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REPORT

OF TIIE.

UNITED STATES COMMISSIONER OF FISH AND FISHERIES

FOR TIE

FISCAL YEAR ENDING JUNE 30, 1889.

The constitution of the Fish Commission as a separate bureau of the
Government, which was accomplished by act of Congress approved
January 20, 1888, terminated those relations of codperation which had
b'een 80 happily maintained with the Smithsonian Institution and Na-
tlo{lal Museum under the wise and liberal administration of Prof. 8. F.
Baird—a cosperation which enlisted the aid of scientific workers in
the solution of important ecconomic problems, and also stimulated and
encouraged pesearch by presenting specific and important practical
Questions for investigation.

. A“.Ofll{er important and fruitful result of this codperation was the
icqm?lthn (during investigations relating to the fishing-groinds and
I']il(}(;l d;strlbut.ion a,pd abundance of the economic species of fishes) of
dep tﬁsore'i‘ of Speclmel.ls of the strange and curious life of the ocean’s
. These collections are of the utmost value for systematic study
and for the enrichment of museums.
ou,flézr?(?rupt termination of rela-jcions so long subsisting was not yith-
ments m:l; Gm})arrassments :1-}1d 1.nconvbniences, requiring new adju§t-
sioner to ar{:mgement.s, whlch' it has been the care of the Oomm{s-

The Oﬁiprxovulle as rapldly as clrcul'nsta,nces and means would permit.
in diffore lftts Ot,' the Oom1p1881on, which had been previously scattered
in one buildl‘)mrts of the CIt).', were as far as practicable brought together
OOmmunicat%ué’ thus permitting better supervision and more })1'oxnpt
ministmtioulmfl-' and resul‘mng in more convenient and econowmical ad-
oftices of the% “ﬂil}l‘S: The want of adequate accommodations for the
gress, provis: omuniission ll'fwmg-been brought to the attention of Con-

: Marcl’l o 188901;' was made in the sundry civil bill, which became a law
’ , for an appropriation of 7,000 for altering and fitting up
1x
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the interior of the Armory building then and now oceupied as a hatching
station of the Commission. The appropriation was made immediately
available, to be expended under the direction of the Architect of the
Capitol. Having advised with the Commissioner as to the work to be
undertaken, Mr. Clark immediately began operations, and at the close
of the fiscal year all was complete and ready for occupation.

A portion of the building was by the act referred to reserved for the
use of the Smithsonian Institution, and the accommodations afforded
the Commission are not adequate to its necessities; it is therefore de-
sirable that the entire buildirg should be abslgned to the use of the
Fish Commission as soon as practicable.

OFFICE ADMINISTRATION.

The large number of stations of the Commission, its vessels, and the
great increase in the distribution of food-fishes over the country, have
involved an enormous mass of correspondence and other details of
administration. In these dutics the Commissioner has had the faithful
and efficient services of Mr. J. J*O’Connor, chief clerk, and Mr. Her-
bert A, Gill, disbursing agent, in charge of the office of accounts.

The appropriations for the fiscal year ending June 30, 1889, aggre-
gated $257,580, as follows:

Compensation of CoOMMISBIONET. cuevvveverraeneeeae.  $5,000
Propagation of food-fishes.......................o... 135,000
Rent 0f OfiCOB - anenemeaet ieaeae cacee e aeeemaae s 2,500 '
Distribution of food-fishes ........................... 31,180
Maintenance of vessels....... ..o . L. 53, 900
Inquiry respecting food-fishes.......... ... ... o .. 20, 000
Statistical inquiry......ooooiiiiiii.t. e 10, 000

In accordance with law a detailed report of expenditures under these’
geveral items of appropriation was made to Congress on December 9,
1889.

CLASSIFICATION OF THE COMMISSION'S WORK.

The classification and assignment of the work of the Commission to
the several divisions which had been cstablished or projected by my
. immediate predecessor in office, Dr. G. Brown Goode, has i)roved of
great advantage. While maintaining independent responsibility.in the
heads of divisions it has made practicable a coordination and concur-
rence of activity in reference to the problems relating to the fisheries
and has prevented any unnecessary duplication of work.

The following brief account of the current work in the divisions will
illustrate very clearly the extent, importance, and diversity of the oper-
ations of the Fish Commission and its value to the country at large.
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INQUIRY RESPECTING FOOD-FISHES AND THE FISHING-GROUNDS.

The investigation of the character and resources of the fishing-
grounds, and of the conditions controlling the distribution of fishes
and otler aquatic animals, together with the ascertainment of the life-
history of commercially important species, furnishes the only correct
basis for the regulation and improvement of our fisheries, for the in-
struction of the fisherman as to the best and most profitable methods
of pursuing his calling, and for the successful conduct of fish-cultural
operations,

In the early period of the Commission the inquiries pursued were
necessarily general in character. A survey of the immense field to be
exploited was first necessary to suggest or to give precise direction to
those more particular inquiries upon which we are now entering, and
Which are intimately and essentially related to various important prob-
lems affecting the fisheries.

The following brief review will illustrate the activity and energy dis-
Plaw)’ed in the division of the Commission having charge of the inquiry
In regard to the fishing-grounds, as well as the significance and prac-
tical importance of the subjects investigated. Fuller details will be
found in the very interesting and instruective 1'eporﬁ of the assistant in
charge of the division, Mr. Richard Rathbun, which is appended to and
forms a part of this report.

. The most important sca-coast inquiries conducted during the year
have been the investigations in the North Pacitic Ocean by the steamer
Albatross, Lieut. Commander 2. L. Tanner, U, S. Navy, commanding-
The Albatross reavhed San Francisco from the Atlantic coast in May,
1888,'and,vafter a month and a half spent in preparations for the cruise,
left July 4 for Alaskan watérs, where a running survey was made of
thie fishing-grounds situated south of the Alaska Peninsula between
I-.Tnala-ska and Middleton Island. The arca covered by these explora-
tlons comprised the entire width of the continental platform, extending
’ mto. depths of 100 to 200 fathoms, and inclading five principal cod-
fiShmg t.)anks, having a total area of over 15,000 square miles, The
;Illltervgmng ground, moreover, is in most places adapted to fishing and
Al‘;l?d.)acent shores are well provided with good and secure harbors.
extex(l);lgh cod fishing has been carried on in this region to a llmltfad

ent during the past twenty-five or thirty years, no systematic in-
Quiry had been made to determine the distribution and value of its re-
Sources prior to the visit of the Albatross. The result of these researches

can not fail, therefore, to Lave an important influence on the develop-
ment of this territory.

After returning from Alaska, in September, the Albatross began a
:;Elﬁir ,‘“"e“‘*‘s’,“tion along the coasts of Washington and Oregon,
D L was co.nt'“med during October, 1888, and again in June, 1889.

uring the winter and early part of the spring, the work was extended
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to the coast of sonthern-California, between Point Conception and the
Mexican boundary line, and to the Gulf of California. In the course of
these inquiries important results were accomplished and several new
fishing-grounds were brought to the attention of the fishermen.  The
most important discoveries in this line had reference to Cortez and
Tanner banks, dircctly off San Diego. Heceta Bank, off the coast of
Oregon, and the halibut banks off Cape Flattery were also examined
and thie character and value of their resources partly determined. The
observations made in the Gulf of California, together with an investi-
gation of the Colorado River and its principal tributaries at about the
same time, tend to prove that this river system is not suited to the
introduction of the Atlantic shad, which has done so well farther north
on the Pacific coast, and no traces were discovered of the few plantings
made in this region several years ago. The problem of oyster-culture
on the eoast of California received attention from the naturalists of the
Albatross, and the vessel also rendered assistance in distributing the
live lobsters sent over fromm New England and placed in those waters.

On the Atlantic coast, instead of continuing the general explorations
whiclh bad been carried on for several yéars, the steamer Fish Hawk
was assigned to special investigations, having reference chiefly to the
oyster-grounds of Long Island Sound and Rhode Island. No other
fishing industry, probably, has greater claims at preseunt upon the
attention of the Fish Commission with respect to its maintenance and
development than that afforded by the oyster. On the coast of New
England and New York, some measures of protection are demanded
against the drills and starfishes which destroy large quantities of oys-
ters every year; in Chesapeake Bay the production has steadily been
decreasing since 1880, and on the South Atlantic and Gulf coasts an
active interest has recently been shown in devising means for improv-
ing and developing the wild growths of oysters which oceur wherever
favorable conditions now exist. Moreover, the natural supply of seed
oysters is totally inadequate to mneet the demands of planters and some
economical methods of artificial cultivation are desirable in order to
relieve this want.

In connection with all of these questions the several States have
ooked to the U. 8. Fish Commission for assistance, especially in the
way of seientific investigation and experiments on which to base the
necessary measures for relief.  While not having sufficient means to
press the inquiries in this dircction as rapidly as scems desxrable,
'er'mrroments have been made to give them every possible attention
and to detail for this purpose the steamer Fisk Hawk and such launches-
as may benecessary, when not required for fish-cultural and other more
urgent work. The researches conducted by the Fish Hawk on the south-
ern coast of New England during the season of 1888 are deseribed in the
special report of the assistant in charge of scientific inquiry. The
grounds visited were carcfully examined as to their conditions in every
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particular, and observations were made upon ‘the physical character-
istics -of the waters and upon the natural history of the oyster, its
enemies and associates, It is proposed to continue the investigations
in the same field during the summer of 1889,

During the winter of 1888-89 extensive operations were conducted in
the Gulf of Mexico by the schooner Grampus and the steamer Fish
Hawk. The former vessel was detailed to examine the southern part
of the important red-snapper fishing-ground which occupies the sub-
Inerged continental platform off the west coast of Florida. The in-
shore or shallow-water part of this ground is now visited to a greater
or less extent by fishermen, and the work of the Grampus was re-
Stricted to depths between 15 and 50 fathoms, in which the conditions
aud resources of the bottom were comparatively anknown. Nobwith- -
Standing the fact that much stormy weather was encountered, impor-
tant results were obtained and the attention of the fishermen has been
called to the advantages offered by this region for the prosecution of
their industry. In addition to the fishing carried on, the dredge was
used af, frequent and regular intervals to determine the composition
of the bottom and the characteristic animals which live upon it. In
SOmunction with the Grampus Dr. James A. Henshall made an exam-
m&t‘lon of the adjacent coast of Florida from Biscayne Bay to Tampa,
during which lie obtained a very large collection of fishes and secured
much information regarding. the abundance,.distribution, and habits
of the more important species.

The principal work done by the Fisk Hawk in the Gulf of Mexico had
Teference to the breeding habits of the mullet, sheepshead, and sque-

ague in Charlotte Harbor and vicinity, on the west coast of Florida,
and the leasures necessary to be taken for the artificial propagation .
of . those species. Spawn of the two species last mentioned was ob-
f:;n?d and hatched successfully, but when the Fish Hawlk reached this

hea 1ty it proved to be too late for the spawning of the mullet, although
8 young were observed in great numbers and their habits were, to-

e extent, determined. -
1t essentially novel feature of the scientific work, introduced dur-
Watethe Past year, has been the systematic investigatiqn of interior
teristris’ With I_'esl)(’,c‘t:'bot;h to their physical and n.atural-hlstqr).r charac-
aceny Cts- This sub_l.ect was taken up with the ob:]ect of obtal}llng more
culty :« leand ex.tenswe mt‘orm'ation in that direction, as a basis fo‘x" fish-
conditz" Operatwu.s u}ld the distribution of useful fishes; for, until the
miliedl'otn's a'nd Drl_nclpal features of any stream or lake haye been d.eter—
what nie 18 Impossible to say whether they require atteuntion, and, if so, .
the quali?;surgs should be tak'en to multiply their resources or perfect
to ascert;a,g’ of the latter. Wlth respect to this subject, it is necessary
tom, bat 111 10t only what kinds of fishes inhabit each fresh-water 8ys-
sor \;1 ng tla;cso ?lte abuudance and distribution of the lower forms of .hfe
" their habitsmdd'b fOO(‘I' and those physical conditions which, regulating

» détermine what new species may bo adapted to the region.

ing
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In carrying on this series of investigations it hag been necessary,
owing to the lack of sufficient funds, to rely chiefly on the services of
volunteer naturalists, and most assistance in this direction has beon
furnished by Dr. David 8. Jordan, president of the Indiang, University,
and his associate professors and students in ichthyology. Special men-
tion should bo made in this connection of Prof. Charles H. Gilbert, Prof.
B. W. Evermann, and Mr. C. H. Bollman. Dr. James A. Henshall, of
Cincinnati, Ohio, also volunteered his servicey during the summer of
1888. After a conference with Dr. Jordan as to the observations which
it was desirable should be made, the work was mostly placed under his
immediate direction, and the part intrusted to him has been cortducted
in a very zealous and appreciative manner. The investigations made
up to'the close of the year had reference to seventeen States, as follows:
New York, Virginia, West Virginia, North Carolina, South Carolina,
Tennessee, Kentucky, Georgia, Alabama, Mississippi, Louisiana, Ohio,
Indiana, Michigan, Iowa, Missouri, and Arkansas. '

" During the winter of 1888-89 Congress passed an act to provide for
the protection of the salmon fisheries of Alasla, which, owing to the
rapid increase in the number of salmon canneries established in certain
parts of that Territory and the wholesale methods of capture resorted
to, seemed in great danger of being seriously depleted within a com-
paratively few years unless subjected to appropriate regulations. By
this enactment it was declared unlawful to erect dams, barricades, or.
other obstructions in any of the rivers of Alaska, which might prevent
or impede the ascent of salmon and other anadromous fishes to their
spawning-grounds, and, furthermore, the Commissioner of Fisheries
was directed ‘ to institute an investigation into the habits, abundance,
and distribution of the salmon of Alaska, as well as the present condi-
tions and methods of the fisheries, with a view of recommending to
Congress such additional legislation as may be necessary to prevent
the impairment or exhaustion of these valuable fisheries, and placing
them under regular and permanent conditions of production.”

+ In accordance with this provision, arrangements were made for
undertaking the investigation directed during the sumnier of 1889, and
a party suitably equipped for that purpose was organized in June.
It set sail for Alaska carly in July, immediately after the close of the
fiscal year. The party was in charge of Dr. Tarleton H. Bean, ichthy-
ologist of the Commission, and personally acquainted with Alaskan
© waters, and consisted besides himself of Mr. Livingston Stone, super-
intendent of the Fish Commission salmon station in California; Mr.
Franklin Booth, engineer, of the University of California; and Mr.
Robert E. Lewis, general assistant. They have been directed to first
visit Kadiak and Afognak islands, the principal centers of the can-
ning interests in Alaska, and subsequently, if the time permits, Cook
Inlet and Bristol Bay. Their instructions comprehend a very thorough
investigation, and it is confidently expected that sufficient informae
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tion will be obtained to permit of a full understanding of the sitnation
by the next Congress.

The daily observations of temperature along the sea-coasts and on
the interior lakes and rivers, begun several years ago, have beeu cou-
tinued during the past year at a number of the more exposed light-
houses and at many stations of the Signal Service. The 'value of Sl.lCh
observations will readily be appreciated by the student of geographical
distribution, and a comparison of the results now in progress of com-
pilation will undoubtedly throw much light on the movements of our
migratory fishes. ' ‘

The. temperature data heretofore obtained serve only to show the

. temperature flictuations in- the waters immediately adjacent to the
coast. The deductions from these have Deen sufficient to show that
the movements of the fishes in the inshore waters, their appearance
and departure, and their failure to appear in certain seasons in c(?rfcalll
localities are to be attributed to differences of temperature conditions
prevailing at different times. Observation and experience have sug-
gested that the seasonal migrations and distribution in our qoastnl

“"waters of many important economic fishes is to be explained and indeed
to be predicted when we can obtain precise knowledge of t,h.e laws
governing the seasonal changes of temperature in. the arvea of water
lying between our coast and the western border of the Gulf Stl-eam.
The migration of the areas of equal water temperature will be dlﬁ:el‘ellt :
in-the different seasons and determine corresponding differences in the
areas over which fishing may be profitably pursued. )

- It will, however, doubtless be found that the seasonal migrations of
the aveas of equal temperature in the sea will be in close and egsentliﬂ
relations with the meteorological conditions on the land, which are
under constant observation and discussion, and in time a knowledge of
one will enable us to interpret the other, and thus indicate the probable
distribution for the season of such species as the mackerel, the menl%a-
den; the sea herring, and others whiclrare pursued for their commercial
value, Such information would relieve many perplexities and em})&l‘-
rassments which now discourage our fishermen,and give better direc-
tion to their enterprise and consequently better assurance of success in
their endeavors. The investigations proposed and the discussion of_ the

-data obtained would doubtless lead to many important generalizamqns
on the physical geography of the sea and the relations of marine species
to their physical environments,

Being impressed with the importance of a systematic study of the
temperature conditions and the changes of conditions in our offshore
waters, I have instituted g systematic investigation to this end and
have assigned the Fish Commission schooner Grampus to this work.
Prof. William Libboy, of Prinecton College, has been selected to take
charge of the investigation, and the vessel is now being fitted with the.
necessary

" apparatus and appliances for the work, and will enter upon -
1t'at the begiuning of the next fiscal year.
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The scientific laboratory attached to the marine station at Wood’s
Holl, Mass., was opened as usnal during the summer of 1888, the Com-
missioner being present during most of the time. Theassistants engaged
in Fish Commission work were employed only for the geason, and in
addition the facilities of the laboratory were granted to several biologists
interested in the study of marine life. The persous in attendance were
representatives of a number of the prominent scientific institutions of the
country, and by their presence and coiperation they added very greatly.
to the valne of the practical results obtained. The institutions thus
represented were as follows: University of Pennsylvania, 1Iarvard Uni-
versity, Johns Hopkins University, Princeton College, Williams College,
University of Indiana, Swarthmore College, Wooster University, and
the Lake Laboratory at Milwaukee, Wisconsin, Prof. John A. Ryder,
of the University of Pennsylvania, a former assistant on the Fish Com-
mission, was in direct charge of the seientific work.

The opportunities for research afforded by the Wood’s Holl labora-
tory have been fully described in previous reports. Not only is the
equipment well adapted to the study of marine problems of nearly
every essential character, but the geographical position of the station
with respect to a large assemblage of useful fishes gives it unusual ad-
vantages from the standpoint of the practical objects of the Commission.

The transfer of the steamer Albatross to the Pacific coast and the
detail of the steamer Fish Hawk to the investigation of oyster-grounds
have for the time removed the principal means of obtaining material
from the offshore regions, and it has been necessary to restrict the
researches chiefly to such inquiries as are offered by the immediate
vicinity of the shores, but in this way the requirements of fish-culture
have been more directly benefited, as the most important fisheries of
the region are located within the bays and sounds or directly adjacent
thereto. '

The studies of Prof. Ryder have related chiefly to the life history of
the sea bass and the Atlantic sturgeon, two important species, the
artificial propagation of which may soon become expedient. © The
material bearing upon the sturgeon was obtained in Delaware Bay the
previous spring, but the sea bass is one of the most highly prized fishes
of the Vineyard Sound region, where it breeds during May and June.
Mr. S. F. Denton, an experienced naturalist and artist, was employed
in making colored drawings of the principal food.-fishes indigenous to
these waters, and Mr. C. F. Hodge was occupied with the natural
history of the common starfish, the most serious and destructive enemy
of the oyster on the New England coast. Other investigations have
had reference to the cod, scup, tautog, mackerel, bonito, lobster, and
soft clam. Summarizing the work accomplished, Prof. Ryder states
that at least eight important monographic reports may be expected as
the outcome wholly or in part of the investigations carried on at Wood’s
Holl during the season,
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Mr. V. N. Edwards, who Iras been stationed permanently at Wood’s
Holl since 1871, has continued- his observations upon the movements,
habits, and abundance of the fishes of this region and has obtained
large and valuable collections. A compilation of his results during the
past cighteen years, which is now in progress, will prove a very valu-
able contribution to the natural history of our marine fishes.

The Commissioner is pleased to note the establishment at Wood's
Holl of a marine biological laboratory intended for both students and
investigators, which can not fail to have an important function in stimu-
lating scientific research in this direction, and nltimately in promoting
the interests of fish-culture by its contributions. This institution had.
its origin in Boston, and counts several well-known biologists among
its instructors. The director is Prof, C. O, Whitman, of Clark Uni-
versity.

Prof. W, O. Atwater, of Wesleyan University, Middletown, Conn.,
who began for the Fish Comumission, about ten years ago, a very com-
prehensive series of experiments upon the chemical composition and
butritive values of the American food-fishes, has completed his under-
taking during the past year, and his report upon the subject is pub-
lished in the appendix to this voluime. Tifty-five species of fishes and
eleven of mollusks and crustaceans were analyzed. The report is
divided into two parts, the first being chiefly occupied with the tech-
nical details of analyscs,. while the second is more popular in character
and cxplains the deduct}ons reached by the author, together with their
‘bearing upon different fishery problems. This important monograph
can not fail to attract much attention from those interested in.the fish-
eries, whethber from a practical or séientific standpoint.

METHODS AND STATISTICS OF THE FISHERIES.

Thd work of this division relates to the history, methods, and statis-
ties of the commercial fisheries; and the discussion and interpretation
of the data obtained will, it is expected, contribute greatly to the
advancement of these interests. \

" The appropriation for this branch of the service, $15,000, was small
for the extent of territory to be covered, but it was used with economy,
the expenses of the field agent.s having been especially low, the cost of
travel and subsistence averaging only $3.86 per man daily. Investi-
gations were carried on in Maine, Massachusetts, Rhode Island, New.
* York, Pennsylvania, New.' J ersey, Del_m'va,re, Maryland, North Carolina,
Florida, Alabama, Mississippi, Louisiana, Texas, the Great Lakes,
" the Pacific Coast, and Alaska. The statistics, methods, and relations
of the fisheries of these regions were studied in detail, and with o view
to the preparation of reports. Vahumblq information of a similar na-
ture was obtained also through the medium of the statistical circulars
of the Treasury Department, of which more than 10,000 were returned

H, Mis, 274—11
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to the Fish Commission in 1888 and 1889. Through local agents and
bureaus, as well as by correspondence and the utilization of newspaper
items, much additional knowledge of the fisherics was obtained.

- Pending the negotiations looking toward a fishery treaty with Great
Britain, the American commissioners were furmshed with statistics,
papers, maps, and personal explanations bearmg upon the relations of
the interested parties, and although the treaty was not ratified a modus
vivend: was agreed upon for a period of two years.

The announcement to the fishery interests, through the investigations
of the Grampus in the spring of 1888, of the scarcity of mackerel along
the coast partly prepared the flest for the unfavorable season which
followed. Inasmuch as the history of this fishery shows many similar
great fluctuations in the abundance of this species without adequate
explanation, it may reasonably be expected that recourse to artificial
hatching, the methods of which are now fully understood, will aid in
reéstablishing this valuable fishery on a permanent basis.

The artificial freezing of fish recommended by this Commission as
available for adoption by New England fishermen, was successfully and
very profitably applied by Mr. William H. Jordan, of Gloucester, Mass.,
in the transportation of herring from Newfoundland.

Fuller details of the work of this division for the current year will be
found in the report of the assistant in charge of the division, Capt. J. W,
Collins, which is appended to and constitutes a part of this report,

FISH-CULTURE.

The work of this division has been under the immediate direction of
the Commissioner, such duty being made necessary by his previous re-
lations to and experience as assistant in charge of the division of fish-
culture. With the continual expansion of the operations of the Commis-
sion and the increasing care and responsibilities incident to the general
administration, it will not be practicable for ‘the Commissioner to con-
tinue personal supervision of the fish-cyltural operations longer than is
necessary to ecstablish satisfactory direction of the work under the
superintendence of an assistant.

The work for the present season shows a gratifying improvement:
over the results of the previous year. This is indicated both by the
largo increase in the number of eggs and fry distributed, and by the
greater number of yearling fish rcared and distributed. The total
effective production is shown by the following table:
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. . . ing Juno 50, 1889.
Fish and eggs Surnished for distribution by the stations for the year ending Jun ,’

. rearlings. Total.
Station.v Specics. Tgga. Fry. Yearlings )
e B 23, 320, 000
Alpena, Mich ....... Whitefish ... ....... 23,320,000 - 80, 000
) ’ 4,950, 000
Lake trout..... ... . 1, 500, 000 o4l
Baird, Cal........... California salmon 41’543 000 41, 54?. 000
l!attory{gs]un}?,hM(l.. %hmll.l...k..i...] ........ heed L gg‘i
sraig’s Broo + Me ..| Landlocked sa MOM. e eeaaaiee e N f
Ciraig Atlantic salmon 19'0(_’(_). 190, 928
Central, Washing- | German carp ORI , 50
ton, D. C, Goldfish.......... 0l 277000 [eavunnrnns 27,000
Landlocked salmon e 10, 280 10, 280
Raiubow trout........ R e iad KRR 1,000 125 21,125
Brook trout. ... R § I P 36
Lake tront....... . LIl 5000 |ooomoont 4, 595, 000
Whitetish ........0 0| 00000l 4,595, Al 1,218 1,218
Rock bass ... 1,530 45()}'838
%ﬁgﬁh .......... 501000 .- eeee 34', 500, 000
Clackamas, Oregoun. .| Californin salmon ..., 4'538' 300 . 20, 000
Cold Spring Harbor, Landlocked salmon . 638, 000 , 000
New York. %t{?utio salmon ... 430°000 |omnn i, d?g. 383
. aKo trout..... .. ’ oY,
Duluth, Minu. ..., Landlocked salmon 5%‘ ggg 985, 000
akotront. ... ... 0| Tl 985, 8,000, 600
Whitefish 277000 8, 000, 000 3, 000, 000
. Plkeperch. ... Il 3 002’ ggg 2,994, 000
Ft. Washington, Md.| Shad. .. i 11,011,000
Gloucester, Mass. ...| Codfiuls .. S R R M 7,268, 000
Polloek ... o lllIITm 7, gg?- 000 1 o 556, 000
Schoodic, Me........ Landlocked walmor -..{ ¢ 350, 000 o8 000 | ST 198, 000
Atlantio salmon ... .| ... .. » . 104, 264
Northville, Mich. ... Rainbow trout. d 55, 000 163, 875
Brook trout.. -4 e150,000 |. 681, 526
Lake tront....... . .. S 655,000 |- 120, 000
Loch Levon trout.. ... 120, 000 000 10, 770, 000
Whitetiah. ... . 7 96,250, 000 4, 528: e ll 47,190, 000
Sandusky, Ohio ... .. Piko perch...  JTTT0Y TR 47,100, 00 |- 65, 100, 000
| Whitefigh ..o 0000 124,400,000 | 40, 793, 300 22, 956, 000
Steamer Fish Hawk | Shad ... .0 000 [tZ4400.000 22,956, ..} 14, 000, 000
Sheepshead ..... ... | 1100 14'093' 883 TR 8,137, 000
Wood's Holl, Mass ..| Codfish ....... " 777|700 A4 8187, TUUTTTTRSRT| 1,574,333
Lobsters......... 0 0V -] 1,574,000 30, 000
Scup.... 01T 80,000 |....... o 1,025, 000
Sea bags . RN 1,025,000 §...oeninns . T og
lo...... e 185,000
Mackerel. .......0" 4,950
Wytheville, Va ... _. Landlocked saluion . 148, 808
Ralnhow trout. ... 500
Brook trout... 575
Lake trout .. 4,430
ock hass 3,101
Goldfish ... 18,315
Germnn carp. . 20, 180
Quiney, I, collge. Spotted cnfﬁlh. .. 10,360
tions fromaloughs | Buffale Ceeereaaa. 16,768
and lnkoes, cansed Crappio ....... o000 . - 15, 552
by overflow of the White bass ......... . 17,687
86isaippi River. | Black base ....... - 3, 688
Suntish ... ... e .- 7,811
Pickerel ... 1111 s ; 2,485
‘White perch....... 0. reees 5, 600
. Piko percl ... .. 460
) Nutivo carp ... 44,000
(International  ox. Brown trout.... 0, 000
change) from Ber. Silbling ..., L0000
houchen, GGormany, 86, 000
(Iut. oxchango from Brown trout........ ..
Schmaldow, Ger.
many, ; oy 708
) Total............ 37,053,600 | 285,252,950 | 489, 380 | 422,795, 830
—_—
a 5,000

) Wob(l})otmual?rredlto Central Station; 5,000,000 to Duluth Station.
164,000 tranaforred to Gentral Station, S tion . ! al
..€25,000 tranaforrod to Craig’s Brook Station 25,000 to Cold Spring Harbor Station; 30,000 to Centr:
Station; 60,000 to Duluth Station; 30,000 to Wythevillo Station.
d2,500 to Craig's Brook Station,

A H . ’ Station.
¢2,000 to Craig’s Brook Station; 25,000 to Wy thoville Station; 30,000 to Central Staton. 2,000 to
S 1,000,000 to Duluth Station # 40,90010 Contral Statiou; 500,000 to Cold Spring Larbor Station; 2,
Craig's Brook Station,
gg.g(nd.goo to g))nxiN(]). 3. M L
1,000,000 to Duluth Station, "o P de
NOTE,"T'he " Summary of Distribution for the year ending Juno 30, 1889,” p. 389, should bo amen
80 that the total of ogEn would |

) ) ing beo 1
0 37,053,500, and 'the grand total 322,795,830, crodit having boon taker
for the foregoing transtors Lotk as eges and ry.
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A comparison of this with a similar table contained in the report of
the previous year shows a gratifying inerease in the number of eggs
and fry distributed. The most notable advance, since it promises such
important results in stocking, was the increase in the number of year-
ling trout, salmon, and other native food-fishes distributed. The often
inadequate and disappointing results from stocking with the fry of trout
and salmon has led to this new depzu‘t-ure,'prepamtions for which were
begun in 1886 by enlarging the trough capacity at several of the sta-
tions and by building rearing ponds aud increasin g the water supply.
The number of yearling fish distributed in 1888 was 48,000, nearly all
of which were the Eastern Lrook trout and the rainbow trout of the
Pacific coast. The distribution the present year amounted to 274,000
fingerlings of the following species, artificially bred and reared, viz, At-
lantie salmon, landlocked salinon, rainbow trout, brook trout, salmon
or Iake trout, carp, goldfish, tench. .

