can not be entirely free from

suspicion of having sent out polluted oysters. The situation is fully

appreciated by the oyster dealers and the local authorities, and it is

believed no further danger need be feared.

Disease at Cold Spring Harbor^ New York.—In May and June a

visit was made to the Cold Spring Harbor station of the New York
Forest, Fish and Game Commission, to examine into the cause of

a serious mortality among yearling and adult brook trout. This

was determined to be due to a parasite, Lymphosporldium truttse,

described by Professor Calkins. The disease destroyed nearl}'^ all

the older trout, and advanced, entirely unchecked by remedies. It is

believed to be amenable to control as respects future outbreaks by

cementing the ponds, by the practice of disinfection to kill all stages

of the parasite, and by avoiding too heavy a stock of yearling and

older trout.

Menhaden mortality in Narragansett Bay.—In May and June an

extensive mortality among menhaden occurred in Narragansett Bay,

and the disease was also found at New Bedford. By the last of June
the mortality seemed to have ceased. Prof. F. P. Gorham, of

Brown University, investigated the disease by making cultures from
the dying or dead menhaden, and obtained a bacterial organism in all

cases. At the close of the fiscal year he was studying the relation of

the organisms to the disease.

Besides the more detailed inquiries, Mr. Marsh made special inves-

tigations concerning diseased fish, contaminated water supply, and

other difficulties besetting fish-cultural operations at Northville, Mich.

;

Wytheville, Va. ; Erwin, Tenn. ; Allentown, Pa. ; and Nashua, N. H.

During the spring of 1904 an exhibit of bacterial organisms patho-

genic to fishes and of others related to the fisheries was prepared for

display at the Louisiana Purchase Exposition.

WOODS HOLE LABORATORY (dR. F. B. SUMNER, DIRECTOR).

The laboratory of the Bureau at Woods Hole, Mass., was thrown
open on the 16th of June, 1903, for the nineteenth summer since the

establishment of its present quarters, and scientific work was in prog-

ress until the end of September. The work accomplished during the

season is summarized below, together with especial mention of certain

important lines of work which were planned and commenced.

Equipment.—In addition to the large laboratory room with 9 tables,

there were 14 private rooms at the disposal of investigators, all of

which are provided with gas and electricity, and otherwise equipped

for research. To this must be added the libsary, supply room, and
aquarium, as well as the main hatching room, which, as usual, was
available for laboratory purposes from the end of the lobster-hatching

F. C. 1904 8
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season, early in July, and certain other portions of the fish-cultural

plant which were also at the service of investigators. Early in the

summer important improvements were made in the plumbing of the

main laboratory, and some others have been authorized which will be

completed before the opening of another season.

The steamers Fish Umoh and Phalarojye^ the launch Blue Wing, and

two smaller launches were available during the whole or part of the

season; also a catboat and an abundance of rowboats.

Fish pounds were set this 3^ear in Buzzards Bay at points not far

from the station. A dail}'^ record was kept of the species taken,

together with a rough estimate of the number of each. Such records,

which have been kept for manj" years past, furnish valuable data con-

cerning the annual migration of fishes. The pounds also constitute one

of the important sources of supply for the materials of investigation.

One floor of the large residence building was, as usual, at the service

of those employed b}' the Bureau to carry on special investigations.

Staf\—The staff of the laboratory during the season comprised a

director, a librarian, a secretary, five salaried investigators, working

upon special problems of interest to the fisheries, an assistant in charge

of the supply room, an assistant in charge of the fish pounds, and nine

assistants employed in miscellaneous work in the laboratory and in

the field. To the above list must be added a collector, who is per-

manentl}' attached to the station, and the crews of the various vessels

while these are in the service of the laboratory.

Collecting trips.—Leaving out of account the daily visits to the

pound nets, about 40 collecting trips were made by the smaller steam

craft to various localities in the vicinity, and 15 dredging trips by the

Fish Hav:ik, whose operations were confined almost exclusively to

Vineyard Sound. Mention should also be made of the work of two

assistants in camp at Menemsha Bight, Marthas Vineyard, where they

were engaged for four days in noting the fish taken in the numerous
traps at that point, and of a journey to Provincetown in quest of data

relating to the food of the dog-fish. The collection and preservation

of fishes, fish parasites, and other material of biological interest was

continued as usual.

Seminar.—A seminar, or research club, was established early in the

season, and thereafter met weekly until near the close of the summer.

It was thought that cooperation might be profitable in certain lines of

research, and in general it seemed desirable that there should be some
recognized medium through which the investigators might profit by
the results of each other's work. The experiment proved entirely

successful, and the meetings were well attended.

Catalogue of localfauna and jlora.—The completion of a catalogue

of the fauna and flora of the region as far as known was commenced
by the director in cooperation with several others. The work as
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projected contemplates much more than a catalogue in the sense of a

mere list of species; certain data of practical or scientific interest are,

when available, recorded for each animal and plant form. In order to

admit of indefinite expansion, the whole record will be put in the

form of a card catalogue, with eleven cards for each species. A fair

start has already been made in this work, many of the principal reports

and synopses having been abstracted, and records of about 750 species

having been entered.

Biological survey of Vineyard Sound.—The J^ish Hawk arrived at

Woods Hole on the 19th of July and remained until September 10,

during the greater part of which period she was at the disposal of the

laboratory. It was thought that the admirable facilities for dredging

possessed b}^ this vessel could be put to greatest advantage by carrying

out a systematic surve}^ of the bottom of Vineyard Sound, a task

which had not been undertaken since the days when Professor Verrill

and his associates gathered the material for their reports on the inver-

tebrate fauna of these waters.

Accordingly, dredgings were made at intervals of three-fourths of

a mile along parallel lines crossing the sound, these lines being 1 mile

apart. Various sorts of dredges were employed, according to the

character of the bottom; the usual physical data—density of water,

character of bottom, temperature, etc.—were recorded for each station,

and material for a complete record of the biological data was preserved.

In all, 82 stations were occupied in Vineyard Sound, ranging from
Nobska Point to Gay Head. It is intended that these dredgings shall

be continued and supplemented by thorough work upon the shore life

of this region, thus completing a biological survey of these waters.

The relation which such a survey would bear to the catalogue above

discussed is obvious.

In addition to the above dredgings, a trip was made to Crab Ledge,

a shoal about 7 miles east of Chatham^ on Cape Cod, where 7 stations

were occupied.

MisceUaneous investigations.— The results of the following investi-

gations, which were conducted wholly or in part at the laboratory

during the summer of 1903, will be embodied in special reports to be

published by the Bureau:

1. The stomatopoda of the Albatross Hawaiian expedition. 2. Brachyura of the

Woods Hole region. By Robert Payne Bigelow, Ph. D., instructor in biology, Mas-

sachusetts Institute of Technology.

Studies upon carp. By Leon J. Cole, Austin teaching fellow in zoology, Harvard
University.

The food of certain fishes of little or no food value. By Irving A. Field, Denison

University.

Causes of certain fish diseases. By Frederic P. Gorham, Ph. D., associate pro-

fessor of biology, Brown University.
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The parasites of fishes. By Edwin Linton, Ph. D., professor of biology, Washing-

ton and Jefferson College.

Physiology of the lateral-line organs of fishes. By George H. Parker, Ph. D.,

assistant professor of zoology, Harvard University.

A synopsis of the annelids of the Woods Hole region. By J. Percy Moore, Ph. D.,

instructor in zoology, University of Pennsylvania.

The total number of investigators who availed themselves of the

privileges of the laboratory during- the summer was 30, the greatest

number at any one time being 20. These men represented two gov-

ernment departments and 16 educational institutions, ranging from

Alabama to Vermont and west to Illinois. The nature of their inves-

tigations is indicated below:

Artificial sea waters as tested in aquaria.—At the suggestion of Mr. W. de C. Ravenel,

representative of the Bureau of Fisheries at the St. Louis Exposition, experiments

were made under authority of the Secretary of Agriculture and of the Commissioner

of Fisheries, to determine, if possible, how far it may be practicable to make
artificial sea water capable of sustaining marine plant and animal life. This work

was conducted by Dr. Rodney H. True, physiologist of the Department of Agricul-

ture, assisted by ;Mr. W. 0. Richtman, of the Department of Agriculture, and Mr.

Grant Smith, graduate student of Harvard University.

Experiments were made with artificial sea water prepared in two ways: (1) By
dissolving in distilled water the complete salts of the sea, obtained by evaporation;

(2) by dissolving in distilled water chemically prepared salts in proportions deter-

mined by analysis. The Challenger analyses by Dittmar were used. Aquaria were

provided with artificial waters prepared according to each of these methods and with

sea water dipped from the current at the end of the wharf at the Woods Hole station.

Two sets of such aquaria were prepared : ( 1 ) Standing aquaria kept at constant salt

content by the addition of fresh water; (2) aquaria through which a small stream of

water was kept flowing, providing thereby a system of closed circulation.

Aquaria thus prepared were stocked with both plant and animal life, the plants

most used being green forms common at Woods Hole

—

Cladophora, Enteromorpha,

TJlva, and Aghardiella tenera. Many types of animal life were studied, including

especially sea anemones {Metridium), starfish (Asterias), medusas (Gonionemns),

squid {Loligo), and fish (silversides, scup, pipe-fish, etc.). The general result may
be stated as follows: Sea anemones seemed to flourish in all the media during the

period under observation. ' Starfish survived and behaved normally in the water

made from evaporated sea salt, but in some cases showed symptoms of injury in the

synthetic solution. Gonionemus survived for several weeks in both solutions, but

appeared to suffer from its contact with other forms of life in the aquaria. The squid

could not be made to survive for more than a few days in any medium, artificial or

natural. It died in the synthetic solution in less than ten minutes, with violent

symptoms, but survived in the other artificial solution as long as in the natural sea

water. Fish, including delicate forms like Menidia, seemed in all cases to live as well

in the artificial solutions as in the natural. Several other forms of fish and inverte-

brates were tested in various ways, with the general result that the artificial solution

made from the salt obtained by evaporation permitted survival to a degree not clearly

different from that seen in sea water. The synthetic artificial solution seemed equally

favorable to most forms, but distinctly less so to a few-.

The edible lamellibranchs as a source of infection.—This research was conducted by

Dr. George Wilton Field, of the Massachusetts State Board of Health, assisted by Dr.

C. A. Fuller, and involved a study of the relations between shellfish and sewage

bacteria, with experiments designed to answer the following questions: (1) Are
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sewage bacteria {Bacillus coli, the type form) normal and usual inhabitants of shell-

lish? (2) IIow soon after the ijitroduction of B. coli into the water does it appear in

the clam? (3) How long does B. coli live in ordinary sea water? (4) How long,

under normal conditions, does B. cult remain alive and active in the intestine of shell-

fish? (o) Is it probable that the shell-fish digest B. coli and thus incidentally act as

purifiers of the sewage-polluted waters, and further, that by digesting B. coli, shell-

fish may after a time become free from sewage bacteria and therefore harmless as

food for man? (6) Examination to ascertain what anatomical region is most certain

to give a true index to the presence of B. coli.

The methods used by Doctor Field and Doctor Fuller for securing proper conditions

of infection with Bacillus coli and for maintaining the normal conditions of life for

the clams proved satisfactory. The results will probably be ]Hiblished by the

Massachusetts State Board of Health in its annual report and are believed to be of

considerable importance.

The lobster problem.—At the request of Capt. J. W. Collins, chairman of the fish

and game commission of Massachusetts, Doctor Field secured at Woods Hole and
Cuttyhunk important data concerning the lobster industry, bearing upon the biological

importance of preserving the adult lobsters and permitting the catching of immature
ones. Figures were obtained indicating the commercial value, in terms of edible

meat, of lobsters 8.5, 9.5, and 10.5 inches long; also the weights and measurements
(length, weight, and diameters of chela?, thorax, and abdomen) of upward of 800

newly caught lobsters coming from different sections; and some observations were
made upon the relative numbers of mature and immature lobsters in the ocean. In

connection with the recommendation of a law which would insure the perpetual

protection of the adult lobster, experiments were made looking toward the adoption

of a pot w'hich would exclude lobsters above 11 inches in length and permit the

escape of those under 9 inches. The result of this would be the automatic regulation

of lobster catching to practically only those sizes between 9 and 11 inches.

The food of marine hirih.—Lynds Jones, M. S., instructor in zoology, Oberlin Col-

lege. These investigations were made on Weepecket, Penikese, and Muskeget
islands. Stomachs of young terns were examined, and the feeding of the young by
the parent, as w'ell as the feeding of the adult birds, was carefully noted. Mr. Jones

gives the following estimate of the tern population of the various islands where they

nest: Weepecket, 2,000; Penikese, 10,000; Muskeget, 80,000; total, 92,000. The two
species (Sterua liiruinlo and X dougalli) are represented in about the proportion of 2

to 1. The feeding habits and the food of the two are the same. The number of

fishes eaten in this region by terns in the course of one day is estimated by Mr. Jones
as follows: Sand launce {Amriiodijte>i americarms) , 736,000; chogset {Tautogolabrus

adspersus), 73,600; mullet [Mugil curema), 36,800; pollock [Pollachius virens), 27,600;

clupeid fish (Chipca or Pombolohu>>) 27,600, and flounder { Pseudopleuronectes ameri-

canus), 18,400. Mr. Jones concludes that the number of food fishes consumed by
terns is a negligible quantity. The food of the gulls, loons, kingfishers, osprey, and
ducks was not studied.

Tlie bactericidal properties of sera of marine animcds.—G. F. Kuediger, M. D., Memo-
rial Institute for Infectious Diseases, Chicago (Rush Medical College). The object

of this work was to find a normal blood serum in cold-blooded animals which would
be destructive to streptococci. Sera from butter-fish, dog-fish, conger eel, flounder,

mackerel, dusky shark, sand shark, scup, squeteague, butterfly-ray, sting-ray, com-
mon skate, squid, lobster, spider crab, king crab, snapping turtle, painted turtle, and
spotted turtle were used. Streptococci were found to grow well in all of these sera,

excepting those of the painted turtle and spotted turtle. These two sera seemed to

kill large numbers of organisms from some cultures of streptococci, other cultures,

however, not being affected. Heating the serum destroyed its bactericidal prop-

erties. An attempt was also made to immunize the dog-fish, but lack of time pre-

vented conclusive results.
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A statistical study of Fundulus majalis, with a view to the determination of selective char-

acters.—Francis Bertody Sumner, Ph. D., instructor in zoology, College of the City

of New York, and director of Woods Hole Laboratory.

In addition to this work the compilation of the catalogue of the fauna and flora of

the Woods Hole region, elsewhere referred to, was conducted by Doctor Sumner,

with the assistance of Mr. Raymond C. Osburn, graduate student, Columbia Univer-

sity, and others.

The color changes of fishes.—F. C. Carlton, graduate student, Harvard University.

Experiments upon phototactic responses of star-fish.—Grant Smith, graduate student,

Harvard University.

Studies of the morphology of Hydromedusse.—Henry Farnham Perkins, Ph. D.,

instructor in biology. University of Vermont.

Minute structure of the rods of the retina of fishes.—Arthur D. Howard, M. S., grad-

uate student, Harvard University.

A study of a parasite of the oyster {Bucephalus cucuUus McC).—John Y. Graham,
Ph. D., professor of biology. University of Alabama.

Collection of material for histological studies.—Ulric Dahlgren, M. S., assistant pro-

fessor of histology, Princeton University.

(1) Dimorphism in Metridium marginatum. (2) The blood parasites of the turtle.—
Clarence W. Hahn, A. M., graduate student, Harvard University.

The effect of heredity on the dimorphism exhibited in the optic chiasma of teleosts.—
Austin P. Larrabee, A. M., graduate student, Harvard University.

The reaction of eyeless fish to light.—Joseph A. Long, graduate student. Harvard

University.

Comparative study of muscular tonus.—Samual Steen Maxwell, Ph. D., instructor in

physiology. Harvard Medical School.

Studies on the phosphorescence of ctenophores.—Amos W. Peters, Ph. D., instructor

in physiology, University of Illinois.

Studies of the gregarines.—George G. Scott, M. A., tutor in the College of the City

of New York.

Phototaxis in Copepoda.—John A. Shott, A. M., professor of biology and physics,

Westminster College.

(1) Crustacean metamorphosis. (2) Studies of the head and alimentary canal of

Diptera.—Millett T. Thompson, Ph. D., instructor in zoology, collegiate department,

Clark University.

BEAUFORT LABORATORY (dR. CASWELL GRAVE, DIRECTOR).

At the beginning- of the fiscal jq^v the laboratory at Beaufort, N. C,
had been open for over a month, and it was continued in operation

until September 30; during July and August all of the rooms were

occupied by investigators and student assistants. The facilities of the

laboratory had been improved in the preceding fiscal 5^ear by the

installation of a pumping plant, and during the summer of 1903 it

was possible to keep living material for study in the laboratory and to

maintain an instructive exhibit in the aquaria, where from 50 to 200

live animals, principally small and moderate sized fishes, with a few

species of invertebrates, were on exhibition daily. Owing to the lack

of light and aeration in the large tanks, it was found impossible to

maintain an exhibii; of the larger species of fishes, but plans for over-

coming this difficulty are now under consideration. The laboratory
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fleet has been augmented by the addition of a sharpie and two skiffs,

and during the season of active operations consisted of the launch

Petrel^ the sharpie Cero^ and 8 rowboats, all of which were in almost

constant use. The Petrel and the Cero were emploj^ed in carrying on

a biological survey of the waters in the vicinity of Beaufort, and in

collecting materials for the use of investigators in the laboratory. The

Petrelyf2iS also used in experiments in oyster culture carried on jointl}^

by this Bureau and the North Carolina Geological Survey.

The oyster experiments and investigations in Pamlico Sound promise

important economic results. Thirty plants have been made during

the year, making a total of 35 plants in 13 localities now under the

supervigion of the laboratory. Progress has also been made in the

collection of data relating to the status of private plants and in col-

lating the experiences of those who have at various times attempted

oyster culture in Pamlico Sound and vicinity, all of which have a

bearing upon the feasibility of state encouragement of the industry.

The biological survey contemplates the assembling of a museum, the

collection of all possible information concerning the rich fauna in the

vicinity of Beaufort, and the preparation of a catalogue and charts

showing the local distribution of the various species, their time of

occurrence, food, enemies, parasites, breeding habits, etc., as well as

the economic status of those species which are utilized by man. Dur-

ing the season considerable progress has been made in this undertaking,

and besides the collection, preservation, and labeling of specimens,

numerous notes have been made relating to the fishes of Beaufort and

adjacent waters. In addition to many species which they do not recog-

nize, 50 species of fishes are known to the fishermen, and about 30 of

these have or have had an economic value at Beaufort. Work of a

similar character is being carried on with the invertebrates, and, as

opportunity presents, the scope of the survey will be extended both

geographically and with reference to species. It is believed that the

catalogue, as it becomes more exhaustive, will furnish information of

great economic and scientific value.

During recent years there has been an increase in the importance

and value of the clam as a fishery product in the vicinity of Beaufort,

and in recognition of this steps have been taken toward an investiga-

tion of the natural history of the species and of the economic signifi-

cance of present methods of the fisheries. In May, 1903, arrangements

were made to carry on experiments in clam culture jointly with cer-

tain persons industrially engaged in the business. Sufiicient time has

not elapsed for the attainment of any results.

The observations on the diamond-back terrapin begun in 1902 have

not been activel}" prosecuted, as superior opportunities have been pre-

sented elsewhere for the conduct of this work by the Bureau.
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During the summer of 1903 thirteen persons at the laboratory

carried on special lines of investigation, which are summarized below:

The early development of an ascidian
(
Cynthia sp. ) was investigated by Prof. W. K.

Brooks, of Johns Hopkins University, dnring two weeks in September, in order to

compare certain structural characters of the eggs and larvfe and certain features in

the development with corresponding stages in Saljxi.

The study of Phoronis architecta, begun by Mr. R. P. Cowles, of Johns Hopkins
University, two years ago, was completed, and the study of the development of a

species of Ascarus parasitic in the toadfish, also a research on the cell lineage of

Axtotheca murosa, a species of annelid found in the vicinity of Beaufort, were taken up.

Studies of peculiar ctelenterate larvae, which present divergences from other larval

Cffilenterates already described, were conducted by Mr. L. R. Gary, of Johns Hop-
kins University. The specimens were taken in the tow nets, and from the small

actiniaus developed from them it appears that the species is Paractis rapiformis.

The effect of X-rays on the development of the chick was studied by Mr. P. K.

Gilman, with results that are expected to exert influence on certain lines of surgery.

Living eggs of Fanciolarid tulipa and the method of ingestion by the few fertile

eggs of the large number in the same capsule whicli never undergo development

were subjects of investigation by Dr. O. C. Glaser, of Johns Hojikins University.

Studies on the breeding habits of the pipefish were continued by Mr. E. W.
Gudger, of Johns Hopkins University, the method by which the female transfers

her eggs to the brood pouch of the male being especially observed. Material was

preserved to serve as a basis for a study of the embryology of the species.

About 275 species of insects occurring in the vicinity of Beaufort were collected by
Mr. Franklin Sherman, jr.. and notes were made relating to the habits, comparative

abundance, and other matters concerning 32 species. Special attention was paid to

species of economic importance, viz., the harlequin, cabbage bug, chinch bug, cotton

louse, cabbage louse, spotted melon beetle, striped melon beetle, spotted belidnota,

herbivorous lady beetle, pine weevil, potato beetle, tortoise beetles (3 species), horse-

flies (3 species), apple-tree tent-caterpillar, bean-leaf beetle, house fly, large corn-

stalk borer, corn-hill beetle, and blister beetle.

Collections representing 30 species of Hydromedusse were made by Mr. Samuel
Rittenhouse, of Johns Hopkins University, who also preserved material for work on

the development of Tnrr)toj)sis.

The plankton of the harbor was studied by Dr. Adolf Reichard, and material was
collected for a research on the development of Appendicularia.

The collection of annelids at the laboratory was rearranged, labeled, and studied

by Mr. Clarence A. Shore, of Johns Hopkins University, who also made additional

collections whenever the tides and weather permitted, obtaining several hitherto

unrepresented species and bringing the total number up to 52.

The algae of the region were studied by Mr. W. D. Hoyt, of the University of

Georgia, 54 species being collected. Notes on the structure, habitat, and reproduc-

tion characteristics of each were filed in the laboratory catalogue.

Fishes of the vicinity of Beaufort were collected by Mr. George T. Bean, a number
of species obtained whose occurrence was before unknown bringing the list up to 119.

Records of the food, breeding habits, and economic importance were preserved.

The study of a destructive parasite of the oyster, a trematode of the genus Gaste-

rostomum, was continued by Dr. D. H. Tennent, of Johns Hopkins University, who
has traced the complete life history of this worm. The adult form lives in the

alimentary canal of several species of Beaufort fishes.



REPORT ON STATISTICS AND METHODS OF THE FISHERIES.

By A. B. Alexander, Asmtant in Charge.

SUMMARY OF THE WORK.

The work of this division during- 1904: included a statistical canvass

of the salmon fisheries of Alaska for the years 1901, 1902, and 1903,

and of the salmon-canning industry of Washington, Oregon, and Cali-

fornia for the season of 1903; an investigation of the fisheries of the

South Atlantic and Gulf States for 1902, including inquiries into the

alligator and otter industries of the interior waters of Florida; a can-

vass of the New England fisheries and those of the interior waters of

New York and Vermont for 1902; of the Hawaiian Islands for 1903,

and of the shad and alewife fisheries of North Carolina for the season

of 1904. At the close of the year an investigation of the Great Lakes

fisheries was in progress, and a study of the fishery products on exhi-

bition at the Louisiana Purchase Exposition had been undertaken.

These inquiries were conducted through the regular corps of statisti-

cal field agents. Monthly returns of the quantity and value of the fish

caught and landed at Boston and Gloucester, Mass., by American ves-

sels have been submitted by local agents. The results of the various

canvasses are summarized in the following pages, and a detailed report

on the fisheries of the interior waters of New York and Vermont is in

course of publication. In addition to the usual monthly bulletins of

fishery products landed at Boston and Gloucester, the following have

been issued by the division during the year:

No. 145. Statement of the quantities and values of certain tisliery products landed

at Boston and Gloucester, Mass., by American vessels during the year 1903.

No. 147. Fisheries of the Gulf States, 1902.

No. 149. Fisheries of the South Atlantic States, 1902.

No. 151. Fisheries of the New England States, 1902.

121
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VESSEL FISHERIES OF BOSTON AND GLOUCESTER.

The quantity of fishery products landed at Boston and Gloucester,

Mass., b}" American fishing vessels as their own catch in 1903 was

6,990 fares, consisting of 111,442,114 pounds of fresh fish, valued at

12,686,791, and 46,050,228 pounds of salted fish, valued at $1,743,240—

a total of 167,492,342 pounds, valued at 14,430,031. From banks east

of 66° west longitude there were 721 fares, amounting to 53,282,288

pounds, valued at $1,559,596, and from banks off the New England

coast west of that meridian 6,269 fares, with 104,210,054 pounds,

valued at $2,870,435. As compared with the returns for 1902 there

has been a decrease of 344 fares and of 10,462,533 pounds in the total

quantity of fish lauded, but an increase of $50,949 in the total value.

The falling off in quantity is no doubt largely due to inclement weather,

which, during the winter months and to some extent in the sum-

mer, frequently detained the vessels in port and also interfered with

their operations while on the fishing grounds, and the consequent

scarcity of fish at various times m&j partly account for the increase

in value. In this connection, however, it is noticed that 9,650,061

pounds of the decrease was in fish from the more distant fishing

grounds—east of QQ^ west longitude. The trips from that region were

less numerous and averaged considerably smaller than in the previous

year. There was also a slight falling off in the number of trips and

in the quantity of products landed from banks off the New England

coast, but the average size of the fares was greater.

The receipts of fish at Boston from American fishing vessels during

the year was 3,818 trips, consisting of 78,383,472 pounds of fresh fish,

valued at $2,001,485, and 1,883,400 pounds of salted fish, valued at

$49,642; a total of 80,266,872 pounds, with a value of $2,051,127. Of
this product 224 trips, amounting to 10,470,560 pounds, valued at

$289,820, were from banks east of 66° west longitude, and 3,694 trips,

with 69,796,312 pounds, valued at $1,761,307, were from banks off the

New England coast.

The number of trips landed at Gloucester was 3,172, having 33,058,-

642 pounds of fresh fish, valued at $685,306, and 44,166,828 pounds

of salted fish, valued at $1,693,698; a total of 77,225,470 pounds,

valued at $2,378,904. From the eastern banks there were 497 trips,

with 42,811,728 pounds, valued at $1,269,776, and from banks off the

New England coast 2,675 trips, with 34,413,742 pounds, valued at

$1,109,128.

At Boston there was a decrease of 163 trips as compared with the

preceding year, but an increase of 1,292,876 pounds in the quantity

and of $8,489 in the value of the fish; and at Gloucester a decrease of

181 trips and of 11,755,409 pounds in quantity, but an increase of

$42,460 in value.
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Summary, b;/ fishing grounds, of certain fishery products landed at Boston, 3Iass., by
American fishing vessels, 1903.
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Summary, by fishing grounds, of certain fishery products landed at Boston, Mass., by

American fishing vessels, 1903—Continued.



REPOKT OF THE COMMISSIONER OE' FISHERIES. 125

Summari/, by fishing grounds, of certain fishery products landed <it Gloucester, Mass., by
American fishing vessels, 1003.
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Summary, hy fishing grounds, of certain fishery j)roducls landed at Gloucester, Mass., by
American fishing vessels, 1903—Continued.
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Summary, by fishing grounds, of certain fishery products landed at Gloucester, Afass., by
American fishing vessels, 190S—Continued.
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Stutonent, by months, of quantities and values of certain fishery products landed at Boston
and Gloucester, Mass., by American fishing vessels during the year 1903—Continued.
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SUdemeiil, hi/ month.'^, a/ (jnanliticx and ralncf; of cerlaiii. fislwry producis landed at Bo.^ion
and Gloucester, Mass., bij American Jishing vessels during the year 1903—Continued.
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Statement, hy months, of qnantitics and values of certain fishery 2)ro(hicfs landed at Boston
and Gloucester, Mass., by American fishing vessels during the year 190.3—Continued.

Months.

Total.

Fresh.

Lbs. Value.

Salted.

Lbs. Value.

Grand total.

Lbs. Value.

January
February
March .*.

April
May
June
July
August
September
October
November
December.

Total landed at
Boston

January
February
Marih
April -.

May
J urie
July
August
September
October
November
December

Total landed at
Gloucester

Grand total

Grounds E. of 66° \V.

long
Grounds W. of 66° VV.

long
Lauded at Boston iu
1902

Lauded at Gloucester
in 1902

$163,

167,

205,

151,

79,

147,

178,

217,

191,

167,

194,

137,

740, 000 WO, 100

14, 000
197, 800

420
9,577

27,000
220, 600

945
18, 400

684, 000 10, 200

6, 162, 050
6, 413, 020

12,641,100
6,449,160
4, 246, 400
3, 862, 483

5, 808, 163
6,411,926
8, 629, 170
6, 338, 560
8, 015, 700
5, 289, 150

$173, 333
167, 333
205, 766
151,044
79, 781

157, 039
178. 344
218. 345
210, 183
167, 828
194, 922
147, 209

78, 383, 472

1,980,7.55

1,113,560
2, 412, 778

3, 139, 201

3, 690, 135

2, 602, 620
1,921,115
1, 708, 276
2, 470, 279
5,219.201
5,861,796

938, 926

33, 058, 642

2,001,485 1,883,400 49, 642 80, 266, 872 2,051,127

67, 565
48, 668
56, 771

60, 795
67, 970
60, 373
48,418
45, 749
53, 289
68, 145
77,8.52

29, 711

3, 260, 715
167, 243
563, 205

1,668,959
2, 102, 332
4, 424, 580
9, 015, 980
4, 058, 498
3, 430, 389
3, 433, 162
8, 457, 421

3, 584, 344

64, 687
5,856

21,247
51,051
77, 716

194, 902
330, 542
241,166
202, 312
148, 937
282, 136
73,046

5, 241, 470
1, 280, 803
2, 975, 983
4,808,160
5, 792, 467

7, 027, 200

10, 937, 095
5, 766, 774

5, 900,-668

8, 652, 363
14,319,217
4, 523, 270

132, 252
54, 624
78.018

111,846
145,686
255, 275
378, 960
286, 915
255, 601
217, 082
3.59, 988
102, 757

685,306 44,166,828 1,693,598

111,442,114 2,686,791 46,0.50,228 I 1,743,240

23, 835, 047

87,607,067

77„608,5%

39, 614, 878

643,988

2, 042, 803

1,994,198

787, 676

29, 447, 241

16, 602, 987

1,365,400

49, 366, 001

915, 608

827, 632

48,440

1,548,768

77, 225, 470 2, 378, 904

157,492,342 4,430,031

53, 282, 288

104,210,054

78, 973, 996

88, 930, 879

1, 559, 596

2,870,435

2, 042, 638

2, 336, 444

FISHERIES OF THE XEW EXGLAND STATES.

The number of persons emp]o,yed in the coast fisheries of the New
Eng-land States in 1902 was 38,879. Of these, 23,661 were fishermen

and transporters and 15,218 were engaged as shoresmen in the whole-

sale fishery trade and in the preparation of fishery products.

The capital invested in the fisheries amounted to $19,969,031. The
investment included 1,479 vessels engaged in fishing and transporting

fishery products, the value of which was $3,977,066. The net ton-

nage Avas 16,513 tons and the value of the outfit was $1,792,990. The
number of boats in the shore fisheries was 11,021, valued at $682,581.

The fishing apparatus employed in the vessel and shore fisheries had a

value of $1,305,779. The value of shore and accessor}- property was

$7,925,887, and the cash capital employed in operating sardine can-

neries, menhaden factories, in the preparation of fishery products,

and in the wholesale fisherv trade was $1,281,725.
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The quantity of products derived from tlie fi.sherics was 528,91:3,797

pounds, valued at $13,280,101 as they leave the hands of the lisher-

men; this does not include the enhancement in value as the result of

canning or other methods of preparation beyond tl>ose employed by
the fishermen, nor the higher price received for products handled in

the wholesale fishery trade. The leading species in the New England
fisheries are alewives, cod, cusk, eels, flounders, haddock, hake, pol-

lock, halibut, herring, mackerel, menhaden, scup, shad, smelt, squc-

teague, swordfish, whiting or silver hake, squid, lobsters, quahogs or

hard clams, soft clams, and oysters. The products of the whale fish-

eries are also of considerable importance.

Since 1898, the year for which the last previous canvass of these

states was made, there has been an increase in the products of the

fisheries of 31.13 per cent in quantity and of 2G.83 per cent in value.

There has also been a small increase in the number of persons emplo\'ed

and in the amount of capital invested.

An interesting occurrence in connection with the New England
fisheries during the past j^ear, 1903, was the shipment from Province-

town, Mass., of a cargo of 286,000 pounds of frozen squid, out of cold

storage, to St. Pierre and Miquelon, for use as bait by the French

fishermen in the Grand Bank cod fisheries. The vessel carrjdng this

cargo was the steamer Alice M. Jacobs of Gloucester, Mass., com-

manded b}^ Capt. Solomon Jacobs, of that port. The voyage was suc-

cessfully made, and the fish met with a ready sale on reaching St.

Pierre. The Gloucester Daily Times, of March 25, 1903, refers to the

incident as follows:

After loading the squid at Provincetown, the steamer .sailed from there two weeks

ago Wednesday and reached St. Pierre the following Saturday. To avoid the ice,

Captain Jacobs went to the southward of Sable Island, and St. Pierre bore 130 miles

north-northeast before he shaped hia course for it.

^n reaching that port he had no trouble in disposing of his cargo, the French
bankers coming alongside and taking their baiting, although they had not yet fitted

.

out. All were disposed of in this way except 20,000 pounds, which were put in cold

storage, as Captain Jacobs was anxious to get away and home to fit for seining.

Captain Jacobs says the fishermen were pleased with the squid and wanted him
to return in about three weeks with a cargo of herring, for which they were willing

to pay a big price.

FISHERIES OF THE SOUTH ATLANTIC STATES.

In the South Atlantic States, namel}^, North Carolina, South Caro-

lina, Georgia, and the east coast of Florida, the number of persons

engaged in the coast fisheries in 1902 was 23,152. There were 17,711

fishermen on vessels and boats, ayd 5,711 shoresmen emploj^ed in the

various branches of industry dependent on the fisheries.

The total amount of capital invested was $2,991,149; the number of

vessels employed was 526, valued at $392,661; the value of their outfit
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was $85,095, and their net tonnage was 5,740 tons; the number of

boats engaged in the shore fisheries was 0,714, valued at $349,770; the

value of the fishing apparatus used on vessels and boats was $691,728,

of shore and accessory property $833,395, and the amount of cash

capital utilized in the wholesale fishery trade was $638,500. The
principal forms of fishing apparatus were seines, gill nets, pound nets,

oyster dredges and tongs.

The products of the fisheries aggregated 106,446,072 pounds, having

a value to the fishermen of $2,839,633. The more abundant species were

alewives, catfish, croakers, menhaden, mullet, shad, Spanish mackerel,

squeteague, striped bass, hard clams, oysters, and shrimp. Black

bass, blue- fish, and many other species are also taken in large quantities.

The increase in the fisheries of this section in 1902 as compared with

the returns for 1897 was 36.46 per cent in the number of persons

employed, 63.55 per cent in the capital invested, and 54.90 per cent in

the value of the products. There was also a large increase in all

important respects as far as shown by statistics available for earlier

years.

FISHERIES OF THE GULF .'TATES.

The coast fisheries of the states bordering the Gidf of Mexico gave

emploj'ment in 1902 to 18,029 persons, of whom 12,901 were engaged

as fishermen in the vessel and shore fisheries, including the crews of

vessels engaged in transporting fishery products, and 5,128 as shores-

men in connection with the fisheries and wholesale fishery trade.

The amount of capital invested was $4,707,460. This included 714

fishing and transporting vessels, with a net tonnage of 9,221 tons,

valued with their outfits at $1,295,845; 7,102 boats in the shore fish-

eries, valued at $707,129; fishing apparatus used on vessels and boats,

having a value of $198,414; shore and accessory property, valued at

$1,586,672, and cash capital utilized in the wholesale fishery trade,

'amounting to $919,400. The more important forms of apparatus of

capture were seines, gill nets, trammel nets, stop nets, lines, 03^ster

dredges and tongs. The stop net, it ma}^ be explained, is a long piece

of netting stretched across a stream or creek to prevent the fish that

have entered from escaping when the tide recedes.

The yield of the fisheries in 1902 was 113,696,970 pounds of prod-

ucts, with a value to the fishermen of $3,494,196. The species secured

in largest quantities were buffalo-fish, cat-fish, channel bass or red-fish,

red snappers, groupers, mullet, sheepshead, Spanish mackerel, trout

or squeteague, hard crabs, oj^sters, and shrimp.

Since 1897, the year for which they were last canvassed, the fisheries

of the Gulf States have increased 29.08 per cent in the number of per-

sons emplo^^ed, 82.17 per cent in the amount of capital invested, 73.95

per cent in the quantity, and 53.81 per cent in the value of the prod-
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nets. The species in which the larj^avsi. increase iu yield has occurred

are buffalo-lish, mullet, red snappers, groupers, oysters, and shrimp.

FISHERIES OF THE INTERIOR WATERS OF FLORIDA.

For man}' 3'ears an important alligator and otter industrj^ has l)een

prosecuted in what is generally known as the Kissimmee and Apopka
regions of Florida. During the last few years the catching of fish has

also been taken up in this section, and it was decided to investigate

these fisheries while canvassing the coastal waters of the State. Lakes

Apopka, Harris, Grifiin, Eustis, Dora, Tohopekaliga, Kissimmee,

Cypress, and Hatcheneha, and the Kissimmee River were visited, and

the taj:>les following show the extent of the industry for 1902. As a

number of the lakes are comiected with each other by short rivers,

and the fishermen move from one to the other frequently, it is impos-

sible in every case to show separately" the fisheries of each lake.

Fishing first began in the Kissinimee region in 1900, and has attained

considerable importance. During October, November, and December,

seines are used; trot lines are operated during the rest of the year.

The town of Kissimmee is the shipping point for the fishermen of this

region. The same method is followed in Lake Apopka, Winter Gar-

den and Oakland being the fishing centers. In lakes Harris, Griifin,

Eustis, and Dora trot lines only are employed.

Alligators are hunted with guns, and otters are taken in traps in the

Kissimmee region, the same persons generally prosecuting both indus-

tries. The hides and skins are brought to the nearest railroad towns
and exchanged with the merchants for supplies.

Yield, by species, of the fisheries of the interior ivaters of Florida in 1902.

Species.
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Yield of tlie fisheries of the interior vxiters of Florida in 1903, shoini by apparatus and
species.

Apparatus and species.
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FISHERIES OF THE HAWAIIAN ISLANDS.

The commercial fisheries of the Hawaiian Islands were investigated

in the early part of lOOdt, all of the larger inhabited islands being-

visited and the work continuing for about two months. The purpose

of the canvass was to collect statistics for the year 1903, and also to

note any changes that might have occurred in the methods or otherwise

in connection with the fisheries since the first investigation in 1900.

There were 2,31:5 persons engaged in the industry in 1900, while in

1903 there were 3,241, a gain of 896; a large percentage of these was
Japanese, whose numbers have increased from 1:85 to 1,671 during that

interval. In 1900 the total investment amounted to $272,591, while in

1903 it was $309,217, a gain of $36,620. The total catch in 1900 was

6,222,455 pounds, valued at $1,083,646, while in 1903 it was 6,972,735

pounds, valued at $677,897, a gain of 750,280 pounds, but a loss of

$405,749. The principal increases were in the aku, akule, aweoweo,
gold-fish, hapuupuu, kumu, laenihi, moi, opelu, weke, and papal fish-

eries. The principal decreases appear in the amaama (mullet), hauliuli,

kawakawa, kole, malolo (flying-fish), moano, oio, uku, ulua, opihi

(limpet), and ula (crawfish) fisheries. The decrease in the malolo fishery

is especially noteworthy. In 1900, 573,082 pounds of malolo, valued

at $145,085, were secured, while in 1903 the catch amounted to 36,175

pounds, worth $3,678, a decrease of 536,907 pounds and $139,407. The
natives are the only fishermen engaged in catching malolo, and in 1903

they made but little efi'ort.

Commercial fishing is carried on from the islands of Hawaii, Kauai,

Kahoolawe, Lanai, Maui, Molokai, Nihau, and Oahu, the list being

increased since the last inquiry b}^ the addition of Kahoolawe, for

which no fisheries were reported in 1900. The fishermen from these

islands visit certain other small and uninhabited members of the group,

bu<^ the catch has been credited to the islands on which the fishermen

live. The Japanese arc rapidly acquiring control of the fisheries and
fish trade, and on certain islands are now able to fix prices at almost

any figure they wish, which explains the high price at the markets.

The fish ponds on Oahu, however, where they are most numerous, are

monopolized by the Chinese, who control the prices for amaama
(mullet), the principal fish food for the white portion of the

population.

An unfortunate feature of the fisheries of certain islands, notablj^

Maui, Molokai, and Kaui, is the absence of inspection of the fish as

landed. During the last half of 1903 there were inspectors at Wailuku
and Lahaina, on the island of Maui, but for financial reasons their

services were dispensed with on January 1, 1904, and there is now no
inspection at those important points. Fish become tainted very
quickly in such a warm climate, and the Japanese, unless they are

watched closely, dispose of such with the fresh ones.
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Although it was so recently as 1899 that the first lot of frogs was

introduced on the island of Hawaii, they have increased so rapidly

around Hilo that many are now shipped to San Francisco, and the

Honolulu market is also supplied from this section. This industry

has not been so successful on the other islands, however.

One of the most peculiar features of the Hawaiian fisheries has been

the well-developed principle of private ownership of fishes found in

the open sea and bays to within a certain prescribed distance from
shore. This being contrary to American practice, the enabling act

which admitted the islands as a territor}^ in 1900 provided for the

extinguishment of these rights on June 11, 1903, and fixed the manner

of adjudication in the courts. In the lower courts the claims of the

fishery owners were denied, it being decided that their fisheries did

not constitute a vested right. One case, however, in which the fishery

right was specifically mentioned in the original grant, was appealed to

the United States Supreme Court, which in April of this year (1901)

rendered a decision sustaining the claim. This decision will doubtless

settle the status of all similar claims pending. There are a number of

claims, however, in which the fishery is not specifically mentioned in

the original grants, and these will doubtless have to be passed upon
by the Supreme Court eventually.

FISHERIES OF THE INTERIOR LAKES AND STREAMS OF NEW^ YOICK AND
VERMONT.

A canvass of the commercial fisheries of this region was made in the

fall of 1903, and the industry was found to be carried on in the fol-

lowing waters: Lakes Bear, Cassadaga, Canandaigua, Cayuga, Cham-
plain, Chautauqua, Conesus, George, Keuka, Mill Site, Oneida, Onon-
daga, Otsego, Owasco, Seneca, and Skaneateles, and the Oneida and

Seneca rivers in New York and Lake Champlain in Vermont. A few
other lakes and streams were visited in both States, but as thc}^ have

no commercial fisheries they are not enumerated.

The onl}" other canvass of this region made b}^ the Bureau was in

1896, when data were collected for the calendar 3'ear 189.5. A compar-

ison of the figures for the two years shows a most gratifying increase in

every particular. In New York in 1895 the number of fishermen was

513, while in 190^2 there were 801, a gain of 261. The total invest-

ment in 1895 w^as ^19,715. In 1902 it had increased to $25,291", a gain

of $5,516. In 1895 the total catch was 751,730 pounds, valued at

^60,086, while in 1902 it was 1,530,918 pounds, valued at $87,897, a

gain of 776,168 pounds and $27,811. The interior waters of this State

produce more muskellunge and smelt than the fresh waters of any

other state in the Union, while they lead all other waters, except the

Great Lakes, in the catch of bullheads, pickerel, wall-eyed pike, yellow

perch, and suckers.
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In Vermont a most g-ratitjing- increase is shown so far as apparatus

and shore and accessory property are concerned. The catch increased

from 298,139 pounds, valued at ^7,160 in 1895, to 542,812 pounds,

worth $37,669 in 1902, a gain of 211,673 pounds and $30,509. These

ligures represent the iisheries in that portion of Lake Champhiin

ijdng- within the state of Vermont. On the New York side no netting-

is ])ermitted, but Vermont allows it during certain seasons of the year.

Missisquoi Bay, at the foot of the lake, is the principtd net-tishing

region, and in the spring a nimilier of seines are hauled here and in

adjacent sections of the lake, for wall-e^'ed pike mainW; in the fall

they are hauled principally^ for white-iish, locally known as "shad."

Many attempts have been made to stop this form of lishing, which is

exceetlingly destructive to some of the most valuable species in the lake,

more particularly wall-eyed pike, white-lish, and pickerel, which form

nearly half of the catch, but it seems impossible to do so while Canada

permits her fishermen to haul seines in that part of the bay which

lies within her borders.

In 1902 the State of Vermont granted 5 gill-net licenses to take

white-fish in Lake Bomoseen, 2 for Lake St. Catherine, 1 for Lake
Memphremagog, and 1 'for Lake Hortonia, and these nets captured

3,162 white-fish in Lake Bomoseen, 513 in Lake St. Catherine, 105 in

Lake Memphremagog, and 165 in Lake Plortonia. A very few perch^

pickerel, and sun-fish were also taken in the nets. The fishery can

hardly be called commercial, as most of the fish caught were consumed
by the fishermen.

. The greatest drawback to the fisheries of manv of the lakes and

streams is the presence of undesirable species. The alewife in Seneca

Lake and the ling and carp in most of the waters are very objection-

a.ble. The alewife and ling are not used for food. The carp, if taken

iuythe winter and shipped alive to New York City, would net the ship-

per a' fair price, being- a very hardy fish, which would stand shipment

in ice and arrive in good condition,

THE PACIFIC COAST COD FISHERY.

The last canvass of the cod fisheries of the Pacific coast supplied

data for the year 1899. In that year there were taken in Alaskan

waters and landed at San Francisco 5,917,131 pounds of salted cod, of

$178,051 value. In 1903 there were landed at San Francisco 19 car-

goes of cod, amounting to 2,022,300 fish in number, or approximatel}^

9,605,925 pounds, of $288,177 value. Of this number, 170,000 fish

were caught in Okhotsk Sea, 867,300 in Bering Sea, and 985,000 at

the various stations among the Shumagin Islands. The Pirate Cove

station is credited with 525,000 fish, Unga station with 221,000, and

Sanak and Dora Harbor stations with 236,000. There were employed
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in the fishery 13 vessels, carrying- 107 men and 52 boys. The stations

employed 86 men.

A few years ago a number of the cod stations were closed and held

in reserve, being considered too expensive to operate, and, besides,

the fish on adjacent grounds were said to be growing scarce. Since

that time these stations have been reopened and a few others have

been established, but it is now claimed that cod are becoming scarce on

the grounds in the vicinity of Pirate Cove as compared with former

years, and the closing of the station for a year or two is being consid-

ered. The station situated near the southern entrance of False Pass,

suspended for a number of years, Avas operated in the season of 1903.

It is learned that fishing on Slime Bank, at one time a most prolific

source, has l)een practically abandoned, because, according to fisher-

men, this ground has l>een '' lishod out." Port Moller and banks

lying farther to the eastward are now the scene of operations.

Previous to 1892 the cod fishery of the Pacific coast was conducted

from San Francisco. In that year Capt. J. A. Matherson, of Ana-

cortes, Wash., formerly of Provincetown, Mass., fitted out the schooner

Lhzie Colhy for a cod-fishing trij) to the Bering Sea, and, the first

voyage proving a success, since that time has made annual trips to

that region. Up to 1903, however, when she landed at Anacortes

360,000 pounds of cod, valued at $10,800, this vessel was the only one

on Puget Sound engaged in the cod fishery. In that year two other

vessels fitted out at Seattle for Alaska, returning with about 400,000

pounds of fish. One of these vessels obtained her fare in Bering Sea,

the other in tiie vicinit}^ of Sanak Island. Another company has

recently been formed, with headquarters at Anacortes, and has a fleet

of four vessels. It is expected that some of these will fish in Bering

Sea during the season of 1901.

It will thus be seen that the cod fishery of the Pacific coast is rapidly

growing. The method of preparing the salted product is practically

the same as that followed on the Atlantic coast, the fish undergoing

about the same kind of treatment. The artificial drying of cod is car-

ried on to some extent at San Francisco, machines for that purpose

having recently been introduced. From the fact that new firms are

being established along the coast, it may be inferred that there is an

increase in the demand for the Pacific cod.

THE HxVLIBUT FISHERY OF THE PACIFIC COAST.

In 1887 the halibut fishery of the Pacific coast began to attract the

attention of New England fishermen, and soon afterwards a number of

vessels from Gloucester, Mass., started around Cape Horn for Puget

Sound. On reaching their destination the}" fitted out at Seattle and

PortTownsend for the unexplored fishing grounds of southeast Alaska

and British Columbia. Several trips of fletched halibut were secured.
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but there beino- no market for tlie product on tlio racitic coa«t, the

fares were shipped overland to lioston and Gloucester. The cost of

transportation, however, rendered this enterprise unremunerative,

and the fresh halihut fishery also, since the local demand was limited

and a large portion of the product had to lind market in the East, was
for a time unprofitable; but, Atlantic halibut becoming scarce, the

demand for the Pacific coast product increased to such an extent

that eastern firms were attracted to Pnget Sound and British Columbia,

and in the last ten 3'cars this branch of the fisheries has greatly

increased in importance.

In the early years the fieet of small boats, sloops, and schooners

engaged in catching halibut on the local banks—Cape Flattery, Cape
Scott,'and around San Juan Islands—landed its fish at Port Townsend,

but since 1888 Seattle, owing to its superior shipping facilities, lias

become the business center.

While the sailing vessels comprised in the hali])ut fleet of Seattle do

not compare in size with those of the Atlantic coast, they answer every

pui*pose for which they were designed, many of them having fine lines,

and being built to encounter rough weather. The large vessels first

emplo3"ed were found to be expensive, and, moreover, the shortest

route to most of the halibut banks being through the narrow channels

and passages between the islands and mainland of British Columbia,

smaller vessels were found better suited to the purpose. It was soon

recognized that the route leading to the fishing grounds of the North
could })c better navigated by steam than b}' sail power, but it was not

imtil about eight years ago that steam vessels were adopted. At vari-

ous times individual enterprises with steam vessels have been under-

taken, onlv to be abandoned after a season or two; but the forming
of the company at Vancouver, backed b}^ eastern fishing firms, gave
the halibut industry a new impetus.

Steamers were at first chartered by the company, but as the industry

maintained a steady increase it was deemed advisable to have vessels

especiallj' built for its needs. The steamer JVcnv England was launched

at Camden, N. J., in 1897, and was brought around Cape Horn to

Vancouver. In 1902 the steamer Kingfisher^ built at San Francisco,

was added to the fleet. The steamer Saga, of Vancouver, now owned
by the New England Fish Compan}^, has also been converted into a

halibut vessel, and is to make regular trips to the banks.

The fresh halibut fishery of the Pacific coast was can\'assed in 1900

for the year 1899. In that year there were landed at the various

points on Puget Sound 3,439,640 pounds of halibut, having a value of

$108,170. In 1902, according to the Pacific Fisherman for April,

1903, there were landed in the State of Washington alone 20,060,000
pounds. Reckoning 2 cents a pound as an average price received h\
the fishermen, this quantity of fish would represent a little over
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$400,000 in value. The number of pounds given, however, probably

includes the catch for that jeav landed at Vancouver, which was not

included in reports of the last canvass. In the same year 5,019,000

pounds of halibut were shipped from Vancouver to Boston, leaving

15,031,000 pounds to be disposed of at Seattle, Tacoma, and other

points on Puget Sound. Some remarkable catches have been reported

for 1903, the steamer JVetc England being said to have obtained a fare

of 145,000 pounds of halibut in one day's fishing, the greatest amount

ever taken in one day l\y a vessel carrying 12 dories.

In 1903 the halibut fleet of Seattle numbered thirty-odd sailing ves-

sels, mostly schooners, and one steamer. The schooners are small,

ranging from 8 to 42 tons; the steamer Rainiei\ lost in November,

was 109 tons register. Besides this fleet there were two other

steamers, the Neio England and the Kingjishei\ 71 and 141 tons,

respectively, that sailed out of Vancouver, British Columbia, and as

these vessels are owned b}- the New England Fish Company, thc}^

should be included in the American fleet. Their catch is landed at

Vancouver and shipped overland in bond to Boston, where it is

reshipped to various points in the West and to cities along the Atlan-

tic seaboard.

Considerable investigation has been made at diflerent times by fish-

ing vessels with the o'DJect of discovering new halibut grounds, but

little has been learned in recent years to indicate the existence of

extensive banks offshore. The principal grounds lie, for tbe most

part, in waters belonging to British Columbia. Large fares have been

taken in Dixon Entrance, off' Cape Muzon and Cape Chacon, and

many trips have been secured farther north in the channels and baj^s

of southeast Alaska, but the largest catches have been made in waters

adjacent to the northern end of Queen Charlotte Islands and on

banks on the east side of Hecate Strait. During the winters for the

past ten j^ears a few small steamers and an occasional schooner have

been engaged in catching halibut in southeast Alaska and shipping

them to Puget Sound. It may be stated that the halibut grounds in

this region are not so large and prolific as those farther south.

THE SAN FEAXCISCO WHALING FLEET.

The fleet of whale vessels having headquarters at San Francisco,

Cal., in 1903 comprised 10 steamers, 6 barks, and 4 schooners, a total

of 20 vessels, of wdiich number 2 steamers and 4 barks were owned at

New Bedford, Mass. The number of whales captured during the year

was 169, of which 19 were bowhead, 5 right, and 145 sperm. These

w»ere all secured by 14 vessels, the remainder of the fleet being reported

without an}^ catch. The whale products landed at San Francisco con-

sisted of 59,750 pounds of whalebone, 20,601 gallons of wh<ile oil, and
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179,770 gallons of sporni oil. This included 23,000 pounds of whale-

bone obtained from 12 whales caught in 11)02 which did not arrive in

San Francisco until 1903. The approximate value of whalebone was

^5 a pound; of whale oil, 38 cents a gallon, and of sperm oil, 55 cents

a gallon.

The portion of the above catch taken by the 6 New Bedford vessels

in the tleet was 1 bowhcad, 1 right, and 13(3 sperm whales, 3'ielding

2,700 pounds of bowhead whalebone, 1,100 pounds of right whalebone,

7,330 gallons of v/hale oil, and 169,911 gallons of sperm oil.

THE SALMON-CANNING INDUSTRY OF THE PACIFIC COAST.

Washington.—It was not expected that the salmon pack on Puget

Sound 'in 1903 would reach the unusual iigures of 1901—919,953

cases, representing a value of $3,957,334; in 1902 the same region

yielded 450,424 cases, valued at ^1,290,951, a shrinkage of 469,529

cases and $2,666,383. But at no time in the past ten years have these

fisheries been so disappointing as in 1903. There was not a large run

of socSeye salmon at any time during the y6ar. In the early part of

the season the canneries began operating on a small scale, but fully

expecting a large run of tish later. As the season advanced, however,

the prospect grew less. Only a few of the small canneries obtained

full packs; those with a capacity for a pack of 150,000 cases put up
less than half that amount. Frequently during the season reliable

reports were circulated that large schools of lish had been seen off

Cape Flatteiy, Barclay Sound, and in the mouth of the Straits of Juan
de Fuca, all of which led fishermen and canneiymen to believe that

there would be a large fall run, but the lish that were expected did

not appear, and b}- the middle of August the season was considered a

failure.

Tiic entire output of sockej'e salmon was 159,307 cases, 127,571 cases

less thkn were packed in 1902. The total output of all species in this

region in 1903 was 455,393 cases. The total pack for the state, includ-

ing the coast rivers and the Washington side of the Columbia River,

was 569,036 cases, valued at $2,058,443. The pack for the same terri-

tory in 1902 was 642,370 cases and in 1901 1,081,548 cases, respectively.

The (piality of chinook salmon was said to be much better than in

any past season, the fish being larger and of better color, and the per-

centage of white-meated fish less than is usually found. The output

was 119,777 cases, valued at $537,997, only 18,413 cases of which were

packed on Puget Sound, a large portion of the catch being utilized

fresh, mild cured, and placed in cold storage. There were mild cured

575,000 pounds of chinook salmon, and 660,000 pounds of other species

placed in cold storage, valued at $66,650. The combined value of

canned product, mild cured, and frozen salmon for the state amounted
to $2,125,093.
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In the state of Washington 28 canneries were operated, valued at

$1,296,000, and giving employment to 8,687 persons. There were

employed 1,437 gill nets, value $189,308; .57 drag seines and 70 purse

seines, value $52,100; 656 traps (pound nets), value $1,058,293, and 29

fish wheels, value $29,000. In connection with the fishery there were

also used 67 steamers and launches having a value of nearly $350,000;

151 sehie boats, 270 Columbia River boats, 311 dories and skifl's, 359

scows, 32 pile drivers, and 1 sailboats, valued at $366,393. The total

amount of capital invested was $3,311,091.

Oregon.—The run of salmon on the Columbia River in 1903 was

unlike any previously known to the fishermen. In April, when the

season opened, there was a considerable body of chinooks in the river,

but in a comparatively short time they became scarce. Up to this

time only a small portion of the gill nets, seines, and traps had been

employed, and it was not until the season had become well advanced

that it was thought advisable to bring all the fishing gear into use.

At the end of June, 1902, the pack amounted to 123,000 cases; at the

same time in 1903 the output was about 50,000 cases, a most remnrkable

decrease.

From time to time large schools of salmon were reported off the

mouth of the Columbia and along the coast of Oregon. These fish

were dail^' expected to enter the river, but instead only scattering

small schools appeared in Jul}^ lasting but a few da3's. During this

time the outlook, even for an average pack, was not encouraging, and

there was considerable speculation as to the advisability of artificial

propagation. Man}' who had hitherto looked upon it with consider-

able favor now seriousl\' questioned this method of keeping up the

supply, and the possibility of restoring the salmon fisheries of the

Columbia River to their former importance by this means was consid-

ered extremely doubtful. The skepticism was suddenly checked, how-

ever, b}' the most phenomenal run of salmon ever witnessed on the

Columbia Rivei-. The immense school of fish frequently reported off

the coast made its appearance July 31 at Baker Bay, the traps in that

vicinity being crowded to their fullest capacity. As the school advanced

traps farther up the river also became crowded. The gill-nctters

began to take more fish than thej' knew what to do with, and the com-

bined catch of traps and gill nets was more than the canneries and

cold-storage plants could handle, the result being that nearly as many
fish were thrown away as were utilized. So great was the stench

rising from decomposed fish washed upon the beaches at Astoriathat

the city authorities were obliged to take steps to remove the nuisance.

The following is an extract from the Pacific Fisherman:

The average duration of a run of salmon in the Columbia has been tliree or four

days, but in this instance there appeared to be a solid body of fish enter the river of

magnitude never before equalled. As in otiier fishing centers there is always a tale
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of some former year when the run was greatest, but this year all the old fishermen

acknowledged it to surpass all that they had seen or have ever heard of, and even

now, more than two weeks after the season has closed, the river is known to be full

of fish hunting around for their natural spawning grounds. The character of the

fish was equally as remarkable as its size, considering how late in the season it

arrived. In years gone by the June run, which came late in June or early in July,

Avas considered the best fish for commercial purposes in color and richness, but this

run did not appear, but in its place the gx'eat run, ftilly four weeks later, and it wag

in fact the "June" run, as the appearance and quality of the fish were identical.

Salmon continued to arrive in a solid body until Aug'ust 15, the

beginning of the close season. During these fifteen da3's a pack of

over 191,000 cases was made—over half the entire output of the river

for the season—and fishermen, cannery" employees, and all others con-

nected *vith the fisher}^ worked almost unceasingh^, resting only a few
hours at a time. At thS close of the season there were few men either

directly or indirectly connected with the Columbia River fisheries who
were not greatlj' interested in the artificial propagation of salmon, and

who did not strongly urge its support. The consensus of opinion now
is that the future abundance of salmon in this region depends almost

wholly on the amount of fr}' liberated from the hatcheries.

Heretofore the spring run of salmon of the Columbia River has.

always commanded a higher price than fish taken later in the season,

the meat of the early fish being of a brighter color and containing

more oil than fish taken during the fall run. A change in the quality

of the fall run of fish was noticed about two 3'ears ago, when a con-

siderable number of fish were found to possess all the qualities of

spring fish. In the fall of 190^5 a larger percentage of this kind of

fish was noticed, and from the phenomenal fall run in 1903 a large

portion of the pack made was composed of salmon that could be

classed as "spring fish." Many theories are advanced in explanation

of the superior qualities of this run of salmon over that of past years,

it being claimed by many persons that it is due to the work of the

hatcheries, because onh^ the best fish are selected for spawning pur-

poses. Others maintain that the change in the qualit}^ of the runs is

due to natural causes.

Eighteen canneries and 9 cold-storage plants were operated in

Oregon in 1903, representing an approximate value of $650,000. The
output of the canneries was 300,031 cases, valued at $1,558,399. The
fi.sh handled by the cold-storage plants were as follows: Chinook
salmon, mild cured, 6,740,200 pounds; fishermen's price, $104,412;

frozen fish, consisting mostly of silver salmon, dog salmon, and steel-

head trout, 1,024,843 pounds; value, $48,079.

The number of men directl}^ connected with canneries was 4,172.

The fishing apparatus consisted of 13 traps, 35 fish wheels, 40 drag
seines, and 876 gill nets, the combined value of which amounted to
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$315,300, There were also employed 751 o-Ul-net boats, 107 dories

and skiffs, 74 scows, and 5 pile drivers, valued at $loS,275. Connected

with the fishery were 25 small steamers and launches, ranging- in size

from 2 to 118 tons and valued at $111,118.

In recent years the cold-storage plants have received the largest and

best chinook salmon, which they bought for 5 cents per pound for

fish weighing less than 25 pounds and (3 cents per pound for fish

weighing 25 pounds and over; in some instances 7 cents a pound was

paid for choice fish. In consequence of the advance in price paid by
the cold-storage plants, the packers have not always been supplied

with fish as large as desired for canning purposes, and the canner}^

men have found it more profitable to dispose of the especially largo

fish to the cold-storage plants than to can them. To protect themselves

and in the future to be able to handle all grades of fish, many of the

canncr}^ firms are arranging to have cold-storage and mild-curing

plants connected with their establishments. Already a few have done

so, and should the demand for mild-cured and frozen salmon continue

to increase as it has in the last few years, it is predicted that in a short

time all the canneries on tlie Columbia River will be constructed for

handling both frozen and mild-cured fish.

It will be noticed I)y referring to the accompanying tables that the

pack of steelheads for Oregon in 1903 amounted to a little over 7,000

cases. This decrease in quantity was owing to the large demand for

frozen fish, a large portion of the catch being utilized in this manner;

the cold-storage plants handled nearly 850,000 pounds, or 12,500

cases.

At times shad are plentiful in the Columbia River, but they are

chiefly taken incidentally in traps and seines. There is cdmparatively

a small demand for this fish, and large numbers are allowed to escape,

although some shipments are made to Portland and various points on

Puget Sound. As an experiment, the Sanborn Cutting Compan}^, of

Astoria, recently packed 1,292 cases of shad, but so far as is known
there has been little or no sale for them. The fish were prepared,

packed, and cooked in the same manner as salmon, and it is believed

by the packers that could a market be created for this product, an

industr}' of considerable importance would result.

The packing of salmon bellies and tips is an experiment undertaken

by the Tallant & Grant Packing Company, of Astoria. Two hundred

cases of each were put up in 1903, a case holding 4 cans, the weight

of each can being 12| pounds, or 50 pounds of fish to the case. The
price of a can of bellies is $2.50, or $10 a case, of the tips, $1.50 a can,

or $6 a case. Only a small portion of a fish is used for this purpose,

the remaining part being packed in the usual way, and it is only when
salmon are scarce that they are put up in this manner. It is under-
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stood thilt about twenty years ngo a tew cases of this product were put

on the market, but there being- no demand for it the project was soon

abandoned. At the present time, however, there is considerable call

for this article of food among the first-class hotels and restaurants.

California.—California ranks last in importance in the production

of canned salmon, having onlj'^three canneries, two situated on the

Sacramento River and one at Requa in the northern part of the state^

The pack in 1003 amounted to 13,102 cases, with a value of $05,359.

The pack for 1902 was 17,246 cases, with a value of $93,128, and in

1901 it was 18,309 cases, valued at $106,182. The value of the can-

neries and accessory property is approximately $80,000, and they

gave employment to 221 men, of whom 37 were regular fishermen^

Besides this number, however, many men engaged in fishing for the

markets of San Francisco and Sacramento at times disposed of their

catch at the canneries and cold-storage plants. The Carquinez Packing.

Company, on the Sacramento River, owns no boats or nets, but pur-

chases all of its fish, and during the season of 1903 took fish from 212

fishei'meu. The Black Diamond Canning Compan}^ also obtained most
of its fish in this manner.

The spring pack of the Carquinez Packing Company was 4,200 cases

of 1-pound tails. No fall fish were packed. The Black Diamond
Cannery packed 1,819 cases of spring and 2,583 cases of fall fish.

The Klamath Packing Compan}" put up 3,600 cases. The steady

decrease in the annual output of the canneries on the Sacramento

River is due to the fact that a considerable portion of the catch is mild-

cured. In 1901 the Carquinez Packing Compan}' utilized in this man-
ner 252,000 pounds of salmon; in 1902, 350,000 pounds, and in 1903

539,000 pounds, representing a total value to the fishermen of $45,640

for the three j'ears. Had this amount of fish been packed, it would

have been equal to 16,779 cases, Q8 pounds of raw fish being reckoned

to a case. The quantity of salmon mild-cured by the Black Diamond
Canning Company was 1,272,600 pounds in 1901, 1,036,800 pounds in

1902, and 1,092,200 pounds in 1903, the first value for the three years

combined being approximatel}' $148,000. Of these fish 768,800 pounds
were caught in Monterey Bay and shipped to San Francisco, where
they were cured and placed in cold storage.

The salmon taken in IMonterey Ba}^ are all caught by trolling, none

being taken in gill nets or other forms of apparatus. It is stated by
fishermen that on July 8, 1903, 1,500 fish were caught in this manner,

averaging in weight 23 pounds.

Besides the mild-cured salmon prepared bj^ the two canneries above

mentioned, there were 1,733,933 pounds handled by small cold-storage

plants, making a total output of 3,365,133 pounds.

F. C. 1904 10
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Salmon output of Washington. Oregon, and California in 190S.

Species.

Number of cases.

l-poimd l-pound i-pound m„t„i
talis. flats. fiats.

^°^^*-

Chinoolc salmon . .

,

Sockeye salmon—
Silver salmon
Humpback salmon
Dog salmon
Steelheads

Total

285, 145
93, 959

106, 461
166, 236
12, 848
9, 373

64, 003
53, 084
19, 384
8,798

24, 990
26, 137
15, 188
1,.563

374, 138
173, 180
141, 033
176, 597
12, 848
9,373

674, 022 145, 269 67, 87S 887, 169

Salmon pack of Wasldugton, Oregon^ and California in 1901, 1902, and 1903.

Species.
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There were (U canneries operp.ted in 1002, of these having- been

built that yeai", 2, on the other hand, suspended operations. In 1903

60 canneries were engaged in packing salmon; 3 were built that 3'ear,

onl\' 2 of which were operated, and 5 suspended operations. The
number of men engaged in the salmon fisheries was 11,708 in 1902,

and 13,100 in 1903, a decrease of 1,602,

The output of salted salmon in 1902 was 25,936 barrels, valued at

$191,218. There were placed in cold storage and dry salted 141,600

pounds of salmon, representing a value of $5,190. In 1903 there were
salted by the canneries and salteries 35,748 barrels, value $261,086.

The Pacific Cold Storage Company, at Taku Harbor, placed in cold

storage 17,690 pounds of king salmon, 34,087 pounds of cohoes, 72,944

pounds of dog salmon, and 12,551 pounds of steelheads. This com-
pany also dry salted for the Japan market 243.441 pounds of dog-

salmon, a total of 380,713 pounds, value $11,732.

As is frequently the case in a poor season, salmon were scarce in

certain localities and plentiful in others. At Karluk in 1902 the pack
was'204,190 cases; in 1903 only 90,103 cases Avere packed by the two
canneries operated there, which are owned by the Alaska Packers'

Association. The Arctic Packing Company, located at Olga Bay, 80

miles distant, met with a similar experience, the output being 45,145

cases in 1902 and 25,470 in 1903. These canneries employed about

the same number of men each year, and the same kind and quantity of

fishing gear. At times during the season of 1903 when salmon were
quite plentiful at Chignik, Cook Inlet, and Prince William Sound,

hardh' enough fish could be obtained at Karluk and Olga Bay to keep
the canneries running.

Many theories are advanced hy cannerymen and fishermen in gen-

eral as to the cause of the variation in the runs of salmon in different

streams. The belief is freely expressed by some that it is due to the

work of artificial propagation, and that the fry liberated from the

hatchery at Karluk, arriving at the spawning age, found the waters

of Cook Inlet and parts of Prince William Sound better suited to their

requirements than the home stream. Others attribute the scarcity to

weather conditions, and a few venture to state that instead of the large

runs appearing in an^^ particular region in cycles of four years, as is

the commonly accepted theory, they require a much longer time, and
from one phenomenal run to another periods of eight or nine 3^ears

may elapse. The erratic runs in recent years, combined with the

parent-stream theorv, which in a measure has been upset by the failure

of the salmon from hatcheries to return to the streams where planted

when expected, has set in motion a new line of thought regarding
their movements. Each season brings unlooked-for conditions, and
to-da}^ there is more attention given to the study of the habits of sal-

mon b}^ cannerymen than ever before.
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During the past four years a,ttcutiou ha« been directed to Bristol

Bay as the best region in which to engage in the salmon fisheries.

The cost of operating a cannery here is probably greater than in south-

eastern Alaska, but the higher grade of salmon packed compensates

for the extra expense involved. In 1903 the pack in this region

amounted to nearly 200,000 cases more than that of 1902. Here, the

season being short, about five or six weeks at most, salmon must almost

daily arrive in large numbers if a full pack is to be secured. A "slack

spell" for any considerable length of time is likely to result in small

packs, for the time lost in the early part or middle of the season is not

likely to be made up later, as is the case in some other parts of Alaska,

owing to uncertain weather conditions which prevent extensive fishing.

The pack, moreover, must be loaded into ships, and it is very desirable

that this should be done as early in the season as possible.

The Nushagak River is the most northern point in Bristol Bay
where salmon have been taken for commercial purposes. During the

last three j^ears several parties have been investigating the waters of

the Kuskokwim River and tributaries, and report that a large body

of red salmon enter this river annually. One of the principal obstacles

to the establishment of canneries on the Kuskokwim is the shallow

intricate passages leading into it, which prevent large craft from

entering. Ships arc an indispensable adjunct to a cannery in this

region, there being no other means of transportation, and until a

channel for deep-draft vessels is defined the chances are that this river

will not be fished to an}^ great extent.

Several saiteries have been established on Bristol Bay southwest of

the Naknek and Ugashik rivers, between Port Haiden and Khudu1)ine

Island, and the owners of these saiteries intend to erect canneries on

the sites in the near future.

In the years 1900, 1901, and 1902 a large number of canneries were

built in southeast Alaska, although as earl}" as 1900 there were evi-

dently as many as the streams would support. The result has been

that in the last two seasons a number of establishments were obliged

to close. It has been reported that the cannery belonging to the Union
Packing Company", situated at Kell Ba}", Kuiu Island, is to be disman-

tled and the machinery taken to Bristol Ba)^

The demand for mild-cured and frozen salmon being great, it is pos-

sible that in the future more of this product will be furnished by Alaska.

So far only two plants have been established in that territory, one at

Taku Harbor and one at Ideal Cove, the north arm of the Stikine

River. The plant at Ideal Cove was operated in a small way during

the seasons of 1901 and 1902, but it being made unlawful to take salmon

in 1903 before July 1, and the king salmon, the species desired, being

obtainable mostly in May and June, this company was forced out of

business. The other company, however, having a cannery, was enabled



REPORT OF THE COMMISSIONER OF FISHERIES. 149

to operate, putting- up canned, mild-cured, and frozen salmon. The
species utilized in the cold-storage plants wore chiefly red salmon,

cohoes, dog salmon, and a few steelheads.

Tiic ruling which prohibited the taking of salmon in southeast Alaska
prior to July 1 has now been set aside, and it is possible that this will

encourage the erection of cold-storage plants. There are, however,
onl}- a few localities in this region where king salmon may be secured

in considerable numbers, and as this fish is mostly used by cold-storage

plants for mild-curin<T purposes, the other species not being suitable,

there is room for only a limited number of establishments of this kind.

The demand for frozen salmon is increasing, how^ever, not only in

European markets but throughout the United States, and should the

time come when it is more profitable to freeze than to can cohoes and
dog salmon, many of the canneries now idle and some of those in

operation will no doubt be converted into cold-storage plants.

METHODS OF CANNING SALMON.

An interesting account of the packing of salmon on the (Columbia

River is given by Mr. W. A. Wilcox in the Fish Commission Report
for 1896, and the subject is also briefly treated by Capt. Jefferson F.

Moser in his report on the Alaska salmon industries. Since that time,

however, important changes have taken place, and while the method
is essentiall}^ the same on all parts of the Pacific coast, there are a few
points connected with the salmon industry of Alaska which may be
mentioned.

Improvements in the nature of machinery introduced in the canner-

ies of Alaska in the last few years have made it possible to pack nearly

double the former output with little if any increase in the number of

men employed. Each year has brought forth some new labor-saving

device, and nearly ever}' branch of the work is now performed with
the aid of machinery, which in many instances gives more eflicient

service than work by hand.

Probabh' in no year since machinery has been extensively used in

salmon canneries have there been more labor-saving machines employed
than in 1903. In that season four different patterns of fish cleaners

were tested, all giving satisfaction. Among other inventions, several

forms of automatic weighing machines were introduced, and several

styles of soldering machines were used, taking the place of the chain

machine so common a few years ago. There are several kinds of

machines for washing cans, also several styles of topping machines.

One of the latest inventions is a machine called a "stopper," for sol-

dering the ventholes in the cans previous to making the test for hot

leaks. Filling machines apparently reached a certain perfection some
four 3"ear3 ago, since wdiich time fev/ improvements have been added,
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but many improA^ements have been made in retorts, greatly facilitat-

ing the cooking of salmon, and the machinery for manufacturing can

bodies and tops has also undergone a change.

AVhen the industr}^ was in its infancy a pack of 150 or 200 cases was

considered a good da3"''3 work. Now it is not an uncommon occurrence

for a cannery to turn out from l,.5O0 to 2,000 cases in a day, and there

are several canneries that have even a greater capacity. The daily

average for an Alaska canner}^ is from 800 to 1,000 cases for one filler,

and nearl}'^ double that amount for two. A few establishments have

three tillers, and one in the Bristol Bay region has six, but it is sel-

dom that this number of machines is kept in operation at one time.

A pack of 1,000 cases a da}' requires a complete modern equipment

and the work of only skilled hands. In the early days of the industry

most of the men employed were inexperienced, and much confusion,

as well as considerable waste of material, was consequentlv occasioned.

Now, however, a large portion of the men are employed season after

season, in one canner^^ or another, and in a well- organized establish-

ment the same men are engaged in the same kind of work each 3'ear,

thus becoming expert in their particular lines.

There are a few canneries that have not kept pace with the times in

the way of machinery, and still adhere to methods long discarded by
the modern plants. This lack of improvement is largelj- due to the

v/ant of capital, and also to the value of the stream where the can-

neries are situated. An establishment located at the mouth of a bay

or river which will yield not over 20,000 or 25,000 cases of salmon at

most in a season is under an expense too great to permit an outla}^

such as would be required to place it on an equal footing with others

more favorably situated. It is not to be inferred, however, that the

canneries less fully supplied with labor-saving machines do not put up

as fine a qualit}^ of salmon as those more fully equipped; the quality

and commercial value of the packs are about the same, tJie only differ-

ence being that the result is attained by a slight variation in method.

From the time a salmon is landed upon the wharf until cased and

ready for shipment, it is handled about twenty-four times. To watch

the rapid steps of the process is most interesting, particularly if the

old and new methods of packing be compared.

Ilandling tJte sahnon.—Scows, boats, large dories, and steamers are

used in landing the catch. Formerly the fish were pitched by hand

into bins near the dressing tables on the wharf when the tide was out,

but this laborious method has been largely superseded b}^ the use of

an elevator built at the end of the wharf and reaching the wa,ter\s edge

at a slant, to be lowered or raised according to the stage of the tide.

The iish are caught up ]>v the elevator, and on reaching the top are

run into the building b}' means of chutes leading to the various bins.

At a number of canneries tracks have been laid on a slip cut through
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the wharf from the upper side down an inclined plane to the water's

edge, and on these small fish cars are run. At Loring a double track

is built out from the cannery, forming a kind of slip into which the

steamers or boats can come and discharge fi^h from either side.

The salmon usually remain in the bins from twenty to twenty-four

hours before being dressed, at the end of which time thej'' are in much
better condition for canning than if the}^ had been dressed immediately

after being caught. The danger of canning iish that are too fresh,

however, is of minor importance as comptired w^ith the tendenc}^ in the

other direction.

Dressing fisJi.—The manner in which salmon are handled b\- the

"'butchers,''' or dress gang, is a remarkable development of speed and
skill, acquired through long practice. In most canneries thia work is

performed b}^ (Uiinese, although Indians are sometimes emploj-ed and

also become ver}^ expert. Two men constitute a "butcher's gang."

The number of gangs in a cannery is regulated hy its size and capacity.

From 30 to 10 salmon are placed in a row upon a long table, heads

toward the operator. One man cuts off the heads, and is followed

immediate!}^ by another, who removes the fins, tails, and viscera.

Oidy one stroke of the knife is required to remove the head; eight

more cuts, and the fins and tail have been taken off and the belly

opened. The first process is thus completed. The offal falls through

an opening in the wharf and supplies food to a large number of salmon

trout, sculpins, a few cod, and frequentW halibut.

From the hands of the dress gang the fish pass into cleaning tanks,

where they are scaled, washed, and given a partial cleaning on the

inside. Each fish passes through at least two, and frequently three of

these tanks. In the second cleaning the}' receiAT the same treatment

as in the first, small bits of offal, blood, and scales which were over-

loojted in the first cleaning being now removed. To make sure that

nothing of an objectionable nature remains, the}' are subjected to

another inspection by a third man.

A machine which practically does away witli the men in the "butcher"
room was invented by Mr. William Munn, of San Francisco, who is

connected with the Alaska Packers'' Association, It has been used in

various canneries belonging to that company during the past three

seasons, and is said to give much satisfaction. Another t\q3e of fish

cleaner has since appeared on the market, 23 of these machines having

been used in various canneries of Alaska during the season of 1903.

It is stated that each means a saving of from 15 to 20 men, and that it

will satisfactorily open the fish, remove the entrails, scrape the blood

from the backbone, and thoroughly wash the body. More recent

inventions are used in canneries on Puget Sound, and still another

machine, invented by Mr. E. A. Smith, of Seattle, Wash., and used

for the first time, in 1903, by the United Fish and Packing Company,
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at Fairliaven, Wash., removes the head, tail, and fins, and opens and

thoroughly cleans the tish ready to cut into pieces for the cans. Fish

that are dressed by the cleaning machine require less inspection than

those cleaned by hand.

Cutting the fish.—Having undergone examination to insure cleanli-

ness, the fish are pitched upon a table, attached to which is a machine

that cuts them into proper lengths to fit the cans. This apparatus

consists of a number of knife blades semicircular in form, with

the sharp part on the convex side. The blades are set in a wooden

roller or axle, and so arranged that they can be sot at any desired dis-

tance apart, thus cutting the salmon into lengths to fit either "tails"

or "flats,'' as the case may be. A fish is placed under the rov/ of

knives and the handle attached is brought down with a quick stroke,

which cuts the fish transversely into pieces corresponding to the num-
ber of knives. In canneries where full lines of machiner}' are installed,

this method has given way to the rotary cutting machine, which con-

sists of gang knives set in an iron axle or cylinder kept in niotion by

belt and pulle3^ The cylinder is attached to the top of an elevator,

the same power running both. As the fish come from the third wash-

ing, they arc carried to and under the revolving knives by the elevator.

In man}' instances the "butcher" room is situated some little dis-

tance from the main building, and the fish, after being dressed, are

taken to the elevator in push carts. Some canneries have iron tracks

leading to the cutting machine, and small hand cars are run for carry-

ing the fish.

The introduction of cutting and filling machines has greatly increased

the capacity of canneries; combined, they take the place of about 2.5

men. Formerly, after leaving the gang knives, the fish were cut into

proper sizes to fit the cans by means of a long knife wielded by a

Chinaman who stood at a regular butcher's block and with quick

strokes cut the sections of salmon in uniform sizes. From 2 to 4 men
were thus employed. The pieces were either dropped into a basket or

thrown into a wooden bin.

The tail piece is rejected by the rotary cutter and falls into a chute

leading awa}' from that into which the other portions are dropped.

The ver}^ large tail pieces are utilized to some extent, but b}'- far the

greater number are thrown away. If salmon were less plentiful in

Alaskan waters, it is very probable than only a small part of a fish

would be rejected, but the tail portion is of small value as compared to

the middle and head sections, and could not very well be placed in the

same can without injuring the sale of the product. If packed under a

distinct and separate label, however, there seems to be ho reason

why the tails should not be put on the market.

Counting the fish.—Some canneries pay the fishermen a monthly sal-

ar}^, others paj^ a certain price, according to tlie species, for each tish
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taken. Where 30 or 40 boats are cng-aged in fishing, the boat's account

and that of the cannery do not alwa3^s agree, and frequently long and
heated arguments ensue. This difficulty is partially overcome by a

device, consisting of two levers fastened to a rod acting on a self-

recording machine, attached to the elevator that carries the fish under

the rotary cutting machine, the levers hanging perpendicularl}^ through

a slot running the whole length of the elevator, and so arranged that

when a fish is placed upon it and reaches a certain point, the levers

are forced up, thereby causing the machine to register. On being

released, the levers drop through the slots, where they remain until

another fish forces them up. While this apparatus does not insure an

absolutely correct count on the part of the fishermen, it acts as a great

checks Daily readings from the register give the exact number of

fish packed, also the number of each species.

' Filling the cans.—Having passed through the cutter, the salmon are

now readj^ to be received b}^ the filling machine, which cuts the sec-

tions longitudinally into the required size and at the same time fills the

can. TheMunn filling machine is about 7 feet high, and is built at an

angle. It is fed from the top into the hopper, the mouth of which is

the same shape as on a hand coifee mill. The pieces of salmon fall

from the mouth down a chute, and are forced by tv/o dogs into a

receptacle through which the plunger, or filler, passes. The plunger

in making a stroke cuts the salmon and at the same time fills the can

within a fraction of an ounce of the required weight. Generally the

cans overrun in weight; occasionally a few are weighed to see whether

the machine is working properly.

Cans are led to the filler from the floor above by means of a belt,

attached to which are wire racks about -i inches apart, set at an angle

to prevent the salt from spilling out. When a can arrives opposite

thqf filler it is caught by a clasp or hook and held in front of the

plunger, which is immediatel}^ thrust forward through a chamber
filled with salmon, cutting the fish and at the same time tilling the can.

When in good working order, the machine will fill from 60 to 65 cans

a minute, and when running at full speed can fill as many as 80 a

minute. It is quite complicated in construction, but is easily kept in

repair, and fills a long-felt want in salmon canning, performing as it

does the labor of from 15 to 20 men. Its average guaranteed capacity

per day is 800 cases, or 38,400 cans of 1 pound each; 48,000 cans have

been filled b}^ one machine for several days in succession. On being

released by the clamp the cans roll on to a long table and are picked up
by a man stationed there, who strikes each one down upon a square

piece of lead weighing about 10 pounds, in order to settle the contents

to the bottom, and for the purpose of detecting an}^ deficiency in

w^eight. So expert do these men become that the slightest variation

in the quantity of salmon is detected. Cans that are not up to the
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standard are puslied to the opposite side of the table, where a man
stands ready to supplj" the requisite amount of fish to fill them.

For the hand method of filling, a large pile of salmon is thrown upon

a long table, making a kind of windrow in the middle from end to

end. On either side are from 8 to 10 men who select and put into

the cans large pieces of salmon at first, then smaller pieces to fill all

vacant spaces. As the cans are filled they are pushed along the table

to the can cleaners and weigher.

The supply of salmon on the table is constantly being replenished

by a man whose duty it is to keep the fillers occupied. In some hand-

iilling canneries each man has a box at his side, and as often as it

is filled he carries it to an adjoining table, where the cans are washed

or wiped, as the case maA' be, weighed, pieces of scrap tin ("chips'")

put in, and the tops put on. They are then read}^ for the soldering

machine. Canneries were in existence a long time before any improve-

ment was made in the method of getting the cans from the filling to

the weighing and capping table. At the present time, in most can-

neries where no filling machines are used, a revolving' belt running in

a wooden track about 14 inches al)ove the table carries the filled cans

to the weighing and capping table, where a man is stationed to receive

them. This simple device is a great saving of labor.

Salting.—It is essential that all the cans contain the same amount of

salt; otherwise hardly two cases of salmon would have the same flavor.

This is an important feature, and one of the earliest things considered

in salmon canning. If the e^^e were the judge of the amount of salt

required in the- cans, there would be little or no system connected with

this bi-anch of the work, consequent!}' mechanical means must be

cmplo3-ed.

One case of cans is salted at a single movement of the hand, thus:

The workman stands in front of a table having a trough connected on

the under side, into which slides a tray holding 36 or 48 cans. In the

top of the table, corresponding to the number of cans, are holes

arranged at equal distances apart, or in such a manner that if the table

were filled with cans the center of each would be over one of the holes.

On the under side is a sheet-iron plate which slides in a groove at the

sides, and is worked either by a hand or foot lever. This plate is

perforated with holes corresponding to those in the table above. A
quantity of salt is thrown on the table, and immediately scraped off

with a thin-edged board about 2 feet long and 3 inches wide, each hole

being filled in the scraping, and the salt being prevented from falling-

through by the iron plate underneath. The lever is then pressed,

moving the plate, and the salt falls into the cans below. This opera-

tion can be repeated four or five times in a minute, and one man is

thus able to keep tiie filling machine supplied with cans.
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Welghmg (Did washing the cans.—A cannery that puts up a hand
pack usually weighs each can of fish, a man being stationed at one end

of the filling table for that purpose. Where filling machines are

used only an occasional can is weighed. A simple device has recently

been invented for weighing the cans as they leave the filler. If they

contain the required amount of salmon they are carried around by the

machine and landed upon a tabh'; if a can is light in weight it is carried

onh" half-way around and automatical!}^ forced to one side, to another

table.

Cans leaving the hands of the two men stationed at the filling

machine are pushed along the table to the hands of 6 or 8 men or

women^ who remove with (h-y, coarse cloths the grease or other

material that ma}^ have collected on the outside. Until recently,

however, in many canneries this labor was performed by a rotating

washing machine, consisting of an iron cap the diameter of a can,

fixed to the end of a small perpendicular shaft revolving at con-

siderable speed. Directly under the cap was an iron rest or stand on
which the cans were placed one at a time; the foot pressed a lever,

which carried the can to the revolving cap above. It was then forced

into the cap about one-eighth of an inch, a tight-fitting flange prevent-

ing the water from getting inside. The can was set in motion by
coming into contact with the revolving cap, which also sent a stream
of water against the can with sufficient force to remove the grease.

For a long time it was a mooted question among cannerymen whether
wiping or washing was the better method. A single washer, however,
performs the work of or 8 men, which is a strong argument in its

favor.

The use of this machine soon led to the invention of one of larger

capacit3\ Instead of one stand, there are 10 joined, forming a circle

abo6t 18 inches in diameter. The cans are carried to the washer by a

belt leading from the filling table, and each can, as it reaches the

machine, is caught by one of the washers and the cap brought down
over the top. Kevolving rapidly as it goes, the can is carried until

the machine has revolved 180 degrees, then is released and rolls out

Tipon a table. In some canneries the grease is removed by steam
applied in the same manner as the water. One of the latest improve-
ments is cleaning the cans l)v a cold-air blast which strikes directly on
the top edge, A set of brushes against which the cans revolve is

another method.

After being washed or wiped, as the case may be, the cans pass to

the farther end of the table, where a small piece of scrap tin is placed

on the top of each. The pieces of tin are called "chips," and are

from 1^ to 2 inches in diameter. The shape is of no particular

importance so long as the pieces are large enough to cover the hole in

the top of the can, or cap, as it is called. A great deal of scrap tin
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which would otherwise be thrown away is utilized in this manner.

The men eng-ao-ed in putting- in "chips"'' also keep a sharp lookout for

cans that may be too light in weight, and occasional tests are made.

Capping.—The next step in the process is the capping, or topping,

which is done by a machine set close to the end of the table previously

referred to. An endless belt, composed of rectangular pieces of

metal large enough for a can to rest on without falling while in

motion, coijveys the cans from the table to the capper. One man
places the cans on the belt and another follows them along, on the

watch for pieces of salmon or bones above the edge of the can.

Pieces of fish, if there be any, are jammed down flush with the top,

and the overhanging bones are cut off with a pair of scissors. On
reaching the machine the can passes under a cap holding- a top, which

immediately falls upon it with just enough force to put on the top

without injuring either. The can is then forced out from under the

capper by the rotation of the luachine, and the next capper is brought

around to receive another can. The machine is supplied with tops by
means of an iron chute. As the cans revolve they are carried under

a crimper, situated directly opposite the capper, and while one can is

being capped another is being crimped, after whicli it rolls out upon

a belt on its side, and is taken through the acid trough and thence to

the soldering machine. The capper is supposed to correspond in

speed with the filler.

Soldering.—In the early days of salmon canning the tops and also all

other parts of a can were soldered by hand, a long and tedious

process, which has now given way to the soldering machine. This is

composed of an endless chain about 6 feet long, revolving around two

shafts situated at either end of an iron trough, under which the heat

is supplied. In the bottom of the trough is the solder, kept at

molten heat by the fire underneath. The cans are forced along the

trough by the chain in contact with their sides. Between the lower

part of the chain and trough is just enough room for a can to pass

without jamming. The cans enter the trough at an angle, their bot-

toms slightly inclined, which causes the top rim to be submerged in

solder, thus distributing it evenly all around the edge. This method
is superior to hand work.

In passing through the trough the cans make about half a dozen

revolutions, which cause the tops to become very hot, and it is to pre-

vent them from being blown off by the pressure of the steam which

quickl}^ generates that the center hole in the top is made. The
"chip" previously mentioned prevents the hole from being choked

with salmon.

Before the tops are sealed the edges must be treated with a solution

of muriatic acid. This is done in the same manner as the soldering;

that is, by being run through an acid trough. At no time are there
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less than three or four cans under the acid chain, and ten or twelve

-under the soldering- chain. Much depends on the operator of these

two machines, and only those who have had considerable experience

are intrusted with this work. A watchful eye must be kept on all the

cans as they pass through, to be sure that the proper amount of solder

is received. With all the caution that is taken, an occasional top is

J)lown off, and once in a while a rim will start, which necessitates repairs

and a repetition of the process. Very often several cans require atten-

tion at once, although to the inexperienced eye the}^ ma}^ be as perfect

as any of the others.

The old style of soldering machine was built over a brick furnace,

coal being used as fuel, and man}^ of this type are still in use. The
apparatus is 8 feet long, about 5 feet high, and 3 feet wide, however,

and the amount of space required is an objection. The modern machine

occupies no more space than the chain and trough of the old one; in

fact, the later improvement in this style is the chain and trough minus

the brick furnace. The heating apparatus is a row of kerosene blast

jets (T in number) arranged directly under the trough, the oil and air

pipes running parallel. The machine can be taken apart in a short

time and set up again in any part of the building.

The improved chain soldering machines, however, are rapidly being

supplanted by the spiral and linger sprocket machines. These inven-

tions are of recent date, and are said by canner}^ men to be superior to

the old forms. The new soldering machines have greatly expedited

the vrork in canneries, and have been the means of reducing the num-
ber of leaky cans to a minimum, also of producing results much neater

in appearance.

Testing.—On leaving the soldering machine, the cans roll down a

wooden chute about 40 feet long, passing under several jets of water

to se^t the solder. Some canneries use Manula's revolving cooler, a

recent invention which practically does away with the long trough

leading from the soldering machine. The disk upon which the cans

rest is hollow and filled with running water. After making two revo-

lutions, the cans are forced into an inclined trough under a stream of

water. At the end of the chute are stationed two men who place the

cans in coolers, or crates, which are made of flat strap iron, square

shaped, and hold about 114 cans. The cooler having been filled, it is

placed upon a truck and rolled aside, where the vent holes are stopped

with a drop of solder. The cans are now ready for the test kettle, or

bath, a wooden box filled with water kept near the boiling point by
steam pipes arranged at the bottom. The coolers are hoisted into the

test kettle by block and tackle attached to an overhead track, which

permits the coolers to be swung to any place desired. From two to

three minutes is required for the hot leak test.
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This test reveals the leaks due to imperfect soldering-. Two men
superintend this work, and the3% like all others connected with a can-

nery, are very skillful. The slightest leak is immediately detected

and located by small bubbles issuing from the cans. The spots arc

marked and the cans are taken out and placed in small wooden trays,

in which they are carried to the bench men, whose duty it is to mend
them. Cans that have been mended are again tested as before. In

large canneries, from 20 to 25 men, stationed in front of a long bench

at the side of the building, are employed in mending cans. Formerly

tinsmith's charcoal stoves Vv^ero used for heating purposes, but these

are now mostly out of use, the soldering irons being heated by kero-

sene lire-pots, each pot supplied with oil and air led through small

tubes, the heat and air being regulated by connecting valves. Gaso-

line has been used as fuel to some extent.

A cooler of cans having been tested, it is hoisted out, placed on a

low square truck, and anotlier takes its place in the bath.

Cooking.—Tho, cans are now ready for the first cooking. It is said

that in the inception of the salmon industry the cooking was consid-

ered by those not initiated in the method as an art in itself, and in

consequence was guarded carefully by those possessing the knowledge.

In a few yeai's, however, the method employed became common prop-

erty, since which time salmon have been cooked in the main portion of

the cannery instead of in a separate room under lock and key. The
first cooking was done in common tubs, hence the term bathroom now
applied to that part of the building where the cooking takes place.

The early retorts were of wood made on the same principle as a steam

box in a shipyard for steaming plank. Later, round iron kettles were

substituted, these set on end, nearly one-half consisting of cover; and

round ci*ates were used for holding the cans. When a lot of salmon

was to be cooked, the cover of the retort was lifted by block and tackle

rigged overhead, the retort filled with crates and the cover lowered

over tliem, the top and bottom being fastened perfectly tight by a set

of screws and levers which extended all the way around. Steam Avas

then turned on until the desired amount of heat was obtained.

The modern retort rests horizontally in a bed, the crates being

rolled in on a track. The trucks which carry them hold six crates,

one piled upon another, and four loaded trucks are rolled in at one

time, representing on an average some 2,500 cans.

The number of retorts in a cannery is governed b}' its capacity;

few canneries at the present time have less than four or five. In

front of each retort is a turntable, on which is an iron track, the pur-

pose of the turntables being to receive the loaded trucks which come
on tracks from different parts of the building; also to facilitate the

transferring of cans from one retort to another, since it is necessary
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to cook the salmon twice. After the retort is filled the door is

securely fastened and the steam turned on, entering at the bottom.

The amount of pressure is about G pounds, sometimes 12 pounds, the

heat 250^ F. In some establishments the first cooking is continued 40

minutes,' but 60 minutes is considered by most cannery" men the proper

time for it.

After the first cooking the crates are taken out and placed on a long

table, called a "venting table," where the cans are pricked to allow

the steam and superfluous water to escape. The method of pricking-

is to use a small mallet with a short brad in the center. From 30 to

40 cases are placed on the table, and some six or eight Chinese, with

mallets in hand, go over the entii*e lot with great rapidity, striking

each can with a quick, sharp blow. With each stroke a jet of steam

and fluid issue forth, rising to the height of 3 or 4 feet. No particu-

lar spot is aimed at; usually the puncture is made from one-half to

three-fourths of an inch from the center of the top, and after the

pri9king or venting has been done the holes are soldered up. Dur-

ing this process an occasional defective can is found, and these are put

aside to be repaired, a can which has been mended being substituted.

When all the cans haA'c been gone over the coolers are again loaded on

the trucks and roiled into the second retort, where they are subjected

to the same pressure of steam and heat as in the first cooking.

It is claimed by nearly all cannerymen that if the cans were kept in

the first retort long enough to complete the cooking the amount of

steam generated would spoil the contents. It is understood that Mr.
William Munn, superintendent of the cannery at Alitak, Kadiak Island,

has successfully experimented with one cooking, but so far as known
none of those fish have been placed on the market. Mr. F, A. Seufert,

however, owner of a cannery at The Dalles, Oregon, has been placing

on 'the market for tlie last five years salmon which have undergone but

one cooking, and says that not a single case has been returned.

The same species of salmon in different localities often requires dif-

ferent treatment, the method to be determined by observation. As
the same superintendent usually has charge of a cannery each season,

all local difficulties, which for a time would be serious obstacles to a

new man, are reduced to a minimum; but the different opinions

advanced regarding the cooking and handling of salmon in a cannery

are necessarily the result of individual experience in different regions.

Cooling.—As soon as a retort is emptied of cans it is filled with a

fresh supply from the bath, and when the cannery is operated at its

full capacity the bathroom men are kept ver}^ busily emploj-ed. On
coming from the second retort the coolers and contents are lowered
into a bath of lye, which removes from the cans all grease and other

material. A slight rinsing and a few rubs with a brush over the top
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of the cans finish this work, and the cans then go into the cooling room,

where a stream of water is played upon them. If the weather is rainy,

they are frequently put out of doors upon the wharf and there allowed

to cool. During' a heavy run of salmon it often happens that the

cooling room is blocked, and at such times the wharf is usually resorted

to. The cans are tested during the cooling process, and many are

noticed which require repair; in fact, in every handling more or less

defective cans are found, and with all the care exercised, there is at

the end of each season a considerable number of cases that can not be

labeled as being first class. These are put into separate lots and

labeled according to quality.

While cooling, the top and bottom of the cans immediately commence
to contract, and for several hours a sharp popping sound is heard.

Here the cans are. again tested, this time by tapping the tops with a

small piece of iron about 6 inches long, a IS-penn}^ nail being some-

times used. The sound conve3^s to the ear of the operator an unmis-

takable meaning as to the condition of the can. The rapidity with

which this work is done is remarkal)le, and the cans that escape notice

during the other tests are invariably" found in this one.

Lacquering and Icibeling.—From the cooling room the cans are trans-

ferred to another part of the building, where the lacquering is done.

They are piled on end from 18 to 20 tiers deep, usually covering a

space 30 by 60 feet. In many large canneries double this amount of

space is covered with cans to a depth of 5 or 6 feet.

The lacquering and labeling are usually done during the middle and

latter part of the season, or at times when there is a ''slack spell " in

the run of fish. Generally two men do the lacquering. At the end

of the season, however, when the canner}^ is being cleaned and put

in order for the winter, more men are engaged in this work. Three

cases of salmon are immersed at one time. The lacquer is held in a

box or trough 7 feet long, 3 feet wide, and 14 inches deep. The sides

and ends of the trough are made of wood, the bottom of iron rods

running lengthwise 3 inches apart; a tray fits in at the top. The cans

rest on the rods at an angle, and are placed to avoid contact with each

other. It is necessary that they should not touch, for if thrown

together in any manner the lacquer would not present a smooth surface

when dry. On each end of the trough is an upright with block and

tackle attached, for lowering and hoisting the tray, which is filled with

cans. After being lowered into the liquid it is immediately raised to

the top edge of the trough, where it remains until the cans are dry

enough to handle. The}" are then taken to the labeling room and

stacked in tiers as before. From eight to ten lacquering troughs are

in operation, and as the lacquer dries very quickl}- the work proceeds

with great rapidity.
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The old method of lacquering- was to dip each can .separately by

hand, but the process was slow as compared with the present method.

A number of long boxes, each containing about a half-barrel of lac-

quer, with racks arrang'ed on the side for dr3'ing cans, composed th<i

entire apparatus.

The lacquering machine is among the most recent improvements

introduced in canneries, but it has not been adopted to a very con-

siderable extent. B}^ its means, hov>^ever, it is possible to lacquer the

pack made each day, thereby saving- much time at the end of the season

The work of labeling the cans comes next. Machines have been

invented to do this work, but for the most part it is done b}' hand,

and in the following- manner: From 8 to 10 men are seated in front of

the row of cans, about -l feet apart. Each man has in front of him a

bunch of several hundred labels, and by bunchin.g them on a slant, so

that a small margin of the bottom one proti-udes beyond the one above

it, he can apph"^ paste to the entire number with one stroke of the

brush. A can is placed in the center of the label, is quickly rolled,

and the label is on. The skill displaj^ed by many of the men and

women engaged in this work is remarka])le. Each man places to his

right the cans he labels, forming a pWe of length and width equal to

his unlabeled pile. When the entire lot hns been labeled it has been

shifted only about 4 feet. On the Columbia River and in the Puget
Sound region where the canneries put up fancy brands of salmon,

most of the cans are wrapped in colored tissue paper ))efore being-

labeled.

It should be stated that while the lal)eling is going on the cans arc

receiving- another test. Each row is gone over as on previous occa-

sions—that is, the cans are tapped with a small piece of iron—and even

at this stage an occasional faulty can is found. These, however, had not

been 'overlooked in former tests, but defects which before were too

small for ol^servation have since developed.

J3ranch of mhiton.—Each canner}' puts up several brands of salmon

—

some a dozen or more. There are a number of reasons for this, one

being that there is more than one quality of salmon packed from a

single species; fish packed within twenty-four or thirty-six hours after

being caught are superior to those that lie on the wharf or in boats

four or five days. It is sometimes impossible to pack fish soon after

their arrival at the cannery, and in some cases they are much older

than they should be when put into the cans. Another reason is in the

demand in different parts of the countr}^ and abroad. Even one lot of

fish, packed in the same way, may be split into two or more 1)rands,

which are equally good. A certain l)rand of salmon with an estab-

lished reputation is sought by merchants in certain localities to the

extent of several thousand cases, and 30,000 or 40,000 cases of the

same brand in another part of the countrj'. No other brand will sell

F. C. 1904 11
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as quickly; the same lish under another mark mig-lit lie in the store-

house uncalled for for an indefinite period. When the Alaska Pack-

ers"' Association purchased a largo number of the canneries in Alaska,

each packing- salmon under man}" different labels, it was necessary to

retain the brands of each individual canncr}' in order to hold the same

customers. This is true also of the Pacific Packing and Navigation

Company.
After labeling, the pack is put in cases holding forty-eight 1-pound

cans each. A few canneries put up 1-pound " flats," but the major por-

tion of the Alaska salmon is packed in 1-pound "tails." Frequently

the cans are labeled and cased at the same time, which work is carried

on chiefly at or near the end of the season by the cannery emploj^ees,

while the fishermen and crews of vessels are engaged in stripping the

seines and gill nets and stowing- them away, in taking- up traps, haul-

ing up and storing boats, scows, and lighters, and also in loading the

ship with the pack and getting her read}^ for sea. The cannery

machiuer\', also, must be taken apart, overhauled, oiled, given a coat

of white lead, and put in good condition for the next season, all of

which requires considerable labor. During the winter months the

canneries are in charire of watchmen.
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STATE ICHTHYOLOGY OF MASSACHUSETTS.^

Bv Theodore Gill.

The history of the ichthyology of Massachusetts has never been

written, and a sketch of such appeared to me to be the best and most

seasonable response I could make to the invitation to address the inves-

tigators and students assembled at the headquarters in Massachusetts

of what was affectionately known for a generation as the Fish Com-
mission, but has recently been renamed the Bureau of Fisheries. The
histor}' is an interesting and a rather remarkable one. Of course, in

the time allotted for an address, only the salient features of a long his-

tory can be given, and many minor communications and even popular

works relating to the ichthyologyof the region in qviestion must remain

unnoticed. The room is requisite for a neglected subject. We are

often curious to know something about the personality of the men
whose work we consider and such information is generally difficult for

the scientific student to obtain. Of several of the old and departed

writers on the fishes of Massachusetts notices will be now given, and

when reference is next made to their writings, perhaps it may be done

with a new interest and better means of judging their work.

The history of Massachusetts ichthyology begins early in the history

of the United States—earlier, even, than any settlement by English in

the state. Capt. John Smith, who acquired celebrity in connection

with a more southern province, having induced certain London mer-

chants to furnish him with two vessels for exploration of the New
England coast, in the spring of 1614 visited and made a sketch map of

part of the coast of territory granted to the Plymouth Company. In

'"A Description of New England", published in 1616, he enumerated

the fishes. Excluding the " whales, grampus, porkpisces," or porpoises,

and the shellfish, the names of sixteen were mentioned—"turbut, stur-

gion, cod, hake, haddock, cole, cusk, or small ling, shark, mackerrell,

"An address delivered at Woods Hole, before the Marine Biological Laboratory, on the evening of

August 3, 1904; reprinted from Science, revised, and with many additional paragraphs and notes.

The early history may bo found given at greater length in the new edition of Goode's American

Fishes, edited by Gill and published by Dana Estes & Co., of Boston (1903).
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herring, mullet, base, pinacks, cunners, perch, eels." In another par-

agraph, we are told, "much salmon some haue found vp the Riuers,

as they haue passed."" Smith claims for the cod that "each hundred

is as good as two or three hundred in the New-found Land. So halfe

the labor in hooking, splitting, and turning, is saued." He, in short,

takes a vcr}^ practical view of the subject, and has quaintly expressed

it. "And is it not prett\' sport," says he, "to pvU vp two pence, six

pence, and twelue pence, as fast as 3"ou can hale & veare a line? Pie

is a ver}^ l)ad fisher, cannot kill in one day with his hooke & line, one,

two, or three hundred cods: w'hich dressed & dryed, if they be sould

there for ten shillings the hundred, though in England they will giue

more than twentie; may not both the seruant, the master, & marchant,

be well content with this gaine'^'

Doubtless such a report had some influence in determining the trend

of immigration into Massachusetts, and one of the newcomers, "a
reverend Divine" (Francis liigginson), was ready to confirm Smith's

praise, and wrote, in 1630, "The aboundancc of Sea-Fish are [sic]

almost beyond beleeuing, & sure I should scarce haue beleeued it

except I had seene it with mine owne E3^es."

Numerous other chroniclers testified to the richness of the New Eng-
land seas and gave lists of the fishes. The most lengthy of the lists

is that in "An Account of two voyages to New England" by "John
Josselvn Gent.," published in 1675; this includes sixty-five names, of

which forty-six are those of what we would now call fishes. This list,

which is simply a nominal one, supplements slight descriptive notices

of eight others which precede it.

It would scarcely repay us, on the present occasion, at least, to give

further attention to such lists, but the common names introduced by
the early settlers furnish an interesting theme for consideration.

11.

The known fishes of England are few, and the emigrants knew few

of them even, and knew those few very imperfectly. When the ear-

liest of those emigrants lived, naturalists even had no idea of the

diversity of animal life or the facts of geographical distribution. For
instance, John Ray, the best naturalist of his age, who flourished in

the last quarter of the same century, thought that there were only

"near 500" fishes in the whole world! Naturally, the common people

were unprepared to appreciate the diversity of the new life which they

were to see.

The immigrants were astonished at the abundance of the fishes about

their new home. To these numerous fishes they transferred names of

English species with which they were more or less familiar. On
account of the greater number of species, or at least of g-enera, com-

mon to the two countries, the emigrants from old England to New
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Enolancl were not veiy far astray in many of the names they g-ave;

but as they or their successors wandered farther and farther from
their old home, they made many mistakes. A few examples out of

the very man}' will illustrate.

Amono- the most common of the English fishes are the cod, perch,

bass, and trout. The immigrants to Massachusetts applied these names
to fishes of the same genera as the originals, or of very closely related

genera, l)ut mosth^ of different species. As population extended into

remoter regions and stranger faunas, the meager supply of names had
to be doled out to forms quite unlike those to which they had been

originally applied.

Cod^was at first scarcely at all misapplied, the species being so well

known to all, but in a few cases the name was given to the only fresh-

water species of the same family

—

Zota maculosa, otherwise called

burbot; when the Americans reached the Pacific coast, however, not

finding the true cod, the}- misapplied its name to fishes of very differ-

ent families, although generally with qualifying prefixes. Thus, the

young of the boccaccio (a scorpsenoid fixsh, Sehutodes 2^((ucisj)inis),

which were caught at the wharves of San Francisco, were dubbed tom-

cods; a hexagrammoid fish {Ilexagvainmus decagranimus)^ also inaptly

named spotted rock trout, was by others called rock cod; another spe-

cies {Opiiiodon elongatus) was designated as the cod or "codfish where
the true cod is unlaiown," and, where it is known, the cultus cod.

Perch was subject to much greater misuse. In England the name is

specifically applied to a well-known fresh-water fish {Perca fluviatiUs).

The immigrants to New England found a fish almost undistinguishable

from it, and properly gave it the same name. Others gave it to fishes

having no real resemblance; such is the one called also white perch
along the Atlantic coast, which is a bass {3£orone araericana); others

are'sciajnids, as the silver perch {Balrdlella chryswa), the gray perch
{Pogonias chrum is)^ and the white perch of the Ohio River {Aplodinotus

grwuiicms)', another, the red perch {Sehastes marinus), is a scorpeenid;

and still another, the blue perch {TautogoJahrus hurgaU)^ a wrasse or

labrid. The name is also given in some places to various species of a

family peculiar to America, the centrarchids, and among them to the

black-basses and the sun-fishes. Along the Pacific coast it is given to

viviparous fishes or embiotocids; especiall}^ in California, to the

alfione {Phachochilus toxot&s)^ and in Oregon and Washington to

another, likewise miscalled porgee {DamaUchth/s argyrosoiDus). The
Sacramento River embiotocid {Ilysterocarpus trafdi-i!) is called river

perch, or simph' perch.

Bass is applied to so many different species—a score or more— that

we can not spare the room to enumerate them. In England it is the

proper name of a marine fish common only along the southern coast,

formerly called Lahrax Juj)i's, but now named Dkentrarclms lah'ax.
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A related species, though of a different genu.s, was found by the new
settlers of Massachusetts and New York, and quite properly called

bass or striped bass; it is the Hoccus Uneaias of modern ichthj^olo-

gists. There are sev^eral other species, including the white perch, also

entitled to the name. All others are quite remote from the true bass

—

even the black-basses. These last, however, must retain the name,

and it might be better to use always the h3'phenated form, i. e., black-

bass.

Trout is another of the English names variously misapplied. In the

old country it is given to a single species generally distributed through

the island in clear cold streams. The Pilgrims found in similar streams

in Massachusetts a lish somewhat like it, and called it by the same name,

although if good Isaak Walton or some other angler had been among
them, he might have told them it was not a trout but a char. Others

found in Maine land-locked salmon, and in various large lakes another
"

good-sized salmonid {CrisUvomer narnaycush)^ and applied to them

also the name of trout, but often with a qualifying prefix, as schoodic,

or sebago trout, and lake trout. The old specific name was thus applied

to representatives of three distinct genera; but the offense was venial,

as the genera are closely related and belong to the same family. But
this was not the case with others. Settlers in troutless Southern States,

bound to give the name to some tish, gave it to the centrarchoid ffshes

generally known as black-basses. This perversion even found its way
into scientific literature, for "Citizen Bosc," French consul at Charles-

ton a little more than a century ago, sent specimens to Paris, with the

information that it was called trout, and '

' Citizen Lacepede " gave it the

specific name [Mlcropterui^^ salmoldes. Along the southern coast, too,

the name trout or sea trout was given to sciiv^ioid fishes of the genus

Cynoscion. When the Americans reached the Californian coast they

found certain fishes of a peculiar family (hexagrammids), not at all

like trout in shape or fins, but spotted, and these also they called trout.

Still another fish, found in the Gila River, a slender large-moutiied

cyprinid, (rlla graciUs, was called trout b}^ earh^ explorers, and still

bears the name.

But this is not all, or the worst! These old names are not only

widely scattered; they may be more or less accumulated on one fish.

We need only take those already considered as instances.

Cod and trout are given to the same hexagrammids along the Pacific

coast. The lle.rcujrammns d<'cagraiiui(us^ for instance, is called rock

cod about Puget Sound, and rock trout and sea trout at San Francisco.

Bass may also be given in some places, as a somewhat related fish, less

like a bass {Sehaiitodcs meJanops), is called black-bass.

Trout, bass, and perch are also given to the black-basses, as already

indicated, in various places in the Southern States.

Our forefathers likewise brought with them fish names which have

become almost obsolete in Enoland, but which have entered on a new
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life in a new land. One such is ^lavfiie, {Poiaolohm pstiiJoharenga><)^

so familiar in connection with the enormous schools of the clupeid so

called, which enter the rivers of New Encrland, So entirely has the

name been submerged in England, so prominent has it become in the

United States, that it has been supposed by some lexicographers to be

of American origin. For example, in that monument of industry and
erudition, "A New Dictionary on Historical Principles [etc.], edited

by James A. H. Murray, [LL. D., etc.], with the assistance of many
scholars and men of science," the etymology of alewife is given in

the following terms: "Corrupted from iTth c. aloofe^ taken by some
to be an American Indian name; according to others a literal error

for French (iJo>ie^ a shad. Further investigation is required."
. (It is

defined "An American fish {^(Jliipra serrata] closely allied to the her-

ring.") Further investigation has demonstrated that the supposed

etymology is based on errors of several kinds. Toonuich space would
be required to give the details, and those especialh" interested may
tintl the record (by the present writer) in that receptacle of notes

curious and philological entitled, "Notes and Queries" (9th s., VIII,

451—152). In brief, the status is this:

(1) Alewife is not only an old English name, but still survives in

southwestern England, as attest the works of Couch and Day on English

fishes. (2) Alose^ as such or with literal modifications, has existed as

an English word, in certain localities, for centuries, although it was
doul)tless derived from the French through the Normans. In 1620,

the same 3^ear that the Pilgrim Fathers left old England and reached

New England, one Venner published the statement that "The aJlmves

is taken in the same places that sammon is." (3) Aloofe is simply the

resultof a printer's mistaking an old-fashioned median s for any. The
s^ond John Winthrop sent to the Royal Society an article on " maiz,"

which was published in 1(379 in the Philosophical Transactions (XII,

p. 1006)." In that article he noted the coincidence of the planting of

corn by the Indians and the "coming up of a fish, called aloofe, into

the rivers." Of course that fish could only have been the one called

by his contemporaries, Morton, Wood, and Josselyn, allhe and aleunfe.

(4) Alewife is doubtless a mere variant—an accommodative form, per-

haps—of the word variously spelled in olden days alose, aloose (the oo

has the value of a prolonged o sound), allowes, alloir, alice, olafle, and

oldwife. (5) The Narragansett Indian name of the alewife was (in the

plural) aunisuog^ according to Roger Williams, or urnpsmiges, accord-

ing to Stiles.^ (6) The current English name of one of the shads is

allice or allii^ shad.

"The reference in the English Dictionary is to 1678 (date of presentation of paper), and page 1017.

J>J. H. Trumbull, in his Natick Dictionary (1903), refers from aum-su-og to Oinmis; " ummis, pi. +
suog, herring, C. [=Cotton] 159." The word is believed to be "dim. of aumsuog" and not properly

Natick.
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Let it not be inferred from this that disrespect is held toward the

great neAv English dictionar3^ Even the very best are liable to err,

and the dictionarj'^ is not exempt from the liability, although it does

rank among the "very best'" and most useful of works; it may be

added, too, that an American book to be noticed later on—Smith's

Natural History of the Fishes of Massachusetts—ma}" have had some
share, indirectly, in misleading the learned Englishmen. Smith says

(p. 16J:): "It has been suggested that alewife is derived from the

Indian word aloof-—signifying a bon}^ fish.""

Naturally, the Indians had names for all fishes of economical value,

and even for others. A few only, however, were adopted bv the new
colonists, and those only in forms considerabl}' different from the orig-

inals. Such are, besides menhaden, scup, chogset, tautog, and sque-

teague, still more or less used along the Atlantic coast, namaycush,

masamacush, winninish (ouananiche), togue, siscowet, and cisco in the

interior, and stit-tse, nissnee, quinnat, kisutch, and eulachon or oola-

chan along the Pacific coast.

HI.

The first special memoir of a really scientific nature on the fishes of

this region was communicated in 1794 by AVilliam Dandridge Peck,

but not published till 1801 in the Memoirs of the American Acadwu}'-

of Arts and Sciences. Peck was then resident at Kittery, N. II., and

his memoir was entitled "Description of Four Remarkable Fishes,

taken near the Piscataqua in New Hampshire." He aptly prefaces his

article with the remark that "that part of the Atlantic which washes

the extensive seacoast of Massachusetts affords a considerable number

of fishes, many of which are but little knowni," and, after some further

remarks, proceeds to describe the species.

William Dandridge Peck was born in Boston, Mass., Ma}' 8, 1763,

graduated at Harvard in 1782, and subsequently served for some 3"ears

"in a counting house in Boston." "He was, an ingenious mechanic,

and made a microscope and many other delicate instruments." At the

same time he was a devoted student of natural history and especially

of ichthj'ology. His studies were crowned in 1805 by the reward of

a professorship of natural history in Harvard College, and this was

held till his death. He died October 3, 1822.

Let us now return to his memoir. As already noted, the species

were four. The first was identified by him with the Ophldiinn imhrvhe

« No reference is made directly by Murray, under alewife, to Smith's work, und only, in fact, to

Vv'inthrop (1678), Smyth (1867), Craig (1847), Perley (1852), and Lowell (1870). It is probable, how-
ever, that Murray had consulted Bartlett's Dictionary of Americanisms (1848, etc.)- Bartlett at first

derived alctvife unhesitatingly from "Indian, aloof," referring only to "Alosa vcrnalts, Storer, Massa-

chusetts Rep't." In the following explanatory remarks, however, it is less positively asserted that

" the name appears to be an Indian one, though it is somewhat changed, as appears by the earliest

account we have of it." The only reference by Bartlett to an early author is to Winthrop (1078).

Storer did not allude to the etymology or to aloof. It is quite likely that Smith's work is the source

of information for later writers, though he may have derived the idea from some one else.
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of Linnfeus; the second received a new name, Stromateus triacantltus

;

the third also has a new name, Blennius angulllarls^ and the fourth

was considered to be specificallj identical with the Oi/j}ri?ius catostoniKS

of Forster. Pecli's descriptions were very good—for the time at

least^—and by tbem his species can readily be recognized.

The first is clearly the species later (1839) named Cryptacantliodes

macvlatus by Storer; Peck's misidentification undoubtedly was very

bad, but he manifested a better appreciation of the relationship of the

species than did Storer. The Ophldion or Ophidium imherlje of Lin-

nteus was primarily based on the common gunnell of Europe, Pholis

gunnellus.^'^^ Apt as Pock's description was, however, Storer did not

recognize his fish. Deka}" later (1842) equally failed to recognize it,

but, concluding that it could not be the OpJddium imhei'he of Lin-

nseus, referred it to the genus Fierasfer and calls it ^''Fierasfer

horecdls? " The name was new, and by the interrogation Dekay evi-

dently intended to question whether the species belonged to the genus

I'ierasfe)' and not whether it belonged to a species already named Fieras-

fer horealis. The correct identification of the species was not published

till 1SG3 (Proc. Acad. Nat. Sci. Phila., p. 332).

Peck's second species is the one now known as Stroniateus triamn-

tJms or Poronotus triacanthus; his third species is Zoarces anguiUarls,

and his Cyj>rinus catostonnts is Catostonuis comme'rsonli^ the common
sucker of Massachusetts.

IV.
«

In 1816 the United States was visited by a Frenchman who is well

entitled to be considered as the first ichthyological artist of his time

—

so far superior to all others, indeed, that there was no close second.'^

I ^nean, of course, Charles Alexandre Lesueur,'" who was born in

Havre on the New Year's day of 1778. He became the companion of

Fran^'ois Peron in the notable expedition to southern lands which left

Havre in 1800, under the command of Baudin, and was so fruitful of

novelties for science. In 1815 he made arrangements with William
Maclure by which he was enabled to visit the United States. After

a prolonged vo3'age by way of the West Indies with Maclure, Lesueur

"The Ophidian imberbe was long a puzzle to European naturalists and the last authoritative author
to adept the name (A. Gvinther) applied it to a nominal species called Gymndis imbcrbis and eon-

founded under it names belonging not only to Pholis gunncllus, but also others belonging to Fierasfer

and the common eel {AnguiUa). Thereupon the present writer published an article " On the affini-

ties of several doubtful British fishes" (Proc. Acad. Nat. Sci. Phila., 1864, p. 199-208), promulgating
the views held at present.

^1 am glad to be able to agree for once with William Swainson, who Avas much more trustworthy
as an artist and art critic than as an ichthyologist. Swainson (Taxidermy, etc., pp. 244, 24.5) noticed
Lesueur as an "inimitable painter, accomplished naturalist, and accurate describer," "the RafTaele of

zoological painters," who "left behind him no one, in France, who was qualified to fill his place, or

whose delineations for a moment can be compared with his own." He regretted that " no one volume
Avill hereafter point out the matchless excellence of LeSueur."

c In the first and second volumes of the Journal of the Academy of Natural Sciences of Philadelphia
the name appears as LeSueur, but in the third and forth as Lesueur.
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arrived, May 10, 1816, at New York, and there became acquainted with

the statesman-ichthyologist Samuel Latham Mitchill. In the fall of the

same year he visited the coast, and especially fishing towns, of New
England, and the fish market at Boston. His collections afforded him

a number of new species, which he subsequent!}^ described in various

articles in the Journal of the Academy of Natural Sciences of Phila-

delphia."

In 1817 he settled down in Philadelphia and at once became an inti-

mate associate of the scientific men of that city, and his was the first

article contributed to the first volume of the Journal of the Academy
of Natural Sciences—that journal which has since extended into so

man3^ It is in that series that wei*e published a number of articles

illustrated by his unrivaled pencil. Thirteen specific names were

framed for fishes obtained in Massachusetts, but most of them have

not stood the test of time and comparison with more material. Lesueur

remained at home in Philadelphia, more or less, till 1825. He then

accompanied his old patron, Maclure, to New Harmon}^ Ind., where

they hoped to live an ideal life in a socialistic colony. It is almost

needless to say that thej^ were disappointed. While in New Har-

mony, Lesueur issued a prospectus for a work to be published in parts,

by subscription*, on the ""Fish of North America, with plates drawn

and coloured from nature."' The demand for the work was not suffi-

cient to justify its publication, and the project fell still-born. After

various adventures and much sickness, he left, by way of New Orleans,

for Franc'e, and after an absence of twent3^-two j^ears was again at

Havre in 1837. In Paris and in Havre he passed most of the remain-

der of his life and for the last two years was director of the museum
of the latter cit3\ He died on the 12th of December, 1846.

A very interesting biograj^hy of Lesueur by Dr. E. T. Hamy, a

<« As already indicated, 13 of Lesueur's species were based entirely or partly on specimens collected

in Massachusetts. Reference to the volume and page of the Journal and the present identification of

the (ish are given in each case:

Mursena bostoniensis (1,81) Anguilla chrisypa (Raflnesque 1817).

Murfena argentea (1,82) Anguilla chrisypa (Ratinesque 1817).

Gadns compressus (I, 84) Lota lota (Linnaus 1758).

Catostomus gibbosus (I, 92) Erimyzon sucetta (Lacepede 1803).

Catostomus bostoniensis (I, 106) Catostomus commersonii (Lacepedel803).

Hydrargyra ornata (I, 133) Fundulus heteroclitus (Linna-us 1758).

Hydrargyra nigrofasciata (I, 13 1) Fundulus heteroclitus (Linnteus 1758).

Somniosus brevipinna (I, 222) Somniosus microcephalus (Bloch & Schneider

1801).

Squalus obscurus (I, 223) Platypodon obscurus (Lesueur 1817).

Osmerus viridescens (I, 231) Osmerus mordax (Mitchill IHl-l).

Clupea fasciata (I, 233) Pomolobus mediocris (Mitchill 1815).

Clupea elongata (I, 234) Clupea harengus (Linnjeus 1758).

Scomberesox equirostrum (II, 132) Scomberesox saurus (Walbaum 1792).

f> Thirty-five plates had been engraved by Lesueur for his projected work, and a sample number
with 6 leaves of text (unpaged) and 5 plates (illustrating 3 species of '' Petromyzon'" ,loi "Ammocates",

and 1 of "Accipenser") was issued from New Harmony, Ind., in 1827. A notice was published by Leon
Vaillant (Note sur Tceuvre ichthyologique de C. A. Lesueur) in the Bulletin de la Society Philuma-

thique de Paris in 1896 (8. ser., t. VIII, 15-33) , descriptive of the plates, and a small edition of 40 copies

with proofs from the 35 plates was issued by the editor soon after.
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member of the Institute of France, appeared in 1004, entitled ''Lcs

Voyages du Naturaliste Ch. Alexandre Lesueur dans I'Amerique du
Nord (1815-1837) ". It was published (1901) in the Journal de la Societe

des Aniericanistes de Paris (Vol. V) as a special "Numero dedie par

la Societe a Foccasion de 1'Exposition Univ^erselle de Saint Louis."

It is illustrated by many landscape views reproduced from originals

of Lesueur.

V.

Next in order of time comes a work whose like was never seen in

any other country, and which has never been equaled. An expert in

ichthyology who should see it for the first time without previous

knowledge of it, might suppose that the author was an irresponsible

idiot who had not intelligence enough to appreciate elementary facts.

An ordinarily bad book might be left unnoticed, but the one in ques-

tion is so abnormally bad as to be a curiosity of ichthj^ological litera-

ture, and interest and wonder must be excited at the variety of errors

an educated man may conmiit in a held of which he has no knowledge.

Now hear who this man was and what positions of honor and profit

were conferred on him.

Jerome Van Crowninshield '^' Smith was born in Conway, N. H.,

July 20 (or 22), 1800, was graduated at the medical department of

Brown College in 1818, and again at Berkshire Medical School in 1825

(or 1822). He became the first professor of anatomy and phvsiology

in the latter institution. In 1825 he settled in Boston, was port phy-

sician from 1820 to 1810, and meanwhile was editor of several medical

or other periodicals, among which were the Boston Medical Intelli-

gencer (1823-1826), the Boston Medical and Surgical Journal (1831-

1856), and the Medical World (1857-1859). In 1854 he was elected l)y

the Native American, otherwise called the "Know-Nothing" partv,

mayor of Boston, and served a single term (1854-55). Subsequently he

removed to New York, where his son was resident, and was appointed

to the professorship of anatomy and physiology in the New York Med-
ical College. During the war of 1861-1865 " he went to New Orleans,

where he accepted the position of acting inspector-general, with the

rank of colonel, and he was the chairman of a commission appointed

by Banks to consider the sanitary condition of the cit3\" lie died at

Richmond, Mass., at the residence of his sister-in-law, August 21, 1879.

His obituarist, in his old periodical, the Boston Medical and Sur-

gical Journal, records that, "although a man of no great ability, he
could turn his hand to almost anything. For instance, it is said of

him that as a college boy he was the champion drummer of his class.

Later in life he was alternately anatomist, hisitorian, naturalist, poli-

a There is a discrepancy between the different biographical sketches of Smith as to name (Crownin-
shield or Crowningshield) and several dates. Crowninshield is the only form of the name in Boston
directories.
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tician, a writer of books of travel, sculptor, editor, and orator. He
kept a whole set of the Encyclopaedia Britannica on his office table and

ncarl}' every page was said to have a bookmark in it. He was a suc-

cessful modeler in cla\'. Although a busy and active man, his practice

was never a large one, but he nevertheless acquired considerable prop-

erty"—testifying to another important talent!

Smith was a voluminous author and, besides numerous contributions

to the periodicals he edited, published nearly a dozen independent vol-

umes on various subjects. The only one of interest in the present con-

nection is his "Natural Histor^^ of the Fishes of Massachusetts," issued

first in 1838, and again, as a "second edition," in 1843.^' It may be

added, however, that he supplied catalogues of the fishes of the state

to E. Hitchcock, the state geologist of Massachusetts, which mani-

fested no increase of knowledge of ichthyology. ^ The second edition

of the "Natural History"" is a mere reissue, apparently, of the unsold

remainder of the original with a new title-page and publisher's name.

Even the original list of "errata" is retained without any additions.

Now let us examine the work and we will find out what a strange pro-

duction it was.

n The only variations between the two editions are tlie title pages, viz:

(1) Natural History of tho Fishes of Massachusetts, embracing a practical essay on angling. By
Jerome V. C. Smith, M. D. [Fig. of Traun Fall.] Boston: Allen and Ticknor. 1833. [12mo, vii +
399 (+1) pp.]

(2) The same. With fifty-four Avood engravings. By Jerome V. C. Smith, M. D. [Fig. of Men-
haden.] Second Edition. Boston: William D. Ticknor. MDCCCXLIII. [12mo, vii +399 (-f- 1) pp.]

The character of the work was exposed in "Remarks on the Natural History oE the Fishes of Massa-

chusetts. * * * Read before the Boston Society of Natural History, March 20, 1839. By D. Hum-
phreys Storcr, M. D." < American Journal of Science and Arts (Silliman's), Vol. XXXVI, July, 18;i9,

pp. 337-349. According to Doctor Storer (p. 318), the work of his compatriot contains "notices of 105

species, of which 80 are foreigners and but 2.5 are found iu the waters of our State. Of these 105 spe-

cies, 3«) are illustrated by figures; of these 36 illustrations, but 9 accompany species whi('h arc found

on our coa.st; of these 9 figures, G are copied from Strack's Plates and 3 from Mitchill's Fishes of New
York; of the 36 illustratious [small wood-cut figures] contained in this history, not one is drawn
from nature." The unacknowledged figure of a cataract on the title-page of the first edition appears

to be a very poor and much modified reproduction of a cut of "Traun Fall," from Sir Humphrey
Davy's Salmoiiia (4th ed., p. 222), combined with a figure of the " Salino hucfio" (p. 231).

b The other contributions of Smith to the ichthyology of Massachusetts are mere lists of names, viz:

(1) A Catalogue of the Marine Fishes taken on the Atlantic Coast of Massachusetts. * * * [Also,

Fishes found in the Rivers, Mountain Streams, and Ponds of Massachusetts.] < Report on tlie

geology, mineralogy, botany, and zoology of Massachusetts. By Edward Hitchcock. Boston, 1833,

pp. 553-554.

A list of 52 nominal species of marine and 17 of fresh-water fishes.

(2) [Revised Catalogue of the Fishes of Massachusetts.] < Op. cit., 1833, pp. 597-598.

A list of 102 nominal species, 83 of which (including the Bodiani = Morone) are salt or brackish

water, and 19 fresh-water.

(3) A Catalogue of the Marine and Fresh-Water Fishes of Massachusetts. < Op. cit., second edition.

Boston, 1835, pp. 534-538.

A list of the same character as the preceding, enumerating 106 nominal species (and 2 varieties), of

which 89 are salt or brackish water and 17 fresh-water. Reproduced (pp. 1.5-18) in the Catalogues of

the Animals and Plants of Massachusetts (edited by Edward Hitchcock), Amherst, 1835, reprinted

(same type) from the sccoud edition of the above-cited work.

The catalogue is a repetition of the names (without descriptions or remarks) of the author's Natural

History of the Fishes of Massachusetts.

This compilation was also criticised (by Dr. D. H. Storer) in 1837 in "An Examination of the Cata-

logue of the Marine and Fresh-Water Fishes of Massachu.setts, by J. V. C. Smith, M. D.," contained

in Professor Hitchcock's Report on the Geology, Mineralogy, etc., of Massachusetts, by D. Humphreys
Storer, M. D. < Boston Journal of Natural History, Vol. I, pp. 347-365, PI. viii. (May, 1836.)
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Smith's chief fountain of information was MitchilFs monograph,

''The Fishes of New York described and arranged," published in 1815

in the Transactions of the Literar}' and Philosophical Societ}' of

New York.

He evidently had, as a stand-by, John Stark's ''Elements of Natural

Histor}','"' published at Edinburgh in 1828, in which the classification

proposed 1)y Cuvier in the first edition of the "liegne Animal" (1817)

was followed. This served Smith as a guide for the arrangement of

his material. Although the second edition of the "Regne Animal"

(1820) had been translated and published in New York a couple of j^ears

before (1831), it was unknown to Smith. Another work he referred

to as ""the Conversations Lexicon;" it was the "Encyclopedia Ameri-

cana" of those days, which had then been very recently published.

For the illustrations, he had a work long ago forgotten, but which

hnd a considerable circulation in its day. It was Strack's "Natur-

geschichte in Bildcrn mit erlauterndem Text." Of the fish part two

editions had been published at Diisseldorf—one in 1819-1826 and the

other in 1828-1831. This work was the source of most of the reduced

and ver}" poorl}' engraved woodcuts which accompany the text; three

were borrowed from Mitchill's "Fishes of New York." Such are the

facts, but in his preface Smith makes no mention of Strack's work
and leads up to the supposition that his cuts were original. His words

are, "With respect to the engravings, they are far short, in many
instances, of what was anticipated. Some of them are beautifully and

accurately executed, but others are miserable caricatures. The artist

was young and inexperienced, and when he would have willingly made
a second drawing the press could not be kept in waiting."

He has certainly told the truth in the acknowledgment that the

en§p.'avings were "miserable caricatures." They are generall}^ very

poor copies of the originals. For example, Strack's figure of the fresh-

water lamprey represented correctly seven lateral branchial foramina;

Smith's copy onl}^ five! A few examples of the many kinds of errors

he committed may now be examined; to expose all would require a

volume as large as the one noticed.

Under the caption " Gen. Scylliam'' three species are claimed for

Massachusetts, the sea-dog Sci/Uimh canicida (p. 80); the Scylliwn

ca.tulus (p. 81); and the dog-fish Squalus canis (p. 82). Now no species

of the genus ScyJUvm has ever been obtained from the coast waters of

Massachusetts, and the only sharks called sea-dog or dog-fish that could

hive been known to Smith were the picked dog-fish, Squalus acanthlas^

and the smooth hound, Mustelus canis^ which last was not named by him.

Gray mullets or mugilids, as everyone here knows, are among the

most common of the shore fishes from the Woods Hole region south-

ward, and, under the name Mugll aJhvla^ were well described by
Mitchill in 1811, in New York, but Smith urges (p. 268), "Notwithstand-

ing the minute description there given we think there must be some
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mistake, and our private opinion is that no other species than the red

mullet is a native tish'M Following up this fancy, under the caption

"Gex. Sarmullus" (a new name!) he specifies (p. 271) the red mullet,

MuUas hcn'hatu!^^ and, after a break of many pages, immediately after

the mackerel (p. SO-i), he names the surmullet, j\Iullus suDnuletus.

As to the former, he avers (p. 271) that "red mullet have appeared

within the last few j^ears in the neighborhood of Boston, but not being

at all prized a few onl}' have been exhibited in the market." The sur-

mullet was declared (p. 3(H) to be "a variety of the mackerel," and this

remark was followed by comments on its place in Roman estimation,

on what was evident!}' the chvil) mackerel, and on fishing for mackerel!

There is a peculiar genus of gadoidean fishes named Banicejjs^ rep-

resented by a single species of northern Europe, and the type of a dis-

tinct family, Ranicipitidie. To this " Gen. Raniceps " Smith referred

two species; one named (p. 209) "Blenny, Blennlus Vivijjarus [Bani-

ceps Trlfurcatus, Guv.],"' the other (p. 211)''''Baniceps Blennoides.-'' The
former was evidently the Zoarces angulUaris and consequently belongs

to a widely diti'erent species from the " iHvlpaj'us,-^ a different family

from Blennlus, and a different family also from Baniceps trifur-

cafus. The latter name, we learn from Storer, represented a speci-

men " purchased of " Smith, by the Boston Society of Natural History,

of a Oryptacantliodea maculatus "with the cuticle abraded;" conse-

quently the species belongs to a very distinct family from the genus

Banlceps, as well as from the first species.

Another striking manifestation of ignorance and rashness is dis-

pla3^ed in Smith's treatment of two other species. Under the " Gp:n.

CoBiTis" (p. 183)he notices the "sucker, Cyprinus Tereii[Catastomus].''\

In the third paragraph under the specific caption he refers to "a strange

fish " given by the keeper of the Boston light-house, unknown " to any

of the fishermen in his service, which has a mouth precisely like the

fish above described; but the body, instead of being round, is quite

thin [!] and wide, back of the gills. The color is silvery, mottled with

dark waving lines. It is in length about 10 inches, and appropriately

denominated the sea-sucker.''' What could this "sea-sucker" have

been? One familiar with the fishes of the coast and with Smith's

idiosyncrasy might reconcile the notice with the king-fish {Menticirrus

?ieIjuIosus), but the sucker is a malacopterygian and the king-fish an

acanthopterygian, and besides, the latter has a mouth not at all like that

of a sucker in reality! All this is quite true, but on an examination of

the very specimen mentioned by Smith, it was found l)y Storer to l:>e a

king-fish.

How Smith was led to put the sucker in the genus C'ohlt is and to

separate it from its near relation, the chub sucker, Bi'limjzon sucetta,

which was placed in the genus Cyprinus as the "chub, Cyprinus ohJon-

gus,^' is not at all comprehensible.
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The habit of assuming that the popular names were correctly applied

led to other curious results. Some of the most abundant of the fishes

of the state are the cyprinodonts, known as minnows, and the sun-tish

called also bream and roach. The cyprinodonts and sun-fish do not

appear at all in their proper persons in the "Natural History;" the

only mention of any minnow is under the head of "minnow, Cypvlnus

atroniisus; " the names of " bream, Ahramls clvnjsoptei\i^'' " roach, Leu-

CISCU8 rutilui^^'''' and "dace, or A^vq^ Leuciscus vulgaris^'''' are found, but

onl}^ in connection with the European fishes, which, it scarcely need

be added, are not American fishes.

Still another kind of error is found in statements respecting distri-

bution.- As we all know, the shad was introduced into the waters of

the Pacific slope by the United States Fish Commission because it was

supposed none were there. According to Smith, however, "on the

northwest coast of America, they are inconceivably numerous!''

The examples thus given are quite enough to illustrate some of the:

kinds of errors Smith fell into.

The only item of new or special interest found in the entire volume

is not from the pen of Smith, but of a correspondent, Jas. P..

Couthuo}^, captain of a merchant vessel, who later became known as

an able conchologist and accompanied Captain Wilkes in his celebrated

voyage around the world. In a postscript to a general letter published

in the article on the mackerel, Couthuoy added, "though you are

alread}", perhaps, aware of it, * ""' * the male dolphin may be easily

distinguished from the female in the water by the shape of the head;

that of the former being abrupt and almost perpendicular, * * *

while the female's is more rounded." This statement, written in Jan-

uary, 1832, and published in 1838, anticipated by five years the dis-

covery of M. Dussumier, announced in the "avertissement" (p. vii)

to the twelfth volume of Cuvier and Valenciennes' " Histoire Naturelle

des Poissons" (1837). In view of our knowledge of Smith's character,

the suggestion that he was aware of such a fact sounds quite ironical.

No ichthyologist has recognized the claim of Couthuo}'^ to the dis-

covery in question.

Smith's wretched book misled many of the anglers of the middle of

the past century; frequent evidences are to be found of his influence

in the principal works (Brown's American Angler's Guide and Her-

bert's Frank Forrester's Fish and Fishing of the United States) which

served as guides to the fishermen of that time; even so able an

ichthyologist as Sir John Richardson quoted it and was evidently

much puzzled by it.

VI.

The next author whose work demands examination was a man of

quite a different character from Smith, and who, for nearly three

decades, published the results of studies of the fishes of Massachusetts.

F. C. 1904 12
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His last work is still the most comprehensive illustrated volume des-

criptive of the tishes of Massachusetts alone.

David Humphreys Storer was born in Portland, Me., March 26,

1804; attended Bowdoin College and was graduated there in 1822;

then studied medicine, and was graduated from the medical depart-

ment of Harvard College in 1825. Immediately afterwards he estab-

lished himself in Boston as a general practitioner of medicine. In

1820 he married Abbv Jane Brewer, a sister of Dr. Thomas Brewer,

later known as a distinguished ornithologist. "" In 1837 he cooperated

with Jacob Bigelow, Edward Reynolds, and Oliver Wendell Holmes in

founding the Tremont Street Medical School. He became interested

in natuKil history, was one of the founders of the Boston Society of

Natural History,'"' "had the honor of lecturing to the society two suc-

ceeding seasons, 1831-32,"' on conchology. and in 1838 was elected

curator of the herpetological and ichthyological collections. He was

also "commissioned*" in 1837 as one of the commissioners to report

on the zoology and l)otany of Massachusetts under an act of the legis-

lature "approved 12th April, 1837," and reported in 1839 on the

herpetology as well as ichthyology of the state.

In 1854 he was called to the professorship of obstetrics and medical

jurisprudence in the medical school of Harvard; in 1859 became also

the dean, and held both appointments till 1868. Meanwhile, from

1849 till 1858, he was physician to the Massachusetts General Hospital.

In 18G6 he served as president of the American Medical Association.

He was honored by Bowdoin College in 1876 with the degree of LL.D.
In 1883 he retired almost entirely from practice and spent the remain-

ing years of his life in the enjoyment of well-merited leisure. He
died in Boston in 1891.

Storer's principal works relative to the region under consideration

are "A Report on the Fishes of Massachusetts," published in the Bos-

ton Journal of Natural History, in 1839 «; "A Synopsis of the Fishes of

a The Report was published in the following forms:

<1) A Report on the Fishes of Massachusetts. By D. Humphreys Storer, M. D. <Bostoii Journal

of Natural History, Vol. II, 1839, pp. 289-558, pi. vi-viii.

Descriptions are given of 107 nominal species, 91 of which are salt or brackish water, and 16 fresh

water; in the concluding remarks, 9 additional undeterminate species are indicated as probable

inhabitants of the Ma.ssachusetts waters.

(2) Supplement to the Ichthyological Report. <lb., Vol. Ill, 1841, pp. 267-273.

(3) Additional Descriptions of, and Observations on, the Fishes of Massachusett.s. 1842. <Ib., IV.,

1844, pp. 175-190.

A second supplement to the report.

(4) Reports on the Ichthyology and Herpetology of Massachusetts. By D. Humphreys Storer, M. D.

<Reports on the fishes, reptiles, and birds of Ma.ssachnsetts. Published agreeably to an order of the

legislature, by the commissioners on the zoological and botanical survey of the State. Boston : Dutton

& Wentworth, State Printers. 1839. [8vo, xii pp. +2 1. +426 pp., 4 pl.] Pp. 1-253, with half-title-^Fishe.<i

of MassachiTsetts—pp. 1-202, pl. 1-3.

The Report on the Fishes is the same as that piibli.shed in the Boston Journal of Natural History, but

(1) an entirely different introduction is added, (2) the supplementary observations on Carcharias

obscurus (B. J., Ill, 558) are omitted, and (3) supplementary oljservations are added (pp. 405-409) on
several species.

The plates are evidently printed from tlie same lithographic stones.
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North America," published originally in the Memoirs of the American
Academy of Arts and Sciences in 1846'^, and "A Plistory of the Fishes

of Massachusetts," also published in the Memoirs of the American
Academy of Arts and Sciences, from 1853 to 1867*. These were later

published as separate works and with independent pagination, and

doubtless are in such form constantly referred to at Woods Hole, as

they are still the largest complete works that pertain avowedly to the

region in question.

The Report of lSo9 was a useful compilation of existing knowledge

respecting the subject-matter, and for the first time brought together

descriptions which could only have been found previously in scattered

pu])lieatious. The classitication of Cuvier, then almost universally

accepted, was adopted. The material which served for the descrip-

tions in Storer's works was mainly found in a small collection in the

Boston Society of Natural History, in the. markets, or was supplied

by fishermen and by Dr. Leroy M. Yale, a practicing phj'sician of

Holmes Hole. Doctor Yale supplied most of the southern forms, and

without his aid the Report would have been much more incomplete

than it was.

William Yarrcll, the author of ''A Historj- of British Fishes," not

long before published (1836), was an exemplar for the Report, and, as

Storer acknowledges, "the generic characters are generall}'- given in

the language of Yarrell." In one case, however, ^y^v<3 is substituted

for /7V<?, and the genus Gasterostcus is consequentlj' said to have "one
dorsal fin, with five spines before it," whereas Yarrell had printed

free. Of course the error may be considered typographical. The
genera not represented in Britain are' defined after the Yarrellian pat-

« The Synopsis was published as follows:

(1) A Synopsis of the Fishes of North America. < Memoirs of the American Academy of Arts and
Sciences. New series. Vol. II, (Cambridge, 1846), pp. 2.53-550.

739 nominal species from all North America (including the West Indies) are described. The
de.scriptions, however, are mostly inaptly compiled and insufficient.

(2) A Synopsis of the Fishes of North America. By David Humphreys Storer, M. D., A. A. S. Cam-
bridge: Metcalf and Company, printers to the university. 1846. [4to, 1 p. 1. (= title) +298 pp.]

A reprint, with separate pagination, title-page, and index, of the preceding.

f'Tlie History was published in parts and as a whole, as hercinbelow indicated:

(1) A History of the Fi-hes of Massachusetts. By David Humphreys f:torer. < Memoirs of the
American Academy of Arts and Sciences (Boston), new series, viz:

1. V, pp. 49-92. pi. 1-8, 1853.

2. V, pp. 122-168, pi. 9-16, 1S53.

3. V, pp. 257-296, pi. 17-23, 185.5.

4. VI, pp. 309-372, pi. 24-29, 1858.

5. VIII, pp. 389-434, pi. 30-35, 1863.

6. IX, pp. 217-263, pi. 36-39, 1867.

134 species are described and (except one—the Pholis subbifurcatu>i:^Eamcsogram}mis subbifurcatiis)

illustrated, and, in an appendix, a nominal list (by Mr. Frederick Putnam, of Salem) of 21 additional

species is published. Of the 134 species, 116 ai-e salt or brackish water, and 18 fresh water.

(2) .Y History of the Fishes of Massachusetts. By David Humphreys Storer, M. D., A. A. S. * * *

[Reprinted from the Jlemoirs of the American Academy of Arts and Sciences.] Cambridge and
Bo.ston: Welch & Bigelow and Dakin & Metcalf. 1867. [4to, 2 p. 1. + 287 pp., 39 pi.; pi. 39 folded.]

As indicated on the title-page, a reprint of the preceding, or rather a collection of extras of the
several parts separately and con.-secutively paged, and with an independent title-page and index.

134 nominal species are described and 133 figured on the 39 plates.
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tern. The families were not defined, and in this respect Yarrell was
still the exemplar. Yarrell was not followed, however, in the style of

synonjaiiy, which was often quite misleading. For example, under

the caption P\eprilus\ trlacanthus^ Feck (p. 00), are references to (1)

"Memoirs of the American Academy of Arts and Sciences, v. ii, p.

48, et fig. f (2) " Mitchell, Trans. Lit. et [sic!] Philosoph. Soc. N. York,

p. 365, et fig.;" and (3) ''Cuv. et Valenc. Hist. Nat. des Poiss." In

not one of those works does the name "P. trlacanthus"' appear.

Peck (in the IVIcmoirs) called the species Stroniateus triacdntJim^

Mitchill (not Mitchell'^') named it Stroinatcus cri/jjiosus^ und forCuvier

and Valenciennes (ix, p. 408) it was Ehomhus ('/'i/j)tos>/.'^. Many of the

references to pages are also erroneous.

The slight knowledge Storer had of fishes general]}' entailed on him
descriptions deficient in aptness and the element of comparability,

and, in a few cases, they were obviously erroneous.^ '"For many
years,"' however, according to his obituarian biographer, "it [the

Report] was the standard work on our fishes and was only supplanted

in New England esteem b}' the revised, extended, and fully illustrated

work completed in 1867.''

The History is really an amplified edition of the Report with some

of the species that had been discovered in the meanwhile incorporated,

and with plates illustrating all the species described in it but one, the

so-called Bleniiias suhhifurcatus^ w^hich is a typical stichteid. The
principal contributor of new material for the History was a master of

a fishing vessel, Capt. Nathaniel E. Atwood, of Provincetown, who had

acquired considerable knowledge of fishes generalh' and comnmnicated

some interesting notes on habits to the Proceedings of the Boston

Society of Natural History.

Storer claims to have ""carefully redescribed all the species" for his

History, and it has been declared by an eulogist that "it would be

difficult to point out a work of greater accuracy in detail." Conse-

quently it has been proclaimed to be "a classic in North American

ichthyology that nuist serve as a basis for the future histories of the

New England fishes." Naturally such a work calls for examination.

If some discrepancy shall be found to exist between the estimate of

a Mitchill's name was always spelled Mitchell by Storer in his Report; he corrected it in later papers

and in his History.

bOne new genus and 10 nominal new species were described in the Report, 4 of which are

recognized at the present time. The 4 of acknowledged validity are indicated in the following list

by italics:

Cryptacanthodec (n.g.) macttlaius. Storer (p. 28).

PholU Siibbifurcatus (p. 6^) = Eumcsor/ramJiius .yuhbifurcatus (Storer).

Leuciscus argenteus (p. 90)=Semotilus corporalis (Mitchill, 1817).

Leuciscus pulchellus (p. 91)=Semotilus corporalis.

Morrhua americana (p. 120) =Gadus callarias Linnocus, 1758.

Platessaferraginea (p. 121)=Limandaferruginca, Storer.

Echeneis quatuordecimlaminatus (p. 155)=Rcmora brachyptera (Lowe, 1839).

Syngnathusfuscus (p. 162) =Siphostoma fuscum, Storer.

Syngnathus peckianus (p. 103)=8iphostoma fuscum, Storer.

Mouoeanthus massachusettensis (p. 174)=Monacanthus liispidus (Linnaus, 1758).
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tlic eulogist and that now to be presented, it must be remembered that

the former was hampered by the demands of a memorial celebration,

while on the present occasion onl}- the facts need be considered.

In the sixth decade of the past century the classification proposed

for the fishes by Cuvier, in 1829, in the second edition of the "Reg-ne

Animal,*'' was still regnant. Naturally, then, Storer adopted it for hi?

History, as he had previously for his Report. He added diagnoses of

the families which were in almost all cases translations of the essential

characteristics assigned to them by Cuvier. In the author's nomen-

clature he was "guided, as far as possible, by the principle which

would give the credit of a species to the author who first placed it

undev its appropriate genus. This plan," he truly added, he "was
led to understand is being adopted ])y our most eminent naturalists."

For a time such was the case.

The work was and is of such importance that some analysis may be

welcome.

As long; as the writer had a guide to follow his faults of taxonomy
were mainly those of his guides, but he had the fortune, good or bad,

to obtain specimens of types unknown to the authors whose views he

followed, and then he had to determine their affinities as best he might
The result by no means did credit to his perspicacity. Among these

types were the genera Boleosoina and t')-tjptac(intJt<)des. Boleosoma

had been quite correctly referred l^}^ Dekay to the famih^ of Percidse,

and is in fact a perch in miniature. Yet Storer referred it to the

"Triglidje," between Acanthocottus and Asptdophorus {Ai<pidopho-

roldes), in spite of the fact that he declared (after Cuvier) that ''their

general character consists in having the suborbital ])one more or less

extended over the cheek and articulated liehind with the preopercu-

lum." Why he should have referred to such a family a genus with

the suborbitals reduced to such an extent that tliey had been said to be

absent is a myster}^ which he made no attempt to explain.

Cri/ptacanthodes was first named by Storer in 1839. It is an elon-

gated naked fish without au}^ enlarged suborbital bones and entirely

unlike an}' recognized triglid. On the other hand, it has man}- charac-

ters in common with genera of the family of '

' Gobidas " (as he called it),

and in accordance with his own definition he should have referred it to

that family. In fact the genus is the type of a peculiar famil}- nearly

related to that of the gunnells.

The same ineptitude for the appreciation of characters or form is

manifest in the treatment of species which he actually referred to the

family ''Gobidue." To the genus Blennius was relegated a species

named Blennius serpentinns, and to the very closely related genus

Pholk was assigned another species named PhoUs suhhifurcatus. Now
the true species of Blennius and PlwUs have a ver}' characteristic phys-

iognomy, and onh' differ from each other in the fact that the former
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lia.s skinny tufts over the eyes, which are wanting in the latter. Yet

the BJennius se^'pentinus has a very elongated form and no superciliary

tufts, and the PJioUs siihhifurcatuB has also an elongated form, and

therefore no resemblance to a true Pholis. In fact the two species

belong to a different family from Blennius and Pholis, and are related

to each other. They are the stichands now named Leptoljlennliis ser-

penthms and Eumesogrammus subhifurcatus.

The want of appreciation of the value of words as well as of natural

relations was also manifested in the treatment of the tlat-fishes. Cuvier

had divided the typical pleuronectids into three genera, or, as he called

them, subgenera: Platesaa, distinguished by a row of obtuse trenchant

teeth on the jaws; JI/j:)J)0(/1(as.si/s^ having strong pointed teeth, and

JRhmnbus, including the turbots. While professedly adopting these

genera, he referred to Plafesso several species {deiitata, oNonr/a^ qva-

droccUata)^ which are really more nearly allied to the hali))ut and Euro-

pean species associated with that fish. Cuvier had not referred to the

American species, and Storer had consequently to do for himself.

The last genus that requires attention is Carcharias. The part of

the History referring to it was published in 1807. As early as 1811

Midler and Henle had published their great work on plagiostoraes and

the sharks of the American coasts had long been referred to their

proper genera; but all the labor was lost, so far as Storer was con-

cerned. Four species were referred by him to the genus. Only one

{obscurus) has the characters assigned in the diagnosis. One (c/riseus)

is an Odontasjns, another {vidpes) an AlqpiaSj and the fourth {atwoodi)

is the great white i^\i^Y\i {CarcJiarodon carcharias). It will be thus

seen that his four species of Carcharias belong to four families of

Midler and Henle and most modern systematists.

If we examine his descriptions we too often find that while they fill

every requisite as to length, there is too much perfunctory verbiage

and too little precision. For example, the "form" of the striped bass,

as well as of " the Spanish mackerel'" {Scomher dekayi or coUas)., is said

to be "cylindrical,''' while the common mackerel is claimed to have

the "body elongated.'' Now there is really no difierencc in form

between the two mackerels'^', and that form is as nearly fusiform as

any fish can have. Anyone who knows what a C3dinder is would be

so misled b}' Storers description that he would be precluded from

identifj^ing the striped bass from the description—if he relied on it.

The mackerels are certainly elongated, but so is an eel and so also is a

hairtail. It is evident, therefore, that the unqualified adjective is alto-

gether too vague and meaningless. These examples of the want of

precision and misuse of terms must suffice.

Another feature which may excite the surprise of the new student

nin his Report (p. 46) Storer attributed to "Scomber colias" a "form elongated, very round and
plump," and omitted all mention of the form of "' Scomber vernalis." Tlie italics are Storer's.
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is the meag-ernesj? of the information respecting- hahits of species.

There are some statistical data concerning the mackerel, herring, and

cod, some observations on the habits of the sun-fish, toad-fish, and

trout, and briefer references to others, but the parental care exercised

b}' the sticklebacks and cat-fishes, and the peculiarities of others, are

not even alluded to. Comparatively little was known in those days of

such matters, it is true, but information about the characteristics

mentioned was already existent in the literature.

The best part of the work is the collection of plates. These are

really for the most part excellent and among the best that have ever

been published. Most of them were prepared by A. Sonrel, who had

been trained for such work by Louis Agassiz. But the want of super-

vision was occasionally evident even here. For example, adopting the

fashion then prevalent, scales from the back and lateral line were
illustrated for almost every scaly fish. Now the most characteristic

feature of the scales of the sparoid fishes is the divergence of the

strife across the field above and below and their intersection of the

margins. Sonrel had represented the fine concentric strite of the

scales of the earl}- families correctly, but, in place of well-marked

strife for the sparoids, he gave meaningless dots (pi. 10, f. 2, 3, 5, G);

apparently he had perceived something anomalous to him in the

sparoid scales, but was afraid to represent what he saw and adopted

the device of obscurity and ambiguity expressed in punctulation.

Another case of bad iconography was exhibited in the figure of the

so-called Blennius sei^pentinns (pi. 17, f. 1.) Storer conceived for this

fish a very deeply divided dorsal whose parts were "connected by a

membrane" (p. 91). Probably the fin had been injured; in a perfect

specimen the fin is uninterrupted. The artist may have been intiuenced

by ^he ichth^'ologist
; possibly the ichthyologist may have been misled

by the artist; anyway, the representation of the fin accords with the

description and not with nature.

It will be evident that all the criticisms that have been passed on

the History are those that might have been made at the time the parts

were published. In the allocation of some of the genera and species

the author sinned against his own definitions. His nomenclature has

not been considered as such and need not be. Respecting that, hear

Vvhat his obituary biographer had to say: "In the time that has

passed since its publication we have changed our ideals of names, and

discoveries of new genera or species, or in the anatomy, haA'e com-

pelled changes in our sA'stem. The nomenclature of the book has

become somewhat antiquated, and the systematic arrangement is not

entirel}' suited to the present time.'' His eulogist has further truly

remarked that Doctor Storer " used little of his energy in searching

for generalizations." In fact, the only evidences he has left of an}-^

attempts at generalization were a simple table of the geographical dis-
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tribution of genera of North American lishes and the isolation of the

genus AmNj/ojMis in a family he called "Hypsteida}."" We may pass

them without comment save that they were laudable attempts at least.

I have alluded to these defects of Storer's work because for a long

time they influenced our conceptions respecting the fishes of the coast

and were generall}^ adopted. The errors were repeated b}' Dekay in

1842 and (pardon the expression of personal experience) the discrep-

ancy between the facts and the print sadly perplexed my boyish studies

and for a time made me fear that failure to understand was the fault

of ui}" stupidity rather than Storer's and Dekay's errors. In fact, they

remained uncorrected till I had to demonstrate that the statements

were inconsistent with the facts and formulated the views now preva-

lent."

VII.

In 1872 was published an article which would not call for notice,

since it is devoted to a limited locality and covers a very short period,

were it not that the locality is very near Woods Hole and that it ema-

a Mem. Am. Acad. Arts and Sci., n. s., II; Syn. Fishe.s N. A., pp. 4-8; 183, 184, 1846.

b Five new specific names appeared for the first time (with descriptions) in the History, viz:

Scomber Dekayi (Mem. Amer. Acad, v, 130; Hist. 52)=Scomber scombrus (LinnaMis, 1768).

Thynnus secundo-dorsalis (Mem. Amer. Acad, v, 143; Hist. 6.'>)=Thiinnus tliynnns (Linnaeus, 1758).

Blennius serpentinus (Mem. Amer. Acad, v, 257; Hist. 91)=Leptoblennius lampetraformis (Wal-

baum, 1792).

Anarrhieas vomerinus, Agassiz, Ms. (Mem. Amer. .\ead., v, 205; Hist. 99)=Anarrhichas lupus (Lin-

nccus, 1758)

.

Phycis filamentosus (Mem. Amer. Acad.,vi, 417; Hist. 189)=Urophycis chuss (Walbaum, 1780).

Before and between the periods covered by the publication of tiie Report and History, Storer pub-

lished, in the Boston Journal of Natural History and Proceedings of the Boston Society of Natural

History, descriptions of a number of nominal new species, viz:

Ostracion Yalei (Boston Journal 1, 1830, 3.53) = Lactophrys trigonus (Linna;us, 1758).

Hydraigira trifasciata (Boston Journal 1, 1837, 417)=Fundulus majalis (Walbaum, 1792).

Gasterosteus mainensis (Boston Journal 1, 1837, 465)=Pygosteus pungitius (Linnteus, 1758).

Myliobatis bispinosus (Proc. Bost. Soc. 1, 1841, 53) = Myliobatis freminvillei (Lesueur, 1824).

Lota Brosmiana (Boston Journal 4, 1842, 58)=Lota lota (Llnnceus, 1758).—Described from "a beautiful

fresh specimen" " received from Lake Winnipissiogee," butthespecies also occurs in Massachu-

setts.

Etheostoma Olmstedi (Boston Journal 4, 1842, 61)=Boleosoma nigra olmstedi.—Described from speci-

mens "found at Hartford," Conn., but the species is also a Massachusetts fish.

Pomotis rubri-cauda (Boston Journal 4, 1842, 177)=Lepomis auritus (Linnreus, 17.58).

Torpedo occidentalis (Amer. Jour. Sci. and Art, 45, June, 1843, 166)=Tetronarce occidentalis (Storer,

1843).

Hydrargira formosa (Proc. Bost. Soc. 1, 1842, 76)=Fundulus majalis (Walbaum, 1792).

Platessa glabra (Proc. Bost. Soc. 1, 1843, 130; not Rathke, 1837)-Liopsetta putnami (Gil! 1864).

Leptocephalus gracilis (Proc. Bost. Soc. 2, 1845, 70)=Leptocephalus conger (Linna-us, 1758).

Prionotus pileatus (Proc. Bost. Soc. 2, 1845, 77)=Prionotus carolinus (Linnaeus, 17.58).

Alosa eyanonoton (Proc. Bost. Soc. 2, 1847, 242)=Pomolobus aestivalis (Mitchill, 1815).

.Alosa lineata (Proc. Bost. Soc. 2, 1847, 242)=Pomolobns mediocris (Mitchill, 1S15).

Platessa quadrocellata (Proc. Bost. Soc. 2, 1847, 242)=Paralichthys oblongus (Mitchill, 1815).

Motella caudacuta (Proc. Bost. Soc. 3, 1848, 5)=Rhinonemus cimbrius (Linnaus, 1706).

Blennius serpentinus (Proc. Bost. Soc. 3, 1848, 30; named only) = Leptoblennius lampetraformis

(Walbaum, 1792).

Carcharias Atwoodi (Proc. Bost. Soc. 3, 1848, 72)=Carcharodon carcharias (Linnaus, 17.58).

Zeus ocellatus (Proc. Bost. .Soc. 6, 1858, 386)=Zenopsis ocellatus (Storer, 1858).

In the Memoirs of the .^.merican Academy of Arts and Sciences (2. ser., vol. 2), and in the "Synop-
sis of the Fishes of North America," reproduced from it, in 1846, two new names were introduced for

Massachusetts fishes, viz:

Monacanthus signifer (Mem. 497, Syn. 245; M. setifer DeKay, not of Bennett) =Monacanthus hispidus

(Linnaus, 1706).

Acanthias americanus (Mem. 500, Syn. 251)=Squalus acanthias (Linnaus, 1758).
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natedfroni .such distiuo-uished ichthyologists as Dr. Franz Steiiidachner

and Professor Agassiz, under the editorship of Col. Theodore Lyman.
The article is a catalogue of the "Fishes taken in the Waquoit weir,

April 18 to June 18, 1871," and was published in the Sixtii Annual
Report of the Commissioners of Inland Fisheries (pp. 41-58, pi. 1-2).

We are told that "most of the nomenclature is by Dr. Franz Stein-

dachner; and some notes by Professor Agassiz are added, marked A."
Only 44 species were obtained. The nomenclature for the most part

is that prevalent during the previous half century, and not that which
had been in general use for the preceding decade and is prevalent now.

Some interesting statistical and biological data are given. No species

previously unknown to the state or region in question were added.

This was the last authoritative faunal contribution of Massachu-

setts naturalists. The labors of the excellent ichthyologists of the

state, chief of whom, for many years, has been S. K. Garman, have
been with excellent judgment devoted to the elucidation of questions

of embryology, morphology, and taxonom3^ The greater facilities

enjoyed by the United States Bureau of Fisheries have been recog-

nized and the task of formal registration has been left to those directly

or indirectly connected with that organization.

VIII.

Before Storer's History was completed and before the Waquoit weir

was examined Prof. Spencer F. Baird visited Woods Hole and spent

part of several summers there with his family. His first visit was
made in 1863. He then found 47 species, and among them, for the

lirst time, the very young of Trachynotus caroUnus and T. ovatiis {fal-

catus). These as well as Oyprinodon variegatus were recorded by Gill

in nie Proceedings of the Academy of Natural Sciences for 1863 (p. 322),

and later, with other material, served as the basis for the reduction of

three genera of earlier American ichthyologists to one species, and of

the generalization respecting the mode of development and growth of

the carangids and scombroideans generally.

The United States Fish Commission was established in 1871, and the

village that the commissioner had proved as a private was selected by

the officer as a station of the new commission. With government

means for exploration, many species previously unknown to the coast

were added, and up to 1873 not less than 23 species, new to the

region, were found, exclusive of those already referred to. These

were enumerated in a "List of the Fishes Collected at Wood's Hole,

by S. F. Baird," published in the Report of the United States Com-
mission of Fish and Fisheries for 1871-72 (pp. 823-827). The list was

one of names (scientific and popular) only, arranged in accordance

with Gill's "Catalogue of the Fishes of the Eastern Coast of North

America" printed just in advance of it.
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IX.

Conspicuous publishers of an enumeration of Massachusetts fishes

were G. Brown Goode and Tarleton H. Bean, connected with the

United States Fish Commission. Under the form of " ACatalog-ue of

the Fishes of Essex County, Massachusetts, inchiding the Fauna of

Massachusetts Bay and the Contiguous Waters", theyg-ave the names

of all the species known from the state. "It is belieyed to be com-

plete to the date of publication." The catalogue was published in

18Y9 in the Bulletin of the Essex Institute (XI, pp. 1-38). The sum
total listed amounted to "183 species, of which 163 inhabit salt or

brackish water, 20 fresh water." The "number of marine species

from within the limits of Massachusetts Bay * * ^' is 133; while

29 are from the deeper offshore waters in the yicinit}- of Georges, Le
Haye, Browns, and Sable Island Banks." Only 20 of the species haye

exactly the same names that were adopted by Storer.

As just indicated, a number of the species enumerated by Goode
and Bean haye neyer been found except in deep offshore waters, and

consequent!}" not within the limits of the state or eyen yery near it.

There are 24 such, and the}" should be excluded from the fauna of the

state. These are deep-sea or pelagic forms, which are more foreign

to the real fauna of Massachusetts than are the fishes of Florida or of

Britain.

The catalogue of Goode and Bean, on the whole, is a well-considered

and yaluable memoir, brought up to the date of its publication.

X.

The last census of the fishes of Massachusetts relates to a part of the

coast, but that the most important from an ichthyological point of

yiew at least; it is a ca,talogue of "The Fishes Found in the Vicinity of

Woods Hole," b}- Dr. Hugh M. Smith, chief of the division of scientific

inquiry. United States Fish Commission, now Deputy Commissioner

of the Bureau of Fisheries. It was published in advance and appears

in the Bulletin of the United States Fish Commission for 1897 (XVII,

pp. 85-111, with folded map). It was supplemented in two later vol-

umes (XIX, 309, 310; XXI, 32). These give a most useful summary
of the fishes of the region indicated, enriched with note.s respecting

occurrence, comparative rarity or abundance, and time of appearance.

The species are arranged in the sequence adopted by Jordan and

Evermann, and their nomenclature also is accepted. The number of

species recorded in the main list was 209; in 1899, 10; and in 1900, 4.

The present number of fishes recorded up to date is 229 marine species,

and if to these we add 11 fresh-water ones occurring in the vicinity,

Vv^e have no less than 210. It is remarkable that at so late a da}" so

many species previously unknown to the coast should have been found.
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Doctor Smith, in his main article, enumerated 23^' such species; in

1899 added 16^, and in 1900, 4 more''. No additional ones have been

discovered since''—a fact bj' no means surprising. The additional

species, with one exception, were known estrays from tropical waters;

the exception was supposed to have been previously unknown and was
described as Chsetodon hrlcei.

If we now first subtract from Goode and Bean's catalogue of the

fishes of Essex Count}'- 24 species which are deep-sea forms not yet

found in Massachusetts Bay, we shall have left 36 species which have

not been found about Woods Hole. These, added to the 240 actually

found there, and 5 more from fresh water will give us a total of 281,

the number of species now known to have been found at some time or

other along the coast of Massachusetts or in her interior waters.

XL

A specially notable feature in the late enumerations and additions

to the fauna of southern Massachusetts is the great number of young
tropical fishes and the comparative or total absence of adults. Sixteen

species were added in 1899 to the piscine visitors to Woods Hole and

4 in 1900, and of these no less than 18 were the young of typical

tropical forms. In round numbers, al)out 3 dozen species of tropical

fishes have been found along the coast, represented onl}' or almost only

b}'^ the young—often the very j'oung. In olden times when persons

believed, or thought they believed, that all fishes laid eggs at the bot-

tom, it would naturally have been inferred that such young must have

been hatched close by, and that the parent fishes had spawned in the

northern seas. Such an inference, with our present knowledge, is

quite unjustifiable. We now know that a very large proportion of

fishes develop pelagic or floating eggs and not demersal ones. If such

fishes, then, would discharge their ripened ovarian burdens near the

surface of the open sea where currents would carry them northward,

a No less than 24 species were added to the piscifauna of southern Massachusetts, the majority of

which were represented by young wanderers from the south, indicated by italics.

Tarpon atlanticus, Opisthonema oglinum, Trachinocephahis myops, Lucania parva, Athlennes hians,

Gasterosteus gladiunculus, Polydactyhis ocioncmus, Oligoplites saurus, Caranx hartholovisei, Trachinotm
goodci, JVeoma-ji/s gri^eus, Neomxnis jocu, JSconi^enis apodiis, Neomsenis aya, Keomxnis analis, Larimus
fascia tus, Sciaenops ocellatus, Pogonias cromis, Chxtodon ocdlatus, Chxtodon bricei [=Chxlodon capi-

stratiis, young?], Chxtudon striatus, Caiithidcrmis aspeirimus, Sphcroidcs spengleri, Sebastes marinus.
bThe following species were added in 1S99, all represented by young individuals except the

Murcena, Apogon, and Lactophrys tricornis:

Muraena retifera (a specimen "6 feet 2 inches in length," was taken in a lobster pot; the species was
previously known only from the type taken in deep water oft the South Carolina coast) ; Holoccntrus,

Apogon maculatus, Epinephelus morio, Epinephelus adscensionis, Garrupa nigrita, Mycteroperca
bonaci, Mycteroperca interstitialis, Eupomacentrus leucostictus, Scorpjena plumieri, Scorpanagrandi-
cornis, Teuthis coeruleus, Teuthis liepatus, Teuthis baliianus, Lactophrys triqueter, Lactophrys tri-

cornLs (an adult 15j inches long washed ashore).

cThe specimens obtained were young, but probably not of the first year. The size in inches and
date of capture are specified in each case: Exoccetus rondeletii, October 13, 7.25 inches; Ocyurus
chrysurus, October 4, 5.5 inches; Scarus croiceusis, October 20, 3 inches; Sparisoma flavescens, Novem-
ber 13, 6 inches.

rf An adult specimen of Brama raii was obtained in a trap net of the Bureau of Fisheries at Nomans
Laud in September, 1904.
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msm}" of the youiio- in time would be drifted into high hititudes. Not
a few of these invohintaiy travelers, by fall time, mio-ht reach the

latitude of Woods Hole or near it, and winds blowing- shoreward might

account for their presence along- the coast. We know that the parent

fishes live close to the Gulf Stream in southern Florida and masses

of gulf weed are frequently drifted on the nearb}^ coast. This was
especialW the case in the year when young tropical fishes were found

in such numbers along the coast. It would be interesting to follow

the long voyages of such travelers.

Here, then, is a field which the Bureau of Fisheries and the labora-

tories at the Tortugas and Beaufort might investigate. The towing-

net is as necessary a tool for the biologist as the dredge, and surface-

collecting, though it ma}' not yield as many new species, will add more
to our knowledge of the life-histories of many common animals than

dredging. While grateful for all these agencies, and especially to the

United States Fish Commission (now the Bureau of Fisheries), for

what has been done, let the past be the presage of a still more active

and fruitful future. ^lay American enterprise rival the patriotic

efforts of Danish sailing masters and gather materials which shall com-

pare with those which Christian Liitken used so well, long ago, in the

elucidation of pelagic fishes. As to the special piscifauna of Massa-

chusetts, a future task will be to subtract rather than to add. A prob-

lem to determine must be what shall be considered as fishes really

belonging to the fauna. Certainly inhabitants of the deep seas, which

never approach the territorial limits of a state, can not properly be

considered as members of the fauna. Such types as the chima^rids,

simenchehads, svnaphobranchids, nemichthyids, saccopharyngids, ale-

pocephalids, alepisdurids, chauliodontids, and macrurids are character-

istic constituents of the deep-sea or bassalian realm. The involuntary

estrays from tropical seas, whose lives are terminated with the increas-

ing cold of the fall and winter months, also can not claim to be reckoned

as constituents of the fauna. They are representative of a very dis-

tinct realm—the Tropicaiian. They do, however, furnish very useful

hints for the determination of zoogeographical problems. We have

the evidence that in times past a few estrays from tropical families

have established homes far from those of their kindred. All such

problems and considerations, however, mast now be left for the future

and for other hands.
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THE DISTRIBUTION OF SEWAGE IN THE WATERS OF NARRA-
GANSETT BAY, WITH ESPECIAL REFERENCE TO THE CON-

TAMINATION OF THE OYSTER BEDS."

By Caleb Allen Fuller,

Assistant, in Wlscoiisin State Hygienic Laboratory.

INTRODUCTION AND REVIEW OF LITERATURE ON ''OYSTER INFECTION. '

More thau twenty years ago attention was called to the fact that

03'sters and other shellfish which are eaten raw might be the cause of

some of the outbreaks of typhoid fever and cholera which have

occurred from time to time in certain coast towns of England and
Ireland. Among the first to support this view strongly was Sir

Charles Cameron. After examining some oyster beds on the northern

shore of Dublin Bay, he suggested that "oysters taken from this

source were quite as likely to be a source of typhoid infection as milk

or water." He found these oyster beds in a most mihealthy condition.

The 03'sters were sick and died in large numbers every 3"ear. Inves-

tigation of the beds showed them to be "literally bathed in sewage,"

and the oysters were found to contain sewage matters within the shells.

In 1880 he read before the British Medical Association a paper entitled

"Oysters and typhoid," in which he called attention to the fact that

contaminated oysters might be the cause of these outbreaks of typhoid

fever and cholera in the coast towns of England and Ireland.

No special interest was manifested in this statement until, in

1893, Doctor Thorne-Thorne, in his report to the local government
board for that year, gave it as his opinion that certain sporadic eases

of cholera which had occurred at various inland places in England
in that 3'ear were due to oysters and other shellfish from sewage-
contaminated water at Grimsb}^, where there had been a small outbreak

of the disease. Following out Doctor Thorne-Thorne's sugo-estion,

the Government commenced an exhaustive series of investigations, the

results of which have appeared in the annual reports of the local

government board. This work was carried out under the direction of

Doctors Bulstrode and Klein.

Thesis submitted to the faculty of Brown Uaiversity for the d^ree of Doctor of

Philosophy.
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In brief, the results of their experiments are the following: "The
oyster does not, under normal conditions, contain, either within its

body or in the liquor inclosed by its shell, any microbe than can grow
in phenolated gelatin or in phenol broth." Three species of bacteria

were isolated from normal 03^sters. ""A minute motile bacillus, capa-

ble of liquef3dng gelatin very rapidly," is "by far the most abundant

micro-organism in the ordinary oyster." " Occcasionally only, a spore-

forming, motile bacillus is also obtained, which corresponds culturally

to ^. vulgatus. A nonliquef3ang bacillus is, too, as a rule, present,

which differs culturally from B. coll in the circumstance that it will

not grow in broth at ST*-^ C. The number of microbes of the above

sorts present in the liquor and in the body of the oyster varies greatly

in different samples; of oysters from the same batch, some afford few,

some innumerable colonies to the gelatin-plate culture test. Having
satisfied myself in the above sense that bacteria of excremental origin

are not, in the ordinar\' course, apt to be contained within oysters, I

set myself to ascertain whether B. coll and B. ft/j)/wsi<s were not dis-

coverable in oysters * * * from sources under more or less sus-

picion of sewage contamination."

The media used for these tests were phenol broth and gelatin. The
results of the examination show that " 03^sters from a few out of

numerous batches derived from sources where the3" did appear to be

exposed to risk of sewage contamination were found to exhibit colon

bacilli. In one case where the circumstances were especially sus-

picious, Eberth's typhoid bacillus was found in the mingled body
and liquor of the 03'ster." Though Doctor Klein regards the presence

of colon organisms in 03'sters as an indication of sewage contamina-

tion, he was not able to show a constant relation between sewage con-

tamination of the water and the presence of these organisms in shell-

fish. Certain batches of ovsters from apparentl3^ polluted Avaters were

found to contain B. coll, while other lots from apparentl3^ equally

polluted sources did not give positive reactions for this bacillus.

In 1894 was published the report of Doctor Conn's careful investi-

gation of the famous outbreak of t3 phoid fever, which occurred at

Wesleyan UniversitA'^ in October of that 3'ear. The account of this

epidemic is familiar to all, and onl3' the main facts of the case will be

referred to at this time. On October 12 seven college fraternities

had their initiation ceremonies and celebrated in the usual way with a

supper. Eight da3\s after several students were reported sick, with a

moderate degree of fever, and shortly after November 1 twenty-three

cases of typhoid fever had developed. Investigation proved beyond a

shadow of doubt that the water supply was above suspicion and that

the sanitary condition of the boarding and lodging houses was perfect.

All the men affected were members of three fraternities which had

obtained their oysters from a local dealer. One other fraternity had
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oysters from the same dealer, but these were eaten cooked, while the

other three lots were consumed raw. Two of the remaining- three

fraternities did not have 03^sters, and the other one obtained its supply

from a dealer in Hartford. Only one non-fraternity man contracted

the disease, and the investig-ation of his case onl}^ established more
firmly the responsibilit}' of the local supply, for this man had eaten

of the same lot of oysters at the dealer's shop. Inquir}^ brought out

the fact that two of five miCn from Yale who attended the exercises

of the societies were seized with typhoid fever some time after their

return to New Ha^en. Further investigation showed that the infected

oysters had been stored at the mouth of the Quinnipiac River, 300

feet from the outlet of a small drain from a house in which two per-

sons lay sick with typhoid fever.

In 1894, Doctor Casey reported in the British Medical Journal a

case of fatal " oyster poisoning,'" and since that date the pages of this

publication contain frequent references to the subject of "oyster

infection."

In 1895, Sir William Broadbcnt published the facts of a series of

cases and groups of cases of typhoid fever and other gastro-intestinal

illnesses, which he concludes were caused by the ingestion of raw

oysters. There was no bacteriological evidence that the oysters were

polluted, but circmnstances pointed strongly to these shellfish as the

cause of the disease. The following case is typical of those reported.

Sir William was called to see a young woman who, ten to fourteen

days previous, had eaten some raw 03'sters in company with a cousin.

She developed a mild case of typhoid, as did also the cousin, who
had gone to Italy. Another similar case: A clergjmian and his

daughter, living in the country where typhoid was unknown, were

seized with this disease. Inquir}^ revealed the fact that they had

eaten raw 03'sters in London while on a visit to that cit}^ some two

weeks previous.

In the same ye\xv Sir Peter Eade emphasized the fact that mussels

and other shellfish, as well as oysters, might become a source of infec-

tion. Doctor Wilson reported three instances, occurring in Florence,

where persons who had eaten raw oysters were taken sick with typhoid

fever, while other persons in the same parties who did not eat o^^sters

were not ill. A little later Doctor Johnson-Lavis reported some cases

of typhoid and gastro-intestinal disorders of a very severe type which

he encountered in his practice in Naples in 1879. These illnesses were

most prevalent among strangers who had eaten raw oysters. Investi-

gation showed that oysters were brought to Naples from seacoast towns,

where there was no typhoid, and stored for a long time in the harbor

in a bed less than 60 feet distant from the outlet of one of the main

sewers. These 03^sters were filled with sewage matters, and "when
they were consumed about a tablespoonful of sewage water was swal-

F. C. 1904—13
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lowed." He is positive that these 03'sters are responsible for the

prevalence of these diseases in Naples at that time.

In 189() Doctor Chantemesse reports a number of cases of tj^phoid

in a village where there had been no cases of that nature for over a

year. Fourteen persons in the village ate a lot of 03'sters from Cette

and were made sick. Others of the same families who had not eaten

of this lot suffered no inconvenience. Eight of the fourteen were

slight!}^ ill and four others verv severely ill, with diarrhea and intes-

tinal disturbances. The two remaining persons developed very severe

cases of typhoid fever, one of which terminated fatally. Bacterio-

logical examination of oysters from several localities demonstrated the

presence of B. coll in large numbers.

Doctor Mosny, who has made a most careful and thorough investi-

gation of the whole subject of mollusk poisoning in France, reports a

case of "03^ster infection'' in a village near Paris in 1900. Five mem-
bers of a family of seven were stricken with severe gastro-intestinal

disturbances after eating some 03'sters from Cette.

Man}' other smiilar cases are reported in the French medical litera-

ture, the conclusions, however, all based on circumstantial evidence.

In 1900 Doctor Plowright reported a number of cases of enteric

fever, due to contaminated clams. In the village of North L3'nn

(entire population TO) 30 persons ate clams on seVeral occasions in

May and June. Of the 30 who ate the clams, 15 consumed them raw

and 10 of the 15 came down with typhoid fever. None of those who
ate them cooked experienced any trouble. The "clams were dug in

a mud flat at the mouth of the Great Ouse, 3 miles below the point

at which the town of King's Lynn discharges its untreated sewage.
* * * Similar cases of enteric fever following the consumption of

uncooked clams have simultaneousl}' been observed in the town itself

and in other surrounding villages.'"

In 1900 the Philadelphia Medical Journal published the account of

several cases of typhoid occurring at Portland, Me. Four of an Italian

crew came down with typhoid some time after eating mussels which

they had gathered from the piles beneath a wharf near which is the

outlet of one of the cit}' sewers.

In 1902 Dr. J. C. Thresh published in the Lancet of December 6

the account of 21 cases of typhoid and gastro-intestinal disturbances,

which he ascribes to the consumption of raw 03^sters. His account

includes the histories of six families in which the illnesses occurred

onl}'^ among persons who had eaten o^^sters. The cases ranged in

severity from one fatal case of typhoid to slight intestinal disturb-

ances. One instance of special interest is the following: All mem-
bers of a certain family ate these contaminated o^^sters, and, with

the exception of one person, all were sick. This person, not liking

the taste of the ovsters, did not swallow anv and was not made ill.
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Bacteriological examination of 03'sters from the common source

revealed the presence of ^. coll and B. enteritidis Gartner, but not

B. tyj^hosus.

In the same j^ear it was reported at a meeting of ph3'sicians at Fera,

Turkc}", that a large percentage of typhoid cases which occurred in

Constantinople could be traced to the consumption of oysters from

polluted sources. Examination demonstrated the presence of B. coU

in many and of B. ft/j)/wsi(S in a few specimens.

Also, in 1902, an extremely large number of tj^phoid cases was re-

ported in Atlantic City, N. J., during the summer months. A very

careful investigation of the sanitary condition of the water supply,

the milk and food supply, and of the sewage-disposal system was

made b}'^ Philip Marvel. He came to the conclusion that the increase

in the number of these cases was due, in a great measure, to oysters

fattened near the outlet of one of the city sewers.

In November, 1902, occurred also the famous "oyster epidemics'"

at Winchester and Southampton, Eug-land, which were investigated

hj Doctor Bulstrode and reported to the local government board in

May, 1903. At two banquets given by the mayors of these cities 267

guests were present. Shortly after the dinners 118 of the guests v»'ere

attacked w^ith gastroenteritis, and all of these had eaten raw o3\sters.

Tweutj'^-one cases of tj^phoid fever, 5 of which were fatal, also de-

veloped as a result of eating the 03^sters.

Doctor Eraser reports an epidemic of typhoid fever at Portsmouth,

where 25 persons were attacked with this disease after eating raw
oysters.

In 190-4 the following facts in regard to typhoid due to infected

oysters were published in the iourth report of the commissioners of

sev\'age disposal:

TDoctor Nash, health officer at Southard-on-Sea, states that 50 per

cent of the cases of enteric fever at that town were due to consumption

of shellfish from sources contaminated by sewage. Out of 105 cases of

that disease at least 85 bore some connection to polluted shellfish; also

that the number of cases occurring at Yarmouth was greatly reduced

after the sale of mussels was stopped in that town.

Doctor Newsholme, of Brighton, makes the following statement in

regard to the cases of tvphoid occurring in that cit^'' during the years

1891 to 1902: "There were C43 reported during this period; 158 cases

were directly ascribable to the consumption of o3^sters and 80 to other

shellfish. In other words, 37 per cent of the total number of cases is

due to polluted shellfish." In the opinion of Doctor Newsholme the

extent of the illness attributable to shellfish is probabl}' understated.

Doctor Niven, of Manchester, reports 271 cases of t3q:)hoid out of

2,664 occurring in that cit}'^ during the years 1897 to 1902, inclusive,

as due to the consumption of shellfish.
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Medical officers of London report that about 8 per cent of the cases

occurring in London in 1902 were due to shellfish.

In 1895, stimulated by the interest awakened by the epidemic of

typhoid fever at Weslej^an University, which Doctor Conn had shown
to be due to infected oysters, Doctor Foote, of Yale, 1)rouo-ht out the

results of some bacteriological experiments on 03'stcrs. Though the

aim of this work was to find out the length of time the t3'phoid bacilhis

could live in experimentally infected oysters, he states, with reference

to the bacteriological content of oysters from presumabl}' (?) uncon-

taminated sources, that no typhoid-like organisms were found in these

specimens; the bacteria present in the juice were nearly all anaerobic

micrococci. In another series of experiments he found B. Jluorescens

liquefaciens frequently in plates made from the juice, and in one

instance B. (jasoformvus. lie tested the stomach content of 9 oysters,

and found that 8 were sterile. He isolated in these tests more than 10

varieties of bacteria, manj^ of which were not identified, but none gave

the reactions of the colon bacillus.

Doctor Giaxa states, however, thjit " it is a curious fact that in spite

of the man}^ varieties of bacteria found in the surrounding water, only

two varieties (although in large numbers) could be detected in the

oysters examined."

Chantemesse reports the presence of B. coli in main' oysters from
sewage-contaminated sources; also that oysters placed in water pre-

viousl}" infected with typhoid .stools for twenty hours contained these
" typhoid organisms and B. coll in great numbers."

Dr. Cartwright Wood, in his work on the bacteriology of the oyster,

did not succeed in finding pathogenic forms in shellfish taken from
unpolluted sources. He also states that "all species of bacteria found

in the juice are identical with the water bacteria found in the water in

which the oysters live."

Sabatier, Duchanj^, and Petit isolated the following organisms from
oysters: Micrococcus fervidosus, M. jlavus liquefaciens^ 3f. radiatus,

Bacillus jluorescens liquefaciens^ B. mesenterlcus vulgatus, Strepto-

thrlx fcersterl^ and M. luteus. On the other hand, no colon or typhoid

bacilli were found by these observers in oysters "laid down" experi-

mentally within a few feet of the outfall of a large sewer.

Herdman and Boj^ce, in England, were the next to direct their atten-

tion to the problem of oyster infection by sewage. They have shown
that the presence of B. coll in 03^sters sold in the markets is by no

meai]s an unusual occurrence. In one series of experiments 18 batches

of oysters were taken haphazard from the various fish markets of Lon-
don. From "one-third to one-half of these specimens were found to

contain B. coll,^^ which was also found in a number of mussels, cockles,

and periwinkles examined by them. B. enterltidis sporogenes was also

found in oysters, mussels, and periwinkles. These observers are of
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the opinion that the oyster " is more frequently liable to the presence

of colon-like organisms than other species of common edible shellfish."

In 1901 Doctor Hill, of the Boston city health department, pub-

lished the results of the anah\sis of clams obtained from the Charles

liiver flats, which are exposed to contamination from the Boston sew-

age. These clams contained B. coli^ B. enttritidt!^ sjwrof/ene.'i^ and B.

aerogenes capsuJatus.

In addition to the above list of experiments, a large number of refer-

ences might be given to scattered out})reaks and sporadic cases of

t3'phoid fever and gastro-enteritis which have been attributed to the

ingestion of oysters and other shellfish. In most of these cases, how-

ever, no bacteriological examination of the material under suspicion

was made, and therefore all evidence is purely circumstantial. For

a comprehensive review of this literature the reader is referred to the

article by Doctor Harrington, " Some reported cases of typhoid attrib-

uted to OA'sters," published in the Boston Medical and Surgical Jour-

nal, 'Vol. CXLIV, No. 19; to the exhaustive treatise of Doctor

Mosny, "Maladies provoquees par ringestion des mollusques," in the

Revue d'H3^giene, Decem])er, 1889, and January, February, and

March. 1900; and to an article by Doctor Newsholme, pul)lished in

the British Medical Journal of August 8, 1903.

Little success has attended the eftorts to isolate the typhoid bacillus

from contaminated oysters. Doctor Klein found it in but one of a

large number of specimens examined. It was also reported in cer-

tain oysters from Constantinople. Many experiments have been

made, however, to determine the conduct of B. tijpJivsus in o3"sters

experimentally inoculated with pure culture, and also to determine

the length of time that the typhoid organism and the vibrio of

cholera can live in sea water and in oysters and other shellfish.

Indeed, much move attention has been given to this phase of the

problem than to the bacteriolog}' of normal oysters.

Whatever experiments have been made on normal oysters indicate

that the bacterial content is variable, depending more or less on the

local it}" from which the specimens are obtained. Nearly all observers

agree that "normal" oysters—that is, oj^sters living in pure sea

water—do not contain B. coll or other sewage forms "in their ]>odies

or in the liquor within their shells," and that the bacteria occurring

in these specimens are species com.monl}' found in water. There is

little doubt but that the germ content of the surrounding water deter-

mines, to a great extent, the germ content of oysters and other shell-

fish living in it. If B. coll and other sewage bacteria are present in

appreciable numbers in the water we will in all probability find some

trace of them in the shellfish. Doctor Houston, however, is of the

opinion that B. coll is present in many shellfish from a presumably

unpolluted source. In regard to the (question as to w^hether the pres-
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ence of B. coll in shellfish can bo considered an index of fecal con-

tamination there seems to be considerable difference of opinion. On
the one hand Klein asserts this to be the case, and states that "the

presence of B. coll in the oj^ster is strongly suggestive of fouling of

the particular sample with material of excremental origin," while, on

the other hand, Herdman and Boyce are inclined to accept the state-

ment with reserve. From the results of the experiments recorded in

this paper, however, it seems to me that the presence of this organism

in oysters is a certain indication of sewage contamination.

It was partially due to the interest stimulated by the splendid paper

on ''Oysters and Disease," by Prof. W. A. Herdman and Rupert

Boj'ce, of Liverpool, England, that the present investigations were
undertaken. At that time the city of Providence was discharging,

daily, large quantities of '" untreated " sewage into the Providence

River. It is in this body of water that most of the so-called "Provi-

dence River oysters " are raised for market. Besides the sewage of

Providence, the drains of numerous summer residences and shore

resorts located on the river banks also contribute to the g'eneral pollu-

tion of these waters, and the sewage of the city of Fall River is a

possible source of contamination to certain oyster beds situated in

Mount Hope Bay.

Here, then, was an interesting and practically unexplored field for

research, the careful study of which might throw some light oo the

(juestion of sewage pollution of tidal waters and the contamination of

shellfish growing therein. The experiments were begun in the fall of

1899, and continued through a period of about three years. The end

in view was twofold: First, to obtain by bacteriological examination

some definite knowledge of the extent of the pollution of these waters,

and, second, to determine, also by bacteriolog-ical methods, the pres-

ence of sewage in oysters and other shellfish from various regions of

the bay. Bacillus coli was taken as an indicator of sewage pollution,

and samples containing this organism were considered to be contami-

nated by sewag-e.

The work was carried on at the Anatomical Laboratory of Brown
University^ under the direction of Prof. F. P. Gorham, to whom I

desire to express especial gratitude for assistance and guidance

throughout the entire investigation. I wish also to express my sincere

thanks to Dr. A. D. Mead, of Brown University, and to Dr. H. C.

Bumpus, director of the American Museum of Natural History, for

material assistance and many kindnesses shown me during the prepa-

ration of this work.

DESCRIPTION OF NAREAGANSETT BAY.

The state of Rhode Island has an actual land area of 1,051.6 square

miles. The waters of Narragansett Bay, with its tributaries, comprise
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an additional area of nearly 360 square miles, oi'more than one-fifth

the total area of the state. Narragansett Bay proper is a narrow body

NARRAGANSETT BAY
AND

ADJACENT WATERS

of "alt Nvater that makes fnto Rhode Island from the Atlantic Ocean,

which washes the southern border of the state, as will be seen by
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reference to the accompanying outline map of the inland waters of

Rhode Island, and gives the locations of its principal seaport cities and

towns. The bay has an irregular coast line, and reaches inland in a

general northerly direction for a distance of 25 miles. Its greatest

width is about 7 miles. Its western boundary is formed by the main-

land of the state; its eastern shores b}^ the mainland and the island

of Rhode Island, which separates the bay from the Sakonnet River.

The upper part of the bay is considerably narrower than the lower, or

southern portion, and for a distance of about 10 miles is known as the

Providence River. At the head of this river is thecitj^ of Providence,

which, with the surrounding towns, has a population of some 200,000.

The Providence River at this point is joined by the Seekonk, a brack-

ish stream which rises in Massachusetts. From 3 to -i miles above its

union with the Providence River the Seekonk flows through the city

of Pawtucket, a city of nearly 40,000 inhabitants. For a distance of

6 or 7 miles below Providence the Providence River barel}' exceeds a

mile in width, and in some places is much less than a mile wide.

After passing Conimicut Point, a narrow tongue of land which juts

abruptly out from the western shore, the river rapidly broadens to

nearly three times its former width. Near this point the larger river

receives the Warren River, a little stream less than half a mile wide,

interesting in the present connection in that it is used for oyster cul-

ture. The towns of Warren, having a population of 5,100, and Bar-

rington, 1,135, are situated on the banks of this stream, about 2 miles

from its union with the Providence River.

Conanicut and Prudence islands, lying near the mid line of the bay

proper, divide it into two strips of water called the East and West
passages, respectivel}' . The two entrances into the bay from the ocean

are separated from one another by Beaver Tail, the southern portion

of Conanicut Island, which juts out into the mouth of the bay between

the mainland and the southwestern extremity of the island of Rhode

Island. Of these two approaches to the bay, the one leads directly

into the Western Passage, the other into Newport Harbor and thence

into the Eastern Passage. Proceeding northward, the West Passage

broadens very gradually till it reaches Quonset Point. Under the lea

of this land lies Wickford Harbor and the town of Wickford. There

are small oyster beds planted in the sheltered water of Wickford Har-

bor. Six miles above Quonset Point the Western Passage breaks up

into two channels, one leading to the northwest into Greenwich Buy,

the other in a northeasterly direction into the Providence River.

The city of Newport is situated on the island of Rhode Island, near

the entrance to the East Passage to Narragansett Bay. This cit}^, of

22,034 inhabitants, is one of the two large ports in Rhode Island

waters, but is not of moment in the present connection, since it is

situated at a considerable distance from the oyster beds of the bay.
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There is an open waterway from the East to the West passages,

between Conanicut and Prudence islands. Between Prudence Ishxnd

and the island of Rhode Island the East Passage has somewhat the

shape of a long funnel, with the broad, open end directed up river.

Bristol Neck reaches down into this wide opening, dividing the pas-

sage into two channels, one to the northwest becoming continuous

with the Providence River, and one to the northeast leading into

Mount Hope Bay, an irregularly shaped expanse of water, about 7

miles long and a little over 4 miles in its greatest width, which receives

the Kickemuit River at its northwest corner and the Taunton River

from the northeast. As has been already stated, it joins Narragan-

sett Bay through the narrow passage between Bristol Neck and Bristol

Ferry, and the Sakonnet River through a still narrower cut between

Connnon Fence Point and the mainland. The city of Fall River, hav-

ing a population of nearly 105,000, is situated on the southern shore

of the Taunton River, near its junction with Mount Hope Bay.

Though a city of Massachusetts, Fall River is of interest in this con-

nection because it discharges its sewage into the Taunton River, so

that it is possible that pollution from this source might reach the

oyster beds in more or less distant parts of the bay.

The water of tlie lower or southern part of Narragansett Bay varies

from 50 to 150 feet in depth. The shores are for the most part rocky,

and drop abruptly from the water line to a considerable depth, form-

ing no areas that could be of value in the cultivation of oysters. But
a very ditferent formation is found in the upper portion of the baj^

The v/ater is shallow, not over 30 feet in mid-channel, and the shores

are low and reach out to the channel with a very long and gentle slope.

As might be expected, here are many sand beaches and numerous
shoals, with 6 to 18 feet of water upon them, making excellent grounds
for clams, oj^sters, mussels, scallops, and other shellfish, which are

found in abundance. It is estimated that there are some 6,000 acres

of this ground in the upper bay suitable for the cultivation of oysters.

Being in direct communication with the sea, the waters of Narra-

gansett Ba}^ are kept in constant circulation by tidal currents, which
reach inland bej^ond Providence to the north and Fall River to the

eastward. There is a rise and fall, mean average tide, of 1 feet and

6 inches at the wharves of Providence, Fall River, and Newport. In

some portions of the bay especially strong currents are caused by the

formation of the land in the immediate neighborhood. Such currents

mu}^ be found in the narrow entrance to Newport Harbor, in the

entrance to Mount Hope Bay, and in the "cut" leading from Mount
Hope Bay into the Sakonnet River, where very large volumes of water

have to pass through narrow openings. Lesser currents, due to a like

cause, are found in the Providence River between Conimicut and

Nayatt points, at the head of the Western Passage of the bay between
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Warwick Neck and Prudence I.sLand, and in several other localities.

A description of the ba}" would hardly be complete without mention

of these tidal currents, since a number sweep directly over some of the

oyster beds and carry with them whatever pollution may have entered

the water.

THE LOCATION OF THE LEASED OYSTER GROUND IN NARRAGANSETT BAY.

In the first annual report of the Commissioners of Shell Fisheries

of Rhode Island it is stated that the income from the 03''ster ground

leased in the Providence River during the year 1864 amounted to $61.

In 1900 more than 3,000 acres of land in the Providence Ri^-er and

Narragansett Ba}" were devoted to this branch of industry, j'ielding an

income of $25,000. The figures for the 3^ear 1903 show an increase of

2,000 acres in the total area leased in that year, with a rental increased

to nearly ^5,000.

The map on page 203 indicates the location of the leased oyster

ground for 1900-1901, since the larger part of the oysters examined

in this investigation were collected in the latter year. The areas occu-

pied by the beds are outlined in dotted lines. It will be observed

that the most extensive grounds are foiuid in the Providence River

rather than in the deeper waters of Narragansett Ba}"—in fact, there

were but two oyster beds of any importance at this time in the bay

proper. One was located in "Wickford Harbor, 21 miles south of

Providence; the second, under the western shore of Prudence Island,

about 11 miles from the capital cit3^ The Wickford lajdngs, not rep-

resented on the map, comprise some five or six acres of land planted

in 6 to 10 feet of water, in the direct path of a constantly flowing tidal

current. No sewage is discharged into this bodj^ of water, so that the

beds are free from local contamination. As will be seen by reference

to the map, the Prudence Island beds are located south of Pine Hill

Point, in a ])end of the land formed by the irregular coast line of the

island. .They occupy an area of some 300 acres. There is a hard sand

or gravel bottom in this locality, which is covered by from 10 to 15

feet of water at mean low tide. These beds are far removed from pollu-

tion of an}' sort, the nearest human habitation being at least 3 miles

distant from this region.

As has alread}' been stated, the most extensive oyster grounds are

located in the Providence River. These are two large areas, over 1,000

acres each in extent, which lie between Warwick Neck and Bullock

Neck. The first of these areas, known as the Rock}^ Point 03'ster beds,

lies on the western side of the ship channel, and extends from near

the southern shore of Warwick Neck northward to the southern bound-

arv of Conimicut Point, the northern limit of the beds approaching to

within 7f miles of Providence. These layings occupy *a shoal that

makes out from the western shore of the river, and is covered b}" water
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varying in depth from 6 to 20 feet at low tide. Below Conimicut

Point the river is fultv 3 miles in width, and has free communication

PROVIDENCE RIVER
AND

NARRAGANSETT BAY
SHOWING LOCATIONS

with both the Eastern and Western passages of the bay, insuring a

good circuhition of water at all times; but above this point it is scarcel}''



204 REPORT OF THE COMMISSIONER OP FISHERIES.

a mile wide, and i,s an open bod}^ of water, unobstructed ))y islands or

other land formation until it reaches Fields Point, If miles below

Providence, where the sewage of the city is discharged into the river.

Thus the second of these large areas lying on the eastern side of the

channel readies well up into this narrower section of the river. The
southern la3angs of this area, the Nayatt oyster beds, are located south

of Town Beach, well over toward Runjstick*Neck, in the broader portion

of the river, and from this region extend in a westerly direction around

Na3'att Point, then, following the eastern shore, in a northerly direction

to within 5^ miles of the city. The northern section of the area is

spoken of as the Bullock Neck oyster beds. While the southern sec-

tions lie in tlie more open water of the lower river, the northern limits

are well up in the more confined waters of the upper river, therefore

in the direct path of any contamination that may be borne downstream

))y the tides. (See map.)

Still another bed, of some 300 acres' extent, is located on the western

side of the I'iver, directly north of Conimicut Point, occupying a long

narrow strip of land that extends from near the low tide limit to

Conimicut Light, which marks the western boundaiy of the ship channel.

It is about 7 miles distant from the city of Providence. The list of

03'ster grounds in the Providence River is completed with the description

of a bed of about 125 acres, located on the eastern side of the river,

direct!}^ oft' Sabins Point. As may be seen by reference to the map,

this ))ed is but 3 miles below the city limits.

Before leaving the neighborhood of the river, however, the beds in

the Warren River must be mentioned. In 1900 extensive layings of

03\sters were made in and al)out the entrance of this stream. Near

the mouth, they wei'e coniined to the shoal water on either side of the

channel, but a short distance above this section they occupied both

cliaiuiel and shoal water, so that the bottom of the river was a continu-

ous oyster bed from near its junction with the Providence River to the

town of Warren, 2 miles inland.

The tive remaining o}"ster beds located in Rhode Island waters are

found in or near Mount Hope Ba}". The tirst of these is planted on a

shoal directly south of Hog Island, which is less than a mile from the

entrance of the ba}^; the second is a much smaller area off Bristol

Ferry, in the narrow entrance to the bay; the third and largest area

lies to the east of Bristol Ferry, off Common Fence Point; the fourth,

3 miles distant from the last-mentioned bed, in the northwestern cor-

ner of the bay, south of W^arren Neck; and the fifth, around Warren
Neck, in the Kickemuit River. The beds off Warren Neck are 4 miles

from the city of Fall River; those at the entrance of the ba\", 7 miles.

Thus it may be noted that these grounds are situated at a considerable

distance from the discharge of the Fall River sewer. The beds in the

entrance of the Ijay are also scoured bv ver^^ strong tidal currents, due
to causes -already explained.
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THE SOURCES OF SEWAGE POELUTION OF NAHKACANSETT BAY.

The sewage of the city of Providence and immediate neighborhood

is collected at the sewage pumping station at Fields Point, about If

miles below the city, and is discharged into the river through a single

large main. The outlet of this drain is indicated on the map on page
203. Though it is covered by 25 feet of water at low tide, it may be

I'cadily located on a calm day by the greasy, turl)id stream of sew\age

which rises rapidly to the surface of the water at that point.

In 1000 an average amount of nearly 14,000,000 gallons of sewage

was daily pumped into the river through the Fields Point sewer, and

at that time was thrown into the river in a "crude"" or "'untreated"

state; that is, it was simply passed through a screen to remove the

solid matters before being sent on to the outfall pipe. The screen con-

sisted of a rack or frame of parallel iron rods placed about an inch

apart, and was set at an angle of about 20 degrees from the perpen-

dicular. The stream of sewage was allowed to flow through this

apparatus, and whatever constituents w^ere too bulky to pass through

the grating were scraped off' Avith a rake and otherwise disposed of;

but, as might be expected, considerable amounts of solid matter slipped

through, and the beaches within half a mile of the outlet were strewn

with this refuse.

Before these investigations were completed, however, the cit}^ put

in operation a sewage disposal plant at the Fields Point Station.

After screening, as already described, the sewage is su])jected to the

action of sulphate of iron and chloride of lime, which process causes

about 50 per cent of the total solids then in suspension to precipitate

out and sink to the bottoms of large reservoirs in which the sewage

is allowed to remain for twenty-four hours. The clearer fluid is then

dra-vyn off and turned into the river, while the" sludge" which remains

on the bottom of the basin is strewn over the land. Before this

method was employed the gray scum from this sewer could often be

traced on the surface of the water several miles below Fields Point,

where it had been carried b}^ tidal currents. The station has one other

large outlet, the "storm" sewer, which opens into the river from the

northern shore of the point. This sewer is a culvert built in the form

of an arch, which is entirely out of water at low tide. It is used only

in case of accident to the large main or during heavy rain storms,

when 20,000,000 and sometimes 25,000,000 gallons are discharged in

twenty-four hours.

Two other small overflow sewers help to drain the east side of the

city, pipes discharging into the Seekonk River betv/een Red Bridge

and Washington Bridge. The sewage from these drains, together with

that of the city of Pawtucket, situated on this same stream 3 miles

above Providence, and the waste from the various mills along the banks

of the river pass down the Seekonk into the head of the Providence
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River. Also, since Providence and Pawtucket are manufacturing

centers, a large amount of Avaste from gold and silver refineries, from
bleacheries and dje houses, and coal tar products from the gas com-

panies' plants, ultimatel}^ find their way into the river.

In addition to these more important sources of pollution, the drains

from numerous shore resorts and summer residences situated on the

river banks must be named as a secondary source of contamination.

These drains are of minor importance in the general contamination of

the water, since the amount of sewage discharged by them is small in

comparison with that already mentioned, and also because they are in

use but a few months dui'ing each season, and at a time when few
oysters are dredged for market.

Tlie section of the river which receives this large amount of sewage

is a strip of water a little over 5 miles long, varj^ing from about 1 mile

to 1^ miles in width. As has already been pointed out, the tide

reaches well up into the river past Providence and up the Seekonk
River nearly to Pawtucket. Thus tAvice in ever}- twenty-four hours

clean sea water from the bay Ijelow flows toward the polluted areas,

and is a very important factor in the purification of the river.

IMuch more space has been devoted to the description of the con-

ditions in the Providence River than will be given to the other waters

of the bay, because this river is more polluted b}' sewage, and because

most of the oj'ster ground of Rhode Island waters is located in this

bod}^ of water. The pollution of the Warren River is of only local

importance, since it is soon SAvallowed up in the large volume of fresh

sea water it encounters when this stream joins the Providence River.

The contamination of the "Warren River is due chiefly to mill waste

and to the sewage from a few private drains that discharge into the

river.

The sewage of Fall River is the third factor in the pollution of the

bay. This Avaste is discharged into the Taunton River near the head

of Mount Hope ^aj. The outfall of this sewer is, of course, at a con-

siderable distance from the Providence River and Nafragansett Bay,

and even though a large quantity of sewage and mill Avaste is passed

into the Taunton River, all visible evidence of pollution has disappeared

from the water at the entrance of Mount Hope Ba}', nearly 7 miles

distant from the sewer outfalls.

These three sources, then—the Providence sewers, the Warren mill

waste, and the Fall River sewers—are the principal ones from AA^hich

contamination can be spread to the 03^ster beds of the river and bay.

The sewage from NeAvport ncA^er reaches the oyster beds, the nearest

of which are at least 12 miles abo\ e NcAvport Harbor.
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BACTERIOLOGICAL ANALYSIS OF WATER SAMPLES FEOM NAREAGANSETT
BAY.

Jfet/tods employed.—The usual methods for isolation of B. coli from
water and sewage were used in this work. Fermentation tubes con-

taining a neutral 1 per cent dextrose broth were inoculated with 1 c. c.

of the suspected water and incubated for three daj's at 37° C. In some
cases a 0.1 per cent phenol broth was also inoculated with 1 c. c. of the

water and allowed to develop at 37° C. for twenty-four hours. In a

few tests litmus-lactose-agar and agar containing 1 per cent neutral

red were sown with varying amounts of water and grown at incubator

temperature.

If no gas was formed in the fermentation tubes in twenty-four hours

the test was considered negative without further procedure. If, how-

ever, any considerable quantity of gas developed within this time,

litmus-lactose-agar plates were inoculated in most cases from these

tubes and incubated at 37° C. twenty -four hours longer. When litmus-

agaf plates were not used, a gelatin medium was substituted. Any red

colonies developing on the litmus medium, and any colonies showing
the characteristic growth of B. coll on gelatin, were fished out and

transferred to slant agar tubes. From the cultures thus o])tained

subcultures were made in neutral dextrose and lactose broth, nitrate

solution, milk, sugar-free broth containing 2 per cent of peptone

and gelatin. When growth occurred in the phenol broth, although

sufficient gas to indicate the presence of B. coll was not developed in

the feraientation tubes, litmus-lactose-agar plates were inoculated

from the phenol broth and treated as alread}" described.

Organisms giving the following positive reactions to tests were
regarded as members of the colon group of bacteria:

1. A small more Or less motile bacillus in twenty-four-hour bouillon

or agar cultures. Usually not all the Imcilli in one microscopic field

are motile—often sluggishh" motile.

2. Fermenting dextrose broth with the production of gas. The large

part, if not all, of the gas is formed during the first twenty-four hours.

The liquid in the tube must be distinctly acid to indicate B. coll. The
ratio of h3^drogen to carbon dioxide is approximateh' 2 to 1. This

ratio is, however, more or less variable in cultures from a single

strain. The total amount of gas produced in dextrose usually does not

exceed 55 per cent, though there is also more or less variation in this

characteristic.

3. Fermenting lactose with the production of much gas; reaction

strongly acid.

4. Indol produced in sugar-free broth containing 2 per cent of

peptone.

5. Milk coagulated in three days at room temperature; in twenty-

four hours at 37.5° C; casein not liquefied; reaction acid.
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6. Gelatin not liquefied; stab cultures and plate cultures give char-

acteristic growths.

7. Nitrates reduced to nitrites.

Bacterium lactis aerogenes is a closel}^ allied form, but differs from

B. coll in that it is nonmotile; it produces larger amounts of gas in

dextrose broth (75 per cent), and it does not produce indol. It is

nonpathogenic.

B. eloacx also produces large cpiantities of gas in dextrose bouillon

(fi-om 65 to 75 per cent). " It liquefies gelatin, casein, and blood serum,

and produces indol and nitrates.

Samples of water to be tested were collected in sterile 25 c. c. tubes

by means of an apparatus similar to that suggested by Professor

Bolley for use in deep wells. The tubes were made from large 8-inch

test tubes by drawirig out slightl}^ in a Bunsen flame the open end of

the tube, bending the lengthened portion to a right angle with the

rest, and finally drawing it out into a fine capillary tube. These

tubes were sterilized, and after a partial vacuum had been secured by

heating, the fine tube was sealed in a flame. A rack holding 20 of

these tubes was easil}^ carried in a small grip. The collecting appa-

ratus consisted of a solid block of brass 9 inches long by 1^ inches

wide by three-fourths inch thick, against the flat side of which the

tube was firmly held by two sets of clamps, the sealed capillary tube

passing through a hole bored in the upper end of the block. In col-

lecting the water samples the apparatus was lowered by a stout cord

to the desired depth and the sealed tu])e broken by a metal slide,

which was operated by allowing a weight to run down the line on

which the apparatus was lowered. The partial vacuum in the tubes

usually filled them one-half to three-fourths full of water. These

tubes were again placed in the rack and carried to the laboratory

unsealed, for a length of the bent tube sufficient to protect the sample

from outside contamination usually remained after the sample had

been collected. When the tubes reached the laboratory, at no more

than four or five hours after collection of the water samples, the tops

were passed through a flame and enough of the glass broken away

with sterile forceps to allow the entrance into the tube of a sterile

1 c. c. pipette. Samples were immediately transferred from these

tubes to the diflferent culture media, as already described.

When samples were taken in deep water, two collections were

usually made at each locality visited, one a foot below the surface of

the water and a second a foot off the bottom of the river. In the

shallow water near the shores samples were collected b}^ plunging

sterile bottles below the surface of the water. In examining clam

flats and mussel beds left uncovered by the tide, samples of sand and

mud were collected at low tide and samples of the water covering

these p-rounds on the flood tide.
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Hesults.—The bacteriological examination of an}" large bod}^ of water

resolves itself into an analysis of series of samples taken from various

sections of the stream. So in this survey of the Providence River col-

lections were made first at the head of the river, then, proceeding

downstream, at intervals of varying distance until the polluted area

was passed. For the sake of brevity, the localities at which collections

were made will be spoken of hereafter as "stations," and they have

been indicated on the map by large dots. When possible, they were

chosen near some prominent landmark, so that they might be more
easily found a second time, since in many instances several trips were

made in order to observe the effect of varying conditions of tide and

weather.

The evidences of sewage pollution of both the water and shore in

the neighborhood of Fields Point were very obvious. Below the point

the west bank of the river falls abruptly away from the eastern shore,

taking a westerly direction for nearly half a mile, when it again

resimies its general southerly course. The deep water of the river

follows closely the eastern shore, so that a large area of shoal water is

formed south of Fields Point, extending out beyond Starve Goat
Island. This section of the river is therefore out of the direct tide

current, which naturally follows the channel along the east shore, and

the water is consequent!}^ rather sluggish. It is a dirty gray color,

which is due to the large amounts of sediment in suspension. Also

the beaches within a quai'ter of a mile of the sewer outfall are usually

covered with foul-smelling slime and collections of sewage refuse, left

there by the receding tide water. Before the Fields Point sewage
station Avas put into operation this shoal was a famous natural oyster

bed, but it has been abandoned for a number of 3'ears. At the pres-

ent time quantities of seed oysters are taken from this locality in the

spring of the year and planted on beds farther down the river. The
beaches in this neighborhood also produced an abundance of clams.

In the section of the river above described the first series of water
samples was collected at 11 stations situated in an area at no point

more than half a mile distant from the outlet of the main sewer.

Commencing on the northern shore of Fields Point, these stations

were located as follows: Station 1, halfway between the ship channel

and the northern shore of the point, directly off the outfall of the

"storm" sewer; station 2, off the end of the steamboat landing;

station 3, directly over the outlet of the main sewer; stations 4 and 5,

in deep water on opposite sides of the channel, a short distance below
the point; stations 0, 7, and 8, in the shallow water on the flats run-

ning out from the southern shore of the point; stations 9 and 10, in

about 10 feet of water near Starve Goat Island, and station 11, in the

ship channel just off buoy No. 11. Perhaps the exact situations can

F. C. 1904—14
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be better understood by reference to the map. Two trips were made
to these localities during the winter and spring of 1901, and three

more stations were located about this time in the river near Pomham—
one west of the ship channel, close by buoy No. 9; another on the

eastern side of the channel, direetl}^ north of Pomham Light, and a

third in the more shoal water to the west of Pomham Beacon, which

is about li miles below Fields Point. Three trips were made to the

stations. The results of the analyses of the samples are arranged in

the accompanying tables.

Table I.

—

Analysis of vmter samples collected In the neighborhood of Fields Point.

Date and station.
Dextrose,
fermented.

January 1'), 1901, tide rtsinff three-foinihs high: wind
fresh S]V.

Station 1, surface tube
deep tube
deep tube

2, surface tube
deep tube

3, surface tube
deep tube

4, surface tube
deep tube

5, surface tube
deep tube

6
7
8

January 29, tide rising; one-half mil. from sewer.

Station 9, surface tube
deep tube

10, surface tube .

deep tube
11, surface tube

deep tube

April 10, low tide.

Station 1 , surface tube
deep tube

2, surface tube
deep tube

3, surface tube
4, surface tube

deep tube
5, surface tube
deep tube

6
7

8

April 2!t, low tide.

Station 9, surface tube
deep tube

10, Ru rface tube
deep tube

11, surface tube
deep tube

« Not made.

Red colo-
nies on lit-

mus lac-

tose agar.

(«)

-f-

-I-

-t-

-f-

-f-

+

+

+
+

(")

(«)

+

B. coli.
Other fecal
bacteria.
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Table II.

—

Analysis of water samples collected off Pomham.

Date and station.

Februcaij 26, flood tide.

Station 1, .surface tube
deep tube

2, surface tube
deep tube

3, surface tube
deep tube

March ;?, tide falling.

Station 1, surface tube
deep tube

2, surface tube
deep tube

3^ surface tube
deep tube

March — , tide fulling.

Station 1, surface tube
deep tube

2, surface tube
deep tube

3, surface tube
deep tu^be

Dextrose
fermented.

Red colo-
nies on lit-

mus lac-

tose agar.

-t-

(")

-t-

-f-

B.coli.
Other fecal
bacteria.

" Not made.

The data giv^en in Tables I and II «how clearly that the water of the

riv^er in the immediate neighborhood of Fields Point and also at Pom-
ham, li miles below this point, is polluted by sewage to a ver}^ con-

siderable extent, since it is possible to isolate B. coli from practically

ever}" sample collected within this area. This statement seems to be

trustworthy whether the tide is making upstream or falling, or

whether the samples are collected when there is a stiff breeze from the

southerly direction, thus tending' to drive an increased amount of

water up the river, or during a flat calm.

An attempt to estimate the number of bacteria per cubic centimeter

in the water about Fields Point was made by inoculating nutrient gel-

ati/i plates from two of the samples collected April 10 and keeping

them three daj's at room temperature. Four plates were made from

each sample, and the average count of colonies developing was esti-

mated as follows: Station 2, surface water, 1,500,000 bacteria per

cubic centimeter; station 3, surface water, 2,000,000 bacteria per cubic

centimeter. Thus the quantitative as well as qualitative analysis

points to high organic pollution of these waters.

The second series of samples was collected from a section of the

river from 2 to 2^ miles from Fields Point. These samples were taken

at five stations, as follows: Station 1 over the northern part and sta-

tion 2 at the southern end of the oyster grounds ojff Sabins Point;

on the Pawtuxet shore, station 3 in the shallow water covering the

sand beach west of the Rhode Island Yacht Club house, station 4 off

the end of the club wharf, and station 5 in shallow water again, from
the shore near the end of Pawtuxet Neck. Four trips were made to

the first two of these stations; but one to those on the western shore

of the river. The result of these analyses is included in Table III.
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Table III.

—

Anah/sis of water samples collected of Pauiuxet Neck and over the Sabins
Point oyster beds.

Date and station.
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oral trips were made to this section in the spring" and fall of 1901.

The results obtained from the analysis of the samples may be tabu-

lated as follows:

Tablk IV.

—

Anali/.sls of nxdcr samples collected on the BullocJc Xeck, Xayalt Point, and
(.'onimicut Point oyster beds.

Date an<t sUtioii.

March SO, tide rinuig.

Station 1, surface tube
deep tube

2, surface tube
- deep tube
3, surface tube
deep tube

6, surface tube
deep tube

7, surface tube
deep tube

May 2, tide falling.

Station 1, surface tube
' deep tube

2, surface tube
deep t>ibe

3, surface tube
deep tube

May 15, tide falling.

Station 1, surface tube
deep tube

2, surface tube
deep tube

3, surface tube
deep tube

4, svirface tube
deep tube

5, surface tube ,

deep tube ,

October 11, tide risinn.

Station 8, surface tube .

deep tube
9, surface tube,
deep tube

/ October 2k, tide rising.

Station 4, surface tube .

deep tulje

6, surface tube.
deep tube

8, surface tube,
deep tube

9, surface tube,
deep tube

October 29, tide falling.

Station 4, surface tube
deep tube

5, surface tube
deep tube

8, surface tube
deep tube

9, surface tube
deep tube

November 3, iide rising.

station 4, .surface tube.
deep tube

5, surface tube,
deep tube

8, surface tube,
deep tube

9, surface tube,
deep tube

Dextrose
fermented

Red colo-
nies on

litmus lac-
tose agar.

4-

+

+
+
+

+
+

(")

+.

(")

CO
(")

+
+
+

+
+

B. coli.

a Not made.
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Though the river below Bullock Neck does not have the appearance

of a sewage-polluted stream, it is possible to isolate B. coll from some
samples of water taken from it. A smaller percentage of the samples

collected about Conimicut and Naj^att points than of those collected

nearer the sewer outlet give tests for tliis organism; it was found in

59 per cent of the water samples taken in the neighborhood of Bullock

Nbck; in 60 per cent of those collected over the Conimicut beds; and

in but 31 per cent of those obtained from the Nayatt ground. It is

very evident that the tides play an important part in the purification

of this section of the river. Most of the samples which gave positive

reactions for B. coll were collected on a falling tide. Samples taken

on the flood are, in many cases, free from sewage bacteria.

Here, then, is an area from 3 to 6 miles distant from the chief sources

of pollution, in which the sewage, when present, is diluted to such an

extent that examination often fails to reveal the presence of fecal bac-

teria in 1 c. c. samples.

Below Conimicut Point, in the broader expanse of the lower river,

five stations were located over the extensive Rocky Point oyster

ground. These were situated as follows: Station 1, over the northern

portion of these grounds, 6 miles below Fields Point; station 2, about

half a mile farther south, near channel buoy No. 9; station 3, just

north of Rock}' Point; station 4, south of Rock}^ Point; and station

5, over the southern areas of this ground, which is about 8^ miles south

of the Fields Point sewer outlet.

A single trip was made to the Warren River in October, 1902, and

samples collected at five stations about half a mile apart. Station 1 was

located at buoy No. 1, marking the entrance to Warren River channel,

w^hich is in reality in the Providence River, about half a mile directly

south of Rumstick Neck; station 2 directl}^ in the entrance to the

Warren River, half a mile above station 1, and so on up the river. At
this time samples were collected at a station, No. 6, in Providence

River, located at buoy No. 7. These samples were taken because this

locality is sw^ept by any tidal currents that may come from the Warren
River on ebb tide, and it v^as desired to ascertain whether pollution

from this stream was noticeable in the Providence River at that point.

Tables V and VI give in condensed form the results of the analysis.
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Table Y.—Anah/.'iis of vater samples collected over the liocl-n Point oyster grovnd.

Date and station.



216 EEPOET OF THE COMMISSIONER OF FISHERIES.

appeared. B. coli is found onl}^ occasionally, and then on the ebb

tide. Another zone of pollution spreads out from Warren River,

however, and at station 1, buoy No. 1, 3 miles below the town of

Warren, evidences of it can be discovered; but at station 6, 4 miles

below this town, examination fails to reveal the presence of sewage

bacteria. Samples from the Prudence Island and Wickford oyster

beds contained no colon bacilli; neither did the samples collected over

the southern parts of the Rocky Point oyster ground, so that the

Providence River, 8 miles below the chief sources of contamination,

ceases to be a polluted stream. If sewage is present in the water below

this point, it is in too great dilutions to be recognized in the 1 c. c.

samples that were used in this work. The waters of Narragansett

Bay are also free from sewage pollution.

The next series of samples was collected in or near the Kickemuit

River. Three stations were located in this part of the ba}-: Station 1,

over the oyster layings south of Warren Neck; station 2, just inside

the mouth of the Kickemuit River; and station 3, aljout three-quarters

of a mile farther up the river, B. coll was found in but one sample

from the oyster beds south of Warren Neck, which are 4 miles from
the Fall River sewer. Finally, three stations near the entrance to

Mount Hope Bay were visited—stations 1 and 2, over the oyster bed

north of Common Fence Point, 6 and 6f miles, respective!}", from Fall

River; and station 3, over the Bristol Ferry bed, 1\ miles below the

city. But a single sample contained the colon bacillus. This was
collected at station 3, otf Bristol Ferr}^, and the presence of the organ-

ism was probabl}^ due to some local contamination rather than to the

sewage from Fall River, since samples from stations 1 and 2, consider-

ably nearer the chief source of pollution, did not contain this bacillus.

As a final test of the distribution of sewage bacteria in the river, an

attempt was made to estimate the number of colon bacilli per cubic

centimeter in this water. For this test lactose agar plates containing 1

per cent neutral red were inoculated directly wdth the water to be

tested, and incubated forty-eight hours at 42° C. After this period,

the colonies developing were examined, and those exhibiting the char-

acteristic appearance of B. coll on this medium were counted. It was
impossible to study each separate colon}" in pure culture, therefore

these figures have but an approximate value. Four plates were made
from each sample; and the figures given in Table VII represent the

average number of characteristic colonies developing within the given

time. The samples used in this test were collected (October 21, 1901,

tide rising) at the stations indicated on the map on page 203. The
first sample was taken near the sewer outfall at Fields Point; the

others at places farther down the river.
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Table VII.

—

Quatitilative analysis of water samples collected in Providence Fuver.

Locality.
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The section of the river 2 to 4 miles below the chief source of con-

tamination is much freer from pollution. B. coli was found in 59 per

cent of the samples from this area, and the majority of positive tests

was obtained from samples collected at low water, while many samples

taken on the flood tide did not contain fecal bacteria of any sort.

Five miles below Fields Point, still fewer samples contain B. coll; 6

miles below this organism is rarely found. About 50 per cent of the

samples from the Conimicut Point oyster beds and about 31 per cent

of those from the Nayatt Point ground contained colon bacilli. The
eastern shore of the river is cleaner than the western above Conimicut

Point. Below this point reverse conditions are encountered. No fecal

bacteria were found in samples collected on the Rocky Point oyster

ground, over 7 miles distant from Fields Point.

But B. coll was isolated from samples taken near buo}' No. 1,

marking the entrance of the Warren River channel. This station is

a little over 2i miles distant from the town of Warren, and at the

same time is far enough out in the Providence River to be just included

in the arc which marks the 8-mile limit from Fields Point. No fecal

bacteria were found in samples collected near buoy No. 7, however,

which is 4 miles distant from Warren and about 8i from the Providence

sewer outlet. Thus it may be stated that 8 miles below the Fields

Point sewer no colon bacilli have been found in the water of the river,

and from this point on till it reaches the headwaters of Narragansett

Bay the river is free from sewage bacteria.

Passing downstream, the number of colon bacilli in the river water

decreases gradually from 500 per cubic centimeter one-half mile below

Fields Point to 1 per cubic centimeter at Conimicut. Below Conimi-

cut no sewage bacteria were found by the plate method employed in

this test.

The water on the Prudence Island and Wickford oyster beds does

not contain B. coll.

The portion of Mount Hope Bay included in the Rhode Island ter-

ritory is comparatively free from pollution, and the oyster ground in

this bay is located from 4 to 7 miles below Fall River, the chief source

of pollution. B. coll was isolated from a single sample taken in the

entrance to the bay, but the presence of the organism in this instance

was probably due to local contamination, for other samples taken near

b^'' did not give reactions for colon bacteria.

Samples from Kickemuit River did not contain B. coll.

One sample collected on the oyster bed under Warren Neck con-

tained B. coll.

BACTEETOLOGICAL ANALYSIS OF SHELLFISH FROM NAItRAGANSETT BAY.

Methods employed.—Much the same plan of work was employed in

the examination of the shellfish of Narragansett Baj^ as was used in the

water analysis. Oysters, clams, and mussels were first collected on the
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beaclies near the Fields Point sewer outlet and later at various other

localities in the river and bay. In the examination, inoculations were

made from the liquor contained between the shells, from the contents

of the intestines, stomach, and rectum, and in some cases from por-

tions of the visceral mass. In order to obtain samples of the juice from

an oyster under aseptic conditions, the specimens to be examined were

scrubbed thoroughl}' in tap water with a stiff brush, washed off in

running sterile water, and dried .on a sterile towel, after which they

were opened with a sterile knife. To obtain cultures from the stomach,

the top of the mantle covering the anterior end of the oyster was slit

open and the large palps on either side of the mouth pushed aside;

the mouth region was sterilized by passing a hot scalpel over these

parts and a portion of the stomach contents was drawn out by means

of a fine pipette or platinum loop introduced through the mouth open-

ing. Cultures from the intestines were made in the following manner:

After opening the shell, the ovster was removed from the shell and

dried between filter papers. A hot spatula was then passed upon the

surface of the mollusk directlj" over that portion of the intestine which

it was desired to reach, and the tube was then opened with a sterile

scalpel. Through this opening a portion of the contents was drawn

out by means of a pipette or platinum loop. Portions of the visceral

mass were obtained by cutting out cubes of flesh from that portion of

the body after sterilizing the surface with a hot scalpel.

The samples thus obtained were subjected to the same tests that

were used in the water analysis—the dextrose fermentation, litmus

lactose agar, and carbol broth. In these tests a nutrient gelatin

medium containing 0.05 per cent carbolic acid was also employed.

Hesidts.—The first specimens examined were oysters from Fields

Po^nt. They were collected at low tide in about 2 feet of water on

the long flats that make out from the southern shore of the point.

Though live material was scarce near shore, large numbers of dead

shells were everywhere scattered over the flats at a little distance from
land, and when the oysters obtained from this locality were opened

they were found to be lean and unhealth}-. The bodies were dark brown,

almost black in color, while the mantle folds were, in 8 of the 10

examined, a bright green color.

There are also some clam flats and thatch grass, in which mussels

were found, on the south shore of the point, within half a mile of the

sewer outlet. A good set of clams was found in this beach in 1900,

and at the time these specimens were secured several diggers were

rapidly filling baskets for the market. These clams were large and fat,

though the shells were black, and the "rims" and "snouts" were dark

yellow in color. There were, however, large numbers of dead clams

strewn everywhere over the Ijeach, and a drift of v/hite shells marked
the high-tide limit. When these clams were dug samples of the sand
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were also taken 6 inches below the surface. A few mussels also were

obtained from the thatch near by. Perhaps it maj^ be repeated that the

beach on the southern exposure of Fields Point, for a distance of more

than a quarter of a mile from the sewer outlet, is covered with foul-

smelling grayish slime. The water that comes up on the flats with

the rising tide is charged with sewage matters, and leaves a deposit

of slime on the rocks and shore below the low-water mark and a trail

of filth and organic refuse along the high-water line.

The results of the analysis of these shellflsh are given in the follow-

ing table:

Table VIII.

—

Aiiah/sIs of oi/stem, clamsi, and musi^els, collected at Fields Point.

Specimens, aiirt flute <.f eollection.

Oyf^ters, March IS, J901.

1

.

Juice
2. Juice
S. Juice
4. Juice
5. Juice
(1. Juice
1. Intestine
'2. Intestine
:;. Intestine ; .

.

•1. Intestine
5. Intestine
(). Intestine
Mud on oyster sliells

Mud on oyster shells

Oi/i<t(rs, March -25, IVOI.

] . Juice
1. Intestine
'2. Intestine
8. Intestine
4. Intestine
1 . Stomach
'2. Stomach
3. Stomach
Rectum

Clams, March IS.

^ . Juice
'2. Juice
]. Pieces of visceral mass
•2. Pieces of visceral mass
3. Pieces of visceral mass
4. Pieces of visceral mass
Sand
Sand
Sand

Clams, March '2U

1. Juice
1. Pieces of visceral mass
2. Pieces of visceral mass
3. Pieces of visceral mass
4. Pieces of visceral mass

Muf.-ifls, March 21.

1. Juice
2. Juice
1

.

Pieces of visceral mass
2. Pieces of visceral mass
3. Pieces of visceral mass
4. Pieces of visceral mass

Dextrose
fermented.

+
+
+

Red colo-
nies on

litmus lac-

tose agar.

-f

+
+
+
+

+
-I-

+

(")

(")

(")

+

B. coli.

+

+
+
+
4-

1")

+
+

+
(")

(")

(")

+

+
+
(«)

(«)

(")

(«)

other fecal
bacteria.

I Not made. '' No growth.

Table VIII shows clearlv that shellfish living in close proximity to

this large sewer outlet are almost without exception infected with
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Bacillus coll and other sewa<^c bacteria. In the above recorded 10

oysters, B. coll was found without exception in tests made from the

juice. In only one instance was it absent from the intestines, and
when growth developed in tubes inoculated from the stomach content

this organism was also recognized. The anah'sis of clams and mussels

gave similar results. B, coll was repeatedly found in the cultures.

In addition, B. cloaca'^ Bad. lactis-aerogenes and B. sjjorogenes were
isolated from plates inoculated with material from both oysters and
clams obtained from the neighborhood of Fields Point.

The next specimens tested for B. coll w^ere some clams and mussels

from Pawtuxet Neck, 2 miles below Fields Point, taken on the beach

which forms the northern shore of the neck where it juts out from the

main shore line. The shore at this point was obviously contaminated,

and only a few small clams were found alive, while the beach was
strewn with heaps of the dead shells. Mussels also grew sparingly in

the thatch near by. A fresh set of 3'oung 03'sters was observed on the

piles of the Rhode Island Yacht Club boathouse, but they were too

small to be of use in this work. The results of the analysis of the few
clams and mussels obtained from Pawtuxet Neck arc found in Table IX.

Table IX.

—

Analijsis of darns and nmssels from Pawtuxet Neck.

Specimens and date of collection.
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Fields Point, contained B. coJl, either in the juice or in the intestines.

In one case the stomach was found sterile; in another, the stomach

tests did not g'ive the reactions for this organism; in a third, however,

Jj. coll was isolated from tubes inoculated with material from the

stomach. The bacillus was not found in the rectum of the one oyster

examined in this respect. Bad. Jact Is aerogenes and B. sporogeneB

were observed in the tests from the juice and intestines of a number
of the specimens.

The majoTity of the 03'sters, clams, and mussels taken from the Prov-

idence lliver at a distance of about 2 miles from the sewer outlet con-

tain evidences of sewage pollution. As miglit be expected, however,

fewer samples from the eastern side of the river than from the western

were found infected. About TO per cent of the oysters from the

Sabins Point bed contained B. coil, while practically all of the clams

and mussels from Pawtuxet were contaminated.

The next batch of 03'sters examined was obtained from the Bullock

Neck ground off the eastern shore of the river, not far from the Bul-

lock Point light, a))out -i miles below Fields Point. These 03^sters

were dredged in from 18 to 20 feet of water and were obtained fresh

from the boats working over the beds. Three lots were taken from

this locality; in all 15 ovsters Avcre examined. Table XI is a record

of this anah'sis.

T.\BLE X.

—

Anahjals of oysters from Sctbhis rolnt. hccU.

Specimen.s and date of collection.
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Table XI.

—

Analyms of oysters from the Bulloch Neck oyster heels.

gpecimens and date of collection.

Oysters, October 17, 1901

1. Juice
2. Juice
3. Juice
4. Juice
5. Juice
1. Intestine ,

2. Inte.stine

3. Intestine
4. Intestine
5. Intestine

Oi/stCiS. October ;?5.

1. Juice
2. Juice
3. Juice
4. Juice
5. Juice
1. Intestine
2. Intestine
3. Intestine
4. Intestine
5. Inteetine

Oi/^tcrs, October SO.

1. Juice
2. Juice
3. Juice
4. Juice
5. Juice
1. Intestine
2. Intestine
3. Intestine
4. Intestine
5. Intestine

Dextrose
fermented.

Red colo-
nies on lit-

mus lac-

tose agar.

(")

(«)

(«)

(")

(«)

C)
(")

(«)

B. coH.
Other fecal
bacteria.

" Not made.

U. colt' was found in a very large number of oysters, clams, and

mussels taken above Bullock Neck, while onl}' 8 of the 15 specimens

taken from this (Bullock Point) bed were found to be infected. The
organism was occasionally found in the juice of oysters whose intestines

did not contain it. While nearly all the .shellfish from Fields Point

and Pawtuxet contained Ij. coll and other fecal bacteria, and while 70

per cent of the oysters from the Sabins Point bed were found to be

infected, about 53 per cent of the specimens taken from the Bullock

Point bed, 4 miles below the main sewer outlet, contained the colon

bacillus.

The next lot of oysters was obtained from the bed off the northern

shore of Conimicut Point, which, as already stated, is 5^ miles below

Fields Point and is planted in from 6 to 18 feet of water. Twent}"-

iive oj^sters from this bed were opened and examined, with the follow-

ing results (p. 221), cultures being taken from the intestines only of

these specimens.
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Table XII.

—

Aiythish of oysters from Conimicut Powt.

Specimens and date of collection. Dextrose. B. coli.
Other fecal
bacteria.

Oysters, May -29, 1901.

1. Intestine
2. Intestine
3. Intestine
4. Intestine
5. Intestine
C. Intestine
7. Intestine
8. Intestine
9. Intestine

10. Intestine
11. Intestine
12. Intestine
13. Intestine
14. Intestine
15. Intestine

Oyst/rs, October 1, 1901

1. Intestine
2. Intestine
3. Intestine
4. Intestine
5. Intestine
6. Intestine
7. Intestine
S. Intestine
9. Intestine

10. Intestine

Eight of the 25 oysters from the Conimicut Point bed or 32 per

cent, were infected with I^. coli., and JBact. lactls-aerogenes was found

in three of the specimens.

Returning to the eastern shore, a number of 03^sters were collected

on the layings directly south of Nayatt Point, at about the same dis-

tance from the Fields Point sewer as those taken from the Conimicut

side. The channel keeps well over to the eastern shore at this point

in the river, and consequently the Nayatt beds are planted in about

20 feet of water and in the course of a much stronger tide than

that which sweeps the Conimicut shore. Fewer oysters from this bed

were found to be infected with sewage bacteria than from an}^ of the

beds previously examined. The accompanying table gives the results

of these analyses:

Table XIII.

—

Analysis of oysters from the Nuyatt beds.

Specimens and date of collection.

1. Intestine

.

2. Intestine

.

3. Intestine

.

4. Intestine

.

5. Intestine

.

1. Juice
2, Juice
8, Juice

Oysters, May SO.
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Table XIII.

—

Analysis of oysters from the Nayait ^eds-- Continued.

Specimens and date of collection.
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Table XIV.

—

Anahjsis of oysters from Warren Hirer.

Specimens and date of collection.
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After inoculation the plates were allowed to develop three or four

daj^s at room temperature and then examined for growths of B. coli.

The oysters used were received in the laborator}^ twice a week during-

October, Noveml^er, and December of 1902, and the specimens were
opened within eight hours after they had been taken from the water.

The intestines of 200 oysters were examined in this manner. After a

week's growth all but 3 of the 200 plates remained sterile. The colo-

nies developing on these 3 were those of a large spore-forming aerobic

bacillus, which resembled B. vul<faius very closely in cultural features

and bore no resemblance to B. coli. Some time after these experi-

ments were carried on a series of control pLites (nutrient gelatin

containing 0.05 per cent carbolic acid) were inoculated with a known
culture of B. coli^ and it was found that this organism grew readih'

in the carboi gelatin.

The two remaining beds visited in the course of this work are situ-

ated, one in the entrance to Mount Hope Bay off Bristol Ferry, and
the other in the Kickemuit River. One examination was made in

October, 1902, of the oystei-s from the bed at the entrance to Mount
Hope Ba3^ The results of this work are found in Table XV:

Table XV.

—

Analysis of oi/stersfrom Bristol Ferry.

Specimens and date of collection.
Dextrose
fermented.

Red colo-
nies on

litmus lac-
tose agar.

B. coli.
other focal
bacteria.

Oysters, October 30, 1902.

1. Intestine
2. Intestine
3. Intestine
4. Intestine
5. Intestine
6. Intestine
7. Intestine
8. Intestine
9. Intestine

10. Ift testine
1. Juice
2. Juice
3. Juice
4. Juice
6. Juice

B. coli was found in the juice of but two specimens and in the intes-

tines of a single one. The Kickemuit River beds are 4^ and the Bristol

Feriy beds 7 miles from Fall River. Neither ground is contaminated
by sewage from that citj^, and the slight pollution found at Bristol

Ferry is due to local causes. Four batches of oysters were obtained

from Kickemuit River. In all, 20 oj^sters were examined, and it was
found that B. coll was not present in the intestines or juice of these

specimens.

The foregoing anal3'ses demonstrate the following facts:

Oysters, clams, and mussels taken from the Providence River or its

shores within half a mile of the Fields Point sewer outlet contain B,
coli and other fecal bacteria within their shells.
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Practical!}" all of the clams and mussels analyzed as representing- the

condition of shelllish on the Pawtuxet shore, 2 miles below the city

sewer, were infected with colon bacilli; but 70 per cent, however, of

the oysters taken on the Sabins Point oyster ground, which lies directly

across the river from Pawtuxet Neck, were thus infected.

Fifty-three per cent of the oysters collected from the Bullock Neck
layings, about -i miles south of Fields Point, contained B. colt.

Thirty-two per cent of the oysters obtained from the Conimicut

Point ground, 1^ miles below the locality where the oysters from the

Bullock Neck layings were dredged, contained colon bacilli.

Twentj^-three per cent of the specimens dredged on the Nayatt Point

oyster beds were infected.

On the other hand, oysters from the Pocky Point ground, 6 to 8

miles below the chief source of sewage contamination of the river, are

practicallj" free from pollution. B. coll was isolated from but one

specimen of a lot of 32 oysters which were obtained from these grounds.

A sharp rise in the percentage of oysters infected with sewage
foritTs was noticed when specimens from the Warren River were ana-

lyzed. Five out of a total of 8 oysters examined were infected with

B. coll.

^
•

Oysters from Prudence Island and Wickford Harbor do not cotj-

tain B. coll or other sewage bacteria.

Oysters from the Kickemuit lliver were not infected with these

organisms. Only a small percentage of the specimens taken from the

layings in the entrance of Mount Hope Bay contain any trace of sew-

age bacteria.

COMPAEISON OF RESULTS OF WATER ANALYSIS AND SHELLFISH ANALYSIS.

If we consider the presence of B. coll in waters and food stuffs an

indication of sewage contamination, we may trace the distribution of

sewage in the Providence Piver and Narragansett Bay as follows:

Starting in the neighboi'hood of Fields Point and proceeding grad-

ually down the river to the bay below, we find that all water samples

taken within a radius of one-half to three-quarters of a mile from the

Providence city sewer outlet contain'^, coll^ and often other species

of bacteria commonly found in sewage. B. coll was abundant, not

only in the water about Fields Point, but was readily isolated from
samples of sand taken from the beaches near b}"; also oysters col-

lected from these highly polluted waters, and clams and mussels from
the shores within half a mile from the sewer outlet, without exception,

contained B. coll^ and in many cases other sewage bacteria, within

their shells.

Nearly all the water samples collected at Pawtuxet Neck, about 2

miles below Fields Point, were found to contain B. coll; also most
of the shellfish (clams and mussels) obtained from this section of the
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river were infected. Seventy-four per cent of the water samples

taken ov^er the Sabins Point ojster ground, directly across the river

from Pawtuxet, gave positive tests for B. coll. Seventy per cent of

the oysters from this ground contained this organism within their

shells.

Fifty-nine per cent of the water samples taken over the Bullock

Neck oyster beds, 2 miles below Sabins Point, contained B. coll.

This organism was isolated from .53 per cent of the oysters obtained

from this locality.

Fifty per cent of the water samples collected on the Conimicut

Point oyster beds, but only 32 per cent of the oysters from this source

contained B. coll.

Off Nayatt Point, 5i miles south of Fields Point, the water is much
freer from sewage pollution. Thirty-one per cent of the water sam-

ples and only 23 per cent of the oysters taken from this part of the

river contained coloa bacilli.

The Warren Kiver, however, is a polluted stream, B. coll being fre-

quently found in a series of samples taken at intervals from the mouth
of this river to the town of Warren; and also in a sample taken in

the Providence River in the flow of the tide from the Warren River,

though this pollution is soon swallowed up in the larger volume of

the Providence River, so that no trace of B. coll can be found 2 miles

distant from the entrance of the Warren River. The bacillus was

found in over 60 per cent of the oysters taken from the Warren River

beds.

On the western side of the river, 6 to 8 miles below the sewer out-

let, B. coll is found only occasionally and then on a falling tide. It

was present in only one oyster from this section of the river.

From the above data it may be noted that the zone of sewage pol-

lution of the Providence River reaches southward from the Fields

Point sewer outlet for a distance of about 6 miles.

In Narragansett Bay proper a different set of conditions exists.

The western passage is free from sewage pollution, and neither the

water nor oysters at Prudence Island or Wickford are infected with

the colon or other sewage bacteria.

The Fall River sewer is, of course, the principal source of contami-

nation of the waters of Mount Hope Bay, but it is at least 4 miles

away from the nearest oyster bed, and the water and 03^sters from the

Kickemuit River are not found to be infected with any sewage bacteria.

In the sample from the Narrows, the entrance to Mount Hope Ba}^,

B. coll was found in a single instance. Two oysters from the beds

situated off the shore of Bristol Ferry were infected.
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The above results are condensed in the following table:

Table XVI.

—

Correlation of the results of water and sJiellfish analyses.

Locality.

Providence River:
Fields Point
Pawtuxet
Sabins Point oyster bed
Bullock Point bed
Conimicut Point
Nayatt Point
( Warren River)
Bayside
Warwicli Neck

Narragansett Bay:
Prudence Island
Wickford

Mount Hope Bay (Fall River sewer)
Kickemuit River
Bristol Ferrv

Distance
from the

Providence
sewer out-

let.

Miles

B. coll in
water.

Per cent.

100
100
74
59
50
31

100
6

1

20

B. coll in
oysters.

B. coll in
clams.

Per cent.

100
Per cent.

100
66S

70
63
32
23
67i

3}

20

B. coH in
mussels.

Per cent.

100
75

THE BACTERIOLOGY OF OYSTERS FROM UNPOLLUTED SOURCES.

Before commencing the sj^stematic examination of shellfish from

different sections of the bay for sewage contamination an attempt was

made to gain some knowledge of the bacterial content of oysters from

sources known to be free from all sewage contamination. Inocula-

tions were made from the juice, intestines, and stomachs of these

specimens, nutrient gelatin, reaction 1.5+, being used in this work.

Plates were allowed to develop for two or three days at room tem-

perature, and the colonies were fished out and studied in pure cul-

ture. As man}' as possible of these cultures were identified, and a

few which did not appear to be identical with species already described,

yet were frequentl}' found in the oysters examined, are described in

this paper. For convenience I have prepared the accompanying chart,

similar to one proposed by the American Public Health Association

for use in the description of water bacteria, and have relied princi-

pally upon the list of reactions given in this table for the description

of these forms. Gelatin plate cultures were also made from water

samples collected at the same places from which the oysters were

obtained, in order to make a comparison between the bacterial content

of the oyster and the water in which it lives.

For this purpose 03'sters and water samples were collected at Kicke-

muit River, Wickford Harbor, and the shores of Greenwich Bay.

Twenty young native oysters growing on a mud flat left uncovered at

low water were obtained frohi the last-named locality. Plates were

inoculated with scrapings from the stomachs of 5 of these specimens

and with samples of juice from 20.

Of the 5 plates inoculated with material taken from the stomach, 3

remained sterile and 2 developed but a few scattered colonies, which,
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with a single exception, proved to be growths of micrococci. One of

these, a 3'ellowish growth, M'as a large sarcina, forming regular packets

of cells, and coinciding closely with the description given for Sarcina

subjiava. A flesh-colored growth proved to be Micrococcus carneus.

M. concentrlcus was also observed in these plates. The single bacillus

tj^pe found was Ps. fluoresccms.

Plates inoculated with the juice of these oysters, on the other hand,

exhil)ited a consideral)le difference in appearance from those already

described. An abundant growth developed in this series of plates,

and in some cases the gelatin was entirely liquefied by the large num-

bers of bacteria present, so that only very small quantities of this juice

couldJje added to the culture tubes. The predominant forms found

in these plates were bacilli. Onl}^ three species of micrococci were

observed. 31. luteus and Jf. carneus were found in 5 out of 20 plates.

A large micrococcus, forming a thick white layer on agar and agree-

ing closely with 31. simplex., was found in two plates. Ten species of

bacillus tpye were distinguished, perhaps the most frequently observed

form being Ps. 'fluorescens., which was found in 80 per cent of the

samples examined. A nonliquefjung fluorescent bacillus, probably

B. inigosus., was found in 9 plates. For the rest, B. limosus was found

in 11 plates out of the 20 examined; a large granular bacterium which

grew into long anthrax-like chains and formed small oval spores,

Bad. Tnaritimum.^ in 7; B. vulgatus in 5; B. suUanatus in 4; B. circu-

lans in 7; B. ciiticiilaris in 3, and B. cyanogens in 2 plates of the 20

examined. Most of the organisms liquefy gelatin rapidl}^ so that the

plates are pitted with shallow crater-like depressions in two days.

The same organisms were also found in a set of gelatin plates made
from water samples obtained from this localitj^ at high tide.

The Kickemuit River oyster bed furnished the next supply of oysters

us6d in this analysis, full-grown specimens dredged in about 16 feet

of water; 30 oysters from these layings were obtained and examined

in the fall of 1900. The stomach content of 20 of these, samples of

the juice of 15, and portions of the intestinal content of 10 were inoc-

ulated into the usual gelatin medium. The plates inoculated from the

juice of these oysters did not develop growth difi'erent in many respects

from that obtained from the Greenwich Baj'^ 03\sters. Liquefying

organisms were most numerous, often destroying the plates in a few

days. Four species of micrococci were observed in this series: 31.

aurlantiaca, 31. concentricus., 31. luteus, and Sar. lutea.

31. auriantiaca was found in 20 per cent of the samples examined;

3L luteus, 31. concentricus, and Sar. lutea a less number of times.

The bacillus forms observed most frequently were those common in

water; B. suhtilis, B. limosus, and Ps. fluorescens were most plen-

tiful. Bad. maritimum and B. vulgatus were also found in these

samples.
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Sixt3'^ per cent of the plates inoculated with material from the

stomachs of Kickemuit River oysters remained sterile. Two of the 8

plates that showed growth in three days contained large numbers of

colonies of l*s. jliiorescens^ M. luteus, M. flaviis^ M. carneus^ and a

species of sarcina (not described in this paper). A nonliquefying

fluorescent bacillus was also observed in a number of cases, forming

regular glistening colonies that look like small drops of water on the

surface of the gelatin, which takes on a pale green fluorescence. This

organism is described on the chart as l)acillus No. 11.

The 10 plates inoculated from the intestinal content of these speci-

mens developed abundant growth in two days. Lic^uefying bacilli

were present in great numbers. Again Ps. JJuorescens was met with

in a large percentage of plates examined; also a small motile liquefy-

ing organism, bacillus No. 6, was found in 6 of the 10 plates. Col-

onics liquefy slowly and form bluish-white depressions in the gelatin,

some reaching a diameter of 5 mm, in four days. Microscopically

the}^ have a granular center around which is a clear hj^aline area that

usuall}^ has a distinctly wavy margin. By transmitted light they

"resemble a bluish star with a dark white center surrounded by a thin,

irregular bluish growth. Agar, gelatin, and broth cultures of this

organism assume a characteristic brown color after about two or three

weeks' growth at room temperature. Colonies of B. mesentericus

{\2i,Y\Qt\ fuacus)^ B. KvMills^ Bact. marltunum, and of the nonliquefy-

ing fluorescent bacillus No. 11, already referred to, were found in these

plates. J/, jiaviis and M. auriantiaca were met with on several

occasions.

A more extended study of the flora of the oysters' intestines was

made on several lots of specimens obtained from Wickford Harbor in

the fall of 1902. In this series of experiments material from the

intestinal content of 100 oysters was inoculated into the usual gelatin

medium. This analysis was begun October 14, and from that date

specimens were obtained twice a week for over two months. Arrange-

ments were made with the parties controlling the Wickford 03^ster

beds, by which oysters caught Tuesday and Thursday mornings were

shipped to Providence and received in the laboratory the same day

they were taken from the water. They were then immediately opened

and cultures taken from the intestines..

Plates made from Wickford 03^sters as a rule developed a large

number of liquefying colonies, and though the organisms most fre-

quently observed were rod forms, colonies of micrococci were occa-

sionally met with. M. flaviis was found in 5 per cent of the plates

examined; also cultures of M. luteus and M. auriantiaca were taken

from colonies developing on ,3 of these plates. Another coccus form
more frequontl}" met with in this examination is referred to on the
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chart as micrococcus No. 1, It occurs in pairs and short chains of 4

or 6 elements that var}^ considerably in size according- to the medium
on which the}' are cultivated. Grown on gelatin the cocci are con-

siderabh^ over 1 micron in diameter; in bouillon they are somewhat
less than 1 mici'on. This organism was observed in 15 per cent of the

oysters examined.

There is a greater variety among the rod forms isolated from the

plates. An organism closely resembling I*s. fuorescens was found

in 89 of the 100 samples examined. Another fluorescent bacillus

occurring in 60 per cent of these plates is referred to on the chart

as No. 11. This is a nonliquefj^ing, strongly fluorescent organism

that djfl'ers from No. 5 only in certain of its cultural features. These

three fluorescent bacilli were found repeatedly in the plates made
from the Wickford oysters. Some plates appeared to contain almost

pure cultures of Ps. jiuorescens and B. rugosus. Bacillus No, 2 was

found in the intestinal content of 15 of these oj^sters. It is a small,

actively motile bacillus that grows well at room temperature and at

37° C. The presence of a very dilute solution of carbolic acid in the

culture medium (one drop of a 5 per cent solution to 10 c.c. of medium)
entirely inhibits the growth of this organism. Four unidentilied

species (No. 0) already described among the bacterial flora of the

Kickemuit River oysters (No. 7, No. 8, and No. 10) were found in

the plates inoculated from the intestinal content of Wickford 03"S-

ters. Bacillus No. 6 was found in 30 plates, No. 7' in 20 plates, and

the other two in a much less number. B. subtilis, B. vulgatus^ and B.

mesentericus fu8cu8 were isolated from the intestines of these 03'sters.

In a word, the bacteria living in 03^sters taken fresh from pure water

are common water forms. An anai3'sis of the juice of 03^sters is prac-

tically the anal3'sis of the water in which the 03'sters live. The
stodiachs of 60 per cent of the specimens examined appeared to be

sterile—at least no growth developed in plates inoculated with material

from this organ. Most of the bacteria found in the stomachs proved

to be micrococci. On the other hand an abundant growth appeared

on plates inoculated with material taken from the intestines of 03\sters

collected in diflerent sections of the bay. Liquef3'ing organisms

seemed to predominate, and large numbers of fluorescent bacilli were

repeatedl3^ observed, but no bacteria in an3^ way resembling sewage

forms were found. For a complete list of the bacteria isolated from
these ovsters the reader is referred to the accompan3"ing chart.
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ANAI;YSIS OF OYSTERS FROM UNPOLLUTED SOURCES WHICH HAVE BEEN
PLACED FOR A TIME IN POLLUTED WATER.

Ill connection with the above Avork, it has been interesting to note

the effect produced on uncontaminated oysters by allowing- them to

stand for a time in water highly charged with sewage matters. A
number of the 03"ster companies controlling beds in the lower river

and ba}^ have docks and opening houses bordering on the Seekonk
River, in the neighborhood of the outlet of one of the small sewers

draining the east side of the city of Providence. At times the w^ater

in the vicinity of these wharves is filled with all sorts of organic

refuse, which passes down the river in a slow stream b}' the docks.

After the oysters have been dredged in the river below, they are

brought immediatel}' to the city, and are very often dumped into

shallow cars moored close bv the 03"ster houses, where the}- are allowed

to remain in the filthy river water until the openers are in need of new
material. They often remain in these cars from one to three daj^s,

and' thus have plenty of time to take in a good supply of sewage
bacteria, even though they w^ere not infected when first brought to

the city.

Two batches of oysters that had lain in floats in the Seekonk River

for a time were subjected to the same tests used in this work on fresh

material. One batch of 5, dredged off Warwick Neck, had lain sixteen

hours in one of these floats. As has already been shown, Warwick
Neck oysters are not infected with B. coll or other sewage bacteria

when taken from the beds, but the juice of these 5 specimens gave
positive reactions for this organism; it was found in the intestines of

2 or 3 examined. The other batch w^as brought up from the Kicke-

muit River, whose beds also are free from sewage pollution and are

not infected with the colon bacillus. After these oysters had lain in

the car for two daj^s, however, this organism was readily isolated

from the juice of all 5, though it w^as not found in the intestines of

any of them. Water samples taken in these cars also contained

B, coli.

CONCLUSIONS.

The sewage-contaminated area of the Providence River extends

downstream from the outlet of the city sewer at^ Fields Point, a dis-

tance of about 5 miles. Below this area is a section about 2 miles

wide, extending from one side of the river to the other, in w4iich

B. coli is occasionally found. The tides and wind have considerable

effect upon this section, since evidence of sewage pollution has been
found onh^ when samples were collected at very nearly low water.

The waters of Providence River and Narragansett Bay from locali-

ties more than S miles distant from the principal sewers that discharge

into this basin do not contain sewage matters, and do not give positive

tests for B. coli.



236 REPOKT OF THE COMMISSIONER OF FISHERIES.

The waters of Mount Hope Bay, at least in the areas occupied ])y

oyster ground, are also free from sewage pollution of any extent.

The Warren River, however, from the town of Warren to its union

with the Providence River, must be considered a polluted stream.

Examination of oysters and other shelltish from various portions

of the river and ba}" show that there is a distinct relation between the

presence of B. coll in the water and in the shelltish living in these

waters. When B. coll is entirely absent from the water it can not be

found in the shelltish, ])ut when the surrounding waters are infected

with it it is almost certain to be found in the shelltish. It seems

probable, however, that B. coll may be present in larger numbers in

the water than in oysters, for almost without exception a much larger

numl)er of water samples than oysters from a given locality gav^e posi-

tive reactions for sewage bacteria. This fact ma}' be explained as due

partly to the influence of the tide currents and partly to the resist-

ance against infection exerted by the oyster itself.

Examination of the shelltish from the lower river and bay demon-

strate that the bacteria usuall}' occurring in oysters taken from uncon-

taminated waters are such forms as are commonly found in water.

No organisms of the colon group were isolated from these 03'sters.

Hence, analj'sis of the juice contained within the shells of 03'sters,

clams, and mussels is practically an analysis of the water in which

these molluscs are living. The stomachs of 03'sters are often found

sterile. B. coll has been found in the juice of o}'sters whose intes-

tines were apparentlj' free from infection.*

No organism which will grow in the presence of 0.05 per cent of

phenol has been found in oysters from an unpolluted source.

The results obtained in these experiments indicate that B. coll is

not normall}^ found in sea water or in the common edible shelltish,

and that the presence of this organism in oysters, clams, mussels, and

similar shelltish is an indication of sewage pollution.
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NOTE REGARDING THE PROMOTION OF FISHERY TRADE
BETWEEN THE UNITED STATES AND JAPAN.

By Hugh M. Smith,

Deputy Fish Commissioner.

Both the United States and Japan are so well supplied with fishery

products of all kinds that they are to a ver}^ great extent independent

in this respect, and it has been believed that the possibility of build-

ing up an extensive fishery trade between them is very remote. A
personal inquirj^ into the conditions in Japan, including consultation

with the imperial and local fisher}- ofiicials, confirms the belief that no

great development of the general fishery trade can be looked for at

this time, but there appear to be opportunities for establishing a

mutually beneficial trade in some special products.

The consumption of water products in Japan is enormous. Fish is

not only the staple animal food in all parts of the empire, but is the

onh' animal food that enters into the dietar}' of a ver}^ large propor-

tion of the population. In no other country are so many persons

engaged in fishing. In a total population of 50 million, 3 million

people are engaged in this industr}", and fully 10 million men, women,
an^ children are directly dependent on it. A large part of the catch

is sold fresh, but considerable quantities of certain species are smoked,

dried, salted, canned, or otherwise prepared. No ice is employed in

the preservation of fish. This, however, is not serious, as the prose-

cution of fishing on all parts of the coast, the long coast line, the

shape of the islands, and the transportation facilities permit nearly

the entire population to receive dail}' supplies of fresh fish in good

condition.