The artificial propagation of the pike perch was undertaken by the
Commission at the Sandusky and Duluth hatcheries, Fifey million fry
were obtained, which were distributed to lakes and streams in Minne-
sota, Illinois, Ohio, New York, and Pennsylvania.

The following species, collected from the overflow ponds of the Mis-
sissippi Valley, were also distributed: Fresh-water drum, rock bass,
crappic, black bass, white bass, pike perch, pickerel, buffalo, catfish.
This branch of our work will be extended as rapidly as the requisite
additional facilities can be provided.

During the year terminating June 30, 1888, fifteen stations, including
Sandusky and Quincy, were in active operation :

1. Schoodic Station, Maine. ¢ 8 Contral Station, Washington, D. C.
2. Craig’s Brook Station, Maine. ¢ 9. Fish Ponds, Washington, D. C.
8. Gloucester Station, Masgsachusetts. i 10. Wytheville Station, Virgiuixw.

4. Wood’s Holl Station, Massachusetts. . 11. Sandusky Station, Ohio.
5. Cold Spring Harbor Station, New | 12. Quincy Station, Illinois.
York. 13. Northville Station, Michigau.

t

6. Battery Island Station, Maryland. I 14. Alpena Station, Michigan.
7. Fort Washington Station, Maryland. ! 15. Baird Station, California.

The following stations were under construetion or repairs with a
view to their occupation the present season :
1. Baird Station, California. i 3. Nousho Station, Missouri.
2. Clackamas River Station, Oregon. | 4. Duluth Stxitiou, Minnesota.

The stations in active operation during the present fiseal year are as
follows: '

" 1. Schoodic Station, Maine. 10. Wythevillo Station, Virginia.

2. Craig’s Brook 8tation, Maine. “11L. Sandusky Station, Olio
3. Gloncester Station, Massachusetts, 12. Quiney Station I;]inois..
4. Wood's Holl Station, Massachnsotts. | 13 Noptnville Station Michigan
5. Cold Spring Harbor Station; N. Y, 14. y ) ’

Alpena Station, Michigan,
Duluth Station, Minuosota.
Clackamas River Station, Oregon,
- Baird Stationu, California.

6. Battery Island Station, Maryland. 1.
7. Yort Washington Station, Maryland. | 5.
8, Central Station, Washington, 1), C. 17
9. I'ish Ponds, Washington, D. C,
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The station at Baird, Cal., for the collection of the eggs of the vam-
bow trout, having served its purpose, was discontinued. .

The oyster-cultural station at St. Jerome’s, Md., was abandoned, the
results obtained not justitying the expenditure requh:mL

The station at Neosho, Mo., was under construction, but 1ot com-
pleted at the close of the fiscal year. .

Additional stations were authorized by Congress, {}‘“.‘l P_""V‘S“?“i
made for them by special appropriations in the sundry civil bill, whic
became a law March 2, 1889, as follows:

Figh-hatchery, Maine.~For the purchase of ground, construction

of buildings and ponds, and purchase of equipment of fish-

hatchiery and rearing stations near Craig’s Brook, Reed’s Pond, 11, 000
and Branch Pond, Maine ... ... . eooiiiaveeconencamesann- $11,

Figh-hatchery in Lake County, Colorado.—For the construction of

# Government trout-breeding and distributing stution in Lake . 000
County, Colorado. ... ... i it iarae s 15,

Fish-hatchery on Lake Erie.~For the purpose of establishing and
equipping a station atsome convenient point on Lake Eris, tobe
designated by the Comumnisgioner of Fish and Fisheries, for the
taking of spawn and the propagution of whitefish......ocecn-- 20, 600

These stations when completed and in operation will requil:e :}1111_u¢111Y
an aggregate expenditure of $15,000, which must be provided fol‘ by’
a corresponding incrcase in the appropriation for the propagation of
food-fishes; the present appropriation of $130,000 is barely adequate

to provide for the expenses of the general administration and the
maintenance of statious now in operation.

SCHOODIC STATION, MAINL.

Mr. Charles G. Atkins, the superintendent of Craig’s Brook Station,
also has charge of the Schoodic Station, at Grand Lake Stream. This
latter station is devoted to the collection and distribution of 1andlo_cked
salmon eggs, and is conducted jointly by the United States, New Hamp-
shire, and Massachusetts. The routine work was begun by t,he.fm‘e-_
man, W. II. Munson, September 3, 1888, Frequent rains in the fall of
1888 delayed operations. Between Octaber 24th and November 24th,
974 breeding salmon were taken in barrier and pound nets. EBxactly
one-half of these were males; 963,900 eggs were taken, which were
divided as follows: To Massachusetts, 14,000; to New Hampshire,
65,000; to the United States, 510,000, The share of the United States
was distributed as follows:

To Maine Commission ........_. 26,000 | To Michigan Commission eesees 100, 000
To New York Commission .. -. .. 100, 000 | To Deuntscher Fischerei Verein.. 50, 000

To New Hampshire Commission . 65,000 | To Richard Young, Edinburgh,
To Plymouth, N. H., for distri- '

Scotland cooenriannancaaeannn 25, 000

butiononaccountof the United To Wytheville Station, Va.s.... 30,000

States ... 50,000 { To Duluth Station, Minn ....... 50, 000
To Minnesota Commigsion

...... 25,000 | To Centrul Station, Washington,

To Yowa Coumnmission ......_.... 25,000 | D.C........... eeesesienaas 80, 000
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On account of the warmer temperature of the spring water, the eggs
matured carlier than they usually do in the river hatchery, and ship-
ments were begun January 29, 1889, and completed February 5. There
were retained 204,365 for Grand Lake Stream and its tributaries; the
work was completed June 22, The distribution of Schoodic salwon fry
was as follows:

. |
l Date. No. Age. Where deposited.
l Oct. 16,1888.. 2,349 | Six months ........ Craig's Ponil.
Qct. 17. 1888 2,021 |....doooalllll. Do.
QOct. 26, 1888. . .1 1,281 | Eight mouths ..... Do.
May 28,1889 .......covennnnn 333 | ‘Tbirteen months. .. Do.
b ] 1 5,984

i

The eggs reserved at Schoodic Station counted 211,100, Trom these
about 205,000 fish were hatched at the joint expense of the United
States and New Hampshire, and liberated in Grand Lake and Grand
Lake Stream in June, 1889. May 27th, 153 landlocked salmon, thir-
teen months old, were deposited in the same waters.

The 200,000 eggs of the Penobscot salmon sent from Craig’s Brook
Station to the Schoodic Station yielded about 198,000 fry, which were
liberated in Grand Lake and connecting waters in June, 1889.

CRAIG’S BROOK STATION, MAINE.

This brook empties into Alamoosook Lake, which discharges its
waters through Narramissic or Iiastern River into the Penobscot near
ijts month. The mouth of the brook is about 3 miles from the head of
tide water at Orland. Experiments in salmon-culture in the United -
States began near the mouth of the Penobscot in 1871, and Craig’s
Brook became the place of inclosure for breeding fish., The work was
temporarily removed to another hatchery near Bucksport, but the
original location was again oceupied in 1879. In 1886 the operations
at Craig’s Brook werc extended to include the feeding. and rearing of
Salmonide in troughs and ponds; but this work was temporarily sus-
pended because the superintendent of the station, Mr. Charles G, Atkins,
was assigned to duty clsewhere.

Tn 1888 the plan was revived, and it was decided to buy the farm in-
closing Craig’s Brook and establish a permanent station for rearing
Salmonide, and especially the Atlantic salmon. One hundred and
thirty-five acres of Jand, inclosing both banks of the stream for its entire
length, were leased with the privilege of purchase; and in April, 1888,
the superintendent began preparations for the season’swork., Breeding
Atlantic salmon were confined as usual at Dead Brook. Between May
97th and June 10th, 612 salmon were bought and placed in the inclos-
ure. Of these,435 wereretaken in October and November; 255 females,
averaging 15.43 pounds in weight, yielded 2,253,206 eggs, of which-
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85,906 died during development. The remainder were %‘;’“}fﬁ‘}) '“%(I):f

the subscribers, as follows: U. 8. Fish Coxmmssmnz 1?0;7’ B', k for

sachusetts, 290,000; Maine, 350,000; reserved at C?“‘gs tl Ol;)les of
rearing, 132,600; packed and shipped as indicated iu tho ta

distribution, 1,395,000, ’ .

The tbllox;fin,g sb,oek of fish and embryos were retained for breeding:

Atlantic salmon: :
One year old ....... . iiciiiiniioenecnanneee et

1,520
965
L L T RE TR RALELL O 109,96
Landlocked salmon: 80
One year old......oiii i i e e 96, 191
Inthe og ..o oo e 2’ 500
Rainbow trout in the ogg ....ooovviliviviaceceennmarnnnneens 4' 000
Brook trout in the 0gg coverues ceven consaeasesovacssrensseres ’
lrotal‘----'.....‘.-‘.'-~--..'.‘--- e AmammmArsemcsancce 144]256

Forty open-air troughs were added to the accommodations. An\ange(;
ments were made to feed them on maggots and chopped meat; the ui ¢
of entomostraca, insect larve, etc., having been aba}ldoned because °
the expense involved in getting them. The fish began to feed June 1.
Fungus did not make its appearance, and the loss in this month was
unusually small. . .y

Five thousand eggs of the Atlantic salmon were se?nt trom Crm‘f ]
Brook to Mr. B, G. Blackford, New Y ork, for transshipment to Quito,
Ecuador.

Coregonus albula.—Of this little German whitefish, 51,000 one mop’ﬁh
old were planted in Heart Pond, Maine, April 21, 1888, by Mr Atkius.

Atlantic salmon.—The distribution of young salmon of tl?ls specios

. was ‘as follows: 1888, October 16, to December 15, 13,498 six to eight

months old in tributaries of the Alamoosook Lake, Orland, Maine.
May 3, 1889, 310 one year old, same waters.

GLOUCESTER STATION, MASSACHUSETTS.

The active operations at this station, which is nnder the superin-
tendency of E. M. Robinson, are confined to the winter and ear‘ly
spring. During the rest, of the year it is closed and in charge ofa
‘¢ustodian. The station was occupied with a working force about the

middle of October, necessary repairs made, and equipment overhauled
and put in order.

Cod.—On November 3, the first codfish eggs were taken, and the
work continued until March 15,1889, The percentage of loss was very
large, which was attributed to the fact that many of the eggs were
killed by exposure to severe weather; morepver, frequent storms roiled
the water, and mud in suspension, being carried into the hatching boxes,
adhered to the eggs and destroyed their buoyancy. Total number of
- eggs taken, 45,000,000; lost in incubation, 28,000,000; transferred to
the Wood’s Holl Station, 6,000,000. Eleven million young were hatched
and planted in Gloucester Harbor, near Eastern Point.
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Pollock.—Experiments were made in hatching pollock cggs, with fair
success considering the disadvantages in handling a specics new to
artificial propagation. Total number of eggs obtained, 32,000,000; lost
in incubation, 25,000,000; number of fry hatched and tumed out,
7,000,000. Seventeen million eggs were lost at one time in consequence
ot a heavy storm occurring in the latter part of November. In hatch-
ing, the best results were obtained with the McDonald tidal box, hav-
ing the water turned oun sufficiently strong to keep the siphon from
breaking after the water had been drawn down to its lowest point.

WOOD’S HOLL STATION, MASSACHUSETTS.

This station was operated during the entire year, with Mr. John Max-
. well as superintendent and Prof. John A. Ryder in charge of the labora-
tory. Mr. Richard Dana conducted the fish-cultural work. Linportant
changes and improvements were made in the pumps and boilers, and the
electric-light plant was finished and put in operation.

Cod.—The cod work was very much hampered by the difficulty of

obtaining spawning fish, and by the northwesterly gales during De-
cember and January, when many of the eggs were killed by the mud
and slime.

The Grampus furnished 967 codfish from October 25 to November 22,
1888. These were keptin live cars and fed occasionally; and 11,640,000
eggs were obtained from them between October 29,1888, and February
2§, 1889. From the eggs kept at the station 5,871,000 fish were obtained.
From the Gloucester Station 4,284,000 live eggs were received, which

“yielded 3,306,000 1ry. Seventy thousand fry were keptina glass aqua-
rium twenty-two days, being fed on clam juice; but a sudden change of
temperature killed them all. From dead fish were taken 148,000 eggs,
which were hatched and planted.

The apparatus employed consisted of Chester hatching boxes and
Mc¢Donald improved tidal boxes. The period of incubation in the Mec-
Donald apparatus averaged eighteen days; in the Chester apparatus,
twenty days.

Sole.—The soles imported from Dngland were kept at Wood’s Holl
until October 6, 1888, when the Commissioner personally superintended
the planting of 28 individuals in Vineyard Sound, near Quick’s Hole.

Mackerel.—Vinal N. Edwards, on May 21 and 24, collected 215,000
mackerel eggs, from which 185,000 fry were hatched and planted in
Vineyard Sound, May 29. Eggs taken June 3 from fish which had been
dead a few minutes could not be developed.

Scup.—On May 22, 50,000 eggs of this species were taken; 30,000
were hatched, and the young were deposited in Wood’s Holl Harbor,
May 29. .

Sea bass.—From the 5th to the 10th of June, 1,150,000 eggs were

collected. Of these 1,025,000 were hatched, and the fiy were planted
between June 10 and 13
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Lobster.—Between the 30th ot April and the 26th of Junc 3,059,000
lobster eggs were taken from 330 feinales; 1,574,000 fry were lnatcl}etl«
from these and planted in the vicinity of ‘Wood’s .11011. The.hatchmg
apparatus used were the Chester inverted jars, the McDona.}d improved
hatching box, and the McDonald hatching jar, the latter being thfs most:
successful. Seven hundred and ten adult lobsters were packed in sea-
weed in 104 wooden crates and shipped to the Pacific coast on car Eo.
3 on January 14, 1859; 431 of these were females, 63 of them h:avmg
their eggs fertilized. On the way about 500 died, and the remamAder,
of which 54 were females-with eggs, were planted in I’uget Sound. The
attempt to rear young lobsters at the station, was again unsuccessful.

COLD SPRING HARBOR, NEW YORI.

This station is owned and operated by the -New York fish commis-
sion, but the Privilege is granted to the U. S, Pish Commission to send
here eggs of Atlantic salmon, landlocked sulmon, lake t1'01}t, cte., to
e hatehed and distributed under the direction of tho su])qullti?‘l‘le"t'
The fry of these species were planted, with a single exception, in New
York waters. Bggs of California, Atlantic, and ]:md-locke(} su-ln?on
intended for shipment to forei gn countries were repacket at this station
and forwarded to their destination. The results of stocking the Hud-
son River with Atlantic salmon were reported by Mr. Fred Mather,.
superintendent, in the Bulletin for 1887, page 40.

Eggs of brown tyout and silbling were received from Gejrm‘imy and
distributed in accordance with instructions from the Commissioner.

Landlocked ' salmon.—From Schoodi¢ Station were reccived 50,000

.€8gs of this salmon; 25,000 of these wero sent to the Sacandaga hatch-

ery. The oggs kept at Cold Spring Harbor furnished 22,344 fry, of
which 10,000 were planted in Lake Ronkonkoma, Long Island, and
10,000 in a lake in Passaic County, N. J; the remainder were kept at
the station, where they thrived until May 10, when they began to die
Suddenly and in large numbers and the survivors were liberated in
the rearing ponds. ‘ .

California salmon.—A few eggs were kept for hatching from those

Teceived for foreign shipments. In May, 1889, 1,350 fry were planted -

in Lake Ronkoukoma, Long Island, which has no outlet and hasdepths
of 60 to 64 fect.

TLake trout.—Between December 26 and 31, 1888, were received from
?L\Orthvﬂle, Mich., 450,000 eggs of lake trout. The resulting fry, 430,000
lliTl lumber, wers planted in Suffolk, Putnam, and Hamilton counties,

.Y,

BATTERY ISLAND STATION, MARYLAND.

. T}le lease of this station (W. de C. Ravenel, superintendent) haying
expired in June, 1888, and Mr. T B, Ferguson, the lessor, having declined
to renew the same exeept upon a rental of 1,200 per annum, whiclrwas
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considered unreasonable, it was deternmined to transfer the equipment
and such of the buildings as were necessary for the work of the Cominis-
sion to the breakwater constructed by the Engineer Department of the
Government for the protection of the wharves and bunildings of the
Commission and the channel of approach from damage by floating ice.
The necessary authority for such occupation was granted on request
duly madeto the Secretary of War, and the transfer of property and the
cquipment of the station completed in the spring of 1889. Certain of
the property not required for use or which could uot be removed was
condemned by a board of survey, duly advertised and sold, and the
proceeds, amounting to $374.65, covered into the Treasury.

For the convenience of the work of distribution an auxiliary station
was established at Havre de Grace in the canning house of Mr. S. J.
Seneca. The first eggs were taken on April 15, 1889, and from that
time to May 24 nearly 58,000,000 shad eggs were obtai ned, over 7,600,000-
eggs having been taken in one day. About 5,000,000 fry were hatched
and planted near the station and 35,000,000 were distributed to other
points. The difference in the number of eggs taken and the number of
fry distributed represents the loss of eggs during incubation.

FOKT WASHINGTON STATION, MARYLAND.

The operations at this station were again under the charge of Mr. S.
G. Worth. The egg-collecting season began April 12, and continued
until May 17. The total number of cggs taken was 58,233,000, The
eggs were not measured until thirty-six hours old, so that the number
stated represents impregnated eggs. Nearly one-third of the eggs
were furnished by the Fish Commission seine at the station, an equal
number was obtained from the fishing shores, and the remainin g eggs,
upward of 20,000,000, were received from the gill-net fishermen., A
freshet suspended the egg-collecting for a week in the middle of the
geason. On the three days preceding the tfreshet, April 22 to 24, the
daily average take of eggs was 4,500,000; but from April 25 to May 1
only 2,922,000 were collected. Mr. Worth notes great gluts of eggs,
8,368,000 on May 6, and 6,311,000 on May 7. During the seven best
collecting days, an average of over 5,000,000 per day was secured.

CENTRAL STATION, WASHINGTON, D. ¢,

This station, with S. G. Worth as superintendent, is located in the
Armory Building. Besides containing the offices of the Cowmmission,
this building is the scene of many other important operations, Shad
eggs are received here from Ifort Washington Station, to be hatched
and distributed. Eggs of whitefish, salmon, and trout are hatched and
forwarded to castern waters. Carp, goldfish, and other species of the
carp family, and various important food-fishes of the Mississippi
Valley, including catfish, black bass, rock bass, and crappie, are sent
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length of the west end of the building. Twenty-four special aquaria
were built at the station and oceupy 130 running feet in the annex.
Besides being carefully fitted into paper’ work of rhassive and orna-
mental character, in imitation of stone, the whole was housed in with
glass, requiring a considerable amount of varied work. In addition to
the above, twelve large and substantial aquaria were constructed for
the reception of fry on the hatching tables.

Preparations for Expositions.—During the year exhibits were sent to
the Ohio Valley Exposition, held at Cincinnati, and to Augusta, Ga.
More than a month’s time was spent in preparing for the Cinciunati
exhibition, all the station employés and also outside hiclp being engaged.

FISH PONDS, WASIHIINGTON, D. C.

.Mr. Rudolph Hessel, superintendent, accompanied the original im-

portation of carp from Germany to the United States and has been in
charge of the breeding and rearing ponds in Washington since they
were first established. The total area under pond cultivation is now
about 19 acres. The entire production of carp, goldfish, and tench in
1888 was 200,000, or about 10,000 to the acre. In 1889 fhe promise of
increased production was very favorable, but an unusual flood in the
Potomac submerged the ponds to a depth of 9 or 10 fect, and the greater
portion of adult and young fish escaped into the river. At the_same
time many of the native fishes of the Potomac obtained entrance into
the ponds, and preyed upon the young fish which had not escaped dur-
ing the season of high water. Asa result, the production of the ponds
for the year was small, and only a limited proportioii of the requests on
file for carp and goldfish could be supplied.
. Shad.—Nearly 3,000,000 shad fry were placed in the west pond iu
May, 1888. These were held in the ponds during the summer, but
were not fed; on the natural food found in the ponds they made rapid
growth. In October, when the young shad were released in the Poto-
mac River, they had attained an average length of 3 inches. It was
not possible to determine by actual count the number of fish liberated,
but conscrvative estimates placed the number at 50 per cent of the
number of fry placed in the pond. These results were as satisfactory
as they were unexpected, and indicated a new departure in fish-cultural
work, which promises important consequences.

In-April, 1889, the same pond was stocked with about 4,000,000
shad fry. These had by the 1st of June attained a Iength of three
quarters of an inch, when a flood swept the entire crop into the river.
Only a few hundred remained in the pond, and these, when the water
was drawn off in October, had acquired a length of from 6 to 8 inches,
thus illustrating, in a very striking way, the rapid growth made by
tishes when there is an abundant supply of food, and other conditions -
are favorable.
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WYTHEVILLE STATION, VIRGINIA.

This station has been océupied, as heretofore, under lease from the

State of Virginia, and George A. Scagle was continued as superin-
tendent. The black bass, which were collected and placed in the
ponds the previous fall, spawned this season for tho first time, but
all the young and a part of the breeding fish wero lost through the
overflow of Tate’s Run, which also damaged the ponds and caused a
considerable loss of carp, perch, and goldfish. The cultivation of the
b?ook and brown trout proved to be unprofitable, and was thercfore
discontinued. On October 1, 1839, Mr. Seagle estimated the fish on
hand to be as follows: Rainbow trout, 56,000; brook trout, 1,000; carp,
5,000; rock bass, 6,000; goldfish, 500.
" Rock buss.—There were taken from the ponds 6,628 fish, and 400
adults were collected from Wolf Creek. To Central Station were
fo.r\var(lcd 100 fish two and three years old; 4,300 yearlings were
disfributed to North Carolina and Virginia. :

Landlocked salmon.—Early in Febrnary 30,000 cggs were received
from Schoodic Station, Me., of which 28,700 were hatehed; 4,950 fry
were planted in Reed Creek, Wythe County, Va. The loss of fry in
the hffxtch'ery up to June 30 was very great.

Rainbow trout.—From the first week in December, 1838, to March 25,
1889, 314,000 eggs were taken. Of these 40,000 wero sent to England
and France, 69;500 to various places in the United States, and 148,000
gere h.atched at the station. In the waters of Virginia, Kentucky, and
S t(f‘otl.‘gla,‘46,0.00 yearlings were planted, and 1,900 were sent to Central

ation for distribution.
421(3)3?)01‘; tiroxut.—l?ro’m the 23,800 eggs received from Northvillez and the
reieq.seda'“n at this station, were obtained 24,400, fry, which wero
und‘185 ‘in‘thc ponds; 500 ycarlings ulsq were plzmtcd in Virginia,

Lt b elte se.}lt to C(\,’ntral §t;1ti011 for dlSt.l'ibuthL\. :
in Salt 1 (;ml.—:ﬂ. 5 of this species were deposited on December 31, 1888,

GL y nds, Qlles County, Va.
the gg/l Zl’:xgn—tsﬁ adu!t‘s of this spccies were sent from Wytheville to

Carpemty hl» 1 xposu:,lon, and six to Centr:ml' Station. »
and 18 3 5 wee fm;fis ;qelded over 29,000 dllll‘lllg‘ th.e season of 188?-8?,
SiSSipp,i oy I«‘? ¢ 'lstmbuted to applicants in Virginia, Tennessee, Mis-

Gons ﬁ,s;z o _(31‘1(1:1-.

Middlo an.d—Soiuz{?OP goldfish, over 3,000 were sent to applicants in the
only & swall : ern Sta.t.es. Owing to the cold and cloudy weather
percentage of the goldfish colored.

SANDUSKY STATION, OIIIO.

lg agree . ‘ o
misgl mlgis:;;:ent with t.;h(s ‘()hm fish commission the U. 8. Fish Com-
The spocies ch:?rge of .thls hatchery during tho season of 1885-89.
A PI‘Opdggmtcd included the whitefish (Coregonus clupceiformis)
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and the pike perch (Stizostedion vitrcum). Mr. Henry Douglas is
superintendent of the station. .

Whitefish.—Eggs were collected at Toledo and the Lake Erie islands
from November 3 to November 28, 18588. On November 8 and 9 the
temperature was 14° higher than upon these dates in 1887, and
75,600,000 eggs were lost thereby; the loss was made good by later col-
lections. Bggs were distributed as follows:

Date. | Destination. I Number. I

- i - e i

Nov.9,1888....... { Pennsylvania, hatchery at Erio.z 9, 000, 000 i
Nov. 22,1888 ......1...... (L O 16,400, 000
Dec. 22,1888 ... AO ceeeeecii i 6,000, 000
Dec. 28,1888 ...... . QO everienronoarosrccrisans 9, 000, 000

33, 400, 000

Forty million seven hundred thousand whitefish were hatehed at
Sandusky and the fry deposited in the western end of Lake Lrie, from
March 22 to April 1, 1889,

Pike perch.—Eggs of this species were collected from April 10 to 25,
1889, at Toledo and the islands. About 90,000,000 were olrtained, of
which 60,000,000 were hatched; but 10,000,000 were lost through lack
of facilities for shipping them. Egegs have been taken at Sandusky
duriug six years ending with 1889, but never before in such large num-
bers. The following distribution of fry was made:

Dato. Destination. Number.