The establishment of a satisfactor}^ export trade wnth Japan in

fishery products depends chiefly (1) on the cheapness of the products,

and (2) on their adaptation to the peculiar needs and ideas of the peo-

ple. It would be futile to send high-priced goods, because the pro-

spective consumers—the masses—can not afi'ord to pay for them, and it

would be equally futile to try to force the Japanese to surrender their

predilections and tastes and long-established customs, and adopt fishery

foods prepared according to western ideas.

F. C. 1904—16
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Following are some of the products for which a read}' market exists

or may be created in Japan, and which it would be profitable to export:

Fish guano.—The comparatively" small percentage of arable land

and the immense agricultural population necessitate the raising of a

succession of crops. In no other country is agriculture more inten-

sive, and the continued use of large quantities of fertilizer is required.

City refuse, fish, seaweed, straw, grass, brush, and various other

things are emplo3"ed, and a fertilizer made from so3"-bean refuse is

now imported from China. There exists a vcr}" large and constant

demand for a cheap, dry fish-guano, such as may be made from waste

fish or the refuse of canneries.

Cannedfish.—There is as 3"et no great demand among the Japanese

for canned fish, owing to the abundance, availability, and cheapness

of fresh fish. As the people become better acquainted with the tinned

product, it is probable that the demand will be supplied chielly by local

canneries, which are alread}^ putting up an excellent grade of sardines,

anchovies, etc. The canned fish prepared in America which seems

most likely to be in demand in Japan is salmon. The American

Asiatic, in the issue of April 7, 1003, stated: " Every cargo now shows

canned salmon moving to the Orient. A 3'ear ago such a movement
was unknown. Salmon is now selling in the Orient as California

canned fruits sold in Europe when the^^ began to be exhibited there."

The shipments of canned salmon to Japan, however, are comparatively

light, and are destined mostl}" for consumption among foreign resi-

dents there. This product, to meet with ready sale among the natives,

must be low priced, retailing at not more than T^ or 10 cents per

1-pound can. Dog, humpback, and silver salmon could be most

advantageously canned for the Japanese trade.

Salted salmon.—It is believed that the fishery product in which

there are the best prospects for establishing a profitable trade is salted

salmon. The local catch is not sufficient to meet the demand and the

supply is decreasing. Small quantities of salted salmon are now
imported from the United States, Canada, and Asiatic Russia. Dog-

salmon and other cheap species of Alaska and the Pacific States would

find a ready market if properl}" prepared; dog salmon is the principal

species utilized in Japan. The fish should be split along the abdomen
as far as the -vent, eviscerated, and lighth" salted with the abdomen
compressed lateralh^, not spread, the head being left on. The salting-

should be so regulated as to leave the fish soft and flexible, not hard

and stiff. The best time to ship is November and December, as the

greatest demand comes in the latter part of December—dr^^-salted sal-

mon being very generall}" given as end-of-the-3'ear and new-j^ear

presents. A 10-pound dog salmon now retails for 35 to 50 cents.

The value of the imports of salted salmon and trout into Japan in
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1902 v/as $1,005,744, of which only ^101,329 came from the United

States.

Seaweeds.—Pending the time when the valuable seaweeds now going

to waste on the United States coasts will be utilized in various wa3?^s,

it may be possible to market large quantities of the raw weeds in Japan,

where seaweeds are among the most valuable and most widely used of

water products. Those species which are convertible into vegetable

isinglass {kanten) and into the preparation {funori) used for stiffening

fabrics are in greatest demand and command high prices. The best

markets are Tokyo and Osaka.

The products which the Japanese would like to export to the United

Sta^tes are salted bulFs-eye mackerel, salted herring, salted and canned

sardines, salted cod, smoked bonito, and various preparations of sea-

weed. In view of the large quantities of salted mackerel, salted her-

ring, and canned sardines now imported into the United States from
Europe—the home suppl}^ being inadequate—the importation of con-

siderable quantities of these commodities from Japan could be under-

taken without detriment to our own fisheries.
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STATISTICS OF THE FISHERIES OF THE NEW ENGLAND STATES.

INTRODUCTION.

The information contained in the present report relates to the coast

fisheries, not inoludhig- those of interior waters, of the New England
States, and covers the calendar year 1902. The inquiries, which were
made b^" the regular statistical agents of the Bureau, were begun early

in 'Julj and completed in November, 1903. The statistics obtained

have alread}' been published in condensed form in Statistical Bulletin

No. 151.

Earlier publications of the Bureau relating to the fisheries of the

New England States are the following:

Th-e Fishery Industries of the United States, Section II, Geographical Review of the

Fisheries for 1880, Parts I to V.

Tlie Fishery Industries of the United States, Section V, History and Metliods of the

Fisheries.

Report on the Fislieries of the New England States, by J. W. Collins and Hugh M.
Smith. Bulletin U. S. Tish Commission, 1890, pp. 73-176.

Report on the Conditions of the Sea Fisheries of the South Coast of New England in

1871 and 1872, by Spencer F. Baird. Report U. S. Fish Commission, 1871-72,

pp. i-xli.

The Sea Fisheries of Eastern North America, by Spencer F. Baird. Report U. S.

Fish Commission, 1886, pp. 3-224.

Statistical Review of the Coast Fisheries of the United States, by J. W. Collins.

Report U. S. Fish Commission, 1888, pp. 271-378.

The Herring Industry of the Passamaquoddy Region, Maine, by Ansley Hall.

y Report U. S. Fish Commission, 1896, pp. 443-489.

Notes on the Oyster Fishery of Connecticut, by J. W. Collins. Bulletin U. S. Fish

Commission, 1889, pp. 461-497.

The Lobster Fishery of Maine, by John N. Cobb. Bulletin U. S. Fish Commission,

1899, pp. 241-265.

Statistics of the Fisheries of the New England States. Report U. S. Fish Commis-
sion, 1900, pp. 311-386.

The number of persons employed in the fisheries of the New Eng-

land States in 1902 was 39,250, including 10,731 on fishing vessels,

4:09 on transporting vessels, 12,891 in the shore fisheries, and 15,219

connected with the wholesale fishery trade, sardine canneries, and

other shore industries. Maine employed in the various branches of

its fisheries 19,832 persons; New Hampshire, 161; Massachusetts,

14,300; Rhode Island, 2,117, and Connecticut, 2,840. Since 1898, the

year for which the fisheries of these states were last canvassed, there

has been an increase of 3,619 in the number of persons emploj^ed.

This represents an increase of 2,878 iu Maine, 7 in New Hampshire,
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430 in Rhode Island, and 367 in Connecticut, but a decrease of 63 in

Massachusetts. The hiri,^est percentage of increase was 25.48 per

cent in Rhode Island,

The amount of capital invested in the fisheries and related industries

was $20,008,434. The investment in Maine was $6,939,503; in New
Hampshire, $42,002; in Massachusetts, $10,811,594; in Rhode Island,

$1,014,280, and in Connecticut, $1,201,055. Compared with the

returns for 1898 the investment has increased $371,398, or 1.89 per

cent. There was an increase in Maine of $2,926,450.

The investment included 1,479 fishing and transporting vessels,

valued at $3,977,066, having a net tonnage of 46,543 tons, and outfits

valued at $1,792,990; 11,405 boats in the shore or boat fisheries, valued

at $701,729; fishing apparatus used b}^ vessels and boats to the value

of $1,323,467; shore and accessory property valued at $7,928,457, and

cash capital amounting to $4,284,725. The kinds of fishing apparatus

having the largest aggregate value were pound nets, trap nets, and

weirs, exclusive of eel weirs, $489,517; lobster pots, $237,398; hand

and trawl lines, $229,476; seines, $171,173, and gill nets, $127,064.

The products of the fisheries amounted to 534,075,447 pounds, for

which the fishermen received $12,406,284. The yield in Maine was

242,390,371 pounds,valued at $2,918,772; in New Hampshire, 1,593,013

pounds, valued at $50,003; in Massachusetts, 230,645,950 pounds, val-

ued at $6,482,427; in Rhode Island, 21,613,964 pounds, valued at

$1,155,701; and in Connecticut, 37,832,149 pounds, valued at$l,799,381.

The principal species taken in the fisheries of these states, and their

quantitv and value, including fresh, salted, and smoked fish, were cod,

cusk, haddock, hake, and pollock, 191,664,774 pounds, $3,725,664;

halibut, 12,365,705 pounds, $662,838; mackerel, 20,358,982 pounds,

$1,136,754; herring, 191,739,467 pounds, $912,220; alewives, 8,437,446

pounds, $89,289; menhaden, 18,469,390 pounds, $56,401; scup, 7,818,-

530 pounds, $189,429; squeteague, 7,336,052 pounds, $177,622; flat-

fish and flounders, 4,808,746 pounds, $135,880; sword-fish, 1,689,740

pounds, $118,320; eels, 1,403,758 pounds, $75,171; shad, 1,380,812

pounds, $58,564; smelt, 1,138,718 pounds, $104,429; whiting or silver

hake, 2,513,470 pounds, $9,812; squid, 5,496,461 pounds, $28,409;

lobsters, 14,756,495 pounds, $1,336,572; hard clams or quahogs,

1,223,200 pounds or 152,900 bushels, $191,357; soft clams, 8,345,470

pounds or 834,547 bushels, $413,990; and oysters, 19,550,643 pounds

or 2,792,949 bushels, $2,193,316. There were also a considerable

number of species taken in smaller quantities. The products of the

whale fisheries, consisting of whale and sperm oil and whalebone, had

a value of $382,875.

The products in 1902, as compared with the returns for 1898, have

increased 140,617,541 pounds, or 35.73 per cent, in quantity, and

$2,723,994, or 28.13 percent, in value. The value increased in all the

states, and the quantity in all except New Hampshire and Rhode
Island.
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The following tables give the number of persons employed, the

amount of capital invested, and the quantity and value of the products

of the fisheries of the New England States in 1902; also a comparison

of the extent of the fisheries in 1S98 and 1902:

Table shmvinxj the number ofpersoiu engaged in the fisheries of the Xew England States in

1902.

States.
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Tahle show'mg the quantiti/ and value of products taken in tlie fi.^}ieries of the New E)tgland
States in 190S.

Species.

Albacore or horse mackerel.
Ale wives, fresh
Alewives, salted
Alevvives, smoked
Blue-fish
Bonito
Butter-fish
Cat-fish and bullheads
Cod, fresh
Cod, salted
Gunners
Cusk, fresh
Cusk, salted
Dog-fish
Eels

Maine.

Lbs.

1,006,853
862, 750
519, 850

7, 780
479, 433

10, 902, 910
6, 487, 554

60, 753
2,334,147

158, 370

Flat-fish and flounders.
Haddock, fresh
Haddock, salted
Hake, fresh
Hake, salted
Halibut, fresh
Halibut, salted
Herring, fresh
Herring, salted
Herring, smoked
Hickory shad
Mackerel , fresh
Mackerel, salted
Menliaden, fresh
Menhaden, salted
Perch, white
Perch, yellow
Pollock, fresh
Pollock, salted
Salmon
Sand eels
Scup
Sea bass
Shad, fresh
Shad, salted
Smelt
Squeteague
Striped bass
Sturgeon

Caviar
Suckers
Sword-fish
Tautog
Tomcod
Whiting
Other fish

Sqtiid
Lobsters
Shrimp
Quahogs or hard clams.
Clams (soft), fresh
Clams (soft), salted
Oysters, market
Oysters, .seed

Scallops
Cockles and winkles...
Irish moss
Sounds and tongues
Fish roe
Halibut fins
Livers
Oil, fish

Oil, whale
Whalebone

221,050
•568, 920

6, 642, 076
361,164

16, 824, 908
1,950,8-17

209, 771

1.58,219,500
2,90.5,166

1,279,600

1, 390, 370
333, 000
240, 900

5,800
400
4.50

4, 333, 372
1,042,999

00, 768

Value.

S6, 955
4, 875
9, 902

382

4, 002
209, 781

166, 895
1,178

30, 371
3,137

New Harapshire.

12, 683
11, 9.51

120, 315
4, 677

123, 208
21, 683
14, 195

442, 357
37, 532

30, 300

79, 590
21,900
1,805

67
30
30

36, 729
12, 394
13, 394

781,399
67, 600

1, 125, 268

1.5, 715
4,700

455
3, 5.50

642, 784

184, 540
91,500
28, 600

12, 163, 389

4, 551, 360
995, 200

114,656
85, 000

258, 216
16, 0.56

Total

.

1,839,622
9, 300

242, 390, 371

26, 128

2,831
103, 055

2,050
495
281
132

44, 613

2, 521
147
206

1, 066,407

1.59, 269
35,217

14,013
1, OUO

19,797
129

,819
314

Lbs.

100, 000
250, 000

441,600

20, 000

5,000

'i59,'266'

""48,' 850

'

100, 000

80, 000

15, 000

1,600

157, 800

1,500

4,000

128, 463

30,000

Vahie.

«1,000
2,813

11, 980

400

200

'3,"i98'

"'mb'

4,500
900

2,454

400

Massachusetts.

Lbs.

75,

1, 320

1, 979,

114
194
166,

106
2

40, 6.58

28, 862
140

2,737
1.55

52
493

2, .595

38, 628
591

13,880,

477
10, 979
1,176

16, 982,

12, 252

1

9, 980,

7,043
875

10,913
1,262

120
588
96
21

7.50,

213
32

2,286

14, 863

3,000

50,000 2,250

2,918,772 1,593,013 50,003

5, 365,

1, 695
6

854
2, 279

529,

194
396,

20
090
11,

16
34

176
5, 136

19

BOO

230, 645, 950

Value.

6,482,427
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Table showing the quaniiiy and value ofproducts taken in tlie fisheries of the New England
States in 1902—Continued.

Species.

Albacore or horse mackerel

.

Alewives, fresh
Alewives, salted
Alewives, smoked
Blue-fish
Bonito
Butter-fish
Cat-fish and bullheads
Cod, fresh
Cod, salted
Gunners
Cusk, fresh
Cusk, salted
Dog-fi*
Eels
Flat-fish and flounders
German carp
Haddock, fresh
Haddock, salted
Hake, fresh
Hake, salted
Halibut, fresh
Halibut, salted
Hefring, fresh
Herring, salted
Herring, smoked
Hickory shad
King-iish
Mackerel, fresh
Mackerel, salted
Menhaden, fresh
Menhaden, salted
Perch, white
Perch, yellow
Pickerel
Pollock, fresh
Pollock, salted
Red snapper
Salmon
Sand eels
Scup
Sea bass
Shad, fresh
Shad, salted
Smelt
Spanish mackerel
Squeteague
Striped bass
Sturgeon

Caviar
Suckers
Sun-fish
Sword-fish
Tautog
Tdmcod
Whiting
Other fish

Squid
Crabs, hard
Crabs, soft
Lobsters
Shrimp
Quahogs or hard clams
Clams (soft), fresh
Clams (soft), salted
Oysters, market
Oysters, seed
Scallops ,

Cockles and winkles ,

Irish moss ,

Sounds and tongues
Fish roe
Halibut fins

Livers.

Rhode Island.

Lbs.

1,200
45-1,690

166, 800

14C, 335
125, 180
362, 910

Value.

816
5,267
2, 099

9,416
3, 8«-0

10,407

451, 740
1,134,870

506, 195

22, 290
27, 839

34,760
3,430

615, 600

471,000

40, 400

30, 000

6, 833, 290
247, 220
30, 780

10, GOO
410

3,158,115
50, 087

126, 900
278, 150

2, 400
104,500
170,100
93, 850
6,400
9, 386

397, 305
1,200

217, 2iO
264, 900

3, 615, 353
640, 850
119, 652

Oil, fish ....

Oil, whale..
Whalebone

Total.

700
364

32, 950

1,156

2, 395

300

160, 854
13,01^
2, 465

942
64

75, 853
4,917

6,743
9, 279

90
1,319

532
2,531

400
1,760

39, 488
240

35, 456
32, 514

561,291
26, 761
25, 208

21,613,964 1,155,701 37,832,149 1,799,381

Connecticut.

Lbs.

1,663,15;

348, 575

67,218
8,035

211,340

232, 324
509, 289

2,134
189,150

1,500
300, 690

16, 876, 690

33,' 635

8,230
4,300

396, 340
132, 480
479, 780

2,860

407, 720
40, 422

6, 745

122, 757
9,020

165,930
114,135
27, 330
31,270

37, 535

371,650

151,416
224, 600

Value.

5, 936, 455
8, 634, 283

14, 400

815,3)9

17,833

2, 304
303

7,057

14, 676
15, 684

164

5,897

105
15,929

47, 964

'"i,'525

530
144

13, 597
7,780

26, 003

11,517
3, 850

482

4,519
380

8,818
4, 537
1,188

461

638

40, 719

24, 762
26, 743

872, 634
598, 948
3,200

Total.

Lbs.

76, 855
4, 545, 046

3, 258, 650
633, 850
689.760
291,650
543, 958
489, 968

52, 906, 002
35,349,947

200, 903
6,091,733

314, 091
.52, 800

1,403,758
4, 808, 746

2,134
46, 125, 078

952,237
80, 753, 899
2, 428, 660
11,189,577
1,176,128

175, 302, 403

16, 157, 464
1,279,600

36,410
4,930

12, 367, 160
7,991,822

18, 463, 590
5,800

82, 335
450

8, 230
15,438,655
2,305,472

68, 750

60, 786
120, 000

7,818,630
476, 700

1,313,212
67, 600

1,138,718
410

7, 336, 052
135, 633

17, 980
455

126, 307

9, 020
1,689,740

605, 570
246, 270

2, 513, 470
198, 700

5, 496, 461
6,400
9,386

14, 756, 495
7,200

1,223,200
7, 350, 270

995, 200
10, 080, 910

9, 469, 733
645, 608

106, 000
740, 000
269, 782
32, 756
34, 400

1,839,622
185, 703

5, 136, 767
19,000

534,075,447 12,406,284
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Supplementary table showing certain of tlie above products in bushels and gallons.

Products.
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FISHERIES OF MAINE.

The number of persons employed in the coast fisheries of Maine in

1902 was 19,832. Of these, 2,017 were on fishing vessels, 310 on trans-

porting vessels, 6,880 on boats in the shore fisheries, and 10,625 were
shoresmen, chiefl}" in wholesale fish establishments, sardine canneries,

and smokehouses. Compared with 1898 the returns for 1902 show an

increase of 2,878 persons, or 16.97 per cent.

The total investment in the fisheries of the state was 1^6,939,503, an

increase since 1898 of $2,926,450, or 72.92 per cent. The number of

vessels emploj'ed was 585, valued at $722,190, with a net tonnage of

8,970 tons, and outfits valued at $227,512; the number of boats in the

shore fisheries was 6,297, valued at $305,181; the value of the fishing

apparatus used on vessels and boats was $176,332; the value of shore

and accessor}" propert}^, $3,715,483; and the cash capital amounted to

$1,462,475.

The products of the fisheries aggregated in weight 242,390,371

pounds, valued at $2,918,772, dn increase over the returns for 1898 of

118,985,810 pounds, or 96.41 per cent in quantity, and $263,853, or 9.93

per cent, in value. The yield comprised a large number of species, the

more important of which, with the quantity and value of each, includ-

ing fresh and cured fish, were cod, 17,390,464 pounds, $376,676; cusk,

2,492,517 pounds, $33,508; haddock, 7,003,240 pounds, $124,992; hake,

18,775,755 pounds, $144,891; pollock, 5,376,371 pounds, $49,123; hali-

but, 209,771 pounds, $14,195; herring, 162,404,266 pounds, $510,189;

mackerel, 1,723,370 pounds, $101,490; sword-fish, 642,784 pounds,

$44,613; alewives, 2,389,453 pounds, $21,732; salmon, 60,768 pounds,

$13,394; shad, 848,999 pounds, $28,959; smelt, 1,125,268 pounds,

$108,055; eels, 221,050 pounds, $12,683; lobsters, 12,163,389 pounds,

$1,066,407; clams, 554,656 bushels, $194,486; and scallops, 19,109

bushels, $14,013. The secondar}" products, as caviar, fish roe, livers,

sounds or swim-bladders, tongues, and oil were also of considerable

importance, having a total value of $38,370.

Cod.—The yield of cod in this state in 1902 was slightly larger than

in 1898. Practically the entire catch was taken on trawl and hand
lines. In some localities the fishermen have gill nets, with which
profitable catches were taken in former years, but in recent years the

run of cod inshore has fallen ofl' so much that net fishing is seldom

profitable. The presence of squid is also said to interfere with the

use of nets in the cod fishery. More than one-third of the entire

catch of cod in 1902 was taken b}^ vessels on the Grand Banks. These
fish are usually sold in a salted condition.

Cask.—The catch of cusk in 1902 was more than twice as large as

in 1898. It is taken with hand and trawl lines in both the vessel and shore
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fisheries, but principally in the former, and the greater part of the

catch is sold fresh.

Haddock.—The catch of haddock has fallen off considerably since

1898. The greater part of the yield is sold fresh, the price being

slightly lower than for cod.

Hale.—With the exception of herring, the catch of hake was greater

than that of an}-^ other species, and shows a noticeable increase since

1898. This fish is taken generally during the summer and fall. Con-

siderable revenue is derived from the sale of the sounds, or swim-

bladders; the fishermen claim that on an average 100 pounds of hake

produce 2 pounds of sounds.

PolJocl'.—The catch of pollock in 1902 was more than twice as large

as in 1898, haying increased from 2,129,1:50 pounds, valued at $19,3G4,

to 5,37G,371 pounds, valued at $19,123. Pollock arc taken generally

during the summer season, on hand lines.

JIalihut.—This species is taken on hand and trawl lines. The catch

was comparativeh' small in both the vessel and shore fisheries and was

sold fresh. Most of the haliJimt taken in the shore fisheries are of

small size and are known as "chicken halibut."

Herring.—The greater part of the herring catch is utilized in the

sardine canneries and smokehouses in Washington and Hancock coun-

ties. Compared with 1898 the returns for 1902 show an increase in

the catch in all the counties except Lincoln and Waldo. The increase

in ^Vashington county was from 18,205,050 pounds, valued at ^119,154,

in 1898, to 132,804,110 pounds, vahied at $353,848, in 1902. Fov the

entire state the increase was from 42,156,964 pounds in 1898, valued

at $263,477, to 162,404,266 pounds in 1902, valued at $510,189. Besides

being prepared as sardines and smoked, large quantities of herring

are also sold to fishing vessels for bait. Man}- arc frozen for this

purpose.

JlacJi'erel.—The catch of mackerel in 1902 shows a slight increase

over that of 1898, probal)ly owing to the use of a larger cjuantity of

apparatus. The principal forms of apparatus used were seines, g'ill

nets, and pound nets. The fisher}^ is prosecuted generallj- during the

summer months, very few vessels making the long trip south for mack-

erel in the spring.

Sicord-jish.—The season for taking this species is usually from

Jul}' 1 to August 15. Owing to the long distance to the fishing

grounds, onlv large vessels, carrying crews of 6 to 10 men, are

emploj'ed in the fisher}'. The vessels are mostly engaged in trawling

during the remainder of the year. Compared with 1898 the catch of

sword-fish in 1902 decreased 235,506 pounds in quantity, and increased

$218 in value.

Ale-wives.—Several of the towns in Maine own alewife privileges,

which, during favorable seasons, prove c[uite remunerative. In some
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cases the town operates the fishery, and in others sells it to the highest

bidder, who agrees to supply each poll-tax payer a certain number of

fish at a nominal price. Alewives are sold fresh, salted, and smoked.

The related species, usuall}'^ known as "biuebacks" in this section, is

also taken in considerable quantities along the coast and sold for bait

and fertilizer. It is of good quality when fresh, but, owing to its

extreme fatness, is difficult to cure. In the state as a whole this

species is less plentiful than the alewife previousl}" referred to, but is

more abundant in certain localities.

Saliiion.—The salmon fishery is prosecuted in the Penobscot River

and Ba3\ A few salmon are taken also in the Kennebec River and

elsewhere along the coast. The apparatus of capture consists chiefly

of weirs, trap nets, and gill nets. Compared with 1898 the salmon

catch shows an increase of 7,-i4:G pounds in quantity, and $3,385 in

value.

Shad.—This species is taken in various localities along the coast of

the state, but more than 75 per cent of the catch is from the Kennebec

River, where the fisher}^ is of commercial importance as far up as

Hallowell. The fishing apparatus emplo3'ed in 1902 consisted princi-

pally of pound nets, trap nets, weirs, gill nets, and seines. The quan-

tity of shad taken by vessels fishing in the ocean and baj's was 50,400

pounds, valued at ^2,071, and by boats in the shore fisheries, 798,599

pounds, valued at $26,888. The greater part of the catch is sold fresh

by the fishermen. Since 1898 the 3'ield has decreased slightly in quan-

tity, but has increased 16.61 per cent in value.

Smelt.—This species is the object of a very important fishery during

the fall and winter. In the fall seines are used for the most part, but

in the winter the fish is taken through the ice on lines which are

usyially operated some distance up the rivers. Owing to the high price

received for smelt, many men lay aside their regular occupations during

a short time in the winter to engage in this fisher}'. As a rule, each

fisherman has a shanty ranging in size from 4 feet square to 5 by 10

feet. In a few instances two men occup}^ one shanty. A small stove

keeps the interior comfortable, and the lines, ordinaril}^ about 10 feet

long, with one hook, though sometimes v*nth two, are lowered through

an oblong opening in the floor of the shanty which fits over a hole of

corresponding size made in the ice. The season for ice-fishing is from

November to March, the farther up the river the longer the season.

The smelt fi.sherj^ proved so profitable in some localities during the fall

of 1902 that an increased number of men fitted up gear for the follow-

ing season.

JEels.—ln some localities the eel fishery is of considerable importance.

The catch is taken chiefly in pots. A few traps, some of which cost

as much as f^25, also were used. The greater part of the catch was

dressed and sold fresh.
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Ifenhaden.—This species was not abundant along the coast of Maine

in 1902, and the menhaden factories of the state were not operated,

except for utilizing a few fish in the preparation of oil and fertilizer

at Boothbay Harbor, in Lincoln County. The remainder of the catch,

both fresh and salted, was sold by the fishermen for bait.

Lobsters.—T\\Q lobster catch of this state has increased from 11,183,-

294 pounds, valued at $992,855, in 1898, to 12,163,389 pounds, valued

at $1,006,1:07, in 1902. There was also a small increase in the quantity

of apparatus emploj-ed. The laws of the state do not restrict the

catching- of lobsters to any time in the year, but in some localities the

fishermen have agreed among themselves upon a close season during

the spring and summer, and thus far the effect upon the fishery has

been favorable. Lobsters are taken in both the vessel and shore

fisheries, but principally in the latter. In Lincoln County, however,

a large number of small vessels fish for lobsters when not engaged in

line-fishing. With the exception of a few lobsters caught in hoop

nets in York County, the entire catch is taken in pots.

Clams.—The catch of clams shows a decided falling off' since 1898,

and in vdew of this the state has enacted protective laws applying to

the localities where the decline has been greatest. Owing to the

increasing number of clam canneries the demand for clams is steadily

growing. The greater part of the catch is sold fresh, both in the

shell and opened, and the remainder is opened and salted for use as

bait in the line-fisheries.

Oystei's.—A few 03'sters are found in the Sheepscot River near

Sheepscot, but they have never occurred in sufficient quantities to jus-

tify making a buainess of catching them, although it is said that they

have recentl}" been increasing in number.

Livers.—The saving of livers sometimes proves quite remunerative

to the line fishermen. In the vessel fisheries the livers from cod and

other species are sometimes saved by the cook or other members of

the crew of the vessel, the captain and owner, as a rule, not sharing

in the proceeds of their sale. It is estimated that on an average a

thousand pounds of fresh fish taken on lines will produce 75 pounds

of livers. The livers are valuable for their oil, which is used for

lubricating machinery, mixing paint, etc. A considerable quantit}' of

the oil from cod livers, when refined, is used for medicinal purposes.

Markets.—There are a number of localities on the coast of Maine

at which the fishermen dispose of their catch, but Portland is the prin-

cipal market for both fish and lobsters. Many of the firms in the lob-

ster trade own or charter steam and sail vessels which are sent along

the coast of the state to bu^^ lobsters and bring them to Portland for

shipment. Several of the firms also own lobster pounds at various

places, in which small lobsters are kept until they grow to marketable

size and large ones are held for better prices. These pounds cost from
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$1,500 to $7,000 each. Portland also receives a large part of the catch

of ground-lish and other species taken by vessels, although many of

the larger v^essels sometimes land their fares in Boston.

The herring catch in Washington and Hancock counties is for the

most part disposed of locally at the sardine canneries and smoke-

houses.

The following tables give statistics of the fisheries of Maine in con-

densed form for the year 1902:

Persons employed.

^
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Table of products—Continued.

Species.

Herring', fresh
Herring, salted ...

Herring, smoked .

Mackerel, fresh ...

Majckerel, salted..
Menhaden, fresh.

.

Menhaden, salted.
Perch, white
Perch, yellow
Pollock, fresh
Pollock, salted ...

Salmon
Sculpin
Shad, fresh
Shad, salted
Smelt
Striped bass
Sturgeon

Caviar
Suckers
Sword-fisli,
Tomcod
Whiting
Refuse lish

Lobsters
Clams, fresh
Claras, salted
Seall&ps
Winkles
Fish roe
Liver-s
Sounds
Tongues
Oil

Vessel fisheries.

Lbs.

7, 3.59, 000
2, 232, 500

1,173,855
333, 000
210, 000
2,000

1,692,694
798, 62-1

Value.

600
49, 800
72, 200

042, 784
1,030

20, 500
1,458,1.57

102, 600
27, 000
3:3, 440

Total.

4,806
1,459,447

196, 654

4, 987

53, 277, 321

139,295
27, 953

67, 167
21, 900
1,800

10

14, 197

8, 346

25
2,046
4,002

44,613
32

1.50

130, 461

3,120
1,125
4,240

84
13, 775
15, 123

124

920, 765

Shore fisheries. Total.

Lbs.

150, 860, 500
672, 666

1,279,600
216, 515

900
3,800

400
450

2, 640, 678
244,375
00, 768
8,100

780, 799
17, 800

1, 053, 068
15,715
4,700

4.5.5

3,550

183, .510

91,500

10, 705, 232

4, 448, 760

968, 200
81,216
85, 000
11,250

380, 175
53, 675
2,900
9,300

189, 113, 0-50

Value.

$403, 062
9, 579

SO, 300
12,423

57
30
30

22, 532
4,048

13, 394
56

20, 103
785

99, 053
2,050

495
281
132

2, 489
147

935, 946
156, 149
34,092
9,773
1,000

46
4,074
4, 387

163
314

1,998,007

Lbs.

1.58,219,500
2,905,166
1, 279, 600
1,390,370

333, 000
240, 900

5,800
400
4.50

4, 333, 372

1, 042, 999
60, 768
8,100

781,399
67, 600

1, 125, 268
15, 715
4,700

4.55

3, 5.50

642, 784
184, .540

91, .500

20, 500
12, 103, 389
"4,551,360

b 995, 200
c 114,.666
d 85, 000
16,056

1,839,622
2.50, 329

7,887
e 9, 300

5^442, 367
37, 632
30,300
79, .590

21,900
1,805

67
30
30

36, 729
12, 394
13,394

56
26, 128
2,831

103,055
2, 050

495
281
132

44,613
2, 521

147
150

1,006,407
159,269
35, 217
14,013
1,000

129
17,849
19, .510

287
314

242,390,371 I 2,918,772

"4.55,136 biishels. b 99,520 bushels. <• 19,109 bushels. ds,bOO bu.shels. ''1,240 gallons.

THE FISHERIES BT COUNTIES.

The coast fislicries of Maine in 15)02 were pro.secuted in 10 counties.

These were Wa.shington, Hancock, Penobscot, Waldo, Knox, Lincohi,

Kennebec, Sagadahoc, Cumberland, and York.

In 1902 Washington Count}' had 10,122 persons engaged in the vari-

ous branches of the fisheries and related industries, the greater number
of them emplo3"ed in sardine canneries and smokehouses. In this

count}^ the investment was $3,702,31(3, and the products amounted to

111, .581,618 pounds, valued at $733,119. The most important species

taken were herring and lobsters.

Hancock Count}' ranks second in the importance of its fisheries

—

the number of persons employed being 3,670, the investment $1,067,275,

and the "products 33,675,1:26 pounds, valued at $711,075. The yield

con.si.sted chiefly of cod, hake, herring, smelt, clams, and lobsters.

Lincoln County ranks third in the nuniber of persons engaged in

the fisheries, fourth in the amount of capital invested, and fifth in the

value of fishery products. It is the most westerly county of the state

in which sardines are canned. Most of the canneries are located at

Boothbay Harbor, a town of about 2,000 inhabitants, situated near the

mouth of the Damariscotta River. Besides the herrino- used in the
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canneries, largfe quantities are also sold for bait to tishing vessels from
Boston, Gloucester, and other ports along the coast. The species

taken in largest quantities in this count}' are cod, hake, herring,

mackerel, smelt, lobster, and clam.

Cumberland Count}" also has extensive fisheries, which center chiefly

at Portland, Avhere the fishermen market the greater part of their

catch. The products consist principally of cod, haddock, hake, mack-

erel, sword-fish, lobsters, and clams. Compared with 1898 there has

been considerable decrease in the catch of some of these species. The
decline in the clam catch has been so great that in some localities a

close season has been established with a view to improving the condi-

tion of the fishery. The catch of mackerel has increased in both

quantity and value; the catch of sword-fish, while it has decreased in

quantity, has increased in value.

Knox County is third among the counties of Maine in the quantity

and value of its fishery products, and fifth in the nvimber of persons

employed and capital invested in the fisheries. There has been con-

siderable increase since 1898 in the catch of cod, haddock, herring,

and lobsters, but a decrease in a number of other species, especially

in clams.

The most important of the 5 remaining counties were Sagadahoc,

in which the number of persons employed was 471, the investment

$59,368, and the products 3,732,101 pounds, valued at $85,216; and

York, with 482 persons employed, $97,193 invested, and products

amounting to 7,804,284 pounds, valued at $182,596.

The following tables show the extent of the fisheries in each county

of Maine in 1902:

Table shoiclng the number of persons employed in the fisheries of Maine in 1902.

Counties.
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Table showing by counties the vessels, boats, apparatus, and capital employed in the

fisheries of Maine in 1902.

Items.
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Table showing by counties the vessels, boats, apparatus, and capital employed in the

fisheries of Maine in 1902—Continued.

Items.
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Table shoiving hij counties the products of the fisheries of Maine in 190J—Continued.

Species.
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Table shov:lu(j hi/ counties (he jrrodttrts of the fisheries of Maine in 190^—Continued.

Species.

Washington.

Lbs. Value.

York.

Lbs. Value.

TotaL

Lbs. Value.

Pollock, fresli..

Pollock, salted.
Salmon
Sculpin
Shad, fresh
Shad, salted
Smelt
Striped bass
Sturgeon
Caviar

Suckers
Sword-fish
Tomcod
Whiting
Refuse *sh
Lobsters
Clams, fresh ...

Clams, salted..

.

Scallops
Winkles
Fish roe
Livers
Sounds
Tongues
Oil.*.

1,30-1,035

216, 7-10

13,115

»11,880
2,548
3,025

364, 100
39, 425

«4, 152
1,028

87,599
1,200

281,510

3,531
45

30,024

950

74,500
79, 900 758

2,956,908 I 252,248
347,500

!

11,504
108,-6-IG 4,132

7,880 985

49, 330
7, 834

355

599
489

9

5,200

3,000
20,500

G13, 800
144,654

12
150

52, 795

8, 329

85, 000

326,800
22,200

1,000

1,009
3,030

300

4,333,372
1,042,999

60, 768
8,100

781,399
67,600

1,125,268
15, 715
4,700

455

3, 550
642, 781
184,540
91,500
20,500

12,163,389
"4,551,360

b 995, 200
e 114,6.56
rf 85, 000
16, 056

1,839,622
250, 329

7, 887
e 9, 300

Total I 141,584,618 1 733,449 7,804,284
j

182,596 I 242,390,371

ff36, 729
12,394
13,394

56
26,128
2, 831

103, 055
2, 050

495
281
132

44, 613
2,521

147
150

, 066, 407
159, 269
35, 217
14,013
1,000

129
17, 849
19,510

287
314

2, 918, 772

"455,136 bushels. & 99,520 bushels. fi9,i09 bushels. rf 8,500 bushels. e 1,240 gallons.

THE PRODUCTS BY APPARATUS.

Lobster pots were the most important apparatus of capture used in

the fisheries of Maine in 1902, with respect both to the value of the

catch and the number of persons engaged. There is also more capital

Invested in them than in aii}^ other apparatus except pound nets, trap

nets, and weirs. In most instances the pots are set singh" instead of

by the use of ground lines. The catch taken with pots, including

those set for eels, amounted to 12,334,629 pounds, valued at 81,075,630.

^he catch with hand and trawl lines, which was next in value to

that with pots, was 53,89.5,369 pounds, valued at $807,799. Trawl
lines are fished in the fall, winter, and spring, but when the warm
weather begins and dog-fish make their appearance the trawls are dis-

continued and hand lines are emplo3'ed. During recent 3'ears dog-fish

have been a great source of annoyance to the trawl fishermen, as they
destroy the bait and also attack the fish on the hooks. Thus far the}?-

have had practicall}^ no market value, but experiments are being made
with the view of utilizing them for food. A firm in Nova Scotia has

recenth' canned some of them. The fishermen advocate the enactment
of a law providing for the payment of a small bounty by the general

government for their capture.

A trawl usually has from 2,000 to 3,000 hooks, placed about i feet

apart, and in ordinary weather it is allowed to remain set from three

to six hours. In fishing the trawls are in some instances " underrun;"
that is, instead of being hauled aboard the boat the fish are taken ofi",
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the hooks are agahi baited, and the lino is returned to the ^yate^ to

continue fishing. This is done a number of times, or as long as fish are

being taken in satisfactory quantities, before the line is removed from

the water. Line fishing is followed in both the vessel and shore fish-

eries, but the catch in the former is much greater than in the latter.

The species taken in largest quantities with hand and trawl lines are

cod, haddock, and hake. The sounds or swim-bladders of the hake

add hiaterially to the value of that species.

Poiuid nets, trap nets, and weirs took 145,845,269 pounds of various

species, valued at $479,347. Of this quantit}' 143,719,800 pounds,

valued at $406,186, consisted of herring, most of which were taken

in Washington Count}", where they were used chief!}" in the sardine

canneries and smokehouses.

Hoes and dredges are used in l)oth the vessel and siiore fisheries, the

former exclusively in taking clams and the latter in taking scallops.

The catch with these two forms of apparatus, including 85,000 pounds

of winkles, worth |1,000, picked by hand, was 5,746,216 pounds, exclu-

sive of shells, and was worth $209,499.

In the seine fisheries the yield was 11,548,835 pounds, valued at

$143,962. jNIackerel and herring were the principal species taken

with seines in the vessel fisheries and smelt in the shore fisheries.'

The catch with gill nets in the vessel and shore fisheries was

4,344,304 pounds, valued at $103,635. The most important species

taken were mackerel, herring, shad, and salmon. The average length

of the nets employed is from about sixty to one hundred yards each.

Cod gill nets are used to only a limited extent, as in recent years they

have proved unprofitable. They average about sixty yards in length,

and are set on the bottom and kept in place by buoys and anchors. The
floats, of which each net requires eighteen to twenty-five to support

it, are of glass, and cost 18 cents each. The nets are set from 1^ to 8

miles from shore, being moved to the latter distance as the season

advances.

A number of less important forms of apparatus, as fyke nets, dip

nets, hoop nets, bag nets, traps, spears, and harpoons, were employed

in the fisheries of this state, the catch in the aggregate amounting to

8,675,749 pounds, valued at $98,900.

The following tables present, by apparatus of capture, the quantity

and value of products taken in the vessel and shore fisheries of Maine

in 1902:
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Table showing by counties the yield of the seine fisheries of Maine in 1902.

Species.
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Table iihounng by counties tJie yield of the gill-net fisheries of }Jaine in 1903.

Species.
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Table sJiowing Juj counties the yield of the gill-net fisheries of Maine in 1902—Continued.

Species.
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Table showing by counties the yield of the f)ound-nel, trap-net, and weir fisheries of Maine
in 1902—Continued.

Species.
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Table showhig by counties the yield of the hand and trawl line fisheries of Maine in 1903.

Species.
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I'ahlij showing by counlles the yield of the hand and travl line JisJtcrU's of Maine in 1902-
Continued.

species.
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Table shoirhui lnj counties tJie catch with hoes and dredges in Maine in 1902.

Species.
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Table shoiving by counties ike catch with eel pots, eel traj^s, and lobster pots in Maine in

1903—Continued.

Species.
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The following table gives the number, pounds, and value of salmon

taken in Penobscot River and Bay each year from 1895 to 1902,

inclusive:

No.
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ca^nn^ries was 8,84:^ and the amount of wages paid was ^1,236,391.

Theoutputoonsistedof 1,203,970 cases of sardines, valued at $3,631,0S5,

and other products worth $325,668, the total value being $3,956,703.

The packers are beginning to can kippered herring. The quantity

canned in 1902 was 1,750 cases, valued at $8,720. There were no

Russian sardines prepared, as the trade in this product has become
unprofitable.

Table showing Inj counties the canneries, cash capital, innnher of persons engaged, and
tuages paid />i the canning i^idastrij of Maine In 1903.

Counties.
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Table shoicing hj cnunties the j^roduds of the cannhuj iudui<try of Maine in 7.90^—Cont'd.

Products.
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THE SMOKED-FISH INDUSTRY.

The smoked-fish industry of Maine in 1902, exclusive of sardine

canners and fishermen who smoke large quantities of herring and
other species, was carried on by 81 firms or establishments. The
number of persons engaged was 923; the value of smokehouses and

other shore and accessory property utilized was ^29i,31:0; the cash

capital was $175,575; the amount of wages paid was $108,401, and the

value of the products prepared was $365,923.

Table shoiohig the number of firms, persons engaged, wages paid, and capital invested in

the smoked-fish industry of Maine in 1902.

Counties.
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SMOKED HERRING.

The herring smoked by the fishermen are shown as smoked herring

in the product tables, but the American-caught herring, smol\:ed by
canners and regular smokei's and included as smoked herring in the

statistics of the canning and smoked-herring industries, appear as fresh

herring in the product tables, since that was the condition in which

they were sold by the fishermen.

The following table gives the quantity and value of smoked herring

prepared by fishermen, canners, and regular smokers in Maine in 1902:

Table showing the quantitij and value of smoked herring prepared in Maine in 1902.

Designation. Pounds. Value.

Smoked by fisliermen
Smolied by canners
Smoked by regular smokers

Total

1,279,600
1,446,000

12, 184, 960

$30, 300
28, 540

255, 312

14, 910, 560 314, 152

Table showing the quantitij and value of smoked herring prepared in Maine in various years

from 18S0 to 1902.

Years.
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outfit, $3,075; 115 boats, valued at $7,270; fishing apparatus on ves-

sels and boats, vahied at $11,137; shore property, $10,370, and cash

capital, $S,000. The products of the vessel and shore fisheries aggre-

gated 1,593,013 pounds, for which the fishermen received |50,003.

The statistics for 1902 compared with those for 1S98 show a large

decrease in the quantitv, but a slight increa,se in tlie value of the fish-

ery products. The decrease is almost Avholly in the line fisheries, both

vessel and shore. The total catch with this form of apparatus in 1902

was 757,450 pounds, against 2,451,950 pounds in 1898. The great

decline in the line fisheries was due in a large measure to the ravages

of the dog-fish, which appeared in increasing numbers on the coast,

devouring man}' of the food fish and driving others away, thus practi-

cally putting an end to the line fishing. In some localities trawl-line

fishing has been abandoned entirely, and but little hand-line fishing is

undertaken.

The products of the vessel fisheries in 1902 aggregated 386,350

pounds, with a value of §12,500. Of the various species taken, cod

represented nearly half of the entire catch, amounting to 150,000

pounds, with a value of $4,500. The catch of mackerel has more than

doubled since the last canvass, and in ^alue leads that of an}^ other

species taken in the vessel fisheries.

The yield of the shore fisheries was 1,206,663 pounds, with a value of

$37,503. As ill the vessel fishery, cod is the leading species in the num-

ber of pounds taken, and is next to lobsters in the value of the catch.

The lobster fishery has increased considerably in importance since

1898 and is now the most valuable fishery in the state, the catch in

1902 amounting to 128,463 pounds, with a value of $14,863. The
fishermen employed numbered 56, using 46 boats valued at $1,510 and

7 launches valued at |2,800.

The season for catching lobsters lasts about five or six months,

depending somewhat on the weather. Usually the season begins

between April 15 and May 1 and continues until September 30 or the

middle of October.

The various localities where the fishery is prosecuted are llye Beach,

Great Boars Head, Little Boars Head, North Beach, Hampton Beach

and Hampton River, Rj^e Harbor, Isle of Shoals, Newcastle, and

Portsmouth.

At Hampton Beach 12 men were engaged in the fishery, setting 480

pots, and the catch amounted to 12,857 pounds, valued at $1,800.

The depth of water fished in varies from 6 to 7 fathoms inshore, and

from 10 to 14 fathoms outside. The pots are set from 2 to 5 miles

ofi'shore.

Between Hampton and North Beach, including Little Boars Head
and Great Boars Head, 275 pots were fished by 7 men, the catch

amounting to 9,649 pounds, valued at $965.
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At Rye Beach and Rye Harbor 3i0 pots were fished ])y 7 men, the

catch being 15,975 pounds, valued at $1,598.

At "North Beach," or North Hampton Beach, 6 men were engaged

in the fishery, using 290 pots, valued at ^580; the catch amounted to

15,000 pounds, valued at $1,500.

At the Isle of Shoals, in New Hampshire, 4 men fished 250 pots, val-

ued at $250, and caught 16,666 pounds, valued at $2,000.

At Portsmouth and Newcastle there were 20 fishermen with 895

pots, and the catch amounted to 58,322 pounds, valued at $7,000. Of
this quantity over 40,000 pounds, valued at $5,000, was taken by the

Portsmouth fishermen.

The fishery for Irish moss {Cliondrus crlspmi) in New Hampshire is

prosecuted at Rye Harbor by Mr. William H. Burke, of Scituate,

Mass., who had in his employ 6 men, using 8 boats valued at $210.

The quantity of moss cured in 1902 was 50,000 pomids, valued at

$2,250. The plant at R3'e Har])or is modern and well equipped for

the ])usiness. Instead of the cumbersome method formerly employed
of rolling the tubs about the beach to the water's edge when it Ijecame

necessary to wash the moss, a pumping plant has been erected to fur-

nish the water as needed, a hose of sufiicient length being attached and

carried to any part of the beach upon which the tubs containing the

moss ma}' be placed, thus efl'ecting a great saving in time and labor in

this part of the work. A small gasoline launch is used to tow the

boats to and from the grounds where the moss is gathered.

The following tables present in a condensed form the number of

persons employed, the amount of capital invested, and the quantity

and value of the products of the fisheries of New Hampshire in 1902:

Persons employed.

How engaged.
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Table of products.

Species.
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Table showing the yield of the shore fisheries in Xew Hampshire in 1902.

Apparatus and species.
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29,235,201 pounds, ^01,031; mackerel, from G,703,36i pounds,

$3Gl,86i, to 17,624,322 pounds, $930,985; pollock, from 7,081,037

pounds, $13,015, to 12,175,056 pounds, §117,768; squeteague, from

1,371,910 pounds, $39,518, to 3,770,217 pounds, $90,252; Tvhiting or

silver hake, from 37,200 pounds, $192, to 2,286,200 pounds, $7,886;

clams, hard and soft, from 1,981,487 pounds, $153,318, to 3,133,951

'

pounds, $288,386; lobsters, from 1,693,741 pounds, $147,702, to

1,<395,688 pounds, $175,095, and squid, from 1,069,425 pounds, $14,620,

to 5,365,076 pounds, $25,340. The catch of cod has decreased in quan-

tit}" from 71,314,978 pounds to 69,521,385 pounds, but has increased

in value from $1,407,039 to $1,772,942. Hake have decreased in catch

from 21,331,816 pounds to 14,357,954 pounds, and increased in value

from $163,634 to $191,379. Scup have decreased from 1,043,625

pounds to 588,900 pounds in (juantity, and increased from $14,253 to

$14,978 in value.

The decrease in the catch of cod was reported to have been largely

due to the great abundance of dog-lish along the coast, which often

destroyed the trawls and the fish on them, and drove the iincaught

fish from the fishing grounds.

Cod roe. and sometimes that of haddock, is shipped to France for

use as bait in the sai'dine fisheries. The quantity of this product saved

by the fishermen in 1902 as compared v\'ith the returns for 1898 has

increased from 700 iwunds, vakied at $18, to 16,700 pounds, valued at

$531.

The halibut fishery on the Atlantic coast has decreased greatl}' in

recent years. From 1875 to 1880 the entire catch of this species in

the fisheries of Massachusetts, varying from 9,000,000 to 16,000,000

pounds a 3'ear, was from fishing banks in the Atlantic Ocean. Halibut

from the Pacific coast were introduced into eastern markets by the

shipment of a few carloads in 1880. In 1898 a Boston firm fitted out

a steamer for catching halibut in the North Pacific Ocean, and, encour-

aged by the success of the enterprise, in 1902 fitted out another. The
total catch of halibut by Massachusetts vessels in 1902 was 12,155,934

pounds, valued at $648,643. Of this quantity 7,136,934 pounds fresh

and salted, valued at $447,883, was from the Atlantic, and 5,019,000

pounds fresh, valued at $200,760, from the Pacifi.c coast.

The mackerel catch in 1902 was taken chiefly b}^ 108 vessels, carry-

ing 168 purse seines. The fleet included 103 schooners and 5 steamers,

9 of the schooners having auxiliarj^ power hy the use of gasoline. In

Essex County there were 87 vessels with 141 purse seines, in Suffolk

County 15 vessels with 18 purse seines, in Plymouth County 2 vessels

with 2 purs^ seines, and in Barnstable Count}" 4 vessels with 7 purse

seines. Large quantities of mackerel also were taken by vessels and

boats with gill nets and hand lines, and in the pound-net and trap-net

fisheries. The fish were generally large, and as a result the small
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salted fish commanded high prices. In order therefore to dispose of

the large fish to the best advantage, and at the same time supply the

demand for those of smaller size, some of the large salted mackerel

were split lengthwise and cut once or twice crosswise into 4 to 6

pieces, and packed in kits, pails., and other small packages. The exper-

iment proved satisfactory' to both dealers and consumers, the small

pieces of large fish being superior in quality to the small fish. The
large max^kerel when dressed with heads oil' weighed from 2 to 3

pounds each.

Squeteague have not until recent years been abundant in the waters

of Massachusetts, although a few have usually been taken in A^inej^ard

Sound and vicinity. The catch in 1870 was io3,310 pounds. In 1883

the catch on the north side of Cape Cod, so far as reported, was repre-

sented by a single individual taken in a pound net near Provincetowu.

This fish was so unfamiliar to the fishermen of that locality that it was
sent to Boston for identification. The catch of this species in Alassa-

chusetts in 1898, as previously noted, had increased to 1,371,U10

pounds, worth $39,518, and in 1902 to 3,770,217 pounds, worth

$90,252, nearly all of which was taken in Barnstable and Dukes
counties. In 1902 and 1903 the pound nets in Capo Cod Bay were
often filled with squeteague. The schools were large and the fish

averag-ed about 5 pounds each in Aveight. The fishermen think the sque-

teague drive the mackerel from the shore, and the}' are not pleased

with the change, as the mackerel is a much more valuable species.

For man}' years whiting or silver hake {2£erJucciiM JjiUnearis) have
been ver}' abuodant along tiie jSIassachusetts coast from June 10 to

about Juh' 10, and have reappeared in smaller numbers from the last

of September to the middle of JS^OAember. These fish, .as taken from
t^ie water, weigh from three-fourths of a pound to 1^ and, occasionally

2 pounds each. They have been, until within a few years, mostl}- dis-

carded for food or bait on account of becoming soft soon after being-

captured. Small quantities have at various times been pickled, and
while they were quite firm, and the flesh white and of good flavor, there

was little demand for them, the trade being supplied by small mack-
erel, which, in those 3^ears, were cheap and plentiful. In 1901 and sub-

sequently small inackerel were very scarce, and whiting were used as

a substitute. The}- were dressed similar to mess mackerel^ b}- being

split down the back and having the heads removed, after which they

were thorouglily salted and packed in half barrels, kits, and buckets,

and placed on the market under the name of white-fish, which, as a

pickled fish, the}' somewhat resembled. A small quantity was also

canned. In that year GOO barrels were pickled at Provincetown and
sold to southern and western dealers. In 1902 the trade for salted

whiting was much more extensive than in the previous year, and they
were packed at Boston, Gloucester, and Provincetowu. The quantity
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caught and sold fresh, chiefly for salting purposes, in Suffolk County

was 210,000 pounds, $1,575; in Essex Count}", 1,215,000 pounds,

$3,950, and in Barnstable County, 861,200 pounds, $2,630. The entire

catch, except 30,000 pounds, was taken in pound nets.

The Newfoundland herring fishery, so far as frozen herring are con-

cerned, began in the winter of lS5tl:-55, when a Gloucester vessel

obtained part of a cargo of frozen herring from Newfoundland waters

as an experiment, and sold them for bait at Boston and Gloucester.

Since that time the fishery has grown to considerable proportions, and

large cpiantities of these fish are now used both for food and bait.

The fishery has been facilitated in recent years by the erection of cold-

storage plants at the principal New England ports for the purpose of

storing herring, squid, and other species for use as bait or food when
needed. During the winter of 1902-3 the fleet from Massachusetts

engaged in fishing for herring off the coast of Newfoundland num-
bered 59 vessels, of which 56 were from Gloucester and 3 from

Boston. The winter was unusually severe and herring were scarce

and difficult to locate. Eight of the vessels from Gloucester were

detained for months in the ba3's and harbors of Newfoundland by ice.

Of the 59 vessels in the fleet, 10 made two trips and the remainder one

trip each. Vessels that started earl}- in the season made quick and

profitable trips, but those that started and arrived later found a poor

market for bait on account of an unusual abundance of squid in Massa-

chusetts waters. Man}" of the vessels failed to secure full fares, and

some of those detained by ice found their cargoes unfit for food or bait

and sold them to fertilizer plants for 25 cents or less a barrel, while in

a few instances the fish were thrown overboard before reaching port.

The catch amounted to 23,576 barrels, or 5,359,763 pounds of fresh

frozen herring, valued at $118,790, and 51,220 barrels, or 11,271,698

pounds of salted herring, valued at $154,739; a total of 7-1,796 barrels,

or 16,631,461 pounds, valued at $273,529.

The catch of squid was 5,365,076 pounds, worth $25,340. Part of

this quantit}" was sold for bait as taken from the water, and the

remainder was frozen and held in cold storage for that purpose. The
cod fishermen on the Grand Banks of Newfoundland have for many
years depended on catching considerable quantities of squid on or near

the fishing grounds for use as bait, but in 1902 the supply failed in

those waters. In view of this scarcity Capt. Solomon Jacobs, of

Gloucester, before leaving on a trip for frozen herring, loaded his

steam fishing vessel, the Alice M. Jacoljs^ at Provincetown, with 286,000

pounds of frozen squid, bought from the cold-storage plants at that

place, and carried the cargo to St. Pierre, where it was sold to the

French fishermen for bait in the Grand Bank cod fisheries. This was
the first cargo of frozen squid ever taken from Massachusetts to St.

Pierre or elsewhere in that vicinity.
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Irish moss
(
CJiondrus crisjyus) is an edible seaweed found in many

places along the Massachusetts coast, but more particularl}^ in the

vicinity of Scituate, where the catch in 1902 amounted to 500,000

pounds, valued at $22,500. The total catch of the state was 690,000

pounds, valued at $31,050.

The apparatus used in gathering the " moss'' consists of a rake made
especiall}' for this purpose, measuring 12 to 15 inches across, and hav-

ing from 24 to 28 teeth 6 inches long, with a space of about an eighth

of an inch between the teeth. These rakes have handles 15 or 20 feet

long and are used from boats. But a small portion of the crop is

gathered b}^ hand.

The product is usually held pending orders for shipment, and there-

fore is distributed through a large and varied territory. The princi-

pal cities to which it is shipped are Philadelphia, New York, Boston,

and Portsmouth, N. H., but it is also utilized in smaller cities through-

out the United States and Canada. A small percentage of the crop is

sold to wholesale druggists and grocers; the larger portion is disposed

of to brewers and to firms which make a specialty of brewers' sup-

plies, being used for clarif3'ing and imparting bod}" to beer. It is also

used for making blanc mange and jellies, and for a variety of purposes.

The price in 1902 was -1 to 4:\ cents per pound, and in 1903 from 5 to

5i cents.

The variation from 3"ear to year in the supply of Irish moss seems

to be governed largely by the inclination or disinclination of fishermen

to engage in the business. Some seasons a large number of persons

gather the seaweed, while in other 3"ears only a few are thus emplo^'ed,

with a consequent increase or decrease in the product. At times, how-

ever, severe storms on the coast do a great deal of damage to the fishery,

tearing the seaweed from the rocks and scattering it widespread

over long stretches of the beach. The method of gathering also is

destructive. In some localities the rocks are almost completely

denuded, leaving such a scant growth to produce the next season's

crop that the yield is necessarily light.

If the rocks are not gleaned too closely in the earl}^ part of the

season it is said to be possiVjle to get two crops in some of the warm,
sheltered coves, where the plant grows much faster than in the more
open and exposed places. The season extends from Ma}" until Sep-

tember 1, the first of the crop usually going on the market in August.

It is shipped in barrels holding 100 pounds each, flour and sugar bar-

rels being largely used for this purpose. Ver}^ little, if any, Irish

moss is shipped in bales.

In the preparation and curing processes good weather and plent}' of

sunshine are the prime requisites. The seaweed when brought ashore

is washed and then spread upon the sandy beach, where it remains for

twenty-four hours, after which it is raked up, put into tubs, and given
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another washing, and again spread upon the beach. Three such

operations usuallj' suffice, though at times six or seven washings are

required. The seaweed is thus thorough!}- cleansed and at the same

time partially bleached. About two weeks' exposure in warm sunshine

completes the curing process, and great care is exercised to prevent

rain from spoiling the crop. When a storm is impending the moss is

hastil}' raked into piles and covered with canvas. Should it chance

to get wet in the last week of curing its market value is greatlj^ depre-

ciated. After the curing is completed about two weeks' time is

required to sort and pick over and prepare the product for shipment.

The above information was obtained through the courtesy of Mr.

William H. Burke, of Scituate, who is engaged in the Irish moss
indu.stry.

The following tables give the number of persons emploj^ed, the

number and value of vessels, boats, and fi,*hing apparatus, the value

of shore and accessor}' property-, the amount of cash capital, and (he

quantity and value of products taken in the vessel and shore fisheries

of Massachusetts in 1902:

Persons cmj)l«j>jed.

How engaged.

On vessels fishing
On vessels transporting .

ni shore or boat lisheries
Shoresmen

Total

No.

7,546
32

3,809
2,913

11,300

Table of (q>parati(S and capital.

Items.
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TahU ofproducls.

Vessel fisheries. Shore fisheries.

Species.
Lbs. Value. Lbs. Value.

Total.

Lbs.

Alewives, fresh
Alewives, salted
Alewives, smoked
Blue-fish
Bonito
Butter-fish
Cat-fish
Cod, fresh
Cod, salted
Cusk, fresh
Cusk, salted
Cnnners
Dog-fish
Eels
Flounders
Haddoc k, fresh
Haddock, salted
Hake, fresh
Hake, salted
Halibut, fresh
Halibut, salted
Herring, fresh
Herring, salted
Hickory shad
Horseraackere!
Mackerel, fresh
Mackerel, salted
Menhaden
Perch, white
Pollock, fresh
Pollock, salted
Sand eels
Scap
Sea bass
Shad
Squeteague
Striped bass
Sturgeon
Sword-fish
Tautog
Tomcod
Whiting, or silver hake.
Lobsters
Shrimp
Squid
Clams, hard
Clams, soft

Oysters, market
Ovaters, seed
Scallops
Cockles
Irish moss
Oil, whale -.

Oil, cod
Oil, dog-fi.sh

Whalebone
Halibut fins _

Tongues and sounds
Cod roe

119, 400
32, 270
1,800

37, 460, 512
2S, 617. %8
2, 737, 586

155, 721

797, 309
37,510,732

591. 073
13, 687, .341

477, 813
10, 979, 806

1, 176, 128
7, 899, 903

12, 252, 298

.560

9, 404, 411

7, 643, 822
430, 000

8, 786, 534
1,262,473

120, 000
36, 500
27,800
4,200

22, 600
1,459

726, 126
22, 500

68, 321

11,896

'§8,' 500'

'i3,'350'

5, 136, 767
172, 053

19,000
34, 400
n,B66
16,700

Total I 188, 509, 698

$9,409
1,291

72

889, 910
784, 732

42, 937
2,575

24, 259
769, 154

8, 584
182, 494

6, 251
578, 504
70, 139

153, 102
109, 978

17
465, 505
485, 391

2,950

81,960
15,210
2,000

965
1,480

210
385
175

56, 546
715

7, 115

1,550

'7,'332

'4,'767"

292, 875
7, 575

90, 000
1,644

433
531

5, 220, 660

1, 320, 350

1, 979, 000
114, 000
75,450

134, 200
104, 250
2,500

3, 198, 480
244, 425

140,150
52, SOO

493, 644
1,798,3.58

1, 117, ?25

192, 800

9, 083, 000

1,650
75, 095

576, 089

445,000
6,300

, 126, 649

552, 400
68, 200
17,047

3, 747, 717
26, 450
6, 535

24, 000
190, 785
32, 000

2, 286, 200
1, 627, 367

6,000
5, 365, 076

842, 648

2,279,410
490, 602
194, 600
383, 550
20, 000

690, 000

3,750

f15, 220
24, 619
1,140
6, 333
4.623
4,324

50
86, 309
11, 991

7,734
200

25, 822
56, 147

24, 130

2, 634

,951

25
2,038

30, 089

2,459
630

20, 598

14, 013
4,199

927
89, 867
2,445

372
1,200
5, 722

490
7,885

167,980
1,.500

25, 340
129, 589
157, 247
112, 920
13, 430
85, 275
5,600

31,050

1, 320, 350
1,979,000

114, COO
194, 850
166, 470
106, 050
2,500

40, 658, 992
28, 862, 393
2, 737, 586
155,721
140, 150
52, 800

493, 644
2, 595, 667

38, 628, 4.57

591,073
13, 880, 141

477, 813
10, 979, 806

1, 176, 128
16, 982, 903
12, 252, 298

1,650
75, 055

9, 980, 500
7, (US, 822

875, 000
6, 300

10, 9K, 183
1, 262, 473

120, 000
588, 900
96, 000
21,247

3, 770, 217
27,909
6, 535

750, 126
213, 285
32, 000

2,286,200
1,695,688

6,000
5, 365, 076
a 854, 544

b 2, 279, 410
c 529, 102
d 194, 600
e 396, 900
/ 20, 000
690, 000

sr 5, 136, 767
h 172, 653

!3,750
19,000
34, 400
11,566
16, 700

42, 136, 252 1,261,767 230,645,950

a 106,818 bashels.
b 227,941 bushels.
e 75,586 bushels.

(J 27,800 bushels.
6 66,150 bushels.
/ 2,000 bushels.

ff 684,902 gallons.
li 23,020 gallons.
i 500 gallons.

THE FISHERIES BY COUNTIES.

Essex County continues to be the leading countv of Massacliusetts in

the extent of its fisheries. The number of persons emploj^ed in 1902

was 7,106, of whom 4,630 were on fishing- and transporting vessels,

9-13 on boats in the shore fisheries, and 1,533 Avere shoresmen, engaged

chiefly in preparing the products for market. The amount of capital
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invested was $5,319,263, including 332 vessels of 19,578 tons net ton-

nage, valued at 11,507,926, and their outfit, valued at $693,597; 585

boats in the shore fisheries, valued at $55,070; fishing apparatus used

on vessels and boats, $285,301; shore and accessory propert}^, $1,472,869,

and cash capital, $1,304-, 500. The products secured by vessels and

boats amounted to 132,874,503 pounds, for which the fishermen

received $3,426,326. The greater part of the products was taken by

vessels and boats owned at Gloucester.

The fisheries of Gloucester in 1902 emplo3"ed 5,960 persons, of whom
4,278 were on vessels, 235 on boats, and 1,447 were shoresmen engaged

chiefly in preparing fish for market. The investment was $4,950,796.

This included, in connection with the vessel fisheries, 293 fishing ves-

sels and 3 transporting vessels of 18,198 net tons, valued at $1,415,596,

and their outfit, valued at $641,958; hand and trawl lines used by ves-

sels, valued at $89,876; purse seines, 132, valued at $95,500; gill nets,

3,673, valued at $34,629, and sword-fish harpoons, lines, etc., worth

$690. There were also 148 boats in the shore fisheries, valued at

$23,165, including 15 gasoline boats, worth $9,150, used chiefl}^ in the

lobster, mackerel, and herring fisheries. The fishing apparatus on

boats was valued at $25,713. The shore and accessory property and

cash capital emploj^ed in the fisheries and wholesale fishery trade

amounted to $2,623,669. The mackerel fleet from this port using purse

seines numbered 85 vessels, 1 of which was a steamer and 7 had auxil-

iary power by the use of gasoline and were among the most successful

of the fleet. The products of the fisheries of Gloucester in 1902

amounted to 114,424,457 pounds of fresh and salted fish, having a

value to the fishermen of $3,016,152, of which 108,967,917 pounds,

$2,886,920, were taken by vessels and 5,456,540 pounds, $129,232, by

boats in the shore fisheries. These products were not all landed at

Gloucester, however, but a part of them was sold at Boston and else-

wherci Vessels from other ports also landed considerable quantities

of fish at Gloucester. The total quantity of fishery products landed

at this port by American fishing vessels in 1902 as their own catch was

88,980,879 pounds, valued at $2,336,444, of which 39,614,878 pounds,

$787,676, were fresh fish and 49,366,001 pounds, $1,548,768, were

salted fish.

Suffolk County is next in importance, having 2,419 persons employed,

1,233 of whom were on vessels, 268 on boats, and 918 were shoresmen.

The investment was $3,851,884, and included 80 vessels with a net

tonnage of 4,593 tons, valued at $581,350, and the value of their out-

fit, $322,752; 174 boats in the shore fisheries, valued at $9,080; fishing

apparatus, $83,952; shore and accessor}^ property, $1,749,750, and cash

capital, $1,105,000. The products taken in the fisheries of this county

aggregated 42,460,284 pounds, having a value to the fishermen of

$1,155,480, and were nearly all marketed at Boston.
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The fresh fish business of Boston centers at T wharf, where, unless

prevented b}^ severe weather, vessels arrive from the fishing grounds

with fares of fish practically everj' day in the year. The fleet owned
at Boston numbered 78 vessels, but fish are also landed there by an

equally large number of vessels from Gloucester, Provincetown, and

other ports along the coast. Large quantities of fish are also brought

by steamboats and railroad trains, and by numerous small boats in the

shore fisheries.

The fresh fish landed at Boston in 1902 by vessels owned there con-

sisted principally of 8,116, G63 pounds of cod, 430,900 pounds of cusk,

17,006^950 pounds of haddock, 5,150,600 pounds of hake, 881,500

pounds of pollock, 5,076,100 pounds of halibut, 1,073,631 pounds of

mackerel, and 28-1,000 pounds of herring, aggregating 38,020,3'1'1

pounds, having a value to the fishermen of $958,959. The catch also

included fresh fish of other species and salted fish in smaller quantities.

The quantity of fish landed at Boston by American fishing vessels in

1902, including those from other ports, was 78,973,996 pounds, valued

at $2,012,638, of which 77,608,596 pounds, 11,994,198, were fresh, and

1,365,400 pounds, $48,440, were salted. The fish received from the

various sources are shipped to dealers in the towns and cities in the

New England States, to New York and other cities in the Middle

Atlantic States, and as far west as Denver, Colo.

In the shore fisheries of Boston 128 Italian fishermen with 75 dories

engaged in catching flounders and other species. The only forms of

apparatus used were hand lines and short trawls. The fishermen

occup3^ fishing camps on the islands in Boston Harbor some 8 miles

from the city, and fish about eight months of the j'ear. They sell

their fish at the head of T wharf by the piece, bunch, or small lot,

chi^^fly to bu3'ers of their own nationality. In 1902 the catch consisted

of flounders, 550,000 pounds, $22,000; cod, 100,000 pounds, $4,000;

haddock, 45,000 pounds, $1,350; pollock, 15,000 pounds, $450; and

whiting or silver hake, 30,000 pounds, $300; a total of 740,000 pounds,

with a value of $28,100.

The clam fisheries in Boston Harbor are engaged in b}^ 15 men with

10 dories. The greater part of the catch is taken during the summer,
although the fishery is carried on to some extent at other seasons of

the 3^ear when the weather permits. The boats usuall}' make four

trips a week and average 3 barrels of clams each to a trip. The clams

are taken at low tide from the mud flats in the harbor, which are also

worked more or less by a large number of fishermen who reside at the

various seaside resorts in that vicinity, where they market their catch.

The catch in 1902 was 11,520 bushels, valued at $5,760.

Eels are taken about eight months of the jcnr, in and near the

mouths of small streams emptying into Boston Harbor, by 15 fisher-

F. C. 190-1—19
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men with 10 dories. The method of fishing practiced is termed " bob-

bing. " The apparatus consists of a short pole with a line attached, by
which is suspended a ball of fine twine interwound with angleworms.

The eels, in their attempt to secure the worms, entangle their teeth

in the twine and are quickly drawn into the boat.

The cunner fishery from Boston in 1902 was carried on near the

islands in Boston Harbor by 9 fishermen with 3 boats. The catch

was taken with hoop nets, or fyke nets, and amounted to 38,400 dozen,

or 57,600 pounds of cunners, valued at $3,840. The boats made two
trips a week during eight months of the 3"ear, and averaged 200 dozen

cunners each to a trip. The fish were of small size, weighing about

2 ounces each, and sold for an average of 10 cents a dozen. These

boats are the last of the ''Irish market boats," being about -1 tons

each and similar to those used in Ireland. Formerly from 30 to 40

sailboats of this kind engaged in taking cunners, flounders, and her-

ring in and near Boston Harbor; but in recent years the owners who
continued fishing have changed to large vessels as their boats were

worn out or lost.

Barnstable Countv had 2,251 persons employed in its fisheries.

The number of vessels engaged in fishing and transporting was 124,

valued at $223,225, having a net tonnage of 3,320 tons, and outfit

valued at S91,T29; the number of boats in the shore fisheries was

934, valued at §72,275; the apparatus of capture on vessels and boats

was valued at ^156,024; the shore and accessor}^ property in the fish-

eries and wholesale fisherv trade at $146,073; and the cash capital

was $29,500, the total investment being $718,826. The 3'ield was

36,156,018 pounds, valued at $932,828.

Provincetown, which is the principal fishing port in this count}^,

had 1,001 persons emplo3'ed in its fisheries; of this number 673 were

on vessels, 254 on boats, and 74 were shoresmen. There were 6id ves-

sels in the food fisheries and 4 in the whale fisheries, a total of 70 ves-

sels, valued at $169,425, the net tonnage of which was 2,814 tons and

the value of their outfit $77,944. The vessels in the food fisheries

included 3 small steamboats and 1 vessel propelled by gasoline. There

were 9 vessels engaged in the cod fisheries on the Grand Banks of

Newfoundland; 2 large vessels and 30 small ones varying from 5 to 20

tons each fished for mackerel; 20 of the larger vessels fished fpr cod

and haddock on Georges, Browns, and other banks ofi^ the New Eng-

land coast, and many small vessels and l^oats, during the summer
months, took ground-fish, mackerel, and herring in the inshore

waters. The number of boats in the shore fisheries, including 11

power boats using steam or gasoline, was 226, valued at $24,820.

The apparatus of capture used on vessels consisted chiefl\^ of hand
and trawl lines to the value of $11,043; 1,308 gill nets, $10,626, and
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20 beam trawls, $1,390. In the shore fisheries there were IG pound

nets, $28,300; hand and trawl lines worth $6,890; 30 beam trawls,

$1,800; 288 gill nets, $2,301, and 318 lobster pots, $218. The gill nets

used in the vessel fisheries are drift nets, and are known locallj^ as

"drag gill nets." They average about 212 feet in length, 80 meshes

or 20 feet in depth, and the size of the mesh is 3^ to 3j inches stretched.

They were first used in the mackerel fishery of jSIassachusetts in June,

1845, b}^ Capt. N. E. Atw^ood, who fished them in Provincetown Har-

bor. When operated, a number of the nets are fastened together,

making a continuous net a half mile to a mile in length, which is sup-

ported by buoys. The vessel, with the net attached, drifts with the

tide, sails being used when necessary. These nets are usuall}" fished

at night, and are sunk deep enough below the surface of the water to

avoid being damaged or destroyed b}" passing vessels. The catch

taken with drift gill nets in 1902 was 619,100 pounds of mackerel and

herring, valued at §26,810. The investment in the fisheries and

wholesale fishery trade of Provincetown was $457,660. The products

of the fisheries, which were marketed chiefly at Boston, amounted to

23,311,009 pounds, valued at $529,244. Of this quantity 15,618,497

pounds, valued at $433,075, was taken by vessels, and 7,692,512 pounds,

valued at $106,169, by boats in the shore fisheries. The larger vessels

land their catch at Boston direct from the fishing grounds, and the

products .taken b}' small vessels and boats are shipped to Boston and

New York on a fast fish train that leaves Provincetown dail}^

The use of beam trawls in the flounder fishery at Provincetown and

vicinit}" is also an interesting feature of the fisheries of Barnsta]>le

County. This apparatus is not used elsewhere in the United States in

the commercial fisheries. The number of beam trawls in the entire

count}' has increased since 1898 from 27, valued at $1,610, to 65, valued

at $8,295, and the catch, consisting wholly of flounders, from 766,850

pounds, $8,564, to 1,419,809 pounds, $43,169. These nets cost about

$60 each. The beam is from 20 to 30 feet long, the net or bag 75 feet

long, and the size of mesh 3i inches stretched. The flounders taken

average about a pound in vfeight. They continue to be plentiful on

the sandy bottoms of Provincetown Harbor and Cape Cod Bay.

Bristol County w^as third in importance in the extent of its fisheries.

The number of persons employed was 1,262, the investment was

$603,701, and the products amounted to 6,289,554 pounds, valued at

$446,329. The number of vessels was 34, valued at $137,850; their

net tonnage was 4,104 tons, and the value of their outfit $205,060.

The number of boats in the shore fisheries was 355, valued at $13,675;

the fishing apparatus on vessels and boats was valued at $6,175; the

shore property at $98,441, and the cash capital was $142,500.

The whale fleet of New Bedford in 1902 numbered 21 vessels of
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3,802 net tons, valued with their outfit at $320,900. The number of

men engaged was 606, and the products, consisting of oil and whale-

bone, were valued at $330,787.

In Plj^mouth, Dukes, Nantucket, and Norfolk counties the aggregate

number of persons employed in the fisheries was 1,262, the investment

$317,920, and the products 12,859,591 pounds, valued at $521,461:.

The following tables give the extent of the fisheries in each county

of Massachusetts in 1902:

Table shoving by counties the number of persons employed in the fisheries of Massachusetts
in 1903.

Counties.
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Table showing hij counties the vessels, boats, apparatus, and capital employed in the
fisheries of Massachusetts in 1902—Continued.

Items.
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Table shounng hy counties the products of the fisheries of Massachusetts in 1903—Cont'd.

Species.

Sea bass
Shad
Squeteaguc
Striped bass
Sturgeon
Sword-fish
Tautog
Tomcod
Whiting or silver hake.
Lobsters
Shrimp
Squid
CJams, hard
Clams, soft
Oysters, market
Oysters, seed
Scallops
Oil, whale
Oil, cod
Oil, dog-fish
VVhaleboue

Total.

Barnstable.

Lbs.

13,

1,

, 453,

861,

94,

6,

, 355,

201,

26:

483,

180
182:

647
42
8

200
280
617
009
535

, 257

, 5S5

,000
,200

, 229
,000
,476
,544
940
602
600
250
427
847
750

36, 156, 018

Value.

ff620

76

26, 527
2,430

372
2, 237
1,434

40
2, 360
9, 568
1, 500

25, 241

30, 224
2,426

111,252
12, 430
33, 505
52, 088
1,860

150

932, 828

Bristol.

Lbs.

3,000
13, 932
38, 000
2, 500

34,200
86,000
30, 000

16, 100

431,200
5, 000

45, 500
14, 000
19, 200

4, 489, 330

19, 000

6, 289, 554

Value.

S210
757

1,440
150

2,212
2,755

450

1,935

67, 125
625

9,000
1,000
4,000

240, 787

446, 329

Dukes.

Lbs.

79, 800
1,200

2, 247, 500
400

8,108
43,500

56, 125

9,600
120. 000

3,000

4,093,241

Value.

U, 939
60

61, 295
40

1,277

6,005

99
18, 750

300

22, 340

156, 143

Species.
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Table showing hij counties tlie jiroduds of tlie Jlsheries of MassacJmsetts in 1D02—-Cont'd.

Species.
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pounds, valued at §3,007,949, of which 141,871,580 pounds, worth

$3,423,426, were caught by vessels and 7,lT2,928 pounds, worth $184,-

523, b}^ boats in the shore fisheries. The more important species

were cod, 67,647,095 pounds, $1,729,309; haddock, 39,215,730 pounds,

$801,792; hake, 14,349,954 pounds, $191,279; pollock, 10,579,219

pounds, $104,824; cusk, 2,893,307 pounds, $45,510; flounders, 885,350

pounds, $30,362; tautog, 197,500 pounds, $6,120, and halibut, 12,155,-

934 pounds, $648,643. A number of other species— blue-lish, mackerel,

cat-fish, cunners, dog-fish, eels, scup, sea bass, squeteague, striped bass,

and whiting or silver hake—were taken in smaller quantities. The
secondary products, such as oil, roe, and sounds or swim-bladders from

fish taken b}' lines, amounted to 204,669 pounds, for which the

fishermen received $8,689.

The seine catch, which was next in value, was 21,316,747 pounds,

valued at $879,412. The species taken w^ere mackerel, 13,954,853

pounds, $804,529; herring, 3,841,866 pounds, $30,878; alewives, 1,749,-

450 pounds, $21,445; pollock, 965,612 pounds, $4,828; menhaden,

430,000 pounds, $2,950; sand eels, 120,000 pounds, $2,000; cod, 88,750

pounds, $1,855; blue-fish, 85,625 pounds, $6,850; tomcod, 30,000

pounds, $450; squeteague, 14,500 pounds, $145; eels, 8,400_ pounds,

$420; shad, 13,932 pounds, $757; striped bass, 1,459 pounds, $175, and

shrimp, 6,000 pounds, $1,500.

Gill nets took 24,397,978 pounds of dsh, valued at $497,378. The
greater part of this quantity, or 19,814,835 pounds, valued at $318,354,

was herring, of which 18,469,335 pounds, valued at $305,909, were

from off" the coast of Newfoundland, and 1,345,500 pounds, valued at

$12,445, were taken in the boat or shore fisheries. The remaining

species secured in gill nets were mackerel, 2,856,219 pounds, $134,844;

cod, 1,622,414 pounds, $37,664; blue-fish, 65,375 pounds, $5,034; bonito,

26,135 pounds, $1,046; squeteague, 5,000 pounds, $150; haddock,

3,800 pounds, $76, and shad, 4,200 pounds, $210.

Gill nets were first used in the cod fisheries of this country in 1878,

being introduced from Norway by Prof. Spencer F. Baird, then Com-
missioner of Fisheries. For a number of years they were used quite

extensively in Ipswich Bay, but, shore cod becoming scarce, their use

was practically discontinued. Within the past few years cod have

been more abundant and gill nets have again been emplo3'ed success-

fully in this fishery. In the meantime the waters of this section

have been restocked each year with young cod from the government
fish hatchery at Gloucester.

Pound nets and trap nets secured 19,234,567 pounds of products,

valued at $241,220. The species taken in largest quantities were her-

ring, 4,862,500 pounds, $46,219; squeteague, 3,712,717 pounds, $88,-

517; whiting or silver hake, 2,256,200 pounds, $7,585; pollock,

630,825 pounds, $8,116; scup, 476,200 pounds, $11,823; menhaden,
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445,000 pounds, §2,459; mackerel, 315,250 pounds, $16,618, and squid,

5,365,076 pounds, $25,340. The remaining species, aggregating 1,170,-

799 j)ounds, valued at |34,543, were bonito, butter-fish, flounders, ale-

wives, blue-fish, cod, cunners, eels, hake, hickory shad, sea bass,

striped bass, sturgeon, tautog, tomcod, shad, and horse mackerel.

The catch with dredges, tongs, rakes, etc., comprised 03^sters, 103,-

386 bushels, $133,682; hard clams, 106,518 bushels, $130,839; soft

clams, 227,941 bushels, $157,247; scallops, 65,925 bushels, $89,832,

and cockles, 2,000 bushels, $5,600.

The oysters were taken chiefly with tongs, the clams with rakes,

hoes,^ etc., the scallops with dredges, and the cockles were mostly

picked up b}" hand. At Wellfleet rakes which have been recentl}^ intro-

duced are used quite extensively in taking hard clams. These rakes

have an iron frame 26 inches long and 8 inches wide, and from 18 to

21 teeth 4^ inches long. A bag of wire netting 3 feet long is attached

to the frame to catch the clams as they are raked from the bottom.

The handle is a strong ash or oak pole from 20 to 40 feet long, accord-

ing to the depth of water in which the rake is to be used, and weighs
from 8 to 12 pounds. The cost of the apparatus is $7.

Lobster pots, which are the only apparatus emplo3'ed in the lobster

fishery, took 1,695,688 pounds of lobsters, the value of which was
$175,095; dip nets secured 1,428,000 pounds of alewives, $17,001, and

680,000 pounds of herring, $5,100; fyke nets, 16,725 pounds of eels,

$1,014, and 6,000 pounds of flounders, $180; eel weirs, 49,687 pounds
of eels, $1,950; cunner nets and pots, eel pots, and spears, 23,500

pounds of cunners, $1,410; eels, 326,332 pounds, $15,866, and floun-

ders, 4,300 pounds, $150; beam trawls, used in Barnstable County but

not elsewhere in the United States in the commercial fisheries, 1,419,809

pofunds of flounders, $43,169, and minor forms of apparatus, 135,410

pounds of several different species, valued at $6,662. The catch of

sword-fish with harpoons in the vessel and shore fisheries was 750,126

pounds, worth $57,746. The products taken with harpoons, bomb
guns, lances, etc., in the whale fisheries, including the catch b}^ vessels

from New Bedford, Mass., which sail from San Francisco, Cal., con-

sisted of 684,902 gallons of whale and sperm oil, $292,875, and 19,000

pounds of whalebone, $90,000.

The following tables show b}^ counties and species the quantity and
value of products taken with the various forms of fishing apparatus in

th?. vessel and shore fisheries of Massachusetts in 1902.
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Table shoiving hij counties the yield of the seine fisheries of Massacliusetts in 1902.

Species.
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Table s}ioivi»rj by coiuUies the yield of the gill-ndJuiJieries of Mussachuseils in 1002.

Species.
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Table slicnvbig hij couidies tlic yield of the pound-net and trap-net Jidieries of Massachusetts
in 1903—Continued.

Species.
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Table showing hi/ counties the catch by dip nets, fyke nets, and eel tveirs in Massachusetts
in 1902.

Species.
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IhhJe showing by counties the yield of the hand and trawl line fislicries of Massachusetts in
I9a2.
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TuUe showing by covntks the yield of tlie hand and Iraid line fsherics of Massachusetts in
1902—Continued.

.'-species
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Table showing by counties the catch by dredges, tongs, rakes, hoes, and forks in Massachu-
setts in 1902.

Species.
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Table shoxmiy the persons and capital in the wholesale fishery trade of Boston in 1902.

Branches of trade.
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19,942 bushels. In 1898 scallops averaged 54 cents per bushel, and

in 1902 $1.26 per bushel.

The lobster fishery shows a great reduction, decreasing- from 578,066

pounds in 1898 to 397,305 pounds in 1902, notwithstanding a slight

increase in the number of pots used. The falling off in production

has been almost counteracted by an increase in the price per pound,

which averaged 7.50 cents in 1898 and 9.91 cents in 1902. Among
the other species showing a decrease during this period are menhaden,

from 3,140,000 pounds to 471,000 pounds; blue-fish, from 330,290 to

146,335 pounds; cod, from 1,426,912 to 690,160 pounds; striped bass,

from 101,950 to 50,087 pounds; alewives, from 838,622 to 621,490

pounds, and flat-fish and flounders from 1,710,057 to 1,134,870 pounds.

The following series of tables shows the number of persons em-

ployed, the amount of capital invested, and the quantity and value of

products in the fisheries of Rhode Island in 1902:

Persons employed.

How engaged. No.

On vessels, fishing
On vessels, transporting
Boat or shore fishermen
Shoresmen

Total

394
14

1,017
692

2, 117

Table of apparatus and capital.

Vessels fishing
Tonnage
Outfit

Vessels transporting
Tonnage
Outfit

Boats
Apparatus—vessel fisheries:

Pound nets and trap nets.
Purse seines
Gill nets
Lines, hand and trawl . .

.

Pots, lobster
Pots, eel
Harpoons
Dredges
Tongs

Num-
ber.

79
1,239

12
113

38
1

231

330
220

136
110

Value.

S198, 995

53,046
10,000

772
103, 841

54, 200
600

2,340
986
390
220
217

3,321
520

Apparatus—shore fisheries:

Pound nets and trap nets.
Seines
Gill nets
Fyke nets
Lines, hand and trawl...
Pots, lobster
Pots, eel

Spears, eel
Dip nets
Dredges
Rakes
Tongs
Hoes

Shore and accessory property
Cash capital

Total.

Num-
ber.

160
05
82

701

10, 204

3, 750
61

n
1,208

67
422
412

Value.

71,590
5,090
4,088
4,216

579
11,232
2,668

43
16

4,048
228

1,915
255

369, 235
119, 750

1,014,280

Table of products.

Species.
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Table ofproducts—Continued,

Species.

Vessel fisheries.

Lbs. Value.

Shore fisheries.

Lbs. Value.

Total.

Lbs. Value.

Eels
Flat-fish and flounders.
Haddock
Hickory shad
King-fish
Mackerel
Menhaden
Minnows
Perch
Pollock
Scup
Sea bass
Shad
Smelt
Spanish mackerel
Squeteague
Squid
Striped bass
Sword-fish
Tautog
Tomcod
Whiting
Miscellaneous fish

Shrimp
Lobsters
Crabs, hard
Crabs, soft
Clams
Quahogs
Scollaps
Oysters, market
Oysters, seed

27, 200
374, 100
428, 295

900
2,030

265, 490
30, 000

, 372, 250
99,120
2,600

220
635, 640
24, 700
30, 510

126, 900
33,400

39, 500
26, 500

17,010

1,600
1,440
4,140

,141,131
116, 200

SI, 360
9,251

12, 034
27

168
16, 077

176

114, 572
6,560

182

32
15, 597

585
2,557
6,743
1,211

395
262

1,745

200
220
758

486, 263
7, -682

424, 540
760, 770
77, 900
33, 860
1,100

350, 110
441, 000

2,000
40, 400
30, 000

1,461,040
1 IS, 100
28, 186
10, 600

190
2, 522, 475

69, 150
19, 577

244, 750
2,400

65, 000
141,600

1,200
380, 295

6, 400
9,386

263, 300
215, 800
115, 512
474, 222
524, 650

$20, 930
18,588
2,231

673
196

16, 873
980
120

2,395
300

46, 282
7, 458
2,283

942
32

60, 256
1,946
2,360

8,068
90

924
150
240

37, 743
400

1,760
32, 314
35, 236
24, 450
75, 028
19, 079

Total 11,252,986 698,211 10, 360, 978 457, 490

451, 740
1, 134, 870

506, 195
34, 760
3, 430

615, 600
471,000

2,000
40, 400
30, 000

6, 833, 290
247, 220
30, 786

10, 600
410

3, 158, 115
93,850
50, 087

126, 900
278, 150
2,400

104, 500
168, 100

1,200
397,305

6,400
9,386

a 264, 900
6 217,240
119, 652

d 3, 615, 353
e 640, 850

$22, 290
27,839
14,265

700
364

32, 950
1,156

120
2,395

300
160, 854
13,018
2,465
942
64

75, 853
2,631
4,917
6,743
9,279

90
1,319

412
240

39, 488
400

1,760
32,514
36,456
26, 208

661, 291
26, 761

21,613,964 1, 155, 701

a 26,490 bushels. 6 27,155 bushels. c 19,942 bushels. d 616,479 bushels. e 91,660 bushels.

THE FISHERIES BY COUNTIES.

All five of the counties of Rhode Island are interested in the coast

fisheries.

Newport County has the most extensive fisheries, the number of

pefrsons employed being- 862, the investment $583,421, and the pro-

ducts 13,778,347 pounds, valued at $387,934. Providence County,
which is next in importance, had 447 persons employed, $209,504

invested, and a yield of 2,911,028 pounds, valued at $377,673. The
fishery products of this county consisted chiefly of oysters.

Following are three tables giving the extent of the fisheries of the

state for the year 1902, by counties:

Table showing by counties the number of persons employed in the fisheries of Rhode Island
'

in 1902.

Counties.
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Table showing by counties the vessels, boats, apparatus, and capital employed in the

fisheries of Rhode Island in 1902.

Items.
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Table showing by counties the product of the fisheries of Rhode Island in 1902—Cont'd.

Species.

Bristol.

Lbs. Value.

Kent.

Lbs. Value.

Newport.

Lbs. Value.

Quahogs
Scallops
Oysters, market
Oysters, seed . .

.

Total

35, 080
9,480

1, 196, 937
70, 770

S5,333
1,783

192, 808
2,267

100, 880
69, 720

155, 883
168,910

«16,864
15, 665
27, 242
8,607

23, 720

22, 032
28, 840

13, 785
4,258
3,708

1,642,763 216, 466 1, 016, 293 95, 895 13, 778, 347 387, 934

Species.

AlbacoEB or horse mackerel
Alewives, fresh
Alewives, salted
Blue-fish
Bonito
Butter-flsh
Cod
Eels
Flat-fish and flounders
Haddock
Hickory shad
King-fish
Mackerel
Menhaden
Minnows
Perch
Pollock
Scup
Sea bass
Shad
Smelt
Spanish mackerel
Squeteague
Squid
Striped bass
Sword-fish
Tautog
Tomcod
Whiting
Miscellaneous fish

Shrimp
Lobsters
Crabs, hard
Crabs, soft

Clams
QujLhogs
Scallops
Oysters, market
Oysters, seed

Total.

Providence.

Lbs. Value.

8,550

141,000

$216

7,167

1,000

'i'ooo' 80

1,200

112, 800
55,440
8,700

2,177,168
401,170

2,911,028

14,102
9, 092

1, 322
329, 407

15, 887

377, 673

Washington.

Lbs.

139, 100
166, 800

7, 925
2, 000

19, 800
40, 700

100, 500
276, 070
39, 500
8,260
1,700

103, 120
20, 000

40, 400

252, 900
25, 450
3,300

10, 600

794, 090
9, 200

21,417

36, 800
1,900

6,100

41,750
6,400
9,386

12, 000
2, 120

9,720
56, 525

2, 265, 533

Value.

SI, 520
2,099

521
160
572

1,239
5,101
7,084
1,185
243
136

4,348
200

2, 395

6,136
1,631
248
942

19, 487
200

1,784

65

150

4,589
400

1,760
1,462

382
2,180
8,126

77, 733

Total.

Lbs.

1

454
166
146
125
362
690
451

1,134
506
34

3

615,

471
2

4o;

30
6,833

247
30
10

3,158
93
50

126
278,

2

104
168

1

397

9
2f.4

217
119

3, 615,

640

,200
,690
,800
,335
,180
,910
,160
,740
,870
,195
,760
,430
,600
,000
,000
,400
,000
,290

, 220
,786
,600
410
,115
,850
,087
,900
,150
,400
,500
,100
,200
,305
,400
,386
,900
,240
,652
,353
,850

21, 613, 964

Value.

816
5, 267
2, 099
9, 416
3,860

10, 407
20, 652
22, 290
27, 839
14, 265

700
364

32, 950
1,156

120
2,395

300
160, 854
13,018
2, 465

942
64

75, 853
2,531
4,917
6,743
9,279

90
1,319

412
240

39, 488
400

1,760
32, 514
35, 456
25, 208

561,291
26, 761

1,155,701

THE PRODUCTS BY APPARATUS,

The pound net and trap net are the most important forms of appa-

ratus in Rhode Island for the capture of fish proper, yielding- three-

fourths of the total product in 1902. The number of these nets

employed was 198, a decrease of 1 since 1898; but the value increased

from $110,395 to $125,790. The catch in 1898 was 14,385,126 pounds,

worth $220, Y91, and in 1902 12,924,261 pounds, for which the fisher-

men received $310,219, an increase per pound from 1.54 to 2.40 cents.

More than half of the pound-net and trap-net catch consists of scup,

and nearly half of the remainder is squeteague. Other items of impor-
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tance are flat-fish, flounders, mackerel, butter-fish, sea bass, alewives,

bonito, striped bass, and tautog.

The gill-net, seine, and fyke-net fisheries have changed little since

1898, the most noticeable items being an increase in the catch of mack-

erel in gill nets at Block Island, an increase in the catch of mackerel

and squeteague by seines, and a decrease in the take of menhaden by the

same form of apparatus.

The line fisheries show a small decrease in yield since 1898, amount-

ing to 1,972,116 pounds, worth $60,076 in that year, and 1,636,760

pounds, worth $52,870 in 1902. This decrease ias been principally in

the catch of cod, which in the former year amounted to 1,161,812

pounds, worth $31,907, and in the latter year was 606,450 pounds,

for which the fishermen received $17,497. The line catch of blue-fish,

mackerel, and sea bass also decreased, while that of haddock, flounders,

squeteague, and tautog increased.

The yield of clams, quahogs, scallops, and oysters with dredges, tongs,

etc., aggregated 4,857,995 pounds, exclusive of shells, and was valued

at $681,230. Of this quantity, 3,264,511 pounds, valued at $495,123,

was taken by vessels and 1,593,484 pounds, valued at $186,107, by
boats in the shore fisheries. Since 1898 the value of the mollusk fish-

eries has increased $108,334. The greater part of this is in the yield

of oysters, which has increased 150,651 bushels in quantity and

$78,706 in value.

The following tables show, by counties, species, and apparatus, the

quantity and value of products taken in the vessel and shore fisheries

of Rhode Island in 1902:

Table showing by counties the yield of the seine fisheries of Rhode Island in 190^.
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Table showing by counties the yield of the gill-net fisheries of Rhode Island in 1902.

Species.
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Table showing by counties the catch by pound nets and trap nets in Rhode Island in 1902—
Continued.

Species.
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Table shmving by counties the catch of eels and lobsters by pots in Rhode Island in 1902.

Species.
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Table showing by counties the catch by spears and harpoons in the fisheries of Rhode
Island in 190S.

Species.
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Table shotving by counties the extent of the oyster industry of Rhode Island in 1902-3—
Continued.
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Table shovnng the extent of the wholesale fish trade of Rhode Island in 1902.

Items. No. Value.

Establishments .

.

Cash capital
Wages paid
Persons engaged

.

S33, 160
19, 750
20, 100

FISHERIES OF CONNECTICUT.

The returns for the fisheries of Connecticut in 1902 show a slight

increase over those for 1898. The number of men increased from

2,473 to 2,840, due almost entirely to the additional employees in the

o^^ster-shucking houses. The persons actually employed in fishing

increased only from 1,809 to 1,812. The value of vessels, boats,

apparatus of capture, shore property, etc., decreased from $1,241,291

to $1,201,055.

The most noticeable change is in the value of the catch, which

increased from $1,559,599 in 1898 to $1,799,381 in 1902, which is more
than in any previous year for which statistics are available. In 1889

the value of the catch was $1,557,506, and in 1880 it was $1,456,866.

There was an increase from 1898 to 1902 in the quantity of the prod-

ucts taken from 31,920,417 to 37,832,149 pounds, due principally

to the greater catch of menhaden, the yield of which in 1898 was

11,182,910 pounds, against 16,876,690 pounds in 1902. Considering

only the products used for food, the quantity in 1902 was only 1 per

cent greater than in 1898. The average value of the food species in

1898 was 7.39 cents and in 1902 8.36 cents per pound.

The principal items in the fishery products of Connecticut are seed

and market oysters; in 1902 1,233,469 bushels of the former, worth

$598,948, were taken, and 848,065 bushels of the latter, worth

$872,634. The seed oysters were sold for planting in New York,

Rhode Island, Massachusetts, California, and other states; 182,913

bushels of market oysters, worth $174,158, were sold in the shell,

principally for export to Europe, and the remainder were opened

before shipment. Of the above quantities, the public or free grounds

yielded 35,676 bushels of seed, worth $11,875, and 9,880 bushels of

market oysters, worth $5,877, the remainder coming from the culti-

vated grounds. Owing to a lack of set during the last four years the

present outlook for the 03^ster industry in Connecticut is not especially

gratifying.

The yield of quahogs or hard clams has decreased from 29,250

bushels, worth $1.02 per bushel in 1898, to 18,927 bushels, worth
$1.31 per bushel in 1902. In the last year or two several oyster

planters have given some attention to planting quahogs, and it seems

probable that this may result in a largely increased output in a few
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years. The product of soft elams has increased in the same period

from 19,980 bushels, worth $19,039, to 22,460 bushels, worth $26,743.

The yield of menhaden shows an increase from 11,182,910 pounds

in 1898 to 16,876,690 pounds in 1902, due to a greater abundance of

the fish in Long Island Sound. This, however, is less than 26 per

cent of the 3'ield in 1889, when there were 4 factories in operation in

this state.

The lobster fishery of Connecticut has shown a steady decline since

1889. In that year the product was 1,501,290 pounds, in 1898 it was

1,098,192 pounds, and in 1902, 371,650 pounds. The value per pound

has correspondingly increased, being 5.53 cents in 1889, 7.63 cents in

1898^ and 10.96 cents in 1902. A large percentage of the lobster fish-

ermen now use small power boats, which are especially, serviceable in

this fisher3^

The catch of shad in 1902 amounted to 479,780 pounds, worth

$26,003, whereas in 1898 it was 499,325 pounds, worth $21,215. The
catch in the Connecticut River was especially large, but in the Housa-

tonic River the fishery is practically at an end, only 6 shad being taken

there in the year reported.

The alewife fishery in Connecticut has increased very largely,

1,663,153 pounds being secured in 1902, against 868,400 pounds in

1898, and 53,272 pounds in 1889.

Mackerel, haddock, scup, squeteague, striped bass, suckers, and

tautog show an increase in yield, but the quantity of blue-fish, cod,

and sea bass has decreased. The red snappers reported in 1902 were

taken off the port of Charleston, S. C, by a Noank vessel.

The following series of tables show the number of persons engaged,

the number and value of vessels and boats, the quantity and value of

fishing apparatus, the value of shore and accessory property, the

amount of cash capital employed, and the quantity and value of the

products of the fisheries of Connecticut in 1902:

Persons employed.

. _____ _^
^

How engaged. I No.

On vessels fishing
On vessels transporting .

.

In shore or boat fisheries .

Shoresmen

Total

749
53

1,063
975

2,840
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Table of apparatus and capital.

Items.

Vessels fishing.
Tonnage...
Outfit

Vessels transporting.
Tonnage
Outfit

Boats

.

Apparatus
Seines
Gill nets
Lobster pots
Eel pots
Lines
Harpoons...
Dredges
Rakes
Tongs

vessel fisheries:

No.

170
3,375

24
421

1,175

5
150

1,710
80

554
34

Value.

$456,230

143, 168

24, 850

2,680

71, 474

2,700
1,355
3,525

80
1,196

360
8,533

168
40

Items.

Apparatus—shore fisheries:

Seines
Gill nets
Pound nets
Fyke nets
Eel pots
Lobster pots
Spears
Lines
Harpoons
Dredges
Rakes
Tongs
Hoes
Dip nets

Shore and accessory property
Cash capital

Total

No.

Ill
77

255
1,575
5,103

59

214
154
196
358
40

Value.

»6,212
5, 234

18, 140
3,148
1,491
8, 956

41
194
15

1,252
815
933
250
20

330, 996
107, 000

1,201,056

Table, ofproducts.

Species.

Alewives
Blue-fish
Bullheads
Butter-flsh
Carp, German
Cod
Eels
Flat-fish
Flounders
Haddock
King-fish
Mackerel
Menhaden
Perch
Pickerel
Pollock
Salmon
Scup
Sea bass
Shad
Smelt
Snappers, red
Squeteague
Striped bass
Sturgeon
Suckers
Sun-fish
Sword-fish
Tautog
Tomcod, or frost-fish.

Whiting
Squid
Lobsters
Oysters, market
Oysters, seed
Clams
Quahogs
Scallops

Total.

Vessel fisheries.

Lbs.

323, 350

202, 340
12, 000

45, 280
169, 160

142,790
14,398,980

4,300

211, 800
81, 970

68, 760
400

162, 730
17, 150

93, 030
5,336,617
8,441,013

25, 000

29, 735, 650

Value.

$16, 326

6,767
960

1,569
6,297

8,123
37, 932

8,472
4,396

2, 750
15

8,658
678

10, 009
792, 295
590, 138

3,936

1, 498, 466

Shore fisheries.

Lbs.

1, 663, 153
25, 225
8,035

67, 218
2, 134
9,000

220, 324
240, 720
223, 289
20,000
1,600

157, 900
2, 477, 710

33, 635
8,230

18
184, 540
60, 510

479, 780
2,850

407, 320
40, 422
6,745

122, 757
9,020
3,200

96, 985
27, 330
31, 270
37, 535

278, 620
600, 838
193,270
224, 600
126, 416
14, 400

8, 096, 499

Value.

815, 399
1,507

303
2,304

164
290

13,716
7,854
6,261

600
106

7,806
10, 032
1, 526

530

9

5, 125

3, 384
26, 003

432

11,502
3,850

482
4,519

380
160

3,859
1,188

461
538

30, 710
80, 339
8,810

26, 743
20, 826
3,200

300, 916

Total.

Lbs.

1, 663, 153
348, 575

8,035
67,218
2,134

211 , 340
232, 324
240, 720
268, 569
189, 160

1,600
300, 690

16, 876, 690
33, 635
8,230
4,300

18
396, 340
132, 480
479, 780

2,850
68, 750

407, 720
40, 422
6,745

122, 767
9,020

165, 930
114,135
27, 330
31,270
37, 535

371, 650
a5, 936, 466
6 8,634,283

c 224, 600
(1151,416
e 14, 400

37, 832, 149

Value.

S15, 399
17, 833

303
2,304

164

7, 067
14, 676
7,864
7,830
6,897

105
15, 929
47, 964
1,625
530
144

9
13, 597
7,780

26, 003
432

2,750
11,517
3,850

482

4, 619
380

8,818
4,537
1,188
461
638

40, 719
872, 634
598, 948
26, 743
24, 762
3,200

1, 799, 381

0848,065 bushels, b 1,233,469 bushels, c 22,460 bushels, d 18,927 bushels, e 2,400 bushels.

THE FISHERIES BY COUNTIES.

The five counties of Connecticut interested in the coast fisheries are

Fairfield, Hartford, Middlesex, New Haven, and New London All of

these reach Long Island Sound except Hartford, on the Connecticut

River. New Haven County ranks first in the importance of its fish-
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eries, having 1,066 persons employed, $517,202 invested, and products

amounting to 9,302,914 pounds, valued at $833,276. The fisheries of

Fairfield County are nearly as extensive as those of New Haven, the

number of persons employed being 951, the investment $446,666, and

the products 8,074,016 pounds, valued at $711,879. The quantity of

products is greatest in New London County because it includes the

greater part of the yield of menhaden.

The extent of the fisheries in each county of the state in 1902 is

shown in the following tables:

Table shovnng by counties the number of persons employed in. the fisherks of Connecticut

'in 1902.

Counties.
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Table showing by counties the products of the fisheries of Connecticut in 1903.

Species.

Alewives
Blue-lish
Bullheads
Butter-flsh
Carp, German.
Eels
Flat-fish
Flounders
Mackerel
Menhaden
Perch
Pickerel.......
Scup

Fairfield.

Lbs.

150

Sea-bass
Shad .-..

Siiiult

Squeteague
Striped bass
Sturgeon
Suckers
Sun-Hsh
Sword-fish
Tautog
Toracod or frost-fish

Lobsters
Oysters, market
Oysters, seed
Clams
Quahogs
Scallops

83, 556
9,650
1,500

24
2, 850
1,660
9,020

Total 8, 074, 016

14, 400
1, 650

17,950
12, 940

1,860,481
5, 830, 335

85, 800
127, 760
14, 400

Value.

«9

6,248
396
75

Hartford.

Lbs.

1,168,468

2,985

1,680
510

2

432
79

1,244

720
75

881
2,124

247, 306
417,407
10, 636
21,045
3, 200

711,879

11, 400
1,030

73, 192

40
600

50, 647
900

1,301,896

Value.

S9, 862

119

131
31

3,743

5
22

2,025
36

16,013

Middlesex.

Lbs.

247, 517
15, 100
1,900
1,400

454
36, 560
11,900
20, 020
12, 000

191, 160
15, 695
3,930
5,500
7,100

280, 224

13, 600
4,692
1,220

43, 946
1,960

15, 160

29, 125
13, 370
26, 250
14, 200

96

1,014,079

Value.

12, 232
920
82
50
33

1,839
353
621
720

4,082
773
304
185
281

15,444

439
506
127

1,684
87

760

3,655
1,630
984

1,955
18

39,664

Species.

Alewives
Blue-fish
Bullheads
Butter-fish
Carp, German
Cod
Eels
Flat-fish
Flounders
Haddock
King-fish
Mackerel
Menhaden
Perch
Pickerel
Pollock
Salmon
Scup
Sea bass
Shad
Smelt
Snappers, red
Squeteague
Striped bass
Sturgeon
Suckers
Sun-fish
Sword-fish
Tautog
Tomcod or frost-fish ,

Whiting
Squid
Lobsters
Oysters, market
Oysters, seed
Clams
Quahogs
Scallops

Total

.

New Haven.

Lbs.

20, 390
1,016

5,758

42,410
30, 595
9,070

100
2, 166, 610

500
4,372

33,044
2,650

740

6. 935
3,400

20

37, 445
4, 035, 094

2, 777, 698
112, 100
13, 960

9, 302, 914

Value.

«286
51

2,956
1,017
273

10
6,079

30
381

847
339
34

274
112

1

6,112
620. 638
180, 557
12, 712
2,316

New London.

Lbs.

226, 778
332,460

3,160
59, 910

211, 340
69,288

188, 575
237, 979
189, 150
1,500

288, 690
14, 518, 920

6,540
3,270
4,300

10
390, 840
124, 880
121, 968

68, 760
359, 426
24, 020
4, 186

28, 164
6,160

151, 530
91,490
6, 980

31,250
37, 535

292, 140
27, 510

12, 600
9,600

18, 129, 688 198. 064

Value.

83,019
16, 862

102

1,998

7,057
3,602
6,088
6,861
5,897

105
16, 199
38,803

288
146
144

5
13, 412
7,469
6,433

2,750
10, 152
1,756
299
810
257

8,098
3,438

195
460
538

29, 928
3,060

1,440
1,383

Total.

Lbs.

1, 663, 153
348,576

8,036
67, 218
2,134

211, 340
232, 324
240, 720
268, 669
189, 150

1, .500

300, 690
16, 876, 690

33, 636
8, 230
4,300

18
396, 340
132, 480
479,780

2, 860
68, 750

407, 720
40, 422
6,745

122, 767
9,020

165, 930
114,135
27, 330
31,270
37, 535

371,660
5, 936, 466
8, 634, 283

224, 600
151,416
14,400

37, 832, 149

Value.

«15, 399
17, 833

303
2, 304

164
7,057

14, 676
7,854
7,830
6,897

106
15, 929
47, 964
1,525

630
144

9
13, 697
7,780

26, 003
432

2,750
11,517
3,850

482
4, 619

380
8,818
4,.537
1,188

461
638

40, 719
872, 634
598, 948
26, 743
24, 762
3,200

1, 799, 381
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THE PRODUCTS BY APPARATUS.

The catch with purse and haul seines in the vessel and shore fisher-

ies amounted to 10,326,866 pounds, valued at $72,506. This included

14,398,980 pounds of menhaden, worth $37,932. Gill nets took

432,095 pounds of various species, valued at $23,038; pound nets,

3,812,573 pounds, $50,826; fyke nets, 309,011 pounds, $8,929; lines,

1,221,800 pounds, $53,576; pots, 556,670 pounds, $52,268; dredges,

tongs, etc., emploj^ed in the mollusk fisheries, 14,961,154 pounds,

$1,526,287; and spears and harpoons, 211,980 pounds, $11,951.

The following- tables show by counties and species the quantit}^ and

value of products taken with each form of fishing apparatus in the

vessel and shore fisheries of Connecticut in 1902:

Table sJiOwing hij counties the yield of the seine fisheries of Connecticut in 1902.

Species. •
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Table slioumg by counties the yield of the giU-net fisheries of Connecticut in 1902.

Species,
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Table showinj hij counties the yi^ild of the line fisheries of Connecticut in 1002.

Species.
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Table showing by counties the catch by dredges, tongs, rakes, etc., in Connecticut in 1902—
Continued.

Species.
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Table show'uig the extent of the menhaden industry of Connecticut in 1903.

Factories in operation
Cash capital
Factory employees
Men on vessels
Steam vessels fishing .,

Tonnage
Outfit

Seines used on vessels.
Menhaden utilized

Items.

Products prepared:
Oil gallons.

.

Dry scrap tons.

.

Acidulated scrap do
Green scrap do

Value of products.

No.

40
45
2

133

26, 310, SOO

194, 606
458

1,320
352

Value.

ff24,000
24, 000

14, 500

8,175
1,500

40, 511

45, 763
11,918
17, 160
5,280

80, 121

Table showing the extent of the wholesale fish trade of Connecticut in 1902.

Items.
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NOTES ON THE FISHES OF THE STREAMS FLOWING INTO SAN
FRANCISCO BAY.

By John Otterbein Snyder,

Assistant Professor of Zoology, Leland Stanford Junior Unirersity.

The territory drained by the streams flowing into San Francisco Bay
comprises a catchment basin which is partly bounded b}^ mountain

ranges of considerable height. It is thus sharpl}^ separated on the

east from the San Joaquin Valley, and on the west from a much more

restricted area drained by a series of small streams flowing directly to

the ocean. On the south a comparatively low, though perfectly dis-

tinct, watershed divides it from the valley of the Pajaro River. All

of the streams connected with the bay are to be considered as belong-

ing to a single system, none apparently having remained isolated for

any considerable period of time. Complete isolation is prevented by

an occasional intermingling of the waters of two or more streams near

their mouths, and also by a reduction of the salinity of the water of the

bay during periods of excessive rainfall, the surface at such times occa-

sionall}^ becoming quite fresh.

Most of the streams of this basin converge toward the southern end

of the bay, which is there bordered by extensive salicornia marshes.

The constant wash of the tides has cut into the surface of these

marshes a network of sloughs, to some of which the water from the

creeks eventually finds its way. Before reaching the sloughs, however,

this water often spreads out, forming large ponds. The union of two or

more of these temporar}^ ponds, the shifting of a creek channel caused

by some obstruction, the change in the direction of a slough, or a com-

bination of these conditions ma}^ form between two streams a continu-

ous passage well adapted for the migration of fresh-water fishes.'^

Such a union of two creeks has actually been observed, one of them as

a result having become stocked with an additional species. A dense

growth of willows recently deflected San Francisquito Creek to the

a Such conditions are possible only during tlie heiglit of the rainy season. On the approach of the

dry season all the streams of the region rapidly shrink, both in volume and length, only one of them,

Coyote Creek, discharging water into the bay during the entire summer. Much of its bed is dry, how-

ever, for part of the year, the water sinking soon after leaving the mountains, and appearing agaia

about 2 miles above its mouth.
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southward so far that a fresh-water passage eould easily be traced

through a succession of small ponds between it and Madera Creek.

Short]}' afterwards suckers ( Catostom us occidentalls) appeared in the

latter creek, where they had not previously been seen, although the

stream had been under observation for eight years. "

Not only is it apparent that the streams flowing into San Francisco

Bay are intimately connected, but it is also probable that the basin

as such is really a part of the great Sacramento-San Joaquin system.

The onh' channel for conununication with the latter is through the

salt waters of San Pablo and Suisun ba3\s. But conditions obtaining

in this passage are greatly modified during periods of exceptional

rainfall, when the drainage water from a large part of the state flows

through it. It is possible that at such a time the salt-water barrier

of the bays, though generally efi^ective, may be broken down and an

opportunity offered for the extensive migration of fresh-w^ater fishes.

Aj'res^ has shown that such migrations actually occur. He records

several fresh-water species as having been taken in various parts of

the bay of San Francisco during the unusual floods of 1862. He also

adds that snakes, even, were cast up alive on the beach.

Thirteen species of fishes have been collected from the streams tribu-

tary to San Francisco Bay. All are identical with forms found in the

Sacramento and San Joaquin rivers, a careful comparison of specimens

from the two basins having revealed no structual difi^erences whatever.

Four of these species, belonging respectively to the genera Entosphe-

nys, Salmo, Gasterosteus, and Cottus^ are able to withstand salt water

and m.ay frequently pass out into the bay. The others are apparently

able at certain times to pass between neighboring streams, and occa-

sionally to take advantag'e of an open channel for migration between

this basin and the Sacramento.

The relation existing between species found in this basin and that

of the Pajaro River to the southward remains to be discovered. The
results of an examination of the coastwise creeks to the north of

Monterey Bay will also be of great interest.

rt Madera Creek occasionally becomes so reduced in size during the dry season that its water might
be held in a few barrels and its entire ichthic fanna easily placed in a pint cup. The presence of a

species in such a stream could hardly escape an interested observer.

6 Ayres, Dr. W. 0., Proceedings California Academy Natural Sciences, Vol. II, p. 163. (Feb. 3, 1862.)

" For the last two months the fishermen who supply the markets of this city with iish have taken in

the bay of San Francisco many fresh-water fishes, of species generally found in the rivers, not those

inhabiting the smaller creeks. These have been caught at all the various points of the bay at which
salt-water fishes only have previously been found. It is well known that the surface waters of the

bay have been nearly fresh during these floods, and the fishes in question must have followed down
and lived this length of time in the fresh surface water. They have not been seen in the bay before

this. The foUowiiig species have been noticed:

Archoplites interruptus. Algansea formosa.

Catostomus occidentalis. Lavinia compressa.

Catostomus labiatus. Ptychocheilus grandis.

Orthodon microlepidotus. Mylopharodon robustus."

Mr. Charles A. Vogelsang, chief deputy California Fish Commission, under date Jan. 24, 1905,

writes: "There is no question but that at this season of the year suckers, catfish, carp, and black bass

can be found in the waters of the bay on the Berkeley shore and on the east side of Angel Island."
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CATALOGUE OF SPECIES.

1. Entosph.enus tridentatus (Gairdner).

Taken by Mr. A. C. Ilerre in Coyote Creek, Marcli, 1905.

2. Catostomus occidentalis Ayres.

San Franciaquito, Madera, San Antonio, Stevens, Camp'oell, Guadalupe, Coyote,

Alameda, Arroyo Honda, Smith, and Isabel creeks.

The species disappears from INIadera Creek during periods of great drouth,

returning when conditions are favorable.

3. Orthodon microlepidotus (Ayres).

Coyote Creek.

4. Lavinia exilicauda Baird & Girard.

Coyote and Alameda creeks.

5. Pogonichtiiys macrolepidotus (Ayres).

Coyote Creek.

6. Ptychoclaeilus grandis Girard.

This species differs from P. oregonensis, its representative in the Columbia basin,

in liaving fewer dorsal rays (8 in P. grandis, 9 in P. oregonensis) and larger scales

above the lateral line (13 to 17 rows compared with 17 to 21 in P. oregonensis);

also, there are fewer rows of scales passing over the back between occiput and dorsal

fin in P. grandis (37 to 41, against 40 to 53 in P. oregonensis).

The number of rows of scales above the lateral line is usually 14 or 15. Frequently

but 13 are present, while rarely as many as 16 or even 17 have been observed. The
pharyngeal bones appear to show no characters distinctive of the species.

San Francisquito, Coyote, and Alameda creeks.

Measurements of 10 specimens of P. grandis from Alameda Creek, Sunol, Alameda
County, Cal.o-

Sex

Len^h of body in millimetera
LeRgth of head
Depth body
Snout to dorsal
Snout to ventral
Depth caitdal peduncle
Length caudal peduncle
Length snout
Length maxillary
Diameter eye .'

Interorbitai width
Depth liead
Length base of dorsal
Height dorsal
Length base of anal
Height anal
Length pectoral
Length ventral
Length caudal
Dorsal rays
Anal rays
Scales lateral line
Scales above lateral line
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7. Leuciscus crassicauda (Baird c*c Girard).

Coyote Creek.

8. Rutilus symmetricus (Baird & Girard).

San Francisquito, jMadera, San Antonio, Campbell, Guadalupe, Coyote, Alameda,

Arroyo Honda, and Isabel creeks. The apparent absence of this species from Stevens

Creek is notable, as it occurs in smaller streams close by. It is able to maintain

itself in Madera Creek during periods of drought, when nothing remains of the

stream but a few small disconnected pools.

The species being generally distributed throughout the Sacramento basin and sub-

ject to considerable variation, measurements of a number of carefully preserved

examples are here given:

Measurements of examples of Rutilus symmelricus from streams trihutanj to the southern

arm of San Francisco Bay.

Alameda Creek Basin.

Alameda Creek, Sunol.

Sex

Length of body
Length head
Depth body
Snout to dorsal
Snout to ventral
Depth caudal peduncle .

.

Length caudal peduncle.
Length snout
Length maxillary
Diameter eye
Interorbital width
Depth head
Length bases of dorsal
Height dorsal
Length base of anal
Height anal
Length pectoral
Length ventral
Length caudal
Dorsal rays
Anal rays
Scales lateral line
Scales above lateral line.

66
.26
.27

.58

.53

.10

.18

.09
.075
.06
.09

.185
.16
.23
.13
.21
.25
.18
.32

9
8

56
1-1



FISHES OF STKEAMS FLOWING INTO SAN FRANCISCO BAY. 333

{£)iOiOf-l<NOO(Ni-lOJi~t

tOiCiOOC-lOOC^rHC^rHCO lOrH

t^GocoiooGOOi(Naiaicooi05oOTf<co
lO lO iC O C^ O O <N 1-H rH i-H <N »0 tH

COOiCOOiCOO'-i^dCOODiCi/DCiCO^CCO iC lO 1-* I> O CC t-H r-t r-l f t^ iC i-l
, . . rH . O . . . i-H n

CD iC lO O rH O O i-H T-H tH ,-1 CO lCi-1

(DiQiOT-HOOOClrHT-Hi—iC^ iCi—

1

COlOiOi-HCOCCOiMr-irHi—ICO iCi-i

OiOC^OiOlCiCOOOiOiCOOCiOOt^CO
HOO ..!-*. .

tOiOiOf-HrHOOOC^i-HC-lOCO lOrH

WcDi—Ir-JOiOOii—lOiCOOTHOiOOiCCO
iOiOiOi-((MOOOCM(M(Nt-<CO OtH

lO^OCOOOOiCGOOOi—iCDOOCO-^'rJ^

iC lO lO O t—I O O i-H I—( C^ I—I CO iC i-H

t^t^c<ioasiOiaociooi>-r-ioiGCt^co
iC lC iO i-t i-H CO 00 C^ t-H <M 1-1 CO lO i-i

Olt-^COOOiCOGOi-HO'tflt^r-IO^OOOCO
idCiOi-li-lOOCSOCii—ICO lOi-t

QOir3r-tr-(OQOOOr-IOi"^l-^—'ClOOiC-^

ooo(MiHcoxif:)T-ioiMi>a>osaocOTj4

icoscooooooiCosdcocoaiOioo-^coOiOiOt—ti—IO00i-li-iC^i-lCJ iCr-i

i-HOOOX'i—IOilO iO^CT^OOt^CO

C^CDC^rHi—lOOinOO-^t^C^iaiOOiOCO
'X)iOiO.-IC^030(N'M<NrHCO OrH

;^^^;::



334 EEPORT OF THE COMMISSIONEE OF FISHERIES.

:c :-^ o o cc

• o^co o o r^

• X' CO rH O O
• if: lO i-i e^ i^

• t^CO O 05 X)

t^ lit T-H Cl 1--

• SO -!" O i-H lO
• lO I--M-1 C-1 l^

• iCir:. 1-1 1—t o

• t^cooooo

• 02TO CT> »

V.'; X -? o Ci oc -f «.

• rH r^ ^ C-1 O r-(

oa • t^ Oi -rr I— cj X o CO
r1 •1-1 rH >-1 ITJ lO rl

00 •OOl^-fOiXI^-
1-1 i.-lr-li-l<N lO r

. o L.-^ iTt -r c^ 00 1^1 CO

1-1 -n 00 r

o o> X O CO

i T- iC OS OC X CO

: X CO -* OS ac o CO

't^\C*«^ocsaoy5co

Cl O -O X CO O O X X O C: 3; TT =-. O f- O 'T -O Ci X t- CO
OC-lOJiCO : iI^OOOOr-lr-ir-l2rHMi-.C-l

lOvCiOOCMiOi—"XXiOC5XCOXO— ^^COlOCiXX
iN C*4 l^ lO O CI O O tiO O rH r-1 r-1 rH ^1 ^1 1—I C^l lo 1

iCwici'-i^ocsxXw :
• 31 1.': i^ o

CDIM^OtOiOrHrHOOOOrHrnrHCirHCJrHC)
• 1^ OS 00 X DO

tOiO:OX'C^)OOXX
t^C-JC-lirtiOrHMOO

O lO O X C^l O O iC X

»0 CO ^^ C4 O
• lO CO rH UO X
• I— lO rH •M O

!-» in O rH 1^

• X -M rH C4 X

• in i^ r-i C^i O

l^ CM O lO X
ul IC rH d O

• l^ d rH 31 X
• O irr rH rH O

rH • lO CO O O 1^

• X CI o o r^
• lO O r-( CM o

OXrnrHXr-lrHrHrHOJ u'tr-O . .rH

rJi310l^35LO»^3SXrH"^
rH rH rH rH rH ij* CM lO rH

O .00 rf O X 31 X XCO
CM -rnCM rnCM iC rH

X in ic X oi X o CO
rH C^l »C Ol lf2 1-H

- iCiC OS X 1^ CO
i-l(Nr-lt~-

; 31 X o -•r

31COlO:C31X:OCO

iC' -r uc X cji X o -a-X CMrH CM OrH

oicoiousoaxtsco

: 1^X3100 t^i
rH CO rH CM

- iCl 31 X X r»<

o . 31 CO o o c:i X t^ CO
CM • rH CM r-i C^l lO rH

li-O t^ I^ CO 13 M u- X -^ X X 1- O cn X rr O l^ 31 X I-; CO
Sir^CMiOOOCMt^OOOrHCJCMOrHCMrHC-I tC '-<

iC O :0 O C^l rH CM X X <:: 31 CI rO 31 O L^ CO
; —1 CM o o :

; Ol X 31 M

^ O :0 t^ CM I ; O X X O 3- 31 f 31 O 31 O-l :C O 35 X I^ C^
:5ClCMiOOOCMOCJC:>OrHrHrHrHrHC>lrHCM lOrH

uO t^ 31 CO O O X X -O i3lC03S3lXiC:Cr-3lXC
.OrHCMOOOOrHrHrnOrHClrHC-J

CMiOiC«2CMrHCMXXO X31rH31'-iX'ri^l^31XI;-'?'
1^- CJ C^llC O rH Ol O O O O r rH ^ rH rH C-) -i C~)

.a zi
1

ce ^ '2 '^ ' ^

o ; p ; 1 ; !

-o . d •_• •

•^ ! •*, •
"5 -^_

: O-o
J <V r.

3-iJ tOjtUDbcg g'^ Mst^b/jtJJ^iaS
Ho3cj3'-'S"S'^3^o3ajo - CJ i)

• Cl CO vlt 31in

• lO • rH rH l^

XCMrH OOO
• iCiO rH C-) O

' X C-llC r-^ X
• lO iC O CM O

< t-' CO rH 31 X
• »0 UC' rH rH O

O -O --0 X CO iC 31 X X OCCCMCMl-'SlOOrHOOO

C^Or^OlCOrHOSCOOOlO
OC>lC-llCiOrHrHOO«>

t^ O O 31 CI C) 31 i-'i X Vf5O CM CM u; lO rH rH X O O

rHO1^31C0rH3lXXl0
1^ C^l CM lO UC tH rH O O C3

COiO-Ot^iSrHOXXO
1^ UO CM lO CI rH CM O c:5 O

• lOiOrH C40

• t^ CO i-H f^ XOi-Hc;!

:

C rH Smc

OrH rHrH X
• lO i-O rH CM O

• t^ l!7 rH rH X
• O CI rH CM O

• t~-rHrH O X
. lC lO r- CM O

• t^ CM rH O X
• iC iC rH CJ O

• t^ CM rH O X* iC rH d O

iCiOrH rH t-

• t^rHrHXlO
• lO lO rH rH 1>

CM -O O -O CI rH 31 X X lOCMiOiOrHrHOOO

o to 'o i> CI in Ol X X r*
CS C) Cl 1/: in rH rH O O O

:OiCOOCMrHrHinXO
50CMCIlOinrHCMr~00

xiooiCiOrHinxxotOCIOCOrHrHrHOOO

X in ic t^ CM >c o X X ocoini^ininrncMOoo

s = — s >< >,
.^ (1) -C S O cS D



FISHES OF STEEAMS FLOWING INTO SAN FEANCISCO BAY. 335

ip • 30 o -t* o o; X ^- ro

(O • 1 T-t • I—t T-« I—I C^

OOOifitOOiOOOCO

lO as • 00 as 30 Tt* CO

XiOOOOSOOO'^

ooo^ot'-asGcai'^

OS •xoiur^t^asooic-^

o^iC\^ooccoTi<Qoasaoioco

csrsico>^xasTt't^asx--o-r*<

icasiooooiaaor^osxi'^'
gj »-i .-I C^ rH iH 1-1 i-H C^ lO r

asaiTfcooQ030'^i>asooi—iTfiO r-H r-l i-H i-H i-t r-1 r-* CN <:£) r-i

l^QO^asOt^C^COt^OSOOOO"^
00 i-H rH —* j-H i-i i-t rl C<I lO rH

asc<i'X)i>cscoTj<co
rl C^ tH !N lO j-H

o-^ocooioo-^co

oocor-toosoot^-^

GO C-O -X: r- OS 00 lO CO

OOCOOt^CSXnCCO
f-H CM rH OJ lO —

I

l-1-lOt/SOSOOiOCO

OOiCcOOOOSQOQOCO

CC' <N iX) O Cs X >C CO
r-t tM rH CM lO rH

o -oco t-t-as X) OS
Cl • CM C^ i-H CM UO

osaiTjfc^iocscMc^asaicoio-^O rHj-i C^,-HrHC-4i-HCM lOiH

osasiOTHoascor^DoasooaiTt*

iCOOiOOiCODCOi^r^CSODiO'
ODi-li—ICMi—iT-HCMOC^l Ot

CsOOiOOt—lODCM-^t^-OSOOO-^O f-1 1—
1 CM rH T-< CM .—t CM <;© i-l

OiastCCMOOCOt^OsOlOOrt*'^O rH rH CM i-( CM CM tH CM iO r-i

^'Z^^

35 "Si's)"5^ "§^"§^"S)^'-3 s^
; S* s "§ o 2 o § S o G g g

OXlCT-*CMOOCl.-t,-^r-(:

r--i:^c>ii—tooaDasasGOio:^oasxo-J<

CO I^ C^J O OS lO OS »—
I 00 iC iC O OS X it lO

to iCO »-i i-t OO O CM 1-1 T-. r-1 CO iC r-t

ooicooic»cior-ai'
I'-'^Ci-li-iCMXXOOi-^i-ir

"Tt<X'MOc~*GOiooir-asioasaaxr~--7*
COiCOi-Hi-HOXi—(I—*i—(i—iCM' iCr-*

asxiOf+ociOsoooasiOGoosx'^'
«MOCMi-HCMOOCMr-iT-!-^CM i^t

'—'r-co>cxX'asOt^anoooasooo4co
i^trricast-iOocMi-Hi-irHC-i lOi-i

oxciioi—(Osooosior^ioxiasxiO"^
l^ lO iC OS CI O O 1—I l-^ 1—1 i-H CM ul T—

<

l:-XCOOaaL';iOXiOXTt*t>aS3030'^
:CiO»OOi-i30Xi-(tOi-ii-(C^ lOrH

. . rH . O O . !-i . . .

csxc^oxioosior^aiiot^aacoO'^
OiOiOiHr-tOOOaa^rHr-ti-tCM 0»-t

asiOi-Hi-iasooioocofMiOi-tascoco
iOI;;iOi-irHOXC^r-lCMu3CO.O . . .i-t .

oor^CMOOQOcoiOLf^T—iioxo^xricoiCiOiOi-HCMOOrHOOCMiOCM iOiH
CM 1-H .1—1 .

i--(x>oooootOLCico3ioasaaooic-^COiO.HrHCMOXOI>r-t iHC^ S tH

OuOrHOOGClOi—^l^rHtOOOSX-J'CO
OiCiCrHC»00eCM^OOCMt-HCO Oi—

I

i:j:;r»io»oooox>i-+0"^^i—tjiXiHcoOOi—lOCMOOCMCMCMriCO iTZi-)

1—lI-^CMi—iXXXtHOSiOGOOOSCOOCO
<X> iC O T-t 1—t O O CM rH CO 1—t CO lO tH

cot^CMirtr^xxiHCsc-i::rasasxx-r'
'^O iC u* O T—

> O O r) 1—
' C I r-" C I t-- tH

CI ic .—t .—
I ic 'X lo o o c-1 -o as rs X oi o:OiCiOiHXOX'CMOOC^i-i.C^) lOiH

.—ir^c^icasxxoasc-)r^oasxic-t<OO lO O 'H OO CM iH CM rH CO iC rH

<:3-xic*»iTiXiitixaixoiot^asxo'-j^
CDiCiOOi-II^OrHiHC^lrHri OrH

o

-a CI

-es^s^-^.o C
.o o
•Mis

tiC3
;

C O <

aJ C I-

3-0 a^ g„'2-S'

1 C iJ I' ^
ci o S
"j:^

ft C C iiJ
~ -^ S C S

o c



REPORT OF THE COMMISSIONER OF FISHERIES^

O

cq

•i:

^^

i-C r^ o c^ 1-^ ^' ' ^ ic i—t

n ic ic ri 1-1 o o ^ to >-i --I 55 "='-'

^ S5 .-H ^ IM CC O C^ --I 0> -^ IN tOrH

$gsss^gs°ss?s^*ss

tcjiooooosi-icir-jr-owcc-ir^;
to iC u7 T-f (N

,-(ir;oo>CQO=coC5intcaiC»X)g3
^-l6lOrio>ooM^gJ•-<|^4 lOtH

CO vO kC O r~( O O ^1
j;^ ...