.} Illinois waters.-....... ... 12,000, 000
May 4,1880 .| Ohiowaters........... .| 1G, 400, 000
May 7.1880 Pennsylvaniawators.. 12, 000, 000

May 8,1889..... -| Ohio wators. ... coveeeneennn. <21 10, 000, 000

50, 400, 000

Apr. 29,1889 ..

QUINCY STATION, ILLINOIS.

~ During the winter of 1887-88 the attention of the Commissioner was
attracted to the work done by the Illinois State fish commission in the
collection and distribution of the native food-fishes of the Mississippi
Basin. The overflow ponds and lakes formed during the seasons of
high water are the fruitful nurseries of the young of the crappies, the
basses, the pike perch, the yellow pereh, and the spotted catfish. Here
they grow rapidly, uutil, with the countraction of the water areas and
the increasing demands for food, the waters become overstocked and
they dic in countless thousands by starvation, or perish by the drying
up of the ponds during the season of summer drought. It was recog-
nized that these natural nurseries farnished ready to our hands, at little
comparative cost, an immense supply of choice food-fish and well adapted
by their habits aud conditions of life to the more sluggish streams of
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the interior, whence they have in many cases disappearfad by reason
of the obstructions in the course of the waters, or by the improper and
wasteful methods of fishing pursued. . .

When it was proposed by the very efficient superintendent of the 1ki-
nois commission, Dr. 8. P. Bartlett, that the U. S. Commission “should
teutatively undertake the work of collection and distribution, coopemf;-
in'g with the State commission and sharing expenses and 1'esults? his
proposition was accepted, and adetail of carsand men was sent to Qumcy,
where headquarters were established, and the work of collection and
distribution carried on for several weeks. The 1'esult§ have been so
Batisfactory and compensating that it has been determined to greatly
extend operations in the future, having special reference to the needs
of those States which receive only indirect and remote benefit from the
work of our regular fish-cultural stations.

NORTHVILLE STATION, MICHIGAN.

Mr. Frank N, Clark, superintendent of the Michigan gtations at
" Alpena and Northville, reports better aggregate results at ﬂ.lOSO sta-
tions during the last year than any other year since their establishment.
In the distribution 6f partially grown fish the success has been 1x1f)st
marked; and Mr. Clark mentions an experiment in planting yearl%ug
brook trout which clearly shows the wisdom of this method of stocking
streams. The entire yield of the season was 47,771,411 eggs and fish,
of which nearly 45,000,000 were whitefish, and upward of 2,000,000 lake
trout.
Whitefish.—In 1888 it was deeided to dovote the Northville Station
- wholly to trout and transfer the whitefish operations to Alpena. Dll}'-
ing October, however, operations-were authorized on Detroit River in-
“Penning whitefish from the seines and holding them until they were
ripe. Three penning stations were selected, and 4,500 fish were inclosed,
from which were obtaihed 15,000,000 eggs of an inferior quality, be:
cause of very warm weather., Many of the fish died before their spawn
was secured. This was said to be the warmest season known on the
Detroit River. The whitefish work has therefore not been so satisfac-
tory as in former years. _

Von Behy trout.—REighty-four thousand four hundred eggs of this
8pecies were obtained from 131 females between October 31, 1888, and
Ja‘m{al‘y 4, 1889, or more than threc times as many as were secured the
previous year.  Seventy of the females were yearlings. A female weigh-
Ing 4% pounds yielded’ 4,800 eggs; but the average yield was 644 eggs
each. On July 1, 1889, there were 40,000 {ry in the feeding tanks,
which had been kept since April,

Locl; Leven trout.—From 410 females there were obtained 225,125 oggs,
anaverage of 556 cach. The season opened October 28; 1883, and closed
J"““}‘“‘Y 4,1889.  Of these cggs 120,000 were shipped as follows: Wis-
consin  commission, Madison,. 30,000; New Hampshire commission,
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Plymouth, 30,000; Nebraska commission, South Bend, 30,000; Pennsyl-
vania commission, Corry, 30,000. The balance were hatched at North-
ville, yielding 89 per cent of fry. The Loch Leven trout is tliriving at
this station. The stock of breeders will soon be increased, as 6,000
healthy yearlings are now on hand.

Rainbow trout.—The distribution of one-year-old rainbow trout trom
the Northville Station included upwards of 53,000 fish, which were lib-
erated in streams of Michigan, Ohio, Indiana, Iowa, Nebraska,and Ten-
nessec. Tfewer eggs were taken than last year, but the yield next year
should be greatly increased, becanse in addition to the old breeders the
station now has 1,300 trout two ycars old. The breeding temales num-
bered 223, and yiclded 204,400 eggs, an average of about 900 each.
There were distribnted 57,500 eggs between February 18 and April 2
of which 10,000 were sent to I8 Chdzari, national commissioner of hbh
eries, City ot Mexieo.

Brook trout.—The egg-taking began October 20 and continued until
January 7. Females numbering 945 furnished 332,950 eggs, averaging
about 350 each. More than one-third of the eggs were obtained from
yearlings. The shipments of eggs aggregated 207,000. Among these
were 25,000 to William Burgess, London, England; and 10,000 to 1.
Chazari, City of Mexico. The States receiving eggs of this species
were Minnesota, Ohio, Delaware, New Jersey, and Massachusetts. The
number of yearling brook trout distributed from January 13 to April
1, 1889, was 13,875, besides 1,000 which were held at the station.

La,ke trout.-—’l‘he main supply of eggs for the Northville hatchery
was obtained at Thompson on Lake Michigan. The first eggs were taken
October 16, and the season continued until November 15, when the
hatchery contained 3,400,000, the greatest number ever laid down in
one season. There were taken alsoin Lake Huron, near Alpena, 300,000.
On December 21, 18883, 50,000 eggs were sent from Northville to 1. Ché-
zari, City of Mexico.

ALPENA STATION, MICIIIGAN.

The season was one of the most successful recorded. From the cgg-
collecting stations on lakes Huron and Michigan upward of 45,000,000
whitefish eggs were obtained, completely filling the hatchery. More
than 20 men were employed as spawn-takers during the season, which
began November 1. In April and May, 1889, 23,320,000 whitefish fry,
reared at Alpena, were deposited in lakes Huron and Michigan.

Lake trout.—In the fall of 1888 Mr. William Bolton, of Alpena, col-
lected 150,000 shoal trout eggs, which were hatched at Alpena and
planted in Long Lake; the expense was borne by private parties. In
Marcl, 1889, about 80,000 fry were liberated in Long Lake.
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A h
As announced in the last report, the hatchery t'mﬂdlf"tghgtt)gilllgilltllg
was let to contract on May 21, 1888. The (:Qnstru‘cﬁ?n“to On Sep.tem-
was begun under the supervision of Mr. George To "elt ..ndont and re.
ber 9, 1888, Dr. R. O, Sweeny was zmppointe.d superin ‘? )t;ad ’f om- the
ported at the station. The completed building was acce} e, Jamuory
contractors, Messrs, James Carlisle & Sons, of M-m"ef?}:::te;dent.
15, 1889, and was received into the custody of th.e supuxl‘ River. b its
The grounds are located on the left bank ot Lest;x i {) Wl of
mouth; where it enters into Lake Superior. The hatc‘ xeryort,ions: the
‘Wood upon stone foundations. It is divided l.llt() three p esilding o
front is 38 feet wide and 21 feet deep; the remainder of t:l‘e.h'l}; a1 tg'e "
60 feet long and 30 feet wide, except the rear 18 f(%et, whic¢ e
wide. ' The front and back ends are two stories high and cor

' . room, pump and
by a low attic. The Stone basement contains the coal room, pumj
boiler room, ete.

On the first floor is the' h
back part of the building,
rear gables it is intended t

atching room, 60 by 32 feet, loczmted' m E{IZ
facing the lake. In a room 000“13y‘“g, ter
0 place an elliptical tauk, into Wh'wl:i_ “f:;om
will be pumped from the lake until a supply can be_ Obmmeh‘ ueh
Lester River. From this tank the water will be dlstrlbllte:} b IOT% .
Pipes to the hatehing and rearing apparatus in th.e room be 'O‘t‘;r.ne'u'ly
present water supply is pumped from Lake Superior at a poin t‘u;:t %
opposite to the hatchery. 1t is intended in the future to constr o
dam in Lester River and convey the water through a flume (tl'ofi“ in \th °
voir in the hatchery grounds. Permission has been obtal'ne 1(; e
Duluth and Iron Range Railroad Company to support this 'ﬂum i)ied
their bridge where it crosses Lester River. Tlle_hatcl.)ery is sup‘p ”
with 400 jars, capable of accomimodating 60,000,000 whitefish e.ggbI- ke
is intended to establish collecting stations for whitefish eggs in La

sted. s-
Superior, but arrangements for this could not be perfected the pre
ent season,

The following consig

nments of eggs were received and hatched at the :
station during the sea

Son:

" Description, ’

Source of supply. | Date. ] Number.

1
—— e |

————

1
i
i

anlmon ova ..
Yon Belir tront ova
Siilbling owg,

...................

The landlocked salmon, whitefish, and lake trout fiy were planted
in Lake Superior i

nrlocalities adjacent to the station. The fry obt&}lllled :
from the Von Behr trout and: silbling eggs were held at the hatchery
until the end of

June and then transferred to the Minnesotu State.
H. Mis 2U—
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hatehery, the State commission kindly affording accommodations for
them until suitable ponds could be prepared for them at the Duluth
station. ’

Pike perch.—During the spring of 1889 the superintendent collected
25 quarts of the eggs of this species. These were hatched with fair
success, and about 3,000,000 fry were obtained, which were planted off
the north shore of the lake about 24 miles above Lester River. The
work of the present season was preliminary to much more extended
operations with this important food species. Eggs intended for devel-
opment at Duluth were provisionally sent to Northville to be cleaned
up and forwarded to Duluth when the station was ready.

NISOSHO STATION, MISSOURI.

The resolution of Congress directing the Fish Commissioner to select
a site for a fish-cultural station in the Ozark region of southwest Mis-
souri, the exploration of that country in pursuance of the order of Con-
gress, and the provision in the sundty civil bill for the construction of
an establishment and its maintenance for the fiscal year ending June 30,
1889, are fully set forth in the last report.

By act approved October 2, 1888, an appropriation of $8,000 was
made for the construction of buildings, ponds, and appliances for a
fish-cultural station at Neosho, Mo. On December 7,1888, a certificate
of title for the land required was approved by the Attorney-General of
the United States. On November 19, 1888, Lemuel B. Herrell and his
wife executed a deed to the United States transferring a part of the
northwest quarter of the northeast quarter of section 30, township 25,
range 31 west, fifth prinecipal meridian, containing about 124#8; acres,
more or less. By a subsequent deed of December 17, 1888, a strip of
land 25 feet wide on each side of this spring was transferred to the
United States, in order to insure control of the water supply.”

The consideration for these pieces of property was $2,472.43, and this
was paid by the city of Neosho. In securing this land the Commission
was greatly indebted to the services of Hon. Lee 1. Bell, mayor of the
.city. On January 12, 1889, the engineer of the Commission began a
survey of the tract of land, and prepared a map giving the reliet of
the ground and indicating the best method of introducing the water
from Herrell Spring into the grounds. On February 1, 1889, Mr. W. F.
Page was appointed superintendent of construction, and left Wash-
ington February 24, to begin the establishment of ponds, laying out of
roads, etc. On March 6, 1889, au act introduced in the legislature of -
Missouri by Representative Gallemore, of Newton County, ceding juris-
diction to the property occupied by the United States as a fish-cultural
station, became a law of the State. On March. 18, 1889, Mr. George
H. Tolbert was assigned to duty at Neosho, to assist the superintend-
ent. The rest of the fiscal year was devoted to inclosing the property
and constructing ponds and roads and wooden piping for the introdue-
tion of the water supply.
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LEADVILLE STATION, COLORADO.

A station for breeding and rearing trout in the Rocky Mountain
region having become a necessity, the Commissioner made a .c:u'eful
examiuation of the country available for the purpose and dcc_‘lded to
locate the station in Colorado. The site selected is in L;.mke County,
near Evergreen Lakes aud about 6 miles west of the city of L—ead-
ville. By act of Congress approved Mareh 2, 1889, the sum of 815,000
was appropriated for the purpose of erecting a hatchery bulldmg:‘.m
Colorado. A Government reservation for the use of the U 8. Tish
Commission was created by proclamation of President Harrison dated
April 16, 1889, and consists of 1,935 acres, beginning on the western
edge of the Arkansas Valley and extending to the top of Mount Marcy,
14,298 feet above tide water, 80 as to include the upper valley of Rock
Creek, which has its sources in an extensive permaient ice and SI'IOW
field, lying iun a depression on the flank of the mountain. Detailed

plans and specitications have been prepared, and the work will be con-
tracted for at an early date,

BAIRD STATION, CALIFORNIA.

No active fish-cultural operations were carried on at this station ﬁ:om‘
1883 to 1883. The work had been undertaken chiefly with the object
- of procuring the cggs of the California salmon for the purpose of stock-
Ing our eastern rivers flowing into the Atlantic and the Gulf .of MGX'
ico. It was thought probable that this species would thrive in rivers
South of the Hudson, in which the Atlantic salmon does not oceur nat-
urally and in which the attempts by the Federal and State commissions
to introduce the species have not proved successful. These experi-
ments were undertaken on a scale unprecedented in the history of .ﬁsh-
culture. Millions of eggs were transferred to the castern stations,
h'aitched out, and the fry planted in nearly every one of the larger
rivers south of the Hudson. In no single case did the experiment.
prove satisfactory, and the Commissioner was forced reluctantly. to
abandon an experiment which, reasoning from a priori considerations,
gave fair promise of success, and which, had it succeeded, would have
€iven us a new and valuable fishery in the Atlantic rivers. .
The worlk Was resumed in 1888, with Mr. G. B. Williams as superin-
tendent, with the definite purposé of aiding in the maintenance of the
salmon fisheries of the Sacramento River, which had been for several -
yoars rapidly deteriorating. All necessary preparations for work wero
completed by the middle of August, when the capture of gravid salmon
began and continued until September 24, when the first run of salmon
ceased. The second run began October 29 and continued until' Decem-
ber 15, when the fishing ceased. The total number of eggs taken was
‘5:.500,000, the second run of fish furnisbing 4,000,000 of these (iu pre-
vious years the eggs were obtained entirely from the first” or August
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tun); 3,320,000 were transferred to the State hatchery at Sisson, the
State commission completing the work of developing, hatching, and dis-
tributing at their own expense; 2,000,000 were retained and hatched at
the station and planted in the McCloud River; 100,000 were forwarded
to the Society of Acclimation of France through the intervention of Mr.
Eugene G. Blackford, commissioner of fisheries for New York, and
-arrived at their dostination in excellent condition.

The racks placed across the river at the station completely arrest the
ascent of salmon and enable us to jundge with reasonable accuracy as
to the number of fish in the river. The August run this year was much
less than usnal, and is to be attributed to the fact that the State has
abolished the close time in August ‘and substituted for it a close time
in September, when the first ran of salmon is over.

CLACKAMAS STATION, OREGON.

Deeds to this property were given April 13 and November 28, 1888.

Subsequent proceedings, made necessary by the death of some of the
devisces, delayed its final acquisition until February 22, 1889, In the
meantime, however, Mr. Livingston Stone proceeded to operate the sta-
tion. as agent of the U. 8. Fish Commission. On July 1, 1888, M.
Waldo F. Hubbard was engaged as actin g superintendent. During
the summer various repairs and improvements were made. The prop-
erty purchased from the Oregon fish commission for the sum of $5,155.60
included a rack 400 feet long, a dam across Clear Creek 160 feet long,
a flume 16 inches square conducting water to the hatchery (a distance
of 1,800 feet), filtering tanks, a dwelling-house, a house for workmen, a
hatching-house, and a stable, all in good condition. The hatching-
‘house is a2 wooden building 40 feet wide and 100 feet long, having a
capacity for 6,000,000 eggs, and the water supply is sufficient to hatch
30,000,000.
" On account of the great number of salmon which collected at the
rack, it became necessary to guard them day and night from poachers.
The station islocated at the mouth of Clear Creek, on the Clackamas
River, a tributary of the Willamette, which empties into the Columbia
about 180 miles from its mouth. By the consent of tlie Oregon com-
niissioners the egg-collecting and hatching continued until the mid-
dle of November, when the station was turned over to the Oregon fish
commission to complete the work of:the season at their own expense.
Some difficulty was experienced with the water supply from Clear Creek
until the fall rains set in about the middle of October, a deficiency which
Mr. Stone would obviate by utilizing the water from a small tributary
of the creek and the construction of a temporary hatching-house large
enough to carry all the eggs prior to the fall rains. An additional sup-
ply could be obtained also by using the power furnished by the surplus
water from the Clear Creek flume to pump water from the river.

On August 25 the first good eggs were secured,. and from that date
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to November 2 over 4,500,000 were taken; of this mun_ber ?]LJbotut
1,500,000 were hatehed and planted in the Clackamas and ltvsv[ tri 1;1 g-
ries, and the remainder were turned over on November 17 1to ;e (x; ab.o m.)
Reed, of the Oregon fish commission, who hatched and plan
3,000,000 in the tributaries of the Clackanas.

STATE FISH COMMISSIONS.

It has been the policy of the U. S. Fish Commission I 'the de.\;ei())llé
ment of its work of stocking the waters of t'he country. \Vlﬂé 211181 ca:)m-
food-fishes, to codperate as far as possible with the various _al :88 ot
missions. In pursuance of this plan, during thf’ ~winter Oth S; t(,a
3,320,000 eggs of the quinnat salmon were delivered fmt Fbet d&b‘
hatchery at Sisson, Cal., and the fry therefrom were distributed by
the California commission. In conjunction with the same coxpm;:!-
sion the experiment was also made of trausferring lobsters from the
Atlantic to the Pacific sea-board. ) ) :

As in previous years, the propagation of the §chood}c galmon wt:;s
coutinued at Grand Lake Stream, Maine, conjointly with the States
of Maine, Massachusetts, and New Hampshire. nent

The New York cowmmission codperated in.the important experimen
of stocking the Hudson River with salmon. B th

The State commission of Ohi6 aided the conduct of Ol)emtmns‘ w »
whitefish and pike perch on Lake Erie, and transferred the charge o
its hatchery at Sandusky, Ohio, . I

In the collection and distribution of the fishes native to the Missis-

sippi Basin, the United States commission received the hearty coopér-
ation of the INinois Commission.

PUBLICATIONS AND LIBRARY.

The editing of the publications of the Commission and their passage:
through the press continue under the charge of Dr. Tau‘lgt(m H. 3@&11,,
the ichthyologist of the Commission. Under his supervisnox} the issu.-
ance of the articles bearing upon the researches and operations of the"
Commission has been greatly facilitated, and the knowledge conveyed:
therein has been promptly placed before the general public and those:v
specially interested. ' !
~In udvance of the completion of the Report of the year 1886 and

“the Bulletin for the year 1887, the following papers, constituting part:
of the same, were issued in pawphlet form:

The American Sardine Industry in 1888, By R. Edward Earll and Hugh M»\
Smith. (Bulletiu for 1887, pp. 161 to 102.)

Notes on Entozon of Murine Fishes of Now England with Desariptibns of Several
New Species. By Edwin Liuton. (Report for 1886, pp. 4563 to 511.) _

A Roview of Sciuidie of Americn and Euvopo. By Duvid Starr Jordaun and
Carl H. Bigeumann, (Report for 1886, pp. 348 to 451.)
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A Review of Flounders and Soles (Pleuronectider) of Ameriea and Europe.A By
David Starr Jordun and David Kop Goss.  (Report for 1886, pp. 225 to 342.)

The Sea Fisheries of Eastorn North America. By Spencer I*. Baird. (Report
for 1886, pp. 3 to 224.) )

Lists of Dredging Stations in North American Waters from 1867 to 1887. By
Sanderson Sith.  (Report for 1886, pp. 873 to 1017.)

Report on the Medus:ie collected by the Ul 8. Fish Commission Stoamer Albatross
in the Region of' the Gulf Strewm in 1885 and 1886. By J. Walter Fewkes.
(Report for 1886, pp. 513 to 536.)

Roport on the work of the U. 8. Fish Commission Steamer Albatross for tho
year ending December 31, 1886, By Licut, Commander Z. L. Tanner, U. 8.
N. (Report for 1886, pp. 605 to 692.)

Report on the operations at the Wytheville Station, Virginia, from January 1,
1885, to June 30, 1887, By Marshall MceDonald,  (Report for 1886, pp. 793
to 800.)

The distribution of the publications of the Commission during the
year was, of Annnal Reports, 1,360; Annual Bulletins, 313; Fisheries
and Iishery Industries of the United States, 4,231; and of pamphlet
articles, about 2,700.

The accessions to the library, which were secured mainly by gift and
exchange for publications of this Commission, including pamphlets,
periodicals, and bound volumes, were as follows: On fish, fisheries,
and fish-culture, 178; on botany, geology, chemistry, and natural
sciences in general, 146; making o total of 324,

COURTESIES EXTENDED AND RECEIVED.

By authority of the President, the Commission’s steamer Albatross
was placed at the disposal of the Senate Committee on Indian Affairs
for an extended trip through southeastern Alaska, during the summer
of 1889. Arrangements were also completed for carrying the Senate
Committee on Relations with Canada to Alaska in June, but the trip
was abandoned.

Materials were furnished for exhibition at the Augusta National
Exposition, Georgia, the Minnesota Industrial Exposition, and the
American ITustitute Fair.

The Navy Department has continued to assist the Comnission by
the detail of officers and men to its vessels and extending the facilities
of the navy-yards for their outfit and repair.

The War Department continued to the Commission the privileges of
the reservation at Fort Washington, Maryland, on the I’otomac River,
and of the breakwater near Edmonson’s Island, Susquehanna River,
for use as shad-hatching stations. ,

To the Treasury Department the Commission is indebted for many
courtesies. Fromn the Light-House Board permission was obtained to
occupy the buildings on the Soldier Key Reservation, Fla., for fish-
cultural purposes, and from the U. S. Coast and Geodetic Survey many
copies of charts were received for use in connectiou with the investi-
gations of the Cowmission.
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Tlfe facilities of the navy-yard at Esquimalt, British Columbia, were
furnished the Commissiow’s steamer Albatross throngh the courtesy of
Mr. Janes H. Innes, storekeeper.

Acknowledgments are also due to the Alaska Commercial Company,
San Francisco, Cal,, for assistance rendered agents of the Commission
n the investigation of the salmon rivers of Alaska in 1889.

The v.vork of the Commission in stocking with desirable food-fishes .
the various waters of the country has been greatly aided by the rail-
roads, many of which have given instructidns to their employés that
messengers of the Commission be allowed aceess to the baggage cars,
fcmd th‘at sp:‘u.ze. be provided for cans and other accessories. 1n addition
o these facilities, many of the roads have furnished free transportation
for the cars and employés of the Commission. The following table

gives the names of these roads and the number of miles for which free
transportation was turnished:

Name of railroad. ]N"‘l']u:f : Name of ratlroad. III‘]("IO‘JI
B : . :
(:;:ﬂly,'ff,'f:{;‘{"}\"l Missouri River...... 413 | Lake Shore and Michigan Southern.j 1,262
Chicnigo. Burhi ton....... 88 ; Michigan Central ..o.iiiiiiieens | 2,586
Chicago urlington sumd Quiney ....| 4,490 : Missouri Pacific.....oooooeoniniene '1,043
Cnieugo and Grand Teank ... i 538 | Mobilo and O I
(;|,~‘.':“’,:;‘n‘“;";}"“}kl'(‘ and St. Paul... 532 .| Northern Pacific .. . 4,283
Ci“'vil’l‘l\'lt]i“]f orthwestern.......... 1,247 | Oregon and Californin. ........o..ooe 1,024
Cincinunti' Lamilton and Dayton... 284 :| Oregon Railwny and Navigation
¥ ]u.ml“m“' Sandusky and Cleve- II CaMPANY sy es o b 956
Central Pacifio LTt 10 i| St. Louis.'Alton and Terre Haute. .| 62
Detroit, Bav Citv amd AT o7 " | 280 st Lonis, Iron Mountain and South- -
Duluth and r(’i'y and Alpena....... {210 '|, OFTL v e e et e e st rmaeaeen 872
Flint und P ron Rango ... .. 12 4 S$t. Louis, Keoknkand Northwestern | 1, 138
Fremont, E(il ¢ Marquette........... 2,113 ' Texas Pacific 2,097
{iv.;;’ khorn and Missouri i Utah Central.....o.ooovnn 500
: anide wnd Faqa T 1,362 1 Wabash . .....o.oooieees , 337
?lr'u'q Rapids and Indiann.......... 200 1 \\"il:}:~:)':l\:ii1| Central ! 882
annibal and St. Joe. ......... 1704 i Wisconsin Central..... ‘
%“"!"‘“Cel!tml.....,..,,_____.’_ """ "aH0 Total v
ndianapolis and St. Lonis. ... ... 304 } Ot e i 35,
.. 204 ;.
i

fo;rgo‘l;‘l"z::‘lleiiizlllll(;l? ﬁlrms of the c?untr)" :wk1.10\.\'1ed.gment is also due.
statistical kd ered to ageujcs‘ot the (J()mnnsspn in the c‘ollectlon of
al and other data pertaining to the fisheries and their methods.
MARSHALL MCDONALD,
Commissioner.
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REPORT UPON THE INQUIRY RESPEC’I‘IN(‘I FOOD-FISHES AND
THE FISHING-GROUNDS.

By RICHARD RATHBUN,

Araistant in charge.

SCOPE AND PURPOSE OF THE SCIENTIFIC WORK.

The utility of scientific research and experiment in respef':t tf) f\;i_
fishery matters has been fully demonstrated by the past (?X)l’elf("]‘;“f’rd
the U. 8. Fish Commission, under the able management of I ‘1'0‘1: b‘thcf
Whose efforts to promote the welfare of this inl]mrm"t.lndus\tl). . w)d('l.ll
curate and painstaking observations have proved entirely bu%‘:ct‘? n:
The measures taken in pursuance of this object and tlfe results .‘13(,?)! .
plished from year to year have been deseribed in previous repox t‘:: x'tljr
" it seems advisable, in this connection, to brietly explain t!xe charace 1(,.
of this scientific work in order that its direct practical bearing 111)10/1(l t (‘;
breservation and development of the fisheries may be better m]d(.\'li&{ot'(;
Science, as applied to the industrial pursuits, hu§ not only LU“)‘ .
be a pastime, but affords the only basis for intelligent and secure @
vancement. Nowhere is its infiuence more appreciable, moreover, t'h“;‘
in the branch now under consideration, and its effects are ‘c\vldent Dot ;
In the increase of production and in the regulation and imprevemen
of its methods. : .

In accordance with the subjects to which the same rela‘lf(", the ‘“e“
tific inquiries now in progress may be classified under four lleildl‘l'{&?a
as follows: (1) The development of the fishing-grounds, (2) the decrease

. X ) . . A .o I : scinl
of food-fishes, (3) the increase and dissemination of food-fishes, (4) speci:
investigations,

THE DEVELOPMENT OF FISHING-GROUNDS.

First in sequence comes the investigation of existing fishing-grounds,
whether those grounds ave kunown to the fishermen
await discovery. The pur
ment of the natural fisher

at present or stil

Pose of this inquiry is to aid in the develop-

¥ resources by supplying information to tl‘10

fishermen as to where thejr work may be carried on with most profit.

Fishing-gronnds are dist ributed along the seacoasts and oceur in }lem‘ly

all the lakes and l'i\'é,rs, thereby presenting a great divcrsity}:;tlchm._
)
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acteristies and conditions. The most important gronnds, however, are
located in the seas, in the lower courses of the large rivers, and in the -
great lakes, some fishes living upon the bottom and others at or near
the surface. Assuming the bottom grounds to be most typical, we may
summarize as follows the principal information essential to the fisher-
men which can be gained by proper scientific observations: The posi-

- tion, extent, and outline of the grounds; the depth of water upon them
and the character of the bottom; the kinds of useful fishes which in-
habit each, aud their abundance, size, and utility; their breeding and
feeding habits, affecting, to some extent, their quality for food at differ-
ent times; their migratory habits, which explain the periodic shifting
of the grounds from one locality to another; the character and abun-
dance of the food, and certain physical conditions upon which the per-
manence of the grounds depends; the distance of the grounds from
mmarkets and the meteorological eharacteristies of the region, as deter-
mining the period and duration of the fishing season and suggesting
the character of fishing vessels to be employed; the kinds of Dbait best
suited to each fishery and the places where suflicient quantities may be
obtained.

These inquiries belong to threc different branches of research—hy-
drography, physies, and biology,’n\thongh the two former may,in a
measure, be combined.  Hydrography, in it limited sense, deals with
the topography of the bottom, the depth of water, and other matters
upon which the charting of the grounds is based. Work of this char-
acter is performed by the Coast Survey and Hydrographic Office for
the benefit of commerce, but the requirenents of the fisheries in this
respect have not been fully met by their investigations, necessitating
that the Fish Commission vessels be well equipped for the same serv-
ice. The physical observations relate to the temperature and deusity
of the water, the character, direction, and force of currents, and to
atmospheric conditions and other kindred subjects. These matters,in
conjunction with liydrographic features, determine the limits of faunas,
and thereby the distribution of useful as well as other fishes; they
also regulate the movements of migratory species and the methods of
the fishermen. The inquirvies regarding them are most important with
respect to the more active pelagic species, sach as the maeckerel, blue-
fish, and menhaden, and the anadromous specices, like the shad and
salmon, but they are essential to the solution of all fishery problems,
whether these relate to the oyster beds between tides or to the greatest
depths frequented by food-fishes, to the river systems or to the lakes and
seacoasts. The biological investigations have reference to the products
of the grounds and make known the different economic species which
inhabit each region, their abundance, the purposes for which they can be
utilized, and the seasons during which they may be found. The charac-
ter and amount of the lower forms of life exisfing in each locality indi-
cate the permanence of the grounds, and to a great extent the kinds of



REPORT OF COMMISSIONER OF FISH AND FISHERIES. XLIII

fishes which resort to them. The methods of the fisheries are also
largely dependent upon a kuowledge of the habits of the nseful species.

The manner of conducting the survey of the fishing-grounds is ex-
plained clsewhere. The information obtained is presented to the fish-
evmen in the form of charts and deseviptive text, the former cnabling
them to locate readily any desived spot, the latter describing its prin-
cipal features. Until recently the discovery of fishing-grounds has
chiefly been accidental, that is to say, not due to organized and well-
directed efforts, and their resourees havebeen ascertained only through
their gradual devélopment. The rapid increasc of population neces-
sitates, however, more active progress in this direction, and all the
assistance that can be afforded by such comprehensive surveys as are
now under way. The investigations ot the steamer Albatross on the
Pacific coast during the past year, described below, fully dentonstrate
the utility of such measures.

THY DECRBASE OF FOOD-FISHES.

It was specifically for the study of this snbject that the Iish Commis-
§i0n was established in 1871, the results of its first iuquiry deterin-
ing the later expansion of the work. Demanding in part the sane
method of treatment as the survey of the fishing-grounds, it requires a
much more thorough execution and o closer attention to details. In
the former instance the gronnds were assumed to bein their normal or
natural condition, but any marked decrease in productiveness is taken
as an indication that the balance of life has in some way been disturbed.
It then becomes essential to ascertain what changes have occurred, the
causes producing them, and the measures necessary to vestore the nat-
ural conditions, finally carrying out those measures so far as practicable.

Previous to the organization of the U. S. Fish Commission it was
customary, in investigating matters of this kind, to rely mainly for evi-
del{(t(ﬁ upon the testimony of persons dependent upon the fisheries for -
their support, and thereby prejudiced in one divection or another.  We
oweo .(:hieﬁy to Prof. Baird the inaungaration of the natural method of
Inquiry now prevailing, not only in this conntry, but also to some extent
'«‘l-b‘road. The decrcase of fishes may be due to natural causes, or t0
ln,luflicioxls practices on the part of man, The existence of a decrease
l'm-vmg been confirmed, its extent is generally diffienlt to determine,
{rom the absence of concurrent observations, and while the causes may
be evident on slight inspection, more often they are obscure. Among
the l.nuna,u agencies instrumental in this respect are the large fixed
appliances of capture along the shores, a too persistent fishing by other

- neans, dams built across the streams, preventing the ascent and descent
of fishes, and the pollution of waters by factory refuse. The natural
“auses are less well defined, such as the failare of the food supply, the
ravages of predaceous fishes and other animals, changes iu temperature



XLIV REPORT OF COMMISSIONER OF FISH AND FISHERIES.

and perhaps in density, poisoned waters, exeess of sediment, nnusual
storms, accumulations of shore ice, diseasas, ete.

The deterioration in the inshore fisheries of New England aud in the
shad, salmon, and whitefish fisheries appears to have been the result
])muclpw]ly of human agencies; if not in all cases directly, yet through
the destruction of the food on which the several species lived. The
naturally poisoned waters of the Gulf of Mexico have caused much in-
jury, and physical disturbances along the inner edge of the Gulf Stream
have been known to practically exterminate an abundant species.
The oyster-gronnds of southern New England and New York suffer
severely through the depredations of drills and stavfishes, and epidem-
ics of disease arc not uncommon among the food-fishes of the interior
lakes.

Precise methods of investigation are, therefore, necessary to deter-
mine the actual cause of decrease and to turnish the proper informa.
tion on which remedial measures may be based. The character of
these inquiries must vary with that of the fishing-grounds, and in ac
cordance with the habits of the several species which are concerned.
The remedies may be effected in two general ways—Dby legislation or
by artificial propagation. A judicious protection of the grounds might
in many cases be sufficient, but the laws hitherto enacted have not gen-
erally been very beneficial, owing partly to their inefliciency and partly
to the careless manner in which they have been enforced.  Fish-culture
has, however, proved a very effective means for improving the con-
dition of many depleted grounds, and its utility has long ceased,to be
problematical.

THE INCREASIE AND DISSEMINATION OF FISHES.

The objects of fish-culture arve, first, the maintenance or increase of
existing fisheries, and second, the formation of new fisheries. The
former relates chiefly to depleted grounds, the latter to grounds which
have never been sufficiently productive. In order to carry out these
purposes effectively the aid of science must be invoked, and its assist-
ance is required in nearly every step taken. The actual operations of
propagation, the eollecting and hatching of the eggs, and the rearing
and distribution of the embryos are dependent for their success upon
the close observance of natural laws, [t is essential to know the breed-
ing habits of the species, the spawning places and seasons, the charac-
ter and number of the eggs, the manner in which the latter can be
- fecundated and incubated artificially, the duration of the period of in-
cubation, the developmental history of the embryo and the length of
time it should be kept in cuptivity, the kind of food adapted to the
young, and the proper localities for its planting, where it may find
nourishment and freedom from its enemies,

In case the object of propagation is to replenish depleted grounds
with a species native to them, the chiel precaution to be taken is to
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ascertain that the physical and, to a certain extent, the bi(’l‘fg}"“l
featuves of the region have not materially changed. The conditions
of environtment must remain eongenial to the species, and it mast have
an abundance of proper food, If, ou the other hand, fishes ave being
transplanted into new regions, it becomes necessary to study all the
conditions of the latter with respect to their suitability for the forms
i question.  Ave the temperature and density of the water and the
character of the bottom adapted to them?  Does the coast orriver afford
the necessary facilities for their spawning? Is there suflicient food f"m'
the young and adult, and is the vegion free from predaceons species
which may destroy the cggs and embryos?  Fishway methods, enabling
the anadromous species to overcome obstructions to their ascent to

spawning-gronnds, must also be based upon scieutific principles to
insure their complete utility.

SPECIAL INVESTIGATIONS,

Among scientific problems which do not pertain directly to the
above subjects, but which are sometimes of great importance, are such
as relate to the deterioration of fishery products, methods of preserva-

tion of fish for food and bait, and the comparative vatue of the different
species for food and other purposes.

" FACILITIES FOR SCIENTIFIC INVESTIGATIONS.

The wide scope given to the scientific work makes it necessary to
provide for a great- diversity of observations. At the outset Profe
Baird found a steam launch aud small sailboat entively adequate to
the conduct of his seacoast investigations, Two years later a naval
tug was added to the fleet, and in 1877 this gave place to a larger
naval vessel of the same type.  With slight changes theso two vessels
were readily adapted to the explorations, and the experience acquired
by their use led subsequently to the building of the fishery steamers
Fish Hawlk: and Albatross. The schooner Grampus was afterwards con-
Structed to meet cortain requirements of the practical fisheries, but she
Iy also fitted to participate in the study of scientific problems.

At present, therefore, the Fish Conunission is provided with three
vessels suited to the inguiries along the coast. The Albatross is @
thoroughly sea-going steamer, built of iron, measuring 1,074 tons dis-
placement, and propelled by twin screws. In her construction every-
thing was sacrificed to strength and Qurability, to arrangements for
easy working in a sea way,-and to accommodations for scientific re-
search, The heavy apparatus is operated from the forward deck, but
t‘h(;' laboratories are amidship, being large and well equipped. Her out-
fit is the most perfect that has ever been supplied to any surveying ves-
sely and comprises every necessary device for sounding, dredging, and
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fishing, as well as for physical observations, whether along the sea-
coasts or in the deepest parts of the ocean.

The steamer Fish Hawk, of 205 tons burden, was built when fish-
cultural work along the coast was still regarded as experimental,
and before the cstablishment of permanent hatehing stations.  She
was designed, therefore, both as a floating hatchery and as a mmeans
for investigating fishery problems. To enable her to enter the shallow
bays and river mouths in connection with the former service, her
draft was made as light as possible, with a corresponding decrease
in her seagoing qualities, but she is nevertheless well adapted for ex-
plorations, and her carly trips to the offshore fishing-banks first demon-
strated the expediency of having a steamer entirely suited to that class
of work. The equipment of the Pish Heawlk is similar in character to
that provided on the Albatross, and equally eflicient for use in shallow
water.  With the increase in number of hatehing statious her services
have been diverted more and more to the requirements of this division,
and during the past year she has been largely occupied with the oyster
and other scientific surveys.

The sehoouer Grampus is a modern fishing vessel of 83 tons burden,
combining the best featires of the American and English types. While
gerving primarily as a pattern for the improvement of the offshore fishing
smacks, in which she. has been entirely suceessful, she is also provided
with the means of sounding and dredging in moderate depths of water,
and of using all kinds of fishing apparatus. er investigations have
had refevence chiefly to the migrations of the mackerel and to the con-
ditions of the red-snapper banks in the Gulf of Mexico.

Tacilities for special researches respecting the structure, life history,
and habits of usetul fishes and other kindred subjects are afforded by
the several vessels, but more particularly by the large and well-equipped
laboratory at the Wood’s Holl Station, one of the most important of
its character in the world. The aguaria at Washington also furnish
the means for similar observations on o smaller scale, and temporary
stations may readily be established anywhere along the seacoast or on
the interior waters when such a course is necessary.  The inland work,
relating to the lakes and rivers, is at present chiefly carried on by
temporary parties of volunteers, who make such observations as ave
possible in the field and conclude their exmmnination of the specimens at
convenient stations. The University of Indiana, at Bloomington, has
been the headquarters tor the surveys conducted under the direction of
Dr. David 8. Jordan, the remainder centering at Washington, where
opportunities for investigations ave provided by both the Fish Commis-
sion and the National Maseum. The Commission is still dependent
upon volunteers and temporary assistants for much of its scientific
work, but it is hoped that the means for employing a larger permanent
staff may soon be furnished,

N
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THE PACIFIC COAST.

,The development of the ocean fishing-grounds along the Pacitic coast
of the United States was taken up for the first time during the past
year, Fhe work being vigorously prosccuted and yielding results of
gl:czl.t mportanee. The surveys were made by the steamer Albatross,
Lieut. Commander %, L. Tanner, U, S. Navy, conmmanding, and while
the methods of inquiry were essentially the same that had been followed
on t!le'l\f’-lillltic coast, the operations were restricted chietly to obtain-
1‘ng 1llf0}‘lllzbt-i011 of direct utility to the fishermen. The only extensive
?lSll?’ry vestigations previously made in that region were condueted
‘ll)m'mg le‘le years 1879 and 1880, in connection with the fishery census,
lelll:lle\luli}lﬁ?;’;) ff01 Ala-sk.n, and by Dr, ])zl-vid‘S..l.Ior(}mn ;L_nd Prof.
accompanied an GV’ é)i':{\’nslu‘ugton‘. ()1'0;_':'011, and (/alli('n'nm. Dr. Bef}n
vations wore limit-‘eﬁ lt)l ;cl)nl of tlvu\z (,-oaft- bﬂu;-vey, 2‘ll‘l:} his ll)msoll.‘?l]f)l-);ui‘
proper facilities for )’ﬁ_r {(, r.now,mm_lts 91 the \:(:,ah(, an .b.y t e a)(,l\ o‘
Jordan and Gilbe . ,(,). shore .(‘,X{llllll.l:ltl‘()lls. I'he inquiries of Profs,
the shores and tolti W mfa prpn:nmlly (-,ontm‘c(] to the use of seines along
and the Tooal mid le‘llld.t(‘,l‘lil-l obtainable from the small 113111115' boats

) al markets.  However, the work of both these parties was
})(?1:101‘111(‘5(1 In-a most careful and painstaking manner, and the results
:lt Z‘;‘::iﬁ:ll;eile;:;(l;e O‘f great int.-el'est;‘ and VzllllG? e..\-pe(-,ially as regards

Lo sl rees and the fisheries then existing, A full account
of th?.lr discoveries and observations will be found in “The Fisheries
‘1‘:::1].1‘(;:)1];11;;&; Slqlildustries of the United States,” published by the U. S.

uission between 1884 and 1887.

« jiiill))‘z('tt]t:é‘: :fllxln(: :;?%‘ii;)ln,\"vhi(‘;h-‘l»le examined, Dr. Jordan (?xplai11§ that,
the ocean fisheries in lttll‘lxes of tvlu's Sac 'u'meuto and t-h_e (Jolm‘nbla .u-nd
the fisheries of t h(; P'wit‘l-b .ll‘lll‘llcdl‘fltc nclghborho.oq f"; S:m' Francisco,
part only Sh‘)l‘e“flsi]il]‘(.»‘-/ 01(' ;1()()L§‘t3 exist only n,S‘[)OSSll)lllf,lCS; for the m()ft,
made mldiS(:over Oﬁ'%ﬁ()x-:-l b'lbl?l-ml?leﬁl scale is done, and no ‘n,ttempt 1:
e refers, Lowover lto '”; (ﬁ?:b‘f" to qe\'olop them wlxexi dl..s‘cm'crcd.
west of Cape Flutt.,ep , (611’ t; N lm])lb_ut l:zmk., MNTHE 8 miles north-
Indians take halibut )n,‘ e he mouth of the Straits of Tuca, where the

. arge numbers
time become of importance to the w ,

Dr. Beaw’s report contains a de

and which, he adds, may some-
hite people.
at the time of his visit concerni tfnilcd .Slllpmary of all ﬂmt“‘ms kunown
fisheries of Alaska 0“‘(\('());1:10111111;'4 Flm nshm‘g-grounds, ’lee !xs!les, and
tion being drawn iil 'Dd:l‘l fr I)::)'\tehl:)l the. nuirime ]llfl-llllllil-]l:l, hl.s informa-
other Alaskan explorers ( /_lu: :..pul)hcz.x.m'ons of ]?all, D:wulsoz), z%ml
grounds occurrin - 11 ors. .tu d(?scrlbnTg' the inshore cod-fishing
“ extended m‘easg;t ong Lfnt;un p()rt‘mns of the coast, he states that
are Dreseut th(:)GS(i?nd'mgs on which cod assemble in great masses
tigated, and th‘eir li‘rln't-(‘)t' Alaska, but t;hcy have 1')een 1)}11; little inves-
Four offshore banks w;; .jmd characteristics are 1mperte(',t..1y known.”
) are cited by name—Portlock, Shumagin, Sannak,
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and Davidson—but they had been located by only a few isolated sound-
ings, and their extent and boundaries werc undetermined.

The only commereial marine fisheries which have been developed in
Alaskan waters are those for the cod, and for the seal and other aquatic
‘mammals. The first cod bronght to San Francisco from the North
Pacifie region were said to have been taken in 1863 in the Gulf of
Tartary and in the Ochotsk Sea.” Two years later six vessels were
engaged in this fishery, aud in the same year they began to fish for cod
in the neighborhood ot the Shumagin Islands, off the Alaskan coast.
Twenty-four vessels participated in thig industry in 1870, but only
¢ight in 1880, and the same number in 1888, The places most fre-
quented for this purpose were in the vicinity of the Shumagin [slands
and Kadiak, a few vessels also entering Bristol Bay to the north
of the peninsula.  DBesides the cod, many other valuable food-fishes,
including the halibuf, are very abundant on the Alaskan coast;
but owing to the distanee from markets and the unsettled condition
of the region these resources have not been utilized hitherto exeept by
the natives. IBven on the coasts of Washington, Oregon and California,
where a great variety and abundance of marine fishes exist, the diffi-
culty of disposing of a large c¢ateh has been the chief cause of the slow
development of the fishing-grounds,  The Alaskan products are chiefly
marketed throngh San Francisco, which has also been the center of
the only exteusive local sea-fishery on the western coast. With the
recent completion of several transcontinental railroads, affording the
means of rapid transportation for fresh produce into the interior of the
.country, and with the prospeet of greatly increasing the trade in salt
cod and other prepared fishes with Central and South America, as well
as Asia, a renewed interest has sprung up in relation to the western
fisheries, which seems destined before long to exert a marked influence
upon the weltare of the Pacific States. [t was au expression of this
interest that led P’rof. Baird, shortly before his death, to prepare for
the extensive investigations now in progress, which should determine,
for the benefitof the fishermen, the varieties of fishes distributed along
the coast, and the places where they occur in greatest abundance.

The steamer Albatross arvived at San Francisco from the Atlantic
coast in May, 1888, at which time the general scheme of operations had
been pertected by Commissioner McDonald. This provided primarily
for a somewhat rapid yet comprehensive survey of all the waters
adjacent to the western coast of the United States from the Mexican
boundary line to the northern part of Bering Sea, the same to be
restricted mainly to the submerged continental platform or between the
shore line and a depth of 200 to 300 fathoms, as the principal bottom
fisheries occur within those limits. As the characteristics of the bot-
tom in this region are but little known, it was necessary to arrange for
a very complete hydrographic as well as natural-history investigation,
for both of which the Albatross is well adapted. Subsequently it is.
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proposed to engage in the study of special subjects, and, by careful
observations upon the more important fishes, to collect data which can
be utilized in the development of individual fisheries. Owing to the
diversity of climate resulting from the great extent of coast line, the
field work ean be kept up during nearly the entire year and, therefore,
with little loss of time.

A month and a half were spent at San Francisco in preparation for
the first eruise, and on J uly 4, 1888, the Albatross started north, under
instructions to explore the region south of the Alaska Peninsula
between Unalaska and Middleton Islands. Completing this survey the
last of August, she arrived at Seattle September 6, and continued
operations on the coasts of Washington and Oregon, returning to San
Francisco October 21. The winter cruise began January 3, 1889, the
field of work lying between Point Conception and the Mexican boundary
liae, a trip also being made to the upper part ot the Gulf of California
for the purpose of determining the relations of that body of water to
the Colorado River. The Albatross was back in San Francisco on April
25, but lett again on May 21 to renew the investigations on the coasts
of Washington and Oregon, which were still in progress at the close
of the fiscal year. No fishery .explorations were ever started under
more auspicious cirenmstances, and none have been productive of more
thoroughly practical results. IFor the successtul execution of these
Plans credit is chiefly due to Lieut. Commander Tanner, who, with a full
appreciation of the objects of the survey, has pressed the work with
all his customary zeal and energy. Mr. Charles H. Townsend, an expe-
rienced collector, acted as permanent naturalist, and fishery matters
were in charge of Mr. A, B, Alexander, formerly of the schooner Gram-
pus. During the winter Prof, Charles H. Gilbert, of the University of
Indiani, also joined the steamer as chief naturalist and ichthyologist.
A narrative account of the year’s operations is published in Appendix
4 to this volume (pPp. 395-512), while the summer’s cruise has been
described in the Fish Commission Bulletin for 1888, pp.1-95. The prin-
cipal results may be summarized as follows:

ALASKA.

While approaching the Alaskan coast, soundings wore begun in'a
depth of 2,550 fathoms, latitude 520 15/ N, longitude 156° 37/ W,, and
were continued thenee to Kilinluk Bay on the south side of Unalaska
Island. PFrom this point the investigations were carried northeastward
paratlel with the coast line as far as Middleton Island, the most time
veing spent in those localities where banks had been reported by the
fishermen, or where their existence was conjectured from other evidence,
The results in a general way indicate that the entire submerged
plateau in this region is one immense fishing-ground of irregular out-
line, not usually sepdrated from the adjacent shores by deep water, but

limited on the outer side by the abrupt .glope beginning in about 100
11, Mis, 274——1qy ) ' )
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fathoms. Although of mueh less extent, this important tract can best
be compared with the castern offshore banks extending from Massa-
chusetts to Newfoundland, and, as with the latter, equally good tishing
does not exist in all places, somne localities being much more favorable
in that respect than others. Whenever the ship was detained in port
by stormy weather or for the purpose of coaling, attention was paid to
inshore fishery matters.

Three lines of soundings were made off the south side of Unalaska
Island, and while they were not sufiicient to demonstrate the existence
of a defined bank, it was estimated that an area of about 2,000 square
miles in that region is suitable for fishing. The outlines and surface
contours of Davidson Bank, discovered about 20 years ago by Prof.
George Davidson, of the U. 8. Coast Survey, were established with
considerable aceuracy. This bank lies south of Unimak Island, extend-
ing eastward from oft the southern entrance to Unimak Pass as far as
the shoal water surrounding Sannak Islands, and has an estimated
area of 1,600 square miles, Sannak Bank lies to the east and southeast
of the islands of the same name, and is elongate in shape, trending in a
general way northeast and southwest. Its total extent is about 1,300
square miles. Between Sannak Bank and the Shumagin Tslands, an
area of about 1,800 square miles, move or less adapted to fishing, was
partly surveyed, the depths ranging from 38 to 74 fathoms.

Directly to the south and southeast of the Shumagin Islands is an
important bank, to which the same name has been given. Its outer
margin was ascertained to follow approximately the trend of the coast
line as formed by the adjucent islands, but its eastern limit was not
determined. The part examined has a width of 15 to 33 miles and an
area of 2bout 1,800 square miles. Between there and Kadiak Island
an extent of over 4,000 square miles wasalso partly developed, although
not many fishing trials were made upon it.

Albatross Bank, named after the Fish Commission steamer, lies off
the southeastern side of Kadiak Island, extending its entire length,
and also in front of the Trinity Islands, Its eastern end is pragtically
continnous with Portlock Bank, and its total area was found to be
about 3,700 square miles, the 100-fathoin curve being distant 25 to 45
miles from land. Portlock Bank is the largest single bank that has
yet been discovered on the Alaskan coast, having an area inside of the
100-fathom curve of about 6,800 square miles, or only about 1,600 miles
lIess than Georges Bank, the second in size in the western Atlantie
Ocean. It extends northeastward from Kadiak Island in the direction
of Middleton Island a distance of about 120 miles, and is very irreg-
ular in shape.  IFrom TPortlock Bank the soundings were carried to
Middleton Island, and thence to certain positions reported for the
Pamplona Rocks, but without findiug the latter.

The total area of the fishing-grounds on the Alaskan coast examined
by the Albatross during this short season amounted to over 23,000
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Square geographical miles. The beam trawl and naturalist’s dredge
were frequently used upon all the banks for the purpose of determining
Fhe characteristics and conditions of the bottom as feeding-ground and
Its comparative richness in different places.. The assemblage of ani-
mals collected strongly recalls the fauna of the great fishing-banks of
castern North America, and many of the species from both regions will
Probably prove to be identical. The more conspicuous features of the
l}auls were the fishes, crustaceans, mollusks, and echinoderms. Edible
hshes, crabs, and shrimps were frequently taken, the last mentioned
often in great numbers. The regular trials for fishes were made entirely
W.ith hand lines, cod and halibut being the principal speecies taken.
Six to nine lines were generally used at each trial, which occupied
from fifteen minutes to an hour or more, according to circumstances.
Sft-lt clams and salinon were chiefly employed as bait, and polleck, scul-
Pins, and cod occasionally. The depths in which the fishing was done
ranged from 27 to 84 fathoms, and every variety ot bottom observed
upon the banks was tried. A careful record was kept of the number of
?od and halibut captured at each trial, and of their weight and size.
The trials were usually made during the progress of, or subsequent to,
a soun.ding or dredge haul, the steamer ofteg drifting with<he tide and
changing its location before the hooks had touched bottom. The
results were, thorefore, not as satisfactory as they would hive been had
the stemuer anchored and remained for some time in each position, as
the fishermen consider that the large cod, as « rule, are the Iast to be
%Lttrzmcted by the bait. In condueting lines of soundings, however, it is
Inexpedient to make long detentions, and it was regarded as most im-
1)0'rtant that the hydrograpic work should be'completed first.

The cod talken off Unalaska averaged from 21 to 28§ inches in length;
on Davidson Baunk, 244 to 28 inches; on Sannak Bank, 233§ to 25
n%ches; off Unga, one of the Shumagin Islands, 30 inches; on Shuma-
gin Bank, 264 inclhies; and near the Chirikoff Islands, 234 inches. The
best captures were made, however, on Albatross and Portlock banks.
0_11 tl}e fDl‘fner, 47_ cod, averaging 284 inches, were caught in the space
i)lllc’{ll;:tffnef;%‘tlg}:]rlﬁllﬁ?mm;so(:?l;l(‘::;.(;:dLl\ Izl;uul, and 69 cod, ﬂ\jf}l‘jl-%illg 3():%
on Portlock Banlk, 30 (‘:o(l :werlf::ill?lrl?ﬂ ia’ptlb. o (‘101)Ul 0 tll;'b 1:}2111(;“? ,
minutes, The bt nes ’t' ¢ gl .{., 27 nehes, were s?cme( in eigh e'ul

question presents no difficultics on the Alaskan

(t’](::;t;z‘zgdﬁ::i f:ltlzizlle]»] g(‘m‘era.l.ly hz'we no trouble in obtaining what
! g progress of their work.

in;z‘l;:ft it)lllle ;tfgtgbrﬁixnmlq uo investigations in Bering Sea, sufficient

| > ained from the fishermen to prove the advisability

of extending the inquiries into that region. ‘

WASHINGTON AND OREGON,

q IT}VQStig‘at-ions were conducted along the coasts of -these two States
uring September and October, 1888, and June, 1889, I'n May, 1889,

the Albatross was placed at the disposition of the Senate Committee
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on Relations with Cunada, for the purpose of visiting southeastern
Alaska, and, her services being accepted, arrangements were made
accordingly. The steamer proceeded to Victoria, British Columbia,
to meet the members of the committee, but & change in their plans
becoming necessary, the trip was finally abandoned. The surveys off
Washington and Oregon were at once taken up, however, where they
had been stopped the previous fall, and were still in progress at the
close of the year. During both seasons the operations were mainly
restricted to the outer scacoast, although the inshore fisheries received
due attention while the steamer was in port.