1^ i^ »0 *~l ^^ t»« *—' " * ^^ U-* •— --•

o o

"3 "3



FISHES OF STREAMS FLOWING INTO SAN FKANCISCO BAY. 337

9. Agosia nubila carring'toni (Cope).

Coyote, Arroyo Honda, and Isabel creeks.

10. Salmo irideus Gibbons.

San Francisquito, Madera, San Antonio, Stevens, Campbell, Guadalupe, Coyote,

Arroyo Honda, Smith, and Isabel creeks.

11. Gasterosteus cataphractus (Pallas).

San Francisquito, Madera, San Antonio, Stevens, Guadalupe, and Coyote creeks.

Often seen in brackish ponds and sloughs near the bay.

12. Hysterocarpus traski Gibbons.

Coyote and Alameda creeks.

13. Cottus asper Richardson.

Recent authors have identified the common Sacramento form which represents

the Cottus asper « of the Columbia River with the Cottoj^sis gulosus ^ of Girard. They
have sometimes considered the Sacramento form as identical with C. asper and have

placed the name gulosus in the synonymy of the latter. At other times they have

considered the species as a slightly differentiated form worthy of recognition in

nomenclature, and have used the name gulosus to designate it. The former view

coaicerning the species is probably correct. The association of the name gulosus with

it, however, is witliout warrant. The latter belongs to a species easily distinguished

from C. asper, differing notably in having a much shorter anal fin. There are usually

fewer dorsal spines and rays, a more limited distribution of prickles, and an almost

uniform absence of joalatine teeth. In C. asper the dorsal has 8 to 10 spines and 19

to 22 articulated rays, the anal 16 to 18 rays, while in C. gulosus the dorsal has 7 to 9

spines, 17 to 18 rays, the anal 12 to 14 rays.

As a result of its having been confused with C. asper, C. gulosus was lately rede-

scribed from the Sacramento Basin under the name Cottus shastac. The types of

the latter differ in no way from C. gulosus as described bj^ Girard.

In its distribution ('. asper appears to be largely confined to the lower courses of

the streams, being especially abundant near tide water, while C. gulosus is found

farther up, where the water is clear and the current rapid. The latter species has

not been fov;nd in any of the creeks tributary to San Francisco Bay. C. asper ia

probably common to all of them.

/ Specimens have been observed in the following creeks: San Francisquito, Madera,

San Antonio, Guadalupe, Coyote, and Alameda.

« Gottus asper, Richardsou, Fauna Bor.-Amer., Fish., 295, 1836.

b Cottopsis gulosus Girard, Proceedings Academy Natural Science Philadelphia, VII, 1854, 129.

c Cottus Shasta Jordan and Starks, Proceedings California Academy of Science, VI, 1896, 224.

F. C. 1904—22-
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Fin counts of 34 sjiecimens of C. aspcrfrom San Frcmcisquito Creek.
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CRITICAL NOTES ON MYLOCHEILUS LATERALIS AND LEUCISCUS
CAURINUS.

By John Otterbein Snyder,

Assistant Professor of Zoologij, Leland Stanford Junior University.

Girai'd'', in 1S5(), placed Leuciscus caurlnus Richardson* in the ^enus

Mylocheilus along with J/i lateralis Agassiz & Piclcering^ and M.
fraterculus^ which he described from Monterey, Cal. Myloclieilus has

not been found in California by recent collectors, nor is there any

stream near Monterey containing fresh-water fishes. The specimens

alleged to have been taken there were probably from the north, and

M. fraterculus has long been identified, no doubt correctly, with the

form found in the Columbia River.

Recent authors have not only continued to associate If. lateralis

with L. caurlnus., but they have also considered the species identical,

a proceeding wholly at variance with the facts. Richardson described

a form closely resembling Ptychocheilus oregonensis.^ with which he

says it was confused by the collector. He also observes'^ that P.

(yregonensis is so similar in general appearance to this species that it

may readily be confounded with it. However, a comparison of the

original descriptions of M. lateralis and L. caurlnus will leave no

doubt as to the distinctness of these two forms. Aside from the phar-

yngeal teeth, which Richardson does not mention, his species differs

from M. lateralis in the absence of a maxillary barbel*', in having 10

dorsal and 9 anal ra3^s, a longer snout and larger mouth, scales sub-

orbicular in shape, and other less conspicuous characteristics. The
Mylocheilus caurimis of recent authors is synonymous with M. lateralis

Agassiz & Pickering.

While conducting explorations in Oregon under the direction of the

United States Bureau of Fisheries the writer secured a specimen from
the Willamette River, near Corvallis, which agrees almost perfectly

aGirard, Charles, Proc. Ac. Nat. Sci. Phila., 1856, 169. Girard probably had specimens of M.

lateralis which, on account of some slight individual variations, he identified as L. caurimis. He
certainly did not have examples of the latter species as it is without barbels.

'> Richardson, John, Fauna Boreali-Americana, III, 304, 1836.

c Agassiz, L., Am. Jour. Sci. Arts, XIX, 1855, 231.

rf Richardson, op. cit., p. 305.

e Richardson, op. cit., p. 120. "The Lcuciscl, or Daces, have a short dor.sal and anal, are destitute

of spinous rays or barbels, and exhibit nothing peculiar in the structure of their lips."

341
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with the orif>-inal description of Leuciscus caiirlmcs and without doubt

belongs to that species, an example of which has not previously been

seen by any observer since Richardson's time. Superficially, Z. cau-

rlnits resembles Ptychocheilus oregonensis^ as was pointed out hj Rich-

ardson, and as if to confirm that observation the specimen in hand was

taken along with many individuals of the latter species, its identity

not being discovered in the field. The specimen is here described in

detail.

Head 4 in length to base of caudal; depth 4.6; depth of caudal peduncle 3 in head;

length of snout 2.9; maxillary 3.1; diameter of ej'e 5.G; width of interorbital space

2.9; dorsal rays 10; anal 9; scales in lateral line 86.

Body elongate, the width contained about 1.5 times in the depth; head long, the

snout prominent; mouth large, end of maxillary reaching a vertical passing midway
between anterior edge of orbit and pupil, upper lip without frenum; lower jaw

included, its edge being posterior to tip of snout a distance equal to three-fourths the

diameter of pupil; maxillary without barbel; distance between nostril and eye equal

to half the diameter of eye; eye located nearer tip of snout than edge of ojiercle, a

distance equal to its diameter; gillrakers on first arch 9 or 10, short, pointed; jihar-

yngeal teeth in two series, 2-f4 on the right arch, 1+5 021 the left; the lesser teeth

slender and round, their tips curved away from the others; greater teeth consider-

ably flattened, hooked at their tips, with a narrow though distinct grinding surface

which is more pronounced on the middle teeth than on the outer ones. Peritoneum

dusky. Exposed edges of scales semicircular; scales of breast and throat minute,

those on back anterior to dorsal fin small, becoming minute and closely crow"ded

on the nape; scales in series above lateral line 21, between dorsal and occiput about

59; lateral line complete, decurved in the region above pectoral fin; origin of dorsal

fin midway between anterior edge of pupil and base of caudal, second fully developed

ray longest, the last ray reaching slightly beyond it when the fin is depressed; free

edge of fin slightly concave; origin of anal slightly behind base of last dorsal ray,

first and last rays reaching an equal distance posteriorly when fin is depressed; pos-

terior edge of fin slightly concave; caudal deeply notched; origin of ventrals about a

pupil's diameter in advance of dorsal; tips of fins just reaching anal opening; pec-

torals obtusely pointed. Color plain, dusky above, light below.

The following measurements are expressed in hundredths of the length to base of

caudal, which is 227 millimeters: Head 0.25; depth 0.22; snout to dorsal 0.56; snout

to ventrals 0.525; depth of caudal peduncle 0.08; length of snout 0.09; maxillary 0.085;

diameter of eye 0.045; interorbital Avidth 0.085; depth of head 0.16; length of base of

dorsal 0.13; longest dorsal ray 0.175; base of anal 0.11; anal ray 0.155; length of

pectoral 0.18; ventral 0.155; caudal 0.27.
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THE GAS DISEASE IN FISHES.

By jNI. C. Marsh, Assistant, Bureau of Fisheries, and F. P. Gorham, Associate Professor

of Biology, Brown University.

INTRODUCTION.

The pathologic symptoms and changes which affect fishes and some
other aquatic animals, and are here grouped as a unity under the

general term "gas disease", do not include all abnormal manifestations

of gas or symptoms involving gas. In the literature of the pathology

of the lower animals gas disease does not appear to be recognized

definitively, though some of the numerous references to gaseous sj^mp-

toms, and particularly to the so-called "pop-ej^e" in fishes, doubtless

apply to the disease as here discussed and limited. In cattle and other

mammals certain bacterial diseases are accompanied b}^ evolution of

gas within the tissues.

The gas disease of aquatic animals was first observed and recognized

among fishes in sea water at the station of the Bureau of Fisheries at

Woods Hole, Mass. It has been observed also at other stations, at the

New York Aquarium, and among fresh-water fishes, and it has without

much doubt occurred at private establishments. At Woods Hole it is

Known to have progressed for several j^ears.

In general terms the cause of the gas disease lies in the relation of

the amount of air dissolved in the water in which the affected fishes

live to temperature and pressure. An understanding of this relation

will follow a consideration of the laws of solubility of gases in water

and particularly of the gases which constitute the atmosphere.

SOLUBILITY OF GASES IN WATER.

The amount of a given gas which pure water Avill dissolve depends

upon temperature and pressure and upon the solubility of the gas.

Under increased pressure the capacity of water for holding any gas is

increased, while at an increased temperature this capacity is dimin-

ished. The coefiicient of solubility varies widely for the different

gases. Oxygen and nitrogen, which chiefly make up the atmosphere,

are but slightly soluble in water, while carbon dioxid, which con-

345
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tributes a veiy small part to the total atmospheric balk, is extremely

soluble.

Ignoring- its minor constituents and regarding the argon group of

gases with the nitrogen, the atmosphere is apj^roximately made up of

79 parts of nitrogen gas and 21 parts of ox3"gen gas by volume. The
carbon dioxid present has no particular connection with the gas dis-

ease and will not be referred to further. A\'hen water is exposed to

the atmosphere it absorbs these two gases until a state of equilibrium

is reached, when no further change takes place and these gases, if the

temperature and pressure remain constant, are neither further absorbed

nor given off by the water. The latter is then said to bo saturated

with air. If now any change takes place in the temperature of the

water, or in the pressure which it sustains, either a further absorption

will occur or some of the aii" will l)c given off from the water. These

changes, especialh' under artificial conditions, may occur rapidly, and

the adjustment to an equilibrium ma}' not keep pace; therefore, at

at any given time water may fall short of saturation and air be pass-

ing into it, or it ma}' be supersaturated and air be passing awa}' from
it, assuming of course in either case that it is not protected from con-

tact with the atmosphere. In other words, water may hold in solution

an excess or a dcticienc}* of air, or an excess or deficiency of either

one of the air gases, nitrogen or ox3^gen, independentl}' of the other.

The rapidit}' with which water supersaturated or infrasaturated with

air will become saturated, or in equilibrium, will depend upon the

area of its contact with the atmosphere. It therefore follows that

water only moderately exposed to the atmosphere, as in tanks or most
containers, may remain for a considerable time either above or below

the saturation point. But the tendeuc}" is constantly toward the

equilibrium of the saturation point, which will ahva3's finall}' be

reached.

The actual amounts of nitrogen and of ox3-gen Avhich water will

absorb from the atmosphere have been determined by analyses of air-

saturated water. Authorities differ somewhat in the results. The
figures cited here and in the tables give the highest values. One liter

of pure water at 0^ C. , the freezing point, and at a pressure of 760

mm. of mercur}', the standard atmospheric pressure, will absorb 19.53

c. c. of nitrogen from the atmosphere (Pettersson and Sonden) and

10.18 c. c. of oxygen (Winkler); at 20^ C. and 760 mm., 12.8 c. c.

nitrogen (Dittmar), and 6.35 c. c. of oxygen (Winkler). Pure sea

water takes up somewhat less. These figures are taken from Comey's
Dictionary' of Solubilities.

RESPIRATORY PROCESSES AND MECHANISM IN FISHES.

To understand the effect of supersaturated water upon fishes it is

necessarv to consider the respiratorv processes and the mechanism by
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which a dissolved gas could gain access to their circulation. In warm-
blooded animak the life processes depend upon the absorption of 0x3'-

gen b}' the tissues and the elimination of carbon dioxid, and this

interchange is effected through the medium of the blood. Tlie liquid

lX)rtion of the blood, the plasma, carries but a small portion of the

total oxj'gen dissolved in the blood. This portion is in amount about

what an equivalent volume of water would absorl), and is held in

simple solution, as in water (Foster, 1895, p. 588), Most of the 0x3^-

gen of the blood is carried by the red corpuscles, which are vehicles

for this gas b}^ virtue of the hemoglobin they contain, with which
oxygen readil}' combines and from which it ma}^ readilj^ be separated.

The- tissues of^the bod}^ have a stronger afhnitj^ for the oxj^gen than

that which exists between the hemoglobin and the 0x3"gen, and the3'

therefore take the 0x3-gen from the hemoglobin of the corpuscle, and
give in return carbonic acid, not to the corpuscle, but to the plasma of

the blood. When the blood next reaches the lungs it gives up this

carbonic acid to the external air, while the hemoglobin of the corpus-

cle takes up a new suppl}^ of ox3^gen from the air. Though the blood

does not come into direct contact witli the atmosphere, the corpuscles

come into intimate relation with it and are separated from it onl3^ by
a thin layer of epithelial cells, constituting the final subdivision of the

lung. Through this membranous partition the interchange of gases

takes place b3' diffusion, the process being known as osmosis, and .the

permeable membrane as an osmotic membrane. Osmosis is governed
b3^ laws analogous to those of simple diffusion of gases, or of the absorp-

tion of gases b3' liquids, and depends therefore in part on the pres-

sure exerted b3^ each gas concerned. The blood side of the membrane
is high in carbon dioxid and low in ox3^gen, while the air side is high

in oxvgen and low in carbon dioxid. Each gas exerts its pressure

independentl3" of the other, the carbon dioxid to pass out toward the

air, the oxvgen to pass in toward the blood. The tendenc3^ is to

equalize each gas on the two sides of the membrane, when the pressure

on both sides would be equal and osmosis would cease. Since in life

this can never occur, because the carbon dioxid going out is continu-

ousl3^ produced within and the ox3'^gen coming in is continuousl3^ used
up within, there is a continuous stream of these two gases passing in

different directions, and at an osmotic pressure which does not vary
greatl3^ under usual conditions. Any increase of the proportion of

oxygen in the atmosphere, or an3^ increase of barometric pressure,

would increase the osmotic pressure and more rapidl3^ force the 0x3^-

gen into the blood. The workman in the compressed-air caisson

labors under a high osmotic pressure, which mav seriously' affect the

respiratory process.

The nitrogen of the air is normally taken up ]>y the blood in amounts
insignihcant as compared with the ox3'gen, and is held in simple
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solution, probabl}' in the plasma alone. One bundrcd volumes of

arterial blood bold some twenty volumes of oxygen, but onh^ from one

to two volumes of nitrogen (Foster, 1895, pp. 5S0, 601),

The physiology of respiration in cold-blooded animals is not so com-

pletely known, but the broad facts cited above apply equally to fishes.

There is the interchange of oxygen and carbon dioxid, the corpuscle

with hemoglobin as the carrier of the oxygen and a set of vascular

filaments fulfilling the same office as the lungs. The gills are immersed
in water instead of air, but this does not greatl}" alter the nature of

the breathing process. The blood merel}^ gives up carbon dioxid to

and takes up oxygen from a solution of these gases in water instead of

directly to and from an atmosphere which they partially constitute.

The epithelium of the gill filament is the osmotic membrane, and in

this case the osmotic pressure of the oxygen and of the nitrogen

depends upon the amount of these gases in solution in the water and

not directly on the atmospheric pressure, though the latter has an

influence on the amount of air dissolved in the water. The nitrogen

is not known to play any part in respiration and the plasma probably

remains with a fairly constant quota of this gas corresponding to the

amount of nitrogen dissolved in the water, which is usually air-

saturated with it. In water recently boiled and containing scarcely

any oxj'gen the osmotic pressure due to ox3^gen is practically nothing,

and in this fishes sufi'ocate. The highest osmotic pressure under

ordinar}" conditions experienced by fishes occurs when water at the

freezing point—or slightly colder, since salt-water fishes can live in

water below 0° C.—is so well aerated that it has dissolved all the air

it will hold at whatever atmospheric pressure exists. Of fishes in

higher osmotic pressures than this no cases are known to the writers

save those here described, and experimental observations under such

conditions seem not to have been made.

SYMPTOMS AND LESIONS OF THE GAS DISEASE IN FISHES.

The occurrence in fishes of lesions of a gaseous nature is no recent

observation. A certain exophthalmia known in fish-cultural parlance

as "pop-eye" has long been recognized and is due in many cases to

the presence of a gas either behind the eyeball or within it. This

may be accompanied by inflations of the mucous membrane lining the

mouth cavity or of the skin elsewhere, and these lesions may exist

independently of the so-called pop-e^^e. At the Woods Hole station

of the Bureau of Fisheries these symptoms have been observed during

the summer for 3'ears among marine fishes held in aquaria for pur-

poses of exhibition, and have been described by Gorham (1899). In

very cold water at the same place, other conditions remaining the

same, the course of the disease is more rapid and the symptoms some-

what dififerent. In aquaria of sea water a few degrees above the
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freezing point fishes show within some three minutes after their

introduction a reaction consisting of extremel>' minute and very

close-set gas bubbles. Within about ten minutes the bubbles visibly

increase in size and become m\ich more conspicuous, enveloping the

fieh completel}^, body and fins, in a delicate, shimmering la^er of

silver}" white. It is evident that the bubbles do not emanate from
the fish itself, although thej" appear to; almost any surface within

the water, as that of rocks and the sides of the aquarium, exhibits

the same phenomenon. Neither are they free bubbles afloat in the

water which happen to attach themselves by contact to the bodies of

fishes—though this ma}' occur and simulate, in any water, the appear-

ance under discussion—because the same occurrence takes place after

all free bubbles have been allowed to rise and escape and fish are

immersed in perfectly clear and quiet water. The gas is a precipitate

from the water itself, in which it must hav'e been in solution. At
first, while the bubbles arc very small, they are quite closely adherent

and the fish may execute rapid movements without dislodging them.

As they grow larger they detach themselves readily and rise to dissi-

pate at the surface. A sudden movement will release a cloud of

hundreds or thousands of bubbles. A few seconds' removal of the

fish from the water will completely dissipate all the bubbles, but after

its return to the water they are soon formed again in their usual

abundance. In fact, these bubbles are more or less a feature of all

the fishes as long as the latter remain in water of this quality.

The gas in the tissues, which manifests itself in blebs of the greatest

diversity in size and location, does not appear immediately, but only

after several hours at the earliest. The blebs may arise at any point,

the favorite seats being the fins and the head (fig. l,pl. i). This lesion

consists merely of a local accumulation of gas in or beneath the skin, the

outer layer of which is often stretched to an attenunted thinness by the

expansive pressure. If theso-called " slime'' of the skin is abundant,

bubbles may form within it, in which case they are small and numerous.

The tautog has an abundance of this slime and presents a characteristic

picture after a reaction of several hours. The luibbles tend to buoy
the slime and tear it from the body; it is partly separated in long

streamers, which remain attached at one end while they float suspended

in the water, buoyed by the bubbles which cling to the surface and

are embedded within the substance. This fish takes on, after about

an hour, a strikingly ragged and tattered appearance, which is shown
by no other species save the cunner. In fact, each species exhibits the

external gaseous lesions in a way more or less peculiar to itself. The
tomcod is especially prone to develop a few extraordinarily large

vesicles of gas in its fin membrane. The buoyant action of these is

often considerable, and when they are present in the caudal or last dor-

sals they tilt the fish out of position and require a constant effort to
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overcome their effects. The tautog, besides the appearances cited, has

ahijost invariablj" small elongate blebs between the ra3"s of the pectoral

and usually also the caudal fin. The small sculpin {Mijoxocejplialus

ceneus) seldom fails to develop in the skin of the ])elly an emphj^sema

of a honeycomb structure; and often in the later stages, hy coalescence

or enlargement, vesicles containing several cubic centimeters of sfas

YH^y form, floating the fish bell}' upward long before it finally succumbs.

Ver}^ 3^oung puffers {SpJieroides maculatus, fig. 1, pi. ii), when onl}^

half an inch long, develop vesicles at the base of the caudal fin some-

times as large as the entire bod}' of the fish, which buo}^ it to the

surface and keep it there in spite of its struggles to descend. The
pipe-fish {Sqj^iostoma fuscuin) usually shows vesicles about the snout.

In the scup {Stenotomus chrysops)^ both large and small (2-inch), the

first indication of the presence of gas is seen in the protrusion of the

eyeballs, bringing about the condition known as pop-eye.

These external lesions, however, though interesting and important

in their bearing on the explanation of the disease, are not sufiicient to

cause death. Aside from some occasional blood}' streaks in the fins,

eyes, or muscles, neither constant nor characteristic, no external lesions

other than these are to be found and no adequate cause of death is to

be seen. It is on laying open the dead or dying specimens that the

fatal lesion is disclosed. A remarkable and striking picture presents.

The blood vessels contain notable quantities of free gas, the amounts

varying greatly, from a few small bubbles scattered through the larger

vessels to a quantity which may distend the bulbus of the heart even

to several times its normal bulk, stretching its walls to a thin mem-
brane, tense and firm with the pressure of the gas contained to the

entire exclusion of the blood, the whole resembling the air bladder of

a small fish. The auricle may be still beating without propelling any

blood. The fish may live for some time, probably for days, even after

considerable quantities of gas have separated; for upon killing and

opening scup not yet in the death struggle the gas has been plainly

discerned. The walls of the auricle and ventricle may be emphysema-
tous. The branchial artery or ventral aorta is often empty of blood

and tense with the pressure of gas, while in the gills is found perhaps

the most constant and significant lesion. The main vessel of the gill

filament usually has its lumen filled with gas (fig. 2, pi. i), which is

often seen just entering the capillaries that branch from this vessel.

But these capillaries it seldom fills. The gas plugs of the gill fila-

ments are usually present—though not always—even when the evi-

dences of gas within the body are not very marked. A fatal embolism
results, and death is due to stasis.^ When nearly all the filaments are

a In these typical cases of embolized gill filaments and of a distended heart, no assumption of any
form of initial cardiac paralysis seems necessary. The stasis miist have occnrred in spite of cardiac

effort.
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well filled with f^as the condition modifies considerabl}^ the macroscopic

appearance of the gill, and in fishes of some size the individual emboli

ma}' be seen on careful inspection bj the naked eve.

The gas has not been observed in the capillaries of the body, but is

confined to the larger vessels of the systemic circulation and the gills.

It does not distend the veins, though bu])bles may be seen in them.

In sculpins in full roc the arteries ramifying over the surface of the

ovar}' attract immediate attention by their appearance as pale blood-

less streaks in contrast with the green background of the ovar}- and

the dark red of the veins which accompany them. Gas bubbles ma}'

be seen in the pvloric cceca, in the walls of the intestine, and also

withiH the intestine itself, though these latter ma}' be due to other

causes.

CAUSE OF THE GAS DISEASE IN FISHES.

POSSIBILITY OF INFECTION' BY GAS-PRODUCING BACTERIA.

The inference to which all the gas symptoms at first give rise, of

infection with gas-producing species of bacteria, has been negatived

by repeated attempts to obtain cultures from the blood and tissues of

affected fishes, among both the Woods Hole marine forms and those of

fresh water. The microscope gives no evidence of infection, and inocu-

lated culture media remain sterile. The Woods Hole sea water suf-

fered no unusual pollution and the bacterial count at the intake in

January and February averaged only 191 per cubic centimeter. The
rapidity of the pathologic process, furthermore, contraindicates

infection.

ABNORMAL GAS CONTENT OF AVATER IN WHICH THE DISEASE OCCURS.

The sea water in which fishes die with these described lesions always

has an extraordinary gaseous content. At the Woods Hole station it

had passed through a pumping plant which elevated it to storage tanks

to provide a gravity fiow for aquarium and hatching purposes. Steam
pumps took the water from the sea through a long suction pipe and
forced it to a height of about 18 feet into tanks, from which it flowed

to the aquaria and hatching boxes. At the point of intake the sea

water was of normal quality and fishes lived in it without unusual

symptouLS. The suction pipe was of wood, had been long in use, and

by deterioration had developed areas of porosity or open leaks, so

that air continually gained access to the pipe and could readily be

demonstrated at the pump, which forced a mixture of water and large

quantities of air bubbles instead of a solid body of water. Inmiedi-

ately upon passing the pump this air and water came into a region of

about 8 pounds hydrostatic pressure in addition to that of the atmos-

phere, and continued under this pressure through a long stretch of

level water main. As the sea water was approximately saturated with
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air at the intake it inevitably acquired a supevsaturation on its journey

from the pump to the storage tanks, due to the presence of air and the

increase of pressure. In the storage tanks there was but slight

exposure to the atmosphere and from them the water reached the

aquaria containing its excess of air. In the aquarium tanks the water

gives some evidence of its unusual condition in the form of precipi-

tated bubbles of gas which gather on all solid surfaces in contact with

the water, and in a minute effervescence which is barely visible when
its perfectly smooth, unbroken surface is carefully observed. The
actual effect of the release of these bubbles is to diminish but inappre-

ciably the degree of excess while the flow is continuous, for the con-

stant inflow is bringing new supplies of the supersaturated water.

Influence on respiration of fishes.—The gill apparatus of tishes, for

the osmotic interchange of gases which keeps the blood purifled, is

presumably adjusted to water the gases of which were dissolved at

atmospheric pressure. The gills of any fishes in this aquarium water

are therefore subjected to an osmotic pressure higher than any to

which they vv^ere habituated in nature. Osmosis is accelerated and

the blood takes up unusual quantities of air. The goal toward which

the process tends is the same degree of supersaturation on one side of

the gill membrane as on the other. In other words, the osmotic press-

ure on the two sides tends to equalize,'and, inasmuch as blood and

water have approximately the same saturation point, the blood stream

tends to acquire the same excess of air as the water, or to become
actually supersaturated with air. This is believed to be what actually

takes place. The circulation becomes supersaturated.

In cases where fishes are brought up from considerable depths and

confined in this water, the great reduction of pressure acting on the

gas in the air-bladder and tissues permits the expansion of this gas.

There is an attempt on the part of the flsh to remove this excess gas,

first by absorption into the blood and second by osmosis through the

gills. But the second part of the process is inhibited b}^ the already

high gas content of the water in which the fish are placed. Thus in

these fishes the supersaturation of the blood is more readily brought

about.

The subsequent release of gas within the vessels is to be explained

chiefly by temperature changes within the blood. While fishes are

cold-blooded animals, their hody temperature is not exactly uniform

with that of the surrounding medium. The combustion involved in

the life processes implies the evolution of heat, and this heat is appre-

ciable and has been measured. The venous circulation shows the

highest temperature, and in fishes of several common marine species

has been found to be from 2° to 12° F. warmer than the surrounding

water (J. H. Kidder, 1879). Between the gills and the systemic

veins, then, the blood undergoes a greater or less elevation of temper-
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ature, for in its course through the gills it must be cooled to or nearly

to the temperature of the water. Its stream is too thin and it is too

intimately exposed to the water to maintain an appreciably higher

temperature. The blood, then, before it can return a second time to

the gills, undergoes a rise in temperature, and as the solvent power of

liquids decreases with increase of temperature, this rise tends toward
the release in gaseous form of some of the dissolved air. No doubt
the amount released is small per unit of time, but the free gas can not

be reabsorbed and the process of release is continuous, so that a fatal

embolism is only a question of time.

This seems a fairl}^ satisfactory explanation of the means b}- which
the gas arrives free within the blood vessels. It requires the assump-

tion that' in water of normal condition with respect to dissolved air

the blood of fishes does not become completely saturated in the gills

—

else gas would be thrown out constantly by the higher temperature of

the systemic circulation, w^hich is of course contrary to fact. There
is experimental proof that in mammals ordinary respiration does not

saturate the blood—that is, that all the oxygen which it is capable of

holding under the conditions does not enter it (L. Fredericq, 1896;

O. Hammarsten, 1901, 531). That the observation holds good for fishes

is extremely probable. It must further be assumed that under the

conditions of supersaturation existing in the Woods Hole water the

blood does take up all the air it will hold at its temperature in the

gills; or, if it falls short of this, that it takes up more than it can hold

at the maximum temperature to be encountered in its circulation

through the body. This latter supposition is the more probable and,

while no determihations support it, it is thoroughly in accord with

the facts and may be provisionall}^ accepted.

temperature is not the sole cause which may play a part in the pre-

cipitation of the gas. For the separation of the solute, or dissolved

substance, from a supersaturated solvent, there nmst be a nucleus

about which the precipitating dissolved particles ma}" gather—an

excitant to start the process of precipitation. This is strikingh?^

illustrated b}" supersaturated solutions of certain salts. A crj^stal of

the same salt as that dissolved when introduced into such a solution

will cause the immediate separation of this salt, which gathers about

the crystal as a nucleus. Likewise water may be heated, in a per-

fectly clean and smooth flask, above the boiling point without ebulli-

tion. If a solid foreign particle,*such as a fragment of pumice stone,

be dropped into the flask, boiling instanth^ begins. To apply this

principle to the present case, the minute floating corpuscles may be

considered as the nuclei for the separation of gas from blood, w hich

is supersaturated with it. The difference in temperature is the more
important and fundamental cause of the release of gas, while doubtless

the corpuscles at least provide loci for the change of state.

F. C. 1904—23
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The time required for a fatal result depends primarily on the degree

of excess. Death has been observed within three hours after intro-

duction of a healthy fish into the abnormal water, but in this case the

exact excess is unknown, and there was no autops3\ At 10^ C. and

an excess of 6 c. c. of nitrogen and 2 c. c. of oxygen per liter, a hake

was killed at the end of 8 hours, and embolic gas under pressure in

the heart was obseryed immediatel}^ after death. Ten hours fre-

quently suffices for this result. Species differ in susceptibility.

Identity of gas in the Mood vessels, external vesicles, and water.—
Some relation of identity or source between the several gases within

the blood vessels, in the external blebs, and that which separates

directly from the water upon the fishes is at once inferred as prob-

able, and the gas of all the lesions would seem to be derived from the

water. The following four samples were determined by the United

States Bureau of Chemistry, the first three collected in ^ebruar3^

The merel}^ adherent bubbles which formed on the exterior of the

fishes had the following composition:
Per cent.

Carbon dioxid . ; 1. 03

Oxygen 1 7. 58

Nitrogen 81 . 39

A sample precipitated upon blocks of wood, no fishes being in the

water, consisted of:
^

Per cent.

Carbon dioxid 0. 58

Oxygen 22. 87

Nitrogen 76.55

The difference between the carl)on dioxid and oxygen in these two

samples should be referred to the respiration of the fishes, present in

the first case and absent in the second. The gas from the large ves-

icles on the belh' of the small sculpin {Myoxocephalus aeneiiK) was as

follows:
^ Per cent.

Carbon dioxid 3. 78

Oxygen 1 8. 09

Nitrogen 78. 13

In this the oxygen is diminished and the carbon dioxid increased by

oxidation of organic matter in the tissues. Methane, hydrogen, or

carbon monoxid were not present in any of these samples.

A sample collected in September from the water alone showed

:

Per cent.

Carbon dioxid - 0.

4

Oxygen 20.6

Nitrogen ^- 79.

The gas is evidently nothing more than the constituents of air, the

proportions varying more or less from those of the atmosphere.
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The quantities actually dlssohed in the water were first determined

from a sealed and transported sample taken in September during the

progress of the disease. The results are probabl}' not perfectly accu-

rate, because of the age of the sample. By reference to Table III,

page 373, it is seen that this water had an excess of nitrogen of 2.2 c. c.

per liter, and was a little less than saturated with oxygen. The time

which elapsed between the taking and the determination of the sample,

however, probably removed ox3^gen by oxidation, and there may have

been an original excess of this gas as well as nitrogen.

Elimination of the disease hy reducing gas content of 'tinter.—The
replacement of the old suction pipe with a new im'pervious one abol-

ished<all signs of the gas disease at Woods Hole. Determinations made
upon the water of the aquarium after air had been intentionall}" admit-

ted to this new suction pipe showed definite and considerable excesses

of both nitrogen and oxj^gen, these determinations being made at

the station upon freshly taken samples. The gas was boiled from
the water by the Tiemann and Preusse modification of Reichardt's appa-

ratus (Hempel, 1902, p. 10) and determined by absorption, the residue

after removal of carbon dioxid and oxygen being considered as nitro-

gen. There appeared an excess of both nitrogen and oxygen of some
3 to 6 c. c. per liter of water in the case of nitrogen, and of 1.5 to 2.5

c. c. of ox3'gen. This condition of the water killed 6 hake in from 8

to 20 hours. The figures are probabW somewhat greater than those

for the conditions of the old leaking suction pipe, which may be repre-

sented by an excess of about 2 c. c. of nitrogen per liter, and of some-
what less than 1 c. c. of oxj'gen. The water under the experimental

conditions referred to with the new suction pipe had exacth^ the same
effect upon fishes as the water during the service of the pervious

wooden suction pipe, save that it was more rapidly fatal. The dead
fisiies showed all the described lesions and symptoms. It is left bej^ond

question that the gases of the pure atmosphere are one of the efficient

factors in the causation of the gas disease.

Exposure of the water to the atmosphere at atmospheric pressure

removes the excess of air with a rapidity dependent on the degree
of this exposure. Yv^henever hj the mechanical arrangement of the

delivery pipes at the aquaria the inflow of water was exposed, as when
a strong jet was allowed to impinge upon the surface of the aquarium
level, carrying in many bubbles of free air, the lesions on the fishes

were more slowl}^ produced, and the fatal result was postponed. The
process of exposure deaerated the water, and had only to be made
thorough enough to correct it completely by removing the excess.

Thus, if the inflow was made to pass through a strainer elevated several

feet above the aquaria, so that the water was divided into many very
slender streams, which compelled intimate contact with the air during
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the drop and in the splash at the surface, all mortality and symptoms

of gas could be prevented. From water standing without flow in

ordinary containers the excess of course finally disappeared, but in the

large Woods Hole aquaria signs of excess were still evident after seven

days. A cylindrical glass hatching jar of about 2i gallons capacity,

after filling with supersaturated water, required to stand two or three

days before this water failed to produce an external precipitation on the

body of a toracod immersed in it as a test.

r6lES of nitrogen and oxygen in CAUSATION OF THE DISEASE.

Some consideration may now be given to the separate roles of the

two gases nitrogen and oxj^gen in the disease. A reference to Table

II, page 373, shows that the gas from the fixed gas lesions, that is, from

the exophthalmia, from the fin blebs, and particularly from the cham-

bers of the heart, is very high in nitrogen.

The sample from the sacs of rainbow-trout fry was taken from

specimens preserved in formalin and some oxygen may have been lost

on this account. All the others were from fresh material.

The samples upon which these figures are based were very small, and

in obtaining them it was impossible to exclude with certainty all con-

tamination from atmospheric sources. In each case a part of the small

percentage of oxygen found certainly came directly from the air.

The sample from the eyes of scup was most liable to this error. That

from the hearts of various fishes indicates that the gas which causes

the fatal embolism in the vessels is almost pure nitrogen, and samples

from this source more accurately represent the gas as released from

the blood than those from the external blebs or the tissues about the

eyes. The one sample of the latter sort obtained was largely from

scup in which gas had inflated the conjunctiva so that this gas was

separated from the water only b}^ a very thin transparent membrane,

through which oxygen from the water may have diffused. Likewise

all the fin blebs have but a similar osmotic membrane protecting the

contained gas from changes in its original composition. The heart

gas, however, doubtless represents solel}^ a direct precipitation from

the blood. It would appear, then, that it is the nitrogen gas chiefl}^,

if not solely, which plays the essential part in the disease. The

separation of gas from the supersaturated blood is certainly not in pro-

portions analogous to that of the separation of nitrogen and oxygen

from water supersaturated with air. In air-saturated w^ater the 0x3^-

gen is about 33 per cent of the total oxygen and nitrogen dissolved.

In water air-supersaturated under the mechanical conditions here

described the percentage of oxygen dissolved is slightly less, for the

excess is not taken up in the same proportions that it is from the atmos-

phere. When unsaturated water is shaken with air at ordinary pres-

sure, the residue of undissolved gas is richer in nitrogen than the
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atmosphere. But in tliis mechanically induced supersaturation frag-

ments of the atmosphere are forced bodily into solution in their

entiret}^, and the dissolved content is increased by nitrogen and oxy-

gen in atmospheric proportions, 79+21, instead of in dissolved pro-

portions, 67+33. When the excess of these two gases escapes spon-

taneousl}^ from the water the ox3^gen has about the atmospheric

relation to the nitrogen, i. e., about 21 per cent of the total, notwith-

standing that while in solution the oxygen is more than 30 per cent of

the total of these two. In other words the excess goes in as air and
comes out as air. Thus the actual analyses alread}^ cited (p. SSI) of

precipitated gas from Woods Hole water, show the proportion of oxy-

gen to be about as in air.

Since the blood does not release its supersaturation in this waj^, it is

at once suggested that the hemoglobin capacity for oxygen modifies

the effect of the water so far as the supersaturation with oxygen is

concerned. It would appear that the corpuscles can take up more
than the usual amount of ox3^gen and that the increment is not thrown
out by the rise in temperature. It remains to study experimentally

the effect upon fishes of water in which the supersaturation is with

oxygen alone. Some evidence is afforded by an instance of such a

supersaturation, naturally occurring, in a pond containing trout. At
the Cold Spring Harbor Station of the New York Forest, Fish, and
Game Commission, the springs which chieflj' supply the station make
immediately a shallow pond of considerable size. In the spring of

1901 the bottom of this pond became heavily overgrown with green

algfo, chiefly with a species of Spirogyra. Presumably from these

alg{i3, the water about the middle of the pond acquired an excess of

oxygen of 3 c. c. per liter, while the nitrogen content remained nor-

mal, or but slightly in excess. Remote portions of the pond were
normal in oxN^gen. Large trout lived in it in good condition and
showed no gas symptoms, but the fact lacks conclusiveness since they

had access to normal water, which they doubtless frequented. It is

probable, however, that a large excess of oxj^gen is required to pro-

duce untoward results from this gas alone. In the conditions at Woods
Hole, while the excess was of both oxygen and nitrogen, it is prob-

able that the damage was done by the latter gas alone.

RELATION OF GAS DISEASE TO TEMPERATURE AND PRESSURE.

When water is here described as containing an excess of air, or an

excess of oxygen or nitrogen, a definite relation of the quantity of gas

to temperature and pressure is of course connoted. It is hardly

necessary to insist that dissolved gas only is referred to, for loose

bubbles present are not really in the water, though they^ may be

beneath its surface or within its volume. The gas-disease process,

then, bears an intimate relation to temperature and pressure. If a
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giv^en quantity of dissolved air per unit of water, at a given tempera-

ture and pressure, occasions a fatal process among fishes, a suificient

increase in the pressure or decrease in the temperature ma}" render the

water perfectly harmless to fishes; but it does so by abolishing the

excess of air, though no change occurs in the absolute quantity of air

concerned. The temperature factor alone is not so easily varied, and

no direct experiments have been made involv^ing it, but the statement

above can hardly fail to be corroborated by such tests. For the pres-

sure factor some interesting experimental facts have been obtained.

Scup placed in live boxes at or near the top of a reservoir storage

tank of the Woods Hole water which was causing gas symptoms in

aquaria were usually killed within twenty-four hours, the characteris-

tic embolism and external symptoms always present. At the bottom

of this tank, the depth of water being 8 or 9 feet, several days were

requii'ed to produce the symptoms, and death occurred only after a

still longer time. At half the depth the results were intermediate.

There was a constant flow of water through the tank and it was evi-

dently the hydrostatic pressure which inhibited the usual process.

Carr3-ing these observations further, a large glass jar was arranged to

hold aquarium water with a constant flow and under a pressure vary-

ing between 6 and 7 pounds per square inch. in addition to atmos-

pheric pressure. Five adult scup were placed in this jar and remained

alive under the pressure, without food, for twenty-nine days without

developing any gas symptoms. The same water which flowed through

the jar would at the beginning of the experiment at atmospheric pres-

sure produce external lesions within twenty-four hours and was fatal

within two or three da3'S, the time var3'ing considerablj^ After

removal of pressure at the end of the experiment, all the five scup

died within five days with free gas in the vessels of each. They were

fed for the first time on the foui'th day after the removal of pressure.

During various experiments at Woods Hole some evidence was inci-

dentall}' brought out indicating that starvation retarded the gas-disease

process. This it ma}" be conceived to do by a general lowering of

metabolism.

Except under experimental conditions, no cases of gas disease caused

by reduction of pressure alone have been observed by the writers, and

it is doubtful Avhether any occur. In a former paper by one of us

(Gorham, 1899) it was thought that the reduction of pressure was the

only cause. The factor of the supersaturation of the water was not

recognized at that time. From experiments performed in connection

with that former work and new ones in connection with the present

study we are sure that mere reduction of hydrostatic pressure—that is,

the reduction incident on bringing fishes to the surface of the water

—

is not suflicient to produce the disease in those fishes which have been

studied. A number of scup were kept in a live car at the surface of the
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water outside the hatchery for-twenty-four days and no symptoms of the

disease appeared. At the end of this time, when phiced in the super-

saturated water of the aquaria, the same scup died quickl}-, with all

the S3'mptoms of gas disease. There is a considerable reduction of

pressure brought about in bringing scup from their natural depths

(2 to 20 fathoms) to the surface. The pressure at 5^ fathoms is twice

that at the surface. But the fish can accommodate themselves to this

reduction. The increased volume of gas in the air bladder is dimin-

ished through absorption by the blood, and the gills remove it by

osmosis to the sea water.

Experimentally, however, reduction of pressure below that of the

atmosphere is sufficient to produce the disease. The experiments

reported in the previous paper (Gorham, 1899), which have been

repeated and extended, demonstrate this. They were carried on by

placing fishes in sea water in a large jar from which the air could be

exhausted by a pump, and the vacuum secured measured by a gauge.

Eishes could be killed very quickly (fortj'-four minutes) l)v a rapid

reduction of the pressure to about 20 inches of vacuum, or about

one-third of an atmosphere. These fishes gave the symptoms of gas

disease such as the presence of a gas bubble in the heart and gas in

the other vessels. B}" a less reduction, or b}' a series of reductions

with periods of rest between, it was possible to bring about the for-

mation of the external lesions of the disease, such as pop-ej-e, blebs in

the fins, etc. Similarly an increa.se of pressure, brought about by
forcing air into this same jar or by subjecting fishes to the pressure of

a considerable depth of water, will cure or prevent the disease. Symp-
toms of the disease such as protruding eyes and blebs on the fins, which

have been caused b}" placing fishes in supersaturated water, will disap-

pear when the fishes are placed under these conditions of increased

;^ressure. It should be said, however, that the presence or absence of

an air bladder is probably important in determining the presence or

absence of free gas within the blood vessels of fishes drawn from
depths to the surface. There seems to be no reason wh}" such fishes

lacking an air bladder should show embolic gas or any free gas which

was not free at the beginning of the change of depth. As far as the

writers are aware, no observations have been made or are of record.

While the saturation point of both water and blood at great depths is

tremendously increased, deep waters do not have a greater air content

than surface waters. Thev have, in fact, less of oxj'gen, and of nitrogen

approximate!}' the same as or less than surface waters, but never more.

(Dittu^r, ISS-i, p. 225.) This follows from the fact that the air in

deep waters was taken up at the surface, and that the ox^^gen may
be constant]}' diminished by oxidation processes while the nitrogen

remains unchanged. The blood of deep-sea fishes without air bladders

should never, therefore, contain more air than it can hold at the
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coldest surface water. As for pressure conditions, then, no such deep-

sea fish should liberate air from its blood when brought to the surface.

Since, however, its habitat may be water whose nitrogen was dissolved

at a low temperature, and it may be brought up into comparatively

warm surface water, there exist theoretical conditions in which this

result would be possible. That it actually occurs is unlikely, bat is

a matter for observation. The air-bladder factor has not been

thoroughly worked out in the present study and is an interesting field

for further experiment.

Although under those experimental conditions it is possible to pro-

duce the gas disease by reduction of pressure alone, yet the conditions

are quite difi'erent from those which obtain when fishes are brought to

the surface from depths. Fishes are in the habit of coming to the

surface for short periods under natural conditions. They can accom-

modate themselves for short intervals, at least, to changes in pressure

ranging from that at the surface to that of considerable depths,

though the amount of gas to be eliminated when a fish with an air

bladder comes to the surface is very large. When forcibly drawn up

from considerable depths great changes take place, for the eyes bulge

from the head and sometimes completely out of the sockets, the fish

is often "poke-blown," the stomach and other viscera pushed into the

cavity of the mouth, and the air bladder expanded or ruptured. The

removal of pressure causes the free gas alwa^^s present within the

bod}'^ to expand, and occasions displacement of tissues and organs.

It is an interesting question whether such fishes have free gas within

the blood vessels.

When the pressure is reduced below that of the surface, and quite

rapidly, we would expect that the fish's powers of accommodation

would be overstepped and they would not be able to take care of the

surplus gas so quickly produced. No opportunity for adjustment is

given. Still more when a fish is brought from a considerable depth

and confined at the surface in water which is already supersaturated

with gas, the gills would be unable to discharge the excess from the

blood and the production of the gas disease would be hastened.

On the other hand, that the supersaturation of the water alone with-

out the reduction of pressure is sufficient to produce the disease, we

have abundant evidence. Surface fishes like Fundulus^ usually quite

hardy, succumb to the effects of the supersaturated water. Fresh-

water fishes, like the trout, which have never been subjected to any

decrease of pressure, quickly show the effects of supersaturation.

CONCLUSIONS.

In the light of these facts it seems to follow theoretically that no

matter how great the quantity of air dissolved in water no gas disease

can appear, provided the pressure is high enough; and conversely, no

matter how high the pressure the gas disease will appear, provided
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the quantit}^ of air dissolved is great enough. Supposing- the temper-

ature constant, it is the interrehition of the dissolved air factor and

the pressure factor which determines the fact of the excess, and since

the condition of excess of air is to be defined only as a preponderance

of the dissolved air factor over the pressure factor, the cause of the

gas disease maj" be defined broadly as due to an excess of air; and

more narrowly, since there is much evidence that nitrogen alone is

essentially concerned, as due to an excess of nitrogen.

SUPERSATURATION OF NATURAL WATERS. .

The symptoms and fatalit}- at Woods Hole were the result of

artificial conditions. A modification by the hand of man of the condi-

tions under which air is usually taken up by the water resulted in an

excess of the air so taken up. The pertinent question will immediately

suggest itself whether natural waters ever acquire a similar excess, or

any excess at all, of air or of the constituents of air. Such excesses

are found to occur. Natural springs of water and flowing wells are

known to emit a gas, sometimes in considerable quantities, which has

approximately the composition of air. These are not ver}^ common.
Conditions at Erwin, Tenn.—Such a spring occurs on the reserva-

tion at the Fisheries Station at Erwin, Tenn., in a limestone region

near the foot of a considerable mountain ridge. This spring has a

superficial area of about 600 square feet and its maximum depth is

about 4 feet. The bottom is partly of mud, partly of gravel and the

outcropping of the limestone strata. The water wells up chiefly from
the gravel, and from each wellspring a quantity- of gas in large bub-

bles is evolved at intervals of a few moments. The gravelly bottom
about the sources of water holds mechanicall}' large amounts of gas,

frfr, upon tapping it gently with a stick, an unusuall}" large quantity is

liberated and comes bubbling up through the water. The evolution

of gas then ceases for a longer period than usual, but begins again

spontaneously within a few minutes. This periodical deliver}^ of gas

continues day and night at all seasons. Evidently there is a constant

flow of gas accompanying the flow of water and at all times in the

earth or gravel beneath the spring and through which the water rises

are entangled large quantities of gas, a small fraction of which is

evolved every few minutes as the pressure beneath determines.

This gas is air with the nitrogen and carbon dioxid considerably

increased. (Table I, p. 372, sample 1.) As springs do not usually

discharge both water and free air, the original access of air is of more
than passing interest. It is evident that it must be mainly derived

from the atmosphere.

The region about this spring is mountainous and largely of a lime-

stone formation, in which caverns have been formed by the usual

process of solution of the limestone by water containing carbon dioxid.
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The surface water percolates tbrouo-li cavernous limestone. An aspi-

rating- effect is probably produced by the flow througb fissures and

narrow cbannels wliich bave access to air spaces, and tbe air is sucked

in and mingled with tbe down-flowing water, which it accompanies to

the mouth of the spring. During the journe}" a diminution of the

oxygen may occur from oxidation, which may reasonably explain the

modified proportions of these gases. Though the mountainous region

referred to abounds in springs, onl}" a single other bearing air was

found, and this a small one by the roadside.

Air-bearing springs or wells of this character are to be distinguished

from the "breathing" or "blowing" wells abundant in some sections,

which alternately emit and suck in air from causes among which

variations in the barometer are important. In Nebraska many wells

having this remarkable peculiarit}' occur, and have been described b}^

the United States Geological Survey (E. H. Barbour, 1899). The
springs of supersaturation which deliver bubbles of air constantly are

probably unrelated to breathing wells and, as far as known, pass the

air in one direction onl}-.

The water of this Tennessee spring was apparently of excellent sani-

tary quality—clear, cold (about 12- C), slightly alkaline, and con-

tained an excess of nitrogen, but not of oxygen. It was slowl}" fatal

to fishes placed directly within the spring. Trout fry between 1 and

2 inches in length were killed by it sometimes' within a da}^ or two,

although some individuals would survive in it for weeks. On fish of

this small size no internal gas within the vessels was in any case

demonstrated with certainty. Neither were external symptoms usually

present, but in the hatcher}^ troughs supplied by the spring the}' were

more frequent and sometimes extremely conspicuous, consisting of

emphysema of the skin, either single cysts of gas, sometimes of rela-

tively great size, smaller multiple c^'sts, or small blisters of gas, which
usually had their seat upon the head or mucous membrane of the

mouth cavity. Apparently' the only inconvenience the fry experi-

enced from these was a mechanical one. The buoyanc}' of the gas

was often great enough to keep them constantly at the surface, and

its unequal lateral distribution gave them a list to one side or the other.

They did not appear to be materially Vvcakened.

When older trout, yearling rainbows G to 8 inches in length, were
introduced into this spring, sjmiptoms more closely resembling those

at AVoods Hole resulted. Death occurred with moderate symptoms of

external gas, with gas free in the heart, though not abundant enough

to cause distention, and with emboli of gas in the gill filaments. The
susceptibility of species varied widely, and gold-fish were not atlccted

during a trial of sixteen days, while other cj'prinoids succumbed almost

as readily as the trout. These experiments with fishes in the spring

were made in live boxes and v\ere controlled by the same or similar

boxes in the spring water after it had passed from the spring and been
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improved or corrected l)}^ exposure to the air, and these controls

suffered no loss.

Determinations of the degree of excess of nitrogen in the Erwin
water have not been made on freshl}^ taken samples. The origin of

the excess is to be looked for in the rising gas and the necessary pres-

sure factor in the weight of the column of springing water. The air

bubl)les are presumabl}' mingled with this water for a distance below

the restricted areas of emergence in the spring in its subterranean

course and even the whole distance back to its surface origin. The
greatest depth reached b}'' the water beneath the spring is unknown,

but is estimated from the geology of the region to be at least 100 feet,

and ma}^ be several hundred. This depth represents the height of the

column of water^ the pressure of w^hich is operating constantly to

force the air bubbles into solution. The supply of bubbles is abun-

dant and never failing, and the water is bound to take up more air

than it can hold when it reaches the surface and becomes exposed to

the atmosphere at atmospheric pressure onl3\ Here the excess begins

to escape; and as the spring is shallow and well exposed, this process

is rapid; yet the constant flow keeps the body of water constantly

supersaturated. In flowing away from the spring in shallow exposed

channels the water soon corrects itself, becoming normal and harmless

to lishes. By applying defaces in the hatcher}^, thoroughly exposing

to the air the water supplying the troughs, the gas symptoms disap-

peared and the losses were reduced to the normal for all fish-cultural

operations.

CONDITIONS AT NASHUA, N. H.

At the fisheries station at Nashua, N. H., occurred still another

case of a water supplj^ abnormal in its air content, and here an excess

o^ nitrogen coexisted with various degrees of deficienc}" of oxy-

gen. The station suppl}^ came largely from rather shallow artesian

wells, some of which entered the hatcher}^ directly, while others were
driven in the bottom of the nursery and rearing ponds and on the edge

of the larger brood ponds. Many field determinations of the dissolved

oxygen and nitrogen in the water of the Nashua station were made
and are shown in Table IV, page ST-I. There appears a deficiency of

oxygen of greater or less degree and a moderate excess of nitrogen in

the water of every source of suppl}^ save that from the taps of the

Nashua city service. This latter water, however, at its source in arte-

sian wells (Pennichuck wells) is even more abnormal as to dissolved

air than is the station water, the oxygen being less, the nitrogen about

the same. While not insanitary for cit\^ purposes, it would doubtless

be fatal to fishes. The aeration and deaeration it receives in the open
stream which takes it to the reservoir adjust these abnormalities, so

that as delivered from the service j^ipes it has about a normal quantity

of air. The same adjustment occurs with the station water after it has
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flowed through the hatcheiy troughs, ponds, etc., and has gathered in

a waste brook at some distance below the hatchery and pond system,

save that the process has not been complete enough to remove all the

excess of nitrogen ("creek water" sample, Table IV). In fact, the

adjustment begins the instant the water emerges from the wells, and

in most cases by the time it reaches the fishes it contains somewhat
more oxygen and less nitrogen than at the well. The efi'ect of the

cleaerating process on the loss of trout fry was shown by passing the

"reservoir pond water" through a finely perforated metal plate with

a fall of about 3 feet. During a trial of nine days a trough containing

6,000-7,000 fry lost 645, against a loss of 2,583 in a similar trough

containing the same number, but supplied directly from the pond
without deaeration. The process, .which did not completely correct

the water, reduced the loss 75 per cent. Complete correction would
probably result from repeating the process or by sufficiently increas-

ing the fall. The water of hatchery well No. 1 was completely relieved

of its excess of nitrogen b}^ allowing it to flow drop b}^ drop down an

inclined wooden plank 10 feet in length. (See Table IV, p. 374.)

Very few of the Nashua wells delivered free gas, and these only in

small amounts. From one of these about 500 c. c. were delivered and

collected during twenty days and constitute sample 2 of Table I. Only
air gases were present. Part of the sample was tested for methane,

unsaturated hydrocarbons, and carbon monoxide, without showing a

trace of any of these. (Dr. D. A. Morton, Syracuse, N. Y.) The
sample had no marked odor. The largest pond at the station, used

chiefly as a reservoir supply and largely spring-fed, had a soft bottom

from which occasional large bubbles rose. By ramming the mud with

a stick, large quantities of a gas about 96 per cent nitrogen (Table I)

could be released. Methane, which might have been expected, was

absent. This gas seems to be of much the same origin as that from
the air-bearing spring in Tennessee, though delivered in much smaller

quantities, and ma}^ reasonably be supposed to come from a depth

great enough to cause the supersaturation which existed in this pond,

as in all the sources of water in the vicinity.

At the Nashua Station the gas symptoms were in evidence, but were

less marked than in either of the other described cases of the results

of supersaturated water. Exophthalmia with presence of gas appeared

in adult trout in ponds, and the general condition of these trout was

poor. This condition is believed to be secondary to the supersatura-

tion, which, while not sufficient to kill the adults directly by embolism,

causes the protrusion of the e3^e and consequent inflammation. The
partial or total blindness resulting keeps them from feeding properly,

and as they fall off in condition and become weaker they are attacked

by the fungus Saprolegnia. Among the deaths which resulted no

case of free gas Avithin the vessels was discovered. The fry showed
occasional gas blisters externally, and in very young fry gas was fre-
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quently to be seen within the sac. Even in the Wood.s Hole water

some few fishes, and many in the spring- water of a lesser supersatura-

tion, died without evidence of sufficient internal ^as to produce an

effectual embolism or enough apparent mechanical disturbance to

account for death. Yet these fishes no doubt died of the excess of

air. It is possible that in these cases there were internal lesions that

escaped observation, minute emboli of gas, for instance, in the vessels

of the brain, though in a number of brains examined no gas had

reached their vessels. It seems probable that the metabolic func-

tional disturbance due to the abnormal osmosis is itself suflicient to

cause death without apparent gas symptoms.

EXOPHTHALMIA OR "POP-EYE."

Though not necessaril}" alwa3's occurring in all cases of supersat-

urated water, this affection is so prominent among symptoms of gas

disease as to deserve special consideration. It is not an infallible

sign of supersaturation. As "pop-ej'e" or "frog-eye" it has long

been familiar to fish culturists, and these terms are vernacular for any

protrusion of the eye from its orbit, whatever may be the essential

cause. It is not a disease, but a s^niiptom, the expression of any one

of a variety of causes or underlying conditions. Inflammation, from

a wound or other irritation within the orbital cavity, may cause a

swelling of the tissues which pushes the e3^eball outward from its

position. Specimens of this sort are not very common in shallow

natural waters. One specimen, a butter-fish {PeprUiis triacanthus),

which apparently falls in this class, was taken from the* trap nets at

Woods Hole August 3, 1903, and examined immediately by the writers.

It showed a moderate exophthalmia on each side. The globus was

still lenticular in shape, and on dissection under water no sign of gas

was detected. The brain and optic nerves appeared normal. If there

had been a traumatic injury evidence of it had disappeared. The

inflammation was not pronounced, and while an exudate behind the

e3'e was, in part at least, the immediate means of the displacement,

the primary cause can not be given. Externall}' the condition simu-

lated strong!}" that caused b}^ supersaturation, to which in this case it

could not possibly have been due.

Mechanical injuries alone, as a sudden blow upon the head, may
produce an immediate protrusion of the ej^eball (Hofer, 1904, p. 292).

Among the menhaden which died from the epidemic prevailing dur-

ing the summer of 1904: in Narragansett Bay there were many cases

of pop-eye, due, no doubt, to the injuries received during the peculiar

death struggles characteristic of the disease. In some cases of pop-

eye, where gas is plainl}^ present and responsible for the displacement,

it is possible that some other cause than supersaturation with air may
be concerned, though none such is definitely known to the writers.

In the great majority of cases where gas is present the cause will be
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found to bo an excess of air, with spring waters usuallj an excess of

the nitrogen of the air alone, and the location of the gas will be behind

the eyeball. Some species of fishes are not susceptible to this symp-

tom from supersaturated water, or at least it has not been observed in

them. The anatomical structure and the degree of the excess seem to

be the factors which control. Among marine fishes, the dog-fish

{Mustelus canw) and other sharks, eels, puffers, sea-robins, the flat-

fishes, and others do not develop typical cases, if an}", while the scup,

the king-fish {JlentichThus), the tautog, the cunner, the sea bass, and

the butter-fish may exhibit it in various degrees. Of all these the

scup {Stenotomus chrysojjs) shows it most readily and in extreme

degree (Plate III). AYith a certain degree of excess not exactlj^

known, but probably above 3 c. c. of nitrogen per liter, embolism

becomes fatal before there is time for an accumulation of gas behind

the eye. An excess of not over 2 or 3 c. c, and probably less, per

liter is favorable to the development of the symptom, which may be

taken to indicate a moderate excess of air. The e^^eball is sometimes

pushed almost completel}'^ out of the head (Gorham 1899, Plate V2).

Without much displacement of the ball the conjunctiva ma}^ be raised

and inflated into a balloon of gas projecting far out beyond the eye-

ball (Plates I and II of this paper).

Among fresh-water fishes salmonoids chiefl}' have been seen to be

affected. The black sucker {Catostonius nigriccms) showed a typical

case at Erwin, while some cyprinoids {Notropis galacturus and a

Hyhognathus) under the same conditions died with the eyes normal.

It is no doubt because not many fishes save the trout of artificial

propagation have been observed in supersaturated fresh water that

few fresh-water species are known to show the lesion. In brook and

rainbow trout the pop-eye is seldom so extreme as that shown in the

illustrations of the scup. The excess being slight, the S3'mptom may
grow very slowly and be present for months, or even years, impairing

more or less the activities of the fish. Blindness frequently results,

with accompanying increases of dark pigment in the skin. The expos-

ure of the eyeball makes it subject to injur}-, and it is sometimes bitten

off by other fishes, or drops or sloughs away, leaving the socket empty.

In trout fry past the sac stage a certain exophthalmia may develop

after death if they remain in water, and the younger and smaller the

fry the more quickly it appears. In general its development requires

from twelve hours to three days. Evidently there is a physiological

post-mortem accumulation of transudate' behind the eye. There is a

pathologic exudate which occurs in trout fry suffering from anemia

and this exudate may localize, sometimes in the abdominal cavity,

causing ascites, sometimes behind the eye, causing exophthalmia with-

out gas. Fry having this form of anemia, though their eyes still be

normal at death, more readily than healthy fry develop in w^ater tha

post-mortem exophthahnia which in this case seems to be partly physio-
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logic and parti}' pathologic. Likewise among a brood of fry suffer-

ing constant losses from supersaturated water man}^ of the dead will

be found with a greater or less, sometimes an extreme, exophthalmia

without the presence of gas. It is a post-mortem occurrence, })ut the

previous gas disease process seems to favor its development. All

these cases, however, are to be carefully distinguished from the gase-

ous exophthalmia, directl}' a symptom of the gas disease.

The source of the gas behind the eye must be taken to be the blood.

Its position appears to make it impossible that it be derived directly

from the water. The blisters of gas which form upon the exterior of

the body and fins seem explainable as derived from either source, and

whether this gas has realh^ passed through the blood of the lish or

come through the permeable integument directly from the supersatu-

rated water can not at present be stated, but the evidence is somewhat
in favor of the latter view. It is probal)ly chiefl}" in the large veins

that the precipitation of the embolic gas from the blood occurs. The
supersaturating gas is acquired at the gills, subsequent to which

there is a fall of blood pressure. These facts make it probable that

the peripheral circulation is supersaturated, and that an essential con-

dition for the precipitation of gas at the periphery is supplied, though

all the causes which combine to bring the dissolved gas in the blood

of the capillaries free within the tissues are not clear. On the other

hand, the presence of supersaturated water on one side of the very

membranous covering of the fins, and on the other side tissues bathed

in a lymph, which at the beg-inning is not supersaturated, suggests a

more immediate reaction by the ordinary laws of osmosis.

THE CAISSON DISEASE ANALOGY.

The gas disease of fishes is paralleled in man b}- an affection in which,

so far as it holds, the analogy is striking. The compressed-air disease

—

caisson illness, diver's palsy, etc.—is caused by an increase of air pres-

sure; with divers, by the weight of the water above; in the caisson,

b}'^ the compression necessary to keep the water out. In so far as the

subject sustains an extraordinary pressure the analog}^ does not hold,

for the gas disease involves no necessary increase of pressure upon the

fishes themselves. But the osmotic process of gases passing into the

blood through the lung membranes, under compression, must be inten-

sified according to the height of the pressure, as it is through the gill

membranes, in supersaturation, according- to the degree of the excess.

In this and in the results the two cases are much alike. The caisson

disease has long been known and has a considerable medical literature,

but some uncertaint}' seems to have existed as to the immediate cause

of the sj'mptoms and of death. The mechanical effect of the compres-

sion was supposed to bo important, luit recentlv the influence of this

factor has been pronounced nil. Bubbles of gas in the Mood vessels
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are at the bottom of the trouble. Hill and ^MacLeod (1903) have the

follov>ing to say:

Paul Bert, by his remarkable experiments, published in 1878, proved that the true

causae of caisson sickness is the effervescence of gas in the blood and tissue juices.

* * * He found that this gas (nitrogen) was set free on rapid decompression and
produced embolism in the lungs, the central nervous system, etc.; and that the

gravity of the result depended on the height of the pressure, the length of exposure,

and the rapidity of decompression. He also proved that the gas set free in the tissues

might produce local swellings and emphysema.
Bert also found that high oxygen tension acts as a general protoplasmic poison

arresting metabolism, depressing the body temperature, and causing the discharge

of convulsions in mammals and finally the death of all forms of life.

The following- arc a part of the snmmar}^ b}^ the same authors of

experiments of their own

:

The cause of caisson sickness is the escape of gas bubbles in the blood vessels and

tissue fluids on decompression. An animal exposed for four hours to 8 atm. air and
quickly decompressed is like an opened bottle of soda water. The fluids of the body
generally effervesce.

The varying symptoms of caisson sickness are due to the varying seat of the air emboli.

Young men escape caisson sickness owing to the elasticity of their tissues and
greater facility for collateral pathways of circulation.

The efferv^escence of gas in the vessels of caisson workers is of course

largely prevented bj' the precautions taken, but it is the logical result

of compression followed by rapid decompression. With fishes there

is, unless experimental!}', no question of compression or decompres-

sion, but the gas symptoms occur under the conditions of supersatu-

ration corresponding to compression, and no lowering or removal of

supersaturation, corresponding to decompression, is necessary. The
reason for this lies chiefly in the temperature factor already discussed.

Theoretically the caisson W'Orker should develop the efi'ervescence

wdiile still under the compression, provided there is a difference of

temperature between the sj'stemic and pulmonary circulation and the

exposure to compression is of long duration. This exposure is actu-

ally limited of course to a few hours at a time, and this may explain

the absence of serious results during- compression.

OTHER ANIMALS SUSCEPTIBLE TO GAS DISEASE.

Fishes are not the only aquatic animals susceptible to gas disease.

The Crustacea ma}^ survive a long time with the blood in a condition

resembling foam, and in the lobster and king* crab this has been read-

ily observed through the abdominal shell. These latter usually live

much longer than fishes under the same conditions of excess, but a

lobster at Woods Hole was killed within thirt3'-six hours by an excess

of about 6 c. c. of nitrogen per liter. Sea spiders {Anojylodactylus)^ as

observed by Mr. L. J. Cole, are readily killed, the legs becoming filled

with the gas and the color becoming much paler than in health. Mol-

lusks, hj'droids, and some g-reen algffi also develop and emit bubbles

which presumabl}^ originate in supersaturation.
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EFFECT OF SUPERSATURATED WATER UPON EGGS AND FRY.

At Woods Hole sea water which was soon fatal to adults or fishes

approaching- maturity did not affect eggs and fry. Eggs of the cod were

incubated for some two weeks in such water and the fry remained in it

until planted—not more than a few da3^s at most, it is true, but a longer

period than would suffice to kill adults—3^et neither were injured or

showed any gas sj^mptonis. It is probable, however, that ver}^ young
fry are not necessarily immune under all conditions of supersaturation.

Bubbles of gas have been noticed in the sacs of shad fr}' at fish cultu-

ral stations. Mr. J. N. Wisner (1900) reports such a case at Havre
de Grace, Md., and the circumstances point to a leaky suction pipe,

liut nothing is known of the degree of supersaturation, if any existed.

Theoreticall}^ it seems difficult to avoid the conclusion that oxidation

must be attended by an elevation of temperature even in so minute a

creature as a newly-hatched cod fry; but this elevation must be infini-

tesimal, for the consumption of energy necessary to maintain a tem-

perature appreciably above the surrounding water is not supposable

in the eggs or fry. As such an elevation of the blood temperature is

the chief cause of gas precipitation in adults, its absence in the fry

may be taken as strongh'^ tending to explain theii" immunit3\ On the

other hand, a sufficiently high degree of excess may be able to cause

a separation of gas such as above noted among shad fr}^, either b}^ direct

osmosis or via the circulation.

METHODS OF PREVENTING THE GAS DISEASE.

The proper aeration of water, by artificial means if not already

accomplished by nature, has from the beginning been recognized and

insisted upon by tish culturists as of fundamental importance. By
aeration was meant the process of putting the water thoroughly in

contact with the atmosphere, so that the dissolved air would be increased

were there an}' initial lack. In a proper fish-cultural sense, aeration

more strictly meant oxygenation, for it was the oxygen alone, the

prime necessity of fishes, which was apt to be lacking. No cases, per-

haps, are known in which natural waters have less than their proper

or normal amount of nitrogen. But of course the aeration process

adds both the atmospheric gases should the water be lacking in both.

The readily observed distress and suffocatiori of fishes by the exhaus-

tion of the dissolved oxygen in unrenewed water, the efficacy of even

the simplest means of aeration in restoring the life-supporting quality

to the water, as well as the generally understood necessity of oxygen
to all animals, resulted naturally in an appreciation of the value and

necessity of aeration. There were no observed facts from which one

would infer the opposite condition in water, an excess of one or more of

the air gases, nor were theoretical considerations likely to lead readily

to its conjecture. It is improbable that any symptoms or mortality

F. C. 1904—24
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from this cause occur in nature, for supersaturation does not arise

suddenly and aquatic animals would avoid the reoions of excess in the

rare cases where access to them is possible. The possibility of inju-

rious or fatal excesses of dissolved air, especially in natural waters,

seems not to have occurred either to fish culturists or biologists.

The two faults, excess and deficiency of air, are so correlated that

the same process of correction applies to each. The same exposure

to the air which aerates water with a deficiency of air deaerates water

with an excess of air. In superae rated water, such as that of the Woods
Plole aquaria, there ma^- be a deaeration in the more complete sense;

both nitrogen and oxygen are to be removed. But in hardly any case

does the term aeration apply in its complete signification. Oxygena-

tion alone is usually the strict meaning. In natural waters the term

deaeration likewise does not in most cases completely apply. Denitro-

genatiou alone is the stricter meaning. Oxygenation, however, may
accompany denitrogenation, and thus water is in the broad and looser

sense aerated and deaerated at the same time and by the same process.

When an actual case of air-supersaturated water confronts the fish

culturist or the management of aquaria, the practical measures to be

taken will suggest themselves according to the source of the excess of

air. If a gravity plant supplied by pumps is in operation the whole

suction system is open to suspicion of leaks. Such leaks, of course,

give out no water but suck air, and are therefore not always easily

recognized. By stopping the pumps and removing the proper valve

the hydrostatic pressure may be allowed to rest back on the suction

pipe and will speedih^ develop the leaks if the pipe is exposed. If it

is underground the}' may not show readily, or at all. llepair of all

the leaks will completely remedy the difiiculty. The suction pipes,

especially if wooden, may be beyond repair, in which case nothing but

a complete renewal will entirely prevent trouble. Pending this, local

deaeration may be practiced at each aquarium, pond, or trough sup-

plied with the water. For an aquarium a large pan with many per-

forations may be suspended above, the higher the better, and the

water delivered into this. If the exposure of the slender streams and

the splashing at the surface are not sufficient correction, the scale of

the device has but to be increased, most conveniently by adding more

perforated pans. The great desideratum is sufficient fall in which to

expose the water.

When the supersaturated suppl}' is from springs or wells the condi-

tion is more serious. A radical correction is impossible, for the air,

or modified air, which causes the excess is deep in the earth and can

not be controlled. If, as is usually the case, there is no great difi'er-

ence of level between the rising water and the ponds, troughs, or

tanks in which it is used upon fishes, it is the more difiicult or impos-

sible to completely deaerate. The natural remed}^ is to use the water
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onl}' after it ha.s flowed a considerable distance from its source in a

shallow open stream. Failing this it may be carried through a circuit

of a long and wide trough, to pass finally through perforated deaerat-

ing pans. In general a complete exposure to the atmosphere is neces-

sary and the means for accomplishing this v/ili vary with the conditions

of each individual case. The deficit of oxygen is more readily supplied

than the excess of nitrogen removed. Tlie water eagerly takes up the

oxygen it lacks, but the last traces of excess of nitrogen come away
with difliculty.

When water rises as springs or wells in the bottom of the fish ponds

themselves, it is t^W more dif&cult of correction, and quite impossi-

ble unless the head is strong enough to lift the water above the level

of the surface of the pond, and so permit the adoption of the above

measures.

It is a fact of significance and importance, to be considered from
the standpoint of fish culture, that spring waters may vary consider-

ably from time to time in the amount of dissolved air the}^ contain.

An instance of this, recently observed, concerned the oxj^gen alone, a

marked deficiency being followed after several days and subsequent to

a heavy rain, b}^ a fairly abundant supply. It is inferred that nitro-

gen variations may likewise occur, and presumably changes in the

solids in solution. Weather and seasonal conditions probably are con-

tributing causes of this variabilit}', but not man}'- observations have

been made and little is known beyond the fact, which makes it neces-

sary not to place entire reliance on one examination of a given water.

In three instances of gas disease at government fish-cultural stations

the excess of air has been actually determined b}^ anal5"sis. In others

similar symptoms make a presumption of a similar cause. Meager
in,formation of other cases of disease or mortality among fishes with

gas symptoms indicate with more or less probability the presence of

supersaturation. A spring at an abandoned private trout cultural

establishment in Vermont was found to be constantly giving up large

bubbles of air (Table I, page 372, sample 5). Trout culture was not

successful in this water, and the former superintendent gave a history

of bulging e3^es. Anal3^ses were not made, but it seems extremely

probable that this water was supersaturated.

In 1902, at the exhibit of the United States Fish Commission at the

Charleston Exposition, a sudden and severe loss occurred among the

marine fishes of the aquaria. The water precipitated quantities of

gas, and the fishes were described as showing external bubbles and
blisters of gas. The water supply was obtained b}" pumps with a long-

suction. The presumption is strong that the mortality was from
excess of air, and that its sudden disappearance was caused bj^ a change
in the suction pipe, which, though unwittinglv, corrected undetected

leaks. The trouble was not explainable on other grounds than these.
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The selection of water supplies for fish cultural or similar purposes

should include a careful scrutiny of their quality with respect to dis-

solved air. There are the two opposite faults to be g-uarded against.

When either is extreme in degree, its recognition will not be difficult.

But it is probable that cases will occur, and have occurred, where either

fault is but slight, and causes no heavy losses or marked symptoms on

its own account, while it at the same time is responsible for a gradual

and insidious lowering of condition among the fishes which makes

them susceptible to the sudden and rapid epidemics of bacterial or

protozoan infection, or to the less acute attacks of higher parasites.

In such cases the certain recognition of a slight excess of nitrogen,

with ordinary methods of gas anal3^sis, may require the average of a

number of determinations. The constant ebullition of gas in bubbles

of moderate or large size from the w^ater sources is sufficient to cause

suspicion of a nitrogen excess, but the absence of such bubbles is by no

means reassuring, for supersaturation may occur in the depths of the

spring without any of the imdi.-ssolved residual gas revealing itself at

the surface. As for the ox\'gen, it is not known just what content

short of saturation completeh^ supplies all the needs of fishes, but

since their natural abodes, and particularly trout streams, closely

approach saturation (Hofer 1904, pp. 157 et seq.), it is well to lay stress

upon the desirabiiit}' of maintaining a high oxygenation in fish cul-

tural waters. For trout, and particularly the brook trout, this is

imperative. It is probable that most spring w^aters are not highly

oxygenated. Usually they take up incidentally, in the conduits or at

delivery pipes, more or less ox3'gen before thc}^ are actualh^ used as a

fish-cultural suppl}', and sometimes means of aeration are specifically

provided. So important are these that it seems not too much to say

that devices for this express purpose should be provided in all cases

where spring or well waters are used for salmonoids, unless repeated

quantitative determinations made at different seasons show that the

water can not be improved.

Table I.

—

Sliowimj composilioa of gas delivered from the bottoms of ponds, springs, or

wells.

[All gas determinations by M. C. Marsh save where otherwise stated.]
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Table II.

—

SJioxvlng composition of yas i)i Jesloiis of ihe yai< d'o^eose.
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Table IV.

—

Shoioing nitrogen and oxygen content {in cubic centimeters per liter, reduced
to 0° C. and 760 mm., dnj) of various {fresh) iraters at and near fisheries station,

Nashua, N. 11.

Source of sample.

Hatchery well No. 1

Same, second determination
Same, deaerated drop by drop
Hatchery well No. 5
Hatchery well No. 11
AVell in rearing pond No. 3
Well in rearing pond No. IC
Reservoir pond water
Same, through deaerating box
Creek water, total station flow, aer-
ated and deaerated by natural
flow

Largest I'ennichuck well, source of
Nashua city sujiply

Smaller Pennichnck well
Pennichuck water from service tap

at hatchery
Colerain Brook, a well-aerated nat-
ural stream

Kain water freshly caught

Date.

1901.
Apr. 2G
Apr. 28
Apr. 29
May 3
Apr. 30
Apr. 27
Apr. 28
Apr. 27
....do...

Apr. 30

Mav 2
...do...

Apr. 29

Apr. 30
Apr. 29

a-*-'

8.0
8.0
9.5
8.0
8.0 •

8.0
8.0
8.75
8.75

8.5

11.

5

11.5

12.0
11.0

Actual content
c.c. per liter.

Nitro-
gen.

17.5
18.1
15.0
17.8
18. C
17.5
17.9
17.2
16.4

17.6
18.3

14.5
14.8

Oxy-
gen.

3.3
3.4
7.4
2.9
1.6
3.1
3.8
5.0
6.7

0. 8

2.1
2.2

7.0
6.0

Normal content
when saturated

with air at
given tempera-
ture, and pre-

vailing pressure
c. 0. per liter.

Petters-!
son and Wink-
Son-
dC-n.

N.

16.00
16.00
15. 35
16.14
15.72
16.00
16.00
1.5. 77
15. 73

14.94
14.91

16.24

14. 45
14. 87

ler.

8.26
8.26
7.89
8.33
8.11
8.26
8.26
8.13
8.11

7.65
7.65

Excess -I- or
deficit — c. c.

per liter.

-1-1.5

-f2.2
-0. 35
-j-1. 66
+2. 88
-1-1.6

H-2.0
-fl.43
"1-0.67

-f 0. 39

-i-2.66
+3.36

-0.84

-0.05
-0.07

-4.96
-4.86
-0.49
-5. 43
-6. 51
-5.16
-4.46
-3.13
-1.41

-1.26

-6.55
-6.45

-0.39
-1.01

Notes.—Presumably normal waters show, according to Tables III and IV, slight nominal excesses
or deficiencies of nitrogen, and always a deficiency of oxygen. These discrepancies represent limils

of accuracy of apparatus and methods as used iu the field, and the personal equation. Moreover,
saturation data vary witliin rather wide limits.

The figures for the dissolved COo are not included in the tables, as having no particular relation to
the present subject. They are considerably higher for fresh water containing a nitrogen excess than
for normal water, the former averaging 5.3 c. c. per liter with extremes of 3.6 and 7.4, the latter 1.8

with extremes of 1.6 and 2.1. These figures include the semibound carbonate.

SUMMARY.

1. Fishes and some other organisiiis show gas .symptoms of consid-

erable variety' and of a pathologic nature. Man}^ of these are due to

one cause and may be grouped together as a pathologic unity, the gas

disease. An exophthalmia, or pop-eye, is one of the chief lesions.

2. Bacteria are not in any wa}'^ concerned in the gas disease here

considered, but may cause similar lesions.

3. The immediate cause of death in the gas disease is usually

asph3o:iation from gas embolism in the gill lilaments, or heart, or both.

•4. This embolic gas is due to an excess of dissolycd ai-r in the blood,

which may be immediatel}^ caused by a rapid reduction of pressure, or

by an excess of dissolycd gas in the water, or b}^ a combination of

both.
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5. The form of the disease caused by the reduction of pressure alone

occurs only experimentally, or possibl}' in the case of some deep-sea

fishes brought to the surface.

6. The form of the disease caused by an excess of dissolved air alone

is the normal one. Nitrogen excess is more important than oxj'gen

excess and can singly cause the disease process.

7. An excess of about 2 c. c. of nitrogen per liter of water is suffi-

cient to cause symptoms. An excess of about 6 c. c, per liter, accom-

panied by an excess of about 2 c. c. of oxj^gen, experimentally

produced, has been observed in sea water, and kills most adult fishes

in a few hours.

8., A certain increase of pressure will prevent the gas disease where

otherwise it would occur, and ma}^ cure affected fishes. It acts by

changing the saturation point so that the excess of air no longer exists.

9. The supersaturated water may be corrected and become harmless

by deaeration. This occurs spontaneous!}^ upon standing or may be

more quickh^ accomplished by subdividing the water mechanically to

olfer a great area of exposure to the atmosphere. This process cor-

rects either an excess or a deticiency of air. The water of shallow

brooks arising in supersaturated springs or wells is soon corrected by

the natural liow.
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1. A DEAD KINQFISH (.MENTICIRRHUS) WITH EXTERNAL LESIONS

The pop-fye is marked, and vesicles of gas appear in all the fins and in the skin behind the pectoral.
The illustration gives a quite inadequate idea of the striking appearance of the specimen as seen
alive in the water. (Photograph l)y .T. G. Hublmrd.)

2. THE GILL FILAMENT OF A FISH UNDER A LOW MAGNIFICATION, SHOWING GAS EMBOLI IN

THE LUMINA.

(Photograph by J. G. Hubbard.)
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LIVING SCUPWITH FOP-EYE ACQUIRED DURING 5 DAYS.

The eyeball has been forced only slightly from its seat, while the eonjinictiva has been greatly
inflated by the gas. (Photographs by J. G. Hubbard, Woods Hole, Mass.)
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A REVISION OF THE CAVE FISHES OF NORTH AMERICA.

By Ulysses 0. Cox,

Professor of Biology, State Normal School, Mankato, Minn.

This paper '^ deals with the taxonomic characters, the synonymy and
distribution of the members of the Ambl3'opsida?, a small group of fishes

confined to the central and southeastern portions of the United States,

apparently entering caves wherever caves exist within the limits of

their distribution. The}^ are the cave fishes par excellence of North

America. Their relationships are with the Umbrida? or mud-minnows
an'd the pikes and killi- fishes, and may be expressed by the following

key to the families of the Haplomi, modified from Jordan and Ever-

mann's Fishes of North and Middle America:

o. Lateral margin of the upper jaw formed by the maxillaries, premaxillaries not

protractile; vent normal.

h. Ja^ys depressed and produced, basis of cranium double Esoddie.

hh. Jaws not produced Vmbridx.

aa. Lateral margin of the upper jaw formed by the jiremaxillaries; basis of cranium

simple,

c. Vent close behind the isthmus; premaxillaries little j>Yotracti\e . . Amblyopsidse.

cc. Vent in normal position; premaxillaries extremely protractile Poeciliidse.

Several characters that have heretofore been used to distinguish the

genera of the Amblyopsida have been examined in detail—namely,

tile character and distribution of the tactile ridges and the number of

the p3doric coeca.

Tactile rkhjcs.—While the tactile ridges peculiar to this family are

undoubtedly better developed in the blind members of the famih^ than

in Chologaster, the difi'erence is one of degree onl}". The same is true

of the differences between the different species of Chologastev. In

this genus they are best developed in C. 'papilliferus^ and in this spe-

cies they are better developed about the snout than elsewhere. A
detailed comparison of the ridges of the head in the different species

«This paper has been prepared under the direction of Dr. Carl H. Eigenmann, who
has furnished the material and literature for the work and given invaluable assist-

ance. Cut 8 is by Mr. Thomas Large; pi. i and figs. 9 to 11, pi. ii, are by Doctor

Eigenmann and the author, figs. 4 to 6, pi. ii; fig. 1, pi. iv; fig. 2, pi. v; and pi. vi

by Doctor Eigenmann; pi. iii from photographs made by Dr. D. W. Dennis; cut 22

is copied from the Proceedings of the U. S. National Museum for 1888, p. 168, and
the remaining figures are by the author.

379



380 EEPOET OF THE COMMISSIONER OF FISHERIES.

shows that while in some species 2 ridges may be coalesced into 1, or

an additional ridge may be interpolated, barring such fluctuations,

which are occasionall}" found even on opposite sides in the same spe-

cies, the homologue of an}' ridge is present in all members of the

family. The ridges are most conspicuous in the large Amhlyopsis^

though really more highly developed in the smaller Tro(jl!cJithys and

TypJiUchthys. In the accompanying figures homologous ridges bear

identical numbers. It will be seen from figures of AmNyopsis (1, 2,

and 3, pi. i), which may be taken as the type, that the ridges form

transverse (ridges 1, 2, 3, 4, 6, Y, 9, 10, 12, 13, and other series) or

horizontal (ridges 5, 7, 11) series. Over the lateral line canals of the

head the ridges are usually at right angles to the canals. On the sides

of the head the vertical ridges form more {Amblyopsis^ fig. 1, pi. i,

and C'holo(jastei\ fig. 1, pi. ii) or less {TypJdichthys^ fig. 5, pi. i, and

especiall}' Troglichthys, fig. 4, pi. ii) broken transverse lines.

The papillae in a number of the ridges were counted to ascertain

whether or not the numbers were uniform in the same and in different

species. The results of this count are given in the following table.

The similarity is not marked, even in the two specimens of Amblyopsis.

The numbers in the first column of the table correspond to the num-

bers of the ridges of the figures.

Number ofpapillx in tactile ridges.

Numbers
of ridges
shown
in cuts.
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Pyloric caeca.—In the keys and descriptions in Jordan and Ever-

mann's Fishes of North and Middle America, the number of p^yloric

c(Bca is taken as one of the characters on which is based tlie division

of the Amhlyojjsidse, into genera. I have examined specimens of all

of the North American species of this family and get results quite

different from those recorded by the above authors and others who
have written on the systematic characters of this group. The least

number of pyloric coeca found in any specimen was 1 and the highest 4.

Cut 1.—Alimentary canal of Chologaster

cornutus. pe, pyloric cojca; s, stomach;

V, vent.

Cut 2.—Alimentary canal of Cholo-

gaster papilliferus.

Four specimens of Chologaster cornutus Agassiz were examined and
in ever^' case the number of pyloric coeca was 4. (Cut 1 shows the

intestine and pyloric coeca of C. cornutus: ,v, the stomach; ;;»(?, the

pyloric coeca; and t', the vent.) Chologaster pajjilliferus Forbes (cut

2), also has 4 coecal appendages. In previous descriptions of this spe-

cies but 2 coeca are noted. The four specimens of the rare Chologaster

agassizii Putnam that were examined had 4 p^doric coeca each (cut 3).

Nine specimens of Typhllchthys suhterraneus Girard Avere examined, 5

Cl't 3.—Alimentary canal of

Chologaster agassizii.

Cut 4. -Alimentary <^anal of TyphUcliihijs

suhterraneus.

from Mammoth Cave and 4 from Mitchells Cave, Kentuck}-. Seven

of these had 2 distinct pyloric coeca each. Cut 4 shows a ventral

view of the intestine of T. suhterraneus and cut 5 a side view of

another specimen of the same species with the gall-sac in position,

the liver having been removed. In the other two specimens only 1

pyloric coecum could be found in each, but the specimens were poorly

preserved and possibly the second appendage had disintegrated. The
coecal appendages in Amblyopsls spelseus De Kay were found to vary
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slightly. Of 22 females examined, 3 had 3 pjdoric coeca each and the

remainder but 2. Of 22 males tt had 3 coeca and the remainder 2. In

all the specimens of each species when but 2 pyloric coeca occur they

are located 1 on either side of the coecum. The 2 appendages are

never opposite. In all cases the right coecum is located about its width

in front of the left. When 3 appendages are present the third is

Cut 5.—Alimentary canal of TypMich-

thys subterraneus, side view, showing
gall-sac.

Cut 6.

—

Amblyopsis spelxus, showing
three pyloric cojca.

alwaj^s just back of the normal one, the 2 normal appendages retaining

their usual positions. Cut 7 shows the normal position of the pyloric

coeca {!*) in AnihUjopsis. Cut 6 shows the 3 coeca in another speci-

men. But 1 specimen of Troglicfithys rosse Eigenmann was examined

and this had 2 pyloric coeca (cut 9).

The general characters of the Ainblyoj^sldai may be summed up as

follows: Body varying considerably in shape in the different genera,

Cut 7.—Alimentary canal of Amblyopsis spelxus. A, air bladder; G, gall-sac; P, pyloric coeca;

S, spleen.

but in all rather heavy anteriorly and the posterior portion com-

pressed; head more or less depressed, its vipper surface quite flat in

AmNyapsis; mouth large, the lower jaw generally projecting beyond
the upper; premaxillary not strictly protractile, although not firmly

joined to the ethmoid, and forming the entire margin of the upper

jaw; bands of villiform teeth on the dentary, premaxillary, and pala-

tine bones; branchiostegal rays 6; gillrakers very short; gill mem-
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brancs joined to the isthiiiiis, .somotiincs loosely; bod}' covered with

veiy small, irregularly arranged cycloid scales; no lateral line; vent

in the j^oung located in the normal position, but in the adult far for-

CuT 8.—Internal anatomy of Amhli/opsis spelwufi. 1, anus; 2, opening of the oviduct; 3, oviduct;

4, ovary, which is single; 5, liver; 6, duodenum; 7, gall-sac; 8, pectoral fin; 9, one of the pyloric

cceca; 10, ccecum; 11, stomach; 12, spleen; 13, air-bladder; 14andl6, intestine; 15, pancreas; L, liver.

ward, just behind the angle of the union of the gill membranes. The
transition of the vent from what is its usual position in most fishes to

this unusual one just back of the gill openings takes place gradually

as the fish matures"; ventral fins wanting

Qfxcept in A/nhlr/opsis, very small in this

species; pectorals inserted rather high, mod-
erate in size; no spines in an}' of the fins;

dorsal and anal fins nearly opposite; caudal

rounded or even pointed at the tip; no

median crest on the cranium; stomach coecal,

with 2 to -i p3'loric cceca; air-bladder well de-

veloped; ovary alwa\^s single. Eggs caught

b}' the gills when spawned, at least in Amhlyopsis^ and held there

until hatched; young remain in the gills in A/nljli/oj^si's until about

four-tenths of an inch long.^

«In a specimen of Amblyopsis 1.26 inches long the anus is just below the insertion

of the j^ectorals. In a specimen 1 inch long it is nearer the ventrals than the pec-

torals. In a specimen of Ti/phlichthys 1.1 inch long the anus is well in front of the

pectorals, but a short distance behind the gill.—Eigenmann, Pop. Sci. Mo., LVI,

1900, 485.

^ Eigenmann, Marine Biological Lectures, 1899, 313.

Crx 9.—Alimentary canal of Trog-

Uchthys rosx.



384 REPOET OF THE COMMISSIONER OF FISHERIES.

Cut 10 indicates the probable relationship of the species. The
ancestry of the blind lishes is unknown." At first the group divided

into 2, those with and those 'without ventral fins. TrogllcJithys prob-

ably entered the caves first, for its eyes have degenerated farther than

any of the species. Amhlyopsls and TyphlicJithys probabl}^ entered

about the same time. Chologaster agassizli has only recently entered

caves, O. j^dJ^'Miferiis is found only in cave springs in southern Illi-

nois, and C. cornutus occurs in the southeastern United States in open

waters.

TrogUchthys Typlilichthys C. agassizii C. papiUilcrus Amblyopsis

Cut 10.—Diagram indicating probable pliylogeny of tlie Amblyopsidse.

KEY TO THE GENERA OF AMBLYOPSID.E.

a. Eyes quite well developed; body more or less colored; ventral fins obsolete; pylo-

ric coeca 4 Chologaster.

aa. Eyes rudimentary and concealed beneath the skin; body colorless; pyloric coeca

2 (occasionally 3 in Anihh/opsis)

.

h. Ventral fins absent.

c. No scleral cartilages present Typhlichihys.

cc. Large scleral cartilages present TroglichOiys.

bb. Ventral fins present Amblyopsis.

«Eigenmann, Science, N. S., 1899, IX, 282.
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Doctor Eigenmanu has worked out the following key to the Ambl}'-

opsida?, based on the structure of the 63^6:"

a. Vitreous body and lens normal, the eye functional; no scleral cartilages; eye i^er-

manently connected with the brain by the optic nerve; eye muscles

normal; no optic fiber layer; minimum diameter of the eye

700 M Cholugaster.

b. Eye in adult more than 1 mm. in longitudinal diameter; lens over 0.5 mm. in

diameter; retina very simple, its maximum thickness 83.5 m iu the

old; the outer and inner nuclear layers consisting of a single series

of cells each; the ganglion layer of isolated cells; maximum thick-

ness of the outer nuclear layer 5 i-i, the inner layer 8 n ...-.cornutus.

bb. Eye in adult less than 1 mm. in longitudinal diameter; lens less than 0.4 mm.;
outer nuclear layer composed of at least two layers of cells; the

^ inner nuclear layer of at least three layers of cells, the former at least

10 « thick, the latter at least 18 u.

c. Pigment epithelium 65 mm. thick in the middle aged, 102 in the

old pupilliferus.

cc. Pigment 49 M thick in the middle aged, 74 in the old; 24 to 30 per cent

thinner than in papiUlfcrun; eye smaller agassizii.

aa. The eye a vestige, not functional; vitreous body and lens mere vestiges; the

eye collapsed, the inner faces of the retina in contact; maximum
diameter of the eye about 200 /<.

d. No scleral cartilages; no pigment in the pigment epithelium; a minute

vitreal cavity; hyaloid membrane with blood vessels; pupil not

closed; outer nuclear, outer reticular, inner nuclear, inner reticular,

ganglionic, and pigment epithelium layers differentiated; cones

probably none; no eye muscles; maximum diameter of the eye

180 /<; eye probably connected with the brain throughout

life Typhliclitliys.

dd. Scleral cartilages present; pigment in the pigment epithelium; viti-eal

cavity obliterated; no hyaloid membrane; pupil closed; some of

the eye muscles developed; no outer reticular layer; jnner and

outer nuclear layers merged into one; eye in the adult not connected

with the brain.

/ e. Pigment epithelium well developed; cones well developed; gangl-'onic

cells forming a funnel-shaped mass tlirough the center of the eye;

pigment epithelium over the front of the eye without pigment;

maximum diameter of the eye about 200 f.i Amhlyopsis.

ee. Pigment epithelium developed on the distal face of the eye, rarely

over the sides and back; no cones; nuclear layer mere vestiges; the

ganglionic layers restricted to the anterior face of the eye just

within the pigment epithelium; maximum diameter of the eye

about 85 /< Troglichthys.

CHOL.OGASTEB Agassiz.

CJioIogaster Agassiz, Amer. Jour. Sci. and Arts, XVI, 1853, 135 {eormdus).

The genus Chologader is distinguished from the other genera of the

Amhl/yopsidse, by the presence of well-developed eyes, which vary

greatly in the different species of the genus. All of the species pos-

«Eigenmann, Eyes of the Blind Vertebrates of North America, Archiv fur

Entwickeluugsmechanik der Organismen, VIII, 1899, 607.

F. C. 1904—25
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sess more or less dermal pigment and thus are colored much like ordi-

nary fishes. There are four pj'ioric coeca, and each species possesses

tactile ridges.

KEY TO THE SPECIES OF CHOLOGASTER.

a. Eye large, contained 5.5 times in the head; species of dark coloration.

. h. Sides with 3 well-defined longitudinal lines, the middle one broadest; tactile

papillpe very small , cornutus.

bb. Dark lines present on the sides of the body but much fainter than in cornutus;

tactile papillae large pap'dllferus.

aa. Eye very small, contained 10 times in the head; coloration faint agassizii.

Chologaster cornutus Agassiz.

The body of this species is rather slender, its length being contained

from 5.25 to 6.5 times in its length; head considerably depressed, 3 to

3.5 in body; mouth large, terminal, oblique, the lower jaw projecting;

maxillar}^ extending to near front of eye; eye small, about half length

of snout and so located as to be able to see upward as well as sidewise;

gill-membranes united and loosely joined to the isthmus, reaching back

to or covering the vent; pectoral 1.5 in head and l.-i in distance from

snout to front of dorsal fin; caudal fin considerably pointed, about

equal to head; dorsal with 8 to 9 rays, its front nearer base of caudal

than tip of snout; anal with 8 to 9 ra3"s, inserted almost directly

under dorsal; scales very small, C3"cloid and not arranged in regular

^^ rows; no lateral line; tactile ridges pres-

-rTrrrl"^ ^,^-.,,5^™^ eut but vcry small; about 70 scales in a
"^^'^^

-
—------I--^-^-^^3ii^ straight line along side from head to

^ .. ., ,

^^ caudal fin; head naked. Color dark
Cut 11.

—

Cholot/aster cornuttts.

brown above, lighter on sides and white

on belly; side with 3 narrow, well-defined longitudinal dark lines, the

middle one, which is deepest and widest, extending across head and
eye to tip of snout, upper line nearer to back than to middle line; a

dark black blotch on base of caudal; remainder of caudal variously

mottled with black. There is sometimes a white crossbai' about the

middle of the caudal, but this ma}"- be reduced to 2 small white spots;

tip of fin frequently white. In some specimens the back is entirely

black and the dorsal fin white, spotted with black. The color, no
doubt, varies much with the conditions. Length of the largest speci-

men known, 1.8 inches.

This little fish inhabits the swamps of the southern United States

from the Dismal to the Okefinokee. It is said to be abundant locally,

but at present there are very few specimens in the museums, so far as I

am able to learn. Those examined were from the Dismal Swamp, Vir-

ginia, and were kindl}^ loaned by the United States National Museum.
The specimens described as O. avitus prove to be a variation of C.

cornutus, the difference being chiefly one of color.

«

« Jordan and Evermann, Fishes of North and Middle America, I, 703, 1896.
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darkest, consequently the sides and upper part of the body appear

gray. There is an ill -defined dark spot at the base of the caudal

and there are dark lines on the body at the base of the dorsal and
anal fins. The fins vary in color from light gray to white, belly

white. Length 2 in.

This rare fish was first described by Putnam in 1872 from a well

near Lebanon, Tenn., and it has very rarely, if ever, been taken since,

so far as I am able to determine, until November, 1898, when Dr.

C. H. Eigenmann secured 4 specimens from Mammoth Cave and
Cedar Sinks, Kentucky. The chief points which distinguish this from
the other species of the genus are the smaller eye and the lighter color.

Tactile ridges are present, but they are not so prominent as in C.

pap'dtiferus. The fish is not found outside of caves or underground
streams. The specimens examined were those from Mammoth Cave
and Cedar Sinks, Kentucky.

Measurem axis.

No.
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General color in life, 3^ellowish pink, alcoholic specimens yellowish;

fins slightlj' mottled with black. Length of the largest specimen

about 2 in.

This species is rather abundant in the streams south of the Ohio and

east of the Mississippi. The specimens examined are from Cave
City, Ky., Roaring River in Mammoth Cave, and Mitchells Cave at

Glasgow, Ky.
Measurements.

No.
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TROGIilCHTHYS Eigenmann.

Troglichthys Eigenmann, Science, "N. S., IX, 1899, 280 (rosce).

This g-eniis is very much like Typhlichthys^ from which it differs in

the structure of the ej^es, especially by the presence of larg-e scleral

cartilages.

Troglich.thys rosae (Eigenmann). PL lY, fig. 1.

Body similar to that of Typhiiddhys^ but slightly heavier. Depth
4.5 in head; head 3, depressed; mouth oblique, lower jaw slightly pro-

jecting; snout rounded; eje not visible, considerably smaller than that

of TyphlicJithys; gill membranes joined to isthmus; head and body
well supplied with tactile ridg-es; fins similar to those of Typlillcldliya',

dorsal with 8 rays; anal 8; pyloric c(jeca 2. Color in life, yellowish

pink, no dark spots an^nvhere. Length 1.167 in,

T. rosx inhabits subterranean waters in southern Missouri, north-

ern Arkansas, and probably eastern Kansas. The type specimens are

from the caves at Sarcoxie, Mo. It is this species whose habits Doctor

Garman and Miss Hoppin have studied.

The following is quoted from Doctor Eigenmann in Science, N. S.,

IX, 1889, 280. "On the surface the specimens very closely resemble

TypJiUcJithys suhterraneus from the Mammoth Cave. * * * It is,

however, quite evident from a study of their eyes that we have to deal

here with a case of convergence of two distinct forms. They have

converged because of the similarity of their environment, and especially

owing to the absence of those elements in their environment that lead

to internal protective adaptation. * "^" * Tlie eye of Tyj^hlichthys

is surrounded by a ver}' thin layer of tissue representing the sclera

and choroid. The two layers are not separable. In this respect it

approaches the condition in the epigsean-eyed member of the famih^,

Chologaster. The eye of TroglicJithys rosse, is but about one-third the

diameter of that of TyphlicJithys suhterraneus, measuring 0,06 mm. or

thereabouts. It is the most degenerate, as distinguished from the

undeveloped vertebrate ej^e. The point of importance * * ^"
is the

presence of comparatively enormous scleral cartilages. * * * This

species is unquestionably descended from a species with well-developed

scleral cartilages, for it is not conceivable that the sclera as found in

Chologaster could, by any freak or cliance, give rise during degenera-

tion to scleral cartilages, and if they did they would not have devel-

oped several sizes too large for the eye. At present no known epiggean

species of the Aniblyopsldx, possesses sclei-al cartilages and the eye of

rosae passes through a condition similar to that possessed by Amhlyop-
sis, but the latter species has ventral fins, and is hence ruled out as a

possible ancestor of rosx. * * * Judging from the deg-ree of degen-
eration of the eye, Troglichthys has lived in caves and done without
the use of its e3"es longer than any other known vertebrate."
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Typhlichthys subterrancus Garman, Bull. Mas. Com. Zool., XVII, 1889, 232 (wells

and caves, Jasper County, Missouri) ; not of Girard. Kohl, Rudimentilire

Wirbelthieraugen, 1892, 59.

Typlilichlhys rosie Eigenmann, Proc. Ind. Ac. Sci., 1897 (1898), 231, Sarcoxie, Mo.
Trogliclhys rosx, Eigenmann, Science, N. S.,-iX, 1899, 280 (Day's Cave, Sarcoxie,

Missouri); Degeneration in the Eyes of the Amblyopsidx, its Plans, Processes

and Causes, Proc. Ind. Ac. Sci., 18*98 (1899), 239 (summary); Eyes of the Blind

Vertebrates of N. A., Archiv. f. Entwickelungsmech., VIII, 1899, 573; A Case

of Convergence, Proc. Ind. Ac. Sci., 1898 (1899), 247.

AMBLYOPSIS De Kay.

Amhlyopsis De Kay, Nat. Hist. N. Y., Reptiles and Fishes, 187, 1842 {spelxus).

Unlike the other genera of this family, Amhlyopsis possesses ventral

fins. The e3^es are concealed under the skin and are not at all func-

tional. The head as well as the bod}' is furnished with regularly

arranged rows of tactile papilhe. Pjdoric ca^ca generally 2, but some-

times 3.

Amblyopsis spelseus De Kay. Plate VI.

The body of Anihhjopsls is heavier than the other members of this

famil}^; depth in length, -i to 5; head, 8, depressed like that of Typli-

lichthys; mouth not so obliquely set as in the other members of the

family; premaxillary not protractile; eye just visible through the skin

in the young, not visible in the adult; gill-cavities enlarged, probably

on account of the breeding habits of Amhlyoj)sis'^; pectoral contained

1.7 in head; anal rounded, with 8 to 10 rays; dorsal, with 8 to 10 rays,

inserted slightly in front of anal, similar to it in shape. The variation

of the rays in these 2 fins depends on the short rays at the front of

each. These are ver}' small and are covered by the fat skin, so as not

to be seen from an external examination. Caudal fin broad, slightly

pointed at tip; ventrals verv small, inserted so that their posterior

margins reach front of anal, ra^^s about 4 in each fin. Fatt}' enlarge

ments present at bases of all the fins, but more especially the dorsal,

anal, and ventral; pjdoric coeca 2 to 3; scales small and arranged

irregularly, similar to those of Chologaster. Body colorless. In life

the coloi is a rosy, purplish hue, due to the blood vessels which show
through the skin; alcoholic and formalin specimens, j^ellowish white;

no evidence of pigment an3'where on the surface. Length, 5 inches.

This species is known south of the Ohio liivcr from Mammoth Cave

and its vicinity only. North of the Ohio it has been found in a num-
ber of caves from Little W3'andotte, near the Ohio, to Hamers and

Donnelsons caves, near the East Fork of the White River. It has

become very rare in and about Mammoth Cave. The specimens exam-

ined were one from Mammoth Cave, a large num})er from Donnelsons

Cave, and one from Hamers Cave.

« Eigenmann, Marine Biological Lectures, 1900, for 1899, 113.
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FIG. 1.—TROGLICHTHYS ROS/E.

FIG. 2.—CHOLOQASTER PAPILLIFERUS.

Dorsal, lateral, and ventral views.
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Fig. 1.—Dorsal view.

Fig. 'J.—Lateral view.

Fig. 3.—W'litral view.

AMBLYOPSIS SPEL/EUS.
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THE LIFE HISTORY OF THE BLUE CRAB (CALLINECTES
SAPIDUS).

By W. P. Hay, M. S.,

Professor of Biology, Hoirard University.

The following- report embodies tlie results of two summers' work

(1902 and 1903) in the crab-producing region bordering Chesapeake

Ba}''. The information was gathered incidentally in connection with a

thorough stud}' of the diamond-back terrapin, and on that account is

b}^ no means as complete as could be desired. Many of the theories

advanced by the fishermen and packers regarding the blue crab have

not 5'et been subjected to close examination, although every oppor-

tunity has been taken for this purpose. In some cases the reports

secured were so contradictory that it is not deemed safe to express an

opinion concerning them. Quite a number of facts, however, have

been brought to light, and they are here presented in the hope that

they may prove valuable to those engaged in the fisher}^ or to those

whose duty it is to secure the enactment of laws to regulate and

prolong it.

The fishermen and crab packers throughout the region gave most

cordial cooperation to the investigations. Special thanks are due to

Messrs. Tull & Co., Tawes & Riggins, and Christy Brothers, of Cris-

field, Md., and to Messrs. McMenarain & Co., of Hampton, Va., all

of whom rendered valuable assistance by supplying material or

information.
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SYSTEMATIC POSITION.

The blue crab
( Callinectes scipidus Rathbun) is a common and well-

known crustacean along' the Middle and South Atlantic and Gulf

coasts of North America. It is one of the nine species which in Miss

Eathbun's recent revision" are regarded as forming the genus, the

otheT members of which are inhabitants of the coasts of South America,

Mexico (on both the Atlantic and Pacific sides), and the Atlantic coast

of Africa. Callinectes is one of the genera constituting the family

Portunidce^ the members of which are commonly known as "swim-
ming crabs," from the fact that with one exception in all the known
species the last pair of legs are developed as broad paddles by means

of which the animals propel themselves through the water. The
family is an extensive one, but those genera which occur on the coasts

of North America may be readily distinguished by the following key,

which is adapted from Miss liathbun :

*

a. Last pair of legs broad, modified into swimming paddles.

h. Carapace decidedly broader than long, antero-lateral margins cut into nine teeth.

« The Genus Callinectes, Mary J. Rathbun, Proc. U. S. Nat. Mus., XVIII, 1896,

pp. 349-375, pis. xii-xxvin.

^Synopses of North American Invertebrates, American Naturalist, XXXIV, Feb.,

1900, p. 139.
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c. IMovable portion of the antenna excluded from the orbital cavity by a ^iro-

longation of the basal joint of the antenna CharyhdcUa.

c^. Movable portion of the antenna not excluded from the orbit.

d. No longitudinal ridge on the palate Arenxus.

d^. A longitudinal ridge on the palate.

e. Abdomen of the male i-shaped Calllnecles.

e^ Abdomen of the male triangular Porlnnus.

b^. Carapace not very broad, antero-lateral margins cut into five teeth.

c. Last tooth of antero-lateral margin developed into a spine longer than the

other teeth or spines Bathynectes.

c\ All antero-lateral teeth similar Ovalipes.

ci^. Last pair of legs narrow, with terminal segment lanceolate Carcinides.

Of the nine species of the g'enus CaJUnectes five have been recorded

from the United States. The}^ are C. sapidus Rathbun, C ornatus

Ordwa}^ C. danx Smith, C. larvatusOYdwRY, and C. exasjjerat us Ordway.
Of these the first is distributed along the Atlantic coast from Massa-

chusetts Bay to Florida and along the coast of the Gulf of Mexico,

the Caribbean Sea, and the Atlantic coast of South America as far

south as Brazil; O. ornatus Ordway has been found as far north as

Charleston, S. C, and thence southward to Victoria, Brazil; C. dand&

Smith has been collected at various localities between South Carolina

and Santos, Brazil" ; C. larvatus Ordwa}" has been reported from some
of the Florida ke3^s, from Vera Cruz, Mexico, from various islands of

the Bahamas and the West Indies, from the coast of Brazil, and from
the West coast of Africa; C. exasperatns Ordwa}' has been collected at

Key West., Fla., Jamaica, Old Providence, and at several points on

the coast of Brazil. In addition to these, C. hocourti Mihie-Edwards
occurs on the coasts of Central and South America; C. arcuatus Ord-

way is found in the Gulf of California and Pacific coasts of Mexico
and Central America; C. toxotes Ordwaj^ from Cape St. Lucas to Guaya-
c^iil, Ecuador; C. helUcosvs (Stimpson) from numerous points in Lower
California and in the Gulf of California; and C. nitidus A. ]\iilne

Edwards from Guatemala prolmbl}^ to Chile.

Some of the species are very distinct, but others are distinguished

with difficulty. The following key, revised from Miss Rathbun's, will

serve for their identification.

«. Inner supraorbital fissure closed.

h. Front Avith four intraorbital teeth C. scqndus.

¥. Front Avith six intraorbital teeth.

c. Verges much shorter than the abdomen.
d. Lateral spine more than twice the length of preceding tooth.

€. Intramedial region broad, its anterior width about three times its

length C. ornatus.

« The occurrence of C. sapklus in a fresh water basin at Rochefort, France, recorded

by Bouvier (Bulletin Musee Paris, VII, 16), is, as that author suggests, to be regarded

as entirely accidental, the specimen having been carried across the Atlantic in some
vessel.
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e\ Intramedial region narrow, its anterior width about two times its length.

/. Verges greatly exceeding the third segment of the abdomen.

g. Tips of verges straiglit. Second to sixth antero-lateral teeth eciui-

lateral C. dana'.

(/. Tips of verges curved. Antero-lateral teeth -with jiosterior margins

longer than anterior C. arcuatus.

p. Verges exceeding the third segment but little, or not at all. . C. larvatus.

cP Lateral sjiine less than twice the length of preceding tooth C. cxasperatus.

c^. Verges reaching the extremity of the abdomen or nearly so.

d. Antero-lateral region granulate. Lateral spine between two and three times

length of preceding tooth C. to.rotes.

d\ Antero-lateral region smooth. Lateral spine less than twice the length of

preceding tooth C. bocourti.

rt\ Inner supraorbital fissure open C. heUlcosus.

Toward the southern half of its range the true C. sajjidus is more

or less replaced locally' by a varietal form, C. sapldus acutideus Rath-

bun, which differs in the possession of an accessor}^ tooth on the inner

margin of each of the pair of median frontal teeth. This form begins

to appear in the Gulf of ^Mexico and is apparently common on the

coast of Cuba and probabl}' other of the West Indian Islands.

DISTRIBUTION ANL> HABITAT.

The natural range of the blue crab is from Massachusetts Ba}^ to

some as yet undetermined point on the east coast of South America.

On the coast of the United States it is common from Cape Cod to the

southern extremity of Texas, and throughout the greater portion of

this long coast line it is ver}' abundant. Its favorite habitat is in the

waters of some bay or at the mouth of a river, and it seems to prefer

shallow water to that of much depth. Consecpiently, such bodies of

water as Delaware Bay, Chesapeake Bay, and the protected channels

along the coasts of Virginia and other South Atlantic and Gulf States

fairly swarm with these creatures. Chesapeake. Bay is especially fav-

orable and has long been famous, not only for the great number of

crabs which it produces, but also for their large size and exceptionally

fine flavor.

Although the blue crab is essentially an inhabitant of salt water, it

is frequentl}^ found in water that is only slightly brackish or even

apparently quite fresh. Specimens have been recorded from the Hud-

son River as far north as Newberg and on credible authority I have

learned of the presence of an occasional individual in the Potomac

River and the Eastern Branch opposite the cit}- of Washington. At

Crisfield, Md., and at other points along both the eastern and western

shores of Chesapeake Bay, I have frequently observed the blue crab

in ponds and ditches, often at a distance of a mile or two from the bay

and in water that was nearly fresh. In such situations it was often

living in shallow burrows in the banks, but I was unable to determine

whether these were of its own construction.
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Within the larger bodies of water the crabs are quite generally dis-

tributed—that is to sa}', individuals are not uncommon auN^where, but

there are certain localities Avhere their abundance is almost incredible

and the suppl}" seems inexhaustible. These favored spots seem to be

the mud bottoms such as arc to be found near the mouths of the larger

rivers, in shallow water where there is an abundance of vegetation.

Hard bottoms, oyster beds, or bottoms consisting of soft ooze without

vegetation are apparently not best suited to their welfare, for on such

spots comparatively few crabs are to be found.

The habitat varies considerably with the season. In the summer
the craljs live close to the shore; in the winter they move into deeper

water. It would also seem that the habitat varies somewhat with the

age and sex of the individuals, for even in the summer the small and

medium sized crabs are most abundant in shallow water, while the

large males remain in the deeper channels.'^ An examination of the

cral)s from shallow water shows that small males and virgin females

constitute the bulk of the catch.

POWER OF MOVEMENT.

Either in the water or on land the blue crab is an animal of great

activity and has considerable power of endurance. Progression

through the water is effected by means of a sculling motion of the

broad, oar-like posterior legs, and under ordinary conditions is slow,

the effort of the animal being apparentl}^ only to keep itself afloat

while it is borne along by the current. Under these conditions the

movement is either backward or sidewise. The shell is held with the

posterior portion uppermost, the legs are brought together above the

back and strike backward and downward at the rate of from 20 to -10

strokes per minute. When alarmed, however, the animal strikes out

with great vigor and rapidity, moving its paddles too swiftly for the eye

to follow; it moves through the water almost as rapidh" as a fish and
quickly sinks below the surface. When on the bottom and undis-

turbed, the crab ma}- be seen to walk slowly about on the tips of the

second, third, and fourth pairs of legs, the large pincers being held

either extended or folded close under the shell and the paddles either

raised and resting against the back of the shell or assisting the move-
ment by slow sculling strokes. In such cases the movement is in any
direction—forward, backward, or sidewise—although the usual direc-

tion is sidewise. If the animal becomes alarmed it moves away by a

combination of the walking and swimming motions and often disap-

pears like a flash. In fact, so rapid is the movement that it is almost

impossible to see how it is accomplished. It is too steady and uniform

"This fact is well known to the fishermen, who frequently refer to these large males
as " channellers."

F. C. 1904—26
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to be a series of leaps, and the animal seems too far above the bottom

to be running upon it; 3'et all the legs are in motion except the large

first pair. Of the latter, the one on the side toward which the animal

is moving is held straight out sidewisc, while the other is folded up
under the shell.

METHOD OF CONCEALMENT.

The coloration of the crab is such as to harmonize very perfectly

with the surroundings, and the animal attempts very little concealment

if there are other objects on the bottom. Often, however, a clear,

sandy bottom or some oozy pond will be found to be almost alive with

crabs which have buried themselves until only their eyes and their

antennae are exposed. In thus hiding, the crab goes nearlj' vertically

backward into the bottom and then, bj' a few movements, turns

slightly, so that the shell rests at an angle of about 45°. The material

above settles down and effaces all traces of the entrance. It usually

happens that the bottom affected by the crab is firm enough to render

this operation somewhat slow and it rarely attempts to escape pursuit in

such a way. It seems probable that concealment is usuall}^ adopted as

an ambush from which a sudden attack can be made on some passing

fish.

In certain places, notably shallow ponds and streams which become
nearly dry at low tide, the crab may be observed to dig rather large,

conical holes, apparantl3" as reservoirs, and to take up its position in

the deepest part. The work of making such an excavation often

requires two or three hours, usuall}" conmiencing soon after the tide

has begun to ebb strongly and continuing until the edge of the exca-

vation is nearly exposed above the water. The animal works from

some suitable point, carr\'ing away load after load of material clasped

between the large claw and the lower surface of the front of the shell.

It loosens up the surface with the tips of its second, third, and fourth

pairs of legs, grasps all it can carr}^, and then moves off' a few inches in

the direction of the side which bears the load and deposits it so that it

will not roll back. Thus the hole is gradually deepened and the sur-

rounding circle built up and widened until it has a breadth of about

a foot, with a depth of perhaps 6 inches. The crab then settles

itself into the sand or mud at the bottom of the hole and waits until

the rising tide offers an opportunit}^ to move about again.

The blue crab has very seldom been seen to come out on land volun-

tarily, although it is able to sustain life for several hours when

removed from the water. In low, swampy situations I have occasion-

all}^ seen an individual moving about in the dense grass or hanging to

the grass just above the water, and in Miss Rathbun's paper "The
Genus Callinectes," there is a description by Mr. Willard Nye, jr., of

the migration of a large number of crabs from a small pond to the
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ocean over a beach 400 feet wide. They had been imprisoned in the

shallow water and were forced b)^ cold weather to make the excui»sion

to deeper places.

During the molting- periods the crab will always hide itself, if pos-

sible, under some subniero-ed timber, rock, or bunch of grass. Here

it will remain quietly until after its shell has been shed and the new

shell has hardened.

The color of the crab is more or less variable, and it is l>elicved by the

fishermen that the animal is able to change its hue slightly to approxi-

mate the color of its surroundings. Light grayish-green individuals

are said to be taken on sandy bottoms, while the dark olive-green are

said to be found among the grass. This theory, however, is not very

well 'borne out by crabs held in captivity in the live boxes, for there

thej retain their original colors, and even after they have cast their

shells exhibit quite as much variety as before.

FOOD.

The blue crab's food is of a varied character, but the animal is preemi-

nently a scavenger and a cannibal. In the shallow waters of ponds

and small tidal streams it preys to a certain extent upon small fish,

which it stalks with some cunning and seizes by a quick movement of

its large claws. In such situations, too, I have sometimes observed it

nibbling at the tender shoots of eel grass or other aquatic vegetation,

or picking at the deca.yed wood of some sunken log. Its favorite food,

however, is the flesh of some dead and putrid animal, to obtain which

it will travel a considerable distance from its hiding place. A piece

of stale meat or a rotten fish will attract the crabs for several yards

around and they will swarm over the morsel until it is entire!}^

devoured. The offal from stables and water-closets which project over

the water furnishes the crabs with many a meal and in such spots num-

bers of the animals may be observed lying in wait for food.

Wherever crabs are abundant they constitute a source of great

annoyance to fishermen, for they are adepts at stealing bait from the

hooks and will return time and again after having been drawn to the

surface of the water and apparently frightened away.

An injured crab, if thrown into the water, will be speedily set upon

by its associates and torn to pieces. Even one that is uninjured, if

small or in the soft-shelled condition, is likel}^ to be captured and

eaten by stronger individuals.

In eating a bit of food the crab first grasps it'in the large claws and

pushes it back under the front of the shell, where it is seized between

the tips of the second pair of legs and pushed forwai'd and upward to

a point where it can pass between the third maxillipeds to the jaws.

These strong organs masticate the food while the other mouth-parts

prevent the escape of the smaller particles. It is then swallowed and
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the complicated set of teeth in the stomach reduce it to a thin fluid

mass before it is allowed to pass into the intestine.

Digestion in the crab seems to be a rapid process, for the food dis-

appears so quickly from the stomach that this organ is usually found

to be perfectly empt}^ within a few minutes after having received a

full meal. It is a common idea among the fishermen that food is not

retained in the crab's stomach at all, l)ut this I have disproved by
numerous dissections.

REPRODUCTION.

The sexes of the crab are separate, and reproduction is effected by
means of eggs, which are laid by the female after copulation. The male

crab may instantly be recognized by its narrow 1-shaped abdomen, or

apron, which is folded under the cephalo-thorax and lies over a rather

deep groove in the sternum between the second, third, and fourth pairs

of legs. (Fig. 2, pi. I.) Its base is broad and nearly fills the space

between the fifth pair of legs. The verges, or intromittent organs,

consisting of the much modified first pair of abdominal appendages, lie

within. the sternal groove and are ordinarily completely hidden by the

abdomen, but are easily exposed I)}" raising that portion of the animal's

body. The male is also usually distinguishable by its larger size and

the greater amount of blue on its legs and the lower surface of the

body. The soft-shelled male shows a good deal of blue on the back also,

but as the shell hardens this gives way to the usual dull gray green.

Among the female crabs two distinct forms are recognizable, which

we may designate, respectively, as virgin and ovigerous forms. In

both the bod}* is more tumid and the abdomen is much broader than in the

male. In the virgin form the abdomen has a triangular shape, the sides

converging nearly uniformly from the base to the tip. (Fig. 3, pi. ii.)

In the ovigerous form it is nearly semicircular in outline, except for

the small terminal segment, which projects in front as a small triangle

on the middle line. (Fig. 4, pi. ii.) In the virgin form the abdomen

lies, as in the male, in a depression between the bases of the last four

pairs of legs, but it is fastened in its place so strongly, by means of

a pair of hooks which project from the body and lit into a pocket on

each side of the abdomen, that it can hardl}^ be raised without being

broken. The swimmerets on such an abdomen are small—almost rudi-

mentary—and would hardly be noticed in a cursor}^ examination. In

the ovigerous form, on the other hand, the abdomen covers nearly the

whole lower surface of-the shell, even overlapping the basal segments

of the last four pairs of legs, and it is held in position only by a mus-

cular effort on the part of the animal. When such an abdomen is

lifted up, the observer is at once struck with the large size of the

swimmerets, which, with their fringes of hairs, entirely fill the space

between the abdomen and the shell of the body. It will further be
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observed with reo^ard to these two forms amonj^ the females, that the

first, or virgin form includes all the smaller individuals, while the

second, or ovigerous form includes only those of larger size. That the

condition is not an evidence of age, however, will be shown further on.

Crabs may be found pairing at almost an}^ time during warm weather,

but there seem to be five or six periods between early June and the

beginning of cold weather when the act is at its height. During these

times mated crabs, " doublers," as they are called by the fishermen, are

found in considerable numbers, either lying on the bottom in shallow

water or swimming at the surface. It appears that the male crab is

able to distinguish the female which is about to shed her shell, and

having found such a one seizes her and carries her about with him,

sometimes for a da}'- or two, until the shedding of her shell is immi-

nent. He then places her in some sheltered place and stands guard

over her ready to repel the advances of any other male. At this time

the female invariably is of the virgin form, and copulation has not

taken place. When she sheds her shell, however, she has passed into

the ovigerous form, the broad semicircular abdomen of her new con-

dition having been withdrawn from the shell of the narrow triangular

abdomen of the virgin form. She is now read}^ for copulation, and is

immediately approached again by her mate. She turns back her

abdomen, thus exposing the openings of her oviducts, the verges of

the male are inserted, and she is grasped by the tips of his second,

third, and fourth pairs of legs, and carried away. In the mated crabs

the female, before she has cast her shell, is carried by the male with

her back against his ventral surface; during copulation her position is

reversed. Copulation lasts for a day or two, coming to an end as

soon as the new shell of the female has hardened. The pair then sepa-

rate, and so far as is known pay no further attention to each other. '

/ The female is now ready to produce her eggs, and for this act it

seems that she seeks the ocean or the mouth of some large bay. In

Chesapeake Bay mating crabs are abundant at least as far north as

Annapolis, but a crab with eggs is very seldom found there. On the

other hand, at Cape Charles City, Va., at Hampton, Va. , and neigh-

boring points, egg-bearing females are far more abundant than either

males or virgin females during the latter part of summer, but appar-

enth" do not often come into shallow water. All the individuals seen

at the two Virginia localities had been caught on trot lines. An exactly

« Although the facts cited in the last few paragraphs are matters of common
knowledge among the crab fishermen, I am not aware that their relation has been

recorded in any of the printed accounts of this animal. The fact that copulation is

possible only while the female is in the soft-shelled condition has been noted by
several observers, and that about the time of copulation she changes from the narrow

abdomened to the broad abdomened form is mentioned on page 369 of Miss Rath-

bun's paper.
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similar condition of affairs has been reported 1)y Paiilmier to obtain at

the Long Island fisheries. He says:

The investigations of the writer, finally, failed to siiow any in tlie shallow waters

of the bays and rivers. It thus seems certain that the crahs in berry do not come
into the shallow water at any season in the north.

During the latter part of June, however, a few specimens were taken while cling-

ing to a pound net near Fire Island inlet in about 20 feet of water. For the next

three weeks none were seen, while small males were quite common. Then the

females suddenly a2:)peared in great numbers on the nets, but, as mentioned, none

were seen on the shore.

The eg'o-s of the crab are ver}" minute, about jj^r of an incli in

diameter, and they are very numerous, it having- been estimated that

a single female may produce as many as 3,000,000. As soon as the

eggs are laid they adhere to the fringes of hairs on the swimmerets

and forin a mass which is nearly a third as large as the female's body.

They are carried al)out thus until they hatch, when the 5"oung, after

clinging to the mother for a short time, loosen their hold and begin a

free existence.

The eggs are probabh' produced soon after copulation, consequently

among the great mass of crabs there are to be found some 'M)looming

females" throughout the summer wherever conditions are favorable

for eg^ laying. The majority spawn in the fall or earl}' spring. In

his article on the blue crab (Fisheries and Fishery Industries, p. 642,

1880) Mr. Kichard Rathbun states that at Hampton, Va., in 1880, the

first crabs with eggs were taken on the first of March, but they do not

appear usually until April. The height of the spawning season is

from May to August, though many egg-laden crabs are seen until

November. At Charleston, S. C, in March of the same year, Mr.

K. E. Earll reported that at least two-thirds of the catch were females,

laden with eggs which from their immature condition would probabh'

not hatch before April or Mny. In this connection is quoted the

following letter from Mr. S. L. Addison, of JMcMenamin & Co., crab

packers at Hampton, Va.

:

The proportion of the male and female crabs varies considerably during the j^ear,

but the average is about two males to twelve females. Egg-bearing females are most

abundant during the hottest part of the season. As to what time the eggs hatch and

how soon after laying, we have no means of ascertaining, and exactly what becomes

of the young is a hard question to answer, although the very small crabs are found

at all times of the year. Very many of the small crabs are de\oured by fish and

oj-sters. We have no reason to believe that the female dies after she sjiawns. On
the contrary, we are satisfied that she does not, as her appearance gives every evi-

dence of it. We are not able to state how long it takes a crab to grow from the egg

to maturity, and, in fact, do not know at what age it is mature.

Our oldest crabber, who has been in the business for about twenty years, says posi-

tively that every crab sheds its shell once every three months during the whole year,

both winter and summer.
Very many egg-bearing female crabs are caught for market and canning purposes,

and we see no way to prevent this, as they do not all spawn at the same time, but
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during the whole season gome of them are spawning. Our experience is that we
find more of the small crabs al>out March and April, although, as we stated above,

some of them are found during the entire season. From the best information, nearly-

all the crabs, if not all, spawn in the rivers and afterwards come into salt water. We
do not think they travel from this section northward, but, on the contrary, we think

they generally come southward.

Our opinion is that there is nothing so detrimental to the crab industrj- as dredg-

ing for crabs in winter time, and what makes us feel so sure of it is the fact that

after they are dredged in a certain location in the winter, the next season none or

scarcely any of them are to be found there. They will not bed in the same place

the succeeding winter.

"We are borne out in the opinion by our .oldest and best crabbers, that generally

about June and July we have a little different crab reach us here in Hampton
Roads, which is generally called the ocean crab. It is larger than the one which we
get ^rlier in the season, and is a much bluer crab- We can not say whether this

crab comes from the north or south to us.

Mr. Isaac H. Tawes, of Crisfield, Md. , reports as follows:

From what I can learn, the crabs spawn in the spring. I have been noticing them
for several years. I always see the small baby crabs in May and June. X think the

females mature during the winter and spawn in the spring.

METAMOSrHOSIS AND SUBSEQUENT GROWTH.

The young crab when it first escapes from the egg is almost micro-

scopic in size and of a ver}' different appearance from the adult. It is

known as a zosea larva." It has a swollen,

globose bod}' and a long, slender, segmented

tail. The e>'es are especiall}" large and

prominent and are borne on short, thick

stalks. The shell which covers the head and

body is prolonged downward between the

^yes to form a long, slender, pointed ros-

trum (cuts 1 and 2, r.). On each side, near

the middle of the shell, there is a smaller

lateral spine (cut 1, I.) and near the middle

of the back there is a long, slender, curved

spine (cut 1, d.). The tail or abdomen,

which afterward becomes the "apron" of

the adult crab, is longer than the body and

is composed of six cylindrical segments; it

bears no appendages and ends in a large, forked telson (cuts 1 and

2, t.). The tail is movable and assists the animal in swimming. At
the front of the bod}', in the neighborhood of the mouth, there are

Cut 1.—Zosa form o£ Callinectcs

sapidus or some closely related

crab. (After Brooks.)