No soundings were made north of Cape Flattery, as the contour of the
bottom at the mouth of the Straits of Ifuea had previously been deter-
mined with sufficient acemracy for fishery purposes. “The dredging and
fishing appliances, however, were.used in several places on the halibut
bank described below. Ilydrographic observations were carried south-
ward from Cape Flattery, the bottom being uniform and consisting
chiefly of gray sand as far as Gray’s 1Larbor, oft which place wu small
bank was discovered and surveyed. Rock-coit and other food-fishes
were taken there in abundance, but no specimens of the true cod or
halibut weressecured. The coast of Oregon was examined as fur south
as Heceta Bank, the only distinctive offshore fishing-ground thus far
detected in that region. A few fishing-spots ocernr along the shore, how-
ever, the most important one being adjacent to Tillamook Rock, o short
distance south of the mouth of the Columbia River. Ieceta Bank has
a length of about 20 miles and a width of about 10 miles. The bottom
is very uneven and supports an cxceedingly rich growth of animal life,
affording abundang food for fishes. Several varieties of roclk-cod were
very plentiful, and other valuable species were not uncommon, one small
halibut also being captured there. The Tillamook Rock ground is only
adapted to boat fishing, but in June four halibut were taken upon it,
while an abundance of flounders, rock-cod, and other species were
secured by means of the beam trawl, both in the vieinity of the rock
and elsewhere along the coast. The investigations of the Albatross
indicate, however, that the halibut fishery as a separate industry could
not profitably be carried on in this region. :

A halibut bank, resorted to by the Indians, begins close to tho shore
in the vicinity of Cape Flattery and extends thence northwestward
about 15 miles with depths of 35 to 75 fathoms. Halibut are said to be
abundant there from early in the spring until the middle of June, when
the bank becomes infested with dogfish and sharks. The bottom is
exceedingly variable and was found to be very rich in life.  North of this
bank as far as Barclay Sound, Vancouver Island, the bottom is smoother
and less promising in every respect. A second halibut bank occurs
off Flattery Rocks and extends in the direction of Cape Flattery, but
it is smaller and much less important than the first. In the course
of the fishing trials made by the Alpatross, during the fall of 1888, it
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beeame evident that the sharks and dogfish had taken possession of t}le
grounds almost to the entire exclusion of edible fishes.  On the prin-
eipal bank halibut were taken in two localities, six specimens in all,
averaging in one case 47§ pounds each, and in the other 55 pound§ ea.ch.
Five halibut were secured north of this ground, but only one, weighing
140 pounds, on the bank off Flattery Rocks. In June,1889, t.lnl‘ec du:\'s
only were spent in this locality, and they were chiefly occupied with
.determining the contour of the outer edge of the larger bank. 1In one
short trial with the trawl line eight halibut, averaging 35 poundﬁ m
weight, and several other food species were captured, dogfish being
scarce.  According to the testimony of fishermen who have l‘e(.fel'lt.l.\'
operated in this region, halibut are abundant from March until into
June, and vessel fishing may be considered advisable only between
Mareh 1 and September 1.

Beginning early in 1888, a number of trips for fresh halibut were
made from different ports in the State of Washington. Some proved
very successful, while on others poor fares were obtained or the vosso.lsl
were absent a long time, Difficulties have also been encountered in
the maintenance of this fishery through the competition of eastern mar-
kets, the cost of transportation, and the price of ice. The Gloucestoi
schooner Mollie Adams secured its first fares of halibut ou the bank off
Cape Flattery, and the same vessel, fishing nineteen daysoft the sout-lwrn.
extremity of the Queen Charlotte Islands, obtained 150,000 pounds of
halibut, of which one-lalf were large enough for tletehing. The crew
shared about 89 apicce for each fishing day. The yacht €. H. White
has made threé trips to Flattery Bank since the fall of 1888, taking in
all about 100,000 pounds of halibut, of which 60,000 were shipped fresh
to New York, the remainder being smoked. The schooner Rosic Olsen
took 15,000 pounds off Cape Scott; during a trip of about five weeks in
the spring, while the schooner Oscar and Hattic had a long experience
off the southeastern coast of Alaska and off British Columbia, lasting
from January to J une, 1889, a fare of 140,000 pounds, the fish averaging
65 pounds in weight, being finally sccured.

SOUTHERN CALIFORNIA,

The examination of this region between Point Conception and the
Mexican boundary line occupied the months of J anuary and February,
1889, Some of the best fishing-grounds adjacent to the western coast
were found in this district, and ouly the lack of markets prevents their
Imuediate development. The continental plateau is wider here than
to the north of Point Conception, and the area available for fishing is
t"_llel‘efore much greater. Moreover several large islands, the Santa
Rarbara group, San Nicolas, Santa. Catalina, and San Clemente are
located near the coast, atfording good anchorage and protection against
storms. Two small but important banks, called Cortez and Tanner
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banks, also exist directly off San Diego, at a distance of about 95 miles;
the former has been known to navigators for a long time, but the latter
was first discovered by the Albatross. Cortez Bank was found to be
the most promising fishing-ground south of San I'rancisco; it has an
area of 51 square miles with depths less than 50 fithoms, but good fish-
ing can alxo be obtained in the slightly deeper water surrounding it on
all sides. Many varvicties of fishes were taken on the lines, the most
abundant Leing several species of the rock-cod (Sebastodes), fat-heads
(Trochocopus pulcher), sea bass (Servanus clathratus), and whitefish
(Caulolatilus princeps).  Tanner Bank is separated {rom Cortez Bank
by depths of 150 to 250 fathoms, and has a shoal area about 17 square
miles in extent.  The fishes are identical on the two banks.

Lines of observing stations were xun over the entire region, and all
suitable localitics were carefully tested with the fishing apparatus.
The methods of existing fisheries were also studied, and much infor-
mation was obtained respecting the habits and distribution of the food-
fishés. The range of the black-cod or beshow, so abundant on the
coast of Washington and farther north, was found to extend as far as
the Santa Barbara Channel, where several specimens were seeured by
means both of hand lines and of the beam trawl.

GULY O CALIFORNIA AND LOWER CALIFORNTA,

The Albatross left San Dicgo for the Gult of California February 26,
but taking advantage of the opportunity to examine certain reported
dangers to navigation off the coast of Lower California, the cruise was
not made direct. A line of soundings was carried first to the island of

ruadelonpe, and thence to the Alijos Rocks, in latitude 240 58 N.,
longitude 1150 52 36/ W., and to the Revillagigedo group, of which
Clarion, Socorro, and San Benedicto islands were visited in the order
named. Besides obtaining very satisfactory hydrographic results,
important collections of fishes and other marine animals were made.
The investigations in the Gulf, beginning at La Paz, were carried
northward to the mouth of the Colorado River, touching at San Josef
Istand, Carmen Island, Conception Bay, Guaymas, and other places,
On the return trip the steamer again stopped at Guaymas and La Paz.
The shallow waters at the mouth of the Colorado River were found to
be very barren of life, and the conditions generally seemed unfavorable
to the stocking of that river with the shad or other anadromous species.

. While in the neighborhood of Guaymas an examination was made of
the extensive oyster beds at the mouth of the Yaqui River. Oysters
from this locality were formerly sent to the San Francisco market, and

_their introduetion for stocking purposes into the bays of southern Cali-
fornia has been suggested. The tropical conditions which seem neces-
gary to their welfare, however, precludes their being used successfully
for that purpose.



REPORT OF COMMISSIONER OF IPISH AND FISHERIES. Lv

During the year the Albatross was at sea 165 days, the distance
traversed during that time being 17,124.6 nautical miles. The total
number of soundings made was 965, and of dredgings and trawlings
237, This record is much higher than for any previous year.

INTRODUCTION OF OYSTERS.

The native oyster of the Pacific coust is inferior in quality, and

efforts have been made to introduce the eastern species, but as regards
the establishment of sell:sustaining beds it is reported that they have
been entirely unsuccesstul. Large quantities of the Atlantic oyster
are carried overland and planted in San Francisco Bay, where they grow
aud remain in good condition for the market, but they are said not
to reproduce to an appreciable extent, owing, it has been supposed, to
the low temperature of the water during the breeding scason. The
Study of the oyster problem on the western coast has been taken up by
the Fish Commission during the past year, and while it has not the
means to place a special party in the field for thar purpose, the natu-
alists of the steamer Albatross have been instructed to make suitable
observations whenever possible.  Several opportunities occurred during
last winter, and the facts obtained were presented in o report by I'vof.
Charles 1. Gilbert,, published in the Fish Commission Bulletin for
1889, pages 05-98,
. According to Prof. Gilbert, the coast of southern California contains
few harbors or river mouths whicl might prove suitable for oyster-
?ulture. The proximity of the Coust Range of mountains and the lim-
1ted rainfall conspire to produce small rivers, which are dry during the
greater part of the year, and at other times commonly reach the sea by
filtering through the sands thrown up across their mouths. Two of
the most promisjng estuaries, Alamitos Bay and Newport Bay, were
examined by Prof. (+ilwert, and their characteristics are described in
Lis report.  The only other localities in the southern part of the Stato
Which might offer favorable conditions are Anaheim Bay and the mouth
of Los Bolsoy Creck, between Alamitos and Newport bays, and False
Bay, near San I diego.  All of these areas are very small, however, and
: 01.)Serv;1.tions during the dry season are required before reaching defi-
uite conclusions. The oyster beds near Guaymas, referred to above,
are also discussed by Prof. Gilbert, who concludes that the Mexican
oyster, living naturally under tropical conditions, is unsuited to the
©0ast of California. 1t is proposed during the ensuing year to begin
an Investigation ot San Francisco Bay with respect to its adaptability
for oy ster-raising, ' :

TRANSPLANTING OF LOBSTERS.

'T\\'Io large shipments of lobsters have been made to the Pacific coast
Within the past thirteen months, the plants being distributed between
M"“'“_‘fl‘eyBay and the Straits of Fuca, a distance of 11 degrees of latitude,
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in order that the experiment might have the benefit of as wide a range
of temperature and conditions as possible. The specimens were brought
from the southern New England coast, where the water temperature,
although much less equable, coincides in part with that ot northern
(California. This subject is fully discussed under the special heading
of “Lobster.”

THE GULF OF MEXICO.

The red-snapper banks.—The red-snapper and grouper fisheries of the
Gulf of Mexico were first investigated for the Fish Commission in 1850
by the late Silas Stearns, of Pensacola, Florida, whose report upon
that subject was printed in the ¢ Fisheries and Fishery Industries of
the United States.” Chart No. 16 of Section II1 of that publication
represents the distribution of the fishing-grounds for those species
between the mouth of the Mississippi River and the southern extremity
of Florida. Most of the submerged continental platform along that
portion of the coast, in depths less thaun 50 fathoms, was designated by
Mr. Stearns as a more or less continuous fishing-bank, of which the
principal commercial resources are the red snapper (Lutjanus black-
fordi), ved grouper (Epincphelus morio), and black grouper (Jipinephelus
nigritus). Although dependent upon the fishing yessels for the means
of making his observations, he was able to desecribe the grounds in
considerable detail, and to designate the general distribation of their
commoner inhabitants. On the more southern grounds, he states, the
majority of the edible fishes taken are groupers, while on the northern
ones red snappers are more numerous and the groupers less common.

During the early part of 1885 the steamer Albatross made extensive
explorations in the eastern part of the Gulf of Mexico, the fishing-
grounds and fisheries examined being discussed by Capt. J. W. Collins
in the annual report of the Fish Commission for the same year. With
respect to the red-snapper banks, Capt. Collins explains that the
grounds then generally visited in winter are embraced in a somewhat
narrow belt along what is termed the outer edge of the shore sound-
ings between the meridians ot Cape San Blas and Mobile. So far as
is known, the red snapper during the winter occurs in greater abun-
dance along this streteh of bottom than elsewhere. - The grouuds lying
between Cape San Blas and the Tortugas have been thoroughly worked
over by the Key West smackmen, chicefly in depths of 5 to 15 fathoms,
but outside of the 15-fathom line little fishing has probably been done
south of Tampa Bay. The red snapper may, however, oceur there
in abundance, and should that fact be established this region wounld
undoubtedly be resorted to whenever the supply diminished on the
grounds necarest the fishing ports.

With the object of determining the characteristics and resources of
the southern deep-water extension of this large bank, and bringing the
game to the attention of the fishermen, the schooner Grampus, Capt. A.
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C. Adomns commanding, was dispatched to the west coast of Florida,
leaving Wood’s Holl, Mass., January 14, 1839, and reaching Key West
on the 27th of the same month. Mr. W. €. Kendall acted as naturalist
on the schooner, while Dr. James A. Henshall, secretary of the Cincin-
nati Society of Natural History, was detailed to make an investigation
of the adjacent’ shores, as explained farther on. The work was cou-
ducted in a thorough aud systematic manner and upon a somewhat
different plan from any previous survey. The examination was begun
about 20 miles north of the Tortugas Islands, with instructions to carry
It as far northward as the time would permit, between the depths of
15 and 50 fathoms, or outside of the area now resorted to for fishing
burposes. The bank in this region has practically a north and south
trend and it was deemed most advantzmgeous to run east and west lines
of observations entirely across it, at regular intervals of 10 miles.
Dredgings to determine the character of the bottom were to be made
10 miles apart on each line, while the fishing trials with hand lines
were to be continued with as few interruptions as possible both while
under way and while atanchor. The first line was started February 14,
and the work closed March 27. Unfortunately, stormy weather pre-
vailed during most of the season and prevented the extension of the
Survey north of the latitude of Charlotte Harbor, a distance of 100
lfllles from the starting-point. The instructions, however, were closely
followed, and ten lines, averaging about 65 miles each in length, were
run, the total area.covered being, therefore, about 6,500 square miles.
Had the time and weather permitted, the good fishing-places could have
been more accurately located and their limits better defined, but as it
1s the results are interesting and instructive, the relative abundance
aud distribution of the several species having Leen ascertained with
’_Sllfﬁcieut accuracy for all immmediate purposes. It would, however, be
Important to determine to what extent these conditions vary with the
Seasons,

T_hree times as many red snappers as groupers were secured over the
entire avea, indicating that thesformer species is the most abundant
One during at least the season when the inquiry was conducted. Red
Snappers were found in all depths from 15 to 48 fathoms, but the lar-
gest catches were made in depths of 15 to 23 fathoms, comparatively
few being taken in over 30 fathoms. The red grouper ranged through

_depths of 15 to 37 fathoms, and the black grouper through depths of
193 to 48 fathoms, On the more southern lines the red snappers and
Dot} Species of groupers were found as far out as depths of 35.to 40
fathoms, becoming less abundant but increasing in size as the water
deel)_ened. As the work progressed northward, the fish were chiefly
Obtained on the inner parts of the lines, the red groupers also taking

© place of the red snappers, which were rarely seen. In the deeper
Vaters the black groupers predominated over the red groupers, the

atter becoming relatively more common as the water shoaled toward
€ coast, .
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A detailed account of these investigations will be fonnd in the Bulle-
tin of the Fish Comumission for 1889 (pp. 289-312), which also contains
lists of the fishes, mollusks, and higher crustaceans collected during
the eruise. It had been intended to extend the inquiry to Campeche
Bank, where it is expeeted important fisheries can be established, but
for reasons previously explained this matter was necessarily deferred
until some future oceasion.

Fishes of southern Florida.—The examination of the coast waters ot
gsouthern Florida by Dr. Henshall, previously referred to, was carried
on while the schooner Grampus was at work upon the offshore grounds.
The object of his inquiry was to collect and study the fishes and other
marine animals between Biscayne Bay and Tampa, paying particular
attention to the abundance, distribution, and habits of thosc species
which are of economic importance. He was provided with a seine
boat and a dory belonging to the Grampus, together with the necessary
fishing and camping equipment, and was accompanied by a Iocal pilot
and a seaman and cabin boy from the schooner. - The party was con-
veyed by the Grampus as far as Indian Key on February 11, thence
making its way through thie reefs to Card Sound. TFrom this point
r. Henshall worked along the coast to Charlotte Harbor and Tampa
Bay, concluding the investigation on April 4. Nearly all the work
was limited to salt water, on account of the remoteness of the fresh-
water streams from the shores and their inaccessibility, but a few iso-
lated fresh-water pouds were reached by carrying the collecting outfit
overland. Betwecn Biscayne Bay and Charlotte Harbor practically no
fisheries are carried on. From Cape Sable to Pavilion Key the coast
consists of mangrove shores and islands, unsuited to the hauling of
large seines, There is a small fishing ranch on Estero Bay, just below
Charlotte Harbor, and 'at Gordon Fass and Marco a little fishing is
done to supply the local demand, but at none of these places is the
cateh suflicient to entitle it to recognition from a commercial stand-
point. In his report on the results of the exploration* Dr. Heushall
gives a complete list of all the fishes collected, with notes upon their
habits, distribution, abundance, and uses. ’

Propagation of the mullet and other fishes—The steamer Fish Hawk
left Washington January 6, 1889, to investigate the hatching ot the
mullet and of other fishes on the west coast of Florida. A few stops
were made along the Atlantic coast, on the way south, in order to
gather inforiation regarding certain fisheries, and a brief examination
was also made of the Blackfish Banks oft Cape Fear, North Carolina.
Reaching Charlotte Harbor, February 7, operations were immediately
begun at that place and were subsequently continued at Boca Grande
and Punta Rassa until about April 1. The spawning season of the mul-
let in this region had closed before the arrival of the Fish Hawk, but
large numbers of the adults and of the fry were obtained in both fresh

* Bulletin of the U. S. Fish Commission for 1889, pp. 371-389.
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and brackish water, the latter, measuring from half an inch to 3 inches
long, having been found especially abundant in the headwaters of Alli-
gator River, which are entirvely fresh. According to the information
collected, spawn might be seeured in Charvlotte Harbor and San Carlos
Bay through a long period, beginning in Sceptember and continuing
until early in January, but it was ascertained that the mullets have
not decreased on the west coast of Floridu to the same extent as along
the south Atlantic coast. Lieut. Platt recommends as a site for a
hatching station a place near Sinnable Point, in San Carlos Bay, about a
quarter of & mile from the light-house.  There is a good whart belonging
to the Light-1Touse Service in that loeality, and « steamer leaves there
every alternate day for the railroad terminus at Punta Gorda.

Sheepshead (Archosargus probatocephalus) with ripe spawn were first
taken by the Fish Hawl March 19, at the entrance to Charlotte Har-
bor, about 2,000,000 cggs being secured from 10 females and being im-
preguated with the milt of 4 males, Subsequently over 20,000,000 more
of the same eggs were obtained, They are transparent, buoyant and
very small, numbering about 50,000 to the tlnid ounce. The tidal hateh-
ing box answered satisfactorily for their incubation, which requires
from thirty-six to forty hours. The embryos can be planted when from
seventy-two to eighty hours old; ‘they are small, but hardy and active.
The spawning fish can best be taken just before sundown, as the flood
tide begins to make. They swim in schools, but not near the sarface,
and the seine would sometimes contain more than could be landed.

Of the spotted woakfish (Cynoscion maculatum) about 1,450,000 eggs
were obtained, April 1, from 4 females and were impregnated with the
milt from 4 males. The eggs are said to be of about the same size as
those of the sheepshead and are also buoyant, hatching in about forty
hours.  About 350,000 healthy embryos were obtained from the above
lot. Large numbers of pompano and Spanish mackerel were captured
at different times. The former were not in spawn, but in the latter the
Toe seemed to be somewhat advanced.

THE ATLANTIC COAST.

.During the past year the general exploration of the fishing-grounds,
hitherto the most prominent feature of the work along the Atlantic coast,
was discontinued in that region, as explained above, and in its place
special investigations relating chiefly to the oyster fishery were taken
up. The latter industry is greatly in need of suceh assistance as might
be afforded by careful study and experiment, and the time secms oppor-
tune for utilizing in that divection the information which has been col-
lected during the past eighteen years. The oyster (Ostrea virginica) is
native to all parts of both the Atlantie and Gulf coasts of the United
States, and small colonjes oceur even as far north as the Gulf of St.
Lawrence. Only a few small natural beds now exist, however, in waters



LX REPORT OF COMMISSIONER OF FISH AND FISHERIES.

tributary to the Gulf of Maine, and the fishery first becomes important
on the southern New England coast, where the beds have been greatly
enlarged by the planting of both native and Southern seed. New York
has shared with Counecticut in the impetus recently given to this ready
system of oyster-cultare; in New Jersey the fishery is extensive, and in
Maryland and Virginia the natural resources have afforded advantages
superior to those of any other States. IFarther south, however, while
important fisheries exist in some localities, the industry may be said
still to await development. The natural conditions are favorable nearl y
everywhere, and the thick growths of “coon” or wild oysters, forming
a broad fringe along the coast, constitute a supply of seed which
‘appears to be inexhaustible.

In spite of the great prosperity of the oyster fishery at the north,
resulting from the recent enactment of judicious Iaws, it has certain
serious drawbacks, which tend to reduce the profits and threaten to some
extent its fature welfare. In the salt waters of New England and New
York the drills and starfish are most persistent and destructive enemies
of the oyster, doing an amount of damage to the beds which it is difficult
to calculate. Xnemies of this character give pragctically little troublo
in Chesapeake Bay, but under the present system of admiunistering upon
the fishery there the production of tife grounds is rapidly falling off from
year to year, sufficient inducements not being offered to supplement the
natural supply by the artificial extension of the beds. Oyster-culture,
properly so called, the production of spat by aid of artificial methods,
has, moreover, never been resorted to in this country, in consequence of
the fact that the practical utility and economy ot any proposed system
has yet to be established. As the scarcity of seed is one of the greatest
difficulties now encountered by the oyster-planter, this subject offers an
interesting field for investigation.

The above statements plainly indicate in what channels the inquiry -
may be directed to best advantage for the oyster fishery. The oyster-
men of New England and New York desire to learn by what means, if
any, their beds may be preserved from the attacks of drills and star-
fishes; in the Chesapeake, the wisdom of some system of individual
responsibility for the condition and abundance of the crop 1must be
demonstrated practically; in more southern waters, the Dbest man-
-ner of utilizing the wild stock should be determined and a system of
oyster-culture applicable to all parts of the coast should be developed.

For the prosecution of these inquiries the several States have looked
to the General Government as being the best, equipped for that purpose,
and also in view of the fact that the questions at issue are not limited
in their application to any one State. Experiments respecting oyster-
culture were conducted by the Fish Comnnission in Chesapeake Bay
during several years, but they were temporarily discontinued before 2
final solution of the matter had been reached. Outside of these ro-
searches and the methods and statistics o' the business, the Fish Com-
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mission has paid but little attention to the oyster question, its limited
resources for investigation being utilized for the benefit of other fish-
eries whose demands seemed more urgent. The present Commissioner,
however, has considered it expedient to begin at once upon the study of
this subject, applying to it such means as are now available, special
brovisions not having been made by Congress for this branch of work,
The steamer Fish Hawk is well adapted to this inquiry, but being also
required for certain fish-cultural operations she is available during only
a few months of each year, and considering the great extent of sea-
coast to be covered, her progress must necessarily be slow. It wasnot
until September, 1838, that she could be detailed for this purpose, the
two months remaining, suitable for investigation, being spent upou the
soutliern New Eugland coast.

While the oyster beds in this region are subject to injury from several
causes, by far the greatest amount of damage is effected by the drills
and starfishes, and these two animals, harmless as they appear, are
particularly dreaded by the oyster-planters. The former, a small gas-
t'r()pod or snail-shaped nmollusk, whose moutl is provided with a ribbon-
like tongue, armed with several rows of minute but relatively strong
and very sharp teethy, pierces the upper valve with a small hole, through
which the soft parts .are subsequently extracted. It feeds principally
upon the young oysters, preferring those from a few weeks to a few
months old, in which the shell is still thin and quickly bored. It is

~also most abundant in shallow water, and comparatively few individ-
uals are capuble of doing widespread damage. The starfish is more
widely distributed as regards the depth of water and, often attaining
& comparatively large size, is not limited in its diet to the smaller
Oystcr.\'. Placing its five arms about the shell and extruding its capa-
cmus' stomach, it causes the two valves to open and, without appreci-
able injury to the stony covering, absorbs the ineclosed tissues. These
two enewies, however unwelcome they may be, are natural associates
of the oyster, finding congenial to them the same temperatures and the
same densities of water which prevail in that vegion. Llere they repro-
duce and complete their lifo history. Whatever privileges the one enjoys,
the others are cqually entitled to by nature, and this circumstance ren-
der§ the question of protection an especially difficult and perplexing one.
While the drill and starfish do not confine their depx-edn-tioﬁs to the
oyster, the latter seems to be their particular favorite, and with the
enlargement of the beds by planting, the number of these two pests
appears to inerease proportionally. The oystermen have no other
reniedy than the forcible removal of these animals atter the grounds
have Leen invaded, generally necessitating the taking up of many of
the oysters with them and often the entire stock. Special dredges and
tangles have been devised for the capture of the starfishes, but none of
these haveproved of much utility. '

Cousidering the amount of damage done by the drills and starfishes,
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and the cost of their removal, usually not until a large percentage of
the crop has been destroyed, it may be realized with what anxiety the
oystermen regard their presence and how desirous they have become
to ascertain if any precautions can be taken to anticipate and prevent
their inroads. However impracticable this question may appear from
our present knowledge of the habits of those species, the matter is suf-
ficiently important to warrant its cavetul study, and even should the
inquiry not prove entirely satisfactory in that respect, it, will undoubt-
edly lead to other fmprovements in the oyster fishery of that region,
The scheme of work proposed has been prepared upon a basis broad
enough to meet all the present vequirements of the industry.