«The following account of the metamorphosis of the era)? and the figures which

accompany it have been taken from Dr. W. K. Brooks' Handbook of Invertebrate

Zoology (S. E. Casino, Boston, 1882), with such revisions as have been necessary to

adapt it for popular reading.
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seven pairs of appendages, which are usually designated as the first

and second antenna, the mandibles, the first and second maxill;^, and

the first and second niaxillipeds, the latter being provided with long

plumose hairs and used as the principal organs of propulsion as the

animal swims through the water. The other thoracic appendages

of the adult crab—namely, the third niaxillipeds and the five pairs of

legs—are represented only hy a series of buds lying on each side,

almost concealed by the shell. The shell itself is very thin and so

transparent that the heart, the intestine, the muscles which move the

appendages, and all the other internal organs may be easily observed.

The zoa^a sheds its shell a number of times, the bud-like rudiments

of the third niaxillipeds and the legs grow a little and the portion of

the body which carries them becomes obscurely divided into segments.

The abdominal feet or

swimmerets make their

appearance as pairs of

buds on the ventral sur-

face of the abdominal

segmen ts, and certain
changes occur in the

antennae and mandibles

which cause these parts

to resemble more closely

the parts of the adult crab.

For a number of molts

the change of the larva is

gradual, but after a time

it sheds its shell and be-

comes suddenl}" converted

into a form which is quite

different from the zoaea,

and which is known as a

megalops. The megalops differs from the zorea in the following

characters:

(1) There are no lateral spines and the dorsal spine is very short.

(2) The eyes are at the ends of very movable stalks.

(3) The five pairs of legs are full}^ developed and are very similar

to those of the adult.

(4) The gills have made their appearance above the bases of the

legs, under the margins of the shell, but these margins are still free.

(5) The niaxillipeds are no longer organs of locomotion and there

are three pairs.

(6) While the larva is still able to swim, it also moves over the bot-

tom by walking upon the tips of its legs, with a crab-like gait, very

CVT 2.—Megalops form of CalUncctes sapidus or some closely

related crab. (After Brooks.)
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similar to that of the adult. A reference to the figure, however, will

show that the megalops is still far from being like the adult crab.

There is still a long-pointed rostrum on the front of the shell, and the

ej^es, instead of being hidden in cavities on the front of the shell, pro-

ject conspicuously from the sides at the base of the rostrum. Both
pairs of antennai project from beneath the rostrum, and the lash of the

second antenna is very long. The last pair of legs are bent upward
and backward above the back of the shell and are borne on a separate,

movable segment of the bod3^ The abdomen is still long and carries

live or six pairs of swimmerets; while the animal is swimming the

abdomen is stretched out behind the carapace, but while crawling it

may be bent forward under the ventral surface of the bod}^, as in the

adult. The third pair of maxillipeds are still leg-like, being composed
of C3dindrical segments, and are not flattened as ir the adult. In fact

the general structure and appearance arc quite as much like that of a
craj^lish or lobster, as like that of the familiar blue crab.

The time required for the megalops larva to change into a 3^oung

crab having the form of the adult has not been recorded, but is prob-

abl}^ quite short. By successive molts'* the outline of the shell, the

structure of the appendages, and the internal anatomy approximate

more and more closel}^ the future condition, until at last, by the time

the animal has reached a breadth of perhaps one-fourth of an inch, its

true nature becomes plainly evident.

Even before this time it has fallen in with others of its kind and
together with them it moves shoreward.^ In Chesapeake Ba}^ this

general shoreward movement appears to take place early in the spring,

for at Crisfield in April, and to some extent in May, the tiny crabs

begin to appear in great numbers. They float along with the currents,

clinging to bunches of grass or swimming freeh^ in the water, and
filially find a suitable home in some shallow and sheltered bay or

«The number of molts during the megalops stage is stated by Paulmier to be
(probably) six.

&In Miss Rathbun's paper (p. 368) there is given an account by Mr. John D.

Mitchell, of Victoria, Tex., of the breeding habits of the crab in the Gulf of Mexico.

He says: "The eggs begin growing in the spring and hatch the latter part of ]\Iay or

June, the young clinging to the apron for several days. When first hatched they
are very little more than two eyes, and look like anything but a crab. I know little

about the number of times the young sheds from the time of leaving the mother's

apron until it gets its crab shape, which is inside of three months. I have seen the

little fellows so thick near the margin that the water would look murky and thick,,

and thousands could be scooped up in the two hands placed together, and their cast-

off shells would form a gray streak along the water's edge. They collect in immense
numbers along protected shores and nooks, shedding several times and getting their

shape in September, when they start on their great migration across the bays for

the north shores, where they enter the creeks and estuaries, and go upon the shoals,

where they remain until grown, burying themselves in the mud and sand in winter."
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estuary. These young crabs have ahuost certainly hatched from the

egg the preceding fall, for it is then, in the months of August and

September, that egg-bearing females, " blooming crabs,'' in the tisher-

men's vernacular, are most abundant in the extreme lower part of the

bay.

Once having established itself in a congenial location, the young
crab probably remains there until it has attained its growth. It has

been stated that three years is required for this^' and that the young
crab sheds its shell twice each summer before it reaches its full size.

It is quite possible, however, and such evidence as I have been able to

collect makes it seem probable, that in Chesapeake Bay, at least, the

grow^th of the young crab is more rapid and that it may reach its full

size in at most two seasons. At Crisfield, where hundreds of thousands

of crabs are taken each summer and sent to market, the spring catch,

beginning in May, contains great numbers of small crabs from li to 2

inches across. By the next month the}^ have reached 3 inches, and in

July individuals 4 inches across are the rule. In August and Septem^
ber most of the females have reached a breadth of 5 inches and are

mature and ready for mating. It may be, of course, that this gradual

increase in the size of the individuals taken does not prove such a

rapid growth so much as an increased number of crabs on the bottoms

from which the fishermen can choose. There are always a certain

number of small crabs taken in the nets and thrown back into the

water again, but the number of small ones diminishes as the number of

large ones increases toward the end of summer.
The duration of life of the crab after it has reached maturity is not

positively known, but it is ver}- probable that it differs somewhat in

the two sexes. One observer, quoted by Miss Rath bun, gives seven

3^ears as the limit of the crab's life without regard to sex and also says

that it does not molt after having reached maturity. The latter

statement is probabl}^ correct, but the former can hardly be accepted

without proof. The evidence which has been collected seems to show
that the males will survive at least one winter and possibly two, for

large, full grown individuals are common throughout the winter and

in early spring and are often caught by the oyster dredgers. These

large males do not shed their shells and are usually battered and more
or less covered with barnacles and even oysters. The females, on the

other hand, probably die soon after sjjawning, and therefore survive

the first winter only in case they have not copulated immediately

upon becoming mature. ' The evidence to support this statement is

perhaps not wholly satisfactory. No one has, as far as I know,

followed the female crabs actually to see what becomes of them, but I

have been informed that at times the beaches along the lower part of the

«Rathbun 1896, p. 369; also Paulmier 1901, p. r. 135.
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bay and the adjacent ocean are covered with dead crabs, mosth^ oviger-

ous females. All the observers mentioned the late fall as the time of

such an occurrence. jSIoreovcr all those engag-ed in the crab fisher}^

unite in saying that the}' have seldom, if ever, found an ovigerous

female shedding her shell, and that the females which are found early

in the season are of the virgin form. Evidently all the large females

of the early spring are slich as did not find a mate during the preced-

ing season and have, therefore, still to fulfill their maternal destiny.

It has been stated by Paulmier (1901) that the female cral) does molt

again after the eggs are hatched. His investigations made in the

neighborhood of Long Island may indicate strikingly different life

histories for northern and southern crabs, for the observations made

at Crisfield prove quite conclusively that the female does not cast her

shell after having produced her first and only lot of eggs.

MOLTING.

In practicall}^ all the lower animals whose bodies are incased in a

tough unyielding covering extension in size and an}" change of form

occurs not gradually and continuously, but suddenly and at intervals,

and is always preceded by the casting off of the confining skin or

shell, a process known as molting or ecdysis. The molting of the

crab might have been dwelt upon more fully in the preceding para-

graphs, but it is a matter of such interest and of such vital importance

that it deserves to be considered by itself. It must suffice, however,

to describe the process in the fully formed crab, and leave the subject

of the larval molts for future investigation.

As the crab approaches the shedding period it begins to show its

condition by various external "signs," which are well known to the

fishermen and are of great importance to them. The first indication

is'a narrow white line which appears just within the thin margin of

the last tw^o joints of the posterior pair of legs. This line is so nar-

row and so obscured as to be bareW visible, bat it is immediately

detected by the expert, and the individual bearing it is classed as a

'*fat crab,'' or more vulgarly as a '' snot." Within three or four days

the white line gives way to an equally narrow and obscure red line,

and a set of fine white wrinkles makes its appearance on the blue

skin between the wrist (carpus) and the upper arm (meros). Such a

crab is known as a "peeler," and may be confidentl}' expected to cast

its shell within a few hours. As the time progresses the marks

become more and more evident, and a reddish color (especially in vir-

gin females) begins to appear at the margins of the segments of the

aMomen. Then, on the under surface of the carapace, extending

from the ncighlwrhood of the mouth around the sides and backward

to the posterior margin, there appears a narrow fracture, so that the

whole upper surface of the shell can be raised up from the back like
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a lid, to expose the soft body beneath. Such a crab is termed a

" shedder " or a "buster." (Plate iii.) At this time the animal usuall}^

lies motionless, but if disturbed is still capable of movement, and may
crawl or swim slowly away. It is incapable of showing any great

muscular force, however, and can inflict onh" an insignificant pinch

with its claws.

The actual casting of the shell is now a matter of onh^ a few min-

utes; a quarter of an hour will usuallj" suffice, though the operation

may be prolonged to three or four times that period if the crab is dis-

turbed or if it is suffering from some recent injury. In the latter case

"it is often unable to complete the process and dies. By convulsive,

throl)bing movements the hindei- pair of legs begin to be withdrawn

from their encasement and are finall}^ freed. Meanwhile the other

legs have been started out and the body has begun to protrude more
and more from the shell. At last everything is out except the front

of the body and the large claws, but the latter, on account of the great

discrepanc}' between their size and that of the narrow articulations

through which they must be withdrawn, require some further effort

before the}^ can be freed. The thing would hardly be possible at all

were it not for the fact that on the upper surface of the hirge segment

of the arm (meros) a broad triangular surface of the shell becomes

loosened and rises up like a flap to make way for the crowded tissues

within. Some of the hard shell of the other lower (proximal) seg-

ments also seems to become softened and elastic So that by a steady

pull the great pincers are finally drawn through. Thus the crab has

backed out of its shell and meanwhile it has grown, for if it is caught

and measured it will be found to be considerably larger than it was
before.'* (Plate iv.)

The skin is soft and the animal looks and feels flabby and helpless.

The back is wrinkled, and the "horns," or large lateral spines, are

curled curiously forward. Within a few minutes, however, the body

fills out, the horns straighten, and the growth at this interval is com-

« The followino; measurements will show the increase in size for ci'abs nearly-

mature. The specimens were taken from floats at Crisfield and were selected at

random from among a large number. An effort was made to secure measurements
of smaller individuals as well, but the lateness of the season made it impossible.

Sex.

Female
Do.
Do.
Do.
Do.
Do.

Before
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plete. The crab is now known as a "soft-shell," and from the a?sthetic

standpoint is at the hei<^ht of its glory, for all the brilliant coloration

of the various parts is undimmed by any of the shell deposits, the soft

integument seeming to bear the bright pigments at the very surface.

Under natural conditions the crab usually selects some place of con-

cealment in which to pass the period of shedding and probably does

not leave it until the hew shell has hardened, but it is by no means
helpless, even immediately after ecd3'sis has occurred. On the tips of

legs which seem too soft to support any weight whatever it can walk
awa}^, or, if forced to make the effort, can swim. The new shell

hardens quickly. Within twelve hours it becomes parchment-like and
the crab is called a "buckler," "buckram," or a "bucklum;" in two
or three da3^s it is as hard as ever and once more starts out in search

of food.**

AUTOTOMY.

Autotoni}', or the automatic throwing off of the appendages, is very
characteristically shown in the blue crab and is of frequent occuri'ence.

Very often if a large individual, in the hard-shelled condition, is cap-

tured and held by one leg it will snap the limb off and make its escape.

Likewise, if one of the legs is injured toward the tip the entire mem-
ber will be dropped off. The breakage always occurs at the same
point—across one of the segments near the base of the leg—and is a

provision of nature to prevent the animal from bleeding to death. It

is practiced ordinarily only by the hard-shelled crabs; an injury to a

soft-shelled individual usually causes death. Under other conditions,

however—notably, a sudden lowering of temperature—the act has been

observed, and in one of the early attempts to procure soft crabs for

market, b}" confining the hard crabs in an inclosure until they had shed

their shells, severe cold weather reduced the entire catch to a lot of

Id^-less bodies ("buffaloes," the}" are called by the fishermen).

Autotom}^ seems to be limited to the legs, for, so far as I have been
able to determine, none of the other appendages are ever thrown off,

although if they are forcibly removed they will be regenerated.

Regeneration of the parts cast off' usually follows autotomy, but,

according to the researches of several biologists, will not take place

indefinitely. Three or four times seems to be the limit. The process

of regeneration is quite rapid. At the first molt after a limb has been
cast off, provided that the injury does not occur inuuediatel}' before a

molt, the new limb appears as a small bud in which all the missing

segments ma}^ be found, coiled in an elongate spiral. At the next
molt the segments straighten out and the new limb, except for its

smaller size, looks like the one which was cast off. Another molt,

possibly two, will be sufficient to restore the limb to its full size.

«It is believed by the fishermen that the molting of the crabs is influenced largely

by the moon and the tides, but the evidence to support this theory is very contra-

dictory.
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FIG. 1.—THE CAST SHELL OF A HALF-GROWN MALE.

FIG. 2.—THE VENTRAL SURFACE OF A FULL-GROWN MALE

CALLINECTES SAPIDUS.
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FIG. 3.—VENTRAL SURFACE OF A VIRGIN FEMALE, SHOWING THE NARROW, TRIANGULAR
ABDOMEN.

FIG. 4.—VENTRAL SURFACE OF AN OVIGEROUS FEMALE, SHOWING THE BROAD, SEMI-

CIRCULAR ABDOMEN.

CALLINECTES SAPIDUS.
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INTRODUCTION.

Mai\yland furnishes by far a larger supply of crahs than any state

in the Union, and it is not improbable that its people were the first to

discover the edible qualities of this crustacean and its value as a market

product. The only species taken in the commercial fisheries of the

state is the blue crab {Ca/linecfes sapidus). which is caug-ht and marketed

in both the hard-shell and the soft-shell condition. The fishery for

soft crabs, however, is much more extensive than that for hard crabs.

Most of the data in this paper were collected by the writer during

an investigation of the fisheries of Maryland in 1902, when the entire

crab-producing region of the state was visited and most of the fisher-

men and dealers interviewed. Prof. W. P. Hay, of Howard Univer-

sit}', who was at that time engaged in an investigation of the natural

histoiy of the crab, collected also data concerning the fishery, and his

notes have been freely used in this report. It has been the purpose

not to deal with the crab from a scientific standpoint, but accurately

to present the information obtained relating to its economic value.

Acknowledgment is made to the crab fishermen and dealers in this

region for courtesies rendered, and especially to Mr. Isaac H. Tawes,

of Crisfield; Mr. Harris, of the firm of H. L. Harris & Co., of Cam-
bridge; Mr. Frank L. Corkran, of Oxford, and Mr. Moses E. Pritchett,

of Bishops Head, all of whom contributed much valuable information.

THE SOFT-CRAB INDUSTRY.

The greatest crab shipping point in the United States is Crisfield,

Md., situated near the extreme loAver end of Somerset County on the

Little Annemessex River, a tributary of Tangier Sound. This town
not only receives the catch taken from Maryland waters in its vicinitj',

but also the principal part of the Tangier Island catch. Deal Island

ranks next to Crisfield. as a shipping point, but it has the benefit of

steamboat transportation only, while Crisfield has train service in

F. C. 1904—27 417
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addition. Practically all of the catch in the other crab1)ing- localities

of the state is sold to shippers at these two places. The principal

grounds are Tangier Sound and tributarj^ waters, Kedge Straits, and
Holland Straits. Crab fishermen usually return from the fishing

grounds daily to market their catch. In many cases, however, the

distance prevents this and they are forced to live in shanties on the

shores in the vicinity of the fishery, their catch being disposed of to

buy-boats or crab-houses near by. As many as six men sometimes

live throughout the season in a shanty which has cost about $25.

Others live aboard their boats.

Apparatus.—Soft crabs are taken with <^hree forms of apparatus

—

scrapes, scoop nets, and small seines. A few also are taken inciden-

talh^ on trot lines, together with hard crabs, as will be mentioned in

connection with the latter fishery. The catch by seines is insignifi-

cant compared with that by scrapes and scoop nets.

The scrapes used for crabbing are similar to the oyster dredge,

except that they are lighter, have no teeth on the front bar, and have

a cotton instead of a chain bag. Scrape frames are usually sold by
weight, the price being from 7 to 10 cents a pound and the weight

from 25 to 35 pounds each. The average price for a scrape, including

bag and line, is about ^53.50. Most of the scrape frames are made at

Crisfield and Deal Island, while the netting comes from Boston and is

made into bags bv L. Cooper Dize, of Crisfield, who holds a patent on

the bag in general use. The patent consists of a cord running along

the back of the bag to keep it stretched. The width of a scrape varies

from 2 feet 6 inches to 3 feet 6 inches, though few of the latter size

are used.

The bags originally used were 3 feet deep, but deeper ones were
found more effective in preventing the escape of the crabs, and 4 feet

is now the usual depth. The same apparatus is occasionally used both

in dredging for oysters and scraping for crabs.

A scoop net, or dip net, as it is sometimes called, consists of a cir-

cular bow of iron, with a cotton bag from to 8 inches deep knit

around it, and a handle about 5 feet long.

The seines are from 40 to 50 feet long and are hauled by two men.

Crabs taken in scoop nets and seines are less mutilated than those

caught in scrapes, and consequently command better prices.

Scrapes are used exclusively upon sailing vessels, and, like oyster

dredges, are drawn over the bottom while the boat is moAnng under

sail. The boats vary in size from the smallest used in dredging for

oysters to 9 tons net tonnage, which was the largest size used during

the season of 1901^ From two to four scrapes are carried on.each boat,

four being exceptional, however, and onl}^ on the larger size vessels.

As a rule there are two light scrapes and one heavy one to a boat.

With a good breeze a crew of two men can manipulate two light scrapes.



THE CRAB INDUSTRY OF MARYLAND. 419

but with a lio-ht wind the tAvo men together handle a heavj' one. A
crew of three men can, witli a favorable breeze, handle three scrapes

at the same time. It is the object of the scraper to have the boat get

sufficient headway to go slightl}^ faster than the crabs can travel, so

that they can not escape when once in the bag. Scrapes are not allowed

to sink in the soft bottom, as the mud covering the bottom of the bag-

would furnish a means of escape. The scrapes are taken aboard every

few minutes, or after covering from 7o to 200 yards, and the contents

are emptied out and sorted over, usually on a board platform or broad

flat trough convenienth'' located at the side of the boat. The bulk of

the material brought up is grass and mud, from which the crabs are

picked out and distributed in the several receptacles provided for

them, according to the successive stages of their development.

Scrapers endeavor to reach the crabbing grounds as early in the

morning as possible, before the crabs ai'e moving about and have

become scattered. The best catches are made between daylight and 10

o'clock in the forenoon, and between 3 o'clock in the afternoon and

evening. The bright sun in the forenoon drives the crabs back into

their holes until hunger forces them out again in the afternoon. On
cloudy days tliey remain out much longer.

Season.—The soft-crab season extends from the rirst of May to the

last of October, but a majority of the crabbers discontinue fishing in

September to engage in 03\ster tonging. During the first two or three

weeks of May thej' follow what is kno\An as "mud-larking," that is,

scoop-netting- in marshes and along the banks of small streams, the

crabs being found in the mud at this season of the year. B}^ the first

of June the crabs become more active and the season is then consid-

ered at its height. The heaviest catches are made during June and

July^ Scoop-netting is followed throughout the season, but little

scraping is done after the middle of July, owing to the calm weather.

Very often a fisherman will begin scraping early in the day, and when
the wind has ceased anchor his sailboat and use his skiff for scoop-

netting in shallow water. In some localities the bottom grass grows
so thick that the scrape bag fills with it and prevents the crab from
entering. The scoop net is then brought into service. In water less

than 3 feet deep it is a common occurrence for the crabbers to leave

their skifi^s and wade out after the- crabs with scoop nets.

Designations of a crah.—There are six stages of a crab's life, com-

monly classified as follows: First, the "hard crab,'' or one in its

natural condition; second, a "snot," or one that has just entered the

shedding stage; third, a "peeler," when the old shell has begun to

break; fourth, a "buster," when the new shell can be seen; fifth, the

"soft crab; " sixth, a "paper-shell," or "buckram," when the new shell

is beginning to harden. During hot weather it takes from two to

three days for a "snot" to become a "peeler." One tide will often
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change a "peeler" to a "buster" and another from a "buster" to a

soft crab. A few hours after shedding the crab has reached the " paper-

shell" stage, and within three days the hardening process is completed.

The warmer the water the more rapidly do the changes take place. It

was formerly customary to break a crab's claw to ascertain whether it

had begun to shed, the term "snot" no doubt having arisen from the

water}^ substance which issued from the break. Experienced fisher-

men, however, find it unnecessary to resort to this test.

Crabs are sold by the fishermen principally in the "peeler" or

"buster" condition, just before the shedding takes place, the proportion

sold as soft crabs being nmch smaller. AVhen the shell of a crab that

has just shed has hardened to a " paper-shell," the fisherman is able

to dispose of it at only about one-fourth the price of a soft crab.

"Snots" are seldom bought by dealers, but are returned to the fisher-

man, who places them in his floats until they become "peelers," or

are in a salable condition.

Buy-l)oats.—Most of the crab catch is sold on the grounds where

taken, the dealers in Crisfield and Deal Island employing buy-boats

for this purpose. Up to 1902 sailboats only had been used in this

trade, but in the latter 3'car gasoline launches were introduced, and

both kinds of boats were employed during a portion of that season.

It is very likely that the number of launches will be augmented during

each succeeding season, and it is also very probable that the crabbers

themselves, following the example of the lobster fishermen of New
England, will add auxiliar}^ power to their sailboats, and thereby

secure the benefit of both means of propulsion. It is feared, however,

that the resulting increase in catch will be greater than the natural

increase of crabs.

Floats.—Every crabber has what is known as a float, a rectangular

box approximately 10 or 15 feet long, 4 feet wide, and 2 feet deep,

the sides and ends being constructed of laths, and the bottom of 6-inch

planks. Extending around the float on the outside, midway of its

height, is a shelf about T inches wide, to prevent the float from sinking.

The laths on the sides and ends are placed about one-fourth inch apart,

to prevent minnows or eels from getting at the crabs inside. These

floats are used by the fishermen as a means of holding crabs that have

entered upon the shedding process, but which have not yet reached

the "peeler " or salable condition. The dealers also use floats, some-

times as many as 100, but usually of a larger size than those of the

fishermen, and costing from $2 to $3 each. The floats are inclosed

by a fence to prevent their being washed away by strong winds, and

this inclosua-e is commonly called a " pound." The floats now in gen-

eral use are made of native or "Eastern Shore" pine and ordinarily

will not, unless exceptional care is taken of them, last through one

season, as they soon become water-soaked and sink. One was seen
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that had been used nine years, but it was made of white pine, the

sides and ends being- constructed of strips instead of laths as at present.

By means of a rope fastened to one end, a float can be towed to any
part of the pound.

Within each pound is a sloping platform upon which floats are

placed at regular intervals to dry. Under ordinarj^ conditions about

one-third of the floats are in the water while the remainder are drying on

this platform. If the weather is warm a float will become foul within a

week and crabs put into it will die much sooner than in a clean one.

The painting of floats is an innovation which promises good results in

preserving them. It has Ijeen suggested that shades be placed over

the floats to protect the crabs from the hot sun. This, it is thought,

might materiallv reduce the great mortality among the crabs during

midsummer, but as it has not yet been tried its usefulness is prob-

lematical. Dealers employ men to watch their floats constantly and
remove the crabs from the water immediatel}^ after the shedding proc-

ess, to prevent the hardening of the shell. This sorting is done three

or four times a day, the intervals being employed in packing the

crabs for shipment, receiving fresh supplies, and in delivering those

alreadj'^ packed to the express office or steamboat wharf.

A source of much loss in soft crabs is the great mortality attendant

upon the shedding process. If the animal has been injured in any
way, either when being caught or in the subsequent handling, or if it

has been weakened b}^ being kept too long out of water, it is often

unable to withdraw from the old shell and dies. There is but small

demand for the crabs which die in the floats. If they are removed
and cooked within two or three hours, however, the}^ can still be

eaten, and for this purpose command a small price. A few are shipped

to ^e used as fish bait, but the majority are either thrown away or

given to persons in the neighborhood who feed them to hogs or to

impounded diamond-back terrapin. The mortality among shedding

crabs is greatest during hot and sultry weather; thunderstorms are

said to be very destructive at times, but whether this destruction is

due to the sultry weather preceding or to the electrical disturbance

during the storm is a disputed point. The crabs in the floats are not

fed, even though the}^ remain there for several da3"s. It was for-

merly the practice to throw in pieces of stale meat or other refuse, but,

although the crabs ate it, they died more quickly than if nothing was
given them.

Ilandling and disposition of crahs.—The boxes in which crabs are

shipped are made of thin pine boards and contain from two to three

traj's. Occasionally smaller boxes without any trays are also used.

By means of the traj^s the lower layer of crabs may be examined
without removing the upper ones, as was necessary in the boxes orig-

inally used. The present boxes, which cost from 30 to 40 cents each,
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are made in several sizes, but the one most commonly used is 18 by
28 b}' 10 inches. From 10 to 35 dozen crabs are packed in one box,

the number varying according to the box and the size of the crab,

and necessarily decreasing as the season advances and the crabs grow
larger.

The work of packing crabs for shipment is begun b}' covering the

bottom of the box to a depth of 2 or 3 inches with seaweed which has

been thoroughly picked over to remove all lumps. On this soft bed

the crabs are placed in a nearly vertical position and so close together

that they can not move out of place. Seaweed or moss is then placed

over them to protect them, and over this is placed a layer of line

crushed ice. The other trays, after being packed in the same manner,

are placed one above the other, and the lid is nailed on. The box is

then ready for shipment. Some dealers, in order that their shipments

may present a more attractive appearance upon reaching market, place

a piece of cheese-cloth immediatel}' over the crabs and the seaweed

over that. Bj^ reason of the extreme care used in packing, the crabs

can be kept alive from sixty to seventy hours after leaving the water,

and crabs shipped from Crisfield to Canada arrive at their destination

alive and in good condition. In the early days of the fishery,

"peelers" were shipped from Deal Island in a large box holding

5,000, neither seaweed nor ice being used. They were sent only as

far as Baltimore, however. At present most of the crabs are shipped

directh" to the consumer, and the packers do not liesitate to fill the

smallest order. Competition among the packers is very keen, and

considerable secrecy is observed regarding the destination of ship-

ments. When a box is ready the dealer's name and address are sten-

ciled upon it, and a tag bearing the consignee's name and address is

attached; but over the latter, so as to hide it completely, is tacked a

piece of cardboard bearing the letter "W" (west) or "E" (east).

This is known as a "blind tag,'' and is not removed until after the box
is in the express car, if shipped b}^ rail, or in Baltimore, if it goes by
steamer.

While the great bulk of the catch, in fact nearly all of it, is shipped

in the manner described above, a small but increasing number of soft

crabs are being put up in hermeticallj' sealed tin cans for indefinite

preservation. For this purpose the prime soft crabs are boiled and

put up very much the same as any other animal product. From 2 to

21: entire crabs are put into each can, the former number into a can

holding about one-half pint, the latter into a 1-gallon can. When put

up in this manner the crabs retain much of their delicious flavor and
should furnish an admirable substitute for the fresh article during the

winter season.

Market prices.—The price received by the fishermen for saft crabs,

or those in the process of shedding, varies from one-half to 4 cents
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each, an average durino- the season being about li cents. In buying,

the dealer often counts three small crabs as two large ones, or two

small as one large one, according to the size.

Si!jj>plt/.—There has been no very material change in the catch of

crabs throughout the region, except a slight increase due to the greater

number of crabbers each year. In 1901 at Crisfield and vicinit}' the

catch was light, while at Deal Island, Holland Island, and neighboring

localities this w^as the most profitable season known. In 1902 the

catch of crabs was small throughout the state. The fishermen attrib-

uted this to the .-severe winter of 1901-2. It is claimed by the resi-

deijts of Deal Island that up to about 1882, when crabbing for market

was begun there, it would take a fisherman a day to catch enough crabs

for use as bait for line-fishing the next day.

There are no legal restrictions imposed upon crabbing in Maryland

either as to the size of the crabs, or the season in which they can be

^aken. Dorchester is the only county in which a license is required,

a fee of $2.50 being charged for the privilege of scraping. No license

is necessary for scoop-netting.

Manj^ fishermen are of the opinion that scraping for crabs over

oyster grounds is of material benefit to the latter, as mud would settle

on the oysters and would smother them unless removed by the scrapes;

also, spat would be prevented from settling on the shells. The crab-

ber regards scraping as a method of cultivating oyster grounds.

The early history of the crab industrj^ of Crisfield may not be

uninteresting as given in the words of Capt. John H. Landon, the

first and oldest living crab shipper of this toy»'n.

When I first began crabbing in Crisfield I could catch over ten dozen crabs in a

day with a scoop net. We did not know what to do with them. There were only

ftwo firms that handled them at that time, one in New York and one in Philadelphia.

It was in 1873 or 1871 that the first shipments of crabs were made from Crisfield.

These were consigned to the firm of John Martin, in Philadelphia, and were shipped

on commission. Sometimes they would bring 60 cents a dozen, and at other times

§1. The price now is kept down by the great comiDctition among the crab buyers,

who make such low rates in their contracts with firms in the cities. There was no

trouble at first in selling onr crabs, as the men to whom we shipped were pretty well

posted, but we had considerable trouble in extending the trade, as many j^eople

thought the crabs were poisonous and had a very poor opinion of the crabbers as a

set. Soft crabs were eaten in Crisfield sometime before there was anj^ thought of

shipping them to the cities. A few were at first sold to express agents and railroad

employees. These men would take them to friends or sell them to game dealers in

Philadelphia, which may account for the fact that Mr. Martin, to whoih the first

shipments were made, was familiar with their edible quality.

The boxes in which the crabs were first shipped were very heavy, \^ hich made the

express charges high. That was one of the mistakes that the shippers made. We
had considerable trouble in getting the crabs to market, as we did not use ice in those

days, at least for the first two years. The re.sult was that we would lose about one-

half of the crabs before they reached the market. Mr. Martin was the first to sug-

gest the use of ice. We fitted up a very nice box in w'hich to ship them in ice, but

it proved to be too expensive. It had trays, as at present, but was much heavier.
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Before the use of ice we put about 5 dozen crabs in a box. After the introduction

of i'ce we put in about 12 dozen, as we then used a larger box. Crabs were 'shipped

in these large boxes for many years until the present style of box came into use in

1884. The latter were first used by Mr. Isaac Tawes, of the firm of Tawes & Co. In

the boxes originally used the crabs were arranged in layers, but not in trays, so that

if you desired to get at the bottom layer of crabs it was necessary to unpack all of

those above. You could not get at them by removing the trays, as at present.

We did not ship any crabs to Baltimore for two or three years, but confined our

shipments to Philadelphia and New York. One shipment was sent to Pittsburg in

the interim, but no returns were received for them, as they did not appear to be

salable there.

Scoop nets were probably used in taking crabs four or five years before the intro-

duction of scrapes. L. Cooper Dize was the first man to use scrapes. The kind first

used were nothing but old oyster dredges of the smallest size. A cotton bag was

soon afterwards substituted for the chain bag, this change making them much lighter

and better. Scrapes came into general use the next year after their introduction.

I was about the first crabber, and also the first to buy and ship. The principal

reason why I stopped buying was on account of having to work on Sundays, which

is the busiest day of the entire week.

The shedding of crabs was begun here almost immediately after the first ship-

ments. The same style of floats was used as now. In our first attempt at shedding

we built about five floats, each 10 feet long, 8 feet wide, and 8 inches deep. We
caught a lot of small hard crabs and put them in the floats to turn to peelers. Dur-

ing that night a strong wind from the northwest arose and when we went to the

floats in the morning we found that every one of the little crabs had shed its "fing-

ers," and we called them "buffaloes." They were of no use whatever.

Other attempts have also been made to shed hard crabs, but they have always

resulted in a failure. We built a pound and put the crabs inside. Our intention was

to hold the crabs in this pound until they became peelers and then take them out and

put them in floats to shed, but it necessitated so many handlings of the crabs before

they became peelers that the experiment was considered a failure and discontinued.

The first crab pounds were constructed by Mr. Severn Riggin and myself. They
consisted of posts with boards nailed lengthwise on them, and laths nailed vertically

on the boards, close enough together to keep the crabs from getting through. The
first pounds were circular in shape, while those at present in use are square or nearly

so, and are not so closely built, as their only purpose now is to prevent the floats

being washed away by strong winds.

THE HARD-CRAB INDUSTRY.

Oxford and Cambridge are the most important hard-crab centers in

the state, though the industry is prosecuted extensively in many other

localities, including Crisfield, where, however, it is overshadowed by
the more important soft-crab industry. At Oxford, with the excep-

tion of about one-third of the catch shipped alive during July and

August, when the crabs are in their best condition, the hard-crab

catch is utilized at factories, where the meat is extracted and shipped

in tin buckets. This applies also to several other localities in Talbot

Count}^, which is the hard-crab county of the state. At Cambridge,

with the exception of the crabs used by one firm which extracts the

meat, the catch is shipped alive.
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Ci'aljhing grounds.—The larger portion of the catch is made in the

Choptank, Tred Avon, Wicomico, St. Michaels, Chester, and Little

Annemessex rivers, and Chesapeake Bay, on the eastern shore of the

state, and in Mill Creek, a tributary of the Patuxent River, on the

western shore. The crabs are taken in depths of water varying from
2 feet in the rivers to 40 feet in the open waters of Chesapeake Bay.

The average depth would be about 10 feet. They usually frequent

muddy bottoms, but at certain seasons of the year the}^ are found on

hard bottoms, thus differing from soft crabs, which always seek grassy

bottoms.

Season.—At Crislield the fishery for hard crabs is carried on from
earl}^ In April until the latter part of November. In most other local-

ities the season is considerably shorter. The larger portion of the

.catch is taken between June 1 and September 1, most of the fishermen

discontinuing at the latter date to take up oj^ster tonging. B}^ reason

of this reduction in number the crabbers who continue during Sep-

tember and October succeed in making fairly good catches. Th^y are

also aided by the cooler weather, which permits of the catch being

kept in good condition for shipment until the following day. During
the winter quite a number of hard crabs are taken incidentall}" in

oyster dredges. There is very little sale for these, however, except

at Crisfield, where one firm is engaged in picking crab meat during

the entire year. This firm depends upon New York State for most of

its supply of crabs during the winter. It is thought that the winter

catch could be augmented should the demand become greater.

Apparatus.—With the exception of the crabs already mentioned as

being caught in oyster dredges and the few taken together with soft

crabs, the entire hard-crab catch of the state is obtained with trot lines.

Thfese lines vary in length from 200 to 1,000 j-ards, the average being

about 450 yards, and are of cotton, manila, or grass rope, the size run-

ning from one-eighth to five-eighths of an inch in diameter, but usually

being' about one-fourth inch. Many fishermen tar their lines, though
the practice is not universal. In some localities snoods about 18

inches in length, of fine twine, are fastened to the main line at inter-

vals of 3 to 4 feet, the bait being placed at the ends of these snoods.

Other fishermen, however, use no snoods, but make a loop in the main
line, through which the bait is slipped. The use of snoods is prefera-

ble where the water is rough, as the crabs are not so easily shaken off

by the strain on the line when pulling the boat along and when the

line is being lifted from the water in removing the crabs. Manj'^ fish-

ermen advise their use under all circumstances, as with snoods swing-

ing from the main line the crabs are able to see the bait from any

direction. Trot lines are always anchored on the bottom of a stream.

For this purpose grapnels or killicks weighing from 5 to 10 pounds

are used, one being placed at each end of the line, and in many cases
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one also in the center. A buo}^, usually consisting of a small keg or

some wooden object, is placed near each end of the line to locate it.

As a rule a trot line lasts through about half of the season. The cost

is from $3 to $9, varying with the length, quality, size of rope, and

kind of grapnels or killicks used, the average being about $5. Some
fishermen use a stake planted in the mud at each end of the line instead

of grapnels or killicks. Anchors of stone or brick are also employed.

Bait.—Beef tripe and eels constitute the usual bait, though calf

pelts, sting ra3's, hog chokers, spoilt beef, and various other substi-

tutes are sometimes used. It is likely that the use of tripe will be

discontinued in the near future, owing to the fact that the steamboats

have refused to transport it on account of its offensive odor, and the

railroad companies will not handle it except when it is packed in

tightly sealed barrels. The bait is generally used in a salted condir

tion, and is placed on the line at intervals of 3 or -1 feet. Fishermen

bait their lines about once a week, in the meanwhile replacing any bait

that ma}' have been washed away or eaten. It is usual on Saturday

or Monday to remove the old bait and put on fresh. After a line lias

been rebaited it is placed in a coil and covered with salt to preserve the

bait until it is used.

Manner of fishing,—With few exceptions only one man goes in a

boat. The lines are set about one-fourth to the tide, or diagonally

across a stream. In fishing, the line is drawn across the bow of the

boat; a short-handled scoop net is used to transfer the crab to the

boat. The lines are overhauled from 10 to 20 times in the course of

a day. Durir.g calm weather it is customarj^ to overhaul them from

both ends—that is, going and coming—while v.dth a breeze it is con-

sidered more advantageous to work from the windward, that the boat

may drift with the wind. This facilitates the handling of the line and

permits of more crabs being saved than would be the case in working
from the leeward. With a long line the advantage of overhauling

from both ends is more apparent, as the crabs have less chance to

devour the bait. In some localities crabbers aim to reach the fishing

grounds shortly after midnight, while at others thej" arrive as late as 3

or 4 o'clock in the morning. The object in going early is to get a good
lay. If it is a moonlight night the lines are set as soon as a lay is

reached, but if it is dark the crabbers await daylight, in the mean-

while taking a nap. Crabs very seldom bite before daylight, but if

they do not begin soon after, the fishermen consider it as well to

return home. Ver}'^ few crabs are taken between 10 o'clock in the

morning and 3 o'clock in the afternoon, both on account of the heat

and the difficulty in getting the catch ashoi'e in good condition.

Hard crabbers are dependent upon neither wind nor tide, but should

the water be rough the crabs are liable to be shaken off before they

can be caucfht.
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Boats.—The l)()iit used by the cnil^bcr must necessarily be Hg'ht, for

when hauling- iu the line hand over hand the boat is pulled along- at

the same time. The boats vary in length from 12 to 31 feet. At
Cambridge and Crisfield a lighter and cheaper boat is used, while at

Oxford and other localities there is a growing tendency to l)uild boats

suitable for both crabbing and 03'ster-tonging. These average 25 feet

in length, 2 feet deep, and from 5 to 6 feet wide, and have a dead-rise

bottom. Boats of this character cost from $40 to $50, and are desig-

nated skiffs and ])atteaus.

DouhJers.—Very often a male and female crab when mating are taken

together on a trot line, this usually occurring when the female is

entering the shedding stage. The pair are called "doublers," or

"channeler and his wife." In most localities where hard crabs are

taken there are one or more firms handling soft crabs—that is, those

taken on trot lines as ''doublers." At some places there is no sale for

the female thus taken, and she is returned to the water, while in other

localities she is sold along with the hard cral)s at the same price. The

proportion of "doublers" taken varies in different localities from lin

100 crabs to 1 in 10, and the}^ are generally taken on grassy bottoms.

A "channeler," or any large male hard crab, is called a "Jimmy" or

"Jim crab."

Size of crabs.—The size of a market crab varies with the season and

also with the locality. Early in the season 500 will fill a sugar barrel,

while later from 200 to 300 is sufficient. The average weight of a

single crab is about one-third of a pound. Two were taken near Cris-

field early in 1902 weighing 1 pound each. The smallest crabs that

are ever taken in that locality are about the size of a man's finger-nail.

The supposition that crabs spawn in the ocean near Cape Charles would

jaccount for the fact that no smaller ones are taken.

Floats.—Floats are not used among hard crabbers except in the case

of dealers and those shipping their own catch. In localities where

crab meat is picked and utilized, floats are used only by dealers hand-

ling peelers or the females taken with the "channelers" while mating.

The floats are similar to those used in the soft-crab trade, though wire

is sometimes substituted for laths in their construction. It is claimed

that the wire does not catch filth from the water so quickly as the

lath floats, and it is more easily brushed off. At Mount Vernon every

crabber has two floats, so that he may place a day's catch in one and

allow it to remain until time for shipment, and reserve the other float

for the next day's catch. It is claimed that a day's captivity lessens

the likelihood of the crabs attacking and maiming each other.

Dis})ositwn of catch, and iwice.—The crabs are disposed of in differ-

ent ways. Probably the largest proportion is sold to factories for the

extraction of the meat. The remainder is either shipped alive by the

crabbers or sold to dealers, who also ship it in a live state. In some
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localities where the catch is small the crabs are sold locally either

alive or deviled. The price received per barrel b}" the crabbers

throughout the crab region varied in 1901 from 50 cents to $2, the

latter being the price received by those marketing their own catch.

In some instances only 10 cents a barrel was realized, but few were

shipped at this price. In 1902 the price was nearly double that in 1901.

Manner of shipment.—Live hard crabs are shipped in either barrels

or boxes. At Cambridge a box 22 inches long, 10 inches wide, and 12

inches deep is used. There are spaces between the boards on the top

of the box for the admission of air. At practically all of the other

crabbing localities sugar and slatted barrels serve the purpose, or

occasionall}" banana baskets. With the exception of about 20 pounds

of ice placed over the crabs, nothing is put in the shipping packages

with them, the onl}^ other provision to keep them alive being small

holes in the top and sides of the barrel. This is not necessary in the

case of slatted barrels or banana baskets.

Preparatirm of crab meat.—At Oxford, St. Michaels, Tilghman, and

several neighboring localities almost the entire catch is utilized in

cooking the meat which is shipped in tin buckets having perforated

bottoms and holding from 5 to 6 pounds. Oxford is probably the

pioneer locality in this branch of the industr}^, which has been carried

on there for more than twent}^ years. About 1880 a Mr. Thomas
began canning crab meat. He is said to have succeeded perfectly in

preserving the meat, but as this was a new industry the demand for

the product was limited, and on account of the expense of operating

and advertising the factory was soon closed. About three years later

the method at present in use—namel}^, steaming the crabs, extracting

the meat, and shipping in unsealed packages—was begun by Mr. J. G.

Schultz. This business has extended until now there are 7 firms at

Oxford alone, and 20 in the entire state.

The crab meat is prepared as follows: Immediatel}^ upon arrival at

the factory the crabs are dumped into a large box, through which
steam is forced from the bottom. The}^ are steamed from twenty to

forty minutes, the time varying at ditlerent factories, and according

to the number cooked. After this the crabs are distributed among
the pickers, some of whom, with long experience, become verj' expert

in extracting the meat. The pickers in most cases are white women
and children, though at some factories all are colored. The price

received by the pickers is usually from 4 to 5 cents a quart of meat
(about 2 pounds). The meat is divided into three classes—flakes, ordi-

nary, and fat meat, the flakes being considered much superior to the

other because they are whiter and firmer. They are taken mostly

from the "hip" of the crab. The sale of fat meat is confined to one or

two firms, who use it principally in preparing deviled crabs. After

the meat has been extracted ice water is thrown over it and about 3

ounces of salt added to each 20 pounds of meat. Some dealers, how-
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ever, think a briii}^ solution thrown over the meat is more satisfactory

than thechy salt. The meat is packed in buckets after it is salted and

is placed in a large ice box and covered with ice, w here it remains

until shipped. There are commonly three sizes of buckets, holding,

respectively, 5^ pounds, 2i pounds, and 1 pound each. The amount

of meat in a bucket varies somewhat at times, according to the condi-

tion of the crabs and the pressure applied in extracting the moisture.

The thinner the crab the more moisture it contains. During the sea-

son of 1901 the meat from a barrel of hard crabs filled, on an average,

3f buckets of the largest size. Two tirms, instead of steaming, boil their

crabsiibout 30 minutes before removing the meat. It is claimed by some

that more water remains in the meat after boiling than after steaming.

The business of putting up crab meat in sealed cans is carried on by

only two firms in the state—one at Crisfield and the other at Bivalve.

The former has already been referred to in connection with the soft-

crab industry, in which it is engaged. The problem of preserving

the meat indefinitely has been very diflicult to solve, and but few firms

have been successful; one of these, located in Virginia, was about the

first in the field.

Use of shells.—After the meat has been extracted the crab shells are

cleaned and a certain number are sent with every shipment of meat, to

be used principall}^ in making deviled crabs. In the case of small

orders, say from 5 to 7 gallons of meat, buckets are placed in the bot-

tom of a barrel and covered with ice, and the barrel is then filled with

shells. When a larger shipment is made the meat is placed in one

barrel and the shells in another. On an average from 80 to 100 shells

are sent with each gallon of meat. Boys are usually employed in

cleaning the shells, and arc paid about 5 cents a hundred. When
slipped separately the shells are sent in sugar and tiour barrels, the

former holding 1,800 shells and the latter 1,200.

A factory at Oxford has been engaged during the last two seasons

in grinding crab shells and disposing of the resultant product to fer-

tilizer manufacturers for use as an ingredient. When the shells are

brought to the factor}^ they are placed in a revolving cylinder, through

which a draft of hot air is passed to dry them, and then are spread

over the floor of the factory to allow any remaining moisture to evap-

orate. After they are thoroughly dried they are placed in a grinding

machine operated by steam, and ground into a fine meal, in which

condition the product is ready for shipment. Its value as an ingredient

for fertilizer is due to the 9 per cent of ammonia which it contains.

The use of the revolving cylinder is said to lessen the escape of the

ammonia. The shells are secured from crab houses at a nominal cost.

Up to the present time the factory has been able to get about one ton

of shells per day, which is just enough to justify its operation.

The following talde shows the extent of the crab fishery of Mary-

land in 1901. The total number of men engaged was 5,388. Sixty-
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nine vessels, valued ut $2-1:,000, were emplo3^ed, 55 of these being-

engaged in taking crabs and 1-4 in transporting them. The total num-

ber of boats used was 4,082, valued at $125,847. Including vessels,

boats, apparatus, shore propert}^, and cash capital, the investment in

the fishery was $32] ,1)74. The catch was 12,910,746 soft crabs, valued

at $202,563, and 29,474,379 hard crabs, valued at $85,884. The larg-

est catches of soft crabs were made with scrapes, the value of the

catch by this apparatus being nearly double that taken in scoop nets,

which is the next important apparatus. Practically the entire hard-

crab catch Avas obtained on trot lines, 1,138 of these lines, valued at

$4,474, being operated. A few hard crabs also were taken in scrapes

during the soft-crab season, and in dredges during the oyster season;

$10,464 worth of soft crabs was taken incidentally along with hard

crabs on trot lines as "doublers."

The following is a summary of the crab fishciy of Maryland in 1901:

Table sJioudng, by counties, the extent of the crab fishery of Maryland in 1901.

Items.
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Table showing hy counties the extent of the crnh fi^henj of Maryland in 1901—Cont'd.

Items.
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Table showing, by counties, the extent of the crab fisherij of Maryland in 1901—Cont'd.

Items.
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THE COMMERCIAL FISHERIES OF THE HAWAIIAN ISLANDS
IN 1903.

By John N. Cobb,

Agent of the Bureau of Fisheries.

INTRODUCTION..

The first investigation of the commercial fisheries of the Hawaiian

Islands ever undertaken was made by the writer in 1901, and the

results were published in the early part of 1902." In 1904, in order

to supply data of comparative value, another investigation was con-

ducted, the inquiry relating to the calendar year 1903. The canvass

was greatly facilitated by the courtes}^ and assistance of the oflScials and

various citizens of the islands. The statistical and other information

gathered appears in the following pages.

The most diverse statements have appeared in both official and pri-

vate reports as to the islands properly to be included in the Hawaiian

group. The following list, which was published in the Hawaiian

Almanac and Annual for 1904, was compiled for the purpose of clear-

ing up the matter, and contains the date of annexation of the more
recent additions to the group: Hawaii, Maui, Oahu, Kauai, Molokai,

Lanai, Niihau, Kahoolawe, Lehua, Molokini, Nihoa or Bird Island

(1822), Laysan (1857), Lysiausky (1857), Palmyra (1862), Ocean (1886),

Necker (1894), French Frigate Shoal (1895), Gardener, Mara or Moro
Keef, Pearl and Hermes Reef, Gambia Bank, and Johnston or Corn-

wallis Island. The first eight have a permanent population; the

others are visited during certain seasons or only occasionally, by

guano workers, roving fishermen, and hunters.

FISHERY LAWS.

Private ownership of the fishes found in the open sea and bays in

the immediate vicinity of the shore was one of the peculiar features of

the Hawaiian fisheries before the annexation of the islands by the

United States. Such "fishery rights" (which are described in detail

a Commercial Fisheries of the Hawaiian Islands. By John N. Cobb. Keport U. S. Fish Commission,

1901, pp. 363-499. 1902. Reprinted in Bulletin of the U. S. Fish Commission, 1903, Pt. II, pp. 715-765.

1905.
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in the previous report) were, however, inconsistent with the laws of

this country, and the act creating the Territory of Hawaii, which went

into effect June 14, 1900, contained specific legislation regarding them.

It was provided that all for which claim had not been made up to June

14, 1902, should be abolished and the privileges thej^ carried should

become common property; those which might be proved to be of the

nature of vested rights should eventually be condemned and opened

to common use, but the owners would be compensated therefor.

When the time for action came, on June 14, 1902, the territorial

government set up the defense that a "fishery right" was not a vested

right, but merely a license, and hence the Territor}^ was not required

to compensate the owners of such alleged rights for their extinguish-

ment. Several of the parties entered suit in the lower territorial

courts and were defeated. Two of the cases—those of the Bishop

estate for the fishery of Waialae-iki and Samuel M. Damon for the

fishery of Moanalua—were appealed to the supreme court of the Ter-

ritory, with the same result as in the lower courts. Mr. Damon there-

upon carried his case on appeal to the United States Supreme Court,

where it was argued in March, 1904, and on April 25 of the same year

the court handed down a decision upholding the contention of Mr.

Damon, the plaintiff', that a "fishery right" was a vested right.

The present status of the claims is thus set forth in. a paragraph of

a letter from Mr. Lorrin Andrews, attornej^-general of the Territory,

dated October 8, 1904:

The decision of the United States Supreme Court has practically precluded us from

setting up the defense that the parties already suing had not vested rights in the

property. We are therefore requiring each person suing to prove his title, as alleged

in the complaint, upon which we consent that a judgment be entered against the

Territory, and we will immediately bring condemnation proceedings against such

established owners of fisheries, so as to obtain the title for the Territory. This will

probably be done some time before the spring of next year, as there are a large

number of cases, and of necessity we must proceed slowly.

The abolition of private fishery rights wiped out the greater part of

the fishery laws previously in force on the islands, and at present the

following seem to be all that are in effect:

In 1850, under the heading of "Malicious injuries and mischiefs," the "destroying,

cutting, injuring, or impairing the usefulness or value of any fish net," etc., and the

"putting of auhuhu or other substance deleterious to fish into any lake, pond, stream,

or reservoir for the purpose of destroying the fish," were made misdemeanors.

"No person residing without the Kingdom shall take any fish within the harbors,

streams, reefs, or other waters of the same for the purpose of-carrying them for sale,

or otherwise, to any place without the Kingdom, under penalty of a fine not exceeding

two hundred dollars, in the discretion of the court." (Civil Code of 1859, Chap. VII,

Art. V, sec. 386.)

"Section 1. No person shall use giant powder or any other explosive substance

in taking fish within or upon any harbors, streams, reefs, or waters within the juris-

diction of this Kingdom. The possession by fisherman, fish venders, or persons in
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the habit of fishing, of fish killed by giant powder or other explosive substance shall

be prima facie evidence that the person in whose possession such fish were found

used giant powder or some other explosive substance in taking such fish, contrary

to the provisions of this act.

"Sec. 2. Whoever violates the provisions of this act shall be punished by a fine

not exceeding one hundred dollars and not less than twenty-five dollars, or by

imprisonment at hard labor not exceeding six months, or both, in the discretion of

-the court.

"Sec. 3. The several district justices and police courts shall have concurrent juris-

diction in all cases under this act."

(Law was passed first in 1872 and has been amended frequently since.)

"Section L It shall not be lawful for any person to take, catch, or destroy the

young of the fish known as the mullet and the awa under four inches in length in

any of the bays, harbors, waters, or streams of this Kingdom: Provided, hoiuerer,

That nothing in this act shall prevent the taking of the fish herein above prohibited

for the purpose of stocking ponds.

"Sec. 2. It shall not be lawful for any person to sell or offer for sale, or have in

his possession, except alive, any of the young fish mentioned in section one of this

act.

"Sec 3. Any person violating the provisions of this act shall, upon conviction

before any police or district magistrate, be punished by a fine of not less than twenty

dollars nor more than two hundred dollars, or by imprisonment at hard labor for not

less than ten nor more than ninety days, or by both such fine and imprisonment, in

the discretion of the court: Provided nevertheless, That no such fine shall be imposed

upon any person who, fishing for other fish, accidentally takes or catches no more

than forty of the young fish mentioned in section one of this act.

"Sec. 4. This act shall take effect from and after the date of its approval."

( Law approved September 6, 1888.

)

While in general the effect of the extinguishment of the "fishery

rights" will be extremely beneficial to the fisheries, in some respects

it will not be wholly advantageous unless the territorial government

takes prompt action. A few of the more public-spirited owners of

"fishery rights" made every possible effort to conserve and increase

the' supply of fish, and through the medium of the provision in the law

allowing such owners "in lieu of setting apart some peculiar fish to

their exclusive use * * * to prohibit during certain indicated

months of the year all fishing of every description upon their fisher-

ies," they placed tabooes on certain fish—notably the ama-ama^—during

their spawning seasons, and thus gave a measure of protection which

is entirely lacking at present. The only species now protected are the

young of the ama-ama and the awa, it being unlawful to take these

fishes under 4 inches in length. So far as the ama-ama is concerned

this law is disregarded in all but a few places. Thousands of young

mullet, from 1 to 2 inches in length, and known as "pua," are taken

by the fishermen of Molokai and Maui in fine-meshed nets and sold.

Large quantities are taken in the fisheries of the other islands, also,

particularly Oahu, and sold to the workmen on the sugar plantations.

As the ama-ama is one of the most valuable elements in the fisheries,

every effort should be made to conserve it, and if the law were rigidly
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enforced its beneficial effects would be soon apparent. Under the

present conditions the fishery, instead of increasing as a result of the

greater efforts put forth in recent years, has slightly decreased since

1900.

The fine-meshed nets in such general use throughout the islands, and

more especially in Pearl Harbor, destroy the young of other species,

notably the akule and ulua, both of which are valuable food fishes.

Thousands of these, from 2 inches in length up, are caught and sold,

and, as the law does not protect them, nothing can be done to stop the

slaughter. The data collected for the year 1903 show a decrease in

the catch of ulua of 177,080 pounds since 1900. In the same period of

time the catch of akule quite materially increased, but this was owing

to the introduction by the Japanese of a method of catching them with

hook and line.

Heretofore all efforts to prohibit the use of these fine-meshed nets

have been blocked by the native members of the legislature, who
claimed that it would deprive their native constituents of the oppor-

tunity to gratify their desire to eat little fishes raw. Of these the

favorite species is the nehu, which never grows large. It, however,

is an important food of larger and more valuable fishes, and for this

if for no other reason should be protected. The fine-meshed nets are

used almost entirely by the Japanese, who throw away probably one-

fourth of the catch in some localities, notably in Pearl Harbor, in

order to keep up the present high prices of fish.

THE COMMERCIAL SPECIES.

At the time of the 1901 investigation considerable difficulty was

experienced in classifying the commercial species, owing to the lack

of scientific data on Hawaiian fishery products, nearly all of which

bore native names, and but few of which were to be found in other

United States waters. To make confusion worse confounded, the fisher-

men, in many instances, call the same species by different names at

various stages in its life, and also when there is a slight variation in

its external appearance. The study of the large collections made
under the auspices of the Bureau of Fisheries in 1901 and 1902 and

by private collectors has greatly aided in identifying the various species

and in straightening out the tangle of native common names. Even yet

a few of the latter are unidentified, but these are species unimportant

commercially. In order to prevent confusion and misapprehension

among the fishermen and others, a list of the commercial species has

been prepared, showing the names used in the statistical tables; and

where two or more species have been included under one name, as

in the case of the young of the species when it bears a different name
from the adult, the other names are shown in the list immediately
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below and are slig-htly indented. The common Enolish name and

the scientific name are also shown where possible, but as few of the

Hawaiian fishes and other aquatic animals are found in the United

States, or where there are English-speaking fishermen, only a few

of them have received English names. The English names in the list

are, in most instances, generic rather than specific, or such as are

applied to all or several of the species of a genus.

An interesting feature of this list is the determination of the average

weight of nearly all the species sold in the markets. As all fish are

sold by the piece, except in the case of large species, which are cut up

before being sold, it proved quite a serious undertaking to secure these

data. As many of each species as possible were weighed, and only

when this was impossible were estimates, furnished by responsible

parties, used. The latter was the case more especially with the rarer

species, which only occasionally find their way into the markets, and

with those which were not in season at the time of the inquir3^ When
estimates are used they are designated thus (e). The list follows:

List of the species taken in the commercial fisheries of the Haivaiian IsUmds.

Native name.
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List uf the species taken in the commercial fisheries of the Haivaiian Islands—Continued.

Native name.

FisJies—Continued.

HInalea (generic name) ..

Hinal6a Lauwili
Hinalea niau
Hinal6a pftla-pAla-iili.

.

Hinalea Luahine.
Hinal6a Lolo ,

Hou (Hawaii)
Hiimuhiimu nukunukn
apua'a.

Iheihe

KahAla
KAku
Kdla

PakftlakAla (voung).
Kiilekdle
KiwakAwa
Kawelea
Keke
Kihikilii

KikakApu

Koil'e
K61e
Kumii

Ahulutiulu .

Kupipi
Kup6up6u
Lae
Laenihi
LalpAla
Lao
Lauhau
L61ohau
Loulo
Loulu
Mdhim^hi
Maii'i
Malkoiko
Maka'a

MaUmalima
Malolo

Puhiki'i
Mamftma
Mamilmo
MamAmu
Mani5on6o
Manini
Mano (general name for
sharks).
Mano-kihikihi

Common English
name.

Wra.sse-flsh .

do ,

do
do
do ,

do

Average weight.

Trigger-fish.
1 weighed 4 pounds .

13 ounces

4 to pound (e).

Amber-fisli .

.

Barracuda...
Surgeon-fish

.

do

30 pounds .

.

2 pounds . .

.

1 pound (e).

Bonito
Lizard-fish
Puffer
Moorish idol and
surgeon-fish.

Butterfly-fish

Snapper

.

Goat-fish
do...

Wras.se-tish ,

Mackerel .

.

Surgeon-fish
Wrasse-fish
Butterfly-fish...
Flying gurnard

Moorish idol.
Dolphin
Surgeon-fish

.

do
Cavallas

Flving-fish .

...".do

Demoiselle .

Rudder-fish
Porgy

12 ounces . .

.

3 pounds
If pounds ..

1 pound (e).

10 to pound (e)
1 weighed 4 pounds
li pounds
10 to pound (e)

12 to pound (e).
1 pound
10 ounces
6 to pound (e)..

12 to pound (c) .

6 to pound (e) .,

25 pounds
6 to pound (e)..
9 ounces
10 to pound (e).

6 to pound (e) ..

2 to pound (e) ..

12 to pound (e)

.

10 to pound (e)

Surgeon-fish

.

Shark

Mano-nihiii
Mano-m61em61e. ..

Manononi (on Hawaii)
Maumau
Mikiiwa
Moa
Modno

Moi
Moilii (voung)

Mu
Munu
Naenae
Nehu
Nenue (sometimes spelled
"Enenue ').

Nohu
N6hupin6o
Nukumomi
Nunu

Hammer-h e a d e d
shark.

Shark
do ,

Herring . ..

Trunk-fish.
Goat-fish...

Threadfiu ...

do
Porgy
Goat-fish
Surgeon-fish ,

Anchovy
Rudder-fish..

2i pounds

40 pounds (e).

1 weighed 2 pounds
6 to pound (e)

3 to pound (e)

6 ounces

.

1^ pounds (e)

1 pound

Mail-cheeked fishes.
Flying-fish

Trumpet-fish

40 to pound (e)

,

2 pounds (e)

3 pounds
1 pound (e)...
4 pounds
3 to pound (e)

Scientific name.

Thalassoma ballieui.
Thalassoma duperrey.

Thalassoma ballieui.
Julis pulcherrima.
Thala,ssiima purpureum.
Balistapus rectangulus;
Hemiramphus depaupe-
ratus.

Euleptoramphus luii.y r s-

tris; Hemiramphus Ue-
pauperatus.

Seriola purpurascens.
Sphyrsena.
Acahthurus unicornis.

Do.

Gymnosarda alletterata.
Trachinocephalus myops.
Tetraodon hispidus.
Zanclus canescens; Zebra-
soma veliferum.

Cheilodactylus vittatus;
ChiBtodon sphenospilus,
Chsetodon lunula, orna-
tissimus, unimaculatus.

Ctenochsetus strigosus?
Bowersia ulaula.
Pseudupeneus porphvreus.

Do.
Abudefduf sordidus.
Cheilio inermis.
Scomberoides tolooparah.
Hemipteronotus; Iniistius.

Zebrasoma flavescens.
Halicha?reslao.
Chatddon ((uadrimaculatus.
Cepliulacaiitluis orientalis.
Aliitt'ra uionoceros.
Zanclus canescens.
Coryphffina hippurus.
Hepatus elongatus.
Hepatus atramentatus.
Carangus politus; Malacan-
thus parvipinnis.

Coris rusea.
Cypsilurus simus.
Parexoccetus brachypterus.
Abudefduf abdominalis.
Kyphosus fnscus.
Monotaxis grandoculis.
Zebrasoma hypsclopnnim,
Hepatus sandwichensis.
Carcharias, any species.

Sphyrna zygaena.

Etrumeus micropus.
Ostracion sebfe.

P.seudupeneus multifascia-
tus.

Polydactylus sexfilis.

Do.
Monotaxis grandoculis.
Pseudupeneus bifasciatus.
Hepatus olivaceus.
Anchovia purpurea.
Kyphosus fuscns.

Scorpeenopsis gibbosa, etc.

Aulostomus valentini.
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JAst of the species taken in the co)iimercial fisheries of the Hawaiian Mauds—Continued.

Native name.

Fislict:—Oi )n tin vi ed.

Oliua

.

O'ili

O'ililepa.

Oio
Amoomoo

Okvihelidhe (fresii water)
dale
Omakaha

Omilu
Ono
06pu . . *

Hinana (young)
06pnluie"

Common English
name.

Wrasse-fish

File-fish .

Bonefish.
do...

Goby . . .

.

Herring

Cavalla.
Bonito.

.

Gobv . .

.

do..
Putfer .

.

Keke dc

Maki - maki (deadly do.
death).

Oopukili
Opakapaka i

Snapper

OpeUi I Mackerel scad.
Opule Wrasse-fish

Paka
Paki'i
Pakuikui
Pah'ini
Paliikali'ika ..

Panuhunuhii.
Pa6'okauila .

.

P&opAo
Paiui
Pi lift ....

Pilik6'a

Eel
Flounder.

Parrot-fish...
do

Blenny
Cavalla
Squirrel-fish

.

PoopA'a

Poou Wrasse-fish
Poupou
Puakahaia
Pudln
Puhi (generic name).

Piihi kdpa
Puhi kauila
Puhi kumuone ..

.

4^uhi leihj'ila

'ulii laumili
Puhi ni6e6ne
Puhi pdka
Puhi uha
Puhi wcla

Puuili
Uhu

Uhuiila.
Uiiii....
Uk'ikiki
Uku ....

Ul&e....

Ulaula.

Ulna
Papiopio (young)
Pa' npa'u

rina kihikihi
Cmaumalei
Uou6a
Upapdlu
U'u
Uwau
Uwiwi
waiu
Weke (generic name)

Weke pu^o
Weke pahula (tail

barred).

Amber-fish ..

Surgeon-fish

.

Moray

Moray
....do
....do
....do ,

....do ,

....do
Conger eel

.

Moray
Half-beak .

Wrasse-fish

Parrot-fish.
Flounder .

.

Snapper ..

.

do
Lizard-fish

Snapper ...

Cavalla
do
do

Thread-fish

.

Mullet
Cardinal-fish
Squirrel-fish

.

Surgeon-fish

.

Surmullet ...

Goat-fish ....

do

Average weight.

2 to pound (e)

.

3 ounces

6 pounds (e)

60 pounds
12 to pound (e).

1 pound (e).

12 to pound (e)

5 pounds (e) ...

6 ounces

.

4 pound .

10 pounds (e)..

8 to pound (e)

.

8 to pound (e)

1 -weighed 4 pounds ,

12 to pound (e)

1 weighed 3 pounds .

24 to pound (e)

8 to pound (e)

IJ pounds
12 to pound (e).

2 pounds
3 pounds

Scientihc name.

2J pounds

3 ounces
5 pounds (e)...
6 to pound (e).

25 pounds

23 pounds
10 to pound (e)

.

7 ounces

6 to pound (e)..

i pound
30 to pound (e)

.

4 ounces
2 to pound (e) ..

Cantherines sanclwichicn-
sis: Osbeckia scripta.

Stephanolcpis spilosoraa.
Osbeckia scripta; Canthe-

rines .sandwichensis.
Albula vulpes.

Do.
Eleotris fusca?
Thalassoma purpureuni.
Scorpeenopsis gibbosa; Etru-
meus macropus.

Carangus melampygus.
Acanthocybium solandri.
Eleotris sandwicensis, etc.

Tetraodon hispidus; Chilo-
mycterus affinis.

Tetraodon hispidus.

Cirrhitus marmoratus.
Bowersiaviolescens; Apsilus
microdon.

Decapterus sanctee-helenru.
Anampses cuvier; Thalas-
soma purpureura.

Platophrys mancus.
Hepatus achilles.

Callyodon paluca.
Callyodon gilberti.
Salarias brevis.
Caranx speciosus.
Myripristis chryseres.

Paraeirrhites forsteri; P. ar-
catus: P. cinctus.

Dascyllus albisella; Para-
eirrhites cinctus.

Cheilinus hexagonatus.

Seriola purpurascens.
Hepatus dussumieri, etc.

Gymnothorax, any species.
Echidna nebulosa.
Mursena kailuse.

Echidna uiidulatus.

Leptiicephalus uiarginatus.
Echidna pictus'

Julis lepomis, Callyodon
lineatus.

Scarus ahula.
Platophrys pantherinus.
Platyinius microdon.
Aprion virescens.
Synodus varius; Saurida

gracilis.
Etelis marshi, Bowersia
niaula.

Carangus latus.

Do.
Do.

Alectis ciliaris.

Cha^nomugil chaptalii.
Aniia menesemas.
Myripristis murdjan.

Stephanolcpis spilosomus.
Hepatus xanthopterus.
Mulloide.s.
Upeneus arge.

Do.

<i Reputed to be very poisonous.
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List of the species taken in the commercial fisheries of the Hawaiian Islands—Continued.

Native name.
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Table showing by islands the boats, apparatus, fish ponds, and property used in 1903.
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Table shoivhtg by islaiids and species

Species.
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the yield of the fisheries in 1903.

Maui.
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Table showing by islands and species

Species.
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the yield of tlie fisheries in 1903—Continued.

Maui.
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Hawaiians are in the lead in the industry, 1,658 being so engaged.

The Japanese are second with 1,255, followed by the Chinese with 244.

South Sea Islanders, Americans, Portuguese, and Italians follow in the

order named. The island of Oahu leads in the number of fishermen,

with 1,478, Hawaii is second with 827, followed by Kauai, Molokai,

Maui, Lanai, Niihau, and Kahoolawe, respectively.

The total investment in the fisheries amounted to $309,217. Of this

Oahu has $215,338, or more than two-thirds of the total investment.

Hawaii is second with $37,912. Oahu leads in the number of gill nets,

dip and scoop nets, baskets, and fish ponds operated; Hawaii in the

number of cast nets, spears, and in the value of lines; Kauai in the

number of traps or pens; Maui in the number of bag nets, and Molokai

in the number of seines.

The total catch in the islands was 6,972,735 pounds, valued at

$677,897. Of this Oahu furnished 3,515,850 pounds, worth $373,819,

or more than one-half of the grand total. Hawaii was second so far

as quantity is concerned, but was exceeded in value of catch by Maiu.

Kauai was third, followed by Molokai, Lanai, Niihau, and Kahoolawe.

So far as quantity is concerned, the akule was the most important

species, 1,410,729 pounds, valued at 175,458, having been secured.

The ama-ama had the greater value, however, the 714,705 pounds of

that fish being worth $132,347. Aku was second in quantity and sixth

in value of catch, with 761,448 pounds, worth $31,232. Other impor-

tant species were ulua, awa, opelu, oio, kawakawa, ahi, kumu, moi,

awaawa, hapu'upu'u, u'u, weke, opihi, hee, papai, and ula.

The only species occurring in the commercial fisheries of all the

islands is the moi. The ama-ama, kala, oio, uku, ulaula. and ulua occur

in all but Kahoolawe, while the akule and kumu occur in all but

Niihau. The china fish, kihikihi, maka'a, omilu, and olepe occur only

in the fisheries of Oahu; the i'i, laipala, maumau, ohua, o'ililepa, pakai-

kawale, poupou, conch, and pupu only in Maui; the lupe, oopuhue,

pauu, uwau, and frogs only in Hawaii; the ea only in Niihau; the ehu

only in Kauai, and the ukikiki only in Lanai.

COMPARISONS WITH 1900.

The table below presents a comparison of the extent of the fisheries

in 1900 and in 1903. All of the islands except Lanai and Maui show
increases in the number of persons employed, the gain in Molokai

alone being 134 per cent. The net increase in persons employed on

all the islands is 896, a gain of 38 per cent. In the matter of capital

invested every island shows an increase, that of Niihau alone being

170 per cent. The net increase of capital is $36,626, or 13 per cent.

All the islands but Kauai, Lanai, and Molokai show increases in quan-

tity of products taken; the decreases in Lanai and Molokai are quite

heavy, being 38 per cent in Lanai and 27 per cent in Molokai; Oahu
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shows ail increase of 28 per cent. The net increase in quantity is

750,280 pounds, or 12 per cent. In value of products secured there is

a decrease reported from ever}'^ island. (As Kahoolawe had no com-
mercial fisheries in 1900, there are not figures for comparison.) These

decreases are considerable in each case, the lowest being in Hawaii, 26

per cent. The net decrease in value amounted to $405,749, or 37 per

cent. For some years preceding- 1901 the islands had been enjo\ang a

boom, owing- to the high prices realized for sugar, the dominant crop,

and as a result the prices of everything else, fish included, rose

exceedingly high. From 1900 to 1904, however, the price of sugar

steadil}" declined, causing financial distress in every quarter, and cur-

tailing very materially the purchasing power of the people. As a

result the prices of the necessaries of life, particularly fish, have fallen

to a point more nearly consonant with those prevailing on the mainland.

The prices of fishery products in 1900 were extremely high, and
are still much above the normal. In the New England States in 1898

the average price per pound received by the fishermen for all kinds of

fishery products was about 2.5 cents; in the Middle Atlantic States in

the year 1901, about 2.1 cents; in the Gulf States in the year 1902

about 3 cents; in the Pacific Coast States in the year 1899 about 3

cents; and in the Hawaiian Islands in the year 1900 about 17.5 cents.

In 1903 the average price had dropped to about 10 cents per pound.

If the prices are not sustained by monopolistic combinations, as is the

case at present in certain markets of the islands, they will drop even
(lower and thus bring fish into more general use as an article of diet.

Comparative table showing the extent of the fisheries of the Hawaiian Islands in
1900 and 1903.

PERSONS ENGAGED
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Comparative table showing the extent of the fisheries of the Hawaiian Islands in

1900 and isb,?—Continued."

PRODUCTS.

Island.
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The table below shows, by countries, the importation of fishery-

products during the calendar years 1901, 1902, and 1903. Japan has

been rapidly forging to the front in this trade, which is not surprising

when one considers the rapid increase in the number of Japanese on

the islands during recent years. In 1897 the total importations from

Japan amounted to $11,242; in 1898, to $14,382; in 1899, to $30,862;

in 1901, to $53,596; in 1902, to $54,110, and in 1903, to $67,249. In

the latter year the Japanese trade amounted to more than one-half that

of all foreign countries. China is now in second place, although for

a long time its trade exceeded that of Japan. In 1897 the total

imports from China amounted to $24,674, while in 1903 they amounted

to $18,081. A considerable part of this Japanese and Chinese trade

could be secured by the islands and on the Pacific coast if efforts were

made to prepare the peculiar products of which these two nationalities

are especially fond, such as dried abalone, beche-de-mer, oysters, cuttle-

fish, shrimp, and seaweed. A beginning has already been made in

this direction in both sections, and it is v^ery probable that the industry

will soon be materially extended. Nova Scotia, British Australasia,

Germany, Belgium, British Oceania, England, Portugal, Scotland,

and Norway, in the order named, follow in importance of their fishery

trade.

Table showing by countries the imports of fishery products during the calendar years

1901, 1902, and 1903.
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Table showing by countries the imports of fishery products during the calendar years
1901, 1902, and i905—Continued.
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forms more than one-half of the total. Shrimp and other shellfish

(mainly dried shrimp, oysters, and abalone from Japan and C'hina),

and turtles occup}' second place, while cured cod, haddock, hake, and

pollock are third. There has been considerable falling off in the

imports of anchovies and sardines, while imports of canned mullets

have ceased altogether, the latter not being able to compete with the

cheaper grades of canned salmon from the United States since the

annexation of the islands:

Table t^hoiving the imports of fishery products during the calendar years 1901, 1902, and
1903.

Product.

Anchovies and sardines
Cod, haddock, hake, and pollock, dried, salted,
smoked, and pickled pounds..

Fish, cured and preserved ,

Fish, (except salmon):
Fresh
Pickled and preserved ,

Herring:
Pickled or salted pounds.

,

Smoked do
Mackerel:

Pickled or salted do
Salmon:

Fresh do
Pickled or salted do

Oil, whale and fish gallons.
Shell and mother-of-pearl, manufacturers of
Shells, unmanufactured ,

Shrimp, other shellfish, and turtles

Total.

1901.

Num-
ber.

156, 800

1,050

850

4,453
2,170

27

Value.

3,455

6,630
76,410

388
710

36

227
107

91,066

Num-
ber.

157, 070

2, 550

427
3,706

28

Value.

84, 228

6,352
62, 737

296
544

20
214

6

4
12, 172

86, 690

Num- !

ber.
Value.

$2, 876

112,000 4,600
!
55,562

105

765

1,760

241

70

2, 245
27

31,659

97,305

EXPORTATION OF FISHERY 'PRODUCTS.

Owing to the immense domestic demand the islands have exported

^ut little. Occasional lots of beche-de-mer, sharks' fins, and gold-fish

(for ornamental purposes) have been exported in the past, but not dur-

ing the last few years. The table below shows the exports by coun-

tries for the calendar years 1901, 1902, and 1903. A record was kept

at the custom-house of the exports to the mainland, and these have

been included. Little, if any, of these exports were of domestic ori-

gin, but consisted mainly of transshipments and goods reshipped to

the country of origin.
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Table showing by countries the exports of fishery products during the calendar years

1901, 1902, and 1903.
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years they made a landing on the beach at Waiakea, a suburb of Hilo

and about 1^ miles from the center of the town. The dealers would

gather on the beach at this place, and as fast as the boats arrived buy
the fish and carry them to the market house. The conduct of this

important part of the business in the open air was very trying at times,

and eventually Messrs. Guard & Lucas, of Hilo, secured the necessary

permit from the board of health and erected a small market house just

inside the mouth of Waiakea River. This market house, with the land

upon which it is located, cost $6,500, and was opened in August, 1902.

The same people operate here and at the other market, as the principal

part of the business is the buying of fish from the fishermen. As soon

as a-fishing-boat lands at the small wharf in front of the market the

fish are brought in and dumped into one of the numerous bins scattered

around the room. After being inspected they are looked over by the

buyers, and when purchased are at once removed to make way for the

next lot. A small commission on each sale is collected by the market

owners. This market is also allowed to sell at retail, but this part of

the business is insignificant, the town market proving the best retail

selling place.

An inspector is in charge of both markets, and he has also an assist-

ant at the Waiakea market. These men are supposed to inspect all

fish before they are sold, and have the power to condemn any which

they may consider unfit for food.

In order that the plantations along the railroad may be supplied

with fish, the inspector permits a few of the more responsible dealers

to carry fish from the Waiakea market and peddle them out 'to the

people living on such plantations, who otherwise would be unable to

get fish without making a special trip to Hilo for the purpose.

The tables given below show by months the number of each species

of fish inspected in the markets of Hilo during the calendar years 1902,

1903, and 1904, inclusive. These are taken from the reports of the

government inspector. One of the most interesting features of these

tables is the possibility the}^ afi^ord of tracing the waxing and waning
of the seasons of the migratory fishes, and the radical changes which
sometimes occur among those apparently living permanently in

Hawaiian waters. The figures on the mollusca, Crustacea, etc. , are far

from complete, but the few data obtained have been shown in the tables.
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LIHUE, KAUAI.

There is no regular fish market on the island of Kauai, but at Lihue

the meat dealer handles fish whenever the}^ are to be obtained. Other

sections of the island are supplied by peddlers with small carts, who
make occasional trips when the fisheries are being operated. Most of

the fishermen are natives and, with their usual shiftlessness, refuse

to resume fishing after a good haul until the proceeds have been

expended, and often by that time the school of fish has worked off the

coast and disappeared.

LAHAINA, MAUI.

The territorial government owns the principal market house at this

place. It is a long one-story row, with its back overhanging the ocean,

and, including the land, is valued at about |6,000. It contains six

stalls, all of which are leased to natives and whites, but nearly all of

these sublet to Japanese dealers. In 1903 there were 1 American, 2

natives, and 6 Japanese employed in this market.

Close by is a private market containing two stalls, the whole, includ-

ing land, being valued at $700. Four Japanese operated this market

in 1903.

Since the last investigation (1901) a new private market, composed

of 1 small buildings, has come into use. It is valued at $400, includ-

ing land, and is operated by 8 Japanese.

One of the worst features of the industry at Lahaina is the lack of

inspection of the products sold in these markets. An inspector was

put in charge in August, 1903, but owing to lack of money the board

of health was compelled to dispense with his services in January, 1904,

and at present the markets are as much without inspection as in the

old days. This is a very unfortunate condition of affairs, as Lahaina

is oAe of the most important fish-distributing centers of the islands.

The greater part of the surplus fish from Molokai and Lanai is landed

here, and by means of peddlers is distributed to the various sugar

plantations of the island. Owing to the lack of proper inspection,

large quantities of tainted fish are sold in these markets, or peddled

throughout the surrounding country.

The Japanese have established a virtual monopoly of the handling

of fish in this section of Maui. Nearly eveiy stall in the various mar-

kets is operated by Japanese, who have formed an association or trust,

by means of which they are enabled to force the fishermen to dispose

of their catch to the association at whatever price the latter may see

fit to offer. Many of the dealers are also financially interested in the

boats and fishing gear of their fellow-countiymen, and as a result of

this the native fishermen complain that they are grossly discriminated

against, and are compelled to sell their catch for much less than is paid

to their Japanese competitors. Should the native fisherman refuse to
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sell to the association he is compelled to rent a stall in the market,

should that be possible, and retail his catch. As the Japanese are the

largest part of the hsh-eating population and none of them will patro-

nize other than his fellow-countrymen if it is possible to avoid it, the

native finds it difficult, if not impossible, to sell more than a fraction

of his catch at his own price, and is compelled eventually to sell what

is left to the Japanese at a still lower figure than was offered in the

first place, or else have it spoil on his hands.

The association regulates the prices at which fish are retailed in the

markets, and even in times of a glut the low price does not benefit the

consumer, although the fishermen receive less. Should there be an

oversupply, the surplus is peddled around to the different plantations

by ffapanese with small carts.

There are serious inconveniences arising from these conditions other

than the opportunity afforded for Extorting exorbitant prices from the

consumer. For three or four months of 1903 it was almost impossible

for the people of Lahaina to bu^^ an}^ fish, because the association sent

nearly all over to Sprecklesville, where they were sold to the Japanese

at that place, presumably because better prices could be had there.

This is likely to happen again at almost any time, and the people are

thus at the mercy of an irresponsible association of alien dealers.

WAILUKU, MAUI.

At the time of the previous investigation there was a small market

house here, owned by a private individual. It had onl}^ five stalls and

was run principally by natives. Even this poor apology for a market

ceased to exist in 1902, when it was transformed into stores, and since

then the only means of securing fish has been from the peddlers who
go from house to house on certain days in the week, or when there is

a supply of fish landed from Molokai, or an extra large catch made at

the Kahului fishery, a few miles away. It was not until the middle of

1903 that this section had a government inspector of fish, which it

sorely needed, and even this boon was withdrawn Januar\^ 1, 1904,

owing to the low condition of the finances of the Territory.

HONOLULU, OAHU.

At the time of the first investigation there was but one fish market

in Honolulu—the government market in the square bounded by Allen,

Richards, Alakea, and Halekauwila streets. This building was erected

in 1890 at a cost, including the value of the land, of $155,000, and is

one of the handsomest and most conveniently arranged fish markets

in the United States. During 1903 20 Chinese, 2 Japanese, 3 native

men, and 3 native women were engaged in selling fishery products,

while 1 superintendent (who acted also as fish inspector), 1 market
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keeper, 1 assistant market keeper, 1 assistant fish inspector, and 1

laborer, were employed.

A serious competitor of the government market appeared on Novem-
ber 5, 1903, when a private market which had been constructed on
Kekaulike street, between King and Queen streets, a former site of

the government market, was opened for business. This market was
constructed at an expense, including the value of the land, of $60,000.

Like the government market, the greater part of it is devoted to the

sale of fish, and the building is very conveniently arranged for this

purpose. Many of the dealers in the government market left that

place and took stalls in the new market as soon as it was opened,

owing' to the fact that it is more conveniently situated for catering to

the Chinese and Japanese, who are the principal consumers of fish.

During the short time the market was open in 1903 there were dQ

persons—80 Chinese, 7 Japanese, and 9 natives—employed in and

around it in marketing the fishery products. The government fish

inspector has charge qf the inspection of fish in this market also,

and is assisted by a native man, the latter being paid b}^ the owner of

the market.

On February 6, 1904, a small market, containing six stalls, was
opened at the corner of Beretania and King streets. An assistant fish

inspector, paid by the owner of the market, is in charge, and works
under the supervision of the government inspector.

A most comprehensive scheme for the marketing of fishery products

was being worked out at the time of the present inquir3^ A company
was organized under the name of "The Inter-Island Live Fish and Cold

Storage Company," and proposed to establish markets at convenient

places within the city limits from which fish could be distributed

expeditiously and without danger of loss from death and other causes

incident to a tropical climate. Special means of water supply and
refrigeration were provided, and every efi^ort directed toward the

preservation of the fish in fresh and wholesome condition as it reached

the consumer.

Cold storage is undoubtedly necessary in such a climate as prevails

in the islands. As the law stands at present all fish brought to the

market up to noon must be sold before evening or else thrown away.

Fish arriving at the market after noon and remaining unsold when the

market closes can be placed in cold storage for the night and again

offered for sale, but must then bear the printed legend "Iced fish."

The tables given below show, by months, the number of each spe-

cies of fish inspected in the markets of Honolulu during the years

1902, 1903, and 1904, and, as in the case of the Hilo market reports,

are taken from the official report of the inspector. Here, also, the

figures for mollusks and crustaceans are incomplete.

F. C. 1904 30
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THE WHOLESALE TRADE.

But two cities—Honolulu and Hilo—are eng-a^ed in the sale of fish-

ery products bj wholesale. The greater part of this trade is in canned

goods and pickled salmon, large quantities of which are sold to the

sugar plantations scattered over the islands. In 1903 none of the firms

engaged exclusively in the sale of fisher}'^ products, but sold such in

connection with other goods, A few of the sugar plantations pur-

chased their supplies direct and are not included in the table below.

A small quantity of fresh fish, brought from San Francisco in the cold-

storage rooms of the regular steamers, is also sold in Honolulu.

Honolulu leads in this trade in every particular. The total invest-

ment in the business in 1903 was $520,350, a gain of 110,225 over 1900,

when the investment amounted to $510,125. No efl'ort was made to

gather data on the quantity of products handled.

Table shoiring the irhulesale ^fishery trade of the Hawaiian Islands in 1903.
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According to Mr. A. F. Judd, in an article on "Rock carvings of

Hawaii," published in Thrum's Annual for 1904

—

Archaeological investigations have brought to light several monuments of which

the Hawaiiana have always disclaimed the making. The fish pond in the land of

Apua, at Kualoa on the island of Oahu, is a notable example, and others might be .

mentioned.

A typical example of fish ponds in embryo is to be observed in the

neighborhood of Mana, on the island of Kauai. There are several

hundred acres of overflowed land here belonging to the territory,

which certain natives have leased for a nominal sum. Ditches have

been dug in order that the sea water may enter, and in the ponds so

improvised ama-ama are raised. It is probable that in the course of a

few 3^ears the banks will be raised higher and made permanent, thus

turning the swamp into a regular interior fish pond.

The Kanaha fish pond at Wailuku, on the island of Maui, is being

much enlarged and improved this year (1904). There were formerly

several ponds here, but the others have been filled in. Considerable

trouble has been experienced with this fish pond owing to the lack of

proper direct connection with salt water. A heavy freshet made an

opening toward the sea about four years ago, but it was not deep

enough to allow a sufficient quantity of sea water to enter, and since

the rainwater forced the salt water out, the ama-ama were killed in

large numbers. In 1903 this was especially noticeable, and in the

latter part of the year many of the fish were given away or else sold

very cheap, inasmuch as they would have died had they been allowed

to remain in the pond. Awa, aholehole, gold-fish, and oopue are also

found in this pond.

If the various schemes for the development of the bank fisheries off

the south and east coasts of Molokai are successful there will probably

be a considerable increase in the number of fish ponds used commer-
cially in this section. Many ponds on this side of Molokai are not in

use at the present time, owing to a lack of convenient markets. The
new enterprises contemplate repairing and putting into operation some
of these ponds, and using them either to raise ama-ama for the Hono-
lulu markets, or as temporary storage places for the line-caught fish

until the transporting vessels can carry them awa^^

Considerable fishing is carried on in the numerous sugar-plantation

reservoirs, notably in those on Maui, some of which are quite exten-

sive. Carp and gold-fish are the principal species taken. This fishery

has not yet attained commercial importance, nearly all of the fish

taken being consumed by the workers on the various ulantations, who
catch them.

A number of the ponds are used as private preserves by their

owners and do not appear in the commercial tables given herewith,
j
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In the Lihue district, on Kauai, there are 7 of these private fish

ponds.

Owners of fish ponds operated commercially rarely manage them

directly, but lease them to others, usually Chinese. Nearly all of

the Oahu ponds are controlled by a combination of Chinese, and are

so operated as not to overstock the markets, thus keeping up the

prices. This policy works to the disadvantage of the white popula-

tion mainly, as they are the principal consumers of the ama-ama.

Owing to the high prices received for this fish some of these ponds

are ver}^ valuable, one located on Oahu being assessed by the Terri-

tory on a valuation of $25,000 (the lessee of this pond pays a yearly

rentgil of $2,500), while two others in the immediate vicinity are

assessed at $16,000 and $12,450, respectively. One on Koolau Bay,

Oahu, is assessed at $12,000; another in Waipio, Oahu, at $6,400, and

one in Kalihi, Oahu, at $4,000. Aside from those located on Oahu,

fish ponds are not very valuable, largely owing to the lack of a steady

and sufficient demand for ama-ama. If the fish could be marketed,

the Molokai fish ponds would produce almost unlimited quantities of

amaama.

The tables below show, by islands, the number and nationality of the

persons employed, the number and value of the fish ponds and boats,

the number, kind, and value of apparatus operated, the catch by

species, and the catch by species and apparatus, together with the values

of same, in the pond fisheries during 1903. The data in these tables

appear also in the general statistical tables given elsewhere.

The island of Oahu leads in every particular, with 67 fish ponds

valued at $154,900, 138 persons employed, and a total investment,

including value of ponds and boats, of $156,990. Molokai is second,

with 12 ponds valued at $4,050, 30 persons employed, and a total

investment of $5,310. Kauai, Hawaii, Maui, and Lanai follow in the

order enumerated. As compared with the data for 1900 there has

been a decrease of 13 in the number of fish ponds operated, but in

ev^ery other regard there have been slight increases. Since 1900 the

fish pond on Lanai and the one at Kahului, Maui, have been repaired

and are now in use. In that year there were no fish ponds operated

commercially on these two islands.

Chinese predominate in the pond fisheries, 132 being so employed,

to 55 Hawaiians and 6 Americans. In 1900 there were 147 Chinese,

43 Hawaiians, and 1 American, showing a decrease in 1903 of 15 Chi-

nese and an increase of 12 Hawaiians and 5 Americans.

The total catch for Oahu is 578,292 pounds, valued at $93,568. As
the total catch for all the islands was 672,953 pounds, valued at

$111,321, the great preponderance of Oahu is manifest. Molokai is

second, with 43,361 pounds, valued at $10,279, followed by Maui,
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Kauai, Lanai, and Hawaii, in the order named. Tlie latter island

almost dropped out altogether, securing but tilS pounds of ranaama,

worth $54. Amaama is the leading species, 430,115 pounds, worth

$87,706, having been marketed. Awa is second, with 224,821 pounds,

which sold for $22,662. The other species—aholehole, carp, gold iish,

oopu, and opae—form but an insignificant part of the total catch.

As compared with 1900, the catch of ama-ama shows a decrease in

weight of 55,416 pounds, and $31,496 in value. During the same

period the catch of awa increased in quantity 30,150 pounds, and

decreased in value $24,864. The aholehole catch increased from 200

pounds, valued at $30, in 1900, to 7,100 pounds, valued at $373, in

1903; the catch of carp decreased from 1,500 pounds, valued at $150,

in 1900, to 400 pounds, valued at $32, in 1903; the gold-tish catch

increased from 80 pounds, valued at $10, in 1900, to 6,267 pounds,

valued at $351, in 1903 (most of this increase was on Maui); the oopu

catch increased from 492 pounds, valued at $74, in 1900, to 4,600

pounds, valued at $174, in 1903, and the catch of opae decreased from

310 pounds, valued at $31, in 1900, to 150 pounds, valued at $23, in

1903. In 1900, 180 pounds of okuhekuhe, valued at $18, were taken,

but none was sold in 1903.

The gill net is the leading form of apparatus in use, 322,240 pounds,

valued at $54,610, having been taken thus. Dip and scoop nets are

second, with 246,179 pounds, worth $40,397, and seines third, with

104,534 pounds, valued at $16,314. Gill nets alone were used on

Hawaii and Lanai, seines alone on Maui, seines and gill nets on Kauai

and Molokai, and all forms on Oahu.
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Table shotving by islands the number of persons employed, and the number and value of
fish ponds, boats, and apparatus used in the pond fisheries of the Hawaiian Islands in

1903.
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Table showing by islands, apparatus, and species the yield of the pond fisheries of the

Hawaiian Islands in 1903.

Apparatus and species.
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carried on, and he expects to dry sharks' fins, and also dry and salt

fishes and other aquatic products. The steady demand for sharks'

fins among the Chinese resident in the islands is at present supplied

by importation.

When the magnificent area of the deep-sea fishing banks off the

Hawaiian Islands is considered, the marvel is that the skillful fisher-

men have not visited them more extensively. The chief reason

undoubtedly has been that the native, having few wants, could easily

satisfy them, either inside the reefs which partially girt the islands

within a mile from shore, or at the detached reefs nearby. Quite a

change in the methods of fishing followed the advent of the Japanese,

who, poming from an island country where ocean fishing had been

practiced from time immemorial, naturally embarked in the same

industry here. A few years' experience showed that the best fishing

grounds were on the reefs off the west and south coasts of Molokai,

and now these grounds are regularly visited by a fleet of 40 to 50 Jap-

anese sampans from Honolulu. It is the custom to make trips on

Monday, returning on Friday or Saturday of each week. This can

not be called a vessel fishery, however, because the largest of the sam-

pans is not more than about 4 tons net.

Owing to the rapid increase of the population of Oahu (especially

Honolulu, the capital) during the last decade, the demand for fishery

products has grown at a tremendous rate. Unfortunately the supply

from the local fisheries has not kept pace with this demand, and as a

result prices have increased enormously on some of the choicer species.

Owing to the high traflic rates exacted by the interisland steamer lines,

it has not been practicable to secure supplies from the adjacent islands,

and thus for years the extensive resources of Kauai, Maui, and Molo-

kai have been only partially worked, owing to the absence of a con-

venient market, while Oahu was absolutely suffering for the lack of

these products, although willing and anxious to pay a good price for

them.

Several attempts have been made (all by white men) to improve this

condition, but for various reasons all have heretofore met with fail-

ure. The last serious attempt was in 1898, when a company was

formed in Honolulu. At considerable expense, this company had the

gasoline schooner Malolo constructed and fitted out to engage in the

business, and a station was established at Palaau district, on Molokai.

The idea was to leave fishing crews at this station and use the vessel

in carrying the catch to Honolulu. Owing to the unreliability of the

various crews, however, the project had to be abandoned the same

year it was inaugurated. In February and April, 1904, when the last

investigation was made, various schemes for establishing vessel fish-

eries were being worked out. A company, of which Mr. Lee Gilbert,

of Honolulu, is the head, was formed early in the year and a small
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schooner of about 7 tons burden was fitted up with a gasoline engine.

Wells were built into the fore and aft holds of the vessel, and in these

the iish were to be kept alive until the selling port should be reached.

A fishing station had been established at Kaunakakai, on Molokai, and

seine, gill net, and line crews were to go from there to the fishing

banks near by, returning to the station when necessary with their

catch, which would be retained alive in a fish pond until the schooner

arrived. The first trip to Honolulu was on March 26th, and it was

the intention to make about two trips a week after the enterprise was

well started.

The Inter-Island Live Fish and Cold Storage Company, of Honolulu,

formed in the spring of 1904, in addition to its comprehensive market

scheme for Honolulu, proposes to embark in the deep-sea fishing. The
small steamer Talula has been fitted up with wells for carrying the

fish alive, and her motive power has been changed from steam to

gasoline. It is the intention to use her in collecting fish from the fish-

ermen on the Koolau side of the island of Oahu, from Kahana to Wai-
manalo, and this will prove a great boon to the fisheries of that section,

for heretofore it has been impossible to reach a market except by a

difiicult 15-mile wagon trip across the island to Honolulu. The com-

pany has also the gasoline schooner Brothers^ which was built in 1902,

and has fitted her with wells and for use in transporting live fish from

fishing stations to be established on Molokai, Maui, Lanai, and Kahoo-

lawe, to Honolulu, the expectation being to make about three trips a

week. Both vessels will carry ice for refrigerating purposes, and such

fish as can not be kept alive will be placed in cold storage until marketed.

Feeling against the Japanese fish dealers and fishermen has been

developing rapidl}^ during the last few j^ears. It is charged that native

fishermen have been driven out of business by Japanese control of the

fish markets and the refusal of the monopolists to pay the natives as

much as they pay their own countrymen for their catch. Also that by
securing a practical monopoly on certain islands the Japanese have been

able to raise the price to the consumer and otherwise to regulate the

markets to his disadvantage. The dealers at Hilo and Lahaina are

specifically charged with these offenses, while those of Honolulu are

thought to be rapidl}^ advancing toward the same methods. The
present investigation would seem to sustain these charges. The Japa-

nese dealers, and also the Japanese fishermen, have mutual associations

at Hilo, Lahaina, and Honolulu, and possibly at other places, and all

their business affairs are managed through the officers of these associ-

ations. As the Japanese form almost one-half of the total population

of the islands and are the principal consumers of fish, every effort is

made by these associations to secure and hold the trade of their own
people, and it has been charged that they even resort to the ostracism

of a countryman who buys from an outside dealer or fisherman when
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it is possible to secure the same thing- from his own people. The

same condition of affairs is said to prevail in other lines of liusiness,

and a feeling of antagonism has developed on the part of those who
have been injured by the alleged unfair competition. The Japanese

fishermen deserve great credit for developing and extending the deep-

sea fisheries, which the native fishermen had allowed almost to die out;

but, on the other hand, they do an immense amount of damage by

destructive, and, in many instances, illegal methods of fishing with

tine-meshed nets.

One of the results of the rapidly increasing prejudice against the

Japanese fishermen was the effort in the summer of 1902 to prevent

them, as aliens, from landing their catch without paying a customs

duty of 1 cent per pound. The collector of customs at Honolulu

supported this contention, but on appeal the Treasur^^ Department

refused to sustain the collector's action.

The Russian-Japanese war had the effect of considerably lightening

Japanese competition, as large numbers of the fishermen of that

nationality returned to Japan to enter the army. Over 90 of them

left Honolulu for this purpose on one steamer in March, 1901.

THE FISHERIES OF HAWAII.

This, the largest island of the group, is 90 miles in length from

north to south and 74 miles from east to west, with an area of 4,015

square miles, which is nearly double that of all the other islands com-

bined. Geologists claim that this island is the youngest of the group,

as its internal fires are still unextinguished. It is made up principally

of three enormous volcanoes, two of which are still active, and both of

which are larger than any other active volcanoes in the world. Mauna
Kea, which is 13,825 feet above the sea, is the highest point on the

island, and Mauna Loa is 13,675 feet in height. Both are snow capped

throughout the year. The coast line of the island is regular, some-

times precipitous, and is badly handicapped for commerce by the lack

of good harbors. Hilo Bay, on the eastern or windward side, is a

rather open harbor, partly protected from the ocean by a sunken coral

reef. There is no other harbor on the eastern side, but merely

landings, which can be made only in fairly clear weather. On the

westward side are the small open bays of Kailua and Kealakekua,

which are safe so long as the winds prevail from the westward, which

they do for nine months of the year. On the northwest is the open

harbor called Kawaihae Ba}', which is safe about half of the 3^ear.

The lack of good harbors has always been a serious drawback to the

fisheries of this island, as the fishermen are compelled to concentrate

at a few places and dare not go far out in their small boats lest they

be caught in storms or be blown off' the coast.

F. C. 1904 31
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The island is divided into the districts of Hamakua, Hilo, Kau,

Kohala, Kona, and Puna. Hawaii for its size is not very densely

inhabited, its population at the last census being 46,843, and the only

places of importance are Hilo on the east, Pahala on the south, Napoo-

poo and Kailua on the west, Kawaihae on the northwest, and Laupa-

hoehoe on the north. While there are a number of railroads projected

for this island, but three are now in operation—the Hilo Railroad,

from Hilo to Puna Plantation, 23 miles, and a branch from Olaa, on

this road, to Mountain View, on the way toward the volcano of Kilauea;

the Kohala Railroad, from Mahukona to Niulii, a distance of 20 miles,

and the plantation railroad from Pahala to Punaluu. The two first-

named railroads have been of considerable help to the fisheries, as they

have made feasible the shipping of fish to plantations away from the

coast and to those on the coast where it is not practicable to conduct

fisheries. The islands have been undergoing a period of depression

during the last three years, but as soon as this passes away^—as it

seems to be doing at present—there will undoubtedly be a large

increase in the railroad mileage of Hawaii, and this can not fail to

benefit the fisheries. At present there are many fine fishing sections

where, owing to the lack of shipping facilities, practically no fishing

is being carried on, or else merely enough is done to supply the wants

of the people in the immediate vicinity. The Territorial government,

by opening up new roads and repairing the old ones, is also incidentall}'^

helping the fisheries.

During the 3'ear 1903, 200 pounds of loli (beche-de-mer) was gathered

and sold to Chinese at Hilo, who prepared and shipped the product to

San Francisco. In the curing process the loli after being split in half

and having the entrails removed, are put in hot water in order to

remove the slime, etc., and then placed in strong brine for twent^^-four

hours. On being removed from the brine they are dried in the sun,

after which they are ready to ship. This is a new industry and gives

promise of a considerable development in the near future, as the loli

is quite abundant in the waters surrounding the island. -

Another industry which gives promise of becoming quite important

is the raising of frogs for market. In October, 1899, a shipment of

6 dozen frogs from Contra Costa County, Cal., was landed at Hilo and

planted in favorable places around the cit5^ Frogs soon became

abundant, and in 1900 a few were taken for market, while in 1901

some were shipped to Honolulu. In the latter part of 1903 Lucas &
Guard, of Hilo, leased the old Wailama canal, which formerly connected

several of the fish ponds with the bay, but which had been cut off

from the latter by the extension of the Hilo Railroad. This canal, or

pond now, is about 200 feet in length by about 70 feet wide. It has

been fenced around and a wire screen placed at the narrow opening
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where the canal passes under the street, so that the frogs will be

unable to get out and their enemies can not enter. At one side of

the pond, where the water is shallow, a large section has been fenced

oft" from the rest by a fine-meshed wire screen and divided into two

compartments, in which are placed the eggs and the young tadpoles.

In the larger section the young and full-grown frogs are allowed to

roam at will. The pond contains many water hyacinths and pond

lilies, which are quite necessary to the comfort and safety of the

batrachians, screening them from the sun and from their chief enemies,

the birds. The frogs are generally secured from the rivers and ponds

near by, where they are caught by small boys armed with hook and

line or scoop net. A uniform price of $1 per dozen is paid for these

without regard to size. No attempt is made to feed them, and as they

grow rapidly it is evident that natural food is quite abundant in the

inclosure.

Onl}' the medium-sized frogs are now shipped to market, the large

ones being retained for breeding purposes. Shortly before shipment

the frogs are removed from the pond to the wholesale market at

Waiakea, near by, where they are placed in a tank built specially for

the purpose. This tank, which is raised on supports, is about 15 feet

long, about 5 feet wide, and about 4 feet deep, with the top slanting

inward slightly in order to prevent the frogs from climbing up. The
tank is divided by wire screens into four compartments, two of which are

surrounded by a screen superimposed on the top of the tank, and

reaching up about 6 feet, and the more active frogs are put into these

compartments. Fresh water is supplied daily by means of a small

electric pump. Although not introduced until 1899, the frogs have

already attained a large size. Of three of the largest ones in the ship-

ping tank on one occasion, two weighed 2 pounds each and the other

li jpounds. Thirty-six of all sizes, gathered from the tank and weighed

together, averaged 5 ounces each.

Most of the frogs at present are shipped to the San Francisco markets

via the regular line plying between Hilo and that port. They are sent

in long, water-tight boxes with several inches of water at the bottom,

this being changed every day during the eight to ten da^^s required for

the journey. The percentage of loss in transit is very small. A few

frogs are also shipped via the interisland steamers to Honolulu and

other towns, and all indications predict a rapid extension of the industry,

as the animals are being introduced on the other islands, and efforts are

being made to propagate them.

In 1900 Hawaiians predominated in the fisheries of this island, num-
bering 405 persons. At that time there were but 134 Japanese

engaged in fishing. In 1903 this condition of affairs was reversed,

and there were then 406 Japanese to 391 Hawaiians, an increase of
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272 Japanese and a decrease of 14 Hawaiians. The other nationalties

show small increases, but they occupy an insignificant proportion of

the total, which, in 1903, was 827, as compared with 549 in 1900, a

gain of 278.

The total investment in boats, apparatus, fish ponds, and shore and

accessory property in 1903 was $37,912. As compared with 1900

there is a very material gain in the number of boats owned and the

number of seines, bag nets, and cast nets operated, while the value of

the lines used is more than doubled. There is a very material decrease,

however, in the number of gill nets in use, and one less fish pond was
operated.

The total catch was 1,404,794 pounds, valued at $101,149. The line

fisheries furnished more than four-fifths of this. Gill nets, seines,

cast nets, spears, dip nets, hands, baskets, bag nets, and snares follow

in the order named. The akule is the principal species taken in the

Hawaii fisheries, over one-third of the total catch being composed of

this species alone. The other important species are aku, ulua, moano,

kawakawa, oio, opelu, and puhi.

The following tables show the extent of the fisheries in 1903:

Table showing by nationalities the persons engaged in (he fisheries of Hawaii in 1903.
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THE FISHERIES OF KAHOOLAAVE.

This island, which is 6 miles west of Maui, has an area of 69 square

miles and, like all of the others, is quite mountainous, its highest eleva-

tion being 1,130 feet above the sea. It is devoted to sheep raising. In

1900 the sheep herders employed on the island possessed a seine, which

they used in catching a supply of fish for their own consumption, but

as they had no surplus none were sold. During the year 1903 five

Hawaiians and four Japanese operated two seines and caught 27,100

pounds of fish, which they sold at Maui towns for $1,1:56.

The following tables show the extent of the fisheries in 1903:

Table .•showing the fishermen engaged, and the boats, apparatus, and shore property used

in the fisheries of Kahoolawe in 1903.

Item.

Fishermen:
Hawaiians

.

Japanese...

Total.

Number. Value

Boats
Apparatus:

Seines..
Shore and accessory property

Total

$225

250
150

a 670 yards.

Table shoiving by apparatus and species the yield of the fisheries of Kahoolawe in 1903.

Species.

Akule ..

Kumu .

.

Laenihi
Modno..
Moi

Seines. 11
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THE FISHERIES OF KAUAI.

This island, which is the most northerl}^ of the group, is about 68

miles from Oahu, the nearest large island, and has a length of 25 miles,

a breadth of 22 miles, and an area of 547 square miles. It is moun-
tainous, like the rest of the group, but, owing to its greater age, the

lava which was vomited forth by its long extinct volcanoes has nearly

all decomposed, and as a result the soil is very much more fertile than

that of the other islands. It is supplied with numerous streams and
cascades and has some superb vallej's; it has been well named the

"Garden Isle." The chief drawback is its lack of good harbors, all of

the small bays around the island being wind-swept at some season of

the year.

The island is divided into five districts: Hanalei, Kawaihu, Lihue,

Koloa, and Waimea. The principal towns are Waimea, Lihue, and
Hanalei, and at the time of the census of 1900 the population of the

island was 20,562.

Although in the waters adjacent to this island lish are very abun-

dant, only spasmodic efforts are made to catch them. The greater

part of the tishing is carried on by native huis, or companies, which
possess probably the best equipment to be found in the whole group,

but lack the inclination to use it persistently. But few of the nets are

operated more than once or twice a week, and if an exceptional catch

is made the native ffshermen will not go out again until they have
spent all of its proceeds. This is especially true of that part of the

coast lying between Nawiliwili and Hanalei. As a result there are

gluts of tish for a few days near the iishery and then a period of

scarcity, which varies in duration according to the inclination of the

natives. The few seines owned by Chinese are operated consistently

ahd well, and the Japanese, who devote their attention to the line fish-

eries principally, are steady workers. The inhabitants in the easily

accessible portions of the interior of the island are served with fresh

fish by a few peddlers who buy up the surplus catch of the fisheries

and carry it around in small carts and wagons drawn by horses. Many
of the inhabitants, however, find it impossible to secure fresh fish at

an}" price during the greater part of the year and are forced to depend
upon salted and canned products.

The products of the river fisheries of the island, which are insignifi-

cant, have been included with the shore fisheries. A little fishing was
carried on in the Hanapepe, Hoale, Waiaula, and Waimea rivers, with

cast and dip nets, traps and opae baskets. Ama-ama, oopu, and opae
were the only species taken.

Carp are quite common in the irrigation ditches throughout the island,

and with gold-fish and a Chinese species of cat-fish are quite numer-
ous in the upper reaches of the River Haole and in private fish ponds
in the Lihue district. But few are taken for market, however.
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Frogs were introduced on this island about four j^ears ago, and soon

became fairly common in certain districts. In 1903 Mr. Francis Gay
placed some near Makaweli, and Knudsen Brothers, of Kekaha, intro-

duced them in their neighborhood early in 1904.

The pond fisheries are included in the tables below, but more detailed

information in regard to them is shown elsewhere in this report.

In 1903 there were 314 persons engaged in the fisheries on Kauai,

a gain of 107 over 1900. This gain is almost entirely among the

natives, who increased from 120 to 237. There are not many Japa-

nese employed as yet. The number of Chinese fell from 34 in 1900 to

19 in 1903."^

The total investment in the fisheries is $15,101. Since 1900 the

number of seines has increased from 1 to 21, and gill nets from 14 to

35. Bag nets and dip nets decreased in number, but the number of

fish ponds decreased from 6 to 2. This does not mean that these fish

ponds are abandoned, but that their owners obtained from them merely

enough for their own wants, and consequently had no fish to sell, so

that the ponds are removed from the commercial class for the time

being.

The total catch was 377,946 pounds, valued at $34,738, a decrease as

compared with 1900. More than one-half of the catch was made with

seines.

The following tables show the condition of the Kauai fisheries in

1903:

Table showing by nationalities the number of persons engaged in the fisheries of Kauai in

1903.

In shore
fisheries.

Americans
Chinese
Hawaiian men . .

.

Hawaiian women
Japanese

Total

4
19

223
14
54

314

Table shoiving the boats, apparatus, fishponds, and property used in the fisheries of Kauai
in 1903.

Item.

Boats
Apparatus:

Seines ...

Gill nets.
Bag nets.
Cast nets
Dip nets

.

Lines

Number. Value

71

a 21
&35

2
20
12

a 4,133 yards.

5,585
324
300
200
24
133

Item.

Apparatus—Continued

:

Baskets (opae)
Traps
Spears

Fish ponds
Shore and accessory property.

Total

Number.

61,009 yards.

Value.

«12
186
8

1,900
1,550

15, 101
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THE FISHERIES OF LANAI.

This island lies about 9 miles west of Maui, is 21 miles in length and

8 in breadth, and has an area of 139 square miles. At the southeastern

end there is a mountain 3,000 feet high. The island is the property

of one person, Mr. (yharles Gay, and its principal industry is sheep

raising. According to the census of 1900 it had a population of 619.

Schools of fish congregate around its shores, and it is the favorite

resort of the fishermen from Lahaina and the eastern portion of

Molokai. Since 1900 there has been a decrease of 24 in the number
of persons engaged in the fisheries, and of 81,959 pounds in quantity

and $18,884 in value of catch. This is largel}^ due to Japanese compe-

tition, which has driven the native fishermen out of business. Seines

and lines were used exclusively in the shore and sea fisheries, the

two gill nets shown being used in the one fish pond operated.

The following tables show the extent of the industry in 1903:

Table showing tlie fishermen engaged, and the boats, apparatus, and shore property used in

the fisheries of Lanai in 1903.

Item.
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Table showing by apparatus and species the yield of fisheries of Lanai in 1903—Cont' d.

Species.
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The island is divided into five districts—Hana, Honuaula, Kaupo,

Lahaina, and Wailuku. The population at the last census was 24,797.

Lahaina, Wailuku, Kahului, Sprecklesville, and Hana are the princi-

pal towns and settlements. A railroad extends from Wailuku to

Kahului, Sprecklesville, and Keia, and is used considerabl}^ in distrib-

uting fish landed at Kahului. Nine-tenths of the fishermen make their

headquarters at either Lahaina or Kahului. At the latter place is

located the Kahului fishery, owned b}^ the Hawaiian Commercial and

Sugar Company, which is one of the most important enterprises in

the islands. The company leases the fishery for a rental of one- half

the gross proceeds and furnishes everything but the labor required

to operate it.

During the year covered by this investigation the Japanese line fish-

ermen at Kahului were very successful. At this place Chinese buy

the nehu and other vcr}^ small fish taken in the nets, dry them in the

sun on bags laid on the grass, and then peddle them throughout the

surrounding country for about 25 cents per pound.

Owing to the large number of Japanese employed on the numerous

sugar plantations of the island, there is a large demand for fresh fish,

and this is supplied mainly by Japanese peddlers with horses and

carts, who make periodical trips to the plantations from Ijahaina and

Kahului. The surplus from the fisheries of Kahoolawe, Lanai, and

the western end of Molokai is marketed at either Lahaina or Kahului,

and helps to supplj^ the constantly increasing demands of the Maui fish

consumers. There are at present no fish inspectors upon Maui, and

as a result considerable old and tainted fish is sold. This is especially

true at Lahaina.

One of the most interesting features of the fisheries of Lahaina dis-

appeared in October, 1903, when the South Sea, or Gilbert, Islanders,

who had a settlement in the upper part of the town, returned to their

old home. These people had introduced and practiced a number of

interesting and profitable methods of fishing, particularly that with

baskets. The}^ also did most of the spearing.

The Japanese fishermen at Lahaina and Kahului during the last two

years have very much surprised the natives by catching akule with

hook and line. Heretofore the natives used seines exclusively in this

fishery, as they supposed it was impossible to catch akule on a hook.

The Japanese are very secretive as to how they accomplish it, but the

natives claim that the following method is pursued: The line has a

chicken quill attached just above the hook, the lower part of the quill

being broken out on all sides. The fishing is done at night, and the

fishermen carry a flaring torch in the bow of the boat, to attract the

fish. The line is dropped into the water and worked up and down, and

it is supposed that the fish, seeing the reflection of the light on the
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quill and thinking it a minnow, snap at it, and are thus caug-ht on the

hook. It is more probalile, liowever, that when the fish have come up

close to the light, the fishermen jerk the line up suddenly, catching the

hook in the body of the fish, which may then be drawn quickly and

easily into the boat.

Mr. Henry Williams, of- Lahaina, purchased a gasoline launch in

1902 for use in line fishing, and also to cruise around among the

fishing boats and buy their catches whenever possible, running into

Lahaina to sell to the dealers at the markets. The boat was laid up
about the middle of 1903 and has not been used in the fisheries since.

The irrigation dams and ditches on Maui contain many carp and

gold-fish, but no commercial use is made of them as yet, although

large numbers are taken for home use by the Japanese and Chinese

emplo3^ed on the plantations.

The streams of the island are few in number and are practically

nothing but mountain rills. Thej' contain gold-fish, oopu, uwau, and

opae in large numbers, and while many of these are caught by the

natives foi" home use, but few are sold.

Frogs are said to be quite numerous in the pools and taro patches of

Wailuku and Makawao, having been introduced a few years ago, but

no commercial use is made of them as yet.

The fisheries of the island have not varied much during the last

three years. In 1900 there were 297 persons employed, while in 1903

there were 279, a decrease of 18. The principal change in the fisher-

men has been with the Japanese, who increased from 37 in 1900 to 80

in 1903, while during the same period the number of Hawaiians

engaged decreased 63. There were 25 Gilbert Islanders (South Sea

Islanders) engaged in the fisheries, but they left the islands in Octo-

be^, 1903.

The total investment in the fisheries was $18,511, an increase of $3,340

over 1900. This increase is accounted for largely by the cleaning out

and putting to use of an old fish pond at Kahului.

The total yield of the fisheries was 1,212,445 pounds, which sold for

$120,267. Lines are the most successful form of apparatus in use.

Bag nets are second, and these are followed in the order named by

seines, gill nets, baskets, spears, cast nets, and scoop and dip nets.

Quite a number of native women and children also engaged in fishing

with the hands alone. The principal species taken in the fisheries

are akule, opelu, nehu, ulua, oio, aku, amaama, kawakawa, and uku.
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The following tables show the extent of the fisheries in 1903:

Table showing by nationalities the number of persons engaged in the Jislieries of Maui in

1903.

Chinese
Hawaiian men
Hawaiian women ..

Japanese
South Sea Islanders.

Total

In shore
fisheries.

6
114
54
80
25

Table showing the boats, apparatus, fish ponds, and property used in the fisheries of Maui
in 1903.

Item.

Boats
Apparatus:

Seines
Gill nets
Bat, nets
Cast nets
Scoop and dip nets.
Lines

Number. Value

94

"30
fc30

49
25
25

a 1,610 yards.

$8,985

1,290
750

1,865
200
55

272

Number.

Apparatus—Continued:
Baskets (fish}

Baskets (opai )

Spears
Fish ponds
Shore and accessory property

.

Total

b 1,500 yards.

Value.

»380 ,
16
41

2,500
2, 158

18,511
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THE FISHEKIES OF MOLOKAI.

This island is loeatod midway between Oalm and Maui, and in shape

is long and narrow, l:)eing- -iO miles in length and 9 miles in width,

Avitli an area of 261 square miles. The western half of the island is

an elevated plain 1,0()0 feet above the sea, without running water, but

covered with grass, while at the eastern end are several deep valleys,

with streams of water during the wet season. The noi'thern coast,

which is the windAvard side of tlie island, is generally precipitous.

Outside of the leper settlements on the northern side, nearly all of

the population is located on the southern or leeward side of the island.

Molokai must have supported a large population at one time, judging

from the number of fish ponds still to be seen on the south side of the

island. Many of these are abandoned now, owing to the inability of

their owners to dispose of the fish to the very small population

remaining there. There are no harbors anywhere along the coast;

Pukoo and Kaunakakai, the ])rincipal settlements, arc very small

villages. The population of the island, according to the last census,

w^as 2,504, of which over 800 were in the leper reservation.

It is probaljle that the near future will see a considerable develop-

ment of the fishery resources of the southern and eastern sides of

Molokai. The finest fishing banks of the group lie off this part of the

island, and for some 3'ears past they have been much resorted to b}^

the line fishermen from Honolulu and Lahaina. Several Honolulu

concerns, which are now preparing to engage in fishing" on these

banks, will make their fishing headquarters on Molokai, where they

will use some of the fish ponds for storing their fish until ready to

ship. One company began operations this ^''ear (1904), with headquar-

ters at Kaunakaki, where it has secured control of several fish ponds.

It has several small boats engaged directly in fishing on the banks,

and a small gasoline schooner emploj^ed in carrying to Honolulu or

Lahaina the catch of these, and of such otlier fibbing Ijoats as may
enter into satisfactory arrangements. The Inter- Island Live Fish

and Cold Storage Company, of Honolulu, also expects to have an

important fishing station on the south side of Molokai.

One of the worst features of the fisheries of Molokai is the tremen-

dous destruction of young amaama (called by the natives "pua") in

fine-meshed seines. These fish are only an inch or two in length, and

are eaten b}' the natives raw^ or else slightly scorched over an open fire.

In the early part of 1903 Me3'er Brothers secured a number of frogs

from Hilo and placed them in a fresh-water mountain lake at Kalae.

They also planted carp in this lake several years ago, but this fish has

not proved popular as food.

The poisonous qualities of the oopuhue, or maki maki {Tttraodon

hiyjldus), have long been known to the Ilawaiians, but as the fish
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iippcars to be wholesome when properly prepared, it is sparingly eaten.

The skin and oall bladder are thought to contain the poisonous prop-

erties, and if these are properly removed the flesh is said to resemble

in flavor the white meat of chicken or turkey. In April, 1903, a pow-
erfully ])uilt native of Kamalo, aged about 45 years, died within one

hour after eating an oopuhiie. According to Dr. A. Mouritz, of

Mapulehu, who treated the patient, the symptoms of oopuhue poison-

ing, which manifest themselves very quickly, are as follows:

Tightness and obstruction in breathing
;
giddiness, tingling, burning, and creep-

ing sensations; nausea, vomiting, invohmtary purging ; rapid and irregular heart

action; tendency to syncope; cold hands and feet; failing voice, vision, and hearing;

body Jjathed in cold perspiration
;
pupils markedly dilated ; face psiie

;
great

prostration ; delirium ; convulsive twitching of limbs and muscles of face and
body. » * * The 2>oison resembles aconite in large doses.

In 1900 there were 128 persons engaged in the Molokai flsheries,

while in 1903 there were 300 so employed, a gain of 162. This gain is

exclusively among the Hawaiians, the number of Chinese and Japanese

having decreased. There is also a considerable increase in the number
and value of boats and each form of apparatus used, but the number of

tish ponds used commercially decreased b}" three.

The total yield of the iisheries was 271,331 pounds, valued at $32,389,

a ver}^ material decrease since 1900. So far as quantity of catch is

concerned seines lead, but in value of catch lines slightly exceed the

seines. In value of catch gill nets are third, although they are pre-

ceded in quantity of catch by bag nets. Cast nets and spears follow

in the order named. The principal species taken in the fisheries are

akule, ama-ama, aku, oio, and ulua.

The following tables show the condition of the fisheries in 1903:

Tabb; showiix/ hi/ natioiiaUtles the number of persons engnged in the fisheries of iloloJcai
* "

' in 1903.

In shore
fisheries.

Chinese . .

.

Hawaiians
Japanese .

.

Total

6
290
4

300

lable Khowing the boats, apparatus, fisJi ponds, ete., in the fisheries of Molokai in 1903.

Items.

Boats
Apparatus:

Seines
Gill nets.
Bag nets.
Cast nets
Lines

' Number.

o57
&84
11
52

Value.

80, 165

2,355
1,440
1,450

520
50

Items.

Apparatus—Continued

:

Spears
Fish ponds
Shore and accessory property.

Total

Number. Value.

«24
4,050
1,100

17, 154

a 5,833 yards. f> 12,720 yards.
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Tlie leper settlements.—Near the center of the northern coast of

Molokai is a tongue of land about a mile broad and 10 miles long, pro-

jecting- into the ocean. In 1865 this spit of land was purchased by the

then Hawaiian Kingdom and set apart as a reservation for lepers. It

is especially' well located for this purpose, there being behind the point

of land an almost impassable cliff 2,000 to 4,000 feet high. There are

^.^\^\% acres in the tract, most of it fertile soil. On this reservation

are two settlements, Kalaupapa and Kalawa, and all known lepers

are compelled to reside at one or the other of them, or else leave the

islands altogether. The territorial government pi'ovides quarters,

clothing, and provisions for all its afflicted wards, and takes the greatest

precautions to see that th<\v are completely isolated from the rest of

the islands and from the remainder of Molokai itself. The territorial

board of health has full conti-ol of the two settlements and a nonleper

can visit them only by its permission, which is exceedingly difficult

to obtain. As the only vessel allowed to land at the settlements is

the steamer chartered ])y the board, which makes a Aveekly trip

thither from Honolulu, it is a very easy matter to control ingress to

and egress from the settlements. A heavy penalty is provided for

other A'essels and l>oats touching or having comnumication with the

settlements.

Some of the lepers were fishermen before being seized with the

dread disease, and they have been allowed to continue the same occu-

pation at the settlements. During 1903, 31 natives engaged in iishing-

and used 4 haul seines, 12 cast nets, 1 bag net, 1 corral net, and 9

si)ears. Should the tishermen secure more fish than they can dispose

of themselves, the board will purchase the surplus at a uniform price

of 5 cents per pound, and issue the same to the lepers in the settle-

ments in lieu of their regular meat ration. During the year 1903 the

hoard so purchased from the tishermen 15,028 pounds of fish. Some
of the lepers have private means, while others, by working for the

board, receive regular wages. These are in a position to purchase

supplies for themselves in addition to those furnished by the board,

and fre({uently the tishermen dispose of the choicer varieties in the

catch at a higher price than the, board pays. Being on the w^indward

side of the island and exposed to the heav}^ surf caused by the trade

winds, Iishing is a rather difficult and oftentimes dangerous industry

for a considerable part of the year, hence the number of daj's on which

iishing is prosecuted is but few as compared with the southern, or lec-

w^ard, side of the island. The season of 1903 was an especial 1}' poor

one for the fishermen. In 1902 they sold to the board 25,191 pounds

of fish, and in 1901, 20,085 pounds.
'

Absolutely none of the fish caught by the lepers is permitted to leave

the reservation. Even if the fishermen were allowed to carry them
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away there is no convenient iiuii'ket, for, with the exception of the

settlements on the reservation, which contain a])out one-third of the

total population of the island, there are ver^^ few people living on its

northern side, the most of the inhabitants being- on the southern, or

leeward, side. To reach these by water would necessitate a long- jour-

ney around one or the other end of the island, while to go overland to

the nearest settlement would necessitate an 11-mile journey on foot

aft(n- the cliff at the back of the reservation had l)een surmounted.

In 1003, in order to till out the very small catch of their own fisher-

men, the board of health purchased 15,753 pounds of fresh fish from

the fishermen of Halawa, a small nonleprous settlement some few

mile;^ to the westward of the reservation. Even with this addition the

total amount to be distributed among an afflicted population of 855

was pitifull}' small, amounting virtually to 30.35 pounds per year to

each person. There has been complaint by persons unacquainted with

the circumstances that the board of health Avas making fresh fish too

important an item in the diet of the lepers, but the above would cer-

tainly indicate that this contention was not well founded. Some salted

and dried fish is also distributed among the lepers, but I am informed

that the amount is quite small.

THE FISHERIES OF XIIHAU.

This, the most westerly of the inhabited islands of the group, is

15 miles from Kauai, and has an area of 97 square miles. The greater

part of it is a low plain composed of an uplifted coral reef and sub-

stance washed down from the mountains, while the hilly portion is

destitute of peaks and ridges. It has a population of 172, is used

exclusively as a sheep ranch, and fishing is carried on in a very desul-

tory manner by the employees of the ranch and their families. Should

more fish be caught tl-.an they can consume the surplus is carried

across the strait to Waimea, on Kauai, and sold there. A portion of

the catch is dried and sold.

The followino- ta])les show the cor.dition of the fisheries in 1903:

Tahh' s]i(ju-hi(j tJif Jishcnnen engaged and tlie boats, apparatus, and slwre property vscd lii

the fisheries of Niihau in 1903.

Item.
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Table showing by (qyjxiratus and species the yield of the fishtrlcs of Niihau in 1903.
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One of the most important features of the fisheries of Oahu is the

fish ponds, more of these being" used commercially on this island than

on all the others combined. The fishery rights have also been of

far greater importance and value than on any of the other islands.

Both of these subjects have been treated in detail elsewhere in this

report.

On October' 17, 1903, the settlement of Gilbert Islanders (South Sea

Islanders) near Honolulu, which formed one of the most picturesque

features of the fisheries of Oahu, returned to their former home on

Tarawa. They had been in the Hawaiian islands for a number of

j^ears, having been brought here b}^ the royal government in the hope

that enough could be introduced to offset the rapidly lessening number
of natives, but the project was abandoned after several hundred had

been introduced. In all 220 of them left, 85 from Lahaina and 135

from Plonolulu, but 3 remaining on the islands. These people were
quite skillful fishers and were the chief users of baskets, a most effective

mode of fishing.

In many of the irrigation ditches for transporting water to the rice

fields and taro patches, and in the trenches between the rows of Chinese

bananas, are to be found china-fish, gold-fish and oopu. A few of

these are sold, but the greater part are consumed by the workers in

the fields and their families.

There are a few small fresh-water streams in the island, the

principal ones being Kaneohe, Nuaanu, Piinaio, and Waiawa. During

the rainy season these streams are raging torrents, but during the rest

of the 3'car the}'" are almost dr}'' or form numerous pools. Among the

indigenous species found in them are the oopu and opae, and china-

fish and gold-fish have been introduced. A considerable proportion

of the catch from these streams is made by people living along the

banks, who consume the most of it themselves. As the fishing in

these waters is quite insignificant it has been included in the regular

tables showing the shore fisheries.

In 1901 and 1902 some frogs from Hilo, Haw^aii, were introduced in

various places around Honolulu, as it was thought they might aid in

ridding vegetation of the Japanese beetle, an insect which was rapidly

becoming a pest.

The fisheries of Oahu show a most gratifying increase during the

last few years. In 1900 there were 1,106 persons engaged in fishing,

while in 1903 there were 1,478 so emplo3^ed, a gain of 372. The most

remarkable feature of this is the great increase of Japanese in recent

years. In 1900 there were 259 Japanese fishing, but in 1903 they had

increased to 707, a gain of 4-18. During the same period the number
of natives so engaged dropped from 654 to 533, a loss of 121. The
Chinese increased from 173 to 197, and the South Sea Islanders from
18 to 35.
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Not much change is noted in the total value of investment in the

fisheries, the increase being $14,794, The greater part of this is made
up by the increased number of boats and lines used.

The total yield of the fisheries in 1903 was 3,515,850 pounds, which

sold for $373,819. So far as quantit}^ is concerned, lines occupy first

place in the fisheries, but in value of catch gill nets are first. Scoop

and dip nets occupy third place, followed by bag nets, hands, seines,

cast nets, fish baskets, spears, traps, opae baskets and pots, in the order

named. The most noticeable feature is the enormous falling otf in

the catch of malolo. In 1900 this species was the most important,

571,002 pounds, valued at $142,773, having been secured. In 1903 the

catch amounted to oidy 34,907 pounds, valued at $3,490, a decrease of

536,095 pounds in quantity and $139,283 in value. This is accounted

for largely l)y the fact that the natives, who prosecuted this fishery

on a large scale for many years, have been gradually dropping out of

the business, parth" because of the rapidh'^ increasing competition

of the Japanese, and parti}" because of their own indifi'erence. At
present the leading species in the fisheries of Oahu is the aku, although

the A^alue of the catch of this species is exceeded by that of the ama-ama,

akule and awa.

The following tallies show the extent of the industry in 1903:

T<i!)li' sJioicluy hij natioi)alUu'S (he nurnher of persons engaged in tin- fisheries of Oaliu in

1903.

Chinese
Hawiiiian men. .

.

Hawaiian women
Italians
Japanese men ...

In shore
fisheries.

197
380
153

3
684

Japanese women .

.

Portuguese
South Sea Islanders

Total

In shore
fisheries.

Tdhle sitoning the boats, apparatus, fish ponds, and property used in iJte fisheries of OaJiu
in 1903.

Item. Number. Value.

Boats
Apparatus:

Seines
(Jill nets
Bag nets
Cast nets
Dip and scoop nets.
Lines
Baskets (fish)

431 838,326

1,570
10, 350
1,930

800
• 349
1,182

500

&496
29
80
133

50

Item.

Apparatu.s—continued.
Baskets (opae)
Spears
Pots
Fi.sh traps or pens

Fi.sh ponds
Shore and accessory property.

Total

Number. Value

56
S21
56
20

1,500
154, 900
3,835

215, 338

« 1,810 yards. ''26,980 yards.
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NOTES ON THE FOOD AND PARASITES OF SOME FRESH-WzVTER-

JISHES FROM THE LAKES AT MADISON, WIS.

By William S. Marshall and N. C. Gilbert.

The following observations regarding the food of some of our fresh-

water fishes and the parasites living on or within them were nearly all

made during the spring, summer, and autumn of 1902 and 1903. The

fishes were examined principally for their parasites, but in connection

with that examination it was decided to note the food contents of each,

since this could easily be done after the fish had been opened for para-

sites. The work originally planned was much more extensive than the

following notes would indicate, but the removal of one of us from

Madison brought it to an end before very much had been accomplished.

Doubting that there would be opportunity to continue and complete

the work as it had been laid out, it was thought best to publish the

following notes, although Imt very few specimens of some species of

fishes have been examined. The stomach contents were not kept, and

we have only our original notes to refer to, wliich makes impossible a

more exact determination of all we found.

The lakes from which the fishes were taken are adjacent to JNIadi-

S9n. Lake Mendota, the largest, bordering in part on the University

grounds and being thus easy of access, furnished the most of our

material. Lakes Monona and Wingra were both visited, but only a

comparative!}^ small number of fishes was taken from either. A few

of the black bass were sent to us from Round Lake, Washburn County,

Wis.

The fishes were in part caught with hook and line, })ut the greatest

number were taken with a trammel net. A map of Lake Mendota

was platted so that w^e could record quite accuratch' the part of the

lake from which each fish was taken, this information to be used in

determining what difl^^erences, if any, the bottom, plants, depth, etc.,

made upon the food of the fish and, through the food, upon the kind

of y^arasites found. Our notes have been carefull}^ examined with this

in view, but without any definite results, the fish from one part of the

lake averaging, as a rule, the same as the fish from any other part.

This does not, however, hold true for perch caught near the shore
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as compared with those taken in the deeper water, the hitter using

plankton for food much oftener and in greater quantities than the

former, A distinct difference was also found in the food of the perch

living" near the shore and those caught during the winter through the

ice. These latter were taken well out in the lake, and were so differ-

ent from the others in food contents and scarcity of parasites that

the}^ are entitled to special mention.

The scarcitj^ of literature on the food of fresh-water fishes is very

noticeable, and we could find but little information on the subject.

When one considers the amount of work that is being done by the

federal and state fish commissions in stocking our inland waters, it

is surprising to find that so few observations have been made and

recorded concerning any of the important economic questions bearing

on this subject.

In classifying our fishes we have followed Jordan and Evermann.

1. Lejpisosteus osseus, gar pike.

A single specimen of this fish was obtained in October from Lake
Mendota. No food was found in the alimentary tract. Two cestodes

and a few small trematodes were present, none of which has yet been

identified.

2, Am la calva., dog-fish.

Thirteen specimens of dog-fish were examined, 4 of which were

without any food; 7 of the 9 in which food was found contained craw-

fish, the other 2, minnows.

Parasites were very prevalent, ever}'^ fish having them in considera-

ble numbers. The following table gives the kinds of parasites found,

the parts of the host in which they occurred, and the number of fish

in which each kind of parasite was found:
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iav into the intestine. In different kinds of lishes, Am la included, it

was noticed that the cestodes apparently moved forward in the ali-

mentary tract after the death of the host, often protruding- into the

mouth. Forbes (r', d) examined young specimens of ArnUi and found

their food to consist of may-fly larvse, ostracods, and alga% none of

which we found in the mature specimens; in older tish he found lish,

mollusks, and Crustacea.

3. Auieiurus nehulosus^ common bullhead.

The 5 specimens examined were caught in Lakes Mendota and

Monona during the months of April, Jul}^, and August. The food

contained in the diflerent parts of the alimentary tract was in such a

condition as to make impossible a determination of its separate parts.

In one fish a minnow could be recognized and in another the remains

of a crawfish.

The most abundant parasites wxre cestodes, found in the intestine

of 5 fish, 3 of these also containing them in the body cavity. Acan-

thocephala were found in large numbers in the intestine of 4: fish,

liver cysts in 4. Trematodes and nematodes were found in the intes-

tine of but a single fish. The cestodes found were 2 species of Coral-

lohothridni and a species of ProteoceplialuH {?).

4. Erimyzon sucetta^ chub sucker,

A single specimen caught in April was without food and had as

parasites only a few Acanthocephala in the intestine.

5. Ksox Incuts^ common pike.

The 3.5 specimens examined were all taken from Lake Mendota
during April, May, oi" November. Thirteen of the entire number
were without food, the remaining 22 showing either a small or a large

quantity of food within the alimentary tract. The difi^erent kinds of

food, and the number of fish in which each kind was found, can readily

be seen from the followino- table:

Food.
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The kind of parasites and tlieir prevalence in the different parts of

the alimentarv tract were as follows:
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Ccstodes
Nematodes
Acauthocephalii

Stomach. Intestine. Rectum. Body
cavity.

Leech in mouth, 1; cestode or nematode cysts in the liver, 6; cysts in mesentery, 1.

9. Euponwtls giljhosus, common suh-fisli.

Six specimens only were examined. Of these 5 contained food,

consisting- of insect larvse, snails, and small bivalves. One sun-fish

had no parasites; the other 5 contained each-a number of Acanthoce-

phala, encysted in the mesentery of 3 fish and mature in the intestine

of j:he other 2.

10. M'ic7'0}yterns dolonileu, small-mouthed black bass.

But .5 specimens were examined, all caug-ht during July in Lake

Mendota. One bass was free from food; in the stomachs of the other

4, crawfish were found. Cestodes were more abundant than any other

parasite, and were found in the stomach, body cavity, and ovary.

One species was Proteocephcdus amhloplites. Azygia tereticolle was

found once in the mouth and once in the stomach. Nematodes and

Acanthocephahx w^ere found in the intestine of 3 of the bass examined.

Encysted worms were found in the wall of the stomacb of one jBsh and

in the liver of another.

11. Mlcrojyterus sahnoides, large-mouthed black bass.

Nearly all of the fish examined w^ere taken from Lake Mendota.

Onl}' four were caught in Lake Monona and the same number in Lake

Wingra. Most of the specimens from Lake Mendota were caught in

the trammel net, and were taken on the southern shore near the mouth

of or just within a small creek, which, in this part, was from 3 to 5 feet

*in depth. The majority of the fish were caught in April or Ma}^ a few

only during July and August. To those already enumerated were

added 4 bass from Round Lake in the northern part of the state. A
careful study of the records failed to reveal an}^ differences in food or

parasites in the fish from the different lakes, except that the 4 from

Round Lake all had copepods on the gills, there being among all the

other fish but a single specimen so infected.

Of the 42 fish examined, 29 contained food which could be recog-

nized. The other 13 showed nothing the nature of Avhich could be

distinguished. The following table gives the kinds of food found and

the number of fish in which each kind was present:

Food.
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Twentj-two of these lish contained but one kind of food, and then

generally but one or two specimens of the latter was large. One bass

had eaten 4 minnows and another 2 frogs.

Forbes {c, d) found that this species of black bass contained about

the same variety of food as recorded b}^ us; he found that fish con-

stituted the largest percentage of food, and in much smaller quantities

crawfish, insect larvs?, and algte.

None of the bass we examined was free from parasites, the nearest

approach being one fish from which we took but a few cysts in the mesen-

tery. Cestodes were more prevalent than any other parasites, although

Acanthocephala were nearly as numerous. The following table gives

the places in which parasites were found, and the number of fish in

which each kind w^as present:
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Food.

Insect larvfe
Gamnmrids
Snails, mostly Phy.sa ancillariii

Crayfish

Fish in
which
found.

Food.

Plant remains
Plankton
Minnows
Fish spawn...

Fish in
which
found.

The 39 perch in which insect larvas were found contained, as far as

we could determine, phryganid larvae in but 1 and dragon-fly larvas in

9 fish. Thirty-six of the entire number contained but a single kind of

food, 15 had 2 kinds, 2 had 3 kinds, and 3 were found with 4 kinds of

food. In nearl}^ every perch in which more than one kind of food was

present, insect larva? were found. Forl)es (h) gives the food of the

perch he examined and we note a great similarity to what we recorded.

He found that a number of fish were eaten by the perch he examined

from Lake Michigan, due, no doubt, to the smaller amount of insects,

Crustacea, and mollusks present in the large lake.

The following table will show the kinds of parasites found and the

abundance and distribution of each kind in their hosts:
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but were much freer from mature forms. Two contained a small

number of Acanthoccphala, 2 in one fish and 4 in another, and in

8 of the 16 were found specimens of Distomuin nodulosum.

Nearly all of the perch taken in winter and early spring- contained a

number of D. nodulosuni^ which were in every case filled with eggs.

When the flukes were taken from the fish and placed in water, they

would in a few hours invariabh^ burst and a large mass of dark-shelled

eggs would drop to the bottom of the dish. The perch caught dur-

ing August were not so likely to have this fluke in the cfeca, but man}^

of them contained the small, imnjature fluke in the gall bladder.

13. lioccus eJirysoj)^, white bass.

Four specimens were taken in July from Lake Mendota. Three of

these were without food, the other contained insect larviB. Parasites

were not abundant. Nematodes were present in the stomach of 2

and in the intestine of 1 bass, and Acanthocephala were taken from

the stomach of a single specimen. Forbes (c, d) found these fish to

have eaten maj^-fly and dipterous larvte very abundantly, and in the

stomach of one he found a sun-fish. Forbes (c, d) found insect larvoe

to be the principal food of the white bass, and also found, in small

quantities, fisli and Crustacea.
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THE GERMAN CARP IN THE UNITED STATES.

By Leon J. Cole.

INTRODUCTION.

For a nunibei: of years there appears to have been in many sections

of this countr}^ an increasing popular prejudice against the German
carp. These iish were distributed ver}^ generally throughout the

United States something over twenty years ago, with the idea that

they would be extensively raised in ponds and so provide a supple-

mentary income from small inland waters which were unsuitable for

other fishes, or from land upon which artificial ponds could be jcon-

structed. It was inevitable that many of the fish should escape into

the natural waters of the country; and within a few 3^ears man}^ of

our rivers and lakes were teeming with carp, for which, at that time,

there was little or no market. ^Vith persons who had been able to

obtain in abundance many species of our finer native fishes, the coarser

flesh of the carp found little favor, and, under the circumstances, it

was perhaps but natural that prejudice should arise, especially because

the carp was supposed to be injuring the existing fisheries. In some
cases the adverse opinions were founded upon facts and a knowledge
of the habits of the fish; more often they were the repeated hearsay

bbrn of suppositions and complete ignorance of the subject or of

misinterpreted observations. The newspapers also took the matter

up, and the carp was decried on all sides without stint.

In the summer of 1901, in order to obtain evidence upon the matter,

the writer was appointed by the United States Bureau of Fisheries

(then the United States Commission of Fish and Fisheries) to make
an investigation of the habits of the carp and to gather an}^ available

information relative to its usefulness or obnoxiousness. The work
was done in connection with the general biological investigation of

the Great Lakes under the general direction of Prof. Jacob Reighard,

of the University of Michigan. Professor Reighard was not in active

charge of the work, however, in 1901, Prof. H. S. Jennings, then also

at the University of Michigan, acting as director during that season.

I take pleasure in thaidcing both Professor Reighard and Professor

Jennings for their interest in the investigation and for their readi-

ness at all times to do everything in their power to further the work.
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Probabl}^ the two regions in the United States where carp are

found most abundant!}' arc about the western end of Lake Erie and in

the Illinois Iliver and its tributaries. This investigation was begun,

however, at Lake St. Clair, this localit}^ being chosen because of such

complaints as the following, which appeared in a Port Huron paper:

FISH IN LAKE ST. CLAIR—THE CARP ARE RAPIDLY DEBTROYING ALL THE OTHER KINDS.

G B , an old fisherman, who has plied his trade on Lake St. Clair

three miles above JNIount Clemens for twenty-three years, says in three years more

there will be no fish except carp left in the lake. The carp eats the spawn and

destroys the perch, bass and other good fish in those waters, and the supply is

already much reduced. Mr. B suggests that the government offer a bounty

of 3 cents or so for the destruction of the carp in order to save the other fish.

This particular paragraph is quoted because it gave the starting

point for the field work, and because it illustrates so well the general

tone of complaint against the carp. The shallow bays of the delta

occup3"ing the upper fourth of Lake St. Clair afford an excellent place

for carp—except that possibly" the water averages a little cold for their

most prolific development—and they are to be found there in consid-

erable numbers. Furthermore, the usual comparative clearness of the

water makes it easier at times to observe the fish than in the muddier

waiters in which the}' are usualh' found. When the carp are rooting

about in the bottom for food, however, even clear water is made so

roily that there is little chance to watch them.

After about three weeks at the St. Clair Flats, the remainder of the

summer, until August 31, was spent on Lake Erie, especially at the

upper end. During the last week in August all of the important

wholesale tish houses on the west and south sides of Lake Erie, from

Detroit to Buffalo, were visited to obtain figures as to the magnitude

and value of the carp fisheries of the lake. In November, 1901, about

three weeks were spent on Lake Erie, princi2:)ally at Fort Clinton and

Put-in Bay, in order to determine the relation of carp to the white-

fish, which were in the height of their spawning season at this time.

In 1902 it was not practicable to begin the field work until after the

1st of July. As before, Lake St. Clair was first visited, but the con-

ditions there being unfavorable on account of heavy storms, W'hich

made the w'ater roily, investigations were renewed on Lake Erie,

especially at Port Clinton and at Sandusky. During the last season

of the investigations, in the summer of 1903, with headquarters in

Sandusky, the work was conducted for about three weeks, during the

spawning season of the carp, most of the time from a camp in the

marsh, some 20 miles above the city, near where the Sandusky Kiver

opens into the large bay of the same name.
In addition to the observation of the general habits of the carp in

waters where it has become adapted to a new environment in such a

short time, several special problems were kept in mind. Thus a study
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was made of the abundance and distribution of carp in relation to the

conditions existing at various places, and measurements and records

were taken to determine if possible whether the fish had changed

perceptibly in accommodating- itself to these conditions.

Most of the time, however, was given to the more strictly economic

side of the question, and hence, either on account of their uncom-
pleted state or because of their technical nature, the results of certain

lines of the study have been omitted from the present report. One
of the more strictly economic questions was the relation of the lish to

aquatic vegetation, the destruction of w^hich was being deplored, par-

ticularly by sportsmen, who maintained that the best food of many of

the d^ucks, such as the canvasback and redhead, was fast beijig destroyed

by the carp. It was also to be determined how far, if at all, carp

interfere with the spawning of other fishes, and whether they eat the

eggs and prey upon the young of other fishes, and if so, to what

extent. It was claimed that the}' were especially detrimental to bass

and white-fish—the former one of the greatest favorites of the sports-

man, the latter one of the most valuable food-fishes of the Great

Lakes.

Offsetting the possible harm done b}' the carp to vegetation and to

the fisheries must be its own value as a food-fish; for the carp fishery

has within the last few j'ears, in the regions of the carp's greatest

abundance, grown to be an industry of no mean proportions. Must
the carp, then, be unconditionally condemned, or should we find that,

if properl}' utilized, its value would compensate for the degree of dam-

age it undoubtedly does? It is hoped that the conclusions reached in

the following pages may do much toward settling this question, though

there are still many points upon which fuller information is desirable.

In order to make the report more useful to those wdio are interested

ife the carp, it has been thought best to include a general description of

the fish, its habits, and its history. The figures of the different vari-

eties of carp here reproduced (pi. i) are from drawings made for the

Bureau of Fisheries from fish in its ponds in Washington soon after

the introduction of the species into this countrj^. The photographs

and other figures are bj^ the author.

It is impracticable to mention here all to whom I am indebted for

assistance of one kind or another in the prosecution of my investiga-

tions. I am under especial obligations, however, to Messrs. Cleaver,

of the firm of R. Bell & Co., Port Clinton, who not only furnished me
a place in which to work in their fish house, but placed at my dis-

posal, without cost, whatever carp were necessary for my work. The
Bense Fish Company (which has since changed hands), of the same
city, extended to me similar privileges. It was frequently necessary

for me to call upon Mr. S. W. Downing, superintendent of the Bureau
of Fisheries hatcher}^ at Put-in Bay, for aid, which was furnished with
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uniform courtesy. Through the kindness of Prof. Herbert Osborn

1 was enabled, when in Sandusk}", to make my headquarters at the Lake
Laboratory" of Oliio State University, where 1 had the use of a table

for considerable periods during the summers of 1901 and 1902. And,

finall}', I wish to express my gratitude to the many fishermen who
took great interest in my work, who gave me whatever information

was at their disposal, who permitted me to accompan}'^ them on their

fishing trips, who shared with me their food, and who were my com-

panions in camp for weeks at a time. Other special acknowledg-

ments have been made in their proper places throughout the report.

THE SPECIES CYPRINUS CARPIO LINN.EUS.

DESCKIPTION.

Within the past decade the carp has become so generally distributed

throughout the United States and so abundant in some places that

nearh* ever3"l)ody is more or loss familiar with it in a general wa}^, but

it has been almost universally neglected in the descriptive works in

this country, further than a simple statement of its occurrence. It

may therefore be well to give a brief description of the carp and its

principal varieties.

The carp belongs to a famil}^ of fishes (Cyprinida.^) best represented

in America by the minnows (especially of the genus JV(jfroj)/'s) which

abound in most of our lakes and streams. In the eastern United States

the members of this family are all small, the largest rarely attaining

18 inches in length, while the smallest is scarcely 2 inches long

when adult. The Old World species are generally much larger than

this, and on the Pacific coast there are a few which reach a length of

5 or 6 feet, and which are also apparentl}" more closely related to the

European forms in structure.

Scientifically the carp is known as Cyprlnus carplo^ the name given

to it by Linnfeus. It varies greatly in many of its characters, a con-

dition probabl}" brought about in large part by its state of domestica-

tion, or semidomestication, for a number of ceirturies. In shape it

varies from a long, rather slender fish (pi. i), whose height scarcely

equals one-fourth its length, to a deep form nearly or quite half as

high as long. The greatest height is at the anterior end of the dorsal

fin. In all cases, however, the body is rather strongly compressed

laterally, the cross section never approaching close to circular. The
greatest breadth is normally a short distance back of the head, but the

bodies of female fish are often, before the breeding season, distended

with roe to a considerably greater breadth. This dimension in nor-

mal individuals usually equals less than half the height. The snout is

blunt, and in typical forms the dorsal outline rises from the snout in

a nearly uniform bow or arch to the base of the dorsal fin.
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The length of the head, from the tip of the snout to the posterior

edge of the gill-cover or operculum, is in the neighborhood of one-

fourth the length of the fish'^, but is usually considerably less than the

height. It varies considerably in individuals and with age. The eye

is situated slightly less than halfway back on the head and on a line

from the tip of the snout to the upper end of the branchial opening.

The eyes are not quite circular, but are elongated slightly in a direc-

tion parallel to the dorsal side of the head, and their long diameter is

contained six to seven times in the length of the head. The mouth

when closed is nearly horizontal, the gape reaching about halfway to

the anterior margin of the eye. At the corners of the mouth are two

short 'barbels, usually a little longer than the diameter of the eye,

yellow or reddish in color, which are, however, longer than two olive

colored ones on the upper jaw. Both sets are variable, and, according

to Seeley (1886, p. iJ5), may be unsymmetrical on the two sides or

frequently wanting entirel3\* The lips are rather thick and fleshy,

adapted to vegetable feeding, the lower somewhat shorter than the

upper. The tongue is smooth. The palate is covered with a white

and very sensitive skin ("carp's tongue"). The nostrils lie imme-

diately anterior to the eyes and are double, those of each side being

separated by a small projecting flap of skin. The anterior nostril is the

larger.

The dorsal fin arises anterior to the median point in the length of

the fish and slightly in advance of the ventrals, and extends back even

with the posterior end of the anal fin. The base of the dorsal fin equals

rather more than a third of the length of the body, and its greatest

height (at the second and third soft rays) is equal to about a third of its

length. After the first two or three soft rays, of which there are 18

to 22 in all, the remainder are ojil}^ one-half to two-thirds as high, so

that the free margin of the fin has a rather sharp reentrant angle at

this point. Three or four (usuall}^ three) spiny rays precede the soft

rays, the most posterior one being the stoutest and longest, with the

extreme end usuall}^ soft and flexible; this soft portion is often broken

away in older fish, however, leaving the ray with a hard, sharp point.

The posterior border of this ray is serrated, the serrations or teeth,

which have their points directed downward, lying on each side of a

median groove and increasing in size from below upward.

The height of the anal fin is greater than its length at the base, which

is about equal to one-fourth the length of the base of the dorsal. It is

composed of 3 spiny rays and 5 or 6 soft, articulated rays. The second

stout, spiny i-ay is similar to that of the dorsal fin. The first of the

aThroughout the description "length" is considered from the tip of the snout to the base of the

caudal fin, or, more strictly speaking, to the posterior edge of the hypural bones, which is found in

practical measuring by cutting tlie flesh away a little and probing with a steel point. For general

purposes this measurement can be taken to tlie last scale in the lateral line.

61, myself, have noted no cases in whicli they were absent.

F. C. 1904—34
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soft ra3"S is tbe long'est, and the succeeding ones decrease graduall}'^ in

size to the last, which is about one-half the length of the first.

The ventral or pelvic fins are made up of 2 spin}^ rays each, a long

and a short one, and 8 or 9 soft ra^^s. The height is much greater

than the length at the base, but v/hen folded back the fins do not reach

as far as the beginning of the anal fin. The pectoral fins have each 1

stifi' ray and 15 or 16 jointed ones, are rather elongated with rounded

extremity, and reach back almost to the base of the ventrals.

The caudal fin is large, broad, and equally lobed, with the ends of

the lobes rounded. The posterior notch is rounded, not ver}^ acute,

and extends in half the length of the fin or less. It is made up of 18 or

19, or occasionally onW 17, jointed rays, not counting the short incom-

plete rays (usuallj^ 1 to 6) outside the first long one on each side. The
longest ra3^s of the caud..al fin are usually shorter than the liead, and

never exceed it in length.

The body of the typical scale carp is uniformly covered Avith large

thick scales which approach a polygonal, four or five sided outline,

in the lateral line, which extends nearly straight from the upper

angle of the opercle to the middle of the base of the tail, or ma}^ be

bowed slightly downward, there are 35 to 39 scales. Above the lateral

line are 5 or 6 rows, and below a similar number. The scales are

largest on the anterior part of the sides, where their diameter equals

about one and one-half times that of the eye. Usually less than one-

fourth of the scale is exposed; this portion is thicker and has a radial,

fanlike ornamentation. The portion of the s(;ale which is concealed

b}' those in front of it is marked by fine concentric lines, which in

tiirn form bands of varying width and regularity, and which are cor-

related with the growth of the scale. The -middle of each scale of the

lateral line is traversed by a small oblique or slightly curved tube, in

which the sense organs of the lateral line are situated, and the cephalic

canals of the lateral line system are noticeable on the suborbital ring.

In coloration the carp is fully as variable as in its other characters.

In general the sides are yellowish, golden, or greenish, shading into a

darker color on the back, which may be dark olive, or bluish-green,

or almost black with a greenish cast. The yellow of the sides often

becomes richer, approaching to orange on the ventral side between the

anal and caudal fins. The j^ellow of the sides shades into whitish on

the belly. The posterior edge of each scale has a dark border, and

there is usually a dark blotch on the anterior part of the exposed por-

tion, the two together forming a reticulated, or netlike pattern over

the fish, with a dark spot at the anterior angle of each mesh oi the

net (fig. 1, pi. i). The lips are yellow or orange; the rest of the head is

dark olive, except the cheeks, which are yellowish, while the under

side of the head is light yellow or whitish. The iris is yellow.

The dorsal fin is olive or dark gray, each interray space being
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darker in its posterior half; the ra3^s themselves arc of about the same

color. The anal is yellowish-red, while the pectoral and pelvic fins

are g-rayish or yellowish, tending to red toward their tips. The upper

lobe of the caudal fin is of about the same color as the dorsal; the

lower lobe has a lighter, yellowish cast, with more or less red, espeeiall}''

toward the end.

The coloration is influenced b}^ the age of the fish, the character of

the water in which it lives, its nutrition, tlie season of the year, its

sexual condition, and by the other conditions of its environment.

Seeley (1886, p. 97) states that unsymmetrical coloring is sometimes

found and that a fish may have glittering golden stripes on one side of

the l)£)dy and pale steel blue on the other. Sometimes tj^pical carp are

black, bluish, green, red, golden, silvery, or even white, and Doctor
Fatio records that he has kept in confinement carp which were origi-

nally green or g-olden, but which became colorless in an opaque vase.

It is not an unusual thing to see in carp that have died out of water

a reddish sufiusion, especiallj^ marked in the fins, probably due to the

congestion of blood in the capillaries as the circulation is stopped.

In common with the other members of the famil}^, the mouth of the

carp is w^ithout teeth, the onh^ organs of this description being the

blunt, knob-like structures lying on the pharyngeal bones in the back
part of the mouth, or "throat." These are entirely for grinding

food, and, as is obvious both from their position and shape, are of no
use in grasping, this function being performed b}^ the so called lips.

The alimentary tract is comparativel}" long, but uncomplicated; the

stomach is a simple tube not sharply differentiated from the esophagus
and without a blind sac, while the intestine has no p vloric appendages.

The entire alimentary tract from the beginning of the stomach" is

usually two to two and one-half times as long as the body. The air

bfadder is large, with tough, thick walls. A transverse constriction

divides it into two parts; the posterior of these is the smaller and
ends in a rounded point, while the anterior portion is larger and has

its base somewhat bilobed.

EACES AND YARIETIES.

The great range and frequency of variation in the carp is undoubt-

edly largely due to its domestication or semidomestication since earl}'^

times. As is to be expected, this has resulted in the naming of a large

number of varieties or races. In Europe, where carp culture is car-

ried on systematically, these races are kept pure and true, so far as

possible; but in this country no attention has been paid to them, at

least in recent 3'ears, so that we need not treat them in detail here.

Those interested in the subject will find an exhaustive account in the

contribution entitled "Uber Kai-pfenrassen," by Dr. Emil Walter, in

aThe position of the thoracic septum is here taken as the beginning of the stomach.
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the recent book by Knauthe (1001). These names have often been

given speciiic value and were bestowed usually either for characters

of the integument or of form (cf. Gtinther, 1868, p. 20); thus we have

such names as Cyprinus macrolepldotns^ O. rex cyprmorum^ C. specu-

laris (for the mirror carp), C. nudus (leather carp), and O. chvvsKS,

C. reghia, C. hmigarlcus^ C. elatus^ C. acuniinatus^ etc., and C. hyhis-

coides^ a variet}' with the tins much prolonged. This list of sj^nonyms

might be extended much further.

Hessel (1881) considers all the varieties of carp as falling into thre(

chief groups, which he distinguishes as follows (op. cit., p. 867):^*

1. Cypriniis carpio coinmimis, the scale carp; with regular, concentrically-arranged

scales, being, in fact, the original species improved.

2. Cyprinui^ carpio specidaris, the mirror carp; thus named on account of the extra-

ordinarily large scales, which run along the sides of the body in three or four rows,

the rest of the body being bare.

3. Cijpriniis carpio coriaceus, or midns, the leather carp; which has on the back

either only a few scales or none at all, and possesses a thick, soft skin, which feels

velvety to the touch.

Walter (Knauthe, 1901), however, snjs the scale, mirror, and leather

carp must not be considered as distinct species or races, although the

conditions of the scales are characteristic, since a similar diifereiitiation

of the scales, or at least a tendency to it, is found in every true race

of carp. In many ponds v\'here one of these forms (i. e., scale, mirror,

or leather) has been raised, the others have appeared spontaneously.

He concludes that they should be considered only as varieties. He goes

on to say that the ordinary characters are so inconstant and variable

that sharp lines can not be drawn between the various intcrgrading

races. In his opinion, the division into races should depend princi-

palh" upon the relations in size of various parts or measurements of

the bod3% though he correlates with this set of characters three others,

viz, (1) rate of growth (i. e., the ability for rapid growth); (2) adapt-

abilit}' to climatic changes, and (3) time of sexual maturity. He then

develops a rather artificial classitication, depending mostly, as he says,

upon the two ways in which the flesh is disposed upon the back; that

is, whether there is a large development of the dorsal musculature,

forming a highly arched outline, often with a hump and a reentrant

angle back of the head, or whether the dorsal outlirie is low and com-

paratively straight. He uses as a measure of this the ratio of the

height of the body to the length. This ratio is designated by the

letter V in the following classification, translated from his paper (p. 85):

I. Cidtivated races; V=l:2 to 1:3.

(a) High-backed cultivated races; V=l:,2 to 1:2.6.

(b) Broad-backed cultivated races; V= l: 2.61 to 1:3.

II. Primitive and degenerate races; V=l:3.01 to 1:3.6.

Here belong also those forms under the size ratio 1 : 2 to 1 : 3 which do not

have a breadth in correspondence with their size ratio.

« The blue carp, so called, is probably but a color phase, and not a true "variety."
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It seems probable, however, that the character of the scales should

be placed with the other four categories of characters given above

as being another moditication brought about by artificial breeding and

selection and not as a condition due simpi}' to conditions of domesti-

cation, as is sometimes supposed. All of these characters are probably

heritable, although some of them, such as rate of growth and time of

sexual maturity', may undoubtedl}' be readily inliuenced by external

conditions in the individuals of a single generation. Furthermore,

there apparently can be all combinations of these characters, and the

so-called different varieties and races are the fish possessing the vari-

ous combinations. In general, it maj^ be said that the most highly

specialized carp are those which are destitute of scales, which grow
quickly, are high in proportion to their length, and tend to have a hump
back of the head, and which become sexually mature at an early age.

These various forms of carp probabl}- difl'er in no essential way,

except that they are not so well ditferentiated and established, from
what are spoken of as "breeds" by stock breeders. There would

appear to be no valid reason for calling those with the different char-

acter of scales "varieties," and to class those which are differentiated

as to form as "races." It is merely that the most obvious characters

are those which have become most permanent Ij^ established hj selec-

tion, namely, character ol scales first and form second. Walter

claims that ability for cpiick growth has also been fixed in certain

stocks. Thus a fish of good quick-growing stock may later make a

good growth even if poorly nourished during its first or second 3'ear,

whereas a fish of poor stock under similar conditions would be perma-

nently stunted. The hardiness, or ability to resist climatic condi-

tions, he snys has not j^et been made permanent in any stock, though

it is claimed that scale carp possess the abilit}^ to a greater degree than

the others. The adaptability to climatic conditions probably becomes
reduced rather than increased as the other characters are developed.

All intermediate stages are found in the sets of characters men-
tioned. For example, fish may be entirely covered with scales, but

the scales are larger and fewer in number than on the regular scale

carp, and, similarly, one finds all gradations between the leather and

the mirror carp. The same thing is true of the form of the body.

This is especial!}' the case with the fish in our waters, where all kinds

have become established and have interbred until there is a complete

series in the gradation of characters in almost an}^ lot of fish taken,

and a division of them into varieties must be an arbitrary one. As a

matter of convenience in my work, those fish which had larger and

fewer scales than typical scale carp I called mirror carp. Some
authors state that the leather carp should be entirely destitute of scales;

others that it may have a row of scales along the back and a row on

each side. In no case in the Great Lakes did I see a carp entirely
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destitute of scales, and those which are nearly bare are few compared

with those entirely scaled. Of nearly 3,000 fish counted at random at

various times and at different places about Lake Erie, something over 91

per cent mi^^ht be called scale carp, and I should judge that at Lake St.

Clair the percentage was even higher. It is very probable that under

the present free conditions of life of these fish, with the constant inter-

breeding, they are gradually returning to the primitive scaled condi-

tion, and although there are no data to show the rate at which this

process may have been progressing since they have become established

in our waters, a few years more ma}^ see an even smaller proportion

of mirror carp than there is at present.

HYBRIDIZATION.

Not only does the interbreeding of the different varieties of carp

(using the Avord "variety" in its broad sense) cause confusion, but all

these varieties cross readily with certain closel}^ related species of

fishes, giving rise to a number of hybrid forms. The commonest of

these is a cross between the ordinary carp and the so-called crucian

carp {Carassius vulgaris)^ a common fish in Europe. The resulting

hybrid was described as a distinct species before itis true nature was

known, and was given the name Carpio li'ollarii. It is often known
in Germany as the "poor man's carp." In general it is intermediate

in character between its two immediate ancestors, but often resem-

bles Ci/j>rinus carpio so closely that it can be distinguished only with

difficulty. Hessel (1881, p. 868) made the following experiments in

crossing in order to settle the question of what resulted from the

various crosses. He says:

In order to determine this question, I myself managed to bring about such crosses

by placing (1) female common carp with male crucian carp, and (2) female crucian

carp with male common carp, in small tanks, constructed with this end in view; (3)

I also put together female Caqno I'ollarii with male common carp; this for the sole

purpose of testing the capability of propagation of the C. koUarii, which had been

doubted. In the two former cases I obtained forms analogous to the Carpio Icollarii

sometimes approaching in appearance the true carp, at others the crucian carp. In

the third case, however, having placed ripe Carpio kollaril together with Cyprlnus

carpio, I obtained a product with diJBiculty to be distinguished from the genuine

carp. I took the trouble to feed them for three years, in order to try their fitness

for the table, but their flesh was exceedingly poor and very bony and could not be

comijared by any means to that of the common carp.

Hessel remarks upon the frequency of this cross throughout Europe,

and says that in many instances it is cultivated by pond owners, who
suppose that they have the true carp. So far as I am aware the cru-

cian carp has not been introduced into this country. But the carp is

also said to cross readil}' with the gold-fish (Carassius auratus), tench

{Tinea tinea), and some others. The first of these is already abundant

in some of our waters, though the others have not as yet, at an}^ ra^te,



THE GEEMAN OAEP IN THE UNITED STATES. 535

become well established/' This is a matter of considerable importance,

for whatever ma^^ be our opinion of the carp as a food fish we cer-

tainh' do not want it any poorer than it is. For this reason it would

seem that efforts should be made to prevent the introduction of the

crucian carp in our waters, and to restrict, so far as possible, the

spread of gold-fish, tench, and other fishes with which the carp may
hybridize with a resulting- deterioration of the food value of the race.

SIZE, GROWTH, AND AGE.^

There appears to be but little definite information as to how long

cai'p may live, and what size they ui?lj attain. It is said that thev

m&]f live to be 100 or even 150 j^ears old, and may come to weigh 80

to 90 pounds, but these statements are generallj" based upon insuffi-

cient evidence. That the fish do commonh' reach a weight of SO to 40

pounds, however, seems quite certain, and Hessel (1881, p. 874) says:

"It is a well-known fact that two larg-o carps, weighing from 42 to 55

pounds, were taken several j-ears ago on one of the grand duke of

Oldenburg's domains in Northern Germany," and also claims to have

had in his possession some scales 2i inches in diameter, which came

from a Danube carp that weighed G7 pounds.

The largest carp I have myself seen from the Great Lakes would

not weigh much over 20 pounds. That the fish do attain a much larger

size i.>, however, certain. Mr. W. Cleaver, upon whose information

1 can reh', tells me that in the spring of 1903 he received from San-

dusky Bay a female carp Avhich weighed 30 pounds after spawning.

According to the ratio between the weight of the ova and the entire

weight of the fish found in another case, before spawning this fish

vrould have weighed, in all probability, fully 37 pounds. From the

fishermen, both at Lake St. Clair and at Lake Erie, I often heard of

I'arp weighing 30 and 40 pounds, but these were only estimates and

not based on actual figures. That there are at present to be found in

these waters carp weighing more than 40 pounds 1 doubt.

As has alread}" been stated, the rate of growth of carp (as is true of

most fishes) depends in a great measure upon the temperature of the

water in which the fish lives and the abundance of suitable food. Under
ordinary conditions in open waters of temperate regions they will

reach a weight of 3 to 3i pounds in three years (Hessel, 1881, p. 873),

oGoode (1888, p. 418) s-ays the tench has become Avell acclima'tized in the Potomac. Dr. H. M.

Smith, however, informs the writer that tlie tench is not numerous in the Potomac, but the gold-fish

is abundant and has become one of the regular market fishes at Washington. It has lost the brilliant

coloration it had when it escaped from the Government ponds, and now has the dull brown color of

the primitive type; the fisli is not recognized in the market, and is sold under the name of "sand
perch."

b It is maintained that the age of carp may be told vrith considerable accuracy by means of the

successive lines of growth upon the scales, similarly to the way that the age of a tree is determined

by counting tlie annular rings. Persons interested in this subject will find a full discussion of it by
Dr.Emil Walter in the book on carp-culture by Knauthe (1901), chapter iii, pp. 88-122, "Die Alters-

bestimmung des Karpfens nach dcr Schuppe."
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but in warmer climates the growth is very much more rapid, and sex-

ual maturity also is attained at an earlier age. Numerous examples of

the rapid g-row^th of carp in the warmer waters of this country have

been reported. Thus in a report of the Illinois Fish Commission
(Illinois, 1884, p. 10) will be found the following statement by Doctor

Adams, of Spring Hill Park, Peoria, with regard to some hsh received

by him from the State:

At less than 2 years of age one of the carp weighed 9] jiounds, ir.eaf-:uring22 inches

in length, a growth of over 1 pound a nionth from the time it was i)laced in warm water.

DoctorAdams had previously had the tish in a spring where the water

w^as cold, and they had not done well. Many more statements may be

found in the early reports of the United States Fish Commission.

Goode (1S88, p. 414:) takes from Chohnondeley-Penneirs "Fishing"
the following very good table giving the comparative weights and

lengths of carp:

Length.
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THE CARP IN EUROPE.

The little that is known of the early historj^ of the carp is given,

with slight variation, in nearly all works which treat of the lisli, and
as I have nothing to adtl I shall here give merel}' a brief summary.
There seems to be a general agreement that carp were indigenous to

the temperate portions of Asia; and they had probably spread into

southeastern Europe before the Christian era. Aristotle speaks of it

as ''a river fish without a tongue, but having a flesh}- roof to its

mouth; as producing eggs five or six times a year, espcciall}^ under
the iniluence of the stars; as having eggs about the size of millet seed;

and as being occasionally struck by the dog-star when swimming near

the sdrface'' (Houghton, 1879, p. 15). It is also mentioned by a num-
ber of other writers of earl}' times and is spoken of as an excellent

article of food.

The carp probably came into western Europe 1)}' eas}" stages. Hes-

sel states that its culture in Austria can be traced back as far as the

3'ear 1227, and it is claimed to have been introduced into Germany and
France two or three decades later (1258). The extensive ponds at

Wittingau, in Bohemia, were begun as early as 13G7. Carp culture

was carried on especially in connection with monasteries and on a

number of large estates, and has come to be an important commercial

industry, especiall}^ in Austria-Hungary and Prussia. It is said that

an acre of water suitable for carp culture will rent for as much as an

acre of land. The fish's range has gradually extended in Europe,

until now it is found over practically the whole of the continent from
Italy to Sweden and Norway, and from France and the British Isles

to Russia and the boundaries of eastern Siberia. It does not do so

well, however, and is little cultivated, in the more northern portions

o| its range, such as Scotland, Sweden, Norwa}^, Finland, etc.

Pe3a-er (1876, p. 615) states that in Austria the "Danube carp"

was once a favorite and cheap food of the common people, but that

its numbers have become greatly decreased. A writer (Anonymous,

1880) whose paper has been translated in the Report of the United

States Fish Commission for 1878, and Veckenstedt (1880) have given

good descriptions of the carp fisheries of the Peitz Lakes in Nether

Lusatia, some 60 to 80 miles to the southeast of Berlin. There are

some 76 of these lakes, which are a ro3^al domain and are rented to a

private individual at an annual return equivalent to $12,870. The
ponds are drawn in October, and this is the occasion for a general

holiday- in the region. The drawing off of the water is begun three

weeks beforehand, and when the fish have congregated in the deeper

places they are taken by means of large drag-nets, or seines, capable of

holding 5,000 pounds of fish. At Cottbus, a near-by city, meets the

so-called "Carp Exchange," composed of buyers from the large firms

in Halle, Leipzig, Dresden, Magdeburg, Posen, Berlin, etc. The
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raisers also convene to determiiie tlie price that shall be asked for carp.

It is stated that from 200,000 to 300,000 fish are sold at Cottbus in a

season, representing an aggregate weight of 800,000 to 1,000,000

pounds. After being weighed the fish are transferred to perforated

boats—what we would call live- cars—and are transported down the

canals and rivers to the large cities, where they are to be consumed.

This is a slow and laborious journey, the cars often liaving to be car-

ried over shallow places on rollers, and a week is required to get the

fish to Berlin, while to reach Hamburg and Madgebiu'g takes four or

five weeks. This is in striking contrast to our method of packing the

fish in ice and shipping them 500 miles or more to market in a couple

of da3\s. The German method has the advantage of getting them there

alive.

Just when and whence the carp came into England is not known.

It is generall}^ conceded to have reached there, however, between 1051

,

when it was not mentioned in the Anglo-Saxon Dictionary of ^Elfric,

and 1486, the da,te of first publication of the "Boke of St. Albans,"

Vv'here it is spoken of as '"a dej^ntous f3^sshe: but there ben but

fewe in Englonde" (see p. 529). Linna?us puts the date of intro-

duction into England as 1600, and it is sometimes attributed to IMas-

call'^' in 1514; but probably' he is responsible ox\\y for the extension of

the range into Sussex (Day, 1880-1884, p. 163). In the priv}^ purse

expenses of King Heurv VIII, in 1532, various entries are made of

rewards to persons for bringing "carpes to the king" (Yarrell, 1836,

vol. i, p. 300, from Pickering's edition of ^Yaltori, p. 207, note). All

recent writers agree that the oft-quoted " doggerel lines of

—

' Turkies, carp, hop, jjickerel, and beer

Came into England all in one year'

may be considered interesting as verses, but not faithful representa-

tions of facts."

Day (1880-1884, p. 163) gives the date of the introduction of carp

into Sweden as 1560* and into Denmark as 1660; but de Broca (1876,

]). 279, footnote) says they were taken to Denmark more than a hun-

dred 5-ears earlier, in 1550, by Pierre Oxe. Malmgren (1883), in an

address to the bureau of agriculture of the imperial senate of Finland,

advises against anv^ attempt to raise carp in that countrj', as he thinks

that on account of the climatic conditions it would not pay. They
were introduced into Finland in 1861, when Chamberlain Baron v.

Linder placed some in the ponds of his estate of Svarta, but they are

said to have died out after a few years. Some attempts were made
prior to 1861, but they were all failures. Malmgren sa^ys that Hol-

stein and Courland are the most northerly countries where carp culture

a Sometimes written " Marshall.

"

*Iii his "Fishes of Malabar," Day (1865, p. xii) remarks: "Block observes that in his time, 1782,

owing to the degeneration of the species in the north, due to the coldness of the climate, several

vessels were yearly dispatehed from Prussia to Stockholm with further supplies of live carp."
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is successfuli}^ carried on, and that even in Schloswig the people com-

plain of lack of success. Nevertheless, "in 1879 a landed proprietor

in Schorcn [the most southerl}- Province of Sweden] commenced to

raise carp in ponds; and there is a reasonable prospect that this kind

of fish culture, if carried on rationall}" and cautiousl3\ will prove

profitable, because carp can easil}" stand the climate in the southern

part of Sweden" (op. cit., p. 377). However, all attempts of King

John HI to raise carp on the island of Oeland proved futile.

In Norway carp were, when Malmgren wrote, acclimatized in on!}'-

two places—near Farsund, in the southernmost part of the countr}^,

and at Milde, near Bergen. In Russia they were said to be found in

soma of the imperial ponds near St. Petersburg and near the convent

of AValamo, but there was no attempt at carp culture.

These records of the northerh' extension of the carp in Europe are

of interest when we compare them with its distribution in North

America.

INTRODUCTION AND DISTRIBUTION OF CARP IN THE UNITED
STATES.

It is uncertain when the first carp were introduced into the United

States, This ma}^ have been done at any time by private individuals,

though if such Avas the case the fish were probablv only kept in tanks

or small ponds as curiosities, for it is certain that with the exception of

their establishment in California they never gained a general distribu-

tion or attracted much attention until their successful introduction by

the Fish Conmiission in 1S77. Certain early writers mention the

presence of carp in American waters, but there can be little or no

doubt that the}' have misapplied the name to some native fish. Thus,

in the Report of the Commissioners of Fisheries of Massachusetts

(Massachusetts, 1866), (juoting the early colonists of New England,

occur the following lines in reference to the Connecticut River:

In it swim salmon, sturgeon, carp, and eels,

Above fly cranes, geese, ducks, herons, and teals.

And again, in his histor}" of the Fisheries of Chesapeake Ba}' and its

Tributaries, McDonald (1887) takes from the diar}' of Col. William

Cabell, of " Union Hill," Nelson Count}', Va., the statement:

1769, Oct. 25: Caught 2 fine carp in our traps.

These traps were set in the James River, and in this case at least

we can easily see what fish may have been mistaken for the carp, since

the so-called carp-sucker {Carpiodes cyjyrinus)^ which in a superficial

way greatly resembles the t^'ue carp, occurs abundantly in the waters

of that region. A much more recent case is given by Clark (1887, p.

735), who takes from Ricketson's History of New Bedford'^ (Massa-

chusetts) the statement following.

a 1858, p. 403.
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In 1858 the varieties [of fislies] to be found in the waters of New Bedford were:

Fresh-water: Trout, jierch (white, red, yellow), piekerel, chub, carp, silverfish,

minnow, hornpout, eel, clam.

But as other ovidetice of the occurrence of the carp in Massachusetts

at that time is lacking", we must again conclude that the identification

was at fault.

In 1842, however, the name of the carp appears in scientific literature,

being- included b^- De Kay (pp. 188-190) in his list of the fishes of New
York. He reuiarks upon its introduction as follows (p. 189):

I am not aware that any attempt has been made to introduce the carp into this

country previous to the year 1831, which, it will be seen by the following letter from

Henry Robinson, e^q., of Newburgh, Orange County [New York], was attended

•with complete success.

"I brought the carp from France in the years 1831 and 1832, some 2 or 3 dozen at

a time, and generally lost one-third on the passage. I probably put into my ponds

6 or 7 dozen. They soon increased to a surprising degree, and I have now more than

sufficient for family use. I have not paid much attention to their habits, but I have

noticed that they spawn twice a year; first about the middle of May, and again in

July. It is said in France that they spawn three times, but I have not observed it.

During the period of spawning, which lasts ab>out ten days, it is very amusing to

watch their operations. They come up to the surface, and the females deposit their

spawn along the sides of the pond among the grass, where they are impregnated by
the males as they are emitted. During this process, they keep the sides of the pond

in a foam with their gambols, and it is not difficult at that time to take them with

your hands. They grow quickly, reaching 3 or 4 inches the first year, but after that

time their growth is very slow. The largest I have taken yet have not exceeded 10

or 11 inches, my ponds being too small for them to equal the size of those you see in

Europe. They are very shy of the hook; I generally bait with small pieces of fresh

bread, (of which they are very fond,) made up into small pills with the fingers, and

at the same time drop a small piece of bread into the water near the hook, when they

bite readily. My ponds are supplied by springs of pure and clear water, but they

keep the w^ater in such a state that they cannot be seen at the bottom.

"For the last four years past, I have put from 1 to 2 dozen carp every spring in the

Hudson river near my residence. They have increased so much that our fishermen

frequently take them in their nets. They are larger than those in my ponds."

There are several other references in the literature to apparently

the same introduction. In the Transactions of the American Institute

(18.51) for 1850, page 397, in a discussion before the Farmers' Club,

we find the following:

Mr. Meigs.—We are pleased to see among us Captain Robinson, of Newburgh, who
brought the Carp from England several years ago—thus conferring a great benefit

upon his country by adding a fish before that unknown in our waters.

Captain Robinson.—I brought the Carp from France about seven « years ago, put

them into our Hudson river, and obtained protection for them from our Legislature,

which passed a lav/ imposing a fine of |50 for desti-oying one of them. I put in Gold

Fish at the .same time. Now some of these Carps will weigh 2 pounds, and some of

the Gold Fish, which are a species of Carp, are quite large, some of them being pure

silvery white. Both kinds are multiplying rapidly. ^

a There is here a discrepancy in the date. If, as Robinson says in his letter to De Kay (above), he

brought the carp to this country in 1831-32, seventeen years would come nearer to it than seven.

bThis discussion is noted by E. E. Shears (1882).
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From botli the preceding- quotations it appears that Captain Robin-

son had been planting- 3'ouno- carp in the Hudson reg'uhirly since their

establishment in his pond. According to a writer in Forest and

Stream, who signs himself "E." (1874), these were further aug-mented

a few years before tha,t date b}" the bursting- of the dams of Captain

Robinson's ponds. He says:

More than fifty years ago« Captain Henry Robinson, owner of one of the Havre
packets, brought the first carp and goldfish to this country from France. He placed

them in a small pond on his place in the southern part of this village [Newburgh,

N. Y.]. Several years ago, when the dam of the pond broke away, many of the fish

escaped into the river. They appear to multiply very rapidly, and any number
might be obtained from the fishermen about the bay.

Finally, in the Bulletin of the United States Fish Commission for

1882, we find the following- letter (dated New York, May 31, 1882), to

Professor Baird from J\Ir. Barnet Phillips (1888):

To-day Sir. James Benkard, vice-president of our fish cultural association, told me
that his grandfather, Caj^t. Henry Eobinson, had, about 1830, first brought carp from

Holland [sic] and put them in his ponds at Newburg, and that he had therefore

reason to suppose that the carp in the Hudson were derived from these. In Frank

Forester's "Fish and Fishing," of 18-19, page 166, you may find a statement to this

effect, which Mr. Benkard says is substantially correct.

I have thought these data might be useful when the whole history of the carp

in American waters is to be written up.

In spite of the positive statements in the foreg-oing quotations there

still seems to be some question as to whether the true carp was found

in the Hudson prior to the time of its introduction into the country

by the Fish Commission. In the letter to Professor Baird from

Mr. Shears (1882), dated January 26, 1881, and already quoted, he

says:

I notice that the gold-fish are quite jilenty in the river in this vicinity [Coxsackie,

Greene Countj^, N. Y.]; also a fish about the size and shape, which is called a silver-

fish, but they do not correspond to Captain R[obinson]'s description of the silvei'-fish.

These are nearly or quite as dark as a rock-bass. I have seen none that would weigh

over one pound and a half. When caught in fykes by the fishermen, they are usually

pronounced unfit to eat and thrown back in the river. However, last fall I saw
them peddled through the streets, and the fishermen told me they could catch

scarcely any other kind, and they sold as well as perch or bass. I have not had an

opportunity to taste any of them, therefore am no judge of their flavor.

It is to be noted that he makes no mention of the carp. That Pro-

fessor Baird was inclined to the opinion that there were no true carp

in the Hudson is shown b}^ the following- paragraph taken from his

report for 1877 (U. S. Fish Commission Report, 1879, p. -"^43):

Considerable discussion has arisen as to the person to whom the introduction of

the carp into America is due; indeed, it is claimed that this was done many years

ago. Certain fish-ponds on the Hudson River are said to have been emptied of their

contents by a sudden freshet, and, as a consequence, the Hudson is now full of what

a Here, again, there is a discrepancy in the date. The introduction of the fish could not have been

more than forty-three years before.
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is called the carp and sold as such in the New Yoi-k market. I have not yet, how-

ever, been able to find a single fish among tb.ose sold as carp which is really any

other than the common gold-fish, reverted to its original normal condition. Indeed,

in the olivaceous fish caught in great numbers in the Hudson there are usually found

preciseh^ similar specimens of white, red, and all intermediate conditions. While,

therefore, I can not say that no genuine carp were transferred to the Hudson, none

have come under my observation; and it has occurred to me as possible that the

Prussian carp, Cyprmuft carassivs, L., may have been the one introduced, or i^ossibly

the hybrid progeny of this and the true carp may have been gradually mixed with

the gold-fish.

If we could know whether the description g-iyen b}' De Kay (1842,

p. 188) "was made b}^ him from specimens taken in New York, or

vdiether he merel}'^ copied what he gives from some European writer,

we might be able to throw some light on this subject. Certain it is

that his description disagrees in a number of points with that of the

true Ci/prinus carpio^ but it is apparent that some of these are inac-

curacies, as the}^ do not agree either with the Prussian (or crucian)

carp or with the hybrid, the so-called Cyprmu-s Iwllarii. The most

important points in this connection are, perhaps, that he gives the

length as 6 to 12 inches, and describes the "nape and back" as "ris-

ing suddenly." True carp in the second or third year, under ordi-

nary conditions, should attain a length of more than 6 to 12 inches,

while the hybrid rarel}" exceeds 8 inches in length (Seeley, 188C, p.

104). It is noteworthy, too, that Captain Robinson in his letter to

De Kay (p. 540) states that his fish grew quickly, reaching 3 or 4

inches the first year, but after that time their growth was very slow,

while the largest he had taken from his pond did not exceed 10 or 11

inches. He adds, however, that those subsequently taken from the

river were larger than those in his ponds.

Even more significant, it seems to me, however, is the statement

that the nape and back rise suddenl}^, for though this may be in some

of the more highlj^ cultivated races of carp, it is not usually the case,

especially when they have bred out of the confinement of ponds for a

time, where no artificial selection is made. On the other hand, the

description forcibly suggests the broad shape of the hybrid mentioned,

w^hich in outline approaches the crucian or Prussian carp, Carassius

vulgaris. That this last is not the fish meant by De Kay is shown by
his statement that the fish has four barbels.

As matters stand, we shall probably never know whether the fish

brought over by Captain Robinson were true carp or whether he hap-

pened when procuring the fish in France to get hold of specimens of

the hybrid form, which occurs in abundance in many parts of Europe.

It makes little difference which they were, however, since the com-

paratively little stock in the fresh waters of southeastern New York
could have little influence on the multitude of fish, from a new impor-

tation, which was spread broadcast over the countr}' a few years later.
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The circumstances attending the successful introduction of the

scale carp into California, in 1872, by Mr. J. A. Poppe, of Sonoma, are

better known. Mr. Poppo left California for Germany in the spring

of 1872. At a place called E,einfeld, in Holstein, he prjocured 83 carp

of various ages and sizes (cf. Poppe, R. A., 1880, p. 663), the three

'largest of which were 2 feet or more in length, the smallest "the

length of an ordinary steel pen." The fish were placed in 22-gallon

tanks arranged one above the other, so that the water flowed down
from the highest to the lowest, when it was dipped back to the top.

These were put aboard a steamer for New York. Many of the carp

died on the way, the larger ones going first, and onh' 8 reached New
Tork alive. These were taken across the continent to San Francisco

in safety, but 3 more were lost before reaching Sonoma, where Mr.

Poppe arrived on the 5tli of August, 1872, with only 5 of the smallest

of the 83 fish with which he started. Ponds had already been pre-

pared, and the surviving carp were placed in them at once. They did

well from the first, and, according to Mr, Poppe in the report men-

i;ioned above, the}" spawned the next spring, by which time they had

reached a length of 10 inches! It was estimated that in May (1873)

there were in the ponds over 3,000 young cai'p. The young fish were

sold to farmers throughout California and adjacent states, and some

were shipped even to Honolulu and Central America. The report

gives a list of persons in Sonoma County who undertook the culture

of the fish, and states that at that time (presumably 1878) Los Angeles,

San Bernardino, and the adjacent counties in the southern part of the

state were well supplied with the fish, and reports were coming in

from all quarters that they were doing remarkably well.

There seems to be some question, also, as to whether the fish intro-

duced by Mr. Poppe were a pure strain, for Professor Baird (U. S.

Fish Commission Report, 1879, p. ^-iA), who examined some specimens

that were sent to him, sa3's:

These are scale carp, apparently somewhat hybridized; at least, they do not pre-

sent the characteristics of the pure breed brought by Mr. Hessel:"

He here refers to the fish introduced under the direction of the

Fish Commission, the subject which we will now consider.

Tiio question of the introduction of the carp into the United States

was taken up by the Fish Commission within a few years after the

organization of that Bureau. The first mention of it occurs in the

report for the j^ears 1872 and 1873 (U. S. Fish Conmiission Report,

1874, pp. Ixxvi, Ixxvii) under "Fishes especialh' worthj" of cultiva-

tion." Professor Baird, at that time Commissioner, there says:

Sufficient atlention has not been paid in the United States to the introduction of

the European carp as a food-fish, and yet it is quite safe to eay that there is no othei-

n Goodc (188S, p. 417) pays: "Those [carp] introduced into California a few years ago by Mr. Popp
were an inferior strain of Scale Carp."
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species that promises so great a return in limited waters. It has the pre-eminent

advantage over such fish as the black bass, trout, grayling, &c., that it is a vegetable

feeder, and, although not disdaining animal matters, can thrive very well upon
aquatic vegetation alone. On this account it can be kept in tanks, small ponds, &c.,

and a very much larger weight obtained, without expense, than in the case of the

other kinds indicated.

It is on this account that its culture has been continued for centuries. It is also a

mistake to compare the flesh with that of the ordinary Cuprbiidie of the United

States, such as suckers, chubs, and the like, the flesh of the genuine carp
(
Cyiwinus

carpio) being firm, flaky, and in some varieties almost equal to the European trout.

It was not the intention of the Fish Commission to introduce the

carp into waters that were alread}^ stocked with good native species,

nor was it claimed that tlie carp was superior to the majority of our

indigenous food fish. But it was believed that it could be successfully

raised in man}^ sections of our country not favorable to the growth of

better fish. In this connection Professor Baird remarks in a subse-

quent report (U. S. Fish Commission Report, 1879, p. *41):

There are several species of American CatostoniidK which might in all probability

answer in some measure, if not fully, in place of the carp. Among them are espe-

cially the buffalo fish, a large sucker, the flesh of which is much esteemed. As,

however, some special varieties of carp have been develojied and had their instinct

of domestication established, while experiments on our indigenous species are scarcely

yet tried, there is no reason why time should be lost with the less proved species.

In another place (U. S. Fish Commission Report 1873-4 and 1874-5,

p. xxxvi) he enumerates the good qualities of the carp which made it a

desirable species for cultural purposes in the United States. These

are given as follows:

1. Fecundity and adaptability to the processes of artificial jiropagation.

2. Living largely on a vegetable diet.

3. Hardiness in all stages of grovv'th.

4. Adaptability to conditions unfavorable to any equally palatable American fish

and to very varied climates.

5. Rapid growth.

6. Harmlessness iii its relation to other fishes.

7. Ability to populate waters to their greatest extent.

8. Good table qualities.

Nearly all, if not all, of our American food fishes are carnivorous,

pre^'ing for the most part upon smaller fish of all kinds. The increase

of these forms is therefore necessarily limited, especially in small

bodies of water, Avhere it is difiicult to keep them supplied with food.

The large-mouthed black bass {2I/c7'opte7'i(S salmoi.des)^ which has been

extensively used for stocking rivers and lakes throughout the country,

is a good example. But where strictly a food fish was required, it

seemed that one at least in large part a vegetable feeder possessed far

greater advantages, and, as stated above, no native fish answered these

requirements so well as the carp.

In the winter of 187(3-77, Mr. Rudolph llessel, in the interests of

the Fish Commission, as an initial experimeui^ shipped carp from
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Bremen to Baltimore, but, ovviiig" to a storm of uiuisiial severity to

which the vessel was exposed, all were lost on the way. He inmiediately

returned to Europe, however, where, at Hochst, near Frankfurt, he pro-

cured another lot of tish. These he succeeded in brincrhio- in safety to

New York, and on May 26, 1877, thev were placed in ponds in Druid

Hill Park, Baltimore. This lot consisted of 345 iish, of which 227 were

naked and mirror carp, and 118 were common scale carp. The ponds

at Druid Hill Park not beino- sufficient for the proper care of the fish,

Congress allovv^ed use to be made of the Babcock Lakes in the ^lonu-

ment lot, in the cit}' of Washington, and appropriated the sum of

$5,000 to put these in proper condition. In the following spring

these 'ponds were readv for the reception of the fish, and 65 leather

carp and 48 scale carp were transferred to them from the Druid Hill

Park ponds.

The fish that remained in Baltimore, under the care of Mr. T. B.

Perg'uson, spawned in 1878, l)ut some gold-fish had entered the pond

accidentally, and the carp hj-briclized with these, so that instead of hav-

ing young true carp there were some 2,000 hybrid young. These

were destroyed as being worthless. The results were more satisfac-

tor}^ in 1S79, in which year about 6,000 young were reared. Of these,

2,750 were distributed to applicants throughout Maryland, the

remainder in other states. In this year the fish in the ponds at

Washington spawned for the first time, and about 6,000 were also

reared there. Altogether, in 1879, some 12,265 carp were distri])uted

to over 300 persons in 25 states and territories. Among the recipients

were various state commissioners, who redistributed their fish to

applicants in their respective states.

Applications for carp had begun to come in as earl}^ as the fall of

1876, and the number increased rapidly in the succeeding A^ears. In

1877 there were 22 applications, in 1878 144, and in 1879 235, while in

18S0 there were nearly 2,000.

In 1879 new ponds were constructed at Druid Hill Park, and it Avas

in this year, also, that a nev/ importation of carp was made from Ger-

many. These were brought over by Dr. O. Finsch (1882), a German
naturalist, who obtained 100 mirror carp from Mr. Eckhardt, of Liib-

binchen. These weie small fish, a year and a half old and only 6 to 8

inches long. Only 23 reached New York alive, although the water

was aerated by pumping air into it, and ice was used to keep the tem-

perature down. The fish were shipped from Hamburg in coal-oil bar-

rels, and Dr. Finsch attributes the large mortality to the fact that one

of the barrels was not clean, and to the warm weather. The survivors

arrived in New York on the 6th of May, whence they were shipped to

Washington without loss and turned over to Mr. Hessel, the superin-

tendent of the Washington ponds.

F. C. 1904—35
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In the succeeding years the deinand for carp stoadil}^ increased, and
the iisli were furnislied in great numbers hy the Fish Commission,

being sent to all parts of the United States, and some shipments

being made to other countries. We find in the reports of the Commis-
sion that in several successive years carp were sent to Canada, and in

1882" they were also distributed to persons in Ecuador, Costa Rica,

and the City of Mexico. In 1882 over 7,000 applications for carp

were filed, and 5,758 applicants were supplied with 15 to 20 carp each,

113,6!)(> fish being distributed in this way. With an appropriation of

$12,000 made b}' the Fortj'-sixth Congress, the breeding ponds were
extended until there were some 20 acres of ponds devoted to raising

this fish.

In this year, also, an attempt was made to bring carp eggs to this

countr3^ On May 31, Mr. George Eckhardt arrived from Germany
with two cases of carp eggs, packed after a method that had been

found successful for transportation for shorter distances; but when
the eggs were examined here they were found to be dead and covered

with fungus. The effort had been made only as an experiment, and

was so far unsuccessful, on account of the long time required for the

journey, that it was not repeated. Another importation of the adult

fish, however, is recorded in 1882, wdien, as a return for favors extended

to the Deutsche Fischerei-Verein, Herr von Behr forwarded to the

Commission a number of the so-called blue carp, "a variety believed

to be of particular interest, and which has not been hitherto cultivated

by the Commission." When these arrived on Januar}^ 4, 1882, it was

found that 19 of them were of "pure blood," while 4 were hybrids.

The hybrids were destroj-ed and the others turned into the Govern-

ment ponds.

As illustrating how thoroughly carp were disseminated throughout

the United States in these early years of its introduction, the data for

1883 furnish an interesting example. In that 3'car carp were sent into

298 of the 301 Congressional districts, representing 1,478 counties; in

this way 260,000 carp were distributed, in lots of 20, to 9,872 applicants.

The distributions continued large until about 1890, when they began

to diminish, and were fmall}" discontinued in 1897. The following

table gives the approximate figures for the distribution from 1880 to

1896:

a Records taken from United States Fish Commission reports have reference to fiscal years begin-

ning July 1. Distributions of carp were made in the fall of the calendar year preceding the date

designating the fiscal year—i. e., distributions in the fiscal year 1882 were made in the fall of the cal-

endar year 1881.
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Car]) distr'ibuted l»j the United States Fish Commission.

547

Fiscal year.
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there directlj^ by the government and state conimis.sions. There was at

this time a fever of enthusiasm for carp culture throughout all parts

of the United States. From the time of the proposed introduction

the Fish Commission had published many papers, including a number
of translations of German articles, giving much information on the

habits of the carp and its desirable qualities, and explicit directions as

to the methods in vogue in I'aising carp in Germany, where this indus-

try is most important. The newspapers took the matter up and were

loud in its praises, but neglected to give so large a share of attention

to the practical side of the question—to the care and attention the

fish should have in order to make the venture a success. Most men
are interested at once when they think there is a chance of getting

something for nothing, and here seemed to be an opportunity to have

a perpetual supply of fresh fish for anyone who had land with any

kind of a mud hole on it that would hold a few bucketfuls of water.

Accordingly applications for carp piled in, and were filled as soon as

possible. As a result of ignorance and neglect, a large proportion of

these fish or their ofi'spring were soon undoubtedly in the public

waters—largely from the breaking of dams of improperly constructed

ponds, and two years later (in 1883) came reports of their being taken

in considerable numbers by fishermen in the rivers and lakes.

Besides the stocking of the public waters which occurred accident-

ally, many fish were also purposel}" planted in then). In 1881 the Ohio

State Fish Commission put 40 carp into the Maumee Itiver (Ohio Fish

Commission Report, 1882, p. 1435), and in May of the same year some

were planted in Ten Mile Creek. These were 2i inches long when
liberated, and it is reported that in the follow^ing September and

Octo])er a number wei'e caught which would weigh 42- to 5 pounds,

while one had a weight of 8 pounds. In the same report we read that

12 carp were given to Mr. Charles Carpenter, of Kelleys Island, which

is in the verv midst of the breeding grounds of the white-fish, and 17

to Mr. Edv\'ardLockwood, on the (Catav/ba) Peninsula. Both of these

lots doubtless contributed sooner or later to stock the lake. Indeed,

one of the first lots of carp sent out from Washington was in Novem-
ber, 1879, to Mr. Lewis Leppelman, Fremont, Ohio (Smiley, 1886,

p. 792), which is on the Sandusky River, and probably there is no

place in the United States to day where carp are much more abundant

than in the waters of Sandusky River and Bay. In July, 1883, how-

ever, Mr. Leppelman thought he still had all his fish, so they^ could

not have contributed to the first stocking of the river and lake.

One of the earliest records I find of the taking of carp in Lake Erie,

where they are now so abundant, is given in a compilation by Mr.

C. W. Smiley (1886, p. 738) among the statements of those who
received carp of the Fish Commission. This is the statement of J. C.

Sterling, of Monroe, Mich., December 10, 1883, that one of the
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Monroe fishermen fouiul in lii.s catch of white-tish the previous week

a line specimen of German carp which weighed 3f pounds. The pound

from Avhicli the lish was taken was in Lake Erie, about three-fourths of

a mile out from the moutli of Ilaisin River. I was unable to learn

from the fishermen of this region the exact 3^ear when they began to

catch carp, but all agreed that it was "in the early eighties." I was

told that when the first carp were taken no one a])out the fish houses

knew what they were, and they w ere kept on exhibition in tubs as

curiosities. It is needless to say that they are no curiosity there now,

when hundreds of tons are shipped from a single place in the course

of a year.

About this same time carp began to be taken by the fishermen in the

waters of the Mississippi River and its tributaries. Early in July,

1883, a hsherman at Naples, 111., on the Illinois River, caught a mirror

carp weighing 5 pounds. At Pekin a mirror cai-p was taken which

weighed (3 pounds, and at Meredosia, also on the lillnois River, another,

with a weight of 8 pounds (Illinois Fish Commission Report for

1883, pp. 10-12). Carp which had escaped from ponds were also taken

at or near Hannibal, on the Mississippi, and 3'oung carp were taken at

Quincy. Their numbers have increased to a remarkable extent, until

now the carp forms the most important fishery product of Illinois.

The Great Lakes are, on the wdiole, not well suited to carp. Their

sandy or rocky bottoms near shore are hard and wave beaten, and

support at the best a yer}' scanty vegetation, while they slope off so

quickl}' to a considerable depth that the sun has little chance to raise

the temperatui-e of the shallow water to that degree of Avarmth most

favorable for these fish. The western end of Lake Erie and Lake St.

Clair, especially at its u]:)per end, on the broad delta formed bj^ the

St. Clair River and known as the St. Clair Flats, are exceptions. In

the latter place the shallow bays often possess soft, nuidd}^ bottoms,

and are filled with animal and plant life similar to that found in the

smaller inland lakes. These conditions suit the carp well, and it is

found there in great abundance. Even better are the conditions in

Lake Erie, for the whole upper end of the lake is of inconsiderable

depth, while into it open rivers and bays with hundreds of square

miles of flat, muddy, reed-grown marshes, which furnish ideal feeding

and breeding grounds for a fish like the carp. It is probable that the

fish breed, for the most part at least, in the marshes; but they are

often fully as abundant in the lake itself. Just what relation they

have to the two places—to the marshes and to the open lake—has not

been definitely determined, but the probability of their migration from

one to the other, with possibly more or less regularity, will be dis-

cussed later.

The most extensive marshes connecting with Lake Erie are those of

Sandusky Bay and Sandusky River, which opens into it, the marshes
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along the Portage Eiver above Port Clinton, at Monroe, Mich., and

at places along the north shore. These last 1 have never had oppor-

tunity to visit. Marshes of less extent occur at Ene, Pa., and at other

places along the south shore.

It must not be supposed from what has been said that the carp are

by any means limited to the places mentioned in Lake Erie and Lake

St. Clair and in the waters of the Mississippi River and its tributaries.

As a matter of fact the}^ are usually present in numbers in any of the

inland lakes and streams of the region which are suitable for them,

and especial!}^ near the mouths of many of the rivers emptying into

the Great Lakes, which usually have more or less extensive marshes

for some distance back. This is true of nearly all the streams which

open into the lower end of Lake Huron, Lake St. Clair, and Lake
Erie, and into the St. Clair and Detroit rivers, connecting them. It is

due to a slight tilting of the earth's crust to the southeast, which has

caused the waters to flood the lower courses of the streams and pro-

duce what are known as "drowned channels.'' The marshes along the

western side of Michigan are probably due for the most part to a sim-

pler cause. There the sand, which is thrown up by the waves and has

been blown up into immense dunes, tends to choke up the mouths of

the streams entering Lake Michigan, causing them to flood the country

many miles back. Such mai'shes are found along the Kalamazoo,

Black, and Grand rivers, and at Muskegon and other places along the

lake, in all of which carp are plentiful.

That the extensive carp fisheries are at present confined to so few

localities results from a number of causes, among which is not so

much the relative abundance of the fish as the ease with which it

may be taken. The shallow shores of Lake Erie and the equally

shallow bays of the St. Clair flats afford excellent places for hauling

a seine—an operation which is often attended with great difficulty or is

well nigh impossible in the marshes, v/here the bottom is soft and the

water groAvn with weeds. Local laws also, in some places, interfere

with the seining of carp.

HABITS AND SPECIAL SENSES OF THE CARP.

Observing wild carp under natural conditions requires much care

and a great deal of patience. Under favorable circumstances, when
not disturbed or alarmed, they may often be seen swimming lazily

about among the weeds in shallow water, frequently with the dorsal

fin projecting above the surface. Their mouths are constantly in

motion as they breathe, taking in water and expelling it through the

gills, and at the same time working about in the mud or over the sur-

faces of the water plants for food. The resemblance of their mouths

to that of the sucker is at such times especially apparent. In spite of

the appearance of taking life so easily, they have nevertheless the
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ability for quick and powerful movement, for, let anything give the

fish the least fright, there is a twirl, a splash, and it is gone. It is,

in fact, a strong and rapid swimmer when it puts forth the effort.

One who has occasion to search for carp comes to he able to recognize

them almost without fail just by the way the}'^ make this sudden break

and dash away, even if the water is so roil}^—as is often the case—that

the fish can not be seen at all. If the water is more than a foot or so

in depth, there is usually not a splash, although there is an audible

sound, a sort of dull thud; the water boils up where the fish started

with the first strong lash of its tail, and a disturbance of the water

due to the rapid passage of the fleeing fish underneath shows the course

as it dashes awa3^ This it usually does in an almost straight line

—

that is, it does not zigzag about. If the water is clear, a glimpse of

the fish may be caught; or, if among rushes or cat-tail flags, the move-

ment of these indicates the line of retreat. If a considerable school

of large carp is startled, and they go off in this way through the

rushes, the whole surrounding growth will wave and rattle as if a

sudden and erratic wind had struck it, the reeds twisting and bending

in all directions at once. There are other fish, such as the fresh-water

dog-fish {Amia calva) and some of the bass, which one will sometimes

start up singly here and there among the rushes, and which will dart

suddenly away; but anyone who ever chances to startle a school of

carp in this way will have no trouble guessing the authors, if, indeed,

it occurs to him to attribute so much commotion to fish at all.

This refers to carp in the open. In ponds thej'^ become easily tamed,

learn to come to a certain spot to be fed, and, it is said, will even take

food from the hand. This tameness in small ponds probably depends

not only upon the familiarity the fish come to have with the surround-

ings and with people, but as well upon the fact that they are better

fed and the struggle for existence is greath^ reduced—their common
enemies are absent, so that the}^ get less exercise and tend to become
more sluggish in temperament. To prevent this, it is the custom

of European fish culturists to introduce into their ponds certain pre-

daceous fish, such as pike, which keep the carp active and in good

condition.

That carp are wary is well known to fishermen, who speak of them

as "wise," "knowing," and "cunning." For this reason their capture

is difficult. They usually avoid the ordinary form of set net, so that

comparatively few are taken in f3'ke8, traps, or pounds. Seines, once

around them, are difficult to evade, and it is in this way that the}^ are

taken for tlie most part. But if a seine becomes torn or does not drag

closely on the bottom they are quick to find the opening, while large

numbers often escape by jumping out of water and clearing the cork

line. Day speaks of this characteristic of the carp in his work on the
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Fishes of Great Britain and Ireland (1880-1881, p. 160). To use his

words

:

The fisherman finds this fish an adept at escaping from nets, by burrowing below

it, or springing over the corks, ... So diflicult is it to net that . . . one can well

understand the Norfolk pen-men regarding it with mysterious awe, how its entrances

and its exits into pieces of water puzzle them, and how, as Lubbock remarks, they

consider it as something more tlian a fish, and look upon it as what the Scotch term

"no cannie."

Although 1 have spoken above of the carp's habit of ordinarily sv^^im-

ming about lazilj^ and quietlv, this is b}' no means always the case, for

these fish often produce a considerable disturl)ance by their splashing.

This is when they are feeding in shallow water, and Avill be discussed

more fully when we come to consider the feeding habits. The}' also

splash about considerabl}' at the breeding time.

Carp exhibit a marked tendency to go about in schools. In regions

where they are abundant, it is usual to find either a large number in a

given localitv, or else none at all. That these schools are frequently

of great size is apparent from the fact that several tons of carp are

often taken at a single seine-haul along the shore of the open lake,

which is rather more conclusive evidence than is afforded when they

are taken in a bay or other partiall}^ inclosed place.

Moderatel}' warm, shallow waters with abundance of aquatic vegeta-

tion, and deeper places to which the fish can retreat, are the most favor-

able conditions for carp, and it is in such places that the}' multip!}''

fastest and obtain their most rapid growth. In the hilly eastern part

of the United States localities of this kind are relatively scarce, but the

rivers and lakes of the Southern and Middle States, with their exten-

sive bayous and marshes, come very close to the ideal conditions.

This suitability is abundantl}' evidenced by the rapidity with which

carp have taken possession of them, and have become in them, it might

almost be said, the dominant piscine type. Nevertheless the}" are by

no means confined to these waters which meet their requirements to

the best advantage, but seem to be able to adapt themselves to a variety

of conditions, though with less success. Thus we find them invading

to a certain extent the colder and deeper waters of the Great Lakes,

though a few fathoms is a great depth for them, and I have no evidence

to show that they go to any extent into the deeper waters. They will

live in small ponds fed by springs, where the temperature of the

water always remains very low, but in such places their growth is slow

and the}^ are by no means so prolific as in warmer wp.ters. On the

other hand, they may sometimes be found living in mudholes, where

it would not seem that they could obtain enough food for existence and

where the temperature must at times in summer become comparatively

high. The}' will live, and apparently do Avell, in waters that are

strongly mineral. I saw, for example, a carp pond in northern Ohio
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fed by an artesian well so heavily charged with sulphur that what

appeared to be free sulphur was deposited in the wooden trough

which conducted the water from the pipe to the pond. It is said that

they even occur in abundance in the brackish or semibrackish vraters

of the Atlantic coastal region (Townsend, in "Discussion on Carp,"

Transactions American Fisheries Society for 1901, p. 117); and Day
(1880-1881, p. 1G3) states that "a considerable number are taken in the

Black Sea and Caspian; and Nordmann remarks upon their presence

in the salt lakes of New Russia."

SIGHT.

Although carp work about in miidd}", roil}" water, the roiliness being

due largelv to their method of feeding, they have, nevertheless, a quick

sight, which serves them well when the water is clear. As will be

discussed more fully under the subject of hearing, man}" actions which

have been attributed to that sense are in reality dependent upon sight.

Not onl}'^ do they take fright easih^ at anything which moves, but there

can be no doubt that they are able to recognize unusual stationary

objects as well. I have often stood quietly for long times where the

iwater was clear and carp were feeding* on all sides of me only a short

distance away. But when a fish came in ni}'^ direction, it seldom

approached closer than seven or eight feet, and usualh^ not so close,

before it would take fright and dash suddenh" off. On the other hand,

I have sometimes stood in roil v water when they would actuall}^ bump
into my legs before they would turn with a splash and dart away. At
one time 1 built a scaffold some seven feet high above water in order to

be able to overlook a wider circle of marsh. It was on the edge of a

large spawning ground of black bass, and although a bass which was

giuirding a nest not far from the base of the scaffold soon became

accustomed to the unusual structure and resumed his domestic duties,

few carp came in sight, in spite of the fact that I sometimes remained

quietly there for an hour and more at a time. When they came
within a circle which would be traced by a line at an angle of approxi-

mately 1-5- from my position to the water, the}" apparently becam.e

frightened, and left suddenly.

In attempting to study the behavior of the fish at night, I at another

time employed a powerful acetylene searchlight, such as is manufac-

tured for use on launches. But this seemed to frighten them, even

when 4 or 5 rods away. As the beam of light was swept around to

different points I could hear the carp dash away through the rushes,

and could sometimes see the disturbance they caused in the water, but

in no case was I able to get close enough to see the fish themselves.

Common experience in fishing at night with a "jack" shows that

many kinds of fish are not so frightened by a sudden strong light.

That sight plays an important part in the feeding of carp may
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readil}^ be seen by the way they sometimes immediately talvc food

thrown into the water before it has a.chance to settle to the bottom.

I have made no experiments to test accurately the sense of sight in

carp.
HEARING.

It has always been a widespread opinion among carp culturists and

fishermen that these fish are quick to detect and respond to ordinary

sounds, such, for example, as the human voice. It is well known
that pond fish regularly fed at a particular place soon learn to congre-

gate at that place to receive their food. Many such instances have

been recorded not only for carp, but for gold-fish, trout, and other

species. As an illustration of the popular belief, which was appar-

ently as prevalent in this country as in Europe, I mav quote the state-

ment of Mr. S. W. Coflin, given by Smiley (18S(3, p. 696):

The pound of my voice is sufficient to bring them to the surface of the water, and

a whistle causes them to come for food. For this they scamper through the water

like so many pigs. They disappear as suddenly at the voice of a stranger.

Seeley (1886, p. 98) says:

Tlie hearing of the carp is excellent, and there are many examples of their answer-

ing a call; and it moves by hearing even when it cannot see. It makes an audible

sound in eating and in swallowing air.

Fishermen, both here and abroad, are very careful to make as little

noise as possible as the}' set their nets around a school of carp in the

open or prepare to seine them from a pond; but when the net is set

and it is desired to drive the fish into it they splash the water and shout

to make all the noise they can.

Parker (1903) has recently investigated this sense in a few fishes and

has given a general discussion of the subject. Since then Bigelow (1904)

has done the same for the gold-fish; and since this last is such a neai'

relative of the carp, we may be reasonably certain that the conditions

in the two species are much the same. The experiments of these

authors show without doubt that certain fishes, including the gold-fish,

and so we are safe in assuming also the carp, are capable of hearing

sounds produced in the water, or which are transmitted directly to

the water, such as striking the side of a boat with an oar. I have had

opportunity to see evidence of this in the field myself. By paddling

quietly and carefully I have been able to work my boat into an open

area in a pond where carp were present in numbers without disturb-

ing a fish, when a sharp blow against the rail of the boat with the

paddle would send them scurrying into the rushes in all directions.

In this case, however, other vibrations besides sound waves are trans-

mitted to the vv'ater which the fish might perceive by the sense of

touch, so that such an experiment could not be considered as conclu-

sive evidence that the fish heard the sound. This complication was
obviated in the experiments of the authors mentioned above by the
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use of an electric tuning fork giving a certain number of vibrations

per second, which was phiced against a board end of the aquarium in

whicli the tish were being tested.

On the other hand, most lish "appear to be unaffected 1)y loud talk-

ing or other like noises originating in the air" (Parker, 1903, p. 45),

due undoubted!}" to the fact that the ordinarj- sound waves produced

in the air are transmitted to the water to a very slight extent at most.

Several years earlier Kreidl (1896) had performed certain experiments

on trout in the tish basins of the Benedictine Monaster}^ at Krems,

Austria, where the lish were called up to be fed at the ringing of a

bell. He found that the fish appeared just the same if a person went

to the customary place without ringing the bell, and that no amount

of bell ringing w^ould bring them if the person remained out of sight.

On this account Kreidl concluded that fish could not hear at all. That

sight is the important factor in the assembling of gold-fish to be fed

was suggested by Seeley (1886) some ten years before, though he

credited them with the ability to hear as well. He says (p. 112):

Their sense of sound is sufficiently acute to obey a familiar call. The Chinese are

said to assemble them in ponds at feeding-time in this way; but in ponds where vis-

itors feed them in Europe they presumably detect the newcomer by sight; for w^e

have noticed that a gathering never fails to greet visitors on their appearance at pub-

lic gardens in which these fishes are exhibited.

From all this it appears that while fishermen, when desiring not to

frighten the fish, need to be careful not to make disturbances which

are transmitted directh^ to the water, such as splashing, or jarring a

boat or similar object partially submerged, they need have little fear

of talking; while, convcrseh", shouting probably has as little effect in

helping to drive the fish, when that is the result desired. This fact

will probably be received with satisfaction by those anglers who
btelieved it necessary, but found it onerous, to maintain a sphinxlike

silence while trying to outwit their finny prey.

TASTE AND SMELL.

As a matter of convenience these senses will be considered together.

Of the two in fi.shes the former is much the better understood.

Herrick (1903) has recently made an important contribution to the

subject, besides giving an excellent review of tlie literature. It has

long been known that carp have sense organs, known as "terminal

buds,'' over the whole surface of the body and on the barbels, similar

to those which occur abundantly in the mouth, and to which the sense

of taste has rightly been assigned. Direct physiological experiments

have not been made on carp, but from his experiments on a large

series of other fishes Herrick concludes (p. 260) that

—

It may be regarded as established that fishes which possess terminal buds in the

outer skin taste by means of these organs and habitually find their food by their

means, while fishes which lack these organs in the skin have the sense of taste con-

fined to the mouth.
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Tei ininpJ buds, or taste-buds, outside the mouth are best developed

in bottom-i'ecdiiig forms and those which, like the carp, burrow into

the mud for their food. They pro])ably enable a carp to determine

the presence of food material in the mud without actually having to

take the mud into the mouth to test it.

What part the sense of smell plays is not so well established, though

from the experiments that have been made on other fishes it would

appear to be of minor importance and to be of little value in a direct-

ive way in the finding of food. In man}" fishes, however, it appears

to enable them to detect the presence of food when it is in the iiume-

diate vicinity.

The tactile sense is well developed. How far carp can detect slight

movements of the water, a faculty attributed l)y Parker (1903) to the

lateral line, has not been determined.

3IIGRATIONS.

The word migration is not used here in the strict sense of a reg-

ular and stated movement from one place to another, such as occurs

in the salmon, shad, suckers, and man}" other species that ascend riv-

ers and streams to spav/n. The only habit of the carp which can be

compared to this is their retreat to deeper water with cold weather

and their return to shallower water with the coming of spring. Their

movements at other seasons appear to be irregular and probably

depend upon local and variable conditions. In ponds and other small

bodies of water such mig-rations are necessarily limited, but may be

much more extended and noticeable in large bodies of water such as

the Great Lakes.

Some attempt was made to study this question in Lake Erie and the

adjacent waters by liberating tagged fish and distributing a circular

among the fishermen and fish dealers of the region, asking for the

records of any of these fish that might be recaptured, A small copper

tag bearing a number was attached, usually to the strong spine of the

dorsal fin, by a piece of copper wire, though in a few cases the wire

was passed through the basal lobe of one of the pectoral fins. This

work was attempted only on a small scale at first, and later opportu-

nity did not offer for giving it a more effective trial. Moreover, the

method in which the carp are handled by the fishermen and in the

wholesale houses made it very unlikely that the small tags would be

noticed before the fish reached the retail dealers in far away cities,

when it would be too late to get the desired data, even if the tags

were returned. As it was, only about one hundred individuals were

tagged and liberated, mostly in the vicinity of Port Clinton and San-

dusky, and none of these v.as ever heard from again. As a conse-

quence, dir3ct observation and the results and testimony of the fisher-

men had to be relied upon for what information on t'lis subject they
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would give, imd as the evidence gathered in this way was rather meager

the question is still far from settled. Some of the observations are

of much interest, however, and may serve to throw a little light on

the subject.

A large proportion of the carp shipped from northwestern Ohio

and southeastern Michigan are taken directl}" from Lake Erie. Many
fishermen are engaged in the business, and they, for practical pur-

poses, have had to learn much about the habits of the fish which

furnishes them their livelihood. They go to the fishing grounds

usually in open sail boats, returning to market when they have

secured a good haul of fish. This means only a day's, or possibly two

day^',' fishing when the carp are "on," but under unfavorable condi-

tions the boats are often gone a week or more. The fish are taken

for the most part b}'' means of seines in shallow^ waters along shores.

The methods of seining will be described more full}" later (p. 611).

It is not surpising, in a body of water the size of Lake Erie, that

storms should affect very largely, in fact we might almost >iay control

entirely, the abundance of carp along the shore. According to the

government chart, there is nowhere in the upper end of the lake more
than six fathoms of water, while along the southern side water less

than three fathoms deep extends to a distance of two to five miles off

shore. Strong northwesterly winds are not infrequent during the

summer months, and in the winter the principal storms are from the

north and northeast. It does not take ver}' high winds to stir such

shallow waters to their depths, as is shown by the fact that even in

moderate storms the water is made roily to a long distance off" shore.

At such times the carp apparently go out to the deeper waters,

and the fisherman say they do not come in again until a day or two

after the storm. Unfortunately the only data we have for determining

the extent and character of these movements are the occurrences in

the shallow shore water; we have little or no data for telling where

the fish go when they leave. Pound nets in the vicinity of Niagara

Reef, which is seven miles from the nearest land, and which were kept

in operation all summer b}^ a Port Clinton firm, did not help to throw

any light on this question, since few carp were taken in them at any

time. It is possible that during storms some of the carp leave

the lake and run up the bays and rivers, and I am not convinced that

such is not the case, at least with easterly storms, which raise the

water level veiy appreciablj^ at the western end of the lake. This

produces a backward current up the bays and rivers, and evidence will

be brought forward to show that carp run up the rivers with this back

set. But storms from the north do not have this effect, while westerly

winds lower the water rather than raise it. So while I think it not

unlikely that many of the carp in the lake may enter the bays and

rivers when there is an easterly wind, it seems that if this were



558 KEPOKT OF THE COMMISSIONER OF FISHEEIES.

generally true with all storms, whatever their direction, it would

surely be known to the fishermen, who utilize this movement of the

fish in the river for their capture, as will be explained later.

As mentioned above, the water level at the upper end of Lake Erie

is ver}^ variable. The long axis of the lake lies nearly west- southwest

and east-northeast, so that both westerly and easterl}^ winds have a

great influence in piling the water at one end or the other. The pre-

vailing winds of summer are southw^esterly to westerl}^, so that the

level is almost constantly changing. This gives a great resemblance

to tides, except that the changes are, of course, much less regular, and

generalh' of less amplitude. A strong southwest wind, however,

blowing steadily for a day or two, will lower the general water level

in Sandusky Bay, for instance, a foot or more, while a long-continued

storm ma}" result in an even greater change of the level. As soon as

the wind ceases, or shifts around to the opposite direction, as is usually

the case in our cyclonic storms, the reverse current sets in, affecting

the water for miles up the Sandusky and Portage rivers.

Just how far this variation of the water level and the consequent

reversion of flow of the rivers influence the movements of the carp I am
unable to say. This much, hovv ever, is certain. A fall of a foot or even

less in the general water level means the la3nng bare of great expanses

of marsh land, and the carp which were feeding over this area have to

seek deeper water as that on the flats gradually becomes shallower.

In this way they work into the smaller streams, and so into the larger

creeks, and from these into the river. It is at such times that they

are taken in large numbers in a seine which has previousl}^ been

stretched across the mouth of the creek, as will be described more
fully in connection with the methods of fishing (p. 613). The fish

appear to be quick to appreciate the lowering of the water, for they

begin to run out very soon after it has begun to fall. Conversely, they

run up again and spread out over the marshes as the water rises.

This movement, which seems to depend upon the gradual lowering

of the water in the shallow places, is distinctly different in nature from
the ordinary reaction of most fishes to a current of water. As is

well known, most fishes, when placed in running water, immediately

react by turning head-up into the current.^' That this is true of

young carp, I have ascertained by experimentation. It may also be

the explanation of the crow^ding of these fish around the inlet when
fresh water is being pumped into a pond, a phenomenon which will be

described more fully in the discussion of their reaction to fresh water

(p. 5(>0). It is equall}^ true that most fish become imeasy as the water

in a vessel or other container is gradually lowered without producing

a definite strong current. It is probably this "uneasiness" which

causes the fish to leave the marshes as described above.

"For a discussion of the orientation of fish to running water see a recent pajjer by Lyon (1904).
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As to the niovomonts of the tlsli in the wintertime, v/hen the rivers

and bays are frozen over, I have no information. That they are in the

deei)er parts there is no doubt, and it seems likely from what 1 can

learn from the fishermen that they must move about more or less even

during the coldest weather. They are occasional!}' taken in numbers

at this season, I am told, by means of a seine hauled under the ice.

It will be seen from what has been given above that, although they

apparently do not have any regular and definite migrations, carp do

make considerable movements dependent upon the conditions under

which they live. It was at one time thought there might be some evi-

dence to show that in Lake Erie the carp were coming to make a rather

reguj^r migration into the deeper parts of the lake with the approach

of cold weather. The lake grows deeper to the eastward, and this

would mean a general movement to the eastward in the fall and to the

westward again in the spring. This habit in time might become

established into a definite migration. But though the fish do undoubt-

edly'^ seek deeper water in the winter, they probably go only far

enough to escape freezing and the eiJ'ects of storms. So long as they

both feed and spawn in shallow water there is no other need for a

migrator}^ habit, unless perhaps the overpopulating of the more favor-

able waters may force some of the fish to seek new grounds. Reports

of large schools of carp at times seen toward the eastern end of the

lake seemed to lend some support to this view. Thus I was told bj"

Mr. Crangle, a fisherman in Cleveland, that some time in July, 1901,

large schools of carp were seen in the open lake. In near shore were

small fish, while farther out were schools of large ones, which were

noticeable from their swimming about with their dorsal fins out of

water. Mr. Crangle says this v/as the first time carp had been seen in

this part of the lake in such numbers; and he was certain of the iden-

tification, because his tug was run right in among them. Prince (1897)

maintains that the cai'p has an inherent nomadic tendenc}", and thinks

it is owing to this, in large part, that it has gained such a wide distri-

bution. He sa3^s (p. 33):

German carp are nomadic in their habits, and wander apparently aimlessly into

all accessible waters, hence if introduced into any streams or ponds adjacent to and

connected with others, these fish will rapidly si^sread over the whole system. Sal-

mon, trout, white-fish, pickerel or dore, indeed all our native fish are more local in

their wanderings and as a rule have definite courses of migration, and confine them-

selves within recognized limits. The German carp has no such defined movements
or habitat, thus Lake Erie, the St. Clair waters of western Ontario, Lake Huron and

other Canadian areas are being overrun by these fish, whioii have wandered from

the more or less remote localities in United States territory where they were origi-

nally planted. Like undesirable weeds they spread everywhere and it is practically

impossible to limit their progress or to effect their extirpation.
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REACTIOX OF CARP IN POXDS TO INFLOWING FRESH WATER.

This reaction, which is very curious and marked, I am uncertain

whether to consider a reaction to the current caused b}" the inflowing

water or a response to the vohime of fresh water being added to that

which has been standing in the pond. liessel (1881, p. 879) says:

The inflow of water into the pond should never he allowed to he direct; as, for

instance, a brook falling into it. This often causes the water to rise at an inoiipor-

tnne time, carrying into the pond other fishes, especially the rapacious pike. The

carp abolias the disposition to swim toward the injlowirig water, hij whirJi means it is drawn
away from its jtroper feeding-places. «

This matter was first l)rought to m\" attention in a practical way by

Mr. Thomas Hurrell, who owns a carp pond near Port Clinton, Ohio.

This pond covers an area of some 20 acres, or more, of marsh land

beside the Portage River. A deep cut was made along the riverside

and embankments thrown up on three sides so that it is possible to

keep the water level two or three feet above that of the river, the

fourth side of the poPid being formed by the natural slope of the land.

The water is maintained at a nearly constant level by pumping in fresh

water, as necessary, from a dredge-cut just outside the embankment
which leads from the river. The water is really elevated by means of

an endless-chain elevator. This is shown in figure 2, plate iii, while

figure 1, plate iii, shows the chute which empties into the pond. At this

place the water in the pond is some 8 to 10 feet deep, and directly

from it leads the deep ditch along the riverside, while shallower ditches

lead off into other parts of the pond. (See figure, p. 628.) Mr. Hur-

rell said that scarcelv has he started the elevator when the fish Ijegin

to come from all parts of the pond and to congregate in the deep area

where the fresh water pours in. His account of their quick response

seemed almost incredible, and I expressed a desire to see the thing

m^^self ; at vvdiich Mr. Hurrell kindly started the gasoline engine oper-

ating the elevator, and at once a good stream of fresh vfater began to

be poured into the pond. I was subsequentlj^ fortunate enough to

witness the phenomena 1 jim about to describe on several different

occasions. The following account is taken with little change from my
notes of one time:

At the time of which I am speaking, a number of carp could be seen

swimming about in the vicinity of the pumping house with their backs

out of water. Mr. Hurrell attributed this to the fact that he had

recently been pvunping, and that the fish had not all dispersed as yet.

He now started the engine again, and within five minutes the carp began

to congregate in numbers in that vicinity, and they could be seen com-

ing far down the large ditch, as many of them swam with their dorsal

fins above the surface. The water near the inflow was soon full of

them—it seemed as if there must be a number of tons of fish right

a The italics are mine.
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there. Thoy worked continually up toward the chute, where the

water poured in, heading for the most part in that direction, but

turning and twisting slowl}' about. They became so numerous after

a time that the upper ones seemed almost forced out of the

water, and man}" were turned over on their sides at the surface.

Figure 4, plate iii, shows a nearer view of the writhing mass of

fish, all struggling to get nearer to the source of incoming water,

though their movements appear rather slow and deliberate. Here it

will be noticed that some of the fish are turned on their sides, and

by the exposed backs it can be seen that they are nearl}' all headed

in the same direction—to the right in the photograph. It was

impossible to estimate the number of fish; there was no way of telling',

in fact, whether the}" vrere mostlj' at the surface or whether they were

as numerous deep into the water. I found, however, that at a distance

of 20 to 30 feet awa}', where fevv" backs were to be seen at the surface,

an oar could not be put down into the water without hitting fish.

Before long those nearest the chute began jumping out of water, some
jumping to a height of nearly 2 feet into the air. Others made a

jump and swam up the chute against the current as salmon leap a

waterfall. Most were able to get up here but a short distance, while

others worked up the whole length of the chute, some 6 or 8 feet, to

the elevator itself.

From the actions of the fish in the vicinity of the inflow it seems as

though they must be reacting to the current. There is no direct evi-

dence that the response is anywhere to the fresh water and not to the

current, as it is evident that to an}" part of the pond where the fresh

water comes so as to influence the fish there must necessarily be some
current. The part that seems incredible is that it should so soon

efi'cct remote parts of the pond with suflScient strength to produce a

positive rheotactic response on the part of the fish. It will be noted,

furthermore, that if this is the correct explanation the response

appears to be just the opposite of what has been given above for fish

in the marshes when there is a change in the general water level of

the river. There the fish ran with the current, spreading out over

the feeding grounds; here they come against the current as far as they

are able to come, and crowd about the inflow. What may determine

the difference in the nature of the responses in the two cases I am
unable to say.

HIBERNATION.

Most observers agree that during the cold months in the temperate

regions carp seek the deeper holes in pond or lake, where they pass

the season in a semitorpid condition. It is said that they assemble in

circular groups with their heads together and pointed somewhat down-
ward towards the mud. During this time they take no food, though

they are said to decrease l)ut little, if at all, in weight. I know of no
F. C. 1904—36
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statement as to whether the respirator}' movements are suspended,

and I have myself had no opportunity to observe carp in this condi-

tion. When I visited Lake Erie in November, 1901, some carp at

least were still moving about, as they were taken in small numbers
daily in the pounds and gill nets set for white-fish. This in spite of

the fact that the weather was verj^ cold, with frequent snow squalls,

though the lake had not j'et begun to freeze. Examination of the

stomachs of these fish showed, too, that the}^ had been feeding, though

in no case was there much food in the alimentary tract. This observa-

tion agi'ees with the statement of Brakeley (1889), who says that

instead of hibernating with the nose in the mud for several months, as

they do in Europe, in this country tliej^ do so onh^ for a short time, if

at all.

VITALITY.

Man}' instances have l)een reported to show the extent to which

carp can resist cold. 1 can not do better than to quote a case

reported by Smiley (1886, p. 0T(>):

On the morniiia: of Jannarj- 4, 1884, 2,100 German carp were forwarded from Wash-

ington, by exprcps, to Birmingham, Ala. Mr. F. L. Donnelh', a messenger of the

Commission, proceeded b\' the same train to watch them on their passage and to

take charge of them upon their arrival at Birmingham. The fish had been placed

in the usual 4-quart tin pails, and packed in crates of 16 pails each. Each pail

contained 15 carp.

Mr. Donnelly and the carp arrived at Birmingham at 1.30 a. m., January 6. The
packages were left in the office of the Southern Express Company through the

remainder of that night, but placed within 10 feet of the stove in order to prevent

the v.ater freezing. The thermometer indicated 4-4° F. at the time of arrival. At

8 o'clock on the morning of the 6th Mr. Donnelly examined the condition of the

fish, and in his official report dated January 14, says:

"I Avas greatl}'^ surprised to find every drop of water in the buckets frozen into

solid ice, and all the fish apparently dead; but upon close examination of their eyes,

I thought perhaps a great many of them were still alive, though frozen solid in the ice.
'

'

Mr. Donnelly thereupon courageously undertook to see if anj^ of the fish could be

saved. He procured the necessary laborers, four large tubs, and a supply of v>-ater.

He then broke the ice from the small pails, transferring such as contained carp to

the Avater. He states that "in this manner a great number of fish were soon freed

from their confinement, and by constant working with them during the entire day

we Avere able to saA^e 1,300 fish." Although the thermometer continued to remain

in the vicinity of zero, by careful management he succeeded in keeping the 1,300 fish

alive until the 8th and 9th, Avhen they were distributed to the applicants throughout

the State.

The saving of 1,300 carp out of a lot of 2,100, under such circum.stances, may be

considered a A^ery remarkable achieA^ement.

Having prepared the foregoing statement from Mr. Domielly's report, I sent a copy

of it to Mr. L. H. Black, route agent, Southern Express Comijany, JMontgomery,

Ala., asking hoAV far he knew the statements to be true. Under date of January 25,

1884, he Avrote me in reply as follows:

"As route agent of the Southern Express Company, my duties call me to Birming-

ham. I saw the carp first on the morning after their arrival at Birmingham, and

frequently during the day Avhile Mr. Donnelly Avas at Avork Avith them. My opinion
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L-j that this statement is correct iu every particular. I give it from what I saw mj^self,

and from information Mr. Donnelly gave me during the day -while h.e was working

with the fish."

Smiley gives anotiier instance (p. 698). This is the statement of

Dr. George Wigg, Cla}- Center, Claj^ County, Kans., and is as follows:

I liave a German carp iu my ofQce that has been frozen ptiff on 16 different occa-

sions in one montli, and yet each time resuscitation has been produced after the

lapse of six hours.

Although known as cold-blooded animals, the internal temperature

of fishes is normally somevrhat higher than that of the water in which

the}' are living. According to Knauthe (1S9G) the amount of this dif-

ference depends upon the condition of nourishment, and varies in the

diffefent races of cai-p. In the winter, when no nourishment is taken

and the vital processes are mostly suspended, the temperature of the

bod}' becomes the same as that of the surrounding water, and Knauthe

states that the crowding together at the bottom of such iish as the

carp, tench, and barbel does not help to keep their temperature up,

as is maintained b}' some authors.

The hardiness of carp in enduring low temperatures for a long

time without serious result is sometimes utilized in shipping them, by

placing ice in the water to keep the temperature down. The normal

activities are then much reduced, the respiration is retarded, and the

fish can consequently stand a much longer sojourn in a small amount

of water than would be possible at ordinary temperatures. I am told

that the fish packed in ice even at points iu Illinois and northern Ohio

are sometimes still alive when the}' reach New York, in spite of the

fact that they are sent by freight. Townsend (1902 5, p. 677) says

those in the top layers will live two or three days; those below die

sooner. In this case, of course, they are out of water entirely, though

tl]|e gills are prevented from drying and the fish are kept moist b}' the

gradual melting of the ice.

Like many other hardy fish, carp can be kept alive out of water for

considerable periods at ordinary temperatures if they are kept moist,

and they are often transported for short distances by packing them in

wet moss. In Germany it is said to be a common practice at such

times to place in the mouth of the fish a piece of bread or cake soaked

in brandy. The statement is commonly quoted, especially in European

works dealing with the subject, that carp are sometimes packed in moss

with the head protruding and are kept in this condition for weeks or

even months (!), being nourished in the meantime by placing food in

the mouth. As an example of what is often stated, the following may
be quoted from Day (1880-1884, p. 160):

Pennant observes upon the following experiment having been twice made, of

placing a carp in a net well wrapped up in wet moss, the mouth only remaining out,

and then hung up in a cellar or some cool place, the fish being frequently fed with

bread and milk, and often plunged into Avater. Thus treated it has been knovru to

live above a fortnight, and grow very fat as well as lose its muddy taste.
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Whatever may be the truth as to the above, it is certainly a fact

that these fish can withstand much in the way of adverse conditions,

and can live for a considerable period out of water so long as the gills

are kept moist. When it is desired to transport iish from where they

are caught it is usual for the fishermen merely to load them into the

bottom of a boat when the distance is not too great. For longer dis-

tances by water the}" are usualh" towed in a live-car.

When the United States Fish Commission w^as distributing man}'^

thousands of young carp every year it became a matter of great impor-

tance to have some practical method that would be economical as well

as efficient. The original plan was to send a few fish in a large milk

can full of water, but this practice was expensive and unsatisfactory.

Later it was found that the fish could be shipped long distances, requir-

ing several clays or a week for the journey, merely by putting tliem

in small pails with only a little water. The usual method was to use

4 or 6 quart tin pails, in which were placed 15 to 20 young fish 2 to 3

inches long, with little more than enough water to cover them (see

McDonald, 18S2, and later reports of the Commissioner). This small

amount of water is kept well aerated by the jostling of the pails in

transportation and the movements of the fish. In fact, it usually

becomes foamy, on account of the slime secreted by the fish. I have

mj^self used this method with success in shipping voung carp from

Port Clinton, Ohio, to Ann Arbor, Mich., the fish l)eing about two

daj's on the wa}'.

Although carp will live so long out of water if the gills are moist,

or in a small amount of water well aerated, the}' succumb much more
quickly to foul water—that is, to water not well aerated, and conse-

quently charged with carbonic acid or unoxidized organic matter.

Under such conditions they may usually be seen sv\'imming about with

their mouths at the surface, a circumstance that is always to be looked

upon with suspicion by the owner of a carp pond, as it asually means

that the fish will die unless the conditions are quickly improved. Carp

are apt to do the same thing when the temperature of the water be-

comes too high. Of course this action must be distinguished from the

normal feeding of the fish at the surface.

FEEDING HABITS AND FOOD.

Carp are frequently stated to be "essentially vegetable feeders."

It seems to me better to say that they are omnivorous, for I know of

no food substance which a carp can get into its mouth that it will not

eat. Since it can not be considered in the ordinary sense a predacious

fish, however, the animal matter which it can ordinarily obtain is lim-

ited largely to insect larvae, small Crustacea and mollusca, and other

similar small organisms, so that the bulk of its food is undoubtedly in

most cases vegetable. Carp are often compared to pigs in their feed-
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ing, and the simile is not bad, for much of their food is obtained by

rooting- about in the mud. In soft mudd}- or marl}' bottoms one will

often see numerous little pits and holes a few inches, or often more,

in diameter, showing where the fish have been at work. In most of

its feeding the carp works slowl}' and rather quietly, though persist-

ently; but the rooting in the mud they often undertake in a more vig-

orous manner, twisting and splashing, and tugging at the roots of

water plants. It is this that makes the water so roily, and anyone

familiar with their habits can tell at once the presence of carp when

they are feeding in this manner simply by the appearance of the water.

Moreover, the freshly dug up stems and leaves of cat-tails, sweet flag,

wild teler}', and other water plants are often to he seen floating about,

furnishing further evidence of the destructive work going on below.

The extent to which the character of the aquatic vegetation is changed

in this wa}' will be discussed later, when we come to consider the

economic aspects of the question. The fish probably dig up these

plants mostl}^ for the tender shoots and rootlets, but the}^ undoubtedly

obtain many smaller organisms from the mud at the same time. The

barbels at the sides of the mouth, which are well supplied with taste

buds, are probably of much assistance in helping to ascertain the pres-

ence of food particles in the mud. I have not been able to observe

the process in natural surroundings, but judging from the actions of

small carp kept in an aquarium, I should sa}^ that much of the mud is

sucked into the mouth and further "tested" for food by the more

efficient" organs there; if satisfactory it is swallowed, if not it is

rejected. The fish will often take into the mouth in the same way
particles floating in the water, some of which will be swallowed and

others rejected in a manner similar to thatdescri'Ded by Herrick (1903,

p. 265) in the sea robin {Prionotus caroIhiKs). In respect to the dis-

tribution of the organs of taste and the manner of feeding, carp would

thus appear to be midway between such forms as the cat-fishes on the

one hand, which have a well developed sense of taste over the entire

bod}-, and the sea robin on the other, in which taste is confined to the

mouth.

Carp do not, however, do all their feeding at the bottom by any

means. Where the water is shallow and clear they may often be

seen swimming slovrly about, skimming floating particles of food

from the surface or working industriously along the stems of the

water plants. At the surface they probabl}^ get small floating plants,

insects or their larva?, such as mosquitoes, May flies (or "June bugs,"

as they are popularl}^ called along the lakes), etc., as well as the seeds

of plants, and other substances which are dropped or blown into the

a Herrick (1903, p. 267) says that " the delicacy of the sense of taste in the skin is directly propor-

tional to the nnmber of terminal buds in the areas in question," In the carp these buds are

esijecially well developed on the "palate."
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water accidentall3\ lu feeding- at the surface the fish swim about

with the anterior part of the head showing, the mouth partly above

water, partly l)elow. The mouth is continuouslj^ opening and closing,

and a sharp sucking or smacking sound is often produced, much as is

made bj^ a pig with his head down in the trough.

Much of the carp's food is obtained by foraging along the stems of

water plants, and it also often eats quantities of the plants themselves.

Many of these stems are covered with a considerable growth of algffi,

brj'ozoa, etc., among which live a variety of minute, and even micro-

scopic, plant and animal forms. Such stems as float on the surface or

lie in a horizontal position in the water can be gone over very easily,

and sometimes this appears to be done in a more or less systematic

manner, the fish beginning at one end and working gradually along to

the other. In order to get at the vertical stems the fish often turn on

their sides, when the mouth can be closely applied to the rounded

surface. They were also often seen to take the end of a floating stem

or leaf, such as a cat-tail leaf, into the mouth and then pull and tug at

it vigorously. Even if the}^ did not get off pieces of the stem in this

way, they undoubtedly pulled off the algse and other substances

growing on its surface. In one case 1 noticed a fish swimming about

with a piece of partially decayed stem sticking from its mouth, but

whether it was finally swallowed I can not sa}^, as the fish swam away
out of sight with the stem still protruding.

Few records of the food of the carp in this countrj^ made from

examination of the contents of the stomach and intestine seem to have

been previoush^ reported. H. Garman (1888) reported on one speci-

men from Broad Lake, 111., soon after the species began to be found

in the waters of that state. According to him the food "consisted of

vegetation and moUusks, the former constituting two-thirds of the

material in the alimentary canal, and consisting of dead leaves and

seeds. The seeds were, as far as could be determined in a hast}^ exami-

nation, chiefly those of trees and weeds. Elm seeds, ragweed seeds,

and the seeds of Polygommi were noted. The mollusca were partially

thin-shelled clams with an occasional Sphserium^ and partly snails,

such as Physa and Liofjlax. All the matter was apparently gathered

from the bottom. No trace of crustacean or insect food could be

detected."

In August, 1900, Mr. M. C. Marsh collected carp stomachs near

Bellevue, on the Mississippi River, near Omaha, and from Maumee
Bay and River near Toledo, Ohio. Apparently no detailed study of

these collections has been made, but Smith (1902), in his report on

food fishes, gives a few general data. He states (p. 120) that the food

was found to be largely microscopic, and contained in what was appar-

ently' a mass of mud passed on into the intestine, where he thinks the

digestion probably takes place. Portions that were recognizable
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iiiacroscopically were rarel}' seen. In a few cases fragments of the

liiglior water plants (e. g., Ranunculus) were found in the esophagus,

wliile from the color of the small amount of fluid contents it was

believed that green algi^ might have been eaten. In the Mauniee

River the carp fed constantl}" and largel}" upon whole wheat that had

been lost in the river a season or two previous in a grain elevator fire.

From the foregoing it appears that a large proportion of the mate-

rial found b}^ dissection in the alimentary tracts of carp was of vege-

table origin. Since this material is eaten in such quantities and is

digested in its course through the fish, as is shown by observation, the

natural supposition is that it serves as food. And such is the opinion

of most writers on the subject. Nicklas (1884), however, who discusses

at much length the question of the proper food for the "artificial

feeding" of carp, arrives at a different conclusion. It is his theory

that these' fish should be fed on materials especiall}^ rich in nitrogen-

ous compounds, and in this connection he says (pp. 1011, 1012):

I have started my theory from the fact, which I know from actual exi:)erience, that

the food of the carp is principally animal and not vegetable matter, and I find that

in this I agree with most of the practical pisciculturists; but I differ from the views

of Professor Nawratil (Oesterreichisch-Ungarische Fischerei-Zeitung, 1880, No. 35)

when he asserts that carp, from their third year, live principally on fresh and decay-

ing vegetable matter. This is contradicted by the experience that they are easily

raised in ponds which contain but few plants, and by the circumstance that, if aquatic

plants formed the exclusive, or even principal food of carp, vegetation would, in some

ponds, be utterly destroyed in a few days after they had been stocked with carp, or

at any rate in a couple of years, as carp are particularlj^ fond of young shoots, which,

by the waj^, show a pretty close proportion of nutritive matter [to animal food?].

tSuch an occurrence, however, I have never yet been able to observe, nor has it been

observed by any other pond-culturist; whilst, on the other hand, it has frequently

been observed that in carp-ponds vegetation becomes so rank and luxuriant that it

has to be checked. As long as decaying vegetable matter has not been examined as

tb the quantity of nutritive substances contained in it, no opinion can be formed as

to its suitableness for carp food.

My own observations have taught that the carp only takes to vegetable food when
absolutely no animal food can be procured. I have not yet been able to ascertain

whether the carp actually eats and digests decaying vegetable matter, because all I

have so far been able to observe has been that the carp often swallows such matter,

but almost immediately ejects it again, perhaps after having devoured worms and

insects clinging to such matter.

I can not help feeling that Nicklas's judgment is influenced by his

theory. Although he may possibly be right as to the kind of food

that v/ill be most economical in putting a given amount of flesh on a

carp in a given time, it nevertheless seems evident, as a matter of fact,

that carp do under natural conditions eat a large quantity of vegetable

food. If Nicklas had examined the contents of the stomachs and

intestines of the fish he observed, he might not have concluded that

they ejected even all of the decaying vegetable matter that they ate.

While it is not probable that the actually deca3'ing vegetal)le matter
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contains a great deal of nutritive material for the fish, this does not

dismiss the Avhole question of vegetable food, as Nicklas implies; and

while he says that carp can be raised in ponds which contain but few
plants, being fed, I suppose, on animal food, on the other hand 1 have

seen ponds in northern Ohio, where carp were retained from spring-

to fall, which contained practically no natural food at all, the water

being supplied from artesian wells, and where the fish were fed

exclusively on corn, barley, etc., and young '"sowed corn," the plants

being cut when 1 to 2 feet high and thrown into the pond. I am
not prepared to say that these fish grew as rapidly as the}" would have

if fed according to Nicklas's formuhe. But this docs not concern us

here. The important point is that carp can live vGvy largely, if^ not

entireh", on vegetable materials, and that under natural conditions in

our open waters plants and plant j)roducts form a ver}- large share of

their food. The bearings of this, from an economic standpoint, will

be discussed later on, where will also be considered the question of the

extent to which carp may be injurious to the spawn and young of

other lish.

Susta maintained that of its own choice carp would first select animal

food, a contention in which he v>'as supported b}' the observations of

A. Fritsch in Prag and Emil Walter in Trachenberg. Karl Knauthe
pointed out that these investigators had used exclusively the highly

cultiA^ated races, to which belong the so called Galician and Bohemian

carp. He himself extended the investigation b}' comparing as to

intestinal contents examples of the old Silesian carp and a new race of

it bred by Groger in Lauterbach with examples of the two quick-

growing races mentioned above, using for the purpose fish of the same

age. These fish, after each individual had been marked so that the

four races could not be confused, were placed all in the same pool,

which was rich in animal and vegetable food. In this way it was

shown that the stomachs of the Galician and Bohemian carp were

generally filled with small Crustacea—chiefly Daphn/'a and Cyclops—
as long as these were abundant, while insects and their larvae were

second onh^, in about the proportion of 3 to 1. Plant food was present

onlv as it was taken incidentally with the other. In the cultivated

Silesian carp the proportion of animal to plant food was al)out the

same. The old Silesian " Bauernkarpfen," however, contained a great

preponderance of vegetable materials, such as alga?, diatoms, plant

debris, and the seeds of higher plants, and only a few animals, mostly

small Crustacea. As soon as the supply of lower animals in the pool

was exhausted it became necessarj^ for the Galician and Bohemian carp

to adopt a vegetable diet as well. Moreover, Knauthe found the

stomachs of these carp filled with a small species of pond snail which

\vas abundant in the pool, and which both of the Silesian races spurned.

From such and similar researches of Knauthe's it was shown that in
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the spring- the Silesian carp, thouoh apparently well nourished, had

reached a length of onl}^ 5 to 6 cm., while the Galician carp had grown

to a length of 18 cm. The author answers the question. Wherein,

und.er natural conditions, rests the ability for quick growth in fresh

water fishes? by saying: "Partly, perhaps, in a better assimilation of

the food, but mostly upon a better selection of the same. The richer

this is in nitrogen, the greater, within certain limits, is its nutritive

effect." (Zoologische Garten, Jahrgang 37, 1896, p. 31:5, 34(3.)

«

In order to determine the nature of the principal food of the carp

in this countr}^ I have examined the alimentary tracts of a great many
individuals. Many of these examinations were not made in detail,

but only to determine the presence or absence of certain things, such

as the eggs of other fishes. A list of the contents of stomachs and

intestines of 33 carp, however, is given below. These examinations

were made with more care than the rest, bvit are for the most part

onl}^ qualitative, the relative quantities of the various materials being-

given only in rough approximates. The carp were from several dif-

ferent localities and a variety of conditions. The list is given in full

because it is believed to be important to convey a very thorough knowl-

edge of the nature of the food of the carp in our waters. I have never

found large particles of food of an}^ kind in the alimentary tract, the

largest being strips of vegetable epidermis perhaps an inch long,

wings and other portions of insects, small snail shells, and the like.

It is stated that carp can grind or " masticate" thin food to a certain

extent with the flat, knob-like pharyngeal teeth, and probably this in

part explains the fact that what is found in the stomach is usually so

much broken up. Houghton (1879, p. 17) even maintains that "por-

tions of vegetable food are returned to the throat and remasticated by

th^se pharyngeal grinders," though I know of no evidence in support

of this hypothesis. The finely ground condition of the stomach con-

tents leads to some wonderment among the fishermen, who are accus-

tomed in other fish to find the food, such as smaller fish, swallowed

whole, and one man always insisted to me that carp " digest their food

in their heads."

1. Specimen from St. Clair Flats, June 30, 1901. Chara^ small

amount; May fly (ephemerid) Avings and broken fragments, consid-

erable numbers; insect larva^, small; roots, decaying leaves, and epi-

dermis ("bark") of aquatic plants, large amount; small shells and

fragments; sand. All the Cliara seemed to be packed in the small

intestine. This was noticed in other cases, and seems to indicate that

when the fish get among the Chara they eat a large amount of it.

2. Specimen from St. Clair Flats, July 3, 1901. Rootlets and other

vegetable matter, such as would be found in bottom mud; coleopter-

«For a more detailed discussion of the processes of digestion and assimilation in the

reader is referred to a later paper by Knauthe (1898).

carp, the
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ous larva, small; alga^; line shell fragments with fine sand or mud,
forming a ""'grit."

3. Specimen from St. Clair Flats, July 13, 1901. Large mass of

remains of Epliemerida, consisting for the most part of wings and of

more or less broken up cercopods. (Fore wings 18 mm. long; one

of the larger of the cercopods had 25 or 26 joints.) Very few other

jmrts of the insects in evidence, except small opaque bodies with ellip-

tical outlines, which were probably the ej^es. The fact that the insects

were adults would indicate that they were taken from the surface of

the w^ater either at the time of metamorphosing or when blown into the

water later. ^' This one carp must have contained hundreds of these

insects. Prof. R. H. Pettit, entomologist at the Michigan Agricul-

tural College, kindlj^ examined the remains of these May flies (or

"June bugs'") for me, but was unable to determine the species from
the material in hand.

4. Specimen J(.5 cm J" long from North Bass Island, Lake Erie, July

19, 1901. Vhara^ considerable; copepods and ostracods, numerous;

Chironomus larva* or related forms; fragments of shells (mostly quite

small), considerable; plant fibers.

5. Specimen ^7 cm. long from North Bass Island, Lake Erie, July

19, 1901. Mass of food quite well digested. Much filamentous algie

i^Splrogyra recognized) and diatoms.

6. Specimen 55,5 cm. long from Put-in Ba}^ Julj^ 27, 1901. CJiara,

bulk of material, packing intestine full in places, mostly in small

pieces less than 1 cm. long; Mav-fl^" larva?, 1 to li cm. long, large

numbers; shells, broken pieces, and small bivalves 2 to 1 mm. long,

entire ; Chara and considerable other vegetable matter, some of it

probabh'^ Ph'dotriaj mud, fine debris, evidently bottom sediment.

7. Specimen 33 cm. long from Put-in Bay, July 27, 1901. CJiara.,

mass of the material as in No. 6 ; amphipods, a number of small

IlyaUela-Wke, individuals; broken shells, a very little; vegetable matter,

a little besides Chara.

8. Specimen 88.5 cm. long from Portage River, about 3 miles above

Port Clinton, August 6, 1901. About 90 to 100 c.c. of rather fine,

dark material, composed almost entirely of finel}^ divided vegetable

matter. A few filamentous alga?.

9. Specimen 50.5 cm. long from Portage River, as above, August

6, 1901. A considerable quantity of blackish "mud", vegetable

fragments, pieces of stem, etc., the principal constituent; one pulpy

mass, apparently an unopened bud of some kind, possibly "lotus"

{Neliiml)6) or water-lily; insect larvte, occasional, head only recog-

nizable.

« On Lake Erie I have seen windrows of the cast pupa cases of ephemerids being- drifted about by
the wind, and extending as far as the eye could follow them. If carp could have got among these at

the time the insects were leaving they would have had abundance of food for a time.

& Length of fish if in italics means total length—i. e., tip of snotit to end of caudal lin; if in Roman
type it is the length from tip of snout to base of caudal fin at middle.
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10. Specimen 33 cm. long from Portage River, as above, August 6,

1901. Some 20 to 30 c.c. dark nmd-likc material, consisting mostly

of plant fibers, fragments of stems, etc.; one 3^oung shoot (ax)parently

of grass) about 18 mm. long.

11. Specinien 36 cm. long from Portage River, as above, August 0,

1901. Small amount of material of the appearance of fine mud; under

the microscope seen to consist for the most part of fiuel}' divided veg-

etable matter and some filamentous algoe.

12. Specimen 17 cm. long from Portage River, as above, August 6,

1901. About 150 c.c. of material composed for the most part of veg-

etable matter—short pieces of stem, etc. ; some pulpj' vegetable matter,

prolmbly roots or bulbs of some aquatic plant; insect larv», occa-

sional fragments.

13. Specimen 86 cm. long from Portage River, as above, August 0,

1901. Six to 8 c.c. of very fine material resembling mud in appearance,

almost entirely composed of vegetable matter; vegetable fibers and

some filamentous algse recognized.

11. Specimen 11 cm. long from Portage River, as above, August 6,

1901. Only 2 to 3 c.c. of fine "mud'', consisting of plant fibers,

fragments of stems, etc.

15. Specimen 36 cm. long from Portage River, as above, August 6,

1901. Ninety to 100 c.c. of rather coarse dark material, mostly plant

fibers and fragments; some pieces of leaves or stems 1 inch long, but

most are smaller.

16. Specimen 32 cm. long from Portage River, as above, August 6,

1901. Small amount of ver}^ fine material. Most that is recognizable

is portions of plant tissues—largeh^ fibrous parts, and what appear

to bo the glumes of grasses.

17. Specimens 39 cm. long from Portage River, as above, August 6,

1^01. Fifteen to 20 c.c. of dark graj^ish, almost black material,

almost entirel}" composed of vegetable fragments.

18. Specimen 38 cm. long from Portage River, as above, August 6,

1901. Small amount of dark muddy material, mostly plant fibers and

small pieces of other plant tissues; considerable filamentous alga^;

insect larvae (dipterous?), occasional.

19. Specimen 37 cm. long from Portage River, as above, August

6, 1901. Some 20 to 40 c.c. of fine, dark mud-like material consisting

of vegetable fibers, fragments of stems, leaves, etc. Verj^ little

material in which vegetable cells could not be made out.

20. Specimen 31.5 cm. long from Portage River, as above, August

6, 1901. Fine material consisting mosth^ of filamentous algve and

partlj' digested tissues of other plants.

21. Specimen from "The Straits,-' 1 mile east of Cedar Point near

Maumee Bay, August 12, 1901. Plants, pieces of stems, etc., con-

siderable; algte (filamentous), considerable; maxilhx3 of insects (?),
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comparative!}' few; insect larva^, few; diatoms; Vorticella^; gastro-

pods (?), few small fragments; much iiocculent debris with small frag-

ments of man}' kinds in it.

22. Specimen from Port Clinton, Ohio (from gill-nets in Lake Erie),

November 16, 1901. Shell fragments, many, some of them 3 to 4

mm. in diameter; insect larva?, fragments, caddis-fly {'i) and some

chironomid {'().

23. Specimen from Port Clinton (from Lake Erie), November 18,

1001. Shells, few small fragments; larva? of caddis-fly (?), heads and

other fragments; most of the mass of material appears to be made up

of the nearh' digested bodies of these larva?. White-fish egg^ one.

21:. Specimen from Port Clinton (from Lake Erie), November 18,

1901. White-fish Ggg, one; larva? of caddis-fly (?); entomostraca,

mostlv fragments; much of the material unrecognizable.

25. Specimen from Port Clinton (from Lake Erie), November 18,

1901. Shells, few fragments; algne, few; apparently also other vege-

table remains very finel}' divided; larvte or worms of some kind,

fragments; bulk of material unrecognizable.

26. Specimen from Port Clinton (from Lake Erie), November 19,

1901. Mostly fragments of CJiironomus (?) larva?.

27. Specimen from Port Clinton (from Lake Erie), November 19,

1901. Many remains of chironomid (?) larvea (same as No. 26), much
broken up; bulk of material unrecognizable.

28. Specimen from Port Clinton (from Lake Erie), November 19,

1901. Only small amount, about 2 c, c, in intestine; shell fragments;

filamentous alga?; entomostraca, fragments, largely ostracods; caddis-

fl}'- ( ?) larva?, nuich digested.

29. Specimen from North Bass Island (Lake Erie), November 27,

1901. Shells, 2 to 5 mm. in diameter, and shell fragments; ostracods,

numerous, fragments of entomostraca in general.

30. Specimen from North Bass Island (Lake Erie), November 27,

1901. Shell fragments; entomostraca, fragments; insect larva?, cad-

dis-fly (?), fragments.

31. Specimen from North Bass Island (Lake Erie), November 27,

1901. Shell fragments, nearl}'^ one-half of material; ostracods, few;

insect larva?, caddis-fly (?), fragments; white-fish o^gg^ one,

32. Specimen from North Bass Island (Lake Erie), November 27,

1901. Onl}' a small amount of fine material, composed mostly of

ostracods, Cladocera (?), and copepods, mostly fragments, some almost

entire.

33. Specimen ,^6'..4 on. long from Port Clinton (seined in Lake Erie),

August 31, 1902. Principal material appears to be seeds of some sedge;

aside from these the mass is largely fragments of plants and unrecog-

nizable debris.

As to whether the fish were wont to feed most at an\' particular
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time of day, 1 obtained no very .satisfactoiy data. Neither did I lind

any other conditions which .seemed regularl}^ to influence their feed-

ing. It is stated by some autliors—and I have some evidence to liear

them out—that car]) feed especially in the early morning- and late in

the afternoon. But I have frequentl}^ found them feeding at all other

times of da}^, even in the hot midday sun of summer. This much
seems to be true, however, that they are usual I3' n:iore qidet in the

middle of the day; one does not hear them splashing about so often.

In the late summer, the fishermen tell me, the carp in Lake Erie, at

least, feed mostly at night. As to the time of j^ear, Seeley (1886,

p. 97) says, "Like many other fishes, it feeds most frequently before

the spawning season." In Europe they are said not to eat at all during

the winter months, In this country I have reason to know that they

do, to some extent, at least.

BREEDING HABITS.

In Europe the carp is said to spawn principally in May and June,

though in some cases the process extends several weeks longer. As
well as I can ascertain, the same statement holds for the northern

United States. In our Southern States and California spawning is

apparently earlier, often beginning in April. In the waters contigu-

ous to Lake Erie the height of the spawning season seems to be in the

latter part of May and early June. On the St. Clair Flats I believe

it is usually a little later on account of the lower temperature of the

water, which comes directly dow^n from Lake Huron. This tempera-

ture dill'erence affects the time of spawning of the bass, dog-tish {Ainia),

and other shallow-water spawners as well, for I have found the eggs of

these fish at the Flats when the season for them was entirely past in

thq interior lakes and rivers of the state.

The age at which carp spawn also depends largelj^ upon the tempera-

ture. European authors state that they reach maturity in the waters

of temperate Europe when they are 3 years of age, and the same
probably holds true in general for the corresponding region in North
America, though apparently they sometimes spawn, at least in the lati-

tude of New Jersey, w hen they are only 2 years old (cf . statement of

John H. Brakeley, Bordentown, N. J., Smiley, 1886, p. 757). Judging
from other statements quoted in the same report, they commonly breed

at the age of 2 years in the South (where they do not hibernate in the

winter), and according to Mr. Poppe, of California (Poppe, 1880, p.

QQ-i), his tish spawned when they were only 9 months old. At the

time of first spawning the fish will usuall}^ weigh 3 or 4 pounds and
have a length of 15 to 18 inches.

At the spawning season, but before the fish have spawned, the

females can usuall}^ be readily distinguished by their distended condi-

tion. Though the ova themselves are rather small, the number is



574 KEPOET OF THE COMMISSIOlSrER OF FISHERIES.

veiy large, and the reproductive capacity of a carp increases greatly

for the next year or two after it begins to spawn. According to

Hessel (1881, p. 871) a female weighing 4 to 5 pounds will contain on

an average 400,000 to 500,000 ova. Day (18S0-1S84, p. IGl) quotes

other estimates, thus: A female of 9 pounds had 600,000 eggs (Bloch);

one of 161 pounds had 101,200, one of 25i pounds 203,109 (Harmer);

one of 21i pounds had 1,310,750, and one of 16^ pounds had 2,059,750

(Buckland).