Mate James A. Smith, U. S, N, commanding the steamer Fish Hawk,
was in charge of operations during 1888, with Mr. C.F. Hodge, of Johns
Hopkins University, as naturalist. A visit was first made to New
Haven, to enable Mr. Smith to confer with the shellfish commissioners
of Connecticut and the oyster-growers in that vicinity, after which a
montl was spent in Narragansett Bay and Providence River, the
steamer returning to New Haven later in the season for a brief recon-
naissance. '

The plans for the investigation of Rhode Island waters contemplated
a thorough survey of the upper part of Narragansett Bay and of all of
Providence River as far up as the city of Providence, and provided for
the following character of inquiries, namely: An examination respect-
ing the physical characteristies and condition of the bottom and of
the water, with density and temperature observations a many places
during different stages of the tide; a systematic series of dredgings to
determine the present condition of the oyster beds, the distribution and
abundance of drills and starfishes, and the character and extent of the
damage they are doing; the plotting of the principal existing oyster
beds on charts, and a comparison of the same with the beds known in
1850, in order to ascertain it any and what changes have talken place
between those dates, and their probable causes; o study of the life his-
tory and habits of the starfishes in this region, the latter with special
reference to their movements and distribution at different scasons of
the year; conferences with the oystermmen respecting all matters per-
taining to the damage done the beds by their natnral enemies at differ-
ent periods and the means taken to remove the latter or to protect the
beds. As no scientific examination of this region had previously been
made, and no information was obtainable as a basis for comparison, the
difficulty of reaching positive conclusions in the course of a single sea-
son’s operations was soon made evident. The oyster beds were last
chartered by the State shellfish commission in 1880, their delineation
furnishing the positions aund outlines of the grounds, but nothing
regarding their conditions at that time, '

The Fish Hawk began the investigation by running a line of density
observations through the main channel of Narragausett Bay from off
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Brenton’s Reef light-ship to a point opposite the north end of Prudence
Island, which demonstrated that at this season of the year the sali.nity
of the water in this passageway continued nearly uniform at all times
of the tide. Between the North Point of Prudence Island and the
mouth of Providence River, the examination was made in much greater
detail and showed that while at the bottom the densities varied only
slightly with the tides, at the surface the changes are more percepti-
ble.  Within this area the bottom is mostly covered with a thick layer
of mud; no natural oyster beds exist, but a planted bed of about 8
acres in extent is located to the south of Conimicut Point. Starfishes
were found to be abundant on a small mussel bed lying to the south of
Nayat Point, but only a few were taken in the dredgings elsewhere. -
Plottings were made of the larger and more productive beds in
Providence River, the same bein g based upon the surveys of the
Fish Huwl, with additional information furnished by the oystermen.
A comparison of this work with the State oyster map of 1880 shows
thit a large arca of oyster bottom has been abandoned within the past
elght years, but its extent was not determined.  The set of spat, more-
over, was inconsiderable during that period, and the planters have been
obliged to obtain their sced chiefly from Connecticut and other waters.
The oysters raised about Bullock Toint aud in its vicinity are consid-
cred the finest in the river. The beds neavest the river channel suffer
more or less from the depredations of starfishes, whieh do not reach the
inner beds, the latter, however, being subject to the attacks of drills
and periwinkles. Off Sabine Point there is also a good oyster bed,
which is not troubled by startishes except to a very slight extent along
its outer edge. Great Bed, so called, was once regavded as oune of the
best pieces of oyster bottom in the river, but since the freshet of 1886,
when it was covered with mud; it has greatly deteriorated, and most of
the leases have been canceled. A few small patches of oysters oceur
between Gaspe Point and Pawtuxent Beaeh, but drills and periwinkles
are so abundant upon them and have been so destructive that the
present owners prapose to relinquish their claims. The Fish Hawk
found starfishes most plentiful on a bed of 100 acres Jjust to the north
of Nuyat Point, where, it was estimated, they had alrcady destroyed
about one half of its crop of two-year-old oysters. The greatest amount
of dayuge observed, however, had been done by the drills, The beds
about Field’s Poiut and in Bullock’s Cove, formerly said to have been
the most productive in the river, were in a very bad condition, due to
their inroads. Large quantities of oyster shells, one, two, and three
years old, with scarcely a living .specimen among them, were fre-
quently brought up in the dredges. Over o large proportion of these
grounds fully 95 per cent of the oysters had been killed in this manner.
Oue owner estimates his loss of seed oysters during 1887 and 1888 at

40,000 bushels, worth 40 cents a bushel, Lis entire stock having practi-
cally been.wiped out,
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The observations made upon the distribution ot starfishes as deter-
mined by the salinity of the water are not conclusive, owing to the fact
that they were confined to a single month, during which there was a
considerable rainfall, although the latter apparently had only a slight
effect upon the bottom deunsities.  According to the statements of ‘the
oystermen, the upper limit of the starfishes in Providence River is
usually in the vicinity of Ficld’s Point, but duaring seasons of prolonged
drought they have been known to ascend as far as the Ohio bed, near
the lower bridge at Providence. The mean depsity of the water at the
bottomoft Field’s Point in September, 1888, was about 1.0187.  Off Mob-
Jack Bay, in the southern part of Chesapeake Bay, the average deusity
in April, 1889, was about 1.015.  As starfishes are rare, if not entirely
absent, in the latter locality, well known for its oyster beds, it is pos-
sible that the lowest limit of density in which they can survive for any
length of time may be found between the two figures given above.

That these animals might, be driven out of Providence River by the
treshening of its waters was demonstrated in 1886, but under condi-
tions which proved nearly as destructive to the oysters, although the
direct cause of the injury done to them was probably ot the same.
Starfishes had been very plentiful in 1885, In Februar:, 1886, while
the ground was coated with a frozen crust of snow, a heavy rainfull
oecnrred over the drainage tributary to Providence River, producing
an unusual freshet and bringing down large quantities of mud, which
covered the beds on the west side of the river, and is said to have
destroyed nearly the entire crop of oysters there. The starfishes disap-
peared at the same time throughout the entire river, because, it was
supposed, of the great inroad of fresh water, and they did not again
become abundant until the summer of 1888, after a lapse of & year and
a half. Those observed at the mouth of the river by the Fish lauwl,
in September, 1888, were of large and nearly uniformm size, very few
young ones being found among them.

Several means of proteetion have been suggested for Providence
River, but none of them seem feasible.  Inclosuresin the way of screens
about the beds, while they might exclude large objects, would not keep
out the young starfishes and drills,and as both of these species remain
in the river during the entire year, they would have to be constantly
removed by the methodsnowinuse. Iurthermore, such barriers would
‘be expensive and could not readily be made durable,  Should the pond
system of oyster-culture be introduced in this region, however, the
trouble with enemics could be largely, if not entirely, overcome. Star-
fishes are known to have a great fondness for the common mussel (My-
tilus edulis), and it has been considered that colonies of that species
planted around the oyster beds might serve as a partial protection to the
latter. Two cxtensive mussel beds are situated at the mouth of Provi-
dence River,one on cither side of the narrow channel opposite the
Nayat Point light-house, but, while a half bushel of starfishes were
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taken from them on nearly every trial made with the large oyster tougs,
they seemed to have little, if any, effect in shielding the neighboring
Oyster beds. Moreover, this method is said to have been tested un-
Successtully off Bridgeport, Conn. Under favorable conditions the
Mmussels also grow very rankly, tending to displace the oysters and ac-
cumulating much mud about them as well as other unwholesome mat.-
ters. Baited traps placed on and about the oyster beds have likewise
been tried by the oystermen and by the Fish Commission, but they
have not proved generally effective, although a certiin measure of suc-
cess has been reported from their use in some localities.

At New Haven a large map was prepared showing the location and
extent of all the planted oyster beds in the barbor, and of the natural
beds on the west side of the entrance. Density and temperature ob-
Servations were also taken as in Providence River, but not so closely
together. .

Arrangements have been completed to begin upon the investigations
in Long Island Souud during the summer of 1889, and they will sub-
Sequently be carried southward along the-coast.  Other inquiries per-
taining to the Atlantic coast, conducted during the past year, are
described under special headings.

INVESTIGATION OF INTERIOR WATERS.

The object of investigating the different lake and river systems of
this country upon a broad and comprehensive basis has been explained
in the preliminary remarks, but while the importance of such inquiries
has all alon g been recognized, the subject received comparatively little
attention from the Iish Commission until the present year, when it
Was taken up as an essential feature of the scientific work. The prob-
lems involved here, as in other branches of the field work, arg of two
classes, physical and biological, the latter being again divisible im con-
-formity with popular classification, according to whether they relate

to fishes, invertebrates, or plants.

The collection and study of the fishes may proceed with considerable
rapidity, owing to their relatively large size and the convenient means
devised for thoir capture both by naturalists and fishermen, -but the
physical questions, and more especially the aquatic invertebrates, rep-
resented by a countless number of varieties and composed in large part
of almost microscopic forms, present far greater diffienlties in the way
of detailed observations, and will require a much greater length of
time to sceure appreciable results. Owing to the different nature of
the field work called for by cach of these Lranches, they must to a
great extent be taken up and carried along independently of one
another. No other method is generally expedient unless it is desired,
py means of o reconnaissance, to obtain immediate information respect-
Ing the combined features of any particular vegion. = A party, specially

. Mis. 274——v | |
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equipped, need not, however, oentirely limit its operations to a single
subject, as has been shown by the-experienco of the past year, during
which the fishermen obtained many important data respecting the char-
acter and conditions of the streams they visited. Fortunately the
United States is well provided with comypetent ichthyologists, and many
students arce now in course of training in this popular branch of natu-
ral history. Physicists, however, have paid but little attention to the
requirements of the fisheries, and few specialists have yet displayed an
active interest in the lower organisms which inhabit our fresh waters,
The ichthyologists are therefore best prepared to render promnpt assist-
ance, and many of them are so situated as to be able to give their services
gratuitously during two or three months of each year. Without their
" 1liberal support very little could have been accomplished in this division
~of the inquiry, owing to the slender means available for the purpose.
Having determined upon the advisability of expanding the work in
this direction, the Commissioner held a conference at Detroit, Mich.,
during May, 1888, with the commissioners of several States, who not
only gave the project their approval, but urged that it be taken up
without delay. Dr. David 8. Jordan, president of the University of
Indiana, but best known for his extensive studies on Awmerican fishes,
was also present at the meeting and offered his hearty codperatioun;
under his able management a school of ichthyology has been founded
at Bloomington, Ind., its graduates taking high rank for aceurate and
painstaking observations. A proposition made by him to organize tem-
porary parties of volunteers from among his former pupils and those
now studying nnder bis direction was accepted by the Commissioner,
and the work was started early in the fiscal year. Depending upon
the services ot students and professors occupied with college duties for
eight or nine months of every year, the field excursions must be limited
chiefly to the summer, but it is expected that some satistactory arrange-
ment will soon be possible whereby the inland investigations may be
organized upon a permanent basis, and, in fact, one of the river explo-
rations now in progress is-being executed by regular employés of the
Commission. A
The plan of work adopted in regard to the volunteer service contem-
plates, first of all, the somewhat rapid investigation of those regions
with which we are the least acquainted, in order to obtain, as soon as
possible, a general, though not superficial, knowledge of all our fresh-
water fishes, their varieties, distribution, abundance, and habits. Upon
the completion of this survey, which may occupy three or four years,
the more careful study of each lake and river system can be taken up.
Of the inquiries conducted during the past year, as described below,
all excepting those whieh relate to the Hudson River, the Upper Ohio
River, and the Alaskan salmon rivers were planned and carried on
under the direct supervision of Dr. Jordan, who also participated in
the field work during most of the summer of 1885, The cost of these
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expeditions amounted only to the actual field expenses of the assist-
ants, while the recounaissance of the Ohio River by Dr. Henshall and
Prof. Gilbert involved no outlay whatsvever on the part of the Fish
Commission. The collections made by Dr. Jordan’s parties were sent
directly to the University of Indiana, where they were studied and
where the reports upon them were prepaved. The first series of the
Specimens of fishes has been deposited in the U. S. National Museum
at ‘Vashiugton, aud the second series in the museum of the University
of Indiana. Over 7,000 specimens, representing 141 species and sub-
8pecies, of which 14 were new to science, were obtained during the
Summer investigations in the Alleghany region. From this material
30 duplicate sets of fishes wero made up, the same being donated to as
many educational institutions, some located in the States where tho
work had been conducted, the others elsewhere in the United States
and in Europe. The crayfishes, of which many specimens were secured
in the different regions examined, have been referred to Prof. Walter
Faxon, of the Museum of Comparative Zoblogy, Cambridge, Mass.

Dr. Jordan has alreddy begun, with the codperation of Prof. B. W.
Evermmm, a4 complete record of all that has so far been discovered
respecting the fresh-water fishes of North America, which, when pub-
lished, will serve as a basis for future explorations, Its completion
will be delayed, however, until the preliminary snrveys now in progress
have been finished.

The States and Territories into which the investigations were ex-
tended during the year 1888-89 nmnbered eighteen and are as follows:
New York, Virginia, West Virginia, North Carolina, South Carolina,
'l‘enucssec, Kentucky, Georgia, Alabama, Mississippi, Louisiana, Obio,
India-na, Michiga,u, Towa, Missouri, Arkansas, and Alaska. The work
accomplished in each region is sumwarized below :

The Hudson River, New York.—That the Hudson River is not a unat-
ural salmon river is probably duc in greater part to the fact that all
localitics suited to the spawning habits of the fish have been cut off
from the main river by insurmountable obstructions. The first sys-
tematic attempt to stock the Hudson artificially by the planting of fry
from the Penobscot River, of Maine, was begun in 1882 and has been
continued down to date. In order to test the utility of these efforts an
investig‘ation of this river and of some of its tributary streams was
made during the summer of 1888 by Mr. Fred. Mather, of the Cold
Spring hatchery, New York, under the direction of the U. 8. Fish Com-
missioner. The specific objects of this inquiry were to ascertain as
Learly as possible the numnber of adult salmon (Salino salar) caught in
the Hudson River during the previous season; to determine the possi-
bilities of taking salon eggs ou-that river in sufficient numbers to
warrant the establishment of a temporary station for that purpose; to
examine the small streams with reference to their fitness for developing
the young fish during their river life; and to learn the height and
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character of the natural and artificial obstructions to the ascent of
salmon.

Myr. Mather’s veport upon the results of his observations was pub-
lished in the Bulletin of the U. S, FFish Commission, vol. vi1, tor 1887,
pp- 409-424, In a preliminary statement he deseribes the plantings
that were made from 1582 to 1888, inclusive, wmounting to over 2,000,-
000 fry and 150 yearlings. These young fish were all liberated in good
trout streams, chiefly in the Adirondack region of Essex and Warren
counties, N. Y. Several adult salmon were taken in the Hudson River
both in 1886 and 13887, some of which found their way to the markets
of New York City. The salmon captured in 1888 could not have
belonged to later plantings than those of 1884, up to which time
only 864,600 fry had been placed in the river, and any comparison of
results should be based apon that number. Mr. Mather experienced
considerable difficulty in obtaining information respecting the catceh
of 1888, as a State law, passed in 1887, prohibits the taking of salmon
on the Hudson River except with hook and line. Nearly all of the
fish secured were captured incidentally in the nets of the shad fisher-
men, who were naturally reluctant to testify against themselves or
against their neighbors. The inquiry, however, finally resulted in a
record of 134 salimon so obtained, but Mr. Mather estimates that fully
four times as many were probably taken by this class of fishermen
. alone. Of the number mentioned, 28 were caught in Gravesend Bay,
20 in New Yoz Bay, 3 in Princess Bay, b along the New Jersey shore,
and the remainder at points along the Hudson River as far up as
Mechanicsville, 26 having been secured below the damn at Troy. The
weight of these fish ranged from 5 to 26 pounds each, but very few
weighed less than 8 or 9 pounds,

As to gathering salmon spawn in New York waters for use in stoek-
ing the Hudson River, the above record indicates that there are at
present only two localities where the prospects are at all favorable for
obtaining the necessary parent fish, namely, below the dam at Troy
and in Gravesend Bay. Considering that these fish are taken rather
early in the year, it would, however, be necessary to pen them untit
the spawning season, and the water of the Hudson River below Troy
is apparently too warm for this purpose during the summer. Deep,
cool spots exist between Troy and Mechaniesville, and also at the latter
place, to which the fish collected in the upper part of the river could
be transferred, while the hatching station at Cold Spring Harbor, Long
Island, might be used as the depository for those captured in Grave-
send and New York bays. The nwmber of eggs to be secured in this
way would probably not be sufficient, bowever, to warrant the expense
attendant npon the work until sahmon have become more abundant
in the river,

- All tributary stremms suited to the spawning habits of salmon enter
the upper part of the river, and the ascent of salmon to them is now
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prevented by both natural and artificial obstructions. In case these
obstructions are overcome by the building of fishways, there is every
reason to suppose that the Hudson will in time become a natural salmon-
producing river, a result which it is very desirvable should be consum-
mated. Preliminary steps in that direction have already been taken,
and it is to be hoped that they will soon be tollowed by more active
measures.  The first impediment met by the fish in their wovement
up the river has heen the State dam at Troy, but this has already been
provided with a suitable fishway. The second obstruction is a dam at
Mechanicsville, at the foot of which salmon were seen jumping in 1888,
Above this place there are ten or more falls and dams, the nppermost
being Rockwell Talls, at Lucerne, and the most formidable Palmer
Falls and Dum, at Jessup Landing. Appropriations have been made
by New York State for fishways over the Mechaniesville Dam and over
the next one, at Fort Miller. Their construction will open up a con-
tinuous run to FFort Edward, 45 miles above Troy. Ilere there is an
old dam which will soon have to be rebuilt, and in so doing a fishway
will nndoubtedly be added by the owners, a law obliging such construc-
tion now being under consideration by the State legislature. Next
follow Baker and Palmer falls, both of which present many difficulties,
but it is probable that they can be surmounted, it sufficient money is
made available. It is probable, however, that with the river opened
up to Fort Bdward or Baker Falls, the salmon will find good spawning-
grounds in some of the lower tributaries. Mr. Cheney, of Glens Falls,
N. Y., is confident that such will be the case, and his wide acquaintance
With the region in question entitles his views to every consideration.
The following remarks upon this subject arc abstracted from a letter
written by him since the completion of Mr. Mather’s survey:

The Moseskill comes in on the loft bunk of the Ilndson about 5 miles below Fort
Edwurd, Above and below it are smaller streams. Snookill, a good spawning
8tream running back 7 or 8 miles, comes in on the right bank below Moseskill.  The
.Buttenkil], or “ Lovely Ondowa,” is a good trout stream that runs up into Vermont;
1t comes in bLolow Thompson’s Mills. Below this is Hoosick River. I believe that
when tho sulmon find that tho Stato of New York hus not provided & way for them
over the falls, they will go iuto some or all of the streams above montioned, and
there spawn, 1, for one, will fool quite easy about tho salnen when the two fish-
ways are huilt at Mochanicsville and Fort Miller. Without doubt, the salmon have
Spawned in the river below Mechaniesville, and many more ascended tho dam at
Troy than has generally beon supposed.  The adualt salmon evidently tried to got up
the Mohawk River, and spawned below Cohocs Palls.

From Mr. Mather's investigation it is, therefore, evident that the
results of salmon planting in the Hudson River have been very satis-
factory, and promise to repa y the outlay of time and money which have
been applied to it. With proper legislation, the removal of further
barriers, and the added efforts of fish-culture, this important stream
should eventually provide good salmon fishing upon a commercial scale.
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The Alleghany region of Virginia, North and South Carolina, and
Tennessee.—The investigation of this region was eonducted personally
by Dr. Jordan, with the assistance of Prof. O. P. Jenkins, of De Pauw

Jollege, Indiana; Prof. B. W. Evermann, of the State Normal School,
Terre Hante, Ind.; and Prof. 8. K. Meek, of Coe College, Towa.  Work
was beguan at Luray, Va., July 25, and continued until September 8,
when high water in the rivers prevented further seining.  The survey
had reference to the two general river systems, one flowing into the
AtlanticOcean between Chesapeake Bay and the Santee River, the other
into the Ohio River, and in many instances operations were continued
down the river courses a considerable distance toward the coast.

The following rivers of the Atlantic drainage were examined, 11.\111(,1y :
The Shenandoah, a tributary of the Potomac River; the Jdmes River
and several of its tributaries; the Dismal Swamp, 1“11/‘11)0(:11 River; the
Blackwater, a tributary of tl\e Chowan River; the Staunton, one of
the main branches of the Roanoke River, in Montgomery and Roanoke
counties, Virginia; the Tar River, a tributary of the Pamlico; the.
Neuse River and several of its tributaries; the Haw River, a tnbutar ;
of the Cape Fear; the upper waters of Great Pedee River; the Santee
River and many of its upper tributaries. In the Ohio River drainage,
the streams examined were several tributaries of the Kanawha River
in Virginia, of the Holston River in Virginia and Tennessee, and of
the French Broad River in North Carolina. The total number of sein-
ing stations was H4.

The collections obtained were transmitted to the University of Indi-
ana, where they were studied by Dr. Jordan, whose report upon the
inquiry has been published in the Bulletin of the Fish Cominission for
1888.* The limited time that could be given to the investigation, con-
sidering the wide arca which it covered, prevented the party from pay-
ing attention to other subjects than the fishes, with some reference to
the physical characteristics of the rivers. Dr. Jordaw’s paper is one of
the most comprehensive and valuable contributions of its kind that has
yet been published anywhere, and will prove of great interest both to
fish-enlturists and to the fishermen of the region which itdescribes. The
subject is treated by river systemns, and under each heading is given a
brief aceount of the physical features of the main river and its tributa-
ries as determined at the localities visited, followed by a list of the
fishes taken, with notes upon their habits and special habitats. Several
new and little-known species and varieties are also discussed at greater
length. The new species were deseribed in a preliminary paper which
has been pl'inted by the U. S. National Museum.t

*Repnrt of e\plomh(ms made dlumvr 1888 in the A]lt-g}mm' legmn of \'ngmm,
North Caroling, and Tennessoe, and in Western Indiana, with an account of the
fishes found in each of the river basins of those regions. By David Starr Jordan.
Bull. U. 8. Fish Commission, vii1, 1888, pp. 97-173, plates vin-xv.

{ Deseriptions of fonrteen new species of fresh-water fishes collected by the Ul S.
Tish Commission in the sumwmer of 1888, By David Sturr Jordan. Proe. U. S, Na-
tiona] Musewn, X1, 1888, pp. 351-362, plates XLir-xnv,
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The Tpper Ohio River and its tributaries.—During August, 1888, Dr.
James A. Henshall and Prof, Charles H. Gilbert, of Cincinnati, made
an ichthyological reconnaissance of the Ohio River and its tributaries
between Marietta and Cincinnati, Ohio, in the joint interests of the
U. 8. Fish Commission and the Cincinnati Society of Natural History.
For the conduct of this exploration the Hon. Nicholas Longworth, of
Cincinnati, placed his steam yacht Mine, with its erew of six men, at
the disposal of Dr., Henshall, an act of liberality which was much ap-
preciated. Rainy weather, causing unusually high water for the sum-
mer season, greatly interfered with operations and cenrtailed the antiei-
pated results.  The streams explored were the Ohio River at numerous
places, the Muskingum, Little Miami, and Hocking rivers, and Rae-
‘coon, Brush, and White Oak erecks, in Ohio; the Kanawha and Guy-
andotte rivers, in West Virginia; and the Big and Little Saudy rivers
and Kinnikinnik and Tygert creeks, in Kentucky. Nearly 100 species
of fishes were obtained, u few of which had not previously been re-
corded from those waters.

The most abundant species observed in the Olio River were the
channel catfish (Tetalurus punctatus), red-horse (Morostoma), buffalo
(Ietiobus), carp sucker (Carpiodes), fresh-water drum (Aplodinotus
grunnicns), toothed herring (Hyodon), gizzard shad (Dorosoma cepe-
dianum), and skipjack (Clupea chrysochloris). Pike perches or Ohio
salmon (Stizostedion), newlights (Pomouxis annularis), black bass, chubs,
and shinevs were also common. The catfishes, suckers, buffaloes, red-
horses, and white pereh (drum) sell well in the markets, and appear
to be esteemed as food in all the towns along the river; the pike perch
(Ohio salmon) and the black bass rank highest among the river fishes,
but are not canght in sufficient.quantities to supply the demand. The
fishermen have shauty boats at the mouths of all the smaller streams.
They use fyke-nets, drag seines, aud trot lines, and have no difficulty
in selling all the fish they cateh.

The Muskingwuin is a swift, beautitful stream, tlowing through one of
the most attractive and fertile valleys of Ohio. lts banks are well
wooded with gigantic elms, maples, beeches, and sycamores.  The river
has a rocky bed with many rapids, but it is navigated for a huudred
miles by means of locks. The party proceeded np the river some 60
miles, to within a short distance of McConnelsville, passing through
six locks. They explored the main stream at the toot of the dam at
cach lock, and a few of the small tributaries. The young ot the black
bass and pike perch were quite abundant, showing that favorable
results have attended the stocking of these streams by the Ohio Fish
Commission. In the Kanawha River the red-horse, earp sucker, drum,
and skipjack were again found to be the most abundant, with the pike
perches, gars, and sunfishes less numerous. The waters of the Little
Kanawha were so impregnated with petroleum that fish life seemed to
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be entirely absent. In the Hocking, Raccoon, Brush, and White-ouk
creeks, in Ohio, were foungl the usual river minnows and «darters, with
the young of the larger river fishes, but the creek species were driven
far up the streams by the unusually high water, and no favorable places
for seining could be discovered. In the Big and Little Sandy, Kinni-
kinnik, and Dygert crecks, in Kentucky, newlights, black bass, pike
perches, and sunfishes were quite abundant, as these streams have
more fall and a swifter current than those on the Ohio side. In Little
Miami River the trout perch (Percopsis guttatus) was common, a8 it
was also in the Muskingum. Dr. Ilenshail thinks thesc are the first
instances of its having been taken in southern Olio, as it was hitherto
supposed to be peculiar to the Great Lakes. It is possible that it has
- found its way to the Ohio basin through the canals.

Indiana.—Early in September, 1888, Prof. B. W. Evermann began the
investigation of certain areas in western Indiana whose fishes had not
previously been studied, continuing the work until cold weather inter-
fered. He was assisted by Mr. C. 1L. Bollman and Mr. A, J. Woolman.
"The following rivers were examined: St. Joseph River, between Mis-
hawaka and South Bend; Yellow River at Plymouth; Upper Wabash
River, on several of its tributaries; Lower Wabash River and its tributa-
ries; Lower Ohio River, near Evansville and Mount Vernon; and White
River, at Spencer and Cataract. An account of the results of this in-
quiry has beeu included in Dr. Jordau’s report on the Alleghany region
of Virginia, ete., referred to above.

Michigan.—An examination of the lakes and rivers of Michigan was
begun in 1883 by the fish commissioners of that State, the object of the
same being to ascertain the results of previous efforts in stocking those
waters and their suitability for different kinds of food-fishes. A small
party, composed of regular employés of the State cominission, has been
assigned each summer to this field work, and an account of its re-
searches down to 1888 will be found in the Seventh and Righth Bien-
nial Reports of the Michigan Tish Commission, published in 1887 and
‘1888. Not having had the services of a professional naturalist, the
results have hitherto DLeen incomplete from a biological standpoint,
but by arrangement with the U. S. Fish Commission Mr. Charles H.
Bollman, assistant in the University of Indiana, was designated as
ichthyologist during the season of 1888.  He was in the field from July
10 to August 19, when the investigations practically ended. The local-
ities examiuned, arranged according to river basins, are as follows: St
Joseph Basin: Long, Austin, Indian, Gourd Neck, Rawson, and How-
ard lakes in Xalamazoo County. Kalamazoo Basin: The main river at
Battle Creek and Marshall, Cognae, St. Mary’s, Barnum, and Payne
lakes, Upper and Lower Brace lakes, and Lyon Lake in Calhoun County.
Bl Basin: Torch and Clam lakes, Rapid River and Speucer Creek in
Auntrim County.
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In his report* Mr. Bollman briefly describes the physical charac-
teristics of the several lakes, including their temperature at the sur-
face and bottom, and notes the distribution of the species collected,
which number 53.  On acconunt of its northern position, Michigan has,
he states, comparatively few kinds of fishes, and as all the waters
examined in 1888 had essentially the same physical features the list
which he presents was, necessarily, o small one. The bottoms of tho
lakes were found to consist chiefly of fine mud or pulverent vegetable
matter. Reference is made to the food of 23 species, whicl exhibited

“little diversity in that respect.

Iowa.—In the antuwnn of 1888, after the close of the Virginia explora-
tions, Prof. S. Ti. Meck, whose residence is in Cedar Rapids, began the
preparation of a report upon the fishes of Iowa, which will necessitate

~ the examination of many Jocalities where no collections- have yet been
made. This work will be continued from time to time, as his college
duties will permit. In 1838 it was limited to Cedar River and its tribu-
taries, chiefly in the neighiborhood of Cedar Rapids.

Missouri and Arkansas.—The proposed establishment ot a new hatch-
ing station at Neosho, in the Ozark region of Missouri, made it desirable

- to examine with some care the different streams in that vieinity. The
services of Prof. C. H. Gilbert, of the University of Cineinnati, and of
Prof, 8. E. Meek, ot Coe College, Iowa, were secured for that purpose,
and the work was begun about the middle of July, 1388. The former,
however, having been severely prostrated by malarial fever early in the
Season, the juquiry had to be deferred until the summer of 1889, when
it will be talen up by Prof. Meek. The country about Neosho is chiefly
drained by tributaries of the White River, but it is intended to extend
the examination to the Osage River in Missouri, and the Arkansas and
Washita rivers in Arkausas.

Alabama.—The investigations in Alabama were bogun in the first
bart of May, 1889, and were continued a little -over one month. The
party consisted of Philip H. Kirsch, Everett O, Jones, and William M.
Andrews, all students in the University of Indiana. DBefore reaching
Alabama collections were made in Lake Pontchartrain, La,, and in
Biloxi-Bay, Ocean Springs Bay, and Fort Bayou, Miss. In Alabama
the explorations covered the greater part of the State, the number of .
blaces visited being indicated in the following smmary: The Tennes-
See River and niue of its tributaries; the Alabama River and cleven of
its tributaries; the Iiscambia River and cight of its tributuries. Prof.
Charles H. Gilbert, who has reported upon the results of this expedition,t

"A report upou the fishes of Kalmazoo, Callioun, and Antrim counties, Michigan,
obtained in conuection with the investigations of the Michigan Iish Cpmmissiou
dul‘ing the summer of 1888. By Charles H. Bollman.  Bull, U. 8. Fish Commission,
vol. v, for 1888, pp. 219-225.

t Report of explorations made in Alabama during May and June, 1889, with notos
upon the fishes obtained in the bend of the Tennessec, the Alabana, and the scambina
rivers, and deseriptions of threo now speeies. By Charles H. Gilbert. Bull, U. 8.
Fish. Com., 1x, for 1889, pp. 143-160. )
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states that with the exception of the larger river fishes, which were
not obtained, the list of species preseuted is probably approxi-
mately complete for the bend of the Tennessee River, in the north-
ern part of the State, but additional collections arve still needed
from the Alabamma River. The examinations made in the bend of the
Tennessee were chiefly noteworthy as showing the presence in the
clear, cold, spring-fed tributaries of that portion of the river, ot an un-
expectedly large munber of species characteristic of the headwaters of
the IFrench Broad and Holston rivers, which were studied by Dr. Jor-
dan during the summer of 1888, I’rof. Gilbert also includes in his
paper the results of explorations made by himseltf and Prof. Joseph
Swain, in 1884, and by Jordan, Evermann, and Bollman, in 1886.. The
number of species recorded from each river basin is as follows: The
Tennessee River, 74 species; the Alabama River, 49 species; the Es-
cambia River, 38 species.

Georgia.—In the latter part of June, 1889, Mr. Charles H. Bollman
and Mr. Bert Fesler, both of the University of Indiana, began an
investigation of the lowland region of Georgia. It was intended to
continue the inquiry until about the middle of August and to extend it
into the State of Florida. Mr. Bollman, however, was taken sick with
dysentery fever at Waycross, Georgia, on July 4, and died on the 13th of
the same month. The work was therefore abruptly terminated. Mr.
Bollman was a recent graduate of the University ot Indiana, where he
was held in high esteemn.  Under the careful training of Dr. Jordan, he
had acquired great proficiency as an ichthyologist and in other branches
of zoilogy, having published several important papers on fishes and
on the more obscure group of Myriapods. He gave promise of a bright
and useful future and in a few years would, undonbtedly, have taken
high rank among American naturalists. His loss is severely felt by
the Yish Commission and by his many friends. During the short
time this party was in the field, collections were made in Brier Creek,
at Waynesboro; in a small creek in the southern snburbs of Savannah;
in the Ogeechee River and one of its tributaries and in Buckhead
Creek at Millen, and in the Satilla River at Waycross. Thirty-one
species of fishes were obtained, including one new form, Opsopwodus
bollmani Giilbert. The results accomplished have been deseribed by
Prof. C. H. Gilbert.* ‘

Alaskan salmon' rivers.—The great decrease in the production of the
salmon fisheries of the Pacific coast between San Francisco and Puget
Sound, during the past few years, has caused the salmon-packers of
that region to turn their attention toward Alaska, where several species
of the Salmonide occur in extraordinary abundance. Large and fully
equipped salmon canneries have already been established at many

*Notes on fishes from the lowlands of Georgia, with a description of a new species
(Opropaodus bollmani). By Charles 1I, Gilbert. Bull. U. 8. Fish Com., v, for 1885,
Pp. 225-229.
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places in that territory, and an important aud profitable industry has
thereby gained a strong foothold in what is otherwise almost a primi-
tive wilderness. In 1889 there were 36 of these canneries, 4 of which
were located in Bristol Bay, 8 on Kadiak Islaud, 2 on Afognak Island,
5 on the cast side of the Alaska Peninsuli, 2 in Cook Inlet, and the
remainder farther south along the coast. The total amount of capital
invested was about $4,000,000, while the output for the year was valued
at about $3,000,000. The resonrces of the Alaskan rivers in respect to
this product have been considered by many persons, the fishermen and
canners especially, to be practically inexhanstible, and such might be
the case were the fishery conducted in a judicious manner and the
habits of the salmon not materially interfered with. Many of the rivers,
however, to which the salmon resort in great numbers, and which are
conveniently located for the business, have short courses and compara-
tively shallow water near their outlets at times of"low tide. In streams
of this character the fish ean readily be brought more directly wnder
the control of man than in the longer and larger rivers in which the
fishery has hitherto chiefly been carried on. 'The fishermen have been
quick to recognize this advantage in devising means of capture, the
most formidable aud destructive of which have been traps and other
forms of barricades reaching partly or entirely across the river.  Meet-
g such a barricade the salmon congregate below it, and, still impelled
by the breeding impulse to continue the ascent, remain entirely at the
mercy of their captors, who can remove them with little trouble and
at slight oxpense. To what extent this practice is now indulged in is
not precisely known, and, we are, therefore, justified in supposing that
only a small proportion of the fisheries are thus maintained, but a
number of instances of gross misuse of the natural privileges have
been reported, and as the canncries in any one locality increase in
number the abuses are said to multiply.

The salmon interests of Alaska are actually of greater value than
the sealing, and by proper management they can be made more per-
manent, but with unrestricted license they will as rapidly be destroyed.
A knowledge of the habits of the salmon, joined with past experienco
in regard to the fisheries which they have provided, establishes the .
fact that this very important food product is also one of the easiest to
exterminate, and should be well cared for.

Duriug the winter of 1888-89 the attention of Congress was called to
the salmon question in Alaska by residents of the Pacific Coast, who
made aun earnest appeal for immediate legislation to protect this source
of indunstry DLefore the rivers had become depleted. In compliance
Wwith their request the following act was passed and became a law on
March 2, 1889

AN ACT TO PROVIDE FOR TIE PROTECTION OF THE SALMON FISHERIES OF ALASKA.

. Be it enacted by the Senate and Houseof Representatives of the United States of America
n Congress assembled, That the eroction of dams, barricades, or other obstructions in
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any of the rivers of Alaska, with the purpose or result of proventing or impeding
the ascent of salinon or other anadromons species to their spawning-grounds, is

i3
n o

hereby declared to be unlawful, and the Secrotary of the T'reasury is hereby author-
ized and directed to cstablish such regulations and surveillanee as may be necessary
to insure that this prohibition is strictly enforced and to otherwise protect the
salmon fisheries of’ Alaska; and every person who shall be found gnilty of @ viola-
tion of the provisions of this section shall be fined not less than two hundred and
fifty dollars for each day of the continnance of such obstruection.

Sec. 2. That the Commissioner of Fish and Fisheries is hereby ompowered and
directed to institute an investigation into the habits, abundance, und distribution of
the salmon of Alaska, as well as the present conditions and methods of the fisheries,
with a view of recommending to Congress snch additional legislation as may be
nocessary to prevent the impairment or oxhaustion of these valuable fishieries, and
placing them under regular and permanent conditions of production.

In accordance with the provisions of section 2 of this act, the U. S.
Fish Commissioner made arrangements to undertake the investigation
therein directed during the summer of 1889. No specific appropriation
having been wmade for that purpose, the expenses of the expedition
were provided from the general appropriation. A party of four per-
sons was organized to conduct the field work, the charge of the same
being confided to Dr. Tarleton H. Bean, the ichthyologist of the Fish
Commission, a well-known authority on Alaskan fishes and personally
acquainted with the region to be studied. His associates were Mr.
Livingston Stone, fish-culturist, Mr. ¥ranklin Booth, topographical
engineer, and Mr. Robert. E. Lewis, rodman and general assistant.
With the exception of Mr. Booth, these persons were all regular em-
ployés of the Commission. Dr, Bean left Washington in June, 1889,
but the party was detained in San Francisco until July, through in-
ability to obtain the necessary transportation, there being no regulav
line of steamers to that part of the Alaskan coast where they were to
0. This exploration belongs, therefore, to the next fiscal year, but
the plans and objects of the trip imay be briefly stated here.

Kadiak and Afognak islands were selected as requiring first atten-
tion, as the greatest danger from overfishing had been reported from
those places. In case the time permitted, the work was to have been
extended subsequently to Cook Iulet, but the season proved too short
to include that region in the scheme of operations, The observations
of the party were to relate to the natural history of the salmon and
their associated species, and the physical characteristics ot their envir-
omment; the methods, statistics, and conditions of the salmon fishery;
and the necessities and advantages of Alaskan waters for the artificial
propagation of salmon, From the results obtained, it was expected to
determine the extent and canses of any injury that had been doune, and
the proper remedies to apply, whether throngh legislation orthrough
the aid of fish-culture. :
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PHYSICAL INQUIRIES,

Physical inquiries of one kind or another form a part of nearly all
the field work that is carried on, and reference to them has been made
under several other headings. Temperature and density observations
are taken frequently by all the vessels in connection with their dredg-
ing and sounding operations at. sea, principally at the surface and
l)nttom but to some extent also at intermediate depths. The arrange-
ments madc a nnmber of years ago with the Light-House Board and
Signal Service for continuous temperature records at certain of their
stations still continue with satisfactory resnlts, but the number of sta-
tions used for that purpose is mueh smaller now than formerly. Through
the courtesy of the Southern Pacific Railroad Company similar obser-
rations are also taken at the railroad crossings of several of the large
western rivers. The number of permanent stations in operation has
proved totally inadequate, however, to accomplish what is most de-
sired, namely, to determine the precise relations of temperature to the
movements of migratory fishes, the isotherms corresponding with the
advance schools. This subject has been partly worked up with respect
to the shad, mackerel, and menhaden, but further data are required
before definite conclusions can be reached. In case the laws which gov-
ern their movements can be fully demonstrated, it is rational to suppose
that the arrival of any pelagic or anadromous fishes upon the sea-coast
or along a river course may to some extent be anticipated and the fish-
ermen be given warning of their near approach. The difficulties in the
way of such a fortunate solution of this problem may be insurmount-
able, but as yet the matter has not been fairly tested, and it is only
recently that the proper course to be pursued has been thoroughly com-
prehended.

The temperature stations of the Light-House Board, the Signal Serv-
ice, and the Southern Pacitic Company furnish countinuous series of
obser vations, which are taken twice daily at the light stations, and once
a day at the others, the reports being submitted monthly. The light
stations are chiefly in more or less exposed positions; those of the
Signal Service in harbors, and those of the Sonthern Pacific Company
atriver er ossings, as before explained. The names and locations of the
stations which furnished information during the year are as follows:

TEMPERATURE STATIONS ON THE ATLANTIC COART,

Stationg of the Light-Louse Scrrice:

Coast of Maine: Potit Manan Island, Mount Desert Rock, Natinicus Rock,
Segnin Island, Boon Island.

Coast of Massanchisotts: Race Point, Pollock Rip Jight-ship, Nantneket Now
South Shoal light-sbip, Cross Rip light-ship, Vineyard Sound light-ship.

Coast of Rhode Island: Brentou Reet light-ship, Block Island southoast light.

Long Island Sonnd: Bartlett Reef light-ship, Str:zt-fm-d Shoals lin‘ht-shi]).

Coast of Now York: Sandy ook light-ship.

Coast of New Jersay: Absocon Inlet, Five Fathom Bank hght -shin.
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Stations of the Light-House Service—Continued.
Delaware Bay : Fourteen I'oot Bank light-ship.
Coust of Virginian: Winter Quarter Shoal light-ship.
Chesapeako Bay: Puint Lookout, Windwill Point, Stingray Loint, Wolf Frap
Bar, York Spit.
“Coast of North Carolina: Bodys Islund, Cape Lookout, I'rying Pan Shoal light-
ship.”
Coast of Sqnth Carolina: Rattlesnake Shoal light-ship, Martin's Industry Shoal
light-ship.
Coast of Florida: Fowey Rocks, Carysfort Reef, Dry Tortugas.
Stations of the Signal Service :
Castport and Portland, Me.
Boston and Nantucket, Mass.
New York City, N. Y.
Charleston, 8. C.
Key West, Cedar Koys, and Pensacola, Fla.
Stations of the Fish Commission :
Wood’s Holl, Mass.
IFort Washington, otomac River, Md.
Washington, District of Columbiu.
TEMPERATURE STATIONS ON TUE PACIFIC COAST AND SLOPE,
Stations of the Signal Service :
Portland, Oregon.
Stations of the Southern Pucific Company :
Colorado River at Yuna, Ariz.
Sacramento River, at Tebama and Yolo Bridges, Cal.
San Joaquin River, at the Upper and Lower Railroad Crossings, Cal.
King River, at Kingsbury, Cal.

Among the rivers the Potomac is best provided with observing sta-
tions, there being one at Fort Washington and another at tlre city of
Washington, both operated by the Fish Commission, in addition to
those above enumerated from Chesapeake Bay. 1t would add greatly
to the value of the results if other important rivers could be as well
supplied. Unfortunately, there are no stations at exposed positionson
the Pacific coast, where arrangements have yet to be made for the
study of temperature variations.

In Section III of the Fisheries and Fishery Industries of the United
States, published in 1887, the writer presented a first report upon the
results of observations made at the light stations on the Atlantic coast
during the years 1881 to 1885, in8lusive, the curves of temperature at
cach locality being plotted separately for each year on graphic charts.
A more complete report, for which all the records down to date are
being combined, is now in course of preparation.

The observations above discussed have reference chiefly to the shore
waters and the rivers, although o few of the light-house stations are
located somewhat off the shore, in exposed positions. The data de-
rived from those sources can not, therefore, have much bearing upon
the movewments of pelagie tishes until they actually approach the coust.
It ix impracticable to establish permanent temperature stations in the
open sea at w distance from the land, owing to the depth of water aud
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the expense of maintaining a suflicient number to afford appreciable
results. Reeourse must be had to other meaus for obtaining that infor-
mation. The Fish Commission vessels are all provided with thermome-
ters and density apparatus of the most approved patterns, but hitherto
these have been regarded rather as aceessories to the dredging and
fishing outfit, and the temperature and specific-gravity observationshave
been supplemental to the collecting work.,  Consequently these observa-
tions have not been carried on systematically, eitbier at fixed stations or
aloug definite lines, and the records are of little value for determining
the temperature and density variations in any special region.  Until this
subject has been studied in a thoroughly comprehensive way, we can
not expect to make any advancement toward the explanation of those
mysterious laws which govern the arrival and departure of pelagic
fishes.  Observations taken at the surface and bottom only are inade-
quate for the purpose. They must be carried through successive .
depths of water, being most numerous at those levels where the varia-
tions are most pronounced and the changes most frequent.

The investigations made by the steamer Albatross, between 1883
and 1887, have furnished the clearest insight into the physical char-
acteristies of the waters off the Atlantic coast of the United States,
espeeially south of New England and Long Island, where the greatest
amount of work was done, and yet her observations are altogether
incomplete for the purposes set forth above. The superficial relations
of the Arctic eurrent, flowing southward along the coast, and the Gulf
Stream, lowing northward on the outer side, are generally understood.
The serial temperatures taken by the Albatross show, however, that
the transition from warm to cold water is not uniform at all depths
and at all times, the Arctic current tending to indent the Gulf Stream
on its inner face, producing in the same section very unequal bands of
temperature, and indicating superimposed currents flowing in opposite
directions. Another feature demonstrated by the Albatross was, that
the border of the continental platform where the slope begins is partly
bathed by the warmer waters pertaining to the Gulf Stream belt. Thus
a somewhat tropical fauna is carried far northward, occupying a rather
narrow zone between the cold water covering the inner surface of the
platform and that which characterizes the deeper portions of the ad-
Jacent ocecan. Here also was the habitat of the tilefish (Lopholatilus
7 chamwleonticep.s-), whose sudden extermination in the spring of 1882

8ave additional proof that the conditions which prevail in this region
are unstable and fluctuating. The facts ave insufficient to “explain
those coudition s, but they indicate an interesting and perplexing prob-
lem in the solution of which important practical results may be antici-
l)i.lt-ed. The principal pelagic fishes make their appearance from the
direction of the Gulf Stream, moving inshore and northward as the
Season advances. With what hydro-isotherm is the approach of each
species coincident, and do the movements of those isotherms correspoud
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with changes in the surfuce and atmospheric conditions which may be
kept constantly under observation?

Plans were proposed sometime ago for running lines of observing
stations across the mackerel region off the New England coast, with
the object of obtaining several vertical sections to show the distribution
of the bands of temperature, but owing to the press of otber work they
had to be indefinitely postponed. The subject was again brought up
in the autumn of 1883 by Commissioner McDonald, who, atter determin-
ing upon the character of results desired, referred the matter to Prof.
William Libbey, jr., of Princeton College, to elaborate the details, the
latter also having expressed his willingness to direct the investigations
during the summer of 188). The schooner Grampus was selected for
making the experiments, and was thoroughly equipped for that purpose.
It is intended that the work shall be earried on during the months of
July and August.

During April and May, 1889, a series of density observations was
carried through Chesapeake Bay from Baltimore southward, by Dr. C.
F. Hodge, of Johns ITopkins University, with the view of obtaining
data for comparison with the observations previously made on the
oyster-grounds of Providence River and Long Island Sound. This
work was incidental to a natural-history cruise conducted by students
of the university.

Demands are frequently made upon the Commission for copies of the
unpublished records of ocean temperature by persons interested in the
study of climatology and of the health of seacoast towns, indicating
that the value of those observations is not confined to fishery mwatters.
All such requests have been complied with,

Acknowledgments are due to the Chief Signal Officer, U. S. Army,
for the testing, gratuitously, of the delicate thermometers used in con-
nection with the marine investigations.

THE WOOD’S HOLL STATION.

This station is one of the largest and most important of the Jiish
Comnussion, and is adapted to the needs both of scientific investiga-
tions and of fish-culture. 1ts location is excellent for both of those
branches, being in the center of extensive marine fishing-grounds, whose
threatened depletion first attracted the attention of Prof. Baird, and
lying adjacent to the pathway of such well-known pelagic species as
the mackerel, bluefish, and menhaden. The causes which led to the
establishment of the station have beeu recorded in previous reports, as
have also the incidents connected with its construction and equipment.
During its first summer, that of 1871, the Fish Commission made ity
headquarters in this quiet little village, while its members found occupa-
tion in studying the surrounding fisheries whose unfavorable condition
had occasioned much alarm. The results of that fishery investigation,
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the first founded upon a scientific basis, were more than local in their
effect, demonstrating, moreover, that precise methods of observation
and dednction might be made as beuneficial for this industry as for the
kindred ones of agriculture and mining. The second year fish-culture
was taken up as an adjunct in the replenishment of impoverished
fishing-grounds in fresh water, but the work of exploration along the
seacoast was continued and its scope enlarged. In the summer of 1872
the headquarters were at Bastport, Me., the center of the herring and
of other important fisheries; in 1873 they were transferred to Portland,
Me., and in succeeding vears to Noank, Con., Wood’s Holl for a second
time, Salem, Halitax, Gloucester, Provmoetown, and Newport, ending
wxfh the latter place in 1880,

Down to the last-mentionéd year, while the apparatus cmployed was

the most perfect then available, the means for using it were more or
less erude and were improvised for the ocvasion. The vessels were
mostly small and not suitable for long trips, especially away from laud,
making it advisable to change the base of operations from time to time
until the building of the steamer Fish Hawk in 1880, The importance of
extending the inquiries to the offshore banks was made evident in that
year by the researches in the tilefish region, and the project of build-
ing a larger sea-going steamer for that class of work brought with it
the question of a permancnt station where the vessels could find «
rendezvous and the working party proper accommodations for their
studies. KExperiments in the propagation of cod had also been sufii-
ciently advanced to indicate the utility of extensive opvmtlons in that
respect.  To join forces and build a station which should answer for all
these purposes seemed most expedient, and this was the course pur-
sued.  Some of the reasons for selecting Wood's Tioll as the site were
the freedom of its waters from coptamination and their high salinity
(the strong tidal currents insuring a perfect circulation), and the
somewhat temperate winters—the season when the cod work must be
undertaken. At this point, moreover, several important species whose
distribution is to the south of Cape Cod could be obtained, and a much
greater scope could be given to hatehing operations.
) The essential features of the Wood’s Holl Station are the large build-
ing serving as a hatchery and laboratory, the pump house or water
tower, and the adjacent basins for tho storage of living fishes.  Besides
these there is a dormitory for the assistants (the town itsell atfording
insufficient accommodations for them), an awple coal shed, a storehouse,
aud well-constructed wharves tfor the mooring of the vessels.  The first
building was completed in 1834, the last in 1886,

During the lifetime of' Prof. Baird, the steamers Albatross and Fish
Hawlk and the schooner Grampus made this place their headquarters
during the warmer months, while engaged upon the survey of the
northern fishing-grounds, returning after each cruise to deposit their
load of specimens, to report their observations, and to replenish their

. Mis. 274——-vI
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supplies. Many assistants skilled chiefly in the line of systematic
zodlogy were required to care for the material brought in and to deter-
mine its character and Learing, but specialists in other branches were
also present.

In the autumn of 1887 the Albatross started on its voyage to the Pa-
cific coast, and subsequently the Fish Hawk was assigned to theinves-
tigation of the oyster-grounds. The withdrawal of these vessels irom
their customary summer grounds necessitated for a time the abandon-
ment at the Wood’s Holl Station of that class of inquiries for which
their researches had soliberally provided. During the summer of 1888
the scientific laboratory was, therefore, chiefly utilized for the study of
problems relating: to the local fauna, the most practical being those
which bore upon the embryology and life histories of useful fishes, The
importance of such inquiries at the present time is especially great, in
view of the efforts now being made to increase the fish snpply along
that portion of the coast. Of the daily habits of marvine fishes very
little is yet known, and the details of their embryology and later de-
velopment have still to be explained with the majority of usetul species.
As our knowledge of the life history of each species becomes more per-
fect, its artificial culture becomes casier, and Jarger results are secured
with less trouble and expense. Knowing the requirements of an egg
for successful incubation, the appliances for hatching can be accommo-
dated thereto and the mortality greatly lessened, while the young may
be released in a more healthful and vigorous condition. Knowing the
natural habits of the embryos, they may be planted more judiciously
where the food and physical conditions are most suitable, and arrange-
ments may be made in many cases for their feeding and rearing in con-
finement until they reach a size where their iustinets and activity enable
them much better to search for food and to escape their enemies. Sim-
ilar studies are equally important for the lawmakers, affording them the
information necessary as a basis for legislation regulating the fishing
geason and the methods of fishing to be permitted.

Researches of this character have always been encouraged at the -
‘Wood’s Holl Station, but they have never been carried on there so ex-
tensively as during the summer of 1888. The small amount of money
available for these inquiries permitted of the employment of only a few
temporary assistants, and it was therefore, necessary to resort to the
same measures which had prevailed in former years. The services of a
number of volunteers were readily obtained in consideration of the facili-
ties for work afforded by the laboratory, and properly qualified applicants
for the remaining tables were allowed to be in attendance. While it is
neither possible nor expedient in all cases to limit the investigations of
such volunteers to subjects of immediate practical utility, their studies
are nevertheless essential to the work and afford results which con-
tribute in very great measure to its success, 1t is often impracticable to
obtain the eggs of economic species at the time when the student is able
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to conduct his observations, and, moreover, the eggs of some are s0
opaque or so minute as to make their study difficult. The eggs of
kindred and non-commereial forms may then be utilized to good advan-
tage, and their history may explain the facts desired.  The teachings of
morphology and histology, as well as of physiology, ave equally essential
to the interpretation of many questions which constantly tax the inge-
nuity of the breeders of aquatic animals, and it is only upon the broadest
basis ot biological deductions that their operations can be conducted
intelligently and successfully.

In spite of these facts, the Government contributes nothing toward
the compensation of those specialists whose time is not. expected to
yield a more or less direct gain. They are accorded such facilities as
remain after the Fish Commission representatives have been provided
for, aud their good work is chiefly carried on under the stimulus which
actuates the genuine secker after truth. They ave mostly professors
and students in scientific institutions, who devote their vacation time,
in such manner as they are best fitted, to the gencral advancement of
knowledge. To the nnselfish labors of men of this stamp and to their
discoveries of great fundamental prineiples are largely due not only
the development of fish-cultural methods, but of many important mod-
ernindustries. The expediency of extending opportunities for research
to this class of students is undeuiable, and were it possible to ofter
still more substantial aid, the results would fully justify the means, as
has been recognized in other branches of the Government service. By
the payment of small salaries during about three months of cach year
a very able staff of workers could be organized, and under competent
Supervision their inquiries could be directed in the most appropriate
channels.

The facilities of the Wood’s I{oll Station for observations and experi-
ments respecting marine animals are unsurpassed elsewhere in this
country, and probably also in Iurope, except by the famous Naples
laboratory. In the large laboratory building, the lower story has been
specially fitted up for hatehery purposes, and coutains the most ap-
proved appliances adapted to the propagation of marine fishes. These
are at the service of the biological student who desires to trace tho de-
Yelopmeut of any set of eggs, permitting him to keep them constantly
In view under the most favorable conditions afforded by a perfect sys-
tem of water circulation. In the samne room there is a larger series of
aquatr?a and tanks, designed for the storage of embryo fishes while
awaiting distribut‘iou, but available also for observations upon .the
gro“.rth and habits of any marine forms, The second story has been
.furmshed chiefly in the interest ot biological inquiry, being divided
mto several roowms, one of large size, the others suited to the require-
ments 9f one or two workers each. Salt water is distributed around
the entire story by means of hard-rubber pipes having outlets at each
window, where aquarial and study tables are provided. YLarger aquaria
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"occupy the center of the main room, which is also supplied with other
necessary conveniences for this branch of work. In the upper story
there is a physical and chemical laboratory and a photographic studio.
In front of the station are three basins of water, two of which are en-
tirely inclosed, the third having an opening on one side for the passage
of boats. The former are adapted to the penning of live fishes, and-
afford facilities for the study of their habits under conditions whieh
are more or less natural. Several live-cars are anchored necar the
shore, and the station is well provided with small boats, including a
sailboat and steam launch. The steamer IFish Hawek was at work in
the neighborhood of Wood’s Holl from August 5 to September 7, 1888,
and the schooner Grampus made its headquarters at the same place
during the latter part ot" the season, while investigating the mackerel
region between Nautucket and Virginia. Opportunities for collecting
were afforded by both of these vessels.