In the case of a female mirror carp from Sanduskv Bay, which I

weighed at Port Clinton June 22, 1903, I found that the ova com-

prised more than a fourth of the total weight of the fish. The fish

before being opened weighed 17 pounds; after the removal of the ova

with as little loss of blood as possible, the weight was 12 pounds 6

ounces, leaving 4 pounds 10 ounces as the weight of the ova. This is

27 per cent of the entire weight of the fish and 37 per cent (over a

third) of the weight of the remainder of the fish after the ova had

been removed. **

This enormous fecundity is undoubtedly an adaptation to compen-

sate for the dangers of the exposed condition in which the eggs are

left after being laid, since they are merel}^ scattered about on the

vegetation in shallow water and are given no further care or attention

by either of the parent fish. It may also help to explain the remark-

able increase in numbers of the carp in our waters in a ver}' short

time, for if we suppose that the ordinary" enemies of the eggs were not

in the habit of searching for food in the kind of localit}' utilized bj^

the carp for spawning, or at least were not present in large numbers, it

is easj^ to see what an advantage this would give the carp, especiall}'

if the conditions were favorable to its growth in other respects.

Furthermore, it would not be at all surprising if, as has been known
to have happened in other cases, the increase in the quantity of food

furnished by the abundant supply of carp eggs would favor the cor-

responding increase of some other fish or other animal which finds the

eggs good eating. Or possibh^, even, some form which has previously

lived on other food ma}" adjust its habits to the new conditions, and

come to prey largely upon the spawn of the carp. It will rather be

surprising if something of the kind does not happen, for in their

struggle for sustenance nature's creatures are no respecters of person

nor property", and it would be an unusual thing for a rich sujDply of

food to be lying around long without some of them appropriating

it. When this does occur, the phenomenal increase of the carp will

undoubtedly be checked and the natural balance will again be approxi-

mated. One thing that militates against this in the case of the

"Diiy (1880-1884, p. 161) says that continued cold weather may prevent carp from spawning, so

that the process may last over several weeks or months, while some fish may retain the ova, thus

occasioning disease. Bean (1903, p. 169) mentions that confinement of gravid females in a small

tank may also cause them to retain the eggs, and he speaks of two fish that died from this cause.
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carp and greatl}" reduces the danger is the short time required for

the development of the eg'gs and the rapid growth of the young fish,

which quickly takes them bej'ond the stage where the}^ can be preyed

upon by any but the larger of their enemies.

The general manner of the breeding of the carp is well known, but,

so far as I am aware, the exact method has never been studied in all its

details. This I found an exceedingly difficult thing to do in the open

waters, where the opportunity to observe the proceeding is very

largel}" a matter of chance. It is not so hard to find places where the

fish are spawning, but the difiiculty comes in getting close enough at

the right time to sec what takes place, and to have the water clear

enoug^li to see into when once close. These conditions I have never

had the good fortune to have fulfilled, largel}^ because the greater part

of ni}^ work in the field has been after the spawning season of the carp

was past. It is stated by man}" writers that at the time of spawning

carp are so fearless, or at least so oblivious, that a person maj^ approach

verv close to them and that the}" may then be easily captured (Hessel,

1881, p. 872). But I have always found even the breeding fish very

shy. The place to make a careful study of the breeding habits would

undoubtedly be in a moderately small pond, where the fish are con-

fined to a limited area, and where they have become more or less accus-

tomed to the presence of people in the vicinity. In the following

description I shall rely for the most part upon my own observations,

amplifying them where I can with the observations of others.

As is the case with the feeding, I could not ascertain that the spawn-

ing of the carp is confined to any particular time of day, though it

apparently takes place more frequently in the morning hours. Hessel

remarks that it is more frequent in warm than in windy and rainy

w^eather, which agrees very well with my observations. At such times

groups of fish maybe seen swimming about at the surface, usually

close together in a compact mass. In the marshes along the Sandusky

Eiver, where the best of my observations Vvcre made, the fish were in

shallow water, one to two feet deep, and pretty well grown up with

aquatic grasses, sedges, and flags, but with numerous open places from

a few feet to a few rods in diameter, where the vegetation was not so

abundant. The bottom was fairly solid, being composed of the roots

of the plants and much dead grass. In these open places especially

the carp could be seen, usually swimming slowly about with their dor-

sal fins and often a portion of the back projecting above the water.

These also seemed to be the favorite places for depositing the spawn,

though much is also deposited about among the thicker growth.

The spawning carp would usually be seen in groups consisting of

one larger fish in the lead and a number of smaller ones following

closely behind, making sometimes a string of six or seven fish in line,

as is shown in the first figure on the next page. It is probable that
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the lai'ger fish ahead was a female and the others males, though 1 was
unable to capture any of them at the time in order to confirm my
opinion. This agrees, however, with the statement of Hessei (1881,

p. 872), who says:

Two or three or more of the male fish keep near the female; the latter swims more
swiftly on a warm, sunny morning, keeping mostly close to the surface, followed l)y

the males.

The Germans call this "streichen,-'' or running spawning. Other

winters agree in this matter, so I shall speak of the larger fish as the

Carp spawning. A female followed by a number of males.

female and the smaller ones as males, for convenience in description. As
thc3' go along, the males each appear to be crowding and pushing in to get

as near to the female as possible, those behind often seeming to nose

under and displace the ones ahead of them. This often gives the appear-

ance of more or less of a struggle, and is accompanied by consider-

able splashing. After a time they come to rest, and four or five line

up parallel to one another, as represented below, one or two males

being each side of the female.

The}^ remain quietly in this way
for a short time, perhaps one to

two or three minutes, when one

of them, presumably the female,

starts forward and the others

follow as before. While they

are quiet, some of the fish of the

group ma}" not form in line with

the others, but swim about in

the vicinity, falling into line

again as the procession moves
forward.

I was unable to tell at what
moment the actual spawning

took place, though I observed that at times one of the males would
work forward beside the female until the}' were swimming nearly side

by side, when he would turn somewhat on his side and bring his ventral

side close under the female. At such a time the body of the male

usual I}" shook with a sort of quick vibrating movement (though this

was not always observed to he the case), and it was then, too, that

the most violent splashing of the water occurred. It is pro])abl3" at

this time that the eggs are laid and fertilized. Here again my

Carp spawning. The fish at rest.
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observations seem to agree with those of Hessel (op. cit.), who
describes the process as follows:

They lash the water in a lively way, twisting the posterior i)ortioii of the l)ody

energetically, and shooting through the water near its surface with short, tremulous

movements of the fins. They do so in groups of two or three males to one female

fish, and forming an almost compact mass. This is the moment when the female

drops the eggs, which imsnediatcly are impregnated by the milter.

To this he adds:

As tliis process is repeated several times, the female drops probably only from 400

to 500 eggs at a time, in order to gain resting time, so that it will require days and

weeks before it has given up the last egg.

Among the earliest observations on the spawning habits of the carp

are undoubtedly those mentioned b}^ Walton (1901 ed., p. 116), which

are interesting on account of their curious mixture of more or less

accurate observations and quaint ideas. Walton sa3's:

I told you that Sir Francis Bacon tliinks that the Carp lives but ten years: but

Janus Dubravius has writ a book Offish and fish-ponds in which he says, that Carps

begin to spawn at the age of three years, and continue to <lo so till thirty: he says

also, that in the time of their breeding, which is in summer, when the sun hath

Avarmed both the earth and water, and so apted them also for generation, that then

three or four male Carps will follow a female; and that then, she putting on a seem-

ing coyness, they force her through weeds and flags, where she lets fall her eggs or

spawn, which sticks fast to the weeds; and then they let fall their melt iipon it, and

so it becomes in a short time to be a living fish: and, as I told you, it is thought that

the Carp does this several months in the year; and most believe, that most fish

breed after this manner, except the Eel. And it has been observed, that when the

spawner has weakened herself by doing that natural office, that two or three melters

have helped her from off the weeds, by bearing her up on both sides, and guarding

her into the deep. And you may note, that though this may seem a curiosity not

worth observing, yet others have judged it worth their time and costs to make glass

hives, and order them in such a manner as to see how bees have bred and made
theiy honeycombs, and how they have obeyed their king, and governed their com-

monwealth. But it is thought that all Carps are not bred by generation; but that

some breed other ways, as some Pikes do.

It may be of interest to give one other account v)f the spawning,

though it adds nothing in the way of accurate details. Nicklas (1886,

p. 548) quotes the following from Horak:

The female fish, or spawners, accompanied by the male fish, or milters, move rap-

idly along the edges of tlie pond, or near the calm surface of the water. The actual

process of spawning generally takes place during the early part of the forenoon. I

have taken careful observations of this process, and have invariably noticed that sev-

eral milters always accompanied one female fish, and deposit their spawn, for not all

females spawn, at the same time. Sometimes this accompanying degenerates into a

regular chase which lasts until the act of propagation has been consummated. At
the beginning of the spawning season the fish therefore gather in large shoals and

move so close together as actually to touch each other. During warm, calm weather

the spawning process is carried on at so lively a rate that the water is s»iuirted 50 to

85 cm. [20 to 34 inches] above the surface.

In another place Nicklas (op. cit., p. 523) says that in the artiticial

propagation of carp the spawning ponds "must contain some stones,

F. C. 1901—37
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and in some places aquatic plants, because the female fish like to rub

against stones for the purpose of ridding- themselves of the roe "—

a

statement that I know of no observations to support; it seems much
more probable that the eggs are extruded entirely by muscular action

while the fish are swimming about.

In pond culture the breeding ponds are usually stocked with male

and female iish in a definite proportion; the unit is technically called

a "spawning part3\" Usage differs as to the relative number of each

sex that is best for stocking a breeding pond, but it is customary to

put in a larger number of females than males. It is usually planned

that each "spawning party" shall consist of one "milter" and two

"spawners,"" or else two "milters" are provided for three "spawn-
ers," while for each three milters is added one 3-year-old male fish,

known as a "driver" or "enticer," which is "not used for spawning,

but simply to drive or entice the other fish to that process."

According to Hessel (1881, p. 872), the male carp at the breeding

season assumes a secondary sexual character which is common to many
members of the family at that time, namely, a various arrangement of

"protuberances, like warts," which are generally known as "pearl

organs." In the case of the carp these are said to occur on the skin

of the head and back. I do not remember ever to have seen them on

a carp myself, and have no mention of them in my notes. If they are

regularly present in these positions they undoubtedly function as Pro-

fessor Reighard has found they do in other Cyprinidge and some of the

Catostomidffi, in helping to hold the female at the time of spawning

—

observations which have not as yet been published in detail (abstract

Reighard, 1904). The method of the carp would seem to be much like

that of the sucker [CatostoTnus com/mersonii)^ where the two males lie

one on each side of the female, holding her firmly between them with

the help of the pearl organs along the sides and tail.

Hessel also states that sometime before the spawning season sets in

the pharyngeal teeth fall out and are renewed each year. On this

point I have no observations.

The eggs are not laid in bunches or masses, but are scattered about

in the water, and, being adhesive, they become attached to the roots

and stems of grass and other aquatic vegetation, or to whatever objects

chance to cover the bottom where the}^ are deposited. The fate of

the egg probably depends to a large extent upon where it chances to

become attached, for should it fall into the mud there would be little

chance for its further development. The eggs develop rapidly, but the

time required for hatching depends very directl}' upon the temperature

of the water. In temperate regions, under favorable conditions, they are

said to hat(;h in about twelve days, though if the weather be so cold

as to lower the temperature of the water it may take them sixteen or

twenty days to reach their full development. In the warmer waters of
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our Southern States the development is more rapid; in a pond in Geor-

gia, when the temperature of the water was 69'- , the eggs are reported

to have hatched in live to six days, while the following year, with the

water still warmer, the whole time consumed for development was but

forty-eight to seventy-two hours (statement of H, H. Carey, M. D,,

Smiley, 1886, p. 687). The young fish also grow very rapidly and in

the latitude of Lake Erie reach a length of 4 to 6 inches the first fall.

DISEASES, PARASITES, AND ENEMIES OF THE CARP.

The most remarkable fact in this connection seems to be that,

although deformed and misshapen individuals are by no means rare,

carp in the Great Lakes region appear to be \'ery strong and hardy

and almost free from diseases, whether such as are due to parasites

or to other causes. This fact impressed me especially while I was

working with them in the fish houses on Lake Erie, where I had a

good opportunity to compare them with large numbers of other lake

fishes. One finds intestinal parasites in almost any of the other species

in great abundance, but in large numbers of carp examined I have

found parasites in the alimentar}^ tract in onlj^ one case. This was a

rather large fish, which had some 16 round worms, nearly chrome
yellow in color and 2 to 2.5 cm. (four-fifths inch to 1 inch) long, hang-

ing- to the walls of the intestine. Their spiny probosces were buried

in the intestinal wall in true acanthocephalous fashion, and it required

a considerable pull to detach them. These specimens were referred

to Mr. H. W. Graybill, who studied the parasites of many of the

Lake Erie fishes in 1901. Mr. Graybill reports that these are a form
closely related to EcTiinorhynchtis proteus^ though he thinks they are

possibly specifically distinct from that type. He further states that

in 1901 he found in a carp a single dwarf specimen of the same worm.
Excrescences of the integument, probably caused by sporozoa, are

not infrequent on the wall-eyed pike {Stlzostedion)^ and were occa-

sionalh'^ found on other species, but I did not observe them at all on

carp.

In one case I found a leech attached to the base of one of the pec-

toral fins of a carp, but unfortunately the specimen was lost before it

could be preserved, so that I have been unable to have it identified.

The only Lake Erie fishes on which 1 observed leeches at all commonly
were the lake lawyer {Lota ')naeulosa) and some of the cat-fishes (espe-

cially IctaluTus).

There can be no doubt that the lampreys must also be considered

among the external parasites of the carp, though I have never myself

seen one attached to a carp. The fishermen told me that " lamper eels"

were " common " up the Portage River, and I often found them among
the fish brouo-ht to the wholesale house from both the river and the
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lake. This was the so-called silvery lamprey, Ichthyomyson eoncolor.^

1 inquired of the fishermen if they had ever seen the lamper eels

attached to tish, and they said, " yes;" to the inquiry as to the kind of

fish the reply was, "carp," On the 10th of August, 1902, I was

assisting in making a seine haul of carp in the Sandusky River when
one of the fishermen noticed a lamper " about 5 inches long " attached

to one of the fish; it became detached, however, and escaped through

the net before I could get to the place to see it for myself. Prof. S. H.

Gage tells me that in his aquaria at Cornell University the young of

the Caj^iga Lake lamprey {Petrotnyzon marmus unicoJor) have become

attached to carp as soon as they wei'e transformed from the larval stage

and had left the sand. As carp are abundant in Cayuga Lake, as well

as most of the other lakes in which this lamprey occurs, it seems very

probable that during its free-swinmiing life the latter may be one of

the important enemies of the carp, as it has been found to be of many
other fish (Surface, 1898). In fact. Surface (p. 212) includes carp

among those fish he has found dead with the marks of the lamprey on

them.

Finall}^ under unfavorable conditions carp, like other fish, are sus-

ceptible to the attacks of fungus growths. So long as the water is

pure there seems to be little danger of this, for I have seen carp that

had been penned for long times whose heads were much bruised and

abraded, but which were free from fungus. On the other hand, some

young fish which I attempted to keep in an aquarium at Ami Arbor

were soon attacked by a Saprolegnia^ and I was unable to keep

them alive for more than a few weeks on that account. The usual

treatment with potassium permanganate and b}^ immersing the fish

for a short time in strong brine afforded only temporary relief.

Smiley (1886, p. 754) gives the following with regard to carp attacked

b}^ fungus:

Statement of B. E. B. Kennedy, Omaha, Douglas County, Nebr., April 14, 1883.

Fungus.—On visiting our fisheries yesterday I find that many of the young carp

are affected with a kind of parasite or fungus, which proves fatal. With some it

appears on the back, some will have a strip nearly around the body, and some about

the fins and tail. This fungus is easily removed, and the skin or flesh under it has

the appearance as if the spot had been blistered. Several hundred have already

died, and many more are similarly situated, and, unless there is some remedy
administered, all will be likely to die. We have separated the affected ones from

the others, hoping to stay the spread of the disease, if it is one. Those that show no

fungus appear all right and take food readily.

Note by Professor Baird on fungus.—When the carp are taken from their

winter quarters for our spring shipments there seems to be a general tendency to the

development of the fungus. It is probably due to the abrasions produced in handling,

a In color these specimens agreed more closely with the description of Ichthyomyzon castaneus

Girard.
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the devtilopment of fungus taking place in consequence of the emaciated condition

of the fish after wintering. We do not find this diseased condition in the fisli taken

out of the ponds for the fall and winter shipments.

I am at a loss what remedy to suggest. It is possible that you may be able to

destroy it b}- immersing the fish for a few seconds in a brine, of course allowing them
to remain but a short time, and repeating the bath several times at intervals sutti-

cient to allow the fish to recuperate from the shock of the operation.

According to European writers the carp in Europe apparently does

not enjoy the wonderful immunity from parasites and from diseases

that it does in our waters. A few quotations will suffice to make this

clear. Seeley (1886, p. 98) says that in nature the carp lives 12 to 14

years, but survives much longer in confinement, though "subject to

many sicknesses, deformities, and wonderful v^ariations." Veckenstedt

(1880, p. 673) remarks that diseases occur mostly to young carp;

"polypes render the lish unfit for its full development; tape-worms

constrict its intestines, make it lean, and finall}' kill it; lice torment it,

and produce dropsy." And on this subject Day (1880-1884, p. 162)

writes:

[It] is subject externally to fungoid growths, especially old carp; also the same
mosslike appearance occasionally attack young fish which reside in foul or snow
water, as well as blindness, epidemic fevers, visceral obstructions due to over-gorging

on chickweed, ulcerations of the liver, malignant pustules under the scales termed
small-pox by fishermen, carbuncles, and intestinal worms.

This difference on the two continents is probably in large part due
to the fact that the carp described by the European writers were
mostly fish whose ancestors for generations back were pond-raised

lish, and which, owing to their long domestication, were more sus-

ceptible to the attacks of parasites and disease. These authors do not

state what is the condition in the fish of the open waters of Europe in

comparison with those reared in ponds, except Seeley's statement that

carp kept in confinement are more subject to "sicknesses, deformities,

and wonderful variations." Neither do we know the condition in this

respect of those fish imported to the United States; hence it is difficult

to say whether the apparently almost complete immunity of the Lake
Erie carp is due to the fact that the fish originally brought to this

country were practically free from parasites, so that few have been

handed on to their descendants, whether it is due simpl}' to the free,

active life of the fish, or whether there is something peculiarly favor-

able to the fish in the conditions of our waters. The last seems to me
likel}" to be the most important factor—that the conditions which have

allowed such a phenomenal increase in the numbers of the fish have

produced a hardy strain which is more than ordinarily resistant to the

diseases that normally attack the species.

Professor Prince, commissioner of fisheries in Canada, makes special

point against the carp on the ground of its susceptibility to diseases

and parasites, and in a paper in which he strongly urges Canadians
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not to undertake its culture he has the following to say on this subject

(Prince, 1897, p. 35):

German carp are especially subject to parasites and contagious diseases. From
their omnivorous and lethargic habits no fisli are so readily attacked by diseases and

parasites as carp. The "fish leprosy," described by Blake as a fungoid growth

which spreads over the whole skin, turning the fish white and rendering it most

unhealthy and a source of disease to all other fish, is essentially a disease of the

German carp. Frank Buckland studied some of the. diseases of these fish, and

among others enumerated one malady which he called small-pox in the carp.«

Tapeworms and other disgusting endo-parasites occur most plentifully in carp.

One described by Harrington Keene taken from a carp of 16 pounds weight meas-

ured no less than 45 feet in length. Of all fresh water fishes the German carp are

the most subject to external and internal diseases. This is, in fact, unavoidable in

a family like the carps, with sluggish habits, a fondness for coarse and loathsome

food, and a preference for muddy and almost tepid waters.

If tiny of the above is from Professor Prince's own observations 1

feel quite certain that he can not, at all events, have made them in

this country. And if the German carp in Europe has been found to

be subject to a number of diseases and parasites, it must be remem-

bered that this is a subject upon which comparatively little is known
in general, and that the carp, being a cultivated fish, has afforded

opportunity for close study which most others have not. Certain it

is that some of the fungus diseases to which he applies such awful

names will attack almost any fish or other water animal under condi-

tions unfavorable to the latter, and especially if there happen to be

any abrasions of the integument. The carp's hardiness in this respect

is one of its chief characters, allowing of its cultivation in ponds and

small enclosures, conditions under which many of our native fish

would succumb to fungus and other diseases in a short time. Then,

too, contagious diseases, strictl}^ speaking, are, according to present

knowledge, extremely rare among fish, and I am not aware that any

has yet been found which attacks the carp. The whole tone of Pro-

fessor Prince's paper leads us to suspect that if he were studying a

fish malady he would call it by some such name as smallpox in carp,

whatever title he might use to designate it in other species.

It remains now to consider certain enemies which menace the fish,

especially those which may attack them while the}^ are in the ponds.

These are in reality very few in such ponds as are in use in this coun-

tiy, since the impounded fish are all adults, and the adult carp has

comparatively few serious natural enemies. With the young fish it is

different, and the regular carp culturist has, of course, to deal with all

these factors. The eggs are exposed to a great number of dangers, and

especially are they open to the attacks of minnows and other small

a The disease here referred to is apparently due to one of the Myxosporidia called by Hofer (1896,

1896a, 18966) ilyxobolus cyprini. This appears to be not uncommon in European carp ponds, but I am
not aware of its ever having been reported on the carp in this country. I have not had opportunity

to examine the recent handbook of fish diseases by Hofer (1904).
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lish. It is a common statement, too, in books on the subject, that

fro^s are A'eiy destructive to the spawn and even to the young fish.'*

Walton (1901 ed., p. 115) even beheves that frogs sometimes attack

the adult carp, and after speaking of the mysterious disappearance of

carp from ponds, relates the following curious story in defense of his

belief:^

And the like I have known of one that had ahnost watched the pond, and, at a

like distance of time, at the fishing of a pond, found, of seventy or eighty large Carps,

not above five or six; and that he had forborne longer to fish the said pond, but that

he saw, in a hot day in summer, a large Carp swim near the top of the water with a

frog upon his head; and that he, upon that occasion, caused his pond to be let dry:

and I say, of seventy or eighty Carps, only found five or six in the said pond, and

those very sick and lean, and with every one a frog sticking so fast on the head of the

said Carps, that the frog would not be got off without extreme force or killing. And
the gentleman that did affirm this to me, told me he saw it; and did declare his

belief to be, and I also believe the same, that he thought the other Carps, that were

so strangely lost, were also killed by the frogs, and then devoured.

And a person of honour, now living in Worcestershire, *-' assured me he had seen a

necklace, or collar of tadpoles, hang like a chain or necklace of beads about a Pike's

neck, and to kill him: Whether it M'ere for meat or malice, must be, to me, a question.*^

Among the other enemies to the young may be mentioned all the

larger carnivorous fishes, turtles, water snakes, certain aquatic birds,

especially the herons, and a- few of the fish -eating mammals. Of the

mammals, the only one that has to be especially guarded against in

the ponds of this region is the muskrat, and that not because of any

harm it does directly to the fish, but from the fact that it burrows

through the embankments, causing leaks which may seriously lower

the water level before discovered, and weaken the embankments

themselves. Undoubtedly there must also be included among the

enemies to the fish certain waterbugs, such as Belostoma (commonly

known as the " electric-light bug'') and Ranatra. An account of the

ravages of these insects is given by Dimmock (1887), who quotes (page

69) the following letter, dated December 16, 1886, from Mr. E. A.

Brackett, of Winchester, Mass. chairman of the Commission of Inland

Fisheries of Massachusetts:

In October last, while drawing off the carp-pond, the water became very roily,

and I noticed several young carp moving on the surface, sidewise, evidently pro-

a Miss Mary C. Dickerson, of the Rhode Island Normal School, who has had much experience in

keeping and observing our native frogs, has kindly sent me the following opinion as to the extent to

which the North American species of frogs might prove injurious to fish ponds:

" Frogs would prove a menace to flsh ponds, i. e., if in large numbers and if they were the aquatic

frogs. We have only one in the East that would do any damage, that is R. catesbiana, our common
bullfrog, although there is one other, R. clamata, that will feed on fish to some extent if there is not

a lar,u:e supply of air and surface-water insects. In the West R. pretiosa is wholly aquatic, 1. e., it

takes its food from under water. All of our other frogs (some 9 kinds) would be quite harmless.

They spend very little of their time in the water and do not take food from below the surface. My
conclusions are from several years of laboratory feeding experiments."

&In a paper which has appeared while the present report was in press Gill (1905, pp.208, 209) quotes

from other observations, Avhich lend further credence to the belief that frogs, and toads as well,

under the influence of sexual excitement, may attach themselves to fish in the manner described.

<• " Mr. Fr. Ru." [Walton's original footnote.]

dDay (1880-1884, p. 102) quotes another and similar case from Pennant.
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pelled by some external force. With a dip-not I took the^e young fish out, and

found that in every case they were firndy held by a water-bug. The fish were dea<l,

and the bugs apparently had been feeding on them. I had no means of determining

how many of these bugs were in the pond.

Dimmock gives several references to literature on the same subject,

and in the report of the United States Fish Conmiission for 1894

(1-^lH), page .36) it is stated that carp in the ponds at Washington suf-

fered from attacks of Notoneeta and Nepa. As has been said, how-

ever, there is little to be feared from natural enemies in the temporary

ponds and pens as they are conducted in this country, the greater

dangers arising from imj^urity of water and other physical conditions.

ECONOMIC RELATIONS OF THE CARP.

Under this heading it is proposed to consider the relation of carp to

aquatic vegetation, and to other lish and their spawn, as well as the

secondary questions arising from these. The discussion is, for the

most part, an examination of the numerous charges that have been

made against the fish as to the damage it does, and in this respect is

distinct from the succeeding chapter, which discusses the uses to

which carp are and may be put. In Europe the mass of the literature

on carp relates to its culture, but in this country it is safe to sa}^ that

more has been written on the present subject than on all the others

together. It has occupied our newspapers, our periodicals, and our

scientific proceedings. Although so much has been written and said,

however, this is nevertheless the subject on which perhaps the least is

definitely known; the latter fact is probabh^ an explanation of the for-

mer. Many extravagant statements have been made on the one hand

as to the value of the carp, while on the other the English language

has been searched to find words strong enough for its condemnation.

This state of affairs has, I believe, a very simple explanation. When
the fish was introduced, the impression became prevalent that if one

obtained a few^ carp, dumped them into any hole containing a little

water which he chanced to have or could construct on his land, with-

out further care he would alwaj's have a bountiful supply of excellent

fresh fish. As recently expressed at a meeting of the American Fish-

eries Societ}'^, "almost every farmer had a carp pond in his front yard,

back yard, or barnyard, or somewhere." These expectations were far

in excess of what was ever claimed for the carp by its introducers,

and it is little wonder that the people were disappointed. As it w^as

seen that the ponds did not yield the phenomenal results expected, and

as the novelty wore off, they were left neglected and uncared for, so

that within a short time, through the agency of freshets and the under-

mining of embankments, the fish had gone to help stock the public

waters in all parts of the country. For a time after this, comparatively

little was heard of them, except that in local lists of fishes they grad-
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iially began to be inckided as becoming conimon. But in many local-

ities in recent years there has been an alarming decrease in the number
of waterfowl, game fishes, and in many cases commercial fishes as

well, and gradually the ))lame for much of this has been shifted upon
the carp, which in the meantime has become the most abundant fish in

some localities. Whether the blame was rightfully placed or not,

remains to be seen. The game and food fishes seemed to be decreas-

ing, the carp were undoubtedly increasing, and to many minds the

inference was plain. It is a curious fact that those who are most con-

cerned in the decrease of the fish and game are often the last to see

that thay themselves might in a measure be the cause. They are look-

ing elsewhere for the explanation, and when a possible factor presents

itself it is at once seized upon and made to bear the brunt of the whole
charge. This is the point that I wish to emphasize here—that most
of the statements that have been made as to the damage done by carp

have been based upon very insufficient evidence; if founded upon
direct observations at all, they were observations that, if not inaccu-

rate, were at least inadequate. At best the evidence has been circum-

stantial, while on the other hand the defense has been either simply

negative, or in places the attempt has been made to vindicate the carp

on the grounds of its usefulness.

The denunciations of the carp have been so numerous, and in many
respects so similar, that only a few quotations need be given to show
their tenor. The specific charges based on direct evidence, so far as

I have been able to find them, will be dealt with in more detail. What
I shall attempt to do is to sift the evidence in as careful and impartial

a manner as possible, adding to it what 1 have myself been able to

learn in the prosecution of ray studies on the subject. The best

recommendation I can bring forward for myself as a juror in the case

is that I approached the subject with little knowledge of the particular

question, and, consequently, "unprejudiced and without previously

formed opinions.''

It should be borne in mind that direct observations bearing on the

various phases of the question as to the damage done by a fish like the

carp are very difficult to make, and are in most cases largely matters

of chance, while at the least they require a great amount of time. Take
for example the relation of the carp to the black bass. The question

is often asked, " Will a carp drive a black bass from its nest and

devour the spawn?" If a person by chance happens to see the thing-

done, and is certain that he has interpreted his observations aright,

there is the proof of the matter, and so it is settled. On the other

hand, one might watch a bass nest for a long period—say, many hours

each day—and never see a carp come near it, but one would still have
no proof that it might not do so—his evidence would be only negative.

To be sure, the longer the observation was continued the greater would
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be the probabilities in favor of the harmlessness of the carp; but it

seems to rae that in most of these charges of destructiveness the burden

of proof must rest witli those that make the charges. If, however, in

the case supposed above, the watcher should see a carp come near and

be driven away by the bass, this would be good direct evidence in the

carp's favor. All this serves to emphasize the importance of taking

advantage of whatever opportunity chance may offer to throw light on

these questions.

The principal charges that have been preferred against the carp have

been enumerated in a preliminary statement of the present investiga-

tion (U. S. Fish Commission Report, 1903, p, 129) as follows:

( 1 ) That the carjj thrashes about and stirs up the inud, so that the breeding grounds

of other fish are spoiled
; (2) that the cai'p roots up the vegetation, destroying the

wild rice, etc., and thus ruining good duck-shooting grounds; (3) that the carp eats

the spawn of other fish; (4) that the carp eats the young of other fish; (5) that the

carp is of no value as a food fish; (6) that the carp is of no value as a game fish.

To the first of the above might be added the charge that in stirring

up the mud of supply reservoirs of water that is used for drinking

purposes the water is made unfit for use. The first four of the charges

will be considered here, the fifth and sixth will be discussed in connec-

tion with the food value and uses of the carp.

RELATION OF THE CARP TO VEGETATION.

The principal complaint against the carp on account of its destruc-

tiveness to aquatic vegetation comes from sportsmen, especially the

duck hunters. They are almost unanimous in their condemnation of

the carp on this account, but conversation with a number of them soon

makes it apparent that while some are speaking from personal experi-

ence, and the opinions given are their own, many are merely repeat-

ing statements which they have heard, and which have become so

stereotyped that they are easil}^ recognizable to one who is investiga-

ting the subject. It so happens that the St. Clair Flats, and more espe-

cially the marshes bordering Lake Erie, are among the most famous

duck-shooting localities in the Middle West, so that in this connection

I shall confine myself for the most part to inquiries made there.

The most definite information I obtained as to the changes that have

taken place in the aquatic vegetation in the last decade or so was near

the mouth of the Sandusky River, where it opens into the bay of the

same name. Mr. Fitzgerald, the keeper at the Winnows Point Club,

who has lived in the region all his life, not only told me of the changes

in the conditions as he could remember them, but allowed me to exam-
ine the records of the club in^further substantiation of his observations.

It appears that the first carp were brought to that immediate vicinity

in 1883 b}^ D. W. Cross and Colonel Scovill, of Cleveland. A small

pond was prepared near the clubhouse and, according to the records,
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on Ma}^ 20 was awaiting the arrival of the iish. These prol)ably came

soon after and were i)ut into the pond on or before the morning of the

21st, for on that day there was a severe storm, the pond was flooded

and finally broke ont at 2 p. m., and all the fish escaped. The lot con-

sisted of 20 leather and 20 scale carp. Later a large lot of young carp

were sent to the club and were liberated in the marshes by Mr. Fitz-

gerald's father, and still more were planted by a tug which went up

the river, putting in carp at various places along the route. To-day

these fish are extremely abundant in this locality, and have been so for

a number of ^^ears.

According to Mr. Fitzgerald's statement, coincident with the increase

in the carp there has been a great decrease in the amount of wild celery

(
ValUsneria spiralis) growing in the shallower waters. He says that

formerly, in late summer, the strip of comparatively shallow water

extending some quarter to one-half mile from the clubhouse to the

main channel of the river was thickly grown up with this plant. Its

leaves were so abundant, floating on the surface of the water, that it

looked almost like a solid bank, and it was onl}^ with great difficulty

that a boat could be paddled through it. To-day this stretch is open

water; only here and there do a few lil^^ pads come to the surface.

Much the same thing had been told me the previous summer by a carp

fisherman, who for many years has acted as guide for hunters in the

region. He affirms that the marsh has changed greatl}^ in the last few

years, and believes it is due to the carp. • He says the carp root up

principally the wild celery ( ValUsneria)^ wild rice (Zisania) and deer-

tongue (probably meaning both Sag ittaria and Pon.tedericL)\ and that

the " canvasback celery "
( ValUsneria) has been largely cleared out.

At the same time the duck shooting is said to have been rapidly on

the ' decline. The canvasbacks {Aythya vaUisneria) and redheads

{AytJiya americana) especially have been growing scarcer and scarcer.

The records of the Winnows Point Club, mentioned above, show a very

marked falling off in the number of canvasbacks killed in about 1893,

and conspicuously so in the numbers of both species in 1898-99. This

is ascribed to the " absence of food." Since 1899-1900 not more than

three or four canvasbacks have been killed by the members of the club

each year. It is the custom now to sow wild-rice seed in the vicinity,

but I do not know whether this has yet proved to be beneficial.

In order to learn something of the conditions and the sentiment of

the sportsmen in the western part of Michigan, where there are many
famous duck marshes, I sent a circular letter to the postmasters at

Muskegon, Grand Haven, Holland, Saugatuck, and South Haven, and

in each case received a reply either from the postmaster himself or

from some one to whom the letter had been referred by him. The
verdict from Saugatuck, on the Kalamazoo River, accorded very closelj^

with that from Lake Erie. Mr. Charles E. Bird wrote that they have
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no wild celery, but do have much wild rice. Since the carp have been

planted, however, this has been largely rooted out; "they dig it up
like a drove of hogs, and have about spoiled the marshes for ducks."

Mr. C. J. Dregman, of Holland, writes that carp are abundant in

the lake (Black) and river there, and adds:

As to their destructiveness to wild celery or otherwise I have no reliable informa-

tion to give you. There is comparatively little wild celery here, and that which

does grow here seems not to be affected from year to year. Common report has it,

however, that carp are destructive to fish eggs and nests.

Mr. George C. Monroe, of South Haven, does "not believe they

cause any damage to plants along the river bank.'' At Muskegon,

according to Mr. E. D. Magoon, "the marsh is full of channels and

bayous, and these abound with carp." Wild celery, rice, and other

duck food are found here, but he expresses no opinion as to the effect

of the carp on these.

Considerable valuable testimony on the question under discussion is

given b}" Doctor Smith in his report on the acclimatization of tish in

the Pacific States (Smith, 1896, pp. 393-403). Several cases are men-

tioned where carp are reported as destroying the vegetation, most

notable among which are observations made at what are known as the

"Suisun Marshes." Doctor Smith (p. 397) quotes a letter from Mr.

Ramon E. Wilson, secretary of the California Fish Commission, dated

November 1:2, 1891, which states that certain portions of the marshes

referred to above have been preserved \)y five shooting clubs for a

period of ten years previousl}'. The letter continues:

Each of these clubs has, from year to year, supplemented the natural and indigenous

growth of vegetation by planting non-indigenous seeds and grasses, until about two

years ago the ponds, ditches, and sloughs had so grown up with vegetable matter

that upon the opening of the season it was almost impossible to push a boat through

the dense growth. Last year, the season of 1890, it was discovered that a marked
change had taken place. The cause was attributed to the winter, which was a rather

severe one, in that there were many overflows and freshets occasioned by heavy

storms. This year the change in the resj^ect mentioned was much greater. It was

early reported in the spring that there was very little sign of vegetable growth in any

of the ponds. Investigation followed, and it Avas found that fish in large numbers,

ranging from a few inches in length to 15 pounds in weight, had invaded the grounds

and taken entire possession of all the waters. These fish came, say, in May and

remained until about the latter part of July—that is, the bulk, but many remained later.

We are convinced that these great numbers came to spawn. About August this great

school, if you can so call it, suddenly disappeared—that is, the larger ones and the

majority of the whole. Their going was not unlike the grasshopper in effect on vege-

tation—not a sign or remnant was left. The result is that to-day, where these same
ponds have heretofore afforded unlimited food supply for surface-feeding ducks in the

early part of the season and a like supply of celery bulbs for the canvasbacks and
redheads for the balance of the season, there is absolutely not a single sign of vegeta-

tion. At the time mentioned I carefully examined the beds of the ponds and found

them positively barren of vegetable matter. Notwithstanding the emigration, if it can

be so called, of the larger fi^h, the waters are still alive with the same fish, ranging

from 2 to 8 inches in length. These ponds, heretofore quite clear, are now nothing
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more than luudholes. That this fish burrows in the mud there is no question. The
beds of the waters are not unhke a sieve in appearance, with holes, round in form,

ranging from one-half inch to 3 inches in diameter. The banks of the ponds and

Bloughs are quite like the bottoms. The fish have burrowed to the depth of a foot in

many places, and it can be readily seen that it has been done for the purpose of get-

ting at the roots of the vegetable growth.

That the fish which caused these disturbances were carp Mr. Wilson
determined by sending specimens to Dr. David S. Jordan.

The testimony of Mr. John P. Babcock, at that time chief deputy

of the California Fish Commission, is very similar. He is quoted

as follows (Smith, 1896, p. 399):

The 9arp have destroyed almost all the wild celery of the lower Sacramento and
Suisun Marshes. They reach all the ponds during high water, and, as soon as celery

comes up, they eat the shoots, and, in many of the best ponds on the shooting pre-

serves, have taken roots and all of the celery. They have not destroyed the tule

grass to any noticeable extent, if at all. The damage has been to the better grasses.

Many of the clubs planted wild celery in 1891, 1892, and 1893, but the carp destroyed

it all, and it is claimed by observing men that the celery is entirely destroyed. The
clubs resort every season to baiting their ponds with grain, and in these ponds the

carp move in droves that W. P. Whittier tells me look like a tidal wave, as they move
from one side to the other.

The most extravagant charge as to the damage done to vegetation by
carp which I have seen is given by Prof. E. E. Prince, commissioner

of fisheries for Canada, in a paper discussing "The Place of Carp in

Fish-culture" (Prince, 1897). He says (p. 33):

In connection with this charge, a western United States paper tells of a rancher's

visit to Portland, Oreg., to sue for damages he had sustained from the introduction

of carp. He wished to find out whether he had recourse against the United States

Fish Commission for the introduction of carp into the rivers of this section. He says

these fish are destroying his meadows by eating his grass and grubbing up the roots.

As the water overflows his meadow the carp follow it up in thousands, the small

one^ weighing about 3 pounds pushing their way up where the water is only 3 inches

or so in depth and clearing off all vegetation, so that when the water recedes he will

have mud flats in the place of meadows.

This statement appears the more credible, however, in view of some
remarifs made b}" Doctor Hutchinson, stationed at Portland, Oreg., in

a letter discussing the value of the carp as an eradicator of the fluke

disease of sheep. Doctor Hutchinson says (Stiles, 1902, p. 221):

All the bottom lands of this river [the Columbia] are subject to annual overflow,

and at this time the carp clean the meadows as thoroughly as a fire. Every spear

of grass, up to the very water's edge, will be eaten by them. They also have a

habit of rooting all around the edge of this overflow as it gradually recedes.

Mr. Hessel, in reply to the letter from Mr. Wilson regarding the

damage caused by carp in the Suisun Marshes (Smith, 1896, p. 400),

states it as his opinion that the carp are in search of worms, Crustacea,

larvte, etc., when they dig about the roots of the plants, and that the

uprooting of the plants themselves is merely incidental. According
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to him the aquatic vegetation in the Potomac River has not been

damaged bj^ carp, although these fish are abundant there. He says:

The carp is very numerous and prolific in the Potomac River. There are speci-

mens from 20 to 30 pounds, but that they go for the water celery has not been noticed

here as yet. Water celery grows in abundance in places where the river flows

slowly, especially about the so-called fiats, but any injury to its growth, or a reduc-

tion of its density, not to speak of its total destruction, has not been heard of, as far

as I know, with two exceptions only, hot attributable, however, to the carp, but to

high water in the spring of 1882 and 1889, when every kind of vegetation was swept

away by the floods, and consequently water celery disapj^eared from the river dur-

ing the two years subsequent to those freshets.

I must not forget to call your attention to the fact that turtles, too, are not averse to

a meal of water celery. Frequently! have seen "red-bellies" and "yellow bellies"

feasting in the dense growth of Potomac celerj'^ upon that plant. Another point: For

years I have kept quite a number of these species of turtles for ornamental purposes in

a small pond about this station and fed them with water celery taken fresh from two

ponds stocked with a great number of old and young carp, which never touched the

celery, though it must be admitted they did loosen the roots in their hunt for animal

food.

In conclusion, I reiterate that I am not familiar with the fauna of the Suisun

Marches, but my impression is that, upon closer investigation, there may perhaps be

found additional causes for the disappearance of the water celery and other vegeta-

tion therein, besides the undeservedly much-abused carp.

Even if Mr. Hessel's contention that the uprooting of the plants is

a secondary result as the carp is searching about in the mud for animal

food should be found to be true, the nature of the damage done would

be the same. It seems, however, from the facts brought forward in

the discussion of the food of the carp, that we should not be too hasty

in concluding that it is altogether for animal matter that they dig up
these plants; knowing as we do that they eat a large quantity of vege-

table matter, it seems likely that they would take it whenever there is

opportunity, so that in the case of the wild celery they probably eat

the softer parts of the plant as well as the Crustacea, insect larvai, etc.,

dug up in the mud.

The fact that the wild celery in the Potomac was not being destroyed

is a matter of more weight, but if the damage in other places is really

perpetrated by the carp it merely goes to show that under certain con-

ditions the fish does not harm the vegetation to a marked extent, while

in other cases it does. This perhaps depends upon the relative abun-

dance of other food. Furthermore, as Mr. Hessel suggests, there

should be further investigation as to whether the carp is the sole factor

in causing the rapid disappearance of these water plants. It must be

remembered that we know very little of the obscure ecological forces

at work which may cause great changes in the aquatic flora of a region.

Since these reports come from such widely separated areas, however,

the factor which is causing the destruction must be a very general one.

If the damage were confined to the Great Lakes basin, for instance, it

might be expected that some general phenomenon, such as a gradual
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lowering of the water level in the basin, might be the cause, though

it is difficult to see how that particular factor, even if it could be

proved to exist, would effect the vegetation as has been observed. It

would be expected as the result of such a lowering that the different

floral zones would not in most cases be destroyed, but would merely

reestablish themselves a little farther out from the original shores.

Since a similar decrease is being complained of in many parts of the

country, however, and within comparatively only very recent years,

we would expect to find the same cause in all cases, and would look

for some new factor coincident with the trouble. The planting and

astounding acclimatization and propagation of carp seems to have

introduced such a factor.

Then, too, there must be examined the more direct evidence against

the carp. Vegetation has been rooted out of comparatively small

ponds and reservoirs, where close observations could be made, and

where apparently the only change in conditions that could account for

it is the introduction of carp. And, finally, we know that these fish

do root up many plants. In a pond where the carp were feeding in

large numbers I have seen the surface of the water quite well cov-

ered in places with the uprooted vegetation, among which were to be

seen whole plants of flags torn out bodih'. In other places, when the

Vallisneria was still young and did not reach nearly to the surface, I

have observed the leaves floating about, recently torn from the bottom.

Although it could not be determined with certainty in this case, it is

very probable that carp were responsible. The roiliness of the water

at the place served to strengthen the suspicion.

One can not be too careful, however, in drawing conclusions of

this kind, since there are many opportunities to make mistakes. A
concrete example may serve to illustrate the point. I was wading

about in a little bay at the St. Clair Flats, where carp were abundant,

and noticed many freshh^ torn up leaves of flags floating on the sur-

face. It looked very much at first as if this were the work of the carp,

but I later saw the agency at work—a muskrat, which dived to the

bottom, cut off' a leaf and brought it to the surface, floated there while

he ate the succulent lower end, and then left it, to go down after

another. These leaves were bitten off singly, however, while the flags

mentioned above as uprooted by carp were torn up roots and all, prob-

ably not so much on account of direct pulling as by having the mud
worked awa}^ from around the roots. ^ The male dog-fish {Amia calva)

a Unfortunately it was found inexpedient to make an experimental test of the effect of carp upon

aquatic vegetation. This could be done by having two similar ponds or enclosures in which con-

ditions are as nearly the same as possible. Into one of these should be introduced a certain number
of carp, while the other should be left without them. If this were done in the spring, for example,

an exact comparison could be juade of the conditions in the two areas as the season advanced. The
greate.st caution should be taken in seeing that all conditions, except the presence of the carp, should

be tlie same in the two enclosures.
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also cuts off the young- shoots when building its nest, and at such

times these may be found floating on the surface of the water.

In conclusion, as to the relation of carp to aquatic vegetation, the

evidence seems to be pretty strong that in general they are very

destructive, and are probably, in large part at least, responsible for

the great reduction of wild celery and wild rice that has been noted in

many of our inland marshes in the last few years. This, in turn, has

deprived certain ducks, especially the canvasback and redhead, of an

important food supply, and has undoubtedly influenced their abun-

dance to some extent in the localities in question. Whether the great

reduction in their actual numbers can be laid to this cause is a very

different question; and when we observe that the same complaint is

being made of nearly all game birds and mammals not rigorously pro-

tected l)y law, it makes us look for an influence at work more general

than the introduction of carp into our waters. Such an influence is to

be found in the hunters themselves, and must be reckoned with in the

case of the ducks as well as elsewhere. Whether it is more or less potent

than the reduction of one of their sources of food is a question which

remains to be settled. It is possible, too, that with the development

of the countr3% and especially the opening up of extensive areas by

irrigation, the ducks, instead of being actually so decreased in num-

bers as would at first seem to be the case, have scattered to new feed-

ing' grounds. A portion of the following quotation from the paper by

Smith (1896, p. 399), mentioned above, refers to this possibility, while

it also sums up in a concise manner the other aspects of the question:

111 atlributing to the carp the scarcity of canvasback and other tiucks in a given

region, there should be proof that the carp does and other fish do not eat and uproot

large quantities of ValUsneria; and the influence of market hunters and indiscrimi-

nate killuig by sportsmen must not be overlooked. The scarcity of canvasback ducks

in most streams probably antedates the advent of the carp in noteworthy' numbers,

and, as in the Potomac, was coincident with spring shooting and with the activity of

pot-hunters using swivel guns. Mr. John P. Babcock, chief deputy of the California

fish commission, states that he thinks ducks in that State have changed their feed-

ing grounds; miles of land in the San Joaquin Valley are now covered with ditches

and miles of alfalfa now grow where a few years ago there was a desert; and the

main market supply of ducks comes from that region instead of the Suisun Marshes.

He thinks, however, that the carp have proved very objectionable in this region.

In consideration of all the evidence set forth above, although we are

obviously unprepared to say to what extent, we seem forced to conclude

that carp are, in some measure, detrimental to certain species of ducks.

ROILINESS OF WATER INHABITED BY CARP.

The extent to which carp stir up the bottom mud and make the water

roily has been mentioned in speaking of its habits, and especially its

manner of feeding. As a general thing this is one of the surest indica-

tions of the presence of these fish in waters that would otherwise be
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clear; and it has several rather important economical bearings besides

the mere fact that it usually accompanies or is accompanied by the

uprooting of the acpiatic vegetation. The constant roiliness of a body
of water that has theretofore been clear must be an important ecological

factor in determining the quantity and character of both the vegetable

and, at least secondarily, the animal life inhabiting it. This will

readily be appreciated when we consider that it decreases the amount
of light that would reach to any given depth, thus depriving plants at

that depth of at least a part of one of the most important conditions

for their growth, while in the second place the settling of the sedi-

ment upon the stems and leaves of the plants acts as a mechanical hin-

drance to the ordinary processes of respiration. Where the balance

is once upset in this way in a body of water where things have become
adjusted to a certain set of conditions, it is difficult to predict just

what results will follow in the readjustment to new conditions; but it

is safe to assert that practically all the living organisms in the water

will be influenced to some extent. Even if the vegetation were not

uprooted by the stirring up of the mud of the bottom, it is probable

that its abundance would be greatly reduced by the constant roiliness

of the water. This would in all likelihood affect the plankton or free-

swimming organisms as well, and thus greatly reduce the natural

food supply of the fish. In the large bodies of water these conditions

are ameliorated to a large extent, since by the movement of the fish

from place to place they are often absent from a given locality for

considerable periods, thus giving the sediment an opportunity to settle

and allowing the water to become clear; and even in smaller areas the

fish are not feeding all the time. But it must be admitted that where
there are a comparatively large number of carp in a pond the water

is kept in an almost constant state of roiliness. In the case of run-

ning waters there is a further tendency to impoverishment in the

carrying away of the rich mud while it is held in suspension in the

water. There has been no direct evidence collected, so far as 1 am
aware, to show to what extent this ma}^ be effective. It has even been
claimed by some that dikes and dams are weakened in this way, by
the destroying of the vegetation that held the mud in place, and the

loosening of the mud itself.

The roiliness of the water caused by carp in supply reservoirs

has, in a number of instances, proved to be a serious problem, and is

one which has to be met with promptness. The only practicable rem-

ed}^ is the removal of the fish. In some places this can be done with

comparative ease by persistent seining; but more often, especially in

large reservoirs which present a diversit}^ of conditions, this method
is not feasible. In some cases it may even be necessary, where the

disturbance is very great, to withdraw the water and drain the

reservoir for the purpose of getting rid of the carp. An interest-

F. C. 1904—38
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ing case of the way this problem was met in Lake Merced, one of the

reservoirs for the water supply of San Francisco, is reported by Smith

(1896, p. 395) in the paper that has already been quoted. A number
of sea lions put into the lake apparentl}" did the work very effici-

ently; but unfortunately this is not a method that it is always possi-

ble, or at least, practical )le, to apply. Doctor Smith quotes Mr.

Babcock, of the California Fish Commission, as follows:

Carp have entered the Blue Lakes in Lake County. The Blue Lakes, three in

number, were formerly very striking and beautiful bodies of water. A. V. La Mott

now tells me that lower Blue Lake is so muddy that its beauty is gone, the carp

keeping the water roiled all the time. Lake Merced, property of the Spring Valley

Water Company, in the city and county of San Francisco, was so damaged by carp

as to be almost useless to the company. The company employed four fishermen by

the month to seine tlie lake, and during that time—some four months—bought 19

good-sized seals [i. e., sea lions] taken near Cliff House. These seals were placed in

Lake Merced in 1891, and for a time the company employed men to go over the lake

to pick up the pieces of dead carp that were so numerous as to be dangerous to the

purity of the water. In the summer of 1895, at the request and expense of the

water company, I engaged several Italian fishermen to go to the lake, and under our

supervision they used all kinds of drag nets and seines in the lake and were unable

to take any carp or any other fish than sticklebacks. The seals have grown very

thin. Another effort was made in same manner with like results in the fall of 1895.

I am of the opinion that there are no carp, big or little, in the lake at this time.

The coming season the company will try again for carp, and if none is found the

seals will be killed off and large-mouth black bass placed in the lake.

The planting and maintaining of large predaceous fish in waters

where carp are objectionable will undoubtedly help to a large extent in

keeping their numbers down, as they will prey upon the 3'oung carp.

It is doubtful whether thev will be of much effect in removing the

larger fish, however.

Another point is mentioned in the above quotation which is often

one of considerable importance, namely, the marring of the beauty of

lakes and other bodies of clear water by carp, by keeping the water

constantly muddy and roih'. This is a problem which is apt to be

encountered bj^ park commissioners, and is to be met in the same way
as in the case of the reservoirs. In parks, however, the usefulness of

carp as a source of interest to visitors, who take pleasure in feeding

them, may be considered as offsetting their undesirability in other

respects, though gold-fish are usually preferred on account of their

more showj^ appearance.

RELATION OF THE CARP TO OTHER FISH.

Perhaps more complaint has been made against the carp by anglers

and commercial fishermen for its alleged destruction of other fish

than by the sportsmen for its harmfulness to the feeding grounds of

ducks. These complaints have come from nearly all quarters, and it

will usually be found that the}^ arise from a general sentiment rather
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than from definite information. It is a noticeable fact that this senti-

ment is much less general, or may be largelj' replaced by one almost

as unreasoning in favor of the carp's entire harmlessness, in regions

where this fish is commercialh" valuable on a large scale. The charges

may in a general way be divided into four headings: (1) That carp eat

the spawn of other fish; (2) that carp eat the young of other fish; (3)

that carp prevent the nesting of such fish as the basses; (4) that carp

produce unfavorable conditions—chiefly roiliness of the water—that

drive other fish away.

In the Great Lakes region the fishes that are generally conceded to

be in most danger from the carp are the bass and other members of

the same family (crappie, sun-fish, bluegill), and the white-fish. It is

obvious that they can hardl}^ afi'ect directly such other commercial and

game fishes as the wall-eyed pike and sauger {Stizostedion., commonly
called "pickerel'' on the Great Lakes), or perch" {Perca Jlavescens)^ or

trout; nor do I know of specific complaints of damage to the herring

{Argyrosomus), sturgeon, or the true pikes (EsocidsB, "pickerel" of

the inland waters). Most of these do not lay their eggs where they

are likely to be troubled b}^ carp, and some are probably considered

able to take care of themselves. Still it seems that carp might easily

afl:ect wall-eyed pike, in cases where the eggs are attached to water

plants; and if they affect white-fish they probably also affect herring,

whose eggs are laid at the same time and presumably in the same places.

The first of the complaints enumerated above, viz, that carp eat the

spawn of other fish, is perhaps the one that has been most persistently

maintained. One can scarcely read a communication by one of the

opponents of the carp without finding in it a statement to that effect.

Nevertheless, few, if an}', direct observations are recorded. The argu-

mept is something like this: Other fish, such as the bass, are decreas-

ing, while the number of carp is, or at an}'^ rate has been, steadily on

the increase; carp will eat practically anything; therefore, the decrease

of certain other fish must be due in large part to the fact that the carp

devcur their spawn. What I wish to point out is that while the two

t^rsmises may be true, the conclusion is by no means a necessary one.

It can not be deduced from the above premises without other facts,

and those facts have not been supplied. They might be of two kinds

—

first, direct observation of the eating of the spawn of other fish by
carp; and, second, by the finding of the spawn of other fish in the

a With regard to the perch, at the thirtieth annual meeting of the American Fisheries Society both

Mr. Dickerson, of Detroit, and Doctor Parker, of Grand Rapids, Mich., expressed their opinion that the

carp is indirectly harmful to the perch through the destruction of the vegetation. Doctor Parker

remarks (Transactions of the Society, 1901, p. 124): " You must go back to tlie vegetable for the reha-

bilitation of waters. If you destroy vegetation and the larvae, you destroy the minnows, and the

perch have no minnows to feed on, unless they can eat the young of the carp, which they do not

appear to do, but the black bass will eat the young of the carp and will thrive. Therefore you may
look for an increase of the black bass, a decrease of the minnows, and also of those fish that feed upon
the smaller minnows."
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stomachs of carp. Although it is stated that carp do go about over

the spawning grounds of other fish and that they devour the spawn,

with the exception of the little given in this paper relative to the

white-fish, I do not recall a single case that has been reported upon

where sufficient evidence has been adduced to show that such is really

the case. The absurdity, for example, of an assertion which has

recently been made by a writer in Forest and Stream (Chambers,

1904) is obvious on the face of it. This partisan, after deprecating

carp as a food fish and speaking of its habit of uprooting wild rice,

adds:

When the stomach of one caught upon the St. Clair Flats was opened last autumn,

it was found to contain at least a double handful of rice, while as an ilL stration of

their destructiveness upon the spawn of other fish it may be mentioned that a gallon

0/ spawn which had been devoured was taken from an 18-pounder—a weight which

the carp frequently atttiins.

The italics are mine. The enthusiasm of partisanship has apparently

led this observer into mistaking the spawn of the carp still in the

ovary for that of some other fish which has been devoured, for it

seems altogether out of the question that the stomach of one 18-

pound carp should hold a gallon of spawn. A double handful of

rice—wild, or Indian, rice {Ztzania)^ I suppose is meant—might well

be present. The greatest amount of material which I have ever

taken from the alimentary tract of a single carp would surely amount
to much less than a pint, though I can not say that by distention it

might not hold more.

In my own researches at the St. Clair Flats, where the black bass

were nesting in numbers, I spent much time in attempting to get direct

evidence relating to the question at issue. Most of these observations

were made in a small bay where the general water level in the deeper

parts was about 3 to 5 feet. The bottom was composed of a fine clay,

in most places rather light in color. Practically the only vegetation

in this portion of the bay consisted of scattered groups of bullrushes,

each clump usually radiating in long lines from a common certer.

The bass" nests were in this open part of the bay, large circular ex 9-

vations, a few inches deep, and usually appearing much darker than

their surroundings on account of the removal of the top soil. As a

rule they seemed to be placed near the lines of bulrushes, and were

usually plainly distinguishable for a considerable distance on account

of the clearness of the water.

Conditions about the margin of the bay were entirely different.

Here the shallow water, 1 to 2 feet or so deep, was thickly grown
up with vegetation—flags, sedges, lily-pads, etc.—and was succeeded

by wet, marsh}^, grass-covered ground. The bottom here was largely

«I believe these were the small-mouthed black bass {Micropterus dolomieu), though I find no record

of the species made at the time.
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soft, and black on account of ine decayed vegetable matter. In this

shallower area all about the bay carp were often very numerous.

In the first place much time was spent in trying to learn whether

the carp ever intruded in the central portion of the bay where the bass

were nesting. It seemed very probable that they would cross the

bass nesting-grounds, at least in going in and out of the bay. But I

was never able to observe a single carp actually on these grounds,

though I at one time frightened a number of them in near shore which

started out in that direction. A fyke-net was set with a view to inter-

cepting' any carp that might cross the tract covered by the bass nests,

but with negaitive results. These fish are so wary, however, that it is

very doubtful whether they would have entered the net had the}^ gone

that way. At another place I at one time had a large minnow seine

drawn over a portion of bottom where a few bass were breeding and

where I had reason to suspect there were carp present. Besides the

small fish captured the seine brought in a bass, a pike, and two carp,

which seems to show that they may at times go in close proximity to

the area covered by the breeding bass, if not actually upon it.

In the bay mentioned above I built a scafl'old at the border line

between the bass grounds and the shore zone, with the idea of having

a more commanding view of portions of both. On this I spent many
hours of vigilant watch, and although a bass which had a nest nearby
soon became accustomed to the structure and resumed his care of the

eggs in the nest, and although carp sometimes appeared within my
range of vision in the water on the shoreward side, I never saw one

of them on the outer side, where the bass nests were located. Since I

have frequently seen schools of these fish lying quietly in water which
seemed to present the same conditions, except that the bass were

abluent, I feel justified to some extent in concluding that as a general

thing carp avoid the actual breeding areas of the bass.

The question has often been raised, and has been much discussed, as

to whether a black bass would drive a carp away from its nest. A
number of opinions were expressed on the subject at the thirtieth

annual meeting of the American Fisheries Society, held at Milwaukee
in 1901 (see the Transactions of that meeting, published in the same
year, pp. 114-132), It appeared to be the consensus of opinion of the

gentlemen assembled there that the bass is fully able to take care of

itself, while it was further claimed by some that the bass were actually

increasing owing to the extra supply of food furnished by the j^oung

carp. Below are given some extracts from the discussion referred to:

Mr. TiTCOMB. Is it not a base slander upon the bass to intimate that it would allow

a (tarp to touch its spawn?

Doctor Bartlett. I should think so.

Mr. Bov/ER. I think that where bass and carp inhabit the same water it is natural

that the bass should increase. We have been hatching black bass for a number of

seasons in ponds where we have had an opportunity to observe their spawning
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operations from the time the male fish begins to prepare the bed until a good many
days after the hatching is completed, and we know that the male bass guards the

bed against all intruders. He will put up the stiffest kind of a fight against any
animal that approaches the bed with a view of preying upon the spawn. There is

no danger of a carp ever looting the spawn from a black bass bed. On the other

hand I do not think the carp can retaliate against the bass in any way, shape or

form. While the bass is preying on the carp, the carp can not come back at them
in any way. In other words, in the interchange of hostilities between the two
species, the bass gets the better of it at every stage of the proceedings, and I think it

is a perfectly natural result that the bass should increase in waters where there is an

abundance of carp.****** ^

Mr. Lydell. I never have known but a single instance where the carp has

destroyed the spawn of the black bass, and I never knew of their destroying any

other spawn. I have handle<i and opened what few carp were caught at the Detroit

river. Belle Isle, fisheries, during the last ten years, but never found any spawn in

them.«*******
The President [Mr. Dickeeson]. I have made this assertion, that no carp ever

got hold of an egg of a black bass unless Mr. Bass had first been taken off from that

spawning bed. I do not believe there is such a thing as a carp ever having devoured

a single egg from a black bass bed where the black bass was on the bed. Of course

if the beds are deserted that is different, but as long as the bass is alive and guard-

ing the bed, no carp ever got a single egg.

Other opinions were expressed, all with the same tenor; but it must

be remembered that these are in most cases only opinions. Thej'^ are

expressed by practical fishermen, however, men who have had more
experience with the black bass and with the carp than almost anyone
else in this country, and for this reason their opinions must be given

weight.^

In the Transactions of the Thirty-second Annual Meeting of the

same society (1903, p. 54) a statement similar to the above is made by

Mr. J. L. Leary. It is in part as follows:

As to his [the carp's] destroying the eggs or young fish, it is not a fact. My
experience is that I could not raise the crappy in clear water, and I adopted the plan

of putting so many carp in crappy ponds, and I raised some crappy and no carp,

showing that the young carp are all destroyed by the crappy. The smallest sunfish

can chase him away, for the carp is a big coward; the carp is a rapid grower and a

good fish.

While we are discussing the case of the carp it may })e well to give

a little more fully the ideas of two members of the American Fisheries

Society (Transactions of the Thirtieth Annual Meeting, 1901) as to

the probable increase of these fish, as has been suggested above, on

account of having young carp for food. Mr. Dickerson, of Detroit,

a This fishery is not prosecuted during the spawning season of the bass; the statement is meant to

refer to white-fish spawn.
b This question should be tested by introducing a few carp into a bass breeding pond.
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speaks of the complaints of the fishermen that carp are destroying the

bass fishing on the St. Clair Flats, and then adds (p. 118):

But notwithstanding their claims the bass fishing on St. Clair Flats has been

better during the last three years than at any time during fifteen years previous,

and we have not planted any bass either. I can not account for it in any other

way except that the environments of the carp and black basa are absolutely different.

Black bass likes a clean, pure, sandy bottom, and the carp lives on a muddy, weedy
bottom. I believe that the carp is a good thing in many waters where black bass

thrive. I believe that the bass fishing at the flats has increased by reason of the

food that young carp make for the bass, though he was not planted there.

Dr. S. P. Bartlett, of Illinois, who has always been a strong partisan

for the carp, says (Transactions American Fisheries Society, 1901,

p. 120):

When we take into consideration the fact that is so well known of the voracious

habits of the black bass, it shows an all-wise provision of nature to supply a very

large quantity of coarse fish to feed the other fishes, and I believe as firmly as I am
standing here that if the carp had not been introduced in the state of Illinois, the

buffalo having become almost extinct in our waters although it was once the great

commercial fish that the bass would have been gradually taken out entirely from the

list. As it is now, I want to repeat the statement that we have more black bass

than ever, and our carp certainly have increased in a greater ratio than ever before.

This statement, so contrary to what is so often maintained of the

bass at the Flats, seems the more plausible when we read in the Report

of the Michigan Fish Commission for 1885 (p. 11) the statement that

the decline of black bass in Lake St. Clair and the Detroit River was
mentioned in the early eighties, and was said to be due partly to their

being taken in nets, contrary to law, and partly because they were not

protected. At this time the}^ certainly could not have been influenced

by carp.

Still more evidence along the same line is brought forward by
Townsend (1901). After giving figures showing the increase in the

catch of carp in the Great Lakes region and the Ohio and Illinois

basin, he continues (p. 178):

These figures show an increase in the quantity of carp derived from the above-

named waters amounting to nearly nine times the quantity yielded six years ago.

During the same period the total fishery products of Lake Erie increased more than

15,000,000 pounds and those of the Illinois River more than 5,000,000 pounds.

There are, therefore, no indications that the presence of the carp has produced any
injurious effect on the native species associated with it, but, on the contrary, its

presence may have a salutary effect, the young of the carp doubtless being food for

black bass and other species. It is certain that the black bass has increased in the

Illinois River along with the carp, the yield of black bass in 1899 being greater than
ever before, amounting to over 70,000 pounds.

Regarding the relation of carp to some of the other fish I have only

a few observations of interest. It seems a noteworthy fact, however,
that 1 have found the dog-fish {Amia calva) on its nest, and appar-

ently unmolested, right in the midst of a portion of the marsh which
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was trav^ersed daily by the carp in theii* search for food. Moreover,

in the shore zone of the bay where the black bass were studied I

found nests of an unidentified species of sun-fish or bluegill, and this

was in the regular beat of the carp. The owners of these nests always

left them upon my approach before I could get a good view of them,

and immediately after their departure a number of small fish which

had been swimming about in the neighborhood pounced in and began

devouring the eggs. 1 succeeded in securing a few of these while

the}^ were committing their depredations. Those I captured were

a small perch {Perca flavescens)^ a related form sometimes known as

log-perch or hog-perch {Percina caprodes), and a small minnow
{A'otropis loMpplei "). All had their mouths and gullets crammed with

eggs from the temporarily deserted nest. Here we have a suggestion

as to one of the important factors that may tend to reduce the number
of bass. At the St. Clair Flats, owing to the cold water brought down
from Lake Huron, the bass usually spawn considerably later than they

do in the interior waters of the state, w hich become warm more quickly.

This is so late, in fact, that the close season prescribed by the law does

not protect them at the time the}^ are spawning, and as a consequence

great numbers of them are taken by the bass fishermen directly off

their nests. In addition, many are also speared, contrary to law, by
certain lawless residents of the region. The poacher approaches as

close as possible in a duck boat to the bass as it guards its nest, and

when w^ithin long range throws his long-handled grain. Undoubtedly
more bass are hit in this way than are actually secured, for I have

seen numbers of them dead along the shore Avhich showed the marks
of the spear upon them. What the consequence is as soon as the

parent fish is removed it is easy to see. Good food does not lie

around unprotected long when there are hungry fish in the vicinity,

and it is very probable that if a carp happened along at this time he

would not hesitate to avail himself of the opportunity, for a familiar

proverb might well be perverted to apply—all is food that comes to

the carp's mouth.

In summing up with regard to the damage done by the carp to the

spawn of other fish, especially the black bass, we find that there is lit-

tle in the nature of direct observation, l)ut what there is seems to

point to the conclusion that there is little danger to the eggs of these

other species so long as they are being guarded by the parent fish.

That the carp does eat spawn when occasion presents is not denied

even by Doctor Bartlett, the carp's greatest friend. He says, in the

Transactions of the Thirtieth Annual Meeting of the American Fish-

eries Society, 1901 (p. 120):

In order that I might know positively what amount of injury had been done by
the introduction of the carp into the waters of the Illinois, I took occasion when

a This minnow was kindly identified by Mr. T. L. Hankinson.

I
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Carp were tirt^t l)iought iijioii tlie market and the hue and cry raised aa to their

destructive quaUtien, to open and to be present wliile hundreds of carps were opened,

to see if I could find in their stomaclis anything that would indicate that they took

the fry of other fish or si)awn of other fish. I can not say that I have never found
the spawn of other fish in their stomachs, but when I have found such spawn it has

been of such a nature as led me to believe that it was such spawn as floated on the

surface of the water, and that the carp took them in, in that sucking motion that he
has, going around on the surface of the water.

From data given by Doctor Smith (1902) it appears that the blame
for the destruction of shad eggs has been wrongfully placed upon the

carp. He says that observations in the Potomac River show that the

carp do not molest the shad eggs, as they do not go upon the spawning
grounds. The greatest amount of shad spawn is consumed by cat-hsh

and eels. This was shown by having a large shad seine hauled over
grounds where the shad apparently had just spawned. Man}^ shad

and alewives were caught, but mostly cat-tish (about 6,000 Ameiurus
alhidus) 6 to 18 inches long, and every one of these, so far as observed,

was gorged with shad eggs.

With regard to the charge that carp devour the young of other fish,

any damage that it maj' do in this way is certainly so slight that it need

hardly be considered. It can not be said that carp never do capture

smaller lish, for two or three cases have been reported—one where a

carp ate some three minnows that were confined with it in a small

aquarium (Gurney, I860)'', while in the other cases fish were said to

have been found in the stomach. The carp is obviously unadapted by
structure for capturing other fish for food. Its mouth is comparatively

small and adapted to "sucking," while, furthermore, there are no
teeth which could be used in holding living prey. Its only teeth are

.several rounded, knob-like structures situated well back in the " throat,"

and known as pharyngeal teeth, and are of service onl}'- for crushing
and grinding.

As to the third and fourth points, that carp prevent other fish from
nesting and that they produce unfavorable conditions which drive
other fish away, I know of no proof on either side further than what
has been brought out in the foregoing discussion.

I have chosen to consider separately the relation of carp to the
white-fish, because the conditions in this instance are rather different

and distinct from those in the case of any of the other fishes (consid-

ered. Then, too, the white-fish fishery is one of the most important
in' the Great Lakes, and if it were found that the carp interfered

seriously with the spawning of the white-fish it would be a very strong-

point indeed against him.

The white-fish of Lake Erie make an annual migration from the

a "A specimen of the common carp, between 5 and 6 inches in length, was lately observed to devour
three small minnows, each of about an inch and a half in length, which were confined in the same
aquarium with him. One of these the carp seized immediately the minnow was placed in the
aquarium and swallowed it whole, head foremost." (Gurney, loe. cit.)
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deeper eastern portion of the lake to the shallow reefs at the western

end, especial]}^ around the islands there, in order to deposit their

spawn. The time of this migration varies somewhat with the tem-

perature, but at an average the spawning usualh^ begins in early

November and is at its height during the middle or latter half of that

month. The eggs are scattered loosely over the rocky bottom.

During my visit to North Bass Island in the summer of 1901, I

heard much complaint by the local fishermen, who maintained that in

the fall carp did great damage on the spawning grounds of the white-

fish. Their statements ma}' be summarized as follows: Carp are

abundant about the Bass Islands when the white-fish are spawning;

carp eat the spawn of other fish, especially white-fish; white-fish

spawn has been taken from a carp's stomach; when carp are numerous

on a reef, the white fish are not there, being driven away by the carp.

Carp are not caught here for commercial purposes to any great extent,

and the prejudice against them was very strong. At such places as

Port Clinton on the mainland, on the other hand, where carp are

shipped in enormous quantities, and which is also one of the principal

ports for the white-fish fishermen, I found the belief that carp were

detrimental to the white-fish either entirel}- absent, or at anj^ rate not

nearly so strong.

In November, 1901, I proceeded to Lake Erie in order to make what

investigations I could in the matter. At the time of my arrival,

shortly before the middle of the month, white-fish were beginning to

be caught in considerable numbers, though very few of the fish were

ripe. A week or so later the numbers caught increased great!}' , and

the spawning seemed to be at its height. The season was an unusually

stormy one, with strong northwest winds nearly every day, and one

northeaster of several days' duration. The temperature was low

during nearly the whole time and there were frequent snow flurries.

The fishermen said that probably, owing to the rough weather, the fish

did not go upon the reefs to spawn in such large numbers as was usu-

ally the case, so that the gill nets, set on the reefs, got comparatively

few fish, while many more were caught in the pound nets in deeper

water. I spent several days both at Port Clinton and at the islands;

at the former place both pound-net and gill-net fish were brought in;

the fish landed at the islands were all taken in gill nets.

Very few carp were brought in at either place, and none of them

was large, averaging probably less than two pounds. On one day

when I visited the pound nets with the fishermen, only two carp were

taken. The stomachs of most of those examined at Port Clinton were

empty, or nearly so, and in only two cases was any white-fish spawn
found. At the time the preliminary statement of this work was pub-

lished in 1903 (Report of the United States Commissioner of Fish and

Fisheries, for 1902, p. 130) only a general and rather superficial exam-
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ination of these stomachs had been made, and it was stated that no
white-fish spawn had been found. When a more careful examination

was made later, one white-fish egg" was found among the contents of

each of two stomachs. (See Nos. 23 and 24, p. 572.) The rest of the

material was mostly remains of insect larvae, entomostraca, shell frag-

ments, and algffi.

November 27 was spent at North Bass Island and several dozen carp

were examined. These fish, all small ones, 80 to 40 cm. (12 to 16

inches) long, were brought in directly from the gill nets, set in from
10 to 25 feet of water, and for the most part on the reefs. Most of

the fish had some food in the alimentary canal, and in some cases the

stomacli was well filled, showing that they had been feeding- very

recently. Reference to stomachs No. 29 to No, 32 will show that the

food was of the same general character as had been found at Port

Clinton. Here, again, one stomach contained a single white-fish egg
(No. 31).

The facts obtained lead me to quite a different conclusion from the

assumptions made by the fishermen. That carp do occur on the

spawning grounds of the white-fish is true, and, furthermore, they

seem to be moving about and feeding in spite of the lateness of the

season and the low temperature of the water. These are mostly small

fish, however, and the number of them on the reefs appears to be

comparatively small as well. The eggs of the white-fish, not being

adhesive to any great degree, probably become widely scattered, and

unless the carp were present in large numbers the relative number
of eggs destroj^ed would be small; and that such is the case seems to

be proved by the examinations of stomach contents made. That carp

capture the young white-fish is even more to be doubted, and certainly

no instance has been reported where such is known to have been the

case. My conclusion is, then, that while the carp may eat some white-

fish spawn, the amount so consumed is so small as to be practically

insignificant, especially in comparison with the host of other forms

which probably prey upon the eggs now as they have always done in

the past. I suspect that by no means the least enemy to these eggs is

the common mud puppy {'Necturus mac^dosus—called "lizard" by the

fishermen) which is often taken in numbers in the pound nets. And,
furthermore, the danger to the white-fish spawn has been largely over-

come in recent years by the operations of the Bureau of Fisheries, in

hatching the eggs in jars and turning- loose the voung fish in the spring.

It has generally been conceded to be due to this, and certainly in spite

of the increase of carp, that the white-fish have been on the increase

in Lake Erie in the last few yea,rs. The catch in 1901 was an espe-

cially good one, and was said by the fishermen to exceed any for many
years previous.



604 EEPOBT OF THE COMMISSIONER OF FISHERIES.

FOOD VALUE AND USES OF THE CARP.

At the time of the introduction of the carp to this countr^^ a greatly

exaggerated idea became prevalent as to its value as a food fish, or, at

least, as to its qualities as a food fish. This will be noted by a glance

at the statements which were sent to the Bureau of Fisheries b}^ those

who had received the fish, and which were compiled and published by

Smiley (1884, 1888, 1886«, etc.) a few years after the fish first began

to be distributed. Some of these enthusiasts even went so far as to

say that the tlesli of carp was of a better quality than that of the trout,

white-fish, salmon, and man}' other of our finer fishes. How such a

notion should have become so generalh' distributed it is difficult to

see, for at no time were such claims made for the carp by those who
were most interested in its introduction, although it is true that prob-

al)lv most Americans will hardly agree with Mr. Hessel (1881, p. 897)

when he asserts that it "is one of the most excellent fresh-water

fishes.'- Mr. Hessel, however, was a German, and in Germany the

flesh of the carp is much esteemed. What early habitude may do in

determining likes and dislikes as regards food is illustrated by the fact

that Germans who live near the Great Lakes, where they could easily

get what we should consider better fish, often eat carp from prefer-

ence, while the American fishermen rarel}^ if ever, use the carp them-

selves. As will be mentioned later, the reason for this is perhaps a

matter of cooking.

At the present time the popular prejudice is in most parts of the

country generally against the carp as a food fish. It is even stated

by man}'^ that it is utterly worthless. A common complaint made
against it is its muddy flavor, and that this often exists is admitted

even by those who like the fish best. This flavor has, in fact, always

been recognized b}'^ carp culturists in Europe, and special precautions

are taken to avoid it. It is said to be present in those fish which have

lived in very muddy places, especially where the water is stagnant

and the temperature rather high. If the carp are removed from such

places and kept for a short time in fresh running water, the muddy
Muvor is claimed to be removed entireh'."

In the chapter dealing with the carp in Europe, it has been shown
how extensively this fish is used for food there, especially in Germany
and France. It is the custom in man}' places there to keep the fish

alive in tanks at the market, thus selling them to the customers not

only ill a fresh but actually in a living condition.

Many methods have been given for cooking carp—undoubtedly any

«Day (1880-1884, p. 162) says: "To improve their flavour Mr. Tull (Phil. Trans. Koy.Soc, 1754, p. 870)

castrated these fish and found that subsequently they grew more rapidly, fattened more readily, and
were of a superior flavour." SiTuilar experiments have frequently been mentioned, especially in the

older works, but there seeii;s to be no record of the attempt having been made recently. In this

connection see Weddige (1882).
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German knows what are best; but I do not feel competent to judge of

them. In general, it would seem that the flesh is best boiled and baked

and prepared with some sort of dressing. Dr. S. P. Bartlett (1903,

p. 49) gives the following suggestions:'*

I feel sure that most of the prejudice to the carp as a table fish is from tlie fact

that they are too often taken from the warm, water, fried and broiled without prep-

aration. Their rapid growth and the warm water they are taken from, has a tend-

ency to make them soft. I have found the best mode of preparing them as follows:

Kill as soon as caught, by bleeding, taking out all of the blood. Skin, soak in sa^t

water for several hours, then parboil and bake, basting freijuently. They are fre-

quently served here as a boiled fish, covered with proper dressing. It takes but a

slight stretch of the imagination to place [them] on bill of fare as anything from

bluefish to buffalo. To-day I had bluefish served with my soup at one of the

principal hotels and it would have passed as such with the average man, tell-tale

bones, however, said carp.

Carp is probably more often served under the name of some other

fish than is generally suspected. Mr. John W. Titcomb gives an

instance where it was served at his instigation which shows that this

fish when well prepared compares so favorably to many others that

few suspect the difference. At the dinner in question there were 224

.people present. Mr. Titcomb's account of it is here given (Titcomb,

1902, p. 36):

That the carp is unfit for food, as claimed by many sportsmen, may be contra-

dicted by the statement that at the dinner of the Vermont Fish and Game League

held at Burlington, Vt., in January, 1902, at which were entertained the members
of the North American Fish and Game Protective Association and representiitives of

the fishery departments of three Provinces in Canada, the carp was served under
the title of "baked red snapper," and was a very palatable dish. The deception

was not planned by the hotel managers, but at the request of the president of the

league in order that the carp might be fairly tested as to its edible qualities. While

a great many of those who ate the fish knew that it was not the genuine red snap-

per, it is probable that not one of the guests had any idea that he was eating the

despised carp.

It is probable that many hotels and restaurants would find it profit-

able to have carp regularly on their bills of fare, especially such as

have considerable German patronage. The report of the Commis-
sioners of Inland Fisheries and Game (of Massachusetts) for 1893

(published in 1894) quotes the statement that at that time at least one

restaurant in Cleveland regularly had carp on its bill of fare; and a

"Doctor Bartlett also gives a recipe for " carp omelet" or " carp jelly," said to be of Swedish origin.

It was given to him by Doctor Weiss, of Ottawa, III., who declares that the perfected product is

equal to the imported fish jelly that brings SI per pound. The recipe is as follows:

Take a 6 or 8 pound carp; scale and skin. Leave head and skin [fins?] . Cut into small pieces and
place in boiling water just sufficient to cover, and add salt, coarsely ground pepper, allspice, and a bay
leaf or two. Boil about twenty minutes or until perfectly soft. Remove from the fire, remove pieces

of fish from the water, but preserve the water. Break the pieces so as to be able to remove all of the

bones thoroughly. Skin fins and head pieces. Strain liquid through a colander and if necessary

add a cupful of gelatin, previously dissolved, to this liquid. At the same time add such other pieces

as may be desired. Add the original pieces of fish to the liquid or gelatinized liquid. Stir and place

on ice until solidified.
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recently published menu" of the cafe luncheon of the Waldorf-Astoria,

]Sie\v York, for April 16, 1902, contains the item, "Carp, Rhine Wine
sauce" at 65 and 40 cents.

It is not maintained, however, that the attempt should be made to

put carp on an equal footing with our admittedl}^ finer fishes. It is

merely desired to show that if the prejudice at present prevailing

against it as a food fish could be removed it would be much more

extensively used than at present. Even now hundreds of tons of carp

are being consumed yearly in the larger cities of this country, though

the demand can still not be considered equal to the possible suppl3^

The amount of these fish now used will be considered under the sub-

ject of the carp fisheries (p. 617). The sale is at present mostly limited

to the poorer classes in the cities, and especially to the Jewish people.

For this trade it is necessary that the fish be shipped "in the round,"

and those that have previously been cleaned will not be accepted.

Several methods of specially preparing carp have been tried to some

extent in this country, but none of them has as yet been attempted on

a large scale. I was told that canning carp had been tried in Cleve-

land, but was unable to get any definite information on the subject.

If the dogfish of our coasts, a species of shark, can be put up success-

fully in this form, as is now maintained, it seems that as much might

be expected of the carp. The greatest difficulty would be, in both

cases, in overcoming popular prejudice and in establishing a market

for the product.

A few firms along Lake Erie have been smoking a considerable

quantity of carp, which has, however, never had a wide market, but

has been disposed of locally. For this purpose the larger fish are

used, weighing usually 12 to 15 pounds. With a sharp knife the skin

and scales are cut ofi' in broad strips (about three to a side), the cuts

not going so deep, however, but that the imprints of the scales still

show on the flesh. The head, viscera, and fins are all cut away, and

the fish is then cut up into transverse sections or "steaks" some 2 or

3 inches in thickness. This last process is readily accomplished by
means of a sharp knife fixed in a long-handled lever, as is shown in

figure 4, plate ii (the operator to the left). Two skilled operators can

prepare a large number of fish in this manner in a comparatively short

time. The steaks are strung on long iron rods and are smoked in the

ordinary way. I was told that this product was sold as smoked carp

a,nd retailed at about 15 cents per pound. The claim was made that

"except for the bones it could not be told from smoked sturgeon," and
that I myself tried I found to be very palatable. At a retail market
in Sandusky I actuall}^ found smoked carp on sale at 18 cents per pound
under the name of smoked sturgeon. The larger fish are not readily

a This menu has been reproduced in Transactions American Fisheries Society, Thirty-second Annual
Meeting, 1903, p. 123, and in the Report of the [Illinois] State Board of Fish Commissioners, 1900-1902.
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sold in the round, those of 3 to 5 pounds' weight being- considered best

for coolving, and it seems that smoking should be an important way
to utilize the less desirable size. 1 am unable to give even approxi-

mate figures of the amount or value of this particular product at this

time, but it seems to be an industry which is capable of being devel-

oped upon a pa^dng basis to a much greater extent than at present.

Wholesale dealers who have tried the experiment of salting carp

down, as is done with the herring, and thus holding them over to a

season when they would demand a higher price, inform me that the

experiment was not a success. This is probably due largely to the

fact that the Jewish people are by far the largest consumers of carp

in this country, and they want the fish as fresh as possible. It was
also the opinion that the salting had a deteriorating effect upon the

quality of the flesh. It is a common practice in most of the large fish

houses, however, to freeze large quantities of carp when the supply is

greatly in excess of the demand at the time and to hold them over in

this condition until there is a market for them.

The scarcity of sturgeon and the high price brought by caviar

naturally suggested to many the possibility of using the roe of the

carp for their purpose. While the eggs are small, a single large

female often contains a large quantity of them (see p. 574), and during

the breeding season carp roe could be obtained in abundance. But
those on the Great Lakes who have attempted to manufacture caviar

from the roe of the carp have all reported a failure, complaining that

in the process the eggs turn pink or red. Inquiries have been made
as to whether this could be avoided. This change of color is probably

always characteristic of caviar made from carp eggs, as is evidenced

by the following quotation from Walton (1901 ed., p. 116):

But it is not to be doubted but that in Italy they make great protitof the spawn of

Carps, by selUng it to the Jews, who make it into red caviare, the Jews not being by
their law admitted to eat of caviare made of the Sturgeon, that being a tisli tliat wants
scales, and, as may appear in Leviticus xi, by them reputed to be unclean.

It is possible that similar caviar made in this country would find a

ready sale in the large cities, such as New York and Boston, where
there are large settlements of Jews.

It is said that in some parts of Europe " the palate, commonly termed
the ' tongue,' is considered a great delicacy."

In common with numerous other fishes certain parts of the carp

were formerly considered to be of great medicinal value. Thus Walton,
on the page quoted above, says that "physicians make, the galls and
stones in the heads of Carps to be very medicinable."

Besides being of value as an article of food there are a number of

other ways in which carp may prove to be most useful. Perhaps the

most important of these is in helping to keep in check the increase of

noxious insects which pass their larval stages in the water, and especially
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that ever-present cosmopolitan pest, the mosquito. Howard (1901,

p. 161) emphasizes the importance of lish in this respect and gives an

instance where carp are said to have been very effective, though he him-

self doubts whether carp could have been the fish that destroyed the

larva?. He says:

It was stated a number of years ago in Insect Life, that mosquitoes were at one

time very al)undant on the Riviera in South Europe, and that one of the Enghsh
residents found that they bred abundantly in the water tanks, and introduced carp

into the tanks for the purpose of destroying the larvie. It is said that this was done
witli success, but tiie well-known food- habits of the carp seem to indicate that there

is something wrong with the story. If top-minnows or sticklebacks had been intro-

duced, however, the story would have been perfectly credible, and it points to the

practical use of fish under many conditions. Some years ago Mr. C. H. Russell of

Bridgeport, Conn., described a case in which a very high tide broke away a dike and
flooded the salt meadows of Stratford, a small town on the north side of Long Island

Sound. The receding tide left two small lakes neai ly side by side and of the same
size. In one lake the tide left a dozen or so small fish, while the other was Ashless.

An examination by Mr. Russell in the sunnner of 1891, showed that while the Ashless

lake contained tens of thousands of mosquito larvae, that containing the fish had no

larvse.

«

From the results of the stomach examinations recorded in the earlier

pages of this report it does not seem that Howard"'s conclusion that

carp did not destroy the larvt« in the tanks in question is warranted.

While it is true that no mosquito larvae were found among the intes-

tine contents examined in connection with the present investigation,

this ma}^ have been due to their small size; the fact that in some

cases the food of the fish seems to have consisted almost entirely of

insect larvae makes it probable that those of the mosquito would be

taken as well. Since it is reasonable to suppose that there was little

or no other food in the tanks mentioned in the above quotation, it is all

the more probable that the carp would there have eaten the mosquito

larvae, and I see no reason to doubt the original statement. It may
well be that among our native fish there are some species, such as the

stickleback and top minnow, which are better adapted to this purpose

than the carp, but the latter is not for this reason a negligible factor.

Undoubtedly many ponds that annually breed millions of mosquitoes

need only to have plenty of fish introduced in order to abate the

nuisance. If carp will do this as well as other fishes, it will serve a

double purpose, as it can also ])e used for food.

Another, and perhaps even greater, benefit to be derived from the

presence of carp has recently been suggested in a bulletin by Doctor

o In February and March, 1904, 1 had similar opportunity to observe the efficacy of flsh in keeping

the waters where they are present free from mosquito larvae. About the hacienda at Chichen-Itza,

Yucatan, there are a number of large tanks which are kept constantly filled with water for the slock

and for other purposes. In some of these tanks mosquito larvse were very abundant; but in the

others, into which a few small native fish, locally known as "mojarras" {_Heros urophthfflmus) , had
been introduced, none were to be found. The same was true of two natural pools in the vicinity

where these fish lived, while, on the other hand, large numbers of larvae could be found in small

hollowd in the rock and other places where the rain water had been standing for a few days.
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Stiles (1902), of the United States Bureau of Animal Industry. It

was learned by Doctor Hutchinson, an inspector of the Bureau in

Oregon, that sheep from the lowlands along the Columbia and Wil-

lamette rivers, where carp are numerous, are much freer of the fluke

disease than those from other sections of the country, and it is sug-

gested that the parasites {Fasciola hepatica) which produce the disease

may be destro} ed by the carp while in a cystic state (cercariee) and
attached to the leaves of grass or while they are in their intermediate

host, the common fresh- water snail Lininsea. In a letter to the Bureau,

dated December 2, 1901, Doctor Hutchinson writes:

Vroi.rC. V. Piper, of the Washington Agricultural College, in conversation with

me, mentioned the theory which I find is, as he said, extant in the minds of many
farmers along this river, namely, that "leeches" [liver flukes], which were formerly

numerous in the livers of cattle and sheep, have to a considerable extent disappeared

since the introduction of carp into the waters of this river.

While, of course, the farmers' idea is that the carp now consume the leech which,

according to their view, the cattle formerly swallowed witli the water while drink-

ing, it is possible that there may be a practical connection between certain peculiar

habits of this fish and the noticeable freedom from fascioliasis among the cattle and
sheep ranged on the bottoms adjoining streams in which these fish are found, com-
.pared with animals coming from other sections where carp a^e unknown. About 75

per cent of the cattle and sheep coming from the western slope of the Cascades,

exclusive of this Columbia River bottom, are infested with Fasciola hepatica; but from
this particular portion only about 5 per cent are so infested.

And in another letter of later date (January 4, 1902) he adds:

I am able to say that fascioliasis is much less common in animals from the lower
Columbia and Willamette slough lands than from any other swampy districts of

Oregon or Washington.

The carp have the more chance to destroy these parasites since the

bottom lands are subject to annual overflow, and at such times the fish

spread over the meadows and root out and eat much of the grass.

Although 1 do not know that any species of Limns&a has been actually

identified in the alimentary tracts of carp, there can be no doubt, as

Doctor Evermann states in a letter quoted in the above bulletin, that

carp do eat them when they are at hand. Doctor Stiles appears to

have justification for his final statement that "the action of the carp

in this case appears to be very strongly supported by the facts stated,

and it seems that the introduction of carp into fluke districts generally

would result in a great decrease of liver-fluke disease."

The Bureau of Fisheries, as well as some of the state hatcheries,

have found that young carp make very good food for black bass, and
according to the reports of the Bureau at least 1,000,000 of these small

fish must have been used in this way in the years from 1894 to, 1896.

They have also been used to put into trout ponds to clean out the for-

eign matter, to destroy the algic, etc. (Report United States Fish Com-
mission for 1900 (1901), p. 57). It is possible that small carp would

F. C. 1904—39
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make excellent bait for bass, and perhaps other fish, but I do not know
that they have been tried.

On account of its hardiness and the readiness with which it will

accommodate itself to small quarters the carp makes an excellent aqua-

rium fish for exhibition purposes. At the laro-e market in Boston there

are several large carp in a glass tank so small that the iish now have

barely room to turn around. It is said that these same fish have been

there for a number of j^ears.

When carp began to be common in Lake Erie it was suggested by

many that perhaps the air bladders, or "sounds," as they are called,

might be used for the manufacture of isinglass, which is extensively

used in clarifying wines and in similar ways. At present about the

only fresh-water fish whose sound is used for this purpose is the stur-

geon, and the sturgeon fishery is comparativel}^ so small that the sale

of the sounds amounts to very little commercially. Those who had

tried to use carp sounds for this purpose had not been successful.

Nevertheless, at my suggestion, Mr. John Tufts, of the Cape Ann
Isinglass Company, made further tests on some sounds which were

procured for me by Mr. Cleaver, of the firm of R. Bell & Co. , Port

Clinton, Ohio. Mr. Tufts writes me as follows:

In regard to the carp sounds which you sent me, will say that I have tested them
and find that [they] will not answer our purpose, inasmuch as they do not seem

to contain any glue.

Finally, where carp are taken in greater numbers than can be used

for food, or where the attempt is being made to rid waters of them,

they can always be used for the manufacture of valuable fertilizer.

The importance of fish for this purpose and the extent of the industry

in some parts of the country, have recently been w^ell described by

Stevenson (1903). Fish refuse is regularly sent from many fish houses

in the region to the fertilizer factor}'^ at Sandusky, but under present

conditions carp contribute very little to this, being shipped almost

entirely in the round.

The possible value of the carp as a game fish will be discussed in a

later section (p. 619)."

THE CARP FISHERIES.

Within the past decade the carp fishery has increased to such an

extent in the general regions of Lake Erie and the Illinois River that

it now forms a recognized and independent industry. Although it

"There is one purpose for which the carp would afford valuable opportunity which has not been
mentioned—that is, as material for scientific study of variation and heredity among ilshes. Experi-

ments in this line have been actively prosecuted in recent years, especially with plants and mam-
mals; but so far as I am aware nothing has been done as yet with a fish. That the carp would be an
excellent subject for such experiments is evident from its great variability, its adaptation to domesti-

cation and the consequent ease with which it can be reared, its hardiness and rapid growth; and,

finally, its^ great fertility, affording abundant material for quantitative results. Probably the only

rival of the carp as a fish for this purpose would be the gold-fish, which might be preferable on
account of its smaller size.
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is carried on to some extent throughout the entire year, and some per-

sons devote their whole time to it, the bulk of the fishing', in the Lake
Erie region, comes in spring and summer, when the number of men
engaged is greatly augmented. Many of these persons are profes-

sional fishermen who at other seasons are engaged in catching other

kinds of fish; but many also are farmers, usually living in the vicinity

of the fishing grounds, who supplement the income of their farms in

this way. For this reason it is ver}" difficult to estimate the number
of men engaged in carp fishing, either for a part or for the whole of

their time.

By^ far the greater number of carp marketed are taken in seines,

and the methods differ only in details from those employed in seining

generally. For this reason I shall give but a short description of the

methods employed, and shall confine my remarks to the fisheries along

Lake Erie and the adjacent waters. Apparently about the same
methods are employed by the Illinois fishermen. (See illustrations in

Illinois fish commissioner's report, 1900-1902.)

Some of the fishermen, especiallv those who fish along the shores of

Lake Erie, make their headquarters in the cities where the wholesale

houses are situated, making trips of two or three days, or even a week
or more duration along the shores, and running back when they have

a load of fish. These trips are made usually in open, flat-bottomed

boats, of the style known on the lakes as "seine boats" and "pound
boats." They are rigged as single or double "cats," but with the sail

extending beyond the gaff to form a sort of permanent topsail.

Others, and especially the farmers who fish for only a portion of the

3^ear, usually have a permanent camp established near some of the

marshes. The fish when caught at these places are transferred at once

to live-cars if to be kept but a short time, or to artificial ponds if

they are to be kept longer, and are later sent to the wholesale houses

either in wagons or by boat.

SEINING.

The seines used in this fishing are commonly 40 to 50 rods in length,

about 18 feet deep in the middle and 10 feet deep at the ends. The
middle portion or bag is generally about 5 rods long and has a 3-inch

mesh, while the wings have a -l-inch mesh. Longer seines—to a length

of 80 rods—are sometimes used, but are usually found to be too

inconvenient. The cork-line is well supplied with floats to keep it up,

but there are usually no weights on the lead-line. The lead-line is

made shorter than the cork-line, however, so that it hauls somewhat
ahead of the latter and hugs the bottom. The seine boats commonly
used are open, flat-bottomed, centerboard boats about 20 to 30 feet

long, square at the stern, and fitted with a single mast (fig. 3, pi. ii).

The seine is loaded into the stern of the boat in such a way that it can

be paid oft' easily, and is taken to a ground where the fishermen have



612 REPORT OF THE COMMISSIONER OF FISHERIES.

reason to think there are carp. There are usually certain definite

beaches where the hauls are made, places that are known to be com-

paratively free of vegetation and snags. As the summer advances it

becomes more necessary to make the hauls on regular grounds, which

are thus kept comparatively free of weeds. Where the seine has not

been more or less regularly hauled the weeds become so abundant that

it is impossible to make a good seine haul over them, for the lead-line

trips and can not be made to hug the bottom. The A'arious hauling

grounds are patrolled with considerable regularity, and as soon as the

fish come on in any numbers the fishermen are usually aware of it.

For a seine of the size mentioned a crew usually consists of not less

than four men, though two crews sometimes help each other haul,

thus reducing the labor. Nominally the waters are free for any one to

fish in them, but as a matter of fact certain crews come to have a feel-

ing of ownership for the hauling grounds they have established, and

in this way thev assume rights which are generall}^ respected among
themselves b}^ an unwritten law.

Arrived at the hauling grounds, the fishermen proceed with cau-

tion, making as little noise as possible, so as not to frighten the fish.

A long brail rope is bent to each end of the seine. The free end of one

of these is left on shore, where a part of the crew remain as well, and

the others row the seine boat out in a big sweep around the hauling

ground. First the brail rope is paid out and then the seine itself, and

finally the other brail rope is carried to the shore at a considerable

distance from the point of starting. One person in a small duck boat

usually follows along the seine to see that it sets right, and that it has

not caught on any snags. The brail ropes are now passed around the

drums of wooden reels or windlasses, and wound slowly in, one man
keeping the line taut while one or two others wind in. In the mean-

time the fisherman in the duck boat follows along the net as it is gradu-

all}' brought in, watching to see that it does not trip and freeing it if

it catches.

When the brails have been brought close into the shallow water the

two ends of the seine are carried along shore to some median point,

and the net is now pulled in directly, hand over hand. In order to

keep the lead-line down to the bottom a " jack" or "roller" is pushed

down into the mud, so that the line runs under a sort of wooden spool.

In this way the seine is gradually hauled in until all the fish are

bunched in a small portion of the bag (figs. 1 and 2, pi. ii), from

which, with short-handled dip nets, they are either transferred directly

to floating wooden crates or live-cars, or are placed in a boat and later

transferred to the cars (fig. 3, pi. ii.) The seine is then again loaded

upon the seine boat, and if another haul is not to be made soon is taken

ashore and spread out on a reel to dry.

Under certain conditions special methods of seining are regularly
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employed. For example, some of the marshes connected with small

tributaries of the Sandusky River open into the main channel by out-

lets so definite that an}- fish which happen to be in the marshes can be

shut off from the river simply by setting- a seine across these outlets.

As has already been explained (p. 558), on account of the varying direc-

tion and force of the winds over Lake Erie the water level is almost con-

stantly changing, affecting also the level of the waters of the bays, rivers,

and marshes. By experience the fishermen have learned that when the

current sets up and the water level is rising, the carp work up the streams

and spread out over the marshes. Conversel}-, with the fall of the water

they mave out of the marshes again into the deeper waters. So careful

watch is kept of the currents, and shortly after the water has reached

its highest, and is beginning to go down again, a seine is stretched

across the outlet from the marsh, as described above. A row of stakes

is placed in a semicircular line on the downstream side of the seine to

prevent its being carried away by the force of the outgoing current,

and the cork-line is made fast to each of these stakes, so that the net

will not be carried away if the current should change and set upstream

again. As the water recedes the carp crowd on the upstream side of

the net in large numbers, and when the fishermen decide that enough
have come down to justify it, the haul is made. If the current is still

running out, a second seine is often set immediately in the place of

the first. The fishermen can get some estimate of the number of carp

that have gathered above the seine b}^ the number that are seen splash-

ing, or b}^ running a paddle slowly through the water, when, if there

are many fish present, they can be felt to bump against the paddle.

To make the haul, a brail rope is carried across upstream from one

side to the other, and the net is wound in to one shore in the usual way.

An outfit for seine fishing, including seine boat, seine, lines, and

other accessories, represents an outlay of about $150 to $200. In other

words, a capital of $10 to $50 each is required where the crew consists

of four men. Some crews, consisting, perhaps, of only two or three

men, who work ou a smaller scale, are probably able to outfit for a

smaller sum. In some cases the outfit is furnished b}^ a wholesale

dealer or fishing company, and the fishermen work on a salary or on a

percentage of the value of the catch.

The time ordinarily required to make a seine haul and dispose of

the fish is from one to two hours, though it may vary with conditions,

and the haul is not considered to have paid unless at least half a ton

of fish is taken. As a rule, the fishermen will not make a haul unless

they think there is a chance of getting a greater amount of carp than

that. The number of fish which may be taken at one time depends in

large part upon the season, and the size of single hauls sometimes

made during the spring months is almost incredible. Upon what
appeared to be reliable information there were reported to me a num-
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ber of hauls iu which 10 tons of carp were taken at one time. It

would probably be fair to assume that these fish taken in the spring

averaged in the neighborhood of 8 pounds each, which would mean
that each haul contained some 2,500 fish. The largest single haul of

which I heard at Lake Erie was said to have contained 14 tons of fish.

A recent apparently well-authenticated report from Lake St. Clair,

however, exceeds this by more than as much again. Net fishing in

Lake St. Clair has been prohibited by the state of Michigan until

within a short time, and in the favorable marshes of the St. Clair

delta and about the mouth of the Clinton River the carp had increased

to an amazing extent, resulting in some phenomenal hauls now that

seining for these fish is permitted. The American Fish Culturist for

July, 1904 (vol. 1, no. 7, pp. 18-19), quotes from the Detroit News an

account of probably the largest haul on record, and adds further con-

firmation of the report from Mr. Seymour Bower, superintendent of

the Michigan state hatcheries. The article seems of suificient interest

to quote in full:

" That despised fish known as the German carp is having a growing commercial

value, and with the possibiUties of carp fishing in mind, Carl Schweikart formed two

companies, the St. Clair and Erie Carp Company and the Detroit Carp Company.
The field of operations is at the mouth of the Clinton River, where the water is clear

and the fish are supposed to be at their best. The former company has had phe-

nomenal success in carp catching, having taken in one haul last week 7,200, which

they suppose will average about 8 jiounds. The catch was made about 8 o'clock in

the morning, and several men were kept busy all daj' getting the carp out of the nets

and into the ponds in which the carp are kept until sold. Eastern buyers are figur-

ing for the purchase of their entire catch, but Mr. Schweikart is inclined to wait for

better prices. The quotation in New York is now 3 cents a pound.

"What do they do with the carp? Well, they are considered a delicacy by hun-

dreds of patrons of the best hotels and cafes in the East, but the name ' Great Lakes

salmon' is preferred."

Referring to the above, Mr. Seymour Bower, superintendent of the Michigan State

hatcheries, says:

"The big haul was made iu Lake St. Clair, near the mouth of Clinton River. Net

fishing of all kinds was prohibited in this lake until the last legislature passed an act

allowing the seining of carp. This lake, as you may know, is famous for its small-

mouth bass fishing, and it is claimed that the presence of the carp in such over-

whelming numbers is bad for the bass; hence the passage of this law."

"^Ir. Schweikart is interested in two companies fishing for carp, and I supposed

that report of the catch for the month of May, received a few days ago, covered

everything in which he Avas interested, but it was for one company only. The
report for the other company was received this morning, and the big haul is there

all right. I then called Mr. Schweikart by 'phone and he not only confirms the

statement made in the clipping, but says the half was not told, and I know Mr.

Schweikart is thoroughly reliable. He states that from the big haul they impounded
7,200 carp by count, and for want of time and facilities for handling were obliged to

let fully as many more go, and that the fish taken will average not less than 10

pounds in weight. The two companies in which he is interested impounded 44,900

carp by count in May, or upward of 200 tons.

"Following are the rules under which eleven firms are now fishing there:
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" Rule I.

"No person shall catch German carp in any manner except with hook and line,

without first notifying in writing the State game warden and the State Board of Fish

Commissioners, at their office in the city of Detroit, of the time and place where he
intends to fish for carp.

"Rule II.

"No person shall catch or take German carp from said waters except with a seine

with a four-inch mesh extension measure as used, and with a hook and line. No
person shall catch or take German carp with a seine without first giving a good and
sufficient bond conditioned for the faithful observance of these regulations and for

the payment of a penalty of fifty dollars ($50) for each and every violation of these

rules and regulations.
"Rule III.

"If German carp which are caught are to be kept for future sale, shipment, or

delivery, a pond or other suitable inclosure shall be prepared in which said carp

shall be placed and kept, and the State game warden and the State Board of Fish

Commissioners shall be forthwith notified in writing of the location of such pond or

inclosure. Said pond or inclosure shall at all times be open to the inspection of the

said game warden, or any of his deputies, and to the inspection of the State Board
of Fish Commissioners, or to the inspection of any person aj^pointed by said board

for the purpose of inspecting said carp and the manner of fishing therefor.

"Rule IV.

"AVhen any such German carp are killed and sold, shipped, or delivered, the

owner or shipper shall make duplicate invoices of the same, one of which shall

forthwith be delivered or mailed to the State game warden, or to such person and to

such place as he may designate, and the other shall accompany the package of carp so

sold, shipped, or delivered. Said invoice shall truly state the time and manner of

shipment; by and to whom consigned, sold, or delivered. Every fisherman who
shall engage in business of catching German carp shall once a month make a report

to the State Board of Fish Commissioners, which report shall contain a true state-

ment of the quantity in pounds of the daily catch of German carp made by him
during the month. Said report shall be mailed or delivered as aforesaid on or before

the fifth day of each month.

'Rule V.

"Every package of German carp sold, shipped, or delivered shall be plainly

marked so as to show what it contains. It shall also show by whom same is sold,

shipped, or delivered, and such package shall contain no other kind of fish whatever.

"Rule VI.

"When any other kind of fish than German carp shall be caught or taken in the

seine prescribed by law and by these regulations, the same shall be carefully put

back in the water and, under no circumstances, kept by the fisherman.

"Rule VII.

"Whenever a special inspector shall be required to watch the taking, killing, or

shipping of German carp by any fisherman, the expenses of said inspector, not

exceeding three dollars per day, shall be borne by such fisherman.

"The right to amend and alter these regulations at any time is especially reserved

by the State Board of Fish Commissioners, and will for each violation of any of the

laws of Michigan with reference to the protection of fish, pay to the State Board of

Fish Commissioners the sum of $50, then this obligation is to be void, otherwise

to remain in full force."
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The laws governing the taking- of carp in Lake St. Clair are quoted

to show what can be done in cases of this kind to allow of the utiliza-

tion of the carp, to decrease their numbers, if that seems necessary,

and still to afford protection to the native fish, especially the game fish,

such as the black bass.

OTHER M?:TH0DS OF CAPTURE.

The number of carp taken l)}- other means is insignificant as com-

pared with that taken by seining—in fact, it is seldom that any other

kind of net is set exclusively for carp. Small numbers are taken more

or less regularly in the poiuid nets set in Lake Erie for saugers and

pickerel (wall-eyed pike) and for white-fish, as well as in the traps

and tyke nets set in the bays and rivers for other species of fish. A
few carp—mostly small ones—arc obtained in the gill nets set for

white-fish about the Bass Islands in the fall. Occasionally when a

immber of carp have entered some place where a net can be set across

their only way of escape, or where the}- can be driven into it, a gill

net is used. Thus if carp are frightened out of the rushes where they

are feeding they will usually make directly for deeper water. If a gill

net is set so as to intercept them many will rush into it and become

entangled; but they are such vigorous fish that unless the net is an

exceptionally strong one the}^ are apt simply to tear it to pieces. I

believe tranmiel nets have been tried in the same way, but not with

enough success to warrant their general use.

PACKING AND SHIPMENT.

The method of transportation of the fish to the fish houses has

already been mentioned (p. 611). The fishermen may dispose of them

immediately after the}'^ are caught, or the}' may keep them for a time

pending a rise in the market price. In the latter case the carp are

retained in pens or ponds as will be described later. The fish are

received at the wholesale houses often in a living condition, although

they may have come a distance of several miles packed a foot or two

deep in a wagon or boat. They are transferred from the boats to

boxes by means of short-handled dip nets, the iron frames of which

are usually straight on the side opposite the handle, a construction

which facilitates using them to take fish from the liottom of a boat.

The boxes are now slid inside the fish house and placed on the scales

where the fish are " weighed in," and are then dumped out in a pile on

the floor. Usually no record is made of the number of fish, but all

measurements are by weight. As soon as possible the fish are packed

into plain lumber shipping boxes of uniform size and especially made
for this purpose. A box is placed on the scales and chopped ice is

shoveled in until it tips a certain weight; a 150-pound weight is then

added, and carp are shoveled in until it is balanced. For handling the
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fish when they nre ou the floor ordinary large scoop-shovels are used.

Each day the boxes of carp are shipped either by freight or express to

the large cities, where thej^ are in demand. From the fact that some

of the tish from Lake Erie at times reach New York still in a living

condition, it will be seen that there is no need that the tish should be

cleaned before shipment, even did not the consumption of the greater

portion by Jews demand that they be shipped " in the round."

Some firms, when the supph' of carp exceeds the demand at the

time, freeze a part of the catch and hold them over in this way, but

the frozen fish do not find so i-ead}^ a sale.

EXTENT OF THE FISHERIES.

The amount and value of the carp output of Lake Erie has been

steadily on the increase for the past eight or nine years. The fish

first began to be handled by the dealers in about 1890 or 1891, but

had no extensive market until about 1895. At a fish house in Port

Clinton it was stated that when they first began to be taken they were

thrown in with 'the mullets and sold at 1 cent a pound, and the

dealers did not want them at that price. The}^ were then put on the

list as German carp, at 3 cents, and at once found a ready sale.

That the fishery had not become established in 1892 is shown by the

fact that c^rp are not mentioned under the "Products of Lake Erie

fisheries," in the Report of the United tStates Fish Commission for

that year (p. cl), nor in the paper by Smith in the same report on

the fisheries of the Great Lakes. '^^ They were being used more or

less in other places, however, and Smith (1898, p. 494) estiniates the

amount of carp taken in the waters of the United States, exclusive of

the Great Lakes, in 1894, as 1,448,217 pounds, valued at $37,683.

The catch from Illinois was more than four times that from any other

state, Iowa coming next. The Lake Erie fisheries had increased

enormously by 1899, and Townsend (1901) in reporting for that year

says (p. 178):

The catch of carp in Lake Erie in 1899 amounted to 3,633,679 pounds, valued at

$51,456. The report of the Illinois Fishermen's Association shows that the catch of

carp in the Illinois River is greater than that of all other species combined, the

quantity of carp taken in 1899 amounting to 6,332,990 pound?, valued at $189,980.

The yield of carp from the Ohio River and two of its tributaries, the Cumberland
and Wabash rivers, during the same year, amounted to 113,387 pounds, worth

$6,654.

These figures show an increase in the quantity of carp derived from the above-

named waters amounting to nearly nine times the quantity yielded six years ago.

a Although the Lake Erie and Illinois carp fisheries had not become established at this time, these
fish from eastern waters were finding a ready sale in the New York markets. This is shown by the
following statement of Mr. John H. Brakeley (1889a): " I hare sold several hundred pounds of carp
during the past autumn in the New York market, the commission merchants getting 15 cents a
pound for them. I am satisfied that it will pay to feed carp, and sliall do considerable of it next
season."
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In the summer of 1901 I myself visited all the principal fish dealers

on Lake Erie, and made as accurate an estimate as possible of the

extent of the carp fisherj- for the calendar year 1900. A number of

factors prevent great accuracy in such an inquiry; for example: (a)

Some dealers keep no record whatever of the carp handled l)y them;

(/>) others keep record only of their own catch, not recording' those

bought by them from fishermen; (c) in some cases the carp are weighed

in and sold with the suckers, and (d) it sometimes happens in the

spring that carp come in faster than they can be handled, when the

surplus is weighed up with the refuse, and sent to the fertilizer fac-

tories. In spite of this, however, it is felt that the following statistics

give a fair estimate of the total amount of carp shipped from Lake
Erie in 1900:

Pounds.

Detroit, Mich 300, 000

Monroe, Mich 14, 000

Toledo, Oliio 432, 548

Port Cliiitou, Oliio 2, 361, 723

Sandusky, Ohio 1, 260, 817

Total for western end of lake 4, 369, 088

Huron, Ohio 14, 168

Vermilion, Ohio 3, 561

Lorain, Ohio *.

.

20, 773

Cleveland, Ohio , 16, 000

Ashtabula, Ohio 2, 500

Erie, Pa 12, 000

Buffalo, N. Y 160, 000

Total for eastern end of lake 229, 002

Total for lake 4, 598, 090

The price paid to fishermen for carp varies from about 30 cents per

100 pounds in the spring months to 2^ cents per pound in the winter.

Taking li cents per pound as a fair average, the value of the carp

catch of 1900 would be $68,971.35. This is an increase of 961,393

pounds over the catch of 1899, and an increase of valuation of over

$17,000. As nearlj^ as could be judged at the time, the catch for 1901

promised to be about as much larger than that of 1900. No accurate

statistics have been gathered since that time, but the fishermen say

that the fisher}^ is still increasing.

The number of pounds of carp taken in Lake Erie in 1899 equaled

nearly one-sixteenth of the total catch of fish of all kinds in the lake

for that year, while the value was about one twenty-second of the

entire fisheries product.

In the Mississippi River and the streams tributarj' to it, especially

in the Illinois River, the carp fisheries are of far greater comparative

importance, and for several years carp have constituted over one-half

of the total yield of the fisheries of the last-named stream (Townsend,
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1902, p. 150). In 1899 the catch for these streams was 11,809,840

pounds, valued at ^^3S9,258. In a letter dated October 19, 1903, Dr.

S. P. Bartlett states that the value of the output in 1901 from the

Illinois River was nearly two-thirds of a million dollars, 17,000,000

pounds being- the output: -' and in a previous letter—

1 am safe in saying that of all the fish produced in our inland waters and rivers the

carp will bring the fishermen more money than all their other catch.

ANGLING.

The anglers for trout and bass naturally look upon the carp with

great /contempt. Nevertheless there are those who are ready to cham-

pion the foreigner, and some would even rank him as a g-ame fish. In

Germany, angling for carp in the open waters has afforded recreation,

and has been a not unimportant factor in the food supply of the peo-

ple; and in England carp have been sought by the angler since their

earliest introduction into that country. They are mentioned among
the fishes included in the treatise on angling in the "Boke of St.

Albans," first published in 1486, and consisting of a number of com-
pilations often attributed to Dame Juliana Barnes (or Berners), though
the section on angling was probably not vfritten by her. This account

is interesting as being probably the earliest record we have of the

carp in the English language; and being brief, ma}^ well be quoted

here:

The carpe is a deyntous fysshe: but there ben but fewe in Englonde. And there-

fore I wryte the lasse of hym. He is an euyll fysshe to take. For he is soo stronge

enarmyd in the mouthe that there maye noo weke harnays holde hym. And as

touchynge his baytes I haue but lytyll knowlege of it. And me were loth to wryte
more than I knowe & haue prouyd. But well I wote that the redde worme & the

me;iow ben good baytys for liym at all tymes as I haue herde save of persones cred-

yble & also found wryten in bokes of credence. ^

In the later English writings on fishing, the carp is accorded a

prominent place, and Izaak Walton (1901 ed.) devotes a chapter to its

natural history and the modes of capture. He styles it "the queen of

rivers; a stately, a good, and a very subtile fish," and says (p. 17):

And my first direction is, that if you will fish for a Carp, you must put on a very
large measure of patience, especially to fish for a River Carp: I have known a very
good fisher angle diligently four or six hours in a day, for three or four days
together, for a River Carp, and not have a bite.

alt would seem that Doctor Bartlett has put the valuation rather high. Two-thirds of a million
dollars for 17,000,000 pounds of fish would mean a value of slightly over 3.8 cents per pound. At the
.same rate u.sed in estimating the value of the Lake Erie catch above (U cents) the Illinois River
catch for 1901 would be worth $255,000. If we estimate the Lake Erie catch for 1901 on the basis of

the catch of 1900 over that of 1899 (an increase of nearly a third) it would amount to approximately
5,800,000 pounds, with a value of $87,000, making a total of 22,800,000 pounds, worth $342,000 for the
two regions. There are no data at hand for estimating the amount of carp caught in other parts of
the United States, but it is probably comparatively small in proportion to that for the regions given.

6 From a reprint of the Wynkyn de Worde edition of 1496 (London, 1810, treati.se of "Fysshynge
with an angle," signatnre i j).
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He then goes on to tell when one should fish, the kinds of bait that

should be used, and ends with an elaborate recipe for its cooking.

Perhaps the best directions for fishing for carp with hook and line

arc those quoted from Pennell by Goode (1888, p. 414) in his popular

treatise on American Fishes.

Early in the morning, and, occanionally, late in the evening, are the best times for

fishing; but, as observed, the catching of Carp with the rod and line is always a diffi-

cult and uncertain operation, particularly if the fish are large. The smaller the pond,

the better the chance I have always found of catching Carp and Tench, though, of

course, they are not so large as in bigger waters. I once caught a bucketful of Carp

before breakfast, in a pond by the side of a road between VVeybridge and Byfleet,

which was not bigge;- than an ordinary sized ball-room. The biggest of these Carp

did not, however, exceed 2 pounds in weight.

The following is the method of Car]> fishing in stagnant waters which I have

found most successful:

Let the line be entirely of medium sized or fine round gut.—clouded, if possible—

with a very light quill float, say No. 4, and one good-sized shot, about 6 inches or so

from the hook, which should be No. 5 or 6 and baited with a brandling or red worm.

Plumb the depth accurately; and arrange the distance between the float and the shot,

so that the latter may exactly rest on the bottom, weighing down the point of the

float to about "half-cock," and letting the gut below the shot and the bait lie on

ground. Fix the rod in the bank and keep perfectly quiet. When a bite is per-

ceived, do not strike until the float begins to move away.

It constantly happens, however, that the Carp will not be taken either by this or

any other mode of fishing with which I am acquainted; but if he is to be caught at

all it is thus.

The baits are, worms (first), gentles, greaves, grains and various sorts of pastes,

of which latter, however, I believe the plain white bread crumb paste is the best, as

Avell as the most easily made. Professor Owen, who had a good deal of Carp fishing

experience in Virginia water, gave me the results of his practice which concur in a

great measure with my own, except that he fished with his bait paste made of soft

herring roe worked up with bread crumbs and wool, a favorable substitute some-

times for the brandling.

In Germany the ''* angler usually prepares for his sport by 'ground-

baiting' with a thousand or more angle-worms, twenty-four hours

before he expects to fish, and while fishing he throws worms into the

water."

While most of our sportsmen would probably indignantly object to

having the carp classed as a game fish, it must be admitted that

whether it should be so classed or not depends largely upon our defi-

nition of a game fish, and, as Goode says (1888, p. xiv), "no fish

which is not of the highest rank as a table delicacy is rated by Ameri-

cans as a game fish." He continues:

The barbel, the dace, and the roach, the pets of the fatiur of angling, classical in

the pages of sportsmen's literature, are despised by new world authorities, and are

now considered "coarse fish" even by English writers. Yet they afford excellent

sport—sport which in England tens of thousands enjoy to every one who gets the

chance to whip a salmon or ti'out line over preserved waters.

And so it is with the carp. Those who live where there is an abun-

dance of other fish, such as bass and pickerel, or even of perch and
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bream, will probably not abandon those fish for the pursuit of the

carp, while, on the other hand, those who have done most of their

fishing for buffalo, red-horse, mullet, or bull heads should welcome
the carp with joy. How far in this country its capture is supplanting,

or at least supplementing, the other of the coarser fishes in this respect

has been best told by Dr. S. P. Bartlett (1903), of Illinois. For this

reason I quote the greater portion of his paper:

The question has been asked me a great inany times why it was that carp can not

be taken with the hook and Hne. A great many persons have told me that they

have used all kinds of bait and failed to get them to take it. These inquiries came to

me as a surprise from the fact that hundreds daily fish for carp with hook and line

on Quincy Bay and all along the Illinois River with great success.

1 have found the best bait to be a dough ball made by boiling cornmeal to a good stiff

nnish, and then working the ordinary cotton batting into it until it becomes hard and
stiff, and then rolling into little round pellets about the size of a marble. Bait prepared

in this way will not be easily dissolved by the water. I use the ordinary Carlisle

hook fastened on the end of a good strong line and three or four inches above the

hook, attach quite a heavy sinker which will take the line to the bottom and allow

the bait to flow up away from the bottom. Another good bait is the ordinary shiii

stuff from the mills, boiled stiff and dough rolled out in sheets and then cut up into

little Sfjuares, perhaps three-fourths of an inch square. Fried potatoes, sliced raw
and fried until they become stiff, not brittle, also is a fine bait. Anyone conversant

with the hook and line at all, will have no trouble in carp if this bait is used as

indicated.

On Quincy Bay I have seen as many as two hundred people fishing for carp along

the shores, and nearly all of them get good fair strings. The carp when hooked is a

very vigorous fighter, and care must be used that he does not break the hook or

break out the hook from his mouth. I would advise the use of the landing net.

They are daily taken on trout lines, using the same kind of bait.

Since your request for information as to the carp from an angling standpoint, I

,have given the matter a great deal of attention, and have been greatly surprised at

the extent to which carp are caught with hook and line. From Cairo to Dubuque
on fhe Mississippi River I have found shores at all the towns lined with people

fishing for carp, all catching them. One day last week, from the lower end of

Peoria, Illinois river, to water works point, a distance of three miles, I counted

1,103 people fishing with hook and line, and on investigation [it] developed that a

large per cent of them were taking carp. The majority of those caught weighed
a pound and as heavy as five pounds, all of them probably used as food. Permit
me to introduce here a letter from one of the best known sportsmen in the State

[Mr. M. D. Hurley, of Peoria, 111.]:

"Carp fishing with hook and line has now taken its place with bass and other

kinds of fishing. All along the river in this locality carp are being caught freely

with hook and line this year, and to say they are gamey, is not half expressing it.

For the past month I have made it my business to go along the river and take notes

of this particular kind of fishing and talked with no less than 25 different persons

who were busy catching carp, and in every instance I was told it was rare sport to

hook a carp, as it was quite as much of a trick to land one as it was to land a bass;

dip nets were used generally to land the carp, as the activity of the fish when jerked

out of the water would tear the gills and free the fish quite often. The bait used

when fishing for carp is dough balls and partly boiled potatoes, the latter being best

in the opinion of the majority. The carp will bite on worms quite freely also, and
in two instances, I found carp had been taken vrith minnows, something that has

been considered impossible heretofore, but in these two cases I am certain it was
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done, as I have the names of the parties who caught the fish. An old German who
hves here goes daily to the river with a regular fly casting pole and reel to fish for

carp. Of course he exchanges the fly for the regulation hook, but he used his reel

in landing the carp, and says there is no finer sport than fishing for carp. This man
uses jjartly boiled potatoes altogether and is very successful in taking carp in num-
bers daily. I have caught a great many carp myself with hook and line, using pota-

toes, dough balls and worms, and found that the partly boiled potatoes worked
best, as the carj) seemed to take that particular bait when they would not bite any
other. As for the sport of catching carp with hook and line, I consider it equal to

anything in the way of pleasure fishing, as the fish is gamey and will fight as hard

against being landed as bass or other game fish and is to be handled with precaution

on account of the tender gills, which will often tear when hooked by an inexperi-

enced angler. In the past two years carp have become popular where they were

unpojaular, because of the wearing away of the prejudice that they were of no bene-

fit to the angler on account of the belief that they would not take a hook. Now it is

different, as the very ones who were so loud in their protest against the carp, have

found great sport in taking them with hook and line, and it is wonderful to hear the

change of sentiment as to the carp for food purposes. They are a good fish now and
fit for a king in comparison to what was said of them while the prejudice still existed.

To my mind the carp is a good fish for food purposes and is fast finding favor in the

west in every way, now that the angler has found it is the coming fish for sport.

Just at present, in the Illinois river, we have a world of all kinds of game fish and

no end of carp, which insures the angler his full measure of sport until the end of

time."

At Detroit and at Put-in Bay I have seen numbers of persons fish-

ing from the wharves with hand lines for carp. The bait in most gen-

eral use was a piece of boiled potato wrapped in mosquito netting to

keep it on the hook. On the 25th of July, 1901, with this bait, I saw
taken from the steamboat wharf at Put-in Bay a carp which measured

81.5 inches in length and the weight of which was estimated at about

16 pounds. This fish made a vigorous fight, and would have taxed

the ingenuity of an expert angler if he had hooked it on a trout line

and a light rod.

There is a tendency among sportsmen to deny the title of game fish

to any that Avill not rise to a bait, either real or artificial. In such a

category the carp certainly can not be included; it must be classed

rather with those fishes that reward the quiet, "contemplative"

angler, who must wait patiently until the fish bites, but who then has

the same problem and must exercise the same skill in landing his

game that he would have to display had he hooked one of those

species generally acknowledged to be game fishes.

CARP CULTURE.

Carp ponds and pens ma^" be divided primarily into classes accord-

ing to the purposes for which they are used: (1) Permanent ponds or

complements of ponds, used for breeding, rearing, and retaining the

fish until such time as they are large enough to dispose of in the

market; and (2) temporar}^ ponds or other inclosures used only for

holding carp from times when they are easily obtained until, on



THE GERMAN CARP IIST THE UNITED 8TATE8. 623

account of their scarcity, the market value has risen to a point making

their sale profitable. The terms permanent and temporary are thus

used here, as it will be observed, not in the sense of the time of dura-

tion of the ponds, but as denoting the manner in which they are used.

The latter sort correspond more or less closely in their function to

the stock ponds on a well-equipped German cai^p farm. Either sort

maj'" be natural or artificial.

PERMANENT PONDS.

With a few possible exceptions carp culture has never been attempted

in this countr}^ after the lines on which it is carried on so extensively

in Germany. Most of those persons throughout the United States

who aspired to cai-p culture at the time these fish were being dis-

tributed b}" the Government merely dumped the fish into any body of

water that was convenient, or into any pond that could be hastily

scraped out or constructed by damming some small stream, and there-

after left them to shift for themselves, possibly feeding them occa-

sionally at first. That such efforts were not a success is no more to

be wondered at than would be a man's failure if he attempted to estab-

lish a successful poultry farm merely by turning a few dozen fowls

loose in the neighborhood of his home. Whether extensive and prop-

erly conducted carp farms would then, or would now, be profitable

and pay a reasonable return on the capital and labor invested, is

another matter, and will be considered a little farther on.

It is not proposed here to enter into an elaborate description of the

methods employed by the successful European carp culturist. Ameri-

can readers who may be interested in the subject are referred to the

excellent paper by Hessel (1881), which has been cited frequently

throughout this report, and to the fuller account given in the transla-

tion published by the United States Fish Commission of the work by

Nicklas (1886). Numerous works on the subject have been published

in German, and references to them will be found in the bulletins

named above; among the more recent books may be mentioned those

by Susta (1888) and Knauthe (1901).

Some idea of the extent to which carp culture is practiced in Ger-

many and the neighboring parts of Europe may be gained from the

following extract quoted from Hessel (1881, p. 866):

A celebrated establishment for carp-culture, with large, extensive ponds, was

located, as early as the fourteenth century, near the town of Wittingau, in Bohemia,

Austria. The first beginning of it may be traced back to the year 1367. At that

time the lords of Rosenberg called into existence and maintained for centuries these

establishments on a scale so extensive that to this day they are the admiration of the

visitor, the main parts having survived, while the race of the Rosenbergs has long

been extinct.

The manor of Wittingau suffered greatly from the calamities of the Thirty Years'

War, and with it, in consequence, its fish-culture. The latter only recovered the
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effects oi it after passing, together with the large estate of a rich monastery of the

same name, in the year 1670, into possession of the Princes of Schwarzenberg, their

present owners. The extent which carp-culture has reached on these princely

domains will be seen from the circumstance that their artificial ponds comprise an

area of no less than 20,000 acres. The proceeds amount to about 500,000 pounds of

carp per annum. The ponds of the Princes of Schwarzenberg are probably the most

extensive of the kind on the globe. They are usually situated in some undulating

lowland country, where small valleys have been closed in by gigantic dams for the

jiurpose of forming reservoirs. Similar establishments, though not equally exten-

sive, are found in the provinces of Silesia and Brandenburg; as, for instance, near

Breslau and Cottbus, in Peitz and Pleitz, which I visited last year. In Hesse-Cassel,

Hanover, Oldenburg, Mecklenburg, and Holstein there are also many hundreds of

ponds, none of them covering more than a few acres, but almost every large farm

possessing at least one of them.

The well-appointed carp-cultural establishment has at least three

kinds of ponds, each adapted for a particular phase of the industry.

These ponds are usually made by throwing dams across small valleys,

and b}^ the aid of dikes, and are commonl}^ fed by small streams flow-

ing into them, by springs, or they maj^ depend entirely upon the

rains to keep them tilled. These last are often spoken of as "sky-

ponds,'' and are much more uncertain than the others. The ponds

fed In" streams are ordinarily protected from flooding by freshets by

leading the main channel of the stream around them, so that the

amount of water which flows into the pond can be regulated at will.

The classes of ponds are:

1. Spawning ponds. Shallow ponds in which the water is easily

warmed by the sun, and suitable for the spawning fish.

2. Raising ponds. Ponds, usually of medium size, to which the fry

are transferred and where the}^ are retained, isolated from the larger

fish, until they are a year or two old.

3. Stock ponds. Large ponds in which the fish are kept until they

have reached a marketable size; this is usually considered to be when
they have reached a weight of 2i to 2^ pounds. One reason that the

young fish are reared for a time in the raising ponds is that in the

stock ponds with the older carp are often kept a number of predaceous

fish, such as perch, pike, etc., which are supposed to keep the carp in

better condition by preventing them from becoming too lazy and seden-

tary. These fish would destroy the carp fry if the latter were put

into the stock ponds while still small. The predaceous fish also form a

secondary source of income.

Since the stock ponds are not alwaj's favorable for the wintering of

the fish there are sometimes ponds especially adapted for this, and

these are known as

—

4. Winter ponds. These should be in sheltered localities, if possible,

and should have a depth of at least 6 to 8 feet.

All the above classes of ponds are constructed upon the same general

principle. Ditches from the various parts of the pond lead into other
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ditches which are deeper, and these finally lead into a still deeper pit

(the "fish pit"), which is situated at the place of outlet, usually near

the dam. When it is desired tx) drain the pond, the water is drawn
off gradually, the fish work down into the ditches, which completely

drain the pond, and so they all come finalW into the fish pit, whence

they can be taken with nets. In a properly constructed pond it is

possible to draw all the water from the pit, and thus completely drain

the pond. It is common on many farms to have a curious " rotation

of crops;" the fish ponds arc drained and turned to agricultural pur-

poses for a season or two, when by closing the outlet gates and allow-

ing the water to fill them again they are reconverted into ponds, and

pisciculture is resumed. Such a proceeding is said to have a salutary

effect upon both industries.

TEMPORARY PONDS AND PENS.

Although there are very few, if any, carp-cultural establishments

in this country conducted on the principles of those that have just

been described, there is, nevertheless, an increasing number of ponds

being constructed and used for the temporary retention of the fish.

I'his is true especially in the Lake Erie district. These inclosures

vary all the way from the simplest pens, not calculated to hold more
than one-half ton to a ton of carp, to extensive ponds covering large

areas and constructed and maintained at a considerable expense.

These temporary inclosures may again be divided into two classes:

(1) Those in which the level of the water is not under control, but

varies with the changing level of the surrounding waters; and (2) those

in which the water level in the ponds can bo artificially maintained at

any desired height.

, Under the first class the simplest kind is that already mentioned

(p. 612) as being used when it is desired to retain the fish only a very

short time—a few days to a week or so at most. These are the ordi-

nary live-cars or crates—large boxes constructed of rough boards with

cracks between, which allow the access of plenty of fresh water. When
the fish have been placed in these, the covers are fastened down and

the cars towed out to where the water is deep and certain to be fresh

—

well out in a stream, if possible. The cars are weighted with heavy

stones, so that they float with their tops just at the surface of the

water. Fish kept in cars are seldom fed, unless it is necessary to keep

them much longer than is usually the case. When they are taken out,

dip nets are employed.

A common method of constructing inclosures which will accommo-
date a larger number of fish, and in which they may be kept indefi-

nitely, is to build out into a stream, or from the shore of a bay or

lake where the conditions are suitable, a sort of rough picket fence

around three sides of an area, the shore usually forming the fourth

F. C. 1904—to
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boundary (fig. 2, pi. ii).'^ This fence consists of rough l)oards driven

into the mud a short distance apart, and supported at intervals by strong

stakes driven firmij" into the bottom. It is necessary to have the top

of the fence several feet higher than the highest water, to prevent the

fish from leaping out. A woven-wire netting 2 to 3 feet high is often

added to the top of the fence for this purpose; it is not practicable to

use the wire netting under the water, as the fish would become badly

bruised in attempting to get through it, or by dashing into it without

seeing it. The pens may be of any size, from small ones, which will

accommodate only one or two hundred fish, to those covering an extent

of some 2 or 3 acres. Larger ones than this are probably not practicable

on account of the difficulty that would ensue in attempting to get the

fish out of them; obviousl}" the water can not be drawn off and the pen

drained, so the only way of taking the fish is with a seine. This is

done by setting the seine around the perimeter of the area, close to

the fence, and then hauling it to one corner of the inclosure, where the

fish can be gathered into the Bag of the seine (fig. 2, pi. ii).

As a rule there is not enough natural food in these pens for the

sustenance of the fish, and in order to keep them from falling away
greatly in weight it is necessar}^ to supply them with food. The

necessity, of removing the fish with a seine makes it impracticable to

build the pens where there is plenty of vegetation to supply the fish

with natural food, since much vegetation would interfere greatly with

the seining.

Pens should be built in places sheltered as much as possible from

storms, for the high waves are apt to break down the fence and allow

the fish to escape. Unusually high water and severe storms caused

great damage in this waj'^ in Sandusky Bay and vicinity in the summer
of 1902, one pen, in which there were said to be 40 tons of carp at the

time, being broken down in places so that all the fish were lost.

Portions of marsh which have comparatively narrow openings lead-

ing into them are sometimes converted into ponds by throwing

embankments, or more often building board stockades, across the

narrow places. Such ponds usually have the advantage of containing

plenty of natural food, but trouble usually arises when it comes time

to take the fish out, as the places are not adapted to the use of a seine.

In some cases the embankment or fence, with a correnient gateway,

is constructed early in the spring and the gateway is left open until

a large number of fish have entered the shallow water of the inclosure

for the purpose of spawning, after which the gateway is closed and

the fish are entrapped, to be seined out at leisure. At one or two

places great areas of marsh were cut off' in this way and the fish were

prevented from returning to the larger open waters; but this was of
»

—

'

a A. photograph of a carp pen similar to this is shown in the IllinoLs fish commissioner's report for

1900-1902.
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little avail, since the places were so large and the conditions so varied

that it was practically impossible to get the fish out.

There remain still to be considered those ponds in which the water

can be maintained at a definite height irrespective of the varying level

of the neighboring waters. Under suitable conditions they could

probably be constructed best in valleys and natural depressions

according to the plans alreadv outlined as being in general use in

carp-cultural establishments. Under the conditions of our fisheries,

however, it is a matter of great economic importance that these ponds

should be as near to the fishing grounds as possible, and as the land

there is low and marshy the ponds must for convenience be constructed

in or along these marshes. For this reason the problems presented

are very different from those met with in the buijding of ponds on

higher ground. The greatest difliculty comes, of course, in the mat-

ter of the drainage of the pond, since its deepest portions of necessit}"

lie below the level of the outside waters. An idea of the methods

that have been devised can probabl}" best be conveyed by giving brief

descriptions of two or three ponds which have now been in use for

several years.

Along the marshy shore of the Portage River, a mile or two above

Port Clinton, Ohio, is a successful carp pond covering some 30 to 35

acres, and owned and managed by two brothers, who also conduct at

the same time a fruit farm immediately adjacent to the pond. The
site of the pond was originalh^ a marsh, flooded by backwater from
the river, where the carp connnonly came in to feed and to spawn. It

was first converted into a pond (see diagram, p. 628) by throwing up
an embankment along the river side, cutting it off' from the river,

but still leaving it connected by an open gateway protected by a screen

or grating. The inclosed water was at the same lev^el as the outside

water, and as the level rose and fell a stream rushed in and out through

the gateway. This plan was found to be unsatisfactory, as the

impounded fish crowded about the grating, neglecting to feed, and at

the same time becoming badly bruised b}^ their contact with the bars.

The embankment was then raised and the gateway closed, so that the

water in the pond could be maintained at a level 1 to 2 or 3 feet or

so higher than the mean level of the river, while at the same time the

increased height of the water caused it to spread farther back over

the land, enlarging the pond, and encroaching upon a neighboring

cornfield, a large portion of which was thus converted into marsh.

The principal embankment was easily raised by having a shovel-dredge

make a cut along the inner side, the excavated mud being deposited on

the outer side of the cut to form the embankment. The lower por-

tions were built with a scraper at a time when the river was especially

low, at which periods the pond can be practically drained of water.

During rainy seasons springs kept the water well up to the desired
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level, but during drier times these were not sufficient, and it became

necessary to pump water in from outside. This was done for a season

or so by means of an "elevator" in a wooden trough or chute in which

run endless-chain belts with closel}^ fitting boards forming a series

of buckets as they move upward through the trough. (See fig. 2,

pi. III. ) The motive power at first was a span of horses, but later a

7-horsepower gasoline engine was installed, which does the " pumping"
or elevating much more expeditiously. The amount of pumping
required to keep the water at the proper height and sufficiently fresh

H i 1/- e r

Diagrammatic plan of carp pond near Port Clinton, Ohio: a, embankment; b, dam; c, engine-house;

d, water elevator; e, chute through which fish are slid into pond; /, chute through which fresh

water enters pond; g, dredge-cut; h, outlet. The figures indicate depth of water.

depends very closely upon the weather conditions and to some extent

upon the number of fish in the pond. It is seldom that so much as

two or three hours a day is required.

The water in the dredge cut is about 12 feet deep, but in other

portions of the pond there are few places more than 5 or 6 feet in

depth, and much of the water is considerably shallower. In all the

shallower parts is a rank growth of aquatic vegetation (sweet flag, cat-

tails, deer's tongue, wild rice, bulrushes, burr reed, etc.) which sup-

plies so much natural food that the fish are seldom oi" never fed arti-

ficially. With the maintenance of the water level, thus avoiding the

rushing of the water in and out through a grating, the fish remain dis-

tributed most of the time throughout the marshy parts of the pond
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where food is abundant. An exception to this is when a stream of

water is pumped in steadily for a time; then the fish begin to come
from distant parts of the pond to the place of the incoming stream, as

has already been described (p. 560). This tendency of the carp to

gather around the place where the fresh water comes in is taken

advantage of when it is desired to seine them out, the net being hauled

in the dredge cut when the fish have congregated there.

Another pond, near the Raisin River, below Monroe, Mich., and but

a short distance from Lake Erie, differs in some ways in method of

Diagrammatic plan of carp pond near Monroe, Mich.: a, outer embankment; b, dam; c, engine
house; d, d', water elevators; e, inner embankment; /, chute arranged for carrying water either into

dredge cut {g) or into central area (k)\ g, circular dredge cut; h, outlets; i, dredge cut from river;

j, outside dredge cut; A-, central area (water 1 to 2 feet deep); ?, marsh (barely covered with water).

construction from the one just described, and for this reason seems

worthy of mention. (See fig. above.) This pond is smaller than the

other, and is of interest as showing how a pond can easily be built in

the middle of an extensive flat marsh. This was done by starting with

a dredge at the river and cutting a channel straight into the marsh for

a short distance. A large circle was then made, the greater part of the

mud brought up being placed on the outer side of the cut, thus form-

ing a high embankment, while on the inner side a smaller one was
built up, in which, however, several breaks were left. After it had
completed the circle the dredge was taken back outside and a shortcut

was made on the outside and parallel to the outer embankment. When
a dam had now been built at the only opening, it was possible to raise
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the water in the interior to a height of 2 or 3 feet above that in the

surrounding mar.sh. This was here accomplished in the same way as

at Port Clinton, except that steam power was used for the purpose

instead of gasoline engines.

The pond then consists of a ditch 7 to 10 feet deep around the entire

circumference, the water over the central area having a rather uniform

depth of 1 to 2 or 8 feet. The fresh water that was pumped in was

originally turned immcdiatel}^ into the circumferential ditch, or could

be carried by a wooden flume over into the central area. The first

year the pond was used there was found to be great mortalitj^ among
the fish, a condition probably due to the large amount of freshly

exposed soil with which the water came in contact, so that it became

charged with humic acid and other products of organic decay until it

was unfit for the fish. This condition continued in spite of the fact

that fresh water was continually pumped in, especially during the

warmer weather, and it was found later that the water at the bottom of

the ditch was very foul and with a bad odor. In the succeeding year

flumes were arranged so that the fresh water was carried at once to

the bottom of the ditch, and the conditions were found to be much
improved. There would probably have been less danger in any case

during the second year, as the soil had undoubtedly by that time

become very well leached out.

Here, as in the pond previousl}" described, it was found that the fish

gathered around the stream of incoming water, and here also advan-

tage was taken of this fact in capturing them. The pond could be

drained, if necessary, by changing the elevator over to the inner side

of the embankment and discharging the water from the pond back into

the surrounding marsh.

There is one other style of pond in use in this region that should be

mentioned, in order to make the present account complete. These

have been constructed especiall}^ by the farmers along the southern

shore of Sandusky Bay. They are situated on higher ground than

those ponds which have just been described, ground that is usuall}^ at

least a few feet above the mean level of the bay, and are formed simply

by scraping the soil out of an area covering usually not over one fourth

to one-half acre, the soil that is removed being used to build the

embankments. The water is supplied by windmills or, in a number of

cases, by artesian wells. This water would seem not to be well adapted

to carp ponds, being cold and strongly mineral, with a vej'y decided

sulphurous taste; and j^et the carp are said to do very well in it. As
the ponds contain practically no natural food supply, the fish have to

be fed regularly to keep them from falling away greatl}^ in weight.

For this purpose a variet}^ of things are used, but shelled corn is prob-

ably employed more than an3'thing else. In one such pond, which
contained about 10 tons of fish, the carp were said to have been fed
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very larg-ely upon sowed corn, which was cut when about 1 to "2 feet

high and thrown into the pond. The proprietors chiimed that the fish

would dispose of a load—supposedly a wag-onload—of this in four or

five days. At this same place the first year the pond was used the fish

were not fed at all, and when marketed there was only half the weight

of fish that had been put in,

THE VALUE OF CARP PONDS.

It is safe to say that under existing conditions, where at certain sea-

sons of the year three or four men with a seine can obtain adult carp

in almost limitless mimbers with comparative!}'- little trouble, carp

culture in the ordinary sense would not be profitable. At least this is

true in regions such as Lake Erie and Lake St. Clair, where carp are

so abundant. That regular culture ponds, in which the fish are reared

from the egg until of a saleable size, could not be conducted with profit

in proximity to some of the large cities which constitute the principal

markets for carp is not so certain. Undoubtedly, as the demand for

carp grows, as it surely must, such will be the case.

On the other hand, there is no doubt of the great gain to be made

b}" taking carp in the spring and early summer, when they come into

the shallows and marshes in such great numbers, and holding them

over to fall or winter, when the market price has sometimes multiplied

fully tenfold. Let us take, for example, a suppositious case, based,

however, on actual conditions. A moderate sized pond could readily

accommodate, let us say, 50 tons of carp, and these could be obtained

with comparative ease during the spring. At this season, when the

fish are most plentiful, the price is often as low as 30 cents per hun-

dred pounds, so that the market value of the Avhole 50 tons would be

but $300, even if they could be disposed of at all at that time; for it

often happens that when the fish are so plentiful many more are

brought in than can be used, and great numbers bring the fisherman

almost nothing, being only sent to be made into fertilizer. Now let us

suppose that instead of disposing of these fish at such an unsatisfactory

figure the fisherman pens, or otherwise holds them over the summer.

Under at all favorable circumstances the loss in that time sureh^ ought

not reasonabl}' to be greater than 10 per cent of the total number of

fisli impounded, even allowing for the damage to fish b}^ handling.

Indeed, in a properly conducted pond, there should be no loss in

weight at all. The growth of the living carp, if properly fed and

cared for, should adequately offset the loss of individuals. For the

sake of fairness, however, we shall assume a loss amounting to 10 per

cent of the weight, and that the total weight of fish recovered from

the pond in the fall amounted to one-tenth less than that put in—in

other words, to 45 tons. Now, in the late summer, fall, and winter

months it is not at all unusual for the price of carp to go to 2, 2^, or
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even 3 cents per pound, a price ten times as great as that of the spring.

Many of the owners of carp in ponds and pens wait onl}^ for the market

to reach 2 cents per pound, and then fish their ponds and sell the fish.

If we market our 45 tons at this moderate price, they now bring

us the sum of $1^800, in comparison with whicli their original value

was insignificant.

It is needless to say that not all who make this venture are so suc-

cessful. From inexperience or ignorance of the conditions required

some of the ponds are very unfit for carp, and the mortality is much
greater than we have estimated above. Or in some cases, especiall}^ in

the pens, the fish have no natural food, and they can he maintained in

good condition only by feeding them artificially. The cost of this

must, of coarse, be deducted from the profits, and may amount to a

considerable item. Furthermore, the initial cost of constructing a

pond ma}^ constitute a relatively large investment, and account must

be made also of the necessary labor to maintain it and to care for the

fish. All these items vary greatly with local conditions, for whereas

a pond ma}^ be constructed and operated very economically in one

locality, in another place it may prove very expensive. Certain it is,

however, that small ponds are each year proving an acceptable source

of subsidiary income to many farmers whose land is favorably located,

while individual fishermen and fishing companies are yearly going into

this business of holding over carp on a more and more extensive scale.

CONCLUSIONS.

As was stated in the introductory remarks at the beginning of this

report, the main purpose of the investigation was to determine, if

possible, whether the introduction of the carp into the United States

had proved a benefit to the country or whether the fish had turned out

to be so detrimental to the f'^heries and other interests that it must be

considered as a nuisance. In other words, have the twenty- five years

or more that the carp has lived in our waters, and in which it has

increased to such a surprising extent, justified the belief of those who
were instrumental in its introduction that it would fill a place in the

economics of our fisheries that could not be taken by any of our native

fish; that it could, with little trouble and at small expense, be artifi-

cially raised in ponds and other small bodies of water unsuitable for

the culture of any equally desirable native species, thus affording a

cheap and ready supply of fresh fish to many who would otherwise be

unable to have any fish at all; and finally that it would populate such

of our lakes and streams as were unfavorable for inhabitation by finer

species, and contained only buffalo, suckers, and the like?**

a The good qualities claimed for the carp, which led to its Intioduction, will be found enumerated

on page 544.
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As regards the culture of the carp in this country, we find that,

although there was for a few ^'^ears an enormous demand for the young
fish—hundreds of thousands of which were yearly distributed free by

the United States Fish Commission and by many of the state com-

missions—their culture was soon abandoned in nearly all cases and

the fish allowed to escape into the open waters of the vicinity. There

are a number of reasons to account for this. People were expecting

too much. They rushed into carp culture in entire ignorance of the

conditions requisite for its successful operation, and, such being the

case, it is no wonder that they were disappointed in the results and

that their attempts were failures. In the second place, there was also

a general disappointment in the qualities of the carp as a table fish.

Undoubtedly, as in the case of its culture, too much had been

expected, though perhaps not without some justification. Still, the

bulletins that had been published and distributed made frequent men-
tion of the muddy flavor of the carp when grown under unfavorable

conditions, and emphasized the necessity of keeping such fish for a

time in clear water before killing them. Then, too, the fish were

often eaten at the wrong season, during the spring and summer
months, when their flesh is admittedly poorer in quality than in the

fall and winter. This is true of most fish that live in rather shallow

and sluggish waters, and even black bass are seldom caught and eaten

at these seasons. Perhaps even more important was the matter of

cooking. As has been mentioned in the body of the report, it is gen-

erally conceded that carp should be cooked in special ways, and the

Germans especially have many elaborate dishes which they prepare

from its flesh. Most of those who tried the fish here cooked it as

thev were accustomed to cook our native fishes, and decided that it did

not compare favorably with these, though, according to the statements

published by Smiley (1886), many appeared to be very enthusiastic

about it. Finally, another important factor which probably led to the

abandonment of pond culture in many cases was the increasing abun-

dance of carp in the rivers and other open waters. It was found that

what fish were wanted could be obtained with less trouble from the

open waters than they could be raised.

The whole question was admirably summed up in the Report of the

Michigan Fish Commissioners for 1884-1886 (Michigan, 1887, pp. 41,

42). This report not onl}'^ contained much cool-headed advice to those

who were contemplating launching into carp culture, but was almost a

prophecy of the outcome of the introduction of carp into the country.

After insisting that the carp will not be a success unless properly cared

for, the report continues:

From the fact that carp could be successfully grown m warm and muddy waters, it

was inferred that they would be just the fish to plant in our comparatively shallow

lakes throughout the State, and from the published accounts of their amazing fertil-
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ity, and rapid growth, it was confidently expected that in a very short time a large

food supply would be furnished.

While we believe that the carp will eventually prove a valuable addition to our

food fishes, and especially fill a want amongst the rural population, still we would cau-

tion those desiring to engage in this industry to go slow, io test its value for food in

comparison with our native varieties; to see whether they like carp to eat before they

spend an J'
considera})le sums of money in the construction of ponds, etc.

Nothing so much injures any enterprise as overestimating its importance. Esti-

mates are s-till w^anting as to the cost per pound for raising carp, and the fact that

they can be so readily procured must in a short time make them so plentiful in the

markets as to bring the price below the cost of production, if one-half of those design-

ing to engage in their culture should realize their expectations.

There can be no doubt that the carp is a nutritious and healthy food fish, but there

is a doubt whether they will please the taste of the general public who have been

accustomed to the taste of our native fish. In the trial made by the Commission and

their friends, when direct comparison has been made with (air native fish by cook-

ing them in the same manner and at the same time, the decision was that they seemed

inferior to the fish with which they were compared, namely, the black bass and the

wall-eyed pike. But in the regions Avhere fish, even poor ones, are a luxury they

will provide a great boon. In a State so exceptionally well supplied, however, with

the finest fresh-water fish in the world, as our State is, it is doubtful if the carp will

become either a favorite food or a source of profit for many years to come.

Although the carp did not fulfill expectations in the matter of pond

culture, it has more than done so in the way it has adapted itself to

conditions found in this country and the rapidity with which it has

midtiplied in our waters; and we find now that, instead of being gen-

erall}^ used throughout the country and especially in those sections

where it was thought it would be most appreciated on account of the

poverty of the streams or the poor quality of their inhabitants, it is

being sold almost entirely to the poorer classes of people in our large

cities. The Illinois River, together with the other rivers of the Mis-

sissippi drainage system, is one of those localities in which it was
thought that carp would be a most valuable accession, and such has

turned out to be the case, though not in the exact way originally

expected. Although practically not used at all for home consumption,

it has nevertheless added very appreciably to the resources of the

region.

With our constant immigration of foreigners and the formation and

growth in our large cities of great foreign settlements, the problem of

supplying these multitudes with cheap yet wholesome food becomes

ver}^ great, and anything which helps to meet this demand is of great

value to the country. From this point of view there is no doubt of

the value of the carp and the benefit to be derived from its introduc-

tion. To pervert a common saying, in those places to which it is best

suited it has made two fish to grow where but one grew before.

But now come the sportsman and the commercial fisherman, who
maintain that, while all that has been stated may be true, the presence

of the carp is entirely supplanting the fish which was there before,
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and that that one fish was of more value than the two carp which have

taken its place. This is especiall}^ true of snch waters as the Great

Lakes, and others that were well supplied with good native fish.

Furthermore, the sportsmen and others claim that in various waj^s the

carp does more than enough damage to offset its valu(^. in other respects.

By these persons it is made responsible especially for the great

decrease of water-fowl in recent years. These and other charges

have been considered in the body of the report, and need not be dis-

cussed in detail here. In most cases the reported damage has been either

greatly exaggerated or is entirely unfounded. Thus it was found

that carp probably have little or no share in causing the decrease of

the native fishes commonl}^ taken for sport or for food; and that in

the case of the black bass, at least, there is evidence indicating just

the opposite—that the bass have actually increased in numbers in

some places from having the young carp to feed upon. In the matter

of uprooting vegetation, making the water continually roily, and

injuring—possibh^ even completely destroying in some cases—the

regular feeding grounds of the migrating ducks—in these cases the

evidence goes ver}^ largely against the carp, though its effects have

undoubtedly, in many instances, been greatly exaggerated, and more

has been charged against the fish than it rightfull}^ deserves. In cer-

tain places, such as reservoirs and lakes supplying water to cities, etc.,

there is no doubt that the carp is an unmitigated nuisance, and that

its presence is undesirable. Nor can it be considered suitable for the

cold, clear lakes of the north, such as are found in northern Wiscon-

sin and in Canada; and fortunately the conditions in these are so

unfavorable that it will probably never become so abundant in them

as to cause much damage by destroying vegetation and roiling the

waters.

Against these charges as to its detrimental influence must be set the

things in its favor. Chief among these is that already mentioned

—

the value of the carp as a source of revenue to the fishermen in the

regions where it occurs, and as a cheap food for the poorer class of peo-

ple who can not afford a better fish. It is impossible to express in

dollars and cents the beneficial results and the damage done and thus

to compare them directl3^ The value of the carp fisheries of Lake

Erie and the Illinois River region for 1901 was estimated at $342,000

(p. 619, footnote); but there were no data for the rest of the United

States. And no monetary value at all can be fixed for the damage

done. It seems quite safe to say, however, that if the question were

to be considered in this manner the benefits would far surpass the

damage. Two other claims in the carp's behalf, which may prove to be

of considerable importance, ought also to be mentioned. These are its

destruction of the fluke-worm [Fasciola hepaticci)^ and of the larvae of

noxious insects, especially mosquitoes. It is possible also that in
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rivers, below cities, it may do important service as a scavenger,

destroying the germs of certain human diseases, as it does the larval

and encysted stages of the liver fluke.

Even were it possible to estimate the money value of the damage
done, such a basis would not be an entirely fair one for comparison.

Should the carp help to hasten the extermination of any of our water-

fowl, or if it destroys the beauty of lakes, as is claimed, this is a harm
which can not be reckoned in dollar and cents. As has been pointed

out elsewhere, however, there are other and more influential factors

at work in the destruction of the water-fowl; and in the other case

special measures of prevention and protection must be employed.

And when we have decided whether the carp does more harm than

good, we still have the real question before us. The essential problem

is this: The carp is here, and here to stay; what are we going to do

with it? How can we make the most of its good qualities and prevent

it from doing damage? Even were such a course desirable, the

extermination of the carp in our waters is out of the question. Mr.

Townsend, in some remarks before the American Fisheries Society

(Transactions of Thirtieth Annual Meeting, 1901, p. 123) stated the

case well when he said:

We hear a great deal from sportsmen's clubs and from other sources as to how the

carp can be exterminated. It can not be exterminated. It is hke the English spar-

row, it is here to stay. At a meeting of the American Ornithologists' Union

a while ago, one of our foremost ornithologists stated that the European sparrow

could not be exterminated in this country. I think it is the same with the carp. It

is here to stay and we can not exterminate it any more than we can exterminate

the green grass of the fields. I do not wish to pose as an advocate of the carp—

I

prefer other fish for myself—but I maintain that the carp has a place in good and

regular standing in our big eastern markets, and I do not think that our great repub-

lic with its rapidly increasing population, can afford to sneer at even so cheap a

source of food.

In the course of my investigations and inquiries I met frequent

propositions that the government, or the respective state governments,

should ofl'er a bounty on carp. Nothing could be more futile than this,

as has been abundantly illustrated in the case of the English sparrow.

The best bounty that can be offered is an increasing market—a grow-

ing demand that will make tishing for carp a profitable business. The
case in Lake St. Clair is a good illustration. While there I heard the

bount}^ proposition frequently advocated by sportsmen who came to

the flats to fish and hunt. But a shrewd resident said, let the state

amend the laws so as to allow the taking of carp in nets, and there

will soon be enough people fishing for them to reduce their numbers.

Since then the laws have been changed so as to allow seining in the

lake, and if the removal of enormous quantities of the fish (see p. 614)

will do anj'thing toward permanently reducing their numbers, such

certainly ought to be the result there now. The lines along which it
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seems that the market for carp may in the future be further developed

have been pointed out and discussed in the section dealing with its

food value and uses.

In another place was mentioned the possible amusement and recrea-

tion to be had in taking carp with hook and line. I am aware that

the American sportsman will scoflf at the very idea, and would regard

the pastime with disdain. I wish merely to quote in its defense a para-

graph from Goode's American Fishes (Goode, 1888, p. 412), in which

he treats of the strenuousncss of the average American angler:

There is a kind of pleasure known to English anglers which is cultivated by but

few of those who are called by the same name in America—the quiet, peaceful delight

of brook-fishing in the midst of the restful scenery of the woods and the meadows.
It is difficult to imagine a thorough disciple of Walton chumming for striped-bass in

the surf at Newport or trolling for Muskellunge among the Thousand Islands, drail-

ing for Blue-fish in the Vineyard Sound, or tugging at a tarpum-line in the Gulf of

Mexico. The muscular exertion, the excitement, the flurry and noise, make such

sports more akin to the fiercer pursuits of hunting than to the contemplative man's
recreation. The wisest, best and gentlest of anglers, those who have made the lit-

erature of angling akin to poetry, have not, as a rule, preferred to make a violent

exercise of their fishing.

Nothing has been said in the present report about protection for the

carp in open waters, since, whatever may be the opinion as to the fish's

desirability, protection for it does not seem to be needed. I am of

the opinion, however, that the phenomenal increase of the carp in

those waters where it has been longest will soon reach its maximum,
if it has not already done so, and that as the various factors become
adjusted a more stable balance will be reached. It is conceivable that

then persistent fishing may greatly reduce its numbers.

And now, should I attempt to sum up the principal results of the

investigation in a single paragraph, I should sa}^ that, whereas the carp

undoubtedly does considerable damage, from the evidence at hand it

seems reasonable to conclude that this is fully offset by its value as a

food fish and in other ways; that it can not be exterminated, and that

the problem is how to use it to the best adv^antage—suggestions for

which have been offered. Efforts should be directed to encourage
utilization of the fish in all ways possible, since it appears to be a
resource as yet comparatively undeveloped.
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STATISTICS OF THE FISHERIES OF THE GREAT LAKES IN 1903.

The report of the fisheries of the Great Lalces here presented is for

the calendar year 1903. The inquiry on which it is based was made

by the statistical agents of the Bureau in 1904, beginning the latter

part of May. The statistics obtained have airead}^ been published in

Statistical Bulletin No. 166.

Earlier publications relating to the fisheries of the Great Lakes are

the following:

The Fisheries of the Great Lakes, by Frederick W. True, elaborated from notes

gathered by Mr. Ludwig Kumlein. The Fishery Industries of the United States,

1887, Section II, pp. 631-673.

The Fisheries of the Great Lakes, by Ludwig Kumlein. The Fishery Industries of

the United States, 1887, Section V, Vol. I, pp. 755-769.

Report on an Investigation of the Fisheries of Lake Ontario, by Hugh M. Smith.

Bulletin U. S. Fish Commission, 1890, pp. 177-215.

Review of the Fisheries of the Great Lakes in 1885, compiled by Hugh M. Smith

and Merwin-Marie Snell, with introduction and description of fishing vessels by

J. W. Collins. Report U. S. Fish Commission, 1887, pp. 1-333.

The Fisheries of the Great Lakes, by Hugh M. Smith. Report IT. S. Fish Commis-

sion, 1892, pp. 361-462.

Fisheries of the Great Lakes, by Hugh M. Smith. Report U. S. Fish Commission,

1895, pp. 93-103.

Report of the Joint Commission relative to the Preservation of the Fisheries in Waters

contiguous to Canada and the United States, by Richard Rathbun and William

Wakeham. House Ex. Doc. No. 315, 54th Cong., 2d sess., 1897, pp. 1-178.

Fisheries of Lake Ontario. Report U. S. Fish Commission, 1898, pp. clii-clxxv.

Statistics of Certain Fisheries of the New England and Middle Atlantic States and

, the Great Lakes. Report U. S. Fish Commission, 1898, pp. clxvi-clxxv. In

this report the figures presented relate to the fiscal year 1897.

Statistics of the Fisheries of the Great Lakes. Report U. S. Fish Commission, 1901,

pp. 575-657.
GENERAL, STATISTICS.

The number of persons employed in the fisheries of the Great Lakes

in 1903 Vv^as 9,333, including 1,249 on vessels fishing and transporting,

6,384: in the shore or boat fisheries, and 1,700 engaged as shoresmen in

the wholesale fisherj'^ trade and in other occupations in connection with

the fisheries. In the fisheries of the various lakes the number of per-

sons emplo3^ed was as follows: Superior, 918; Michigan, 3,241; Huron,

1,704; St. Clair, and the St. Clair and Detroit rivers, 355; Erie, 2,727;

and Ontario, including the St. Lawrence and Niagara rivers, 388.

Compared with the returns for 1899, the year for which the last can-

vass was made, there was an increase of 305 persons in Lake Superior

and 463 in Lake Huron, but a decrease of 1,001 in Lake Erie, and

small decreases in the other lakes; resulting in a total decrease of 337.
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The amount of capital Invested in the fisheries and related industries

was i7,47-i,-±22, which was apportioned among the lakes as follows:

Superior, $596,322; Michigan, $3,489,187; Huron, $851,639; St. Clair,

1239,885; Erie, 12,196,397; and Ontario, $100,992.

The investment included 206 fishing and transporting vessels of

3,846 net tons, valued at $690,450; outfit of vessels valued at $155,256;

3,170 boats and gasoline launches, valued at $317,060; fishing appa-

ratus used on vessels and boats to the value of $1,322,570; shore and

accessory property valued at $2,869,607, and cash capital amounting to

$2,119,479. The apparatus of capture consisted principally of 4,528

pound nets and trap nets, valued at $585,998, and 101,890 gill nets,

valued "at $642,961. The investment, as compared with the returns

for 1899, has increased in ail the lakes except Lake Erie, the total

increase being $856,706.

The products of the fisheries amounted to 86,194,817 pounds, having

a value to the fishermen of $2,745,501. The yield of Lake Superior

was 13,205,013 pounds, valued at $343,671; of Lake Michigan, 33,579,-

498 pounds, valued at $1,090,550; of Lake Huron, 14,455,209 pounds,

valued at $450,318; of Lake St. Clair and the St. Clair and Detroit

rivers, 521,941 pounds, valued at $21,594; of Lake Erie, 23,188,556

pounds, valued at $780,015; and of Lake Ontario and the St. Lawrence
and Niagara rivers, 1,244,600 pounds, valued at $59,353.

The principal species taken, and the quantity and value, including

fresh, salted, and smoked fish, were: Herring and chubs, 32,157,329

pounds, $815,428; lake trout, 16,131,938 pounds, $722,525; suckers,

6,694,040 pounds, $121,576; yellow perch, 6,201,723 pounds, $139,670;

white-fish, 3,813,259 pounds!^ $223,472; blue pike, 4,981,422 pounds,

$191,386; wall-eyed pike, 3,076,147 pounds, $168,284; German carp,

4,237,643 pounds, $71,285; bluefin white-fish, 2,729,968 pounds, $83,-

749; and saugers, 1,940,355 pounds, $47,697. Menominee and long-

jaw white-fish, cat-fish and bullheads, sturgeon, fresh-water drum,

and various other species were also taken in considerable quantities.

Since 1899 the products have decreased 27,532,423 pounds in quan-

tity, but have increased $134,062 in value. The greater part of the

decrease in quantity was in the catch of herring. There has also been

considerable falling off in the catch of cat-fish and bullheads, fresh-

v/ater drum, saugers, sturgeon, white bass, white-fish, and yellow

perch. A few species, including German carp, suckers, lake trout,

and bluefin white-fish have increased considerably in both quantity

and value. Bluefin white-fish were not until within recent years taken

in any of these lakes except Lake Michigan, but in 1903 the greater

part of the catch, or 2,095,304 pounds, valued at $58,887, was obtained

in Lake Superior.

The following tables present, by lakes, the number of persons

employed, the amount of capital invested, and the quantitj'- and value
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of the products of the iisheries of the Great Lakes in 1903; also a

comparison of their extent in various years from 1880 to 1903:

Tahlf showimj }»/ lakes (he vumher of ^>rt'so»s employed hi the fisheries of the Great Lales
in 1903.

How employed.
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Table slioidng hylalccs and species ike yield of the jii<heries of the Great Lakes in 1903.

Species.



FISHERIES OF THE GREAT LAKES. 649

Table showiufj hi/ lakes and species the yield of lite fisheries of the Great Lakes in

190S—Continued.

Specie?.
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Comparative table slioivitig the apparatus and capital employed in the fujlieries of the Great
Lakes in 1880, 1885, 1890, 1893, 1899, and 1903—Coniinned.

Lake and
year.

Vessels and
boats.

No.

Huron:
1880....
1885. . .

.

1890....
1893....
1899....
1903. . .

.

St. Clair:
1880. . .

.

1885....
1890....
1893....
1899. . .

.

1903....
Erie:

1880. . .

.

1885. . .

.

1890....
1893....
1899....
1903....

Ontario:
1880....
1885....
1890....
1893....
1899. . .

.

1903....

All lakes:
1880....
1885....
1890....
1893....
1899....
1903....

Value.

Ill
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Tabic t:hoiring the products of the fisheries of the Great Lakes in ISSO, 1S85, ISDO, 1S93,

1899, and 2505—Continued.

Lake and
year.
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were herring-, 4,742,805 pounds, valued at $45,684; lake trout, 4,954,830

pounds, valued at $190,891; white-fish, 794,022 pounds, valued at

135,722; bluefin white-fish, 2,095,304 pounds, valued at $58,887, and

long-jaw white-fish, 290,575 pounds, valued at $4,810.

Compared with the returns for 1899 there has been an increase of

305, or nearh^ 50 per cent, in the number of persons employed, $224,239,

or about 60 per cent, in the amount of capital invested, and 7,775,359

pounds, or 143 per cent, in the quantit}^, and $192,809, or nearly 128

per cent, in the value of the products. The increase in products con-

sisted chiefly of herring, 3,617,327 pounds, $33,914; white-fish, 100,831

pounds, $10,175; bluefin wdiite-fish, 1,660,244 pounds, $47,570; long-

jaw white-fish, 290,575 pounds, $4,810; lake trout, 1,836,661 pounds,

$90,192; wall-eyed pike, 80,212 pounds, $2,956, and suckers, 171,649

pounds, $2,752. The proportion of increase was very large in the

catch of both herring and bluefin white-fish, the former being four

times and the latter five times as great as in 1899. The herring were

mostly taken in gill nets around the Apostle Islands and along the

north shore. They were in good demand at St. Paul, Minneapolis,

Chicago, and among the farmers in Wisconsin, North Dakota, South

Dakota, and Montana. The bluefin white-fish were also caught chiefly

in gill nets and were in good demand. The greater part of the catch

of this species is sold fresh b}^ the fishermen, ])ut considerable quanti-

ties are smoked by dealers in St. Paul and other cities.

The fisheries of this lake arc conducted from the various localities

along the shore, the Apostle Islands, and Isle Poj^ale. The steamers

at Sault Ste. jMarie fish chiefly at Iroquois Point and \Vhitefish Ba}^

and those at Grand Marais cover a distance of about 30 miles east and

35 miles west of their home port. The steamers at Marquette fish to

the northwest as far as Keweenaw Point, a distance of 60 miles, and

to the eastward from the home port about 40 miles. At Ontonagon

the steamers fish about 25 miles cast and west of their home port and

from 28 to 30 miles from shore, setting their gill nets till about the

1st of November in from 65 to 90 fathoms of water. During Novem-
ber the nets are set in 100 to 120 fathoms, the catch at that time being

chiefly siscov/et trout. White fish are mostly taken in April, May, and

the early part of June in gill nets set in from 16 to 30 fathoms of

water.

Near Sault Ste. Marie, at the outlet of Lake Superior, 98 trap nets,

valued at $2,450, and 25 fyke nets, valued at $250, were fished in St.

Mary\s River for some 20 miles between Sault Ste. Marie and Sailors

Encampment. The catch consisted of wall-eyed pike, 32,572 pounds,

$827; pickerel, 10,792 pounds, $215; yellowperch, 10,165 pounds, $101;

catfish and bullheads, 588 pounds, $18, and sturgeon, 79 pounds, $4.

These fish are credited to Lake Superior, and are included with the

statistics for Chippewa County, Mich.
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The Apostlc Islands arc a group of about 20 islands, 18 of which
arc in Ashland County and 2 in Bayfield County, Wis. The three

large fishing firms at Ba}' field, engaged in fisliing with steamers and
buying fish of the boat fishermen, have fishing camps on Stockton

Island or Presque Isle. Other islands also haA^e camps of boat fisher-

men. Fishing is carried on around the islands from the breaking up
of the ice in the spring until it forms again in the fall, a period of

about six or seven months, the length of time varying with the sea-

sons. Most of the fishermen live at Bayfield, and spend the winter at

home or at work in the lumber camps. The fishing about the islands

is prosecuted with pound nets, haul seines, and gill nets. The pound
nets hjive a leader from 5 to 40 rods long with meshes of 5 to 6 inches,

and a pot or pound from 24 to 28 feet square with meshes of Sh inches

stretched. The pound nets are set in from 10 to 45 feet of water.

In 1903 56 pound nets were fished around the Apostle Islands, includ-

ing Long Island. Of these, 41 were in Ashland County and 15 in

Bayfield County, Wis. There were 8 haul seines with meshes of 2i
to 3 inches. These were owned at Bayfield and were fished at various

islands, their location being changed from one island to another as

occasion required. Gill nets were used by steamers and small boats,

and were to some extent fished under the ice during the winter.

Isle Roj'ale is in the northwestern part of the lake in Keweenaw
Count}^, Mich. The fishing grounds of this section are located about

this island and the numerous smaller islands in its vicinity, and from
10 to 20 miles from the main shore. The fishing season opens as soon

as the water is free from ice, and practicall}^ closes October 30. In

1903 fishing began about the middle of April and in 1904 a month later.

The laws of Michigan provide for a close season from October 30 to

December 15.

G'ill nets are the principal form of apparatus employed. Pound
nets and also hooks and lines are used to a limited extent. The size

of mesh used in gill nets is 4:^ inch for white-fish, 3i inch for bluefin

white-fish, and 2f inch for herring. Gill nets for trout and white-fish

are fished bj" being anchored on the bottom in from 75 to 125 fathoms

of water, the best catches being made in May and June. After

August 15 the fail catch is taken with gill nets having a 51- to 6 inch

mesh, nearh^ all the fall catch being lake trout averaging from 6 to 7

pounds each when dressed. These are caught in from to 30 fathoms

of water and shipped fresh. The gill nets are chieil y made of No. 35

imported flax thread, 3 pounds being used for a net of G5 leads. Deep-
water gill nets with 5i-inch mesh are made of No. 40 cotton twine. In

shallow \A ater the fish are more active and the water is rougher, and

therefore stronger nets are required than in deep water.

In the line fisheries set lines are used to some extent until about July

15. These have 50 hooks each, the gangings with one hook each being
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attached to the main line about 8 to 10 feet apart. A number of these

short lines are fastened together, forming one long line of 500 to:

1,000 hooks. These are anchored at distances of every 50 hooks and

buoyed from 5 to 20 feet below the surface in from 75 to 100 fathoms

of water. Set lines are never used near the shore or in shallow water.

Troll lines with spoon hooks are employed from June 15 to August 1,

the tish at that time being near the shore.

During the fishing season the fishermen and their families camp on

several of the numerous islands near the fishing grounds. Their fish-

ing boats, except 3 gasoline launches, are small, strong]}^ built sail-

boats. The islands are not connected bj^ cable with the mainland, the

onh' communication being b}" steamers and small boats. There are no

stores or post-ofiices. The mail is carried b}- steamers and delivered

at the various fishing camps. A number of fishing clubs have camps

on the islands. AVashington Harbor, at the southwest end of Isle

llo3"ale, is a rendezvous for fishermen and summer campers. The log

houses of the fishermen and two hotels, one of which has several cot-

tages connected wMth it, form quite an attractive settlement during

the fishing season. In this section trout constitute the greater part of

the catch, white-fish being taken only occasionall}^ in the fishing near

shore. A ton of fish caught in this vicinity usually consists of about

1,500 pounds of siscowet trout and 500 pounds of lake trout and bluefin

white-fish. In August there is not much fishing by the shore fisher-

men, the fish being farther out in the lake than the fishermen care to

venture in their small boats. From the last of August to the first of

October the fish are near the island, and are then taken in gill nets in

from 1 to 30 fathoms of water. They will not notice the trolling hooks

at this time in the season. At the end of October the fishermen with

their families remove to their permanent homes, which are mostly at

Duluth. The}" usually spend the winter in preparing their fishing

apparatus for the next season, or at work in the mines and lumber

camps. After the fishing season- closes no regular steamers visit the

islands, and they are deserted by all except a few watchmen who
remain to care for the hotels and property left by the fishermen.

The following tables give, by states and counties, the extent of the

fisheries of Lake Superior in 1903:
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Table ttJioiring hi; Malc.'i and counties ilie ninnhfr of persons employed hi the fisheries of Lalce
Superior in, 1903.

SUle and county.
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Table showing by states and couriiies (lie apparatus and capital euvpJoyed in (lie fisheries of
Lake Superior in 1903—Continued.
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Table i^ltoivlng hi/ states, counlics, and sjiccies the i/icld of tJw jisJicries of Lake Superior in-

1903.

State and county.
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Table showing hij states, counties, awl specie'^ the yield of the fisheries of Lake Suj^erior in

1903—Continued.

State and county.



FISHERIES OF THE GREAT LAKES. 659

Table .vtowhig hij MiUcs, counties, and species the yield of vessel giU-nd fisheries of Luke
Superior in 1903.

State and county.



660 KEPOET OF THE COMMISSIONEK OE EISKERIES.

Tabic shotfbig hij states, counties, species, and apparatus of capture tJie yield of the shore

fisheries of Lake Suj^erior in 1903—Continued.
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Tabic showing by states, counties, species, (Did apparatus of capture the yield of the shore

Jislieries of Lake Superior in 190S—Continued.
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Table sliowing by daty^, counties, .<iper,h's, and apparatus of capture tlie yield of the shore
fislieries of Luke Superior in 1903—Continued.
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Compared with the returns for 1899 there has been an increase of

10 establishments, 49 employees, $29,155 in the amount of wages paid,

$49,5ol in the vahie of propert.y, $86,700 in cash capital, and 7,062,638

pounds in the quantit}" and $273,940 in the vahie of the products.

Tuhlc sliovwg the extent of the vholesale fishery trade of Lair Stq)erior in 1903.

Establishments

.

Employees
Cash eaiiital

Wages paid

No. Value,

16 110 J, 414
99

142, 701)

58, 580

* Product.

Cat-fish and bullheads
Eels, salted
Herring:, Iresh
Herring, salted
Herring, smoked
Pike and piekert'l
Pike perch (wall-eyed),
fresh

Pik^ perch (wall-eyed),
salted

Sturgeon , fresh
Sturgeon, smoked
Sucker.s, fresh
Suckers, salted

Lbs.
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^37(5,039, and the .sliorc lisheries 25,549,247 pounds, worth $714,511.

The principal species in point of value wtis trout, of whicli there were

taken 9,049,299 pounds, valued at $430,431. Herrino- amounted to

13,8i)3,617 pounds, worth $347,348, includinc^ 94,871 packages of

salted herring-, for which the fishermen receiv^ed $240,163. The 3'ield

of white-fish was 1,972,594 pounds, w^orth $118,684; yellow perch,

3,313,388 pounds, worth $63,241; suckers, 2,917,541 pounds, worth

$45,262, and bluetin white-fish, 634,664 pounds, for which the fisher-

men received $24,8(>2. The ^^ield of the fisheries of this lake is

divided among the diflerent states as follows: Wisconsin, 19,403,111

pounds, worth $555,469; Michigan, 13,268,476 pounds, worth $500,661;

Illinois, 597,689 pounds, worth $23,729, and Indiana, 310,222 pounds,

worth $10,691.

The yield of the fisheries of Lake Michigan in 1903 was greater in

value than for any previous year for which there are returns, exceed-

ing that for 1899 by $213,807. This is due solely to an increase in the

selling price per pound, the average in the earlier year being 2.54

cents, compared with 3.25 in 1903. The product in the two years

under comparison shows a decrease in weight of 920,498 pounds. The

persons employed in 1899 numbered 3,255, or 14 more than in 1903,

and the investment was $2,915,241, or $573,946 less than in the year

herein reported.

In 1903 the fisheries of Lake Michigan were more extensive than

those of any of the other Great Lakes, exceeding those of Lake Erie,

the second in rank, by 514 in the number of persons employed,

$1,292,790 in the amount of capital invested, and 10,390,942 pounds in

the quantit}^ and $310,535 in the value of the products.

The following tables show the extent of the fisheries of Lake Michi-

gan in 1903:

Table shoivlng by states and counties the number of persons emploijed in the fislicries of
Lake Michigan in 1903.

State and county.
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J'o.hle shoaing by i^tatcs and conniics the number of persons ewployed in the Jlslicrles of
Lake Michigan in 1903—Continued.

State and county.
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Table sJioirlng by states and coimties the apparatus and eap'dcd employed in tJie JisJieries of
Lake Michigan in 1903—Continued.
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Table shoivlncj by states and counties the apparatus and capital employed in the Jisheries of
Lahe Michigan in 1903—Continued.
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Tulle i-hoii'lng bij states and roiaitics the iiield of the fisheries of Lake Michigan in 1903.

State an<T ouunty.
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Table t^hoic'nig by states and counties the yield of the fsheries of Lake Mlclii(/aii. in

i50^—Continued.

state sind couiitv.
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TaJ>le showing 6// .^';tV? ani cjiuitlei the i/ield of fhe JisJierie-f of Lake Michigan in

i.W5—Continued.

State and county.
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Tahle shoving hi; states and counties the yield of tltf Jifluries of La/cr MlcJiitjan

1903—Continued.

StHte and county.
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Table itlioving hij elcitcs, comities, apparafus, and speclcR the yield of the rcssel fisheries of
Lake Michigan in 1903.
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Table shomnrj hy sUUes, coanfies, appnratns, ami species the yield of the vessel fisheries of
Lake Michigan in 1903 Contmned.
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Table ^ihowing hy states, counties, apparatus, and specli's the yield of the shore JisJieries of
Lake Michigan in 1903.
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Table showing by states, counties, apparatus, and species the yield of the shore fisheries of
Lake Michigan in 1903—Continued.
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Table shoiv'uig by states, counties, apparatus, and species the yield of the sli ore fisheries oj

Lake Michigan in 1903—Continued.
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Tahle showing hij states, covMiex, apparatus, and species (lie i/leld of (he shore fisheries of
Lake Michigan in 1903—Continued.
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Table shoiriag hi^l stait's, courdles, apparatus and fspecics the yield of the shore fisiheries of
Lake Michigan in 1903—Continued.
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Table sliow'mg by states, counties, apparatus, and sprcles the yield of the shore fisheries of
Lake Michigan in 1903—Continued.
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Table slwuing by dales, counties, apparatus, and species the yield of the shore fisheries of
Lake Michigan in 1903—Continued.

Apparatus and species.

Wisconsin.

Manitowoc.

Lbs. Value,

99,97.^) ,:51,498

6,40a
j

192

Pound nets:
Cat-fish and bull
heads

German carp
Herring, fre.sh

Herriijg, salted
Ling or lawyer
Pike and pickerel . . . !

Pike perch (wall-
j

eyed), fresh
j

300
Sturgeon

1
2, 376

Caviar '

Suckers, fresh i 9,950
Suckers, salted

]

Trout, fresh |221, 640 [12, 522
Trout, steelhead ....| 40 I 5
White-fisli, fresh

I
4,100 265

\Vhite-lish (Menom- 1

inee),fresli ' '

Yellow perch, fresh,
j

2,050 i 67

168

Gill nets;
German carp
Herring, fresh i 8,970
Ling or lawyer,
fresh 1

Sturgeon
j

280
Suckers, fresh
Trout, fresh 410, 740
White-fish, fresh . . .

.
' 1, 790

White-fish (bluefin), I

fresh !

White-fish (Menom-
j

inee), fresh i

Yellow perch
j

5, 400

19, 625
138

148

Total 427, 180 !20, 178

Marinette. Milwaukee. Oconto.

Lbs. Value. Lbs. Value.] Lbs.

103, 040
233, 800

....I 560

....I 160
II. 320

I

37, 650 1 $712 589, 145
5,872 1

1
293,200

980

27, 420
3,400
1,^20

34,115

380
85
96

336
5

11, 250
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Table sJiowinj bj states, conntlett, apparatus, and species the yield of the sliore Jialwrles of
Luke Michigan in 1903—Continued.

Apparatus and sjiecics.

Pound nets:
Black bass
Buflalo-iish
Cat-flsli and bullheads.
Eels
Fresh-water drum
German carp
Herring, fresh ,

Herring, salted
Ling or lawyer
Pike and pickerel
Pike perch (wall-
eyed ) , fresh

Sturgeon
Caviar ,

Suckers, fresh
Suckers, salted
Trout, fresh
Trout, salted
Trout, steelhead
White bass
White-fish, fresh
White-iish, salted
White-fish, smoked
White-fish (bluefin)...
White-fish (Menomi-
nee), fresh

White-fish (Menomi-
nee), salted

Yellow perch, fresh . .

.

Yellow perch, salted .

.

Wisconsin.

Kacine.

Lbs. Value.

Sheboygan.

Lbs. Value.

Total.
Grand total.

Lbs. Value. ! Lbs. Value

82, 120

1,800

180

IG, 500

267, 900

120

1,950

112
2,030

177

13

198

13, 975

160
1,673,650
5. 378, 800

3, 480
6,920

47, 135
10, 715

60
224. 030"

120, 600
617, -185

17, 400
160

13, 095

4,750

Total.

Gill nets:
Black bass
German carp
Herring, fresh
Herring, smoked
Ling or lawyer, fresh.

.

Ling or lawyer, salted

.

Pike and pickerel
Pike perch (wall-
eyed)

Sturgeon
Suckers, fresh
Slickers, salted
Trout, fresh
Trout, salted
White-fl.sh, fre.sh

White-fish..salted
White-fish (bluefin),

fresh
White-fish (bluefin),
smoked

White-fish (longjaw),
fresh

375, 497

950

4,800
892, 860
15, 600

15,713 1 9,060,734

White-fish (Menomi-
nee), fresh

White-fish (Menomi-
nee), salted

Yellow perch

Total

15, 625

420

62.-)

61,785

68

«650
300

826, 140

13

3,460

6, 500

'"'3,'356'

2,200
280

248, 085

153

8

22, 393
137, 784

28
414

2,260
671
36

2, 679
2,955

33, 932
939
16

918

196
11, 593

244

3,117
1,102
2, 340

727
41,650
8,950

1,997,445
9, 487, 100

9, 2.50

30, 009

148, 488
53, 315
1,538

729, 193
424, 125

1,002,904
38, 330

169
100

579,231
98, 235

350
155

4,070

4,800
1,035,075

21.128

217,2.55 15,722,902

12
20, 732

20
5, 559

1, 479, 211 09, 435

25, 848 1,859

308,445 i 10,636

Dip nets:
Herring
Suckers
Yellow percl

Total

.

Fyke nets:
Black bass
Buffalo-fish
Cat-fish and bullheads.
German carp
Herring

21,325 853

58,025 i 1,596

64,000 ! 2,923
564,575

I

13,646

99, 848 4, 992 \ 3, 586, 959 126, 794

25,000 1,000
30.000 7.^0

50, 000 2. 500

105, 000 4, 250

25, 000
30,000
60, COO

1,000
750

2,500

105,000 1 4,2.50

2,000

Xv!

56, 080
138, 330
4,000

100

1,734
3, 072

51

220
^00

973, 925

2, 650
15, 400

900
4,470

3,765
280

2G8, 290
2, 570

2, 530, 699
54, 800

395, 026
20, 050

374, 285

3,000

2,905

94, 139

139,625
949, 584

5, 837, 383

25, 600
30, 000
72, .500

128, 100

2,240
100

56, 440
142, S30

4, 000
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Table sJioiviii'j by slates, counties, apparatus, ami sj)ecies tJte yield of the sliorc Jisheries of
Lake Michigan in 1903—Continued.

Apparatus and species.

Fyte nets—Continued.
Ling or lawyer
Pike and pickerel
Pike perch (wall-
eyed )

Suckers
White Ijass

Yellow perch

Total.

Seines:
Cat-fish and bullheads.
German carp
Pike ar.d pickerel
Pike perch (wall-

eye<l)
Sturgeon
Suckers, fresh
Suckers, salted
Yellow perch

Total.

Lines:
Ling or lawyer
Pike perch (wall-
eyed )

Sturgeon
Caviar

Trout
White-lish (blnefin)..
Yellow perch

Total.

Spoars:
Trout .

.

Wisconsin.

Racine.

Lbs. Value.

Sheboygan.

Lbs.

Crawfish pots:
Crawfish

Grand total

,

Value.

Total.

Lbs. Value.

40,075
^

$2,568

30,990 ! 1,4.57

1,032,955 i 10,854
300 , 9

1,072,860
'

15,170

,377,590
;
35,075

5, 640
363,100
15, 000

215
4,5.30

900

26, 400
81,500
0,250

265
2, 332

110

, 497,890
I

8,352

8, 850

1,200

100

72

152, 710

"'9,'
900

7, 028

Grand total.

Lbs. Value

600
40, 155

31,190
1, 035, 205

300
1, OSO, 010

2,393,130

5,640
382, 500
15, 940

31,840
45

63,416
357, 070
25, 450

881, 901

16, 700

1,200
875
32

225, 030
50

96, 860

172,660 i 7, .561

244,464
;

7,897 244,464

2,572

1,472
10, 905

9
15, 468

35, 812

215
5,266

943

1,721
3

656
8,169

473

17, 436

238

72
68
21

10,643
2

3,176

340,747 I 14,120

34

7,S97

204,848
I

$9,242 I 375,497 ?15, 743
I 16,045,297 407,184 25,549,247 714,511

WHOLESALE FISHERY* TRADE OF CHICAGO AND GREEN BAY.

The wholesale fi.sheiT trade of Lake Michigan centers ehiefl\^ at

Chicago, 111., and Green Baj, Wis. In Chicago in 1903 there were
46 establishments, of which number 11 were in the fresh- fish trade,

including oysters and other products, in the oyster trade exclusively,

16 were fish brokers, salt-iish dealers, and wdiolesale grocers handling

salted fish, and 16 were engaged in the smoked-fish trade. The number
of persons emploj-ed was 516, the value of property utilized was

$957,300, and the cash capital amounted to 5^1,219,750. The products

consisted of fresh fish, 37,9-13,566 pounds, valued at |2,438,804; salted

fish, 24,818,100 pounds, valued at $1,374,961; smoked fish, 3,407,325

pounds, valued at $252,245; lobsters, 258,415 pounds, valued at $51,565;

shrimp, 113,285 pounds, valued at $10,815; oysters, 744,980 gallons,

valued at 1898,181, and 10,355 barrels in the shell, valued at $80,957;

and clams, 4,712 barrels, valued at $26,584; a total value of $5,134,112.

The products are shown in detail in the,following table:
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Table slKuciii'j 2>i'<><^><i'<'^ '" n'hulesfili' Jisln'ri/ trade of Chica<jo hi 1903.

Product.

Fresh fish:

IJlaek bass
Bhie-fish
Buffalo-fish
Cat-fish and bullheads.

.

Chubs
Cod
Flounders
Fresh-water drum
German carp
Haddock
Halibut
Lake herring
Mackerel
Pike and pickerel
Pike, grass
Pike p^rch (wall-eyed).
Red snappers
Salmon
Shad
Smelt
Spanish mackerel
Sturgeon, lake
Suckers
Trout
White-fish
\Vliite-fish (bluefin)
Yellow perch
Miscellaneous

Total

Salted fish:

Anchovies
Cod, dried
Cod, boneless
Eels

Lbs.

551,016
40(), 597
282, 3(58

283, 985
1,134,224

357, 291
122, 082
102,294

1, 275, 55S
104, 033

2, 134, 469
3, 582, 9GS

142,810
704,915
696, 532

2, 473, 656
546, 966

1,422,049
309, 694
797, 720
102, 604
102, 037

1,528,427
8, 323, 801
5, 467, 975
1,921,119
2, 662, 635

343, 741

37, 943, 566

182, 000
2, 120, 300
4,421,600

95,000

Value.

865, 624

29, 179
15, 542
18, 562

63, 885
21,378
7,243
4,143

42,653
5, 234

177,717
194, 983
14, 519
38, 224

34, 820
165, 880
43, 369

118, 470
28, 293
62, 492
12, 228
12, 240

38, 670
533, 007
431,465
96, 367

142, 329
20, 2S8

2, 438, 804

9,036
116,700
301, 460
8,420

Product.

Salted fish—Continued.
Herring, domestic
Herring, imjjorted
Lake herring
Mackerel, domestics ...

Mackerel, imported. .

.

Salmon
Stock-fish
Suckers
Trout
White-fish

1,016,000
ll,i'40, 200
1,925,000

92, COO
1,132,400
1,082,000

;391,600

195,000
174,000
51,000

Value.

$26, 098
596, 924
51 , 075
8,670

133, 087
56, 880
45, 086
5, 460

10, 440
3,825

Total 21,818,100 1,374,961

Smoked fish:

Chubs
Finnan haddie.
Herring
Lake herring...
Salmon
Sturgeon
Trout
White-fish
Miscellaneous..

1,468,-500
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above Saj>'inaw, and those in Cheboygan River during" the spring are

included in the statistics for Lake Huron.

The number of persons employed in the fisheries of Lake Huron in

1903 was 1,704, of v.hom 51 were engaged on vessels fishing, 16 on

vessels ti'ansporting, 1,150 in the shore or boat fisheries, and 187 were

shoresmen emploj'ed in various capacities.

The investment in the fisheries of this lake amounted to $851,639.

There were 15 fishing and transporting vessels of 188 net tons, valued

at ^15,700 and their outfits at $12,995; 606 boats, including 5 steam

tugs under 5 tons, $1,600, valued at $15,173; and 22 gasoline launches,

valued at $22,550, were used. The fishing apparatus emploj^ed in the

vessel fisheries was valued at $25,625 and in the shore or boat fisheries

at $216,981. The shore and accessory property was valued at $387,115

and the cash capital amounted to $95,500. The products of the fish-

eries aggregated 11,155,209 pounds, valued at $450,318, of which

12,891,079 pounds, valued at $372,886, were taken in the shore fish-

eries, and 1,564,130 pounds, valued at $77,432, in the vessel fisheries.

Since 1899, the year for which the last canvass was made, there has been

an increase in the fisheries of Lake Huron of 463 in the number of

persons employed, $376,686 in the amount of capital invested, and

2,036,882 pounds, or about 16 per cent, in the quantity, and $142,240,

or 46 per cent, in the value of the products. There has been a substan-

tial increase in the catch of all the more important commercial species

except yellow perch, wdiich, while decreasing in quantity, has increased

in value. Most of the increases may be traced to the new fisheries

established between Alpena and Saginaw Bay and to the larger num-
ber of persons employed.

The most productive forms of apparatus used in this lake are pound
nets, gill nets, iyke nets, and trap nets. Pound nets are used along the

entire shore of the lake, but the most profitable catches are taken in

Saginaw Bay, which is well adapted to this method of fishing. Since

1899 quite extensive pound-net fisheries have been established in the

vicinit}" of Alpena and along the shore south of that town to Saginaw

-Ba}-, The men engaged are mostly from Bay City and vicinity. In

the vicinity of Alpena the pound nets are set in from 20 to 40 feet of

water, the depth decreasing south of that place. In 1903 these fish-

eries were quite successful, but in 1904 they were almost a total failure,

due, it is thought, to the cool summer.
Some of the Ba}^ City dealers either have ofiices at Alpena during

the summer or employ agents to visit along the shore and buy fish of

the fishermen. One of these dealers employed a 50-horsepower gaso-

line launch to transport fish from the pound nets in that vicinity.

During 1904, however, fish were so scarce that the use of such a

large boat proved unprofitable, and it was sold. Practically all of the

fish taken in Saginaw Bay are sold in Bay City. Some of the dealers,



FISHERIES OF THE GREAT LAKES. 685

to induce men to engage in iishing, furnisli them with tv/ine and in

return are allowed to handle their catch. The dealers retain from a

third to half of the catch, according to the amount of twine furnished,

and pay the fishermen the prevailing market prices for the remainder.

In many instances this has proved a disastrous venture for the dealer,

as he I'uns the risk of a poor fishing season and the tendenc}^ of the fish-

ermen to sell to the dealer otfering the highest prices, notwithhstanding

their contract. In addition, the same care of the nets can not ])e

expected from the fishermen as if they were the sole owners.

Tiie pound-net season in Saginaw Bay is from about the lirst of

April until early in July, when the nets are taken up, to be set again

about the middle of September and allowed to remain down until the

latter part of November. The depth of water in which thev are set

varies from 8 to 35 feet, though comparatively few are set in more
than 20 feet of water. It is only when a long string of nets is set

that a greater depth is reached. The sizes of mesh in the pound nets

along the lake are from 5 to 8 inches in the leaders, -i to inches in

the hearts, and 2 to -i inches in the cribs or pots. In some instances

where the mesh in the sides of the cribs is 2^ inches, those in the

ends are 2i inches. The length of pound-net leaders varies from 275

to 550 yards. In the Saginaw River, ^hich is only a few hundred

feet wide, the length of the leaders is necessarih/ much less. Owing
to the rocky character of the bottom between Saginaw Bay and Port

Huron, and the difficult}^ necessarily encountered in driving stakes,

pound-net lishing is not followed ver}' generally along that portion of

the lake, one firm usually doing most of the fishing done in a locality.

The value of povrnd nets in Lake Huron varies from $25 to 1400

each, according to the depth of water in which they are set. An
average value would be about $150 each. A pound net ordinarily

will last about four years, its length of service depending upon the

care taken of it, the character of the fishing grounds, and the weather

encountered. The most valuable species taken in pound nets are her-

ring, wall-eyed pike, whitc-tish, yellow perch, and suckers.

Gill nets rank second in importance among the difi'erent forms of

apparatus. They are used along the entire length of the lake, though

to a rather limited extent in Saginaw Bay. Over two-thirds of their

entire catch was taken by steam vessels, including three from Alpena,

two from Ausable, and one each from Cheboygan, Rogers, and Harbor
Beach. When steamers are used gill nets are set in from 25 to 100

fathoms of water, while with sailboats the depth varies from 8 to JrO

fathoms. Trout is by far the most important species caught in gill

nets, though large catches of white-fish, Menominee white-fish, yellow

perch, wall-eyed pike, and suckers are taken. Between Saginaw Bay
and Port Huron gill nets are very commonly used during the summer,
between the spring and fall pound-net seasons, in taking yellow perch
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and occasionally Menominee white-tish. The sizes of mesh used in gill

nets v^aries from 3 to -ii inches, the former size being used mostly for

perch. Gill nets are set in varying- depths of water up to 100 fathoms,

the latter being found off Thunder Bay light, near Alpena, where some
of the deepest water in the lake occurs. The same method of pre-

serving gill nets is followed as on some of the other Great Lakes, that

of allowing them to remain from fifteen to twenty-live minutes in boil-

ing water in which hemlock bark has been placed. At Alpena it is

customarv for the fishermen to buy hemlock sirup from the tanneries

located there. This costs 75 cents a gallon, and is abovit as thick as

molasses, 1 quart being used to -iO gallons of water.

The catch In" fyke nets ranks next in quantitv to that of gill nets,

though of far less value. The most of these nets are used in Saginaw

River.

Trap nets are used in various localities from Detour to Harbor Beach,

but very seldom below the latter town. These nets are set in from -i

to 15 feet of water and catch principally suckers, except in a few

localities where yellow perch and wall-eyed pike predominate. They
are often set in Januar}' and allowed to remain until the following fall,

being removed from the water while the ice is breaking up in the

spring and making in the fall, to prevent injury to them. These nets

are ver}- convenient to move from one ground to another, as, instead of

stakes, anchors weighing from 5 to 35 pounds each are used to hold

them in position. Two sizes of anchors are commonly used for each

net, the larger ones for the "outhauls,'' or back of the net, to hold

the pot in position, and the smaller ones for the heart. Trap nets are

sometimes entirely submerged, while in very shallow water a portion

of the net extends above the surface. When submerged the nets are

located by buoys, except when the owner does not desire their location

known, in wdiich case he has a system of his own for marking them.

The legislature of IMichigan, in 1901, passed an act prohibiting the

use of trap nets in Lake Huron after January 1, 1905.

Seines are used at very few localities along the lake, the most

important seine fishery being located at Pine River, Arenac County.

The principal species taken were wall-eyed pike and suckers. At
Cheboygan the catch was confined exclusively to white-fish, while at

Ausable and Oscoda both suckers and white-fish were taken.

An important fisher}^ with spears is conducted during the winter in

Saginaw Bay near the mouth of the Saginaw River, from the 1st of

January until the latter part of March, the length of the season vary-

ing according to the severity of the winter. Four hundred shanties

may sometimes be seen on the ice at one time during the height of the

season. There is usually one man to a shant}^ which is from 1 to 5

feet square and is heated b}'^ a small stove, the entire outfit costing

about $15. The spears have a handle from 8 to 10 feet long, to which
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is fastened a Hue 10 feet long. The catch is sold to local buyers, who
drive on the ice among the tishermen while tiie latter are at work.

These buyers ship ver}' few fis-h, but sell to the wholesale dealers in

Bay City.'

The most valuable species taken in Lake Huron are, in the order of

their importance, trout, wall-eyed pike, herriiio-, suckers, yellow perch,

and white-fish. With the exception of herring and suckers, the greater

part of which are salted, they are sold mostly in a fresh condition.

Practical!}' the entire catch of trout, except a few taken in pound nets

and trap nets, is caught in gill nets at depths rang'ing from 8 to 100

fathoms, or an average of about 50 fathoms. The greater part of the

catch is taken north of Saginaw Bay, where the water is deeper and

more suitable for them. There is also a profitable trout fishing ground

oil Harbor Beach, but the season there is considerably shorter than in

the upper part of the lake. The spawning grounds for trout are so

far distant from this place that it takes two days to reach them and

return. The distance is too great for the sailboats, and the one tug in

this locality' seldom visits those grounds. For this reason very few

trout are taken after the 1st of August, when they begin moving farther

out in the lake toward their spawning grounds. The average weight

of trout in Lake Huron ranges from 3 to 8 pounds, the larger ones

l)eing taken during the summer in deep water. Trout are usually

eviscerated when sold, because otherwise they do not keep so long as

many of the other species.

Practically the entire catch of wall-eyed pike is taken in the shore

fisheries and mainl}' in pound nets. The most prolific fishing grounds

are in Saginaw Bay, where these fish are taken in large quantities,

especial!}' during the spring, while on their way to the rivers to spawn.

The average weight of those taken in Lake Huron is from 2 to 3 pounds

each. It is said that in some localities tlie size was greater in 1903

than for many years. As there is a constant demand for wall-eyed

pike they are usually sold fresh.

Herring are very plentiful in Saginaw Bay, and many of the pound-

net fisliermen depend almost entire!}' upon this fish for their profit.

As the demand for fresh herring is not great, the catch is usually

salted and put up by the fishermen in kegs, or half barrels, holding

about 115 pounds each. After the fish are received by the dealers

they are often removed from these kegs and repacked in buckets hold-

ing from 6 to 20 pounds, in kegs holding from 20 to 50 pounds, called

quarters, and in kegs holding from 70 to 115 pounds, called halves.

In repacking, a new supply of salt is necessary, for the fish have

absorbed most of tlie salt originally used. In the preparation for

salting the herring are cut either dov/n the back or the belly, but

usually the former. When cut down the back they are called "fiats,"

and Avhen cut down the bellv thev are termed '' ciscoes." The former
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bring- 11 .slii^htly hig'her price owing' to the fact that they pack better,

and more can be put in a package. They also absorb the salt better

than ''ciscoes.'' In some instances salt herring are sold under the

trade name of '"family vvdiite fish." Lake Huron herring average

in weight from one-ihird to three-fourths of a pound, though an occa-

sional one weighing- 8 pounds is taken.

Suckers are caught from Detour to Port Huron, but the largest

quantities are taken in the lake oiT Cheljoygan and in the Cheboygan
liiver at that town, and in the Saginaw River. At Cheboygan they

are caught principally in trap nets during the spring, usually in May,
while in the Saginaw River they are caught in f^'ke nets and pound
nets from Noveml)er 1 to April 15. About one-half of the entire catch

of the lake is salted and the remainder sold fresh. Suckers average in

weight from l.r to 2 pounds each.

Yellow perch ordinarily })ring a small price, an av^ei'age being from

i to li cents per pound. Along the Saginaw River, how^ever, during

the winter they are shipped to New York C-ity by the lishermen and

net them from 2 to D cents per pound. They are taken mainly in fyke

nets, pound nets, and trap n.ets, and are all sold fresh. Perch vary in

weight from 6 to 11 ounces each on an average.

With the exception of sturgeon, white-fish are the most valued of the

commercial species taken in Lake Huron. The}^ are caught in every

county bordering on the lake, but are most plentiful around Little

Charity Island, near the entrance to Saginaw Bay. This island is the

propert}" of a fishing firm at Bay City which supports a very extensive

fishery there. White-fish are sold fresh except at times during the

summer, when the flesh becomes soft from the extreme heat. The fish

thus affected are salted before being- marketed. In this process it is

customary to open them down the back, as they do not keep well if

opened down the belly. Practically the entire catch of white-fish is

taken in pound nets and gill nets, the catch with the latter being prin-

cipally b}' steamers. Tlie average weight of white-fish taken in Lake

Huron is from 2 to 3 pounds each. Off Caseville they are frequentl}'-

taken weighing 17 pounds each, and one was taken in the fall of 1903

weighing 19 pounds. Those weighing 5 pounds or more are called

jumbos and sell for double the price of the smaller ones.

Among the other species taken in this lake that assume some impor-

tance in certain localities are pike and pickerel, Menominee white-fish,

rock bass, cat-fish, long-jaw white-fish, bullheads, and sturgeon. A
few other species are also taken incidentally along the lake, but are of

less importance.

Except on the Saginaw River very few fishermen along Lake Huron
ship their own catch, but sell to local dealers. At West Bay City and

Essexville there are five dealers who handle practically all of the fish
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taken in S.igiiuiw B;iy west of Seljewaing, and also jnatiy of tliosc

tnken as far north as Alpena, as has ali"eady l>cen stated.

Sitgindin Rli'ci'.—The iisheries of Sao-'maw liivcr'are prosecuted

from its mouth to a short distance above Saginaw from November 1

to April 15. The greater part of the tishing is done through the ice.-

Several species are caught, the most impoi'tant of which are suckers,.

jx^llow percli, vvall-eved pike, and pike. The catch is taken chiefl}^

with fyke nets and pound nets, the latter being used with more profit

during the fall before the ice forms. The depths in which tishing is

carried on varies from 3 feet in the upper part of the river to 22 feet

near the mouth.

In most cases the fishermen on the Saginaw River ship their own
catch, the greater part of it going to New York City. A few of the

dealers in that city have l)uyers, who go up and dov/n th(^ river ]>uying

lish directl}' from the fishermen. The fishermen who sliip their own

catch have live-cars, or large boxes, in which to keep the lish alive

until ready for shipment. Thi^}^ can thus take advantage of good

markets, and are to some degree independent of the dealers. The live-

cars in common use on the river are 16 feet long, .5 to 8 feet wide and.

deep, and are divided by one or more partitions. Some of the fisher-

men have an apartment in their cars for each of the principal species. -

This arrangement saves assorting them when shipments are made.

The cars are usually built of 1-inch white pine, and occasionall}^ of

hemlock, from 500 to 700 feet of lumber being required for a car.

White pine is much preferred on account of not getting water-soaked

quicklv. The cars will last from four to thirteen years, according to

the care taken of them. It is customar}^ to take the cars ashore and-

clean and drj^ them about once every two years.

The following tables show b}^ counties the extent of the fisheries''

of Lake Huron in 1903:

Table sliOtvlng b>j counties the number of persons emploiied in the iisheries of Lake Jluroii-

in 1903.

Alcona
Alpena
Arenac
Bay
Cheboygan .

Chippewa .

.

Huron
Iosco
Mackinac .

.

Presque Isle
Saginaw
St. Clair ....

Sanilac
Tuscola

Total

County.
On ves-

{

On ves-
sels lish- isels trans-

ing.
I

porting.

In shore
or boat

fisheries.

10

11
83
82

600
70
39
174
122
107
14
75
16
33
18

1,450

Shores-
men.

30

187

Total.

IJ-

137
82--

671
103:-

45 •

203.

146-
107
19'

80
49-'

33
18

1, 704-.

F. C. 1904—44
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Table showing by counties the apparatas and capital emplo)jed r/i the fisheries of Lake
Huron in 1903.

Item.
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Table showing hj coanties the products of the fisheries oj Luke Huron in 1903.

Alcona.

Species.
Lbs. Value

Cat-fish and bullheads.
Dog-fish
Eels

60

100
3,404

60, 490
333

Fre.sh-water drum
German carp
Herring, fresli

Herring, salted
Pike and pickerel, fresh
Pike and pickerel, .salted

Pike perch (wall-eyed pike) ...

Rock bass i

Sturgeon
j

210
Suckers, fresh ' 14,100
Suckers, salted 42, 090

Sun-fish !

Trout, fresh '' 440
Trout, 'salted

SI

Alpena.

Lbs.

94

39, 337

1

80

1, 125
13

88
142, 853
153, 985

85

1, 797

10
230
732

26

White-fish, fresh
White-fish, salted
White-tish (longjaw)
White-fish (Menominee), fresh
White-fish (Menominee) , salted

10,100 698

1,900
115

Yellow perch ?>, 265

169, 769
50

4,686
65, 766
91,195

Value.

1

2,549
2,959

4

11,368
1

212
1,192
1,666

Lb.s. Value.

19,073

634, 588
3, 450

117,551
2,415

69, 000
40, 207

920
24, 036

31,644
124

7,202
73

2,478
1,372

24
045

Total ' 177,944
I

4,877 il, 521,139 63,526ill I

21
100
600

128, 200
48-1,265

13,168
1,610

120, 692
9,897

143
102, 360

4, 485
700
860

54, 776
9,315

595

'i3.5,'746

8648

1

1

7

1,352
9, 005

657
30

6, 695
222

9
1,348

81
12
42

3,388
283

17

"2,'765

1,086,603 26,503

Bay.

Lbs. Value

105, 962
5,211

895
2,061
9,140

195, 763
257, 140
38,234

53,716
83
35
29
325

1,962
6,103
2,507

653, 774
49, 093

371
517, 094
27, 715
10, 777
3,233

87,208
19, 435

2,192

i,'679,'862

3,065,700

30,003
1,581

18
13,608

516
305
135

5,554
678

67

24,'3i2

96,537

Species.

Cat-fish and bullheads
Eels
Fresh-water drum
German carp
Herring, fresh
Herring, salted
Herring, smoked
Ling or lawyers
Muskellunge
Pike and pickerel, fresh
Pike perch (wall-eyed pike) .

.

Rock bass
Sturgeon
Sturgeon, caviar
Suckers, fresh
Suckers, salted
Sun-fish
Trout, fresh
Trout, salted
Whito-fish, fresh
White-tish, salted
White-fish, caviar
White-fish (Menominee), fre?h
White-tish (Menominee), salted
Yellow perch

Total 937,861 i 27,024

Cheboygan.

Lbs. Value.

Chippewa. Huron.

Lbs. Value.

10,200

4, 200
0,465

$42
129

Lbs.

$297 10, 238
62

6, 831

3, 948
I 91. 223
!l, 616, 045
I 640

80

115

11,000
4

974

420
47, 850
44,300

24
1,182
2, 027

1,340

405,000 t 6,960
231,801 5,385

186, 400 9, 071
2, 787 124

28,345 : 1,806
2,431

I

127

24, 000
109,480

6,200
185, 800

24, 430
23, 820
10, 937

652
1,159

584

35,170

18,450

76

160
2,104

48
7,603

801
327,077

636
4,691

46
86, 236
1,035

255, 150

1,784

234

112, 858
155
400

10, 261

Value.

4
84
75

1,147
32,004

40
2

38
17, 737

10
302
31

1,471
18

11,547

8,324
13
46
377

204,897 6,607

15,539 2,793,310 80,294

Iosco.

Lbs. Value

2,677
16

200
140, 742
727, 490

349
84,932

129
1,780

60, 570
16,100

480, 903
10,695
111,808
4,350

20,662

'96,' 653

2
1,942

13,656

14
5.119

5
95

1,275
312

22, 871
330

6,798
153

796

'•2,"iii

55,598
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Table slioir'mg htj counting tlie products of the jWieries of Lake Huron in 1903—Continued.

Species.
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Tahli' shoiviug hi/ counties and appamtii>i the products of the in^xcl Ji.'-Jicrics of Lake Huron
in 1903.

Apparatus and species.
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Table showing }>y couniki^ and apparatus the products of the shore fisheries of Lake Huron
in 1903—Continued.

Apparatus and species.
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Tdhle sJiowing hi/ counUes a)i(l aj>p(ira(as the products of the xlwrr fn^luTics of Lake Huron
in 1903—Continued.

Apparatus and species.
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TaUi' hIiowUkj by connlies cnid apparatus tlie products of the sJiore Jislteries of Lctl^e Huron
in 1903—Continued.

Apparatus and species.
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Tabic showing hij coiintlc>< ami apparatus the products of the sltore fixherics of Lake Huron
in /905—Continued.

Appiii'iitus and spet'ius.



698 REPORT OF THE COMMISSIONER OF FISHERIES.

Table showing by counties and apparatus the products of the shore fisheries of Lake Huron
in iP(?5—Continued.'

Apparatus and species.
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WIIOLESALK FISHERY TRADE OF LAKE HURON.

Wholesale fishery establishments are located at several towns along

Lake Huron, but b}^ far the g-reater part of the catch is handled by

five firms at West Bay City and Essexville. Since 1899 some of these

firms have established new houses at Alpena, the existence of which

has proved quite an incentive to the fishermen and has created an

upward tendency in prices. The bulk of the fish handled b}' the

wholesale dealers along the lake is caught in American waters, except

at Port Huron, where the reverse is the case. Over three-fourths of

the total quantity of sturgeon and caviar handled along the American

side of Lake Huron was taken in Canadian waters. The many small

bays ivid inlets of the Canadian side of the lake seem to be especially

favoral)le for this and other species. In 1903 there were 16 establish-

ments engaged in the wholesale fisher}^ trade of Lake Huron. The

persons engaged numbered 134; the wages paid amounted to 138,420;

the cash capital was $^95,500, and the value of the establishments, with

their appurtenances, was $96,500. Since 1899 there has been an

increase of 3 establishments, $39,205 in the value of property, $40,000

in the cash capital, $15,106 in the amount of wages paid, and 47 in the

number of persons engaged.

Tabic shoirhuj tlic extent of the wholesale fisherij trade of Lake Huron in 1903.

Item. No. Value.

Establishments .

.

rash capital
I'lTsous engaged

.

Wages paid

16 $96, 500
95, 500

38, 420

Product.

Cat-fish and bullheads
D( ig-tish

Eels
Fresh-water drum, fresh ...

Fresh-water drum, salted ..

Oerman carp
Herring, fresh
Herring, salted
Herring, smoked
Pike and pickerel, fresh
Pike and pickerel, salted...

Pike perch (wall-eyed),
fresh ,

Pike perch (wall-eyed),
salted

Rock liass

Sturgeon
sturgeon caviar

Lbs.
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FISHERIES OF LAKE ST. CLAIR AND ST. CLAIR AND DETROIT
RIVERS.

The fisheries of Lake St. Clair and St. Clair and Detroit rivers in

1903 gave employment to 355 men, of whom 303 were eno-aged in the

shore fisheries and 52 on shore and in fish houses. The total amount
of capital invested was $239,885. The number of boats in use was 150,

valued at $3,150. The apparatus of capture was v:ilued at |1,851, the

greater part of v/hich represented the value of seines, spears, and lines.

The shore and accessory property was valued at $141,805, and the cash

capital employed amounted to ^93,079.

While the catch by seines was the greatest, lines w^ero used by the

largest number of men, and spears ranked next in that particular.

In the St. Clair River hand-line fishing was followed b}^ 275 men, the

catch being mostly v\aill-eyed pike. The season usually extends from

May 1 to July 15, and occasionally in August, after a hard l^Iow, some
of the men fish for awdiile. The methods of hand-line fishing consist

of "trolling" and "chugging.'' In trolling two men usually go in a

boat, one man rowing and the otlier handling the line. Occasionall}^,

however, one man goes alone, in which case, while rowing the boat,

he holds the line in his mouth by means of a piece of leather. One
man always goes alone while chugging. The chugging line is used

b}' being continually jerked up and down to attract the attention of

the fish. A trolling line is from 75 to 100 feet long on an average,

and a chugging line al)out 20 feet. The trolling outfit costs from 75

cents to ^2, while the chugging line costs only from 50 to 75 cents.

Besides wall-e_yed pike, a few fresh-water drum and pike are taken

on lines. Quite an important set-line fisher}' for sturgeon used to he

conducted in the Detroit River south of Detroit during April and

Ma3^ Fifteen years ago from 20 to 25 men made a profitable busi-

ness of it, while in 1903 there were onl}- 1 men, with the probability

of some of them dropping out the following year.

An important seine fishery is located at Roberts Landing, on the

St. Clair River, and another at Mount Clemens, on Lake St. Clair.

The catch of the former is principalh' wall-eyed pike and suckers,

while the catch of the latter consists wholly of German carp. A law

was recently enacted by the Michigan legislature which allows in Lake
St. Clair the use of seines with a 4-inch extension mesh, provided no

other fish than carp is taken. To safeguard the enforcement of this

law it is necessarj^ for every fisherman to give a bond to the board of

state fish commissioners before he is allowed to fish. As this act had

just been passed only one firm took advantage of it in 1903. The
most suitable time for this fishing is in the early spring. After being

caught the carp are put into a receiving or storage pond and kept until

prices advance. Two seine fisheries were conducted in the Detroit
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River by a Detroit linn, whicli was allowed to sell the white-fish-

which had been stripped ol" eg-gs and milt by employees of the Bureau

of Fisheries.

The use of spears through the ice was followed principally at Fair-

haven. Several species were taken in this manner, the most impor-

tant being- pike. The catch was sold to local buyers, who acted as-

ao-ents for firms in larger cities.

Wall-eyed pike constituted nearly three-fourths of the entire catch

of these waters and were taken mainl}'^ on lines and in seines. White-

(ish and German carp ranked next, the former being taken exclusively

in seines and the latter in seines and by spears.

Compared with the returns for 1903, those for 1899 show a decrease

from il^ to 855 in the number of persons engaged. The investment

has increased from ^51,535 to $239,885, and the products have decreased

from 579,067 pounds, valued at §23,861:, to 521,941 pounds, valued at

$21,591:. The increase in the investment is due almost wholly to au

extension of the wholesale trade.

The following tables show the extent of the fisheries of Lake SL
Clair and the St. Clair and Detroit rivers in 1903:

Table shotring by counties the number ofpersons employed in the fisheries of Lalx St. Clair

and the St. Clair arid Detroit rivers in 1903.

County.
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Table showing by counties the yield of the fisheries of Lake St. Clair and tlie St. Clair
and Detroit rivers in 190S.

Species.

Buffalo-fish
Fresh-water drum ,

German carp
Minnows ,

Muskellunge
Pike and pickerel
Pike perch (wall-eyed)
Rock biiss

Sturgeon
Caviar ,

Suckers
Sun-tish
White-fish
Yellow perch -. .

.

St. Clair.

Lbs. Value

10,

101,

3,

3,

20,

250,

3,

4,600

Total i 486, 900

12G
1,797
800
405

1, 185
12, 957

185
16
60

1,018
325

Wayne.

230

19, 106

Lbs. Value.

100

8,550

300

$15

553

9

i.'goi'

35,011 2,<

Total.

Lbs. Value

800
10,200

102, 000
3,000
8,000

20,200
250, 650

3,700
8,725

75
82, 900
6,500

25, 591

4,600

521,941

«2
126

1,812
800
405

1,185
12, 964

185
569
60

1, 027
325

1,904
230

21,594

Table shoving by counties and apparatus of capture the yield of the fisheries of Lake St.

Clair and tlie St. Clair and Detroit fitters in 1903.

Apparatus and species.
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in wages. The value of the 5 establishments was $131,700 and the

cash capital eniploj^ed $93,079.

The following- table shows in detail the quantity and value of prod-

ucts handled in the wholesale fisherv trade at Detroit:

Table •^Itoiviiig tlw extent of tlie irJiolettale fishery trade of Lake St. Clair a)ul St. Clair and
Detroit rivers iii 1903.
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York was -$470,606; in Pennsylvania, |495,959; in Ohio, $1,205,002;

and in Michigan, $24,830.

The products of the fisheries aggregated 23,188,556 pounds, for

which the fishermen received $780,015. Of this quantity, 12,448,089

pounds, ^alued at $468,821, was taken b}^ vessels, and 10,740,467

pounds, valued at $311,194, b}^ boats. The yiekl in New York was

2,949,305 pounds, valued at $128,445; in Pennsylvania, 8,367,707

pounds, vahied at $305,244; in Ohio, 10,748,986 pounds, valued at

$317,027; and in Michigan, 1,122,558 pounds, valued at $29,299. In

the vessel fisheries the products were all taken with gill nets, except

27,000 pounds of turtles, valued at $1,620, which were caught in turtle

nets. In the shore fisheries, pound nets took 4,471,824 pounds, valued

at $142,272; trap nets, 1,365,596 pounds, valued at $32,004; fyke nets,

959,987 pounds, valued at $18,239; gill nets, 937,733 pounds, valued

at $19,097; seines, 2,633,267 pounds, valued at $45,724; lines, 341,260

pounds, valued at $22,986; and other forms of apparatus, 30,800

pounds, valued at $872. The species taken in largest quantities were

herring, 8,788,625 pounds, $333,844; blue pike, 4,915,357 pounds,

$188,033; German carp, 3,546,752 pounds, $59,198; sauger, 1,940,855

pounds, $47,697; wall-eyed pike, 908,484 pounds, $49,462; yellow

perch, 830,403 pounds, "^$27,001; suckers, 721,089 pounds, $8,695;

fresh-water drum, 642,445 pounds, $4,513; white-fish, 302,805 pounds,

$22,988; and sturgeon, including caviar, 300,103 pounds, $26,480.

About 93 per cent of the herring and 64 per cent of the blue pike

were taken by vessels, the two species forming over 90 per cent of

the products of the vessel fisheries. Yellow perch and saugers were

also caught in large quantities b}^ vessels. ^The German carp, except

270 pounds, valued at $2, were taken in the boat fisheries.

The fisheries of Lake Erie in 1903 were less extensive than in any

of the recent years (1890, 1893, or 1899), for which statistics are avail-

able. Comparing the returns with those for 1899, the year for which

the last canvass was made, there has been a decrease of 1,001, or 27

per cent, in the number of persons employed; $524,157, or 19 per

cent, in the investment; 35,205,308 pounds, or 60 per cent, in the

quantity, and $370,880, or 32 per cent, in the value of the products.

The decrease in products was principally in herring, but there was

also a large decline in the catch of cat-fish and bullheads, black bass,

fresh-water drum, wall-eyed pike, sauger, white bass, white-fish, yellow

perch, and various other species. The onl}^ important species in

which there was an increase is blue pike.
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The followino- tables j;ive, b}^ states and counties, the number of

persons employed, the amount of capital invested, and the quantity

and value of the products of the fisheries of Lake Eric in 11)03:

Tablr sJioving hi/xtatc.^ <ni<I counties the munber of persons employed in the fisheries of Lake
Erie in 1903.

State and county.
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Table showing by states and counties the vessels, boats, apparatus, and capital employed in

the fisheries of Lake Erie in 1903— Continued.
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Tables nlww'mg h>j stales, counties, and species the yield of the fisheries of Lake Erie in

1903.

State and couiitv.
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Tables showing by states, counties, and species the yield of the fisheries of Lake Erie in

i9(9J—Continued.

State and county.
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Table showing by slates, counties, and species lite yield of the vessel fisheries of Lake Erie in

1903—Continued.

'

Grand total.

State and county
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Table showing by states, counties, apparatus, and sj^ecies the yield of the shore fisheries of
Lake Erie in 1903.
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Tabic Hliowliig hi/ states, counties, apparaius, and spi'cles the yield of the shore fisheries of
Lake Erie in 1903—Continued.
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Table showing by states, counties, apparatus, and species tlie yield of the shore fislieries of
Lake Erie in 190S—Continued.
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Tahle tfhowing by states, counties, apparatus, and specks the yield of the slujrc fislicvies of
Lake Erie in 1903—Continued.
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Table shoidng by slates, counties, apparatus, aiid species the yield of the shore fisheries of
Lake Erie in 1903—Continued.
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Table ulioif'uKj the whoky.ale Ji^fhenj trade of Lake Krie in 1903—Continued.

Products handled.
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Table showing the wholesale fishery trade of Lake Erie i)i 1903—Continued.

Products.
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FISHERIES OF LAKE ONTARIO.

The number of persons employed in the fisheries of I^ake Ontario in

1903 was 305, of whom 10 were on vessels fishing and transporting,

276 in the shore or boat fisheries, and 19 were shoresmen.

The investment, which amounted to $91:,379, included 3 vessels of 31

net tons, valued at $4,400, with outfits valued at $560; 171 boats valued

at $6,869, 5 gasoline launches valued at $3,000, fishing apparatus used

on vessels and boats valued at $31,855, shore and accessory property

valued at $21,945, and cash capital amounting to $25,750.

The products of the fisheries of this lake aggregated 1,075,448 pounds,

with a value to the fishermen of $47,739. The catch taken by vessels

was 14,150 pounds, valued at $588, and by boats 1,061,298 pounds,

valued at $47,151. The vessel catch was obtained bj^ 2 vessels with

620 gill nets, valued at $2,920. In the shore or boat fisheries gill nets

took 253,308 pounds, $13,708; pound nets and trap nets, 322,976

pounds, $13,084; fyke nets, 380,112 pounds, $14,398; seines, 32,760

pounds, $905; hand lines, 32,200 pounds, $1,974; set lines, 39,442

pounds, $2,832; and spears, 500 pounds, $250. The spear catch con-

sisted wholly of frogs. The principal fishes taken were cat-fish and

bullheads, 349,224 pounds, $12,903; sturgeon, including caviar, 112,443

pounds, $8,057; herring, fresh and salted, 121,315 pounds, $5,810; eels,

73,595 pounds, $4,233; pike and pickerel, 31,359 pounds, $2,080; blue

pike, 60,565 pounds, $2,913; yellow perch, 122,165 pounds, $3,971;

and white-fish, 25,384 pounds, $2,122. Several other species were

obtained in smaller quantities.

Compared with 1899 there has been a slight decrease in the number

of persons employed, with an increase of $15,836, or 20 per cent, in the

investment, but the products have decreased 1,235,814 pounds, or over

53 per cent, in quantity, and $45,654, or nearly 49 per cent, in value.

The following tables show by counties the extent of the fisheries

of Lake Ontario in 1903:

Table shov.'inrj by counties the persons employed in the fisheries of Lake Ontario in 1003.

Jefferson
Oswego..
Cayuga .

.

Wayne ..

Monroe..
Orleans.

.

Niagara .

County.
On ves-
sels fish-

ing.

On ves-
sels

trans-
porting.

In shore
fisheries.

142
25
6

23
20
17
43

Shores-
men. Total.

160
26
6

25
24
17
47

Total

,
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Table slioiv'mg by counties the vessels, boats, apparatus, and ca2)ital employed in the fisheries

of Lake Ontario in 1903.

Item.
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Table showing l>>/ counties and species the yield of thefisheries of Lake Ontario i)t 1903.

Species.



720 REPORT OF THE COMMISSIONER OF FISHERIES.

Table sJioiving by counties, apparatus, and species the yield of the shore fisheries of Lake
Ontario in 1903.

Apparatus and .species.
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Table shoio'mg by counties, apparatus, and species the yield of tlte shore fisheries of Lake
Ontario in 1903—Continued.

Apparatus and species.
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FISHERIES OF THE ST, LAWRENCE RIVER.

The fisheries of the St. Lawrence River in 1903, as here considered,

were confined to St. Lawrence Count}", N. Y. The number of persons

employed was 57; the capital invested amounted to $5,803; and the

catch consisted of 18,000 pounds of suckers, valued at $90; and 112,002

pounds of sturgeon and sturgeon eggs, valued at $10,149; a total of

130,002 pounds, valued at $10,239. The suckers were caught with

seines and the sturgeon with set lines. The sturgeon eggs are sold

fresh to dealers for use in making caviar.

Table shoir'mg the persons, apparatus, etc., employed in the fisheries of tlie St. Laurence
River in 1903.
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Table showing btj connftcs the persons, apparatus, etc., employed in the fisheries of the

Niagara River in 1003.



•724 REPORT OF THE COMMISSIONER OF FISHERIES.

at $632,027; Ohio, 10,748,986 pounds, valued at $317,027, and Penn-

sylvania, 8,367,707 pounds, valued at $305,244. Of the remaining

states New York is credited with 4,193,905 pounds, $187,798; Minne-

sota with 2,176,152 pounds, $45,193; Illinois with 597,689 pounds,

$23,729, and Indiana with 310,222 pounds, $10,691.

Table xlioniiKj by utatca the niunJicr of persons emploued in the fsJterics of the Greed
Lakes in 1903.

State.

New York
Pennsylvania
Ohio
Michigan
Indiana
Illinois
Wisconsin
Minnesota

Total . .

.

On ves-
sels fish-

ing.

140
276
213
298

6
7

264
7

1,211

On ves-
sels trans-
porting.

38

In shore
fisheries.

1,094
76

649
3, 032

30
127

1,191
185

6, 384

Shores-
men.

169
135
227
442

2
519
175
31

1,700

Total.

1,405
487

1,101
3,790

38
653

1,636
223

9,333

TaUe tthoiring bi/ states tlie apparatus and capital ernploijed hi the fisheries of the Great
Lakes in 1903.

Item.
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Table shoir'uif/ by stairs the apparatus and capital eiiij)Ioj/ed in tin

Lakes in 1903—Continued.
fslieries of the Great

Item.
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Table shovjing by states the products of the fisheries of the Great LaJ:es in 1903—Cont'd.

Species.
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FISHEKIES OF MICHIGAN.

This state touche.s lakes Erie, St. Clair and tributaries, Huron,

Michigan, and Superior, but its fisheries are most extensive in Lake
Huron and Lake Michigan.

Table shoujhig by lakes the number of i)e,rsons( employed in the fislieries of 2iFichi(jan in 1903.

How employed. Lake
Erie.

Lake St.

Clair.

«

Lake
Huron.

Lake
Miehi-
|gan.

Lake Su-
perior.

Total.

Ou fishing ve.ssels

On tciiusporting ves.sels.

In shore fisheries
Shoresmen

122

Total.

303
52

51
10

1,4.50

187

181
2

879
131

298
18

3,032
442

355 1,704 1,193 416 3,790

« Includes St. Clair and Detroit rivers.

Table showing by laJces the ajjparaius and capital employed in the fisJicries of Miehigan in

1003.
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Table showing by lakes and species tlie yield of the fisheries of Micliigan in 1903.

Lake Erie.

Species.
Lbs. Value.

Lake St. Clair."

Lbs. Value.

Lake Huron.

Value.Lbs.

Buffalo-flsh
Cat-fish and bullheads.
Dog-fish
Eels.

21, 724

1, 0G2

^•859

6

Fresh-water drum
German carp
Herring, fresh
Herring, salted
Herring, smoked
Ling or lawyer
Minnows
Muskellunge
Pike and pickerel, fresli

Pike and pickerel, .^alted

Pike perch (sauger)
Pike perch (wall-eyed)
Rock bass
Sturgeon
Sturgeon caviar
Suckers, fresh
Suckers, salted
Sun-fish
Trout, fresh
Trout, salted
White bass
White-fish, fresh
White-fish, salted
White-fish caviar
White-fish (longjaw)
White-lisli (Menominee), fresh..
White-li^h (Menominee), .salted.

Yellow perch, fresh

139, 74ti

437, 335
2, 082

715
7, 035

72

10, 200
102, 000

12G
1, 812

155, 826
16, 191
1,211

47, 426
37,491

1, 144, 094
3, 496. 233

640
80

$5,444
297
58
309
954

14,561
68, 141

40

3,000
3,000

20, 200

68, 300
236, 500

1,938
13, 296

1,870
50

149, 148

124
45

1,761

250, 650
3,700
8, 725

75
82,900

800
405

1,185

12, 964
185
569
60

1, 027

6, 500 325

Total 1,122,558
I

29,299

1,909
24, 927

57
1,888 25, 591

37,905 900 4,600

1,904

230

521,941 21,594

420
145, 407

1,610

24
6,980

30

1,598,674
110, 575
34, 017

296
2,061,578

628, 576
42, 432

2, 086, 880
21, 752

89, 992
3, 236
2,162

241
48, 974
12, 886
1,066

99, 886
738

654, 362
38, 101

400
74, 400

116, 700
28, 756

1,911,002

40, 679
1,327

46
2,672
3,926
1,321

44, 826

14,4.55,209 450, 318

Species.

Lake Michigan.

Lbs. Value.

Lake Superior.

Lbs. Value.

Total.

Lbs. Value.

Black bass
BulTa lo-fish

Cat-fish and bullheads
Dog-fish
Eels
Fresh-water drum
German carp
Herring, fresh
Herring, salted
Herring, smoked
Ling or lawyer
Ling or lawyer, salted
Minnows
Muskellunge
Pike and pickerel, fresh
Pike and pickerel, salted
Pike perch (sauger i

Pike perch ( wall-eyed )

Rock bass
Sturgeon
Sturgeon caviar
Suckers, fresh
Suckers, salted
Sun-fish
Trout, fresh
Trout, salted
White bass
White-fish, fresh
White-fish, salted
White-fish, smoked
White-fish caviar
White-fish (bluefin\ fresh
White-fish (bluefin), salted
White-fish ( bluefin) , smoked
Wliite-fish (longjaw)
White-fish ( Menominee), fresh ...

White-fish (Menominee), salted ..

Yellow perch, fresh
Yellow perch , salted

2,930

"'sio'

«279

'""ii' 588 »18

32, 900
3,670

827, 667
4, 108, 300

2, 650

23, 865
900

453
91

27, 012
102, 379

212
352
18

208,611
143, 213

25, 174 1,115

134,918

Total 13, 268, 476

40, ISO
1,454

658, 512
581, 665

7,874

2, 452
1,056
7,153

12, 444

4, 084, 836
76, 476

100
1,804,148

122, 212
350

189, 653
3,280

6
108, 083

7, 246
35

231,200 9,680

3,000
186, 505
45, 959
75, 625

287, 442
5,528

300
7,809
1, 356
3, 265
7,060

87

500, 661

29, 127

"'2,' 606'

23, 150
1,400

2,931,031
487, 161

648, 547
8,700

1,689,669
33, 423

11,967
223

10, 165

6, 240, 373

3, 929
3,172

216

923

'ieo'

463
40

110, 929
22, 354

29, 730
419

47, 952
1,309

199
7

2,930
800

178,448
17,253
1,211

230, 272
.580, 496

2, 182, 454

7. 747. 746
3,290

23, 945
900

3, 000
3,420

201,673
1,610

68, 300
2, 249, 869

114, 275
87, 428

1 , 875
2, 875, 288
1,211,641

48,982
9. 102. 747

585, 389
2,009

3, 157, 676
169,013

350
400

1, 920, 869
33, 423

3,000
272, 872
162, 882
104, 380

2,251,114
5, 528

«279
2

6, 332
303
58

1,603
10, 492
45, 674

173, 692
262
354
18

800
429

9,495
30

1,938
125, 049

3,421
6,467
1,402

59, 381
25,370
1,391

399, 968
26, 372

63
182, 284
8,992

35
46

57, .532

1,309
300

10, 680
5, 289

4, 586
53, 117

87

221, 920 35,608,557 1,223,792

o Includes St. Clair and Detroit rivers.
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fisherip:s of Wisconsin.

Wisconsin borders on Lakes Michigan and Superior, The extent of

the fisheries of the state in each of these lakes is shown in the follow-

ing tables

:

Table showing ht/ hikes the niDiiber of persons emplotjed in the fisheries of Wisconsin in

1903.

How employed. Lake
Michigan.

Lake
Superior.

Total.

On fishing vessels
On transporting vessels
In shore fisheries
Shoresmen

168

1,041
148

Total 1,357

96
6

150
27

264
6

1,191
175

1,636

Table showing by lakes the apparatus and capital employed in the fisheries of Wisconsin in
1903.

Item.
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Table showing by lakes and species the yield of the fisheries of Wisconsin in 1903.

Species.

Black bass
Cat-fish and bullheads
Eels
German carp
Herring, fresh
Herring, salted
Ling or lawyer
Pike and pickerel
Pike perch (wall-eyed)
Sturgeon ".

Caviar
Suckers, fresh
Suckers, salted
Trout, fresh
Trout, salted
Trout, steelhead
White bass
White-fish, fresh
White-lish, salted
White-fish (bluefin), fresh
White-fish (bluefin), salted
White-fish (lf>ngjaw)
White-lish (Menominee), fresli

White-fish ( jrenominoe) , salted...
Yellow perch, fresh
Yellow perch, salted
Crawfish

Total.

Lake Michigan.

Lbs.

2, 627
63, 750

177
501, 890
376, 540
378. 800
75, 920
65, 345
81, 525
10, 995

60
561, 609
202, 100
595, 416
17, 400

160
300

42, 979

400, 464

73, 875
68, 800

, 622, 315
15, 600

244, 464

19, 403, 111

Value.

f213
2, 012

12
7, 622

74, 898
137, 784

870
4,080
3,887

691
36

20, 109
5, 287

221,840
939
16
9

3,064

14, 982

2, 012
3,119

43, 846
244

7,897

555, 469

Lake Superior.

Lbs.

3, 001, 982
44, 043

74
64. 704
10, 531

25, 399
133, 347
979, 265
68, 598

98, 339
30, 569

180, 25't

7,806
143, 577

4, 788, 488

Value.

$18, 074
796

3
2, 528

405

261
2,159
37,417
2, 160

4, 224
1,087
4, 841

247
2, 356

76, 558

Total.

Lbs.

2,627
63, 750

177
501, 890

6, 378, 522

5, 422, 843
75, 920
65, 419

146, 229
21, 526

60
1, 587, 008

335, 447
5, 574, GSl

85, 998
160
300

141,318
30, 569

580, 718
7,806

143, 577
73, 875
68, 800

2, 622, 315
15,600

244, 464

24, 191, 599

Value.

1213
2,012

12
7, 622

92, 972

138, 580
870

4,083
6, 415
1,096

36
20, 370
7,446

259, 257
3,099

16
9

7,288
1,087

19, 823
247

2,356
2, 012
3,119

43, 846
244

7,897

632,027

FISHERIES OF NEW YORK.

The fisheries of New York in the Great Lalces are conducted in Lake
Ontario and the St. Lawrence and Niagara rivers, and also in two
counties, Erie and Chautauqua, on Lake Erie. Their extent in 1903

is shown in the following tables:

Table showing by lakes the nwmbcr of persons employed in the fisheries of Neic York in 1903.

How employed.

On vessels fishing
On vessels transporting
In shore fisheries
Shoresmen

Total

Lake
Ontario.

«

2
340
28

Lake
Erie.

132

744
141

1,017

Total.

140
2

1,094
163

1,405

a Includes St. Lawrence and Niagara rivers .
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Table shou'iDg hii lakes the a])paratiis and capital emj>Joyed in the fisheries of New York in

1903.

Item.

Vessels fishing
Tonnage
Outfit

Vessels transporting
Tonnage
Outfit

Boats
Gasciline boats
Apparatus—vessel fisheries:

Gill nets
Apparatus—shore fisheries:

Pound nets and trap nets.
Gill nets
Fyk*' nets
Seines
Lines
Spears
Fishing machines

Shore property
Cash capital

Total 100, 992

Lake Ontario."

No.

226
5

620

176
1,176

509

Value.

$4,000

610
100

50
7,497
3,000

2,920

9,945
10, 942
7,161
205

1, 526
16

600
23, 220

29, 000

Lake Erie.

No.

22
416

23
3,338

Value.

S73, 100

12, 815

2, 325
12, S50

32, 775

3,900
26, 970

147, 930
157, 250

470, 606

Total.

No.

24
436

278
23

6,986

199
4,514

509

Value.

»77,

"'is'

100

325
400

50
822
350

35, 695

171,

186,

845
912
161
205
717
16

600
150
250

571, 598

a Includes St. Lawrence and Niagara rivers.

Table sJiowing by lakes and species the yield of the fisheries of Nerc York, in 1903.

Species.

Black Bass ,

Cat-fish and bullheads .

.

Eels
Fresh-water drum ,

German carp
Herring, fresh
Herring, .salted

Ling or lawyers
Pike and pickerel
Pike perch (blue pike)
Pike perch (wall-eyed)
Pike perch (sauger)
Rock bass
Sturgeon
Caviar

Suckers
Sun-fish
Trout
White bass
White-fish
Yellow perch
Frogs

Total 1,244,600 1 69,353

Lake Ontario.

«

Lbs.

28.

349;

73.

4,

10,

105,

16;

31,

66,

335
224
595
300
320
315
000
600
359
065
025

22
213
12
99
34
4
•>

25
Vi2

119
.590

505
060
089
0.50

000
384
165
500

Value.

11,813
12, 903
4,233

86
432

5,170
640
18

2,080
3,353

650

Lake Erie.

Lbs.

321
11,504
6,897
1,809
482
279
40

2,122
4,271

2.50

4, 825
2, 671

21, 560
1,505,324

1,003,347
21,366
7,000

.500

223, 110
4,712

60, 588
1,200

13, 039
500

52, 247
26, 616

2, 949, 305

Value.

108

12
417

.58, 232

40,138
910
490

6
16, 897
3, 932
1,245

8
714

6
4,025

918

128, 445

Total.

Lbs.

33, 160
351,795
73, 595
6, 100

37, 880
1,610,639

16, 000
600

31,359
1, 069, 412

29, 391
7,000
22,619

436, 700
17,217

159, 648
35, 289
17, 089
2, 500

77, 631
158, 781

500

4, 193, 905

Value.

$2, 200
13, Oil
4,233

98
849

63, 402
640
18

2,080
43, 491
1,560

490
327

28,401
10, 829
3,054

490
993
46

6, 147
5, 189
250

187, 798

a Includes St. Lawrence and Niagara rivers.
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Acclimatization of black-spotted trout 29

brook trout 29

landlocked salmon 30

rainbow trout 29

steelliead trout 30

Administrative matters, miscellaneous 20-23

Agassiz, writingson fisliesof Massachusetts. 185

agassizii, Chologaster, description 388

Agosia nubila carringtoni 337

Alaska cod 94

grayling 102

pollock 94

salmon, canning and salting 96-9'7

commission 19

work of 87-102

fisheries 146-149

methods 94-96

value of 97

investigations 87-102

protection of 97-102

Albatross, operations of 17-18

Alewife, origin of name 169

Alewives in Maine 105

Alexander, A. B., report on statistics and
methods of the fisheries 121-162

Allentown, Pa., hatchery, mortality at 112

Allotments of eggs and fish to state lish

commissions 7-8

Alpena substation, output 37

Ambloplites rupestris examined for para-

sites 520

Amblyopsidae, key to genera 384

probable phylogeny of 384

Amblyopsis, description 392

spelseus, description 392

Ameiurus nebulosus examined for para-

sites 519

American Fisheries Society 22

Lake, Washington 106-107

fishes of 107

Amia calva examined for parasites 518

Anemia in brook trout 112

Apeltes quadracus in Maine 105

Appropriations 23

Arctic grayling 24

salmon 90

Argyrosomus in Yukon River 102

Argentine Republic, eggs shipped to 13-14

fish-cultural work in . 13-14

Arizona investigations 109

Artificial sea waters 116

asper, Cottus 337

Page.

Atlantic salmon distribution 41

propagation 26-27

avitus, Chologaster 387

Azotine, trout food 33

Bactericidal properties of sera of marine
animals 117

Barnum, William, resignation of 20

Baird Memorial, dedication 22

station, output 37

writings on fi.shes of Woods Hole 185

Baker Lake station, output 37

Bass, application of name 167, 168

black, distribution 68

examined for parasites 521

calico, examined for parasites 520

rock, distribution 77

examined for parasites 520

strawberry, distribution 77

striped, distribution 41

warmouth, distribution 79

white, examined for parasites 524

Bass Lake, Indiana, investigations 109

Battery station, output 36

Battle Creek substation, output 27

Bean, T. H., writings on Massachusetts

fishes 186

Beaufort laboratory ll.S-120

investigations at 119-120

list of investigators 120

Bellevue substation, output 37

Bibliography of Massachusetts fishes 183-188

Bigelow, Robert P., investigations by 115

Big White Salmon substation, output 37

Birds, marine, food of 117

Black bass, age for distribution 39

distribution, large-moutli 68-76

small-moutii 76

examined for parasites 521

in Washington 107

Sitka 94

Black-spotted trout aecliraatizatio;i 29

distribution 50-52

In South Dakota 29

Blob in Yukon River 102

Blueback salmon in Alaska 89-90

distribution 43

Blue crab investigations (see " Crab " ) . 85, 395-413

Bluegill sun-fish examined for parasites 520

Boston and Gloucester, vessel fisheries . . . 122-130

Boston, fishery products landed 123-124

Bozeman station, improvements 17

output 37
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Boothbay station, completion 14-15

Bream distribution 79-80

Bristol Bay fisheries, preservation of 99-100

Brook trout acclimatization 29

anemia in 112

distribution 52-63

in Colorado 29

Maine 103, 105

propagation 29

Bryan Point station , output 36

Bulletins of statistics 211

Cabral Bank, California, survey of 108

Calico bass, examined for parasites 519

California coast investigations 107-109

salmon-canning industry 115-146

tomcod in Alaska 94

Callineetes hastatus i... 398

sapidus (see "Blue crab").

Canada, eggs shipped to 13

Canadian red trout distribution 64

Canning and salting of salmon 96, 141

Cape Vincent station, output 36

Car and messenger service 6-7

Carp, angling for 619

breeding habits 573

common name 536

culture 622

description of species 528

diseases, parasites, and enemies 579

distribution in Europe 537

United States 539

economic relations 584

feeding habits and food 564

fisheries, extent 610, 617

methods 611

food value and uses 604

habits and special senses 550

hibernation 661

introduction in United States 639

methods of capture 611

migrations 556

packing and shipment 616

ponds 623

races and varieties 531

reaction to inflow of water 560

relation to other fish 594

vegetation 586

roiliness of water inhabited 592

seining 611

sense of hearing 554

sight 553

taste and smell 555

size, growth, and age 535

vitality 562

carringtoni, Agosia nubila 337

Catalogue of Woods Hole fauna and flora.. 114

cataphractus, Gasterosteus
, 337

Cat-fish distribution 67-68

Catostomus commersonii in Maine 103, 105

in Yukon River 102

occidentalis 331

caurinus, Leuciscus, critical notes upon. 339-342

Cave fishes of Nortli America 377-393

Central station, output 35

Chamberlain, P. M., investigations in Ari-

zona 109

Pap;e.

Charlevoix substation, output 37

Chinook salmon in Alaska 89

Chologaster, description 385

key to species 386

agassizii, description 388

avitus 387

comiitus, description 386

papilliferus, description 387

Chubs in Washington 107

Chub sucker examined for parasites 519

Clackamas station, output 37

Clam investigations at Beaufort 120

Cobb, John N., resignation of 21

Cod, Alaska 94

distribution 80

early use of name in America 167

fisheries of Pacific coast 137

Shumagin Islands 102

propagation 27

Coho in Alaska 90

Cold Spring Harbor, N. Y., fish disease 113

Cold Springs station, output 37

Cole, Leon J., studies upon carp 115,523

Comm ission, Alaska Salmon 19

Connecticut, fisheries of 316

Contaminated oyster beds 115, 189-238

oysters 112, 116

shellfish 116

Controversy with Michigan fish warden 8

Coregonus clupeiformis in Washington 107

in Yukon River 102

labradoricus in Maine 103

quadrilateralis in Maine 103

Stanley i in Maine 103, 104

cornutus, Chologaster, description. 386

Cottus asper 337

in Yukon River 102

Crab, autotomy 413

bibliography of genus 398

distribution and habitat 400

food 403

industry of Maryland 415-432

investigations -. 85,395-413

metamorphosis and growth 407

method of concealment 402

molting 411

power of movement 401

reproduction 404

systematic position 398

Craig Brook station, output 35

Crappie distribution 76-77

crassicauda, Leuciscus 352

Cristivomer namaycush in Alaska 93, 102

Maine 103

Cusk in Maine 103

Cut-throat trout in Alaska 93, 94

Washington 107

Cyprinus carpio (see" Carp").

Dedication of Baird Memorial ". 22

Details of distribution 40-80

Detroit substation, output 37

River fisheries 700

dicantha, Lupa 397

Diamond-back terrapin investigations 86,120

Diseased trout at Allentown, Pa., hatchery. 112

Cold Spring Harbor 113
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Page.

Diseased menhaden 113

Disease, gas, of fishes 313-376

Diseases and parasites of fishes 109

Distribution and propagation of food

fishes 1-17,25-80

details of 40-SO

in different states 5

of Atlantie salmon — 41

black bass 68

black-spotted trou t 50

bream 79

blueback salmon -13

brook trout 52

Canadian red trout 64

cat-flsh 67

cod 80

commercial species 39

crappie '^6

fish and eggs 39

from overflowed lands. 39

flat-fish 80

golden trout 64

grayling 64

humpback salmon 43

lake herring 65

lake trout 63

landlocked salmon 41

large-mouth black bass 68

lobster 8G

Loch Leven trfiut 44

pike perch 66

pollock 80

quinnat salmon 41

rainbow trout 44

rock bass 77

shad 40

silver salmon 43

small-mouth black bass 76

steelhead trout 43

strawberry bass 77

striped bass 41

warmouth bass 79

white-fish 65

white perch 67

yellow perch 67

Dog-fish examined for parasites 518

Dog salmon In Alaska 92

Dolly Varden trout in Alaska 93

Duluth station, improvements 16

output 37

Eagle and Tanner creeks substation, out-

put 37

Eagle Lakes, lie., fishes of 103

investigatious 103

Edenton station, output 37

Eggs from one flat-fish 34

shipped to foreign countries 13

Ellis, J. Frank, iu charge fish culture 21

England, eggs shipped to 13

Entosphcnus tridentatus 331

Erie, Lake, fisheries 703

Erimyzon sucetta, examined for parasites.. 519

Erwin station, output 36

Esox lucius examined for parasites 519

in Alaska 94, 102

Eupomotis gibbosus examined forparasites. 521

Page.

Evermann, B. \V., investigatious under 109

report on sciciilific in-

quiry SO-120

Exhibit at Central Station, D. C 29

Louisiana Purchase Exposition. 23

exilicauda, Lavinia 331

Exophthalmia, a symptom of gas disease.. 365

Experiments, fish-cultural 30

in fattening oysters 80

feeding grayling fry 33

food for trout 33

hatching green turtle 87

oyster culture 83, 119

salmon marking 32

sponge culture 84

transportation of eggs 33

wi th pike-perch eggs 33

Fauna and flora of Woods Hole, catalogue. . 114

Field, George W., investigations by 116

Field, Irving A., investigations by 115

Fish acclimatization 29

and eggs distributed 40

furnished by stations 35

cultural notes 30

work in Argentine Republic. 13,20

Fisheries exhibit at Louisiana Purchase

Exposition 23

of Alaska, salmon 146

preservation of 97

Boston and Gloucester 122

Bristol Bay, preservation of . . . 99

Connecticut 316

Detroit River 700

Great Lakes 643-731

Gulf States 132-133

Hawaiian Islands 135-136

interior waters of Florida... 133-134

New York 136-137

Vermont . 136-137

Lake Erie 703

Huron 683

Michigan 663

Ontario 717

St. Clair 700

Superior 651

Maine 253

Massachufictts 281

New England States 130, 24.5-325

New Hampshire 277

Niagara River 722

Pacific coast cod 137

halibut 138

wliale 140

Rhode Island 305

Shumagin Islands, cod 102

South Atlantic States 131

Saginaw River 689

St. Clair Lake and River 700

St. Lawrence River 722

Society, meeting of 22

Fishery products landed at Boston 123

Gloucester 125

trade with Japan 239-243

Fishes, cave-dwelling 377-39?

food and parasites 515-524

gas disease in 343-376
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I'ago

Fishes of American Lake, Wash 107

Massachusetts, bibliography . . 163-188

Presumpscot and Royal rivers,

Me 105

Rainbow Lake, Mc 101

Sequallitchew Lake. Wash 107

Steilacooui Lake, Wash 107

streams flowing into San Fran-

cisco Bay 325-338

Union River Basin, Me 101

Yukon River 102

Fish Hawk hatchery output 3G

operations of 18

parasites at Cold Spring Harljor, N. Y. 113

ponds, Washington, inipnn-ements. .. 16

output 36

Flat-fish distribution 80

largest yield from one fish 31

propagation 2, 27

Flora of Woods Hole, catalogue of 114

Florida, interior fisheries 133

Food and parasites of some fresh-water

fishes 512-524

fishes and fishing grounds, inquiry

respecting 19, 81-120

for grayling fry, experiments 33

of marine birds 117

Foreign countries, relations with 13

France, eggs shipped to 13

Fuller, C. A., investigations by 110, 189

Fundulus heteroclitus in Maine 105

majalis, statistical study of 118

Gadus macrocephalus 94

Game fishes of Alaska 94

Gar pike examined for parasites 518

Gas content of water, abnormal 351, 361

disease in fishes 109, 343-376

causes 351

exoplithalmia 365

pop-eye 365

prevention of 369

symptoms and lesions 348

Gases, solubility in water 345

Gasterosteus aculeatus in Maine 105

bispinosus in Maine 105

cataphractus 337

General results of work in 1904 1

propagation and distribu-

tion 25-29

German carp (see "Carp").

Gila River Basin, Arizona, study of 109

Gloucester and Boston vessel fisheries 122

fishery products landed 125

station, output 36

Golden trout distribution 64

Goode, writings on Massachusetts fishes 186

Gorham, F. P., investigations by 109,113,115

Grampus, operations of 18

grandis, Ptychocheilus 331

Grave, Caswell, director Beaufort labora-

tory 118

Grayling, Alaska 102

Arctic 94

distribution 64

fry, feeding experiments 33

Great Soutli Bay, L. I., oysters 112

Page.

Great Lakes fisheries, statistics 643-731

Green Lake station, output 35

turtle experiments 87

Gulf States fisheries 132-133

Hahn, E. E., transferred to Boothbay, Mc. 21

Halibut in Alaska 94

fishery of Pacific coast 138-140

hastata, Lnpa 397

hastatus, Callinectes • 398

Hawaiian Islands, fisheries 135-186

Hay, W. P., inquiries by 85-86

Herring, lake, distribution 64

Hexagrammos decagrammus in Alaska 94

Hippoglossus hippoglossus in Alaska 94

Humpback salmon distribution 43

in Alaska 91

Huron, Lake, fisheries 683

Hysterocarpus traski 337

Ichthyology of Massachusetts 163-188

Impounding lobsters 27, 34

Improvements to stations 15

Inconnu in Alaska j02

Indiana lakes investigations 109

Infected oysters 112, 116, 189-238

shellfish 116, 189-238

Interior fisheries of Florida 133

New York 136-137

Vermont 136-137

Investigation^ at Beaufort laboratory 120

Woods Hole laboratory . . 114

in Arizona 109

Maine 102

western Washington 106

of blue crab 85, 395-413

clam at Beaufort 120

diamond-back terrapin . 86, 120

green turtle 87

Indiana lakes 109

on coast of California 107

Investigators at Boaufort laboratory 120

Woods Hole 1 iboratory 115

Inquiry respecting food fishes and fishing

grounds 19, 81

irideus, Salmo 337

Japan, eggs shipped to 13

promotion of fishery trade with. . . 239-243

Jones, Lynds, studies by 117

Jordan, David S. , investigations under 87,107

Kendall, W. C, investigations in Maine 102

King salmon in Alaska 89, 94

Lake Erie fisheries 703

herring distri bution 65

Huron fisheries 683

Michigan fisheries 663

Ontario fisheries 717

St. Clair 700

Superior fisheries 651

trout distribution 63

in Maine 103

propagation 28

Lamellibranchs, contamination of... 116,189-238

Landlocked salmon acclimatization.". 30

distribution 41

experiments 30

in Maine 30, 103, 105

propagation 27
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Large-mouth black bass distribution OS

propuRation 29

laterality, Mjiocheilu.s, critical notes

upon 339-342

Lavinia exilicauda 331

Leadville station, improvements 17

output 37

Lepisostous osseus examined for parasites. . 518

Lepomis incisor examined for parasites 520

Leuciscus caurinus, critical notes 339-342

crassicauda 332

Lesueiir, ichthyological writings of 171

Library 22

Linton, Edwin, studies by 116

List of investigators at Beaufort laboratory. 120

Woods Hole labora-

^ tory 115

stations and substations 35

Little White Salmon substation, output 37

Lobster distribution 80

impounding 27, 34

propagation 27

problem 117

protection 117

Loch Leven trout distribution 44

Lota maculosa in Maine 103

Louisiana Purchase Exposition 23

Lupa dicantha 397

hastata 397

Lymphosporidium trutts 113

Mackinaw trout in Alaska 93, 94, 102

macrolepidotus, Pogonichthys 331

Maine, fisheries of 253

fishes of 102

investigations 102

Mammoth Spring station, purchase of land . 14

Manchester station, output 37

Manitau Lake, Ind., investigation of 109

Marine animals, bactericidal properties of

sera 117

Marine birds, food of 117

Marsh, M. C, studies by 109

Martin, S. J., death of 20

Maryland crab industry 415-432

Massachusetts, fisheries of 281

ichthyology 163-188

Maxinkuckee Lake, Ind., investigation of. 109

Menhaden mortality 113

Methods of Alaska salmon fisheries 94

canning salmon 149

fisheries 19-20

report on 121-162

taking salmon spawn 32

Michigan fishery controversy 8

Lake, fisheries 663

mierolepidotus, Orthodon 331

Microgadus proximus in Alaska

Micropterus dolomieu examined for para-

sites

salmoides examined for para-

sites

Mill Creek substation, output

Miscellaneous administrative and other

matters

Monterey Bay, Cal., survey of

94

521

37

20

108

Moore, H. F., experiments of 81, 84, 87

Page.

Moore, J. P., studies by 110

Mummichog in Maine 105

Mylocheirus lateralis, critical notes 339-342

Narragausett Bay, analysis of shellfish

from 218

description of 198

menhaden mortality. 113

sewage in 189-238

Nashua station, imjjrovements 16

output 36

water supply 110

Neosho station, improvements 16

output 38

New England fisheries 130, 245-325

New Hampshire, fisheries of 277

New Zealand, eggs shipped to 13, 14

New stations and improvements 14

New York, Interior fisheries 136-137

722

32

16

37

30

337

Niagara River fisheries

Normal salt solution on salmon eggs. .

.

Northville station, improvements
output

Notes, fish-cultural

nubila carringtoni, Agosia

occidentalis, Catostomus 331

Oncorhynchus gorbuscha in Alaska 91

kisutch in Alaska 90

nerka in Alaska 89

tschawytscha in Alaska 89

Ontario, Lake, fisheries 717

Operations of stations 34

vessels 17

Oregon salmon-canning industry 142

Orthodon mierolepidotus 331

Osmerus mordax in Maine 103

Output of fish and eggs by stations 35

summarized 4

total 1,5,25

Oyster beds of Narragansett Bay 189-238

experiments 80, 119

industry of Rhode Island 314

Oysters, bacteriological analysis of 230

contamination 112, 116, 189-238

literature on contamination 191

Pacific coast cod fishery 137

halibut fishery 138

salmon-canning industry 141

salmon propagation 2, 26

salm.ons 88

spawning 88

papilliferus, Chologaster, description 387

Parasites of some fresh-water fishes 515-524

Parker, G. H., investigations by 116

Peck, ichthyological writings of 170

Perca flavescens examined for parasites . . . 522

Perch, application of name 167, 168

pike, distribution 67

white, distribution 67

yellow, distribution 67

Personnel of Bureau, changes 20

Pike examined for parasites 519

in Alaska 94, 102

perch distribution

early spawning ...

eggs, experiments.

Pink salmon in Alaska

F. C. 1904- -47
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Pogonichthys macro! epidotus 331

Pollock, Alaska S'4

distribution 80

propagation 27

Pomolobus pseudoharengus in Maine 105

Pomoxis sparoides examined for parasites . 520

Pop-eye a symptom of gas disease 365

Presnmpscot River, Maine, fishes of 105

Propagation and distribution of food fishes. 1-17,

25-SO

of Atlantic salmon 26

brook tront 29

cod 27

flat-fish 2,27

lake trout 28

landlocked salmon 27

large-mouth black bass 29

lobster 27

pollock 27

salmon 2,26

shad 25

small-mouth black bass 28

striped bass 26

white-fish 2, 28

white porch 25

winter flounder 2, 27

yellow perch 25

Protection of Alaska salmon fisheries 97

I'tychocheilus grandis 331

Publications of Bureau 21

Put-in Bay station, improvements 16

output 37

Pygostens pungitius in Maine 105

Quincy station, output 37

Quinnat salmon in Alaska 89, 94

distribution 41

propagation 26

Rainbow Lake, Me., fishes of 104

trout acclimatization 29

distribution 44

in France 29

New England 29

Red-fish in Alaska 89

Washington 107

Red salmon in Alaska 89

Relations with foreign countries 13

states 7

Results of operations in 1904 1

propagation and distribution 25

Repairs to small boats 18

vessels 17

Report OR inquiry respecting food fishes and
fishing grounds 81-120

propagation and distribution of

food fishes 2,5-80

statistics and methods of the fish-

eries 121-162

Rhinichlhys atronasus in Maine 105

Rhode Island, fisheries of 305

Ritter, William E., investigations under... 107

Roccus chrysops examined for i)arasites . .

.

524

Rock bass distribution 77

examined for parasites 520

Rock-fish in Alaska 94

Rock trout in Alaska 93

Rogue River substation, output 37

Page.

rospe, Troglichthys, description 391

Typhlichthys 392

Round white-fish in Maine 103

Royal River, Maine, fishes of 105

Ruediger, G. F., studies by 117

Rutilua symmctricus 332

Ruttcr, Cloudsley, death of 20

Sacramento River salmon in Alaska 89

Saibhng in Maine 104,105

Salmo gairdncri in Alaska 92, 94

Maine 103

irideus 337

in Alaska 93

sebago in Maine 103

Salmon, blue-back, in Alaska 89

canning and salthig 90, 97, 149

brands of fish 161

capping 156

cooking 158

cooling 159

counting fish 152

cutting fish 152

dressing fish 151

filling cans 153

handling fish 150

industry of California 145

Oregon 142

Pacific coast - 141

Washington.. 141

lacquering and labeling.. IGO

methods 149

salting 154

soldering 156

testing 157

weighing and washing
cans 1 55

Commission, Alaska 19

Chinook, in Alaska 89

distribution, Atlantic 41

blueback 43

humpback 43

landlocked 41

quinnat 41

silver 43

dog, in Alaska 92

fisheries of Alaska 146

humpback, distribution 43

in Alaska 91

investigations in Alaska 87
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