During the summerof 1888 thelaboratory was in charge of Prof. John
A. Ryder, of the University of Penisylvania, formerly an assistant on
the Commission, and widely known for his extensive and carefual re-
searches on the embryology of fishes and other aquatic aunimals. For
the details of the work accomplished under his direction reference
should be made to his report printed in Appendix 5 to this volume, pp.
513-522.  The season lasted trom July 1 until October, and during that
period seven important educational institutions were represented at the
station by the following investigators: The University of Pennsylvania
by Prof. Ryder and Mr. W. 8. Marshall; the Museam of Comparative
Zoodlogy of llarvard College by Mr. H. H. Field, Mr. W. McM. Wood-
worth, and Dr. and Mrs. C. H. Eigenmann; Johns Hopkins University
by Prof. W. K. Brooks, Dr. E. A. Andrews, Mr. S. Watase, Mr. C. F,
Hodge, and Mr. T. . Morgan; Princeton College by Professor Mil-
ler, Mr. C. T, MeClure, and Mr. J. Warne Phillips; Swarthmore Col-
lege by Prof. Spencer F. Trotter; Wooster University, Olio, by rof.
H. N. Mateer; and the Lake Laboratory at Milwankee, Wis,, by Dr.
William Patten, who arrived at Wood’s IHoll carly in June and remained
until the latter part of July. Dr. Benjamin Sharp, of Philadelphia, was
at the station in March, 1888, making a study of the development of the
winter flounder or flatfish, Pseudopleuroncctes americanus, which spawns
at that time, Prof. 8. I, Clarke, of Williamns College, Prof. J. S. Kings-
ley, of the University of Indiana, and Mr. G. IT. Parker, instructor in
biology in the Museum of Comparative Zoilogy, were also present for a
few days during the summer, chietly for the purpose of obtaining ma-
terialto be used in class demonstrations.  The Commissioner established
his office at the station during the latter part of the season, and Dr.
T. H. Bean, the ichthyologist of the Commission, was there during the
last few weeks, making some observations respecting the local fishes.

Professor Ryder’s studies related to the embryology of the sea bass
(Serranus atrarius) aud the development aund anatomy of the Atlantic
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coast sturgeon (Aeipenser stwrio), but in addition he obtained a
large collection of specimeus representing the larval and post-larval
stages of other fishes, on which his observations will be continued ab
Philadelphia. The work on the sturgeon was begun in Delaware Bay
the previous spring, and was taken up with the object of preparing a
comprehensive monograph on this important food species, whose rapid
decercase in abundance is ereating much apprehension among the fish-
ermen, The results obtained, discussed elsewhere under the heading
of the species, furnish the necessary information oun which to base a
successful system of artificial propagation. Regarding the material
collected during the summer, Prof. Ryder states that it will help mate-
rially to fill in many existing gaps between the embryo and adualt forms
of fishes, thereby tending to throw much light upon the life history and
habits of certain marine species respecting which more complete records
are desired.  Reeognizing the importance of recording permanently the
Shape and coloration of the young as well as the adult stages of food-
fishes, for the benefit of fish-culturists aud of others interested in the
subject from either a practical or a scientific standpoint, the services
of Mr. 8. F. Denton, an excellent artist and experienced naturalist, were
secured for that purpose. His colored sketehes made during the season
represent twenty-three species, and were prepared from living specimens
confined in the aquaria. This series, when completed, will, according
to Prof. Ryder,  constitute a monograph of the most enduring, economic,
and scientific value, as & contribution to fish-cultural literature.”

The investigations of the scientific experts at the laboratory cov-
ered a wide range of subjects respecting the embryology, anatomy, his-
tology, and physiology of fishes and marine i uvertebrates, such as the
general and specific development of fishes, their osteology, the growth,
Structure, and functions of the different alimentary organs, the vascu-
lar system, the kidney, the brain, and other nerve tissues; the devel-
opment, anatomy, and physiology of the king crab, the bait squid,
annelids, ascidians, planarians, ete. Mr. €\, I. Hodge, who had been
engaged as naturalist to the steamer Fish Hawok for the oyster-starfish
%VCSt’lgations in Providence River and Long Island Sound, began at
preyed ,upon t]flt; 1.(: xeu?ucc. to a.,scert,m?nng \\'1.1;1-'5, if any, animals,
tinued his elab (-‘ -\pe(,lgs', “md their .1‘.(§1(L13.IQllS.TO lt'_ Dr. Brooks con-
hydl'omesdu:;{: ge“fl‘*nsFll(ll?S ou the life histories of the medusx and
previously Ou,thegqom;o,“‘m texll 01"twclvc years l)etn‘re, and ('01'1(1110t(x(1
the Baha:-ma, IS]"M:\d% IL’E‘;I )At antic coast 0f" the United St’-z}tes and at
tion will be one :)t' i ': ?“"ll"‘s‘l‘:lph which he now has in prepara-
these interesting gron ""0:1 c0%“1’10130':1-11(1 important ever published on
the Qifferent Sper'é’ies II))(:’ lef“iom‘lertul trausformations \l“d(‘;l'g()l‘f(\. by
In the course of his \.um::lf;:n u 1\ lll-ustmted by the :Lut-!mr’s (11':1-W111g§.
cate mavine OL‘gunisx‘us \vi)l(il * experiments Dr. Brooks found that (101‘1-

retain their form and structure and remain
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flexible if killed in a solution of Perenyi’s fluid and glycerine of the
density of sea water and afterwards transferred to o mixture of alco.
Lol and glycerine having the same density. As these qualities are
exceedingly desirable in the case of all soft objects when preserved, Dr.
Brooks’s observations will prove of great utility.

Summarizing the results accomplished during the season, Prof.
Ryder aflivms that at least cight important monographic reports may
be expected as the outcome, wholly or in part, of the investigations
carried on at the Fish Commission laboratory.

The aquaria as o means of displaying living objects for the informa-
tion of the public and for the study of their growth and habits, were
made the subject of considerable experiment by the Commissioner, who
has devised several improvements in respect to their aération and
illumination, and their adaptation for the drawing or photographing
of marine specimens. As a direet result of his efforts, the aquarial
display at Wood’s Holl has been rendered more effective and its educa-
tional benefits have been increased. The importance of any improve-
ments of a popular character at this place is very greut, for, notwith-
standing the comparative isolation of the village, the station is visited
during each summer by a large number of persons, representing nearly
every section of the country, and coming from the neighboring resorts
or stopping over from the trains and boats which center there. The
Commissioner also made a thorough study of the present and future
needs of the station with respect to the supply and methods of distribu-
tion of both salt and fresh water, the former oceasioning much trouble
from its corrosive action on all kinds of metal piping.

Assistance was rendered to the investigators and students connected
with thie Marine Biological Laboratory recently established in Wood’s
Holl, by giving them the opportunity to make collections in comnpany
with the naturalists of the Fish Commission, on the expeditions with the
steamer Iish Hawl and the steam launch. A similar courtesy was
also extended to Prof. Willizun B. Dwight and his pupils in natural his-
tory, of the summer school at Cottage City, Martha’s Vineyard.

Although the Wood’s Holl station has been regnlarly occupied for
scientific puposes only during the summeér months, or from June to
October, there is one direction in which the work has been continued
uninterruptedly and with great profit since the summer of 1871 In
that year Mr. V. N. Bdwards, a resident of the village and a sclf-trained
collector and observer in natural histery, was employed by Prof. Baird
as a member of his party. After the close of the first season his serv-
ices were retained tor the collecting of fishes during the balance of the
year, and his employment in that capacity has since been made perma-
nent.  UHaving become acquainted with the names of most species, his
duties have been to record from day to day their presence and abun-
dance as well as all other important facts regarding them, and to save
and forward to Washington all the raver forms taken and such exam-
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ples of the commoner ones as seem desirable. So comwplete a record
and collection have never beeu made elsewhere in this country or in
Europe, and it is to be regretted that similar arrangements were not
Perfected at an carly day with respect to other important places along
t!lc coast. The facts to be deduced from such a series of observa-
tions are the precise times when each species first approaches and
leaves a particular region; the period of its increasing and maximum
fl-buu(lance; its spawning season; the character of the localities which
1t frequents for spawning and feeding purposes; its rate of growth and
‘the habits and habitats of the young at different ages, and much other
information respecting both the migratory and stationary fishes. The
Yalue of these data and their bearing on the broadest fishery questions
I the directions both of fish-culture and of legislation, are too evident
t0. require an explanation. Mr. Edwards's notes, which are very volu-
Minous, are now being collated and prepared for publication. They
‘_"111 fornl a unique and valuable contribution to the literature of the
hs:herles. His material has been obtained by the use of different kinds
(llt nets, by daily visits to the fixed appliances of the fishermen, and by
L:::ll;]lgl:: cm;stantx watch upon thf\/ local markets. Z\Iore.-,ove‘r, since the
i tlml Sltl 0 tl}e new .statlon a ﬁS}l trap has been maintained along-
of Obtai'l;i:m;' pier during a pfu't of each year, f:or the double .purpf)se
t th nat? '010(1. ‘for the specimens kfﬁpt in confinement and ot‘ adding
assists in th:,rd. -lllllstqry l'e'cor(l.‘ During the summers, 'Mr. th.vards
bis regulay o tu)) ‘ e'ctlon of specimens for the }abomtory in addition to
of ﬁs‘\-hzmtchin]%-’ (}-lld' he .has also taken part in the expcrlmeytal work
fishes belog )'ing', ‘tlf cxplarl‘ned else\\:here. A {:onq')lcte cgllectlou of the
and Clll‘ious{;'orf; ‘ ; 'the Vineyard Sound region, mclu}hng; many rare
ratory by My FI:;’ 148 been brought t:()ge.thcl' in the W 00d§ Holl labo-
Tn ordep th.a.tltl“xm:(.l's’ as a type serxf:s for the use of specialists.
of food-fishes " 1¢ 'buentlf?c observa-t-wng respecting the cu.xbryology
Spring, may b,e C(E)Lng‘ of Whlc]l‘ breed dllr}xlg the autwmn, rwm’c'er, and
graduate of Jo. S‘Illl;nueg du.rmg t-]u? entire year, Dr. .I-I. V. Wilson, a
vaturalist gt (. ~“T oll),lun_s Umve'rsxt,y, has‘been :.mppomfcd permanent
until the middlol of i);)( s H‘ol(l station, ]:)llt his services were ll‘Ot secu.red
direction of the ‘]-m na)’, ‘1683. . Dr. Wilson will also have 11u111ed1atfa
ties for carrying :)n()'l «L?ox f dm'"mg tll'(’. sunnn(:r months, and 9ppm‘bmn-
Seasons, mvestigations will be offered to naturalists at all

No ;s
first cz;?f:;l(;lt(g(lca]ml:(,llges 'have been made in t,]w.. l‘ul)or:}tor)r sinc(.» it wa-s‘
apparatus rendered (:fljl.l.lzped’ beyond t.l!c ud‘dmun of o few pieces of
of the small rooms I %%.ssury by the exigencies of the work.,  Only one
Pation during ¢g)q A3 been plastered and made comfortable for oceu-
la,bora,tol‘.\' during tlv m'tl_ml'r l’l}t in view of the proposed opening of the
tinished 1), the qrf ,le winter, it will be advisable to have other rooms
to adapt it ¢, tl; e manner. Thelarge laboratory, moreover, in order
¢ Hreutes§ possible number of investigators, was fur-
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nished with closely adjoining windows, leaving scarcely any wall space
for shelving to accommodate the necessary books and reagents. It is
proposed to partly remedy this defect by dividin g a portion of the room
into small compartments by low partitions, more for the convenience
of storage than for isolating the difierent workers.

During the summer of 1888 @ marine biological laboratory, designed
to afford educational facilities as well as the means for special research,
was established at Wood’s Toll, within a block of the Fish Commission
station. A two-story frame building suited to those purposes, meas-
uring 63 feet by 28 fect, has been constructed and equipped, and was
occupied during most of last season. The founding of an institution of
this character so close at hand has been heartily welcomed as promis-
ing a friendly and sympathetic neighbor, whose opportunities for pro-
moting the study of certain oceanic problems kindred to those which
interest the TFish Commission will have a widespread appreciation.
Not limited in its scope by questions of practical utility, its activity
may include the widest range of subjects within the province of marine
biology, and the vicinity of Wood’s Holl furnishes abundant means to
satisfy a majority of its nceds. It is sincerely to be hoped that the
beginning now made will eventually result in a large and permanent
establishment, occupying a place in this country corresponding to the
well-known Naples station of the Italian coast. A

The requirements of the scaside student have hitherto been very
poorly met in America, and there has been little encouragement for
those engaged in this branch of education. Nearly all of the so-called
summer schools have been chiefly occupied with instruction of & more
or less elementary character, and none have been long-lived. The first
of this class in the United States was established by Prof. Louis Agassiz
on Penikese Island, but its duration was determined by its distin-
guished founder’s death. Several othiers have followed on a smaller
seale, one of the most prosperous and deserving being the seaside lab-
oratory at Annisquam, maintained from 1830 to 1886 by the Woman’s
Education Association of Boston, in codperation with the Boston So-
ciety of Natural History. 'The present marine laboratory is an out-
growth of the latter, and its organization is due to the efforts of several
representative scientific men and women, of whom the larger proportion
are residents of Boston and its vicinity, The necessary funds for the
purchase of theland at Wood’s Holl, and for the building and its equip-
ment, were secured by contributions. A small fec is charged for in-
struction, and during last summer the investigators also were required
to pay something for the privileges obtained, but in the future it is
proposed to grant them all facilities without expense. The laboratory
is still depeudent upon the gencrosity of its friends, whose interest,
however, is probably suflicient to insure its stability.

The director of the laboratory is Dr. C. O. Whitman, formerly of the
Lake Laboratory, Milwaukee, Wis., but now professor of biology in Clark
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University, Worcester, Mass.  Seven persons were present last summer
in the department of iuvestigation and eight in the department of
instraction. The facilities incidentally afforded at this place through
the location there of the Fish Commission station probably had much
to do with its selection as the site for the Marine Laboratory. On the
other hand, the Commission has much to gain from its new neighbor,
through the resnlts of studies which its specialists are certain to make
on the biology of fishes and throngh the opportunities to interest its
Workers in the practical objects of the fishery investigation, in regard
% which substantial assistance may ultimately be derived.

SPECIAL INVESTIGATIONS.

The 8turgeon (cipenser sturio=oxyrhynchus).
he condition of the sturgeon fisheries, both in Europe and in
erica, has occasioned much concern among the fishermen, owing to
';he Steady decrease in the abundance of the common species, which
ix(ir:]: “Il? iject of this im'portzult indus'tr‘\". The At]allti(", coa-st,‘ﬁsl'mry‘
com e \ n'lbed States, on 1.ts present (hstmct'and exl:,ensxve l)flsxs, i3 of
f&V()l:‘d\l 2‘1:11ve1y'recent origin, and l].'dS resulted in part from the increased
o gmv:v h \'vluch sturgeou I}w.at Is now received, but even more from
expory t1~m1g demand 101: caviare bobh_ior local consumption and for the
the At-lt;,:t('e'. Th(i stz}t;lstlcs for 1?88 place the catch of stu}'ge‘on on
and the( ')‘lcl(m(l‘ Gult cost.t-s at 7,.3003000 pounds, valued at $103,000,
ow Jer;em(. uction of caviare at 486,000 pounds, .valu(‘ad.at $63,000.
0 01‘(1ei~y gmd Dglzmware lead‘a‘ll th.c other stntes in t-l}ls mdustry..

bili £y of att )0 Ob‘tam more posrtlvp mﬁ3rmat10n rqspectmg t‘;hG advisa-
etel-mi"(: Wﬁ’?btmg the propagation of the A.merlcu.n species, and to
M, §, GWomtt; urra.ngcme.nts 90111(1 bol n‘mde for ta}uug up that work,
ination of thlm 1 was (‘letmled in the spring of 1887 to n'la,ke an exam-
After diligout 'exte‘nsn'c fisheries on the ])e‘lawzu‘e le.n‘ and Bay.
8evera) \Veoi(sl jl\fll(.]lm'y and personal obs‘crv‘a-tmns ext-emhqg through
spawmng DlerioAdl: Worth w'fts able to indicate ‘t-hfa du.mtlon qf the
ﬂul‘ing cach sony and t;o estuna-te‘ the number of ripe fish obta.m‘a.ble
Severa] placés s u(‘)rllj )lfesxdes cn]lechpg va_luable st-at1st10§ zmd' v1s.1tmg
ery, J ollowine Ot,{,t(-bted as co.nvem(.mt mtf:s fo‘r the)locatxon of a hatch-
of the U]liverg?t ,“ th)@ sameline f’f mves.tlgatlon, I rof: Jolm' A. Ryd.er,

to Undertakg f;)l. )ﬂotrl.enn\sylva}uq, was xxld}lccd the ipllowmg spring
and life his'tol.y ()tl' :13 ! ‘:*h Commission a careful study of the embryology |
Propagation,. e nllqe'stu.rgeon, on which to busle a practical system of
Was at first proposed that Prof. Ryder should operate

“’lth. the steamer Fish Hawk, then engaged in shad-
T]'e city of Philadelphia, but as the spawning fish could
ity, where hitsb(')ll))e obba.i'ne.d in that locality, he proceeded to Delawa're
the fielq Work 1 Servations and experiments were conducted. While
3 lelutmg to this subject was carried on during the fiscal

ye.lt 188 1¢ 1 ar [ 1mec (1 a8

ty] i i

the (.lo ! o ¢ nma Cria ()bta 4 W i : e ‘.
36 Ot tllc |)I‘esellt ye‘dl‘

;n Conjunctioy
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a,tchmg ne

! ar
1(‘)t Convenigy,
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Before discussing Prof. Ryder’s investigations, it will be interesting
to note the progress previously madein the actual hatching of sturgeon
eggs. The principal activity in that direction has been displayed in
Germany, where the work has been suceessfully prosecuted since 1877.
The Germans, however, give credit for the first practical results to the
New York State fish commission in councction with experiments on the

. Hudson River in 1873, and the Seth Green box then employed was
used in Europe in its original form as late as 1885, On the German
rivers the eggs are generally collected as they flow from the ovarian
duct of the ripe females, their cmission being sometimes aided by slight
pressure. The last of the eggs ave also occasionally obtained by making
anincision into the abdominal cavity. The ma.e organs are usually
removed from the body and the milt is then extracted from them. Af-
ter fertilization has been effected in pans, the eggs are transferred to
floating-boxes. Difficulty has been experienced in obtaining a large
quantity of well-advanced eggs, and especially in securing both the
mature eggs and milt at the same time. The contents of the hatching-
boxes were sometimes injured or scattered by storms and mold occa-
sionally made its appearance on the eggs, but, considering the means
available, the results have been exceedingly gratifving, although not as
extensive as had been expected.

Prof, Ryder’s observations,* heginning about the middle of May and
extending through nearly all of June, 1888, were not confined to the
embryology of the common form and the practical methods of handling
its eggs, but extended also to its later growth, anatomny, and habits, to
the present aspects of the fishery, and to the distinetive characters and
relations of the two species which inhabit our eastern-coast waters.
According to Prof. Ryder there are two sharply defined species on the
Atlantic coast, the Acipenser sturio Linné, or common sturgeon, and the
Acipenser brevirostris 1.e Sneur, the short-nosed or blunt-nosed sturgeon.
The former is the only species of commercial value on the Delaware
River and probably elsewhere along the coast. The latter is a much
smaller form, and is also very rare, only five specimens having been
obtained by Prof. Ryder during the entire season. Its characters had
not hitherto been well defined, but e Sueur, who first described it
about 1817, while noting its scarcity, speaks of it as being much
sought after as an article of food, commanding a higher price at Phila-
delphia than the larger species. At present, however, it is not marketed
on the Delaware River, although it may be more conunon and attain a
a larger size in other localities.

With respect to the embryology and development of the common
species, Prof. Ryder explains that the ova when first extruded measure
2.6 millimeters in diameter. On the exterior of the eggs thoere is a

*Thoe Sturgeon and Stargeon Industries of the Eastern Cloast of the United States,
with an account of experiments beaving upon Sturgeon-Cnlture. By John A, Ryder.
Bull, U. 5. . C., v, for 1888, pp. 231-281, pls. XXXVII-LIX.



REPORT OF COMMISSIONER OF FISH AND FISHERIES. Xt

considerable layer of glairy, viscid substance, * which becomes soft and
stringy upon contact with the water, but hardens later into a firm sub-
Stance, which finally cements the ova firmly to whatever they may be
brought into contact with.” The period of incubation lasted six days.
The embryo when first hatched measures barely half an inch inlength,
and is provided with a large yolk sac. After a few days the latter is
absorbed, and the young fish, then measuring nearly three-fourths of
an inch long, must begin to forage foritself. Owing to its small mouth
at this time, the food taken must be microscopic in character, and prob-
ably counsists of rhizopods, unicellular algwe, infusoria, the minute larve
of insects and worms, the very smallest crustaceans, cte. Specimens
1 to 14 inches long were provided with minute {eeth on the pharyngeal
floor and had been feeding upon certain groups of the eutomostraca,
While amphipod and isopod crustaceans formed the principal food of
those having a length of 3 inches to 2 feet. The adult fish, as may be
inferred from the conformation of the head and mouth, are cssentially
Scavengers and bottom feeders, and their diet probably includes a wide
range of the more stationary forms of aquatic invertebrates. Inthe
{najority of the roe fishes brought to the butchering floats the sSpawn
18 nearly mature, being, lbowever, still hard and firm and in the con-
dition most highly prized by the packers of caviare. The variety best
suited to the purposes of the fish-culturist is that which is just mature
and ready to be artificially fertilized. According to Prof. Rydey,

Most of the eggs of the ripe roe have ruptured their follicles, and as soon as the abdo-

Ten is cut open tho ova escapein great quantities, to the amount of several gallonsin
the case of u largo fish. The quantity of eggs yiclded by a single fish may, in fact,
vary between 5 and 15 gallons, * * * It may bo assumed that the average is
about 10 gallons, * * * 7he eggs measure 2.6 millimeters in diameter, or a lit-
tle less than one-ninth of aninch, At this rate we should find about about 168,000
°8gs to the gallon, and a total of from 800,000 to 2,400,000, according to tho anmount
of 3‘08 in u single fish, estimuted in gallons,

’I.he 038, when in exactly the right condition, aro globular, nearly a ninth of
an nch through, and vary in color from g very light brown to a very dark brown.
At oue side u davker round disk wmay be observed, the dinmneter of which is about
on"‘f"“}'m of the circumference of the egg. This disk is also quite as visible in
::’il \ﬁnck bave not yet escaped from. the follicles in which they wero developed
t}‘wlt . leoflxrd roe,” for exam.plo. The darker discoidal area is the germinal aren of
to th,igunaid elsturgeon, and is the.point where development first manifests 1tsplf
above descril(j( d"ye, thl‘Ongh‘ certu.m changes in its shape. The eggs of tho kind
Sh0w 110 aiay ef .shoulfl rotain their, globular form, like so many shot, and should
should ap }”0;: l.ddhormg to each other. If the round area at ono sido of the eggs
less for fe}‘tilizf tlf‘torted‘or hro}wn it is also a sign that the cggs are probnbl).' worth-
through the “,:ul: u;. t:“ggs with a round disk, if they flow 1'::001_\" from a slight cut
ized withoug dim(;lolf, b ho a.h(]!omeu o'f the 1'e(:(?ntly canght living hfslx, may be fertil-
the requirements r} Y .I)I‘O\’fdod aripo male is at hand. Lggs whish do not answer

. S glvenin t{”*’ paragraph it is not worth while to waste time over.

The reproductiy
Ovaries of the femg
I weight,

€ organs of the males are not nearly as large as the
o les, and probably never much exceed 10 to 15 pounds
f removed from the living male when mature, and cut open,
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the milt may bo extracted by pressure, aud while Prof. Ryder was uot
successful with the wilt obtained in this manner on two oc «asions, he
thinks the eggs themselves may have been at fault and advises further
experiments in this direction. In Germany this method has given good
results.

The course to be pursued in the h; idling of the ¢gax is deseribed by
Prof. Ryder as follows:

Not more than twenty minntes should he allowed to elapse after the time the
milt and eges are mixed together till they are spread upon checse-cloth trays, ono
egg deop, or in a single layer. If this is not dono immediately the eggs will stick
together in large masses, causing those at the center of theso masses to be asphyxiated
for want of oxygen, which under such civeumstances can not find access to them.
ot * 1tis, therefore, very important that a large number of trays properly
constructed be at haud upon which to spread the eggs if any extensive hatching
operations are to be conducted.  The eggs will adhero ver v firmly to the surface of
the cheese cloth in a fow hours, after which further watehfulness is necessary in
order to keep down any fungus which may appear upon the dead cgas, of which
there will always be some. It may bo possible that panes of glass would serve the
83106 purpose as the checse-cloth trays if o current of water were allowed to flow
very slowly between a superimposed series of glass plates properly disposed in a
trongh. * * * Upou admixture with water the adhesive material with which
the eggs are covered seems to Lo dissolved somewhat and becomes diffused through
the water, so that the whole becomes ropy. *  * < This glairy or ropy character
of the partly dissolved coating of the egg persists for somo time, nsually for thirty
minntes or so, after which time the glairy substance hardens or coagulates in the
presence of the water and thoe gases held in solution by it.  In process of hardening
the glairy, sticky coating of the eggs firmly fastens them to whatever they are
brought into contact with, and after that has ocenrved it is searcely possible to
detach them without injury to their delicate, thin envelopes and their soft, viscid
contents. ’

i d L4 * » » - *

The trays used at Delaware City, on board the steamer Fish IHawk, were made
by tackiug cheese cloth to light wooden frames a foot wide and 18 inches long,
then loading the cdges of the frames with strips of sheet lead to keep them im-
mersed.  Thesetrays, placed on ledges in a superimposed sorios, in o trough through
which the water is allowed to flow gently, is a very efficient hatching device. Float-
ing hatching-boxes with brass-wire ganze hottoms and small openings at the sides
covered with the same kind of ganzo have been snccesstully nsed by the Germans,
one having been brought from Germany by Mr. $. Feddersen, of Port Peun, Del.,
from Hamburg. The floating box in which the writer succeeded in hut(-huw out
a batch of the egygs of the sturgeon was excoedingly simple in construction, and
comsisted of asoap box with top and Dbottom removed, the bottom for which was
then replaced by tacking chieese cloth to the lower uluv of the rim, and by nailing
wooden strips to serve as floats o the sides of the hox a very efliciont hatching
devico was extemporizod. These hoxes so modified were placed at the edgo of the
large fresh-water pool near the extrome eastern end of the Chesapeako and Delaware
Canal, st a point whero there wus a constant flow of fresh water under them. The
only lot of fertilized eggs which the writer suceeeded in obtaining were spread on
the bottoms of thesc boxes and loft to hatech. In six days from the time of fertiliza-
tion the young fish made their appearance. Tho rapid appearance of a parasitic
fresh-water fingus, however, cansed such extensive mortality amongst the ocges that
very few embryos survived to escape from the egg mewmbranes. This fungus, which
appeared to be a Saprolegnia, is developed from spores which scem to be almost every-
where present in fresh water. .
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Prof. Ryder regards the development of this fungus as one of the
most serious vbstacles to sturgeon-culture, and, owing to the firm mau-
ner in which the eggs are fastened together, the separation at any time
of the infested from the good eggs is practically impossible. Asa pre-
vention he suggests the filtering of the water supplied to the hatching
boxes or its sterilization by means of heat. .

The best source of supply for eggs was found to be the live fish which
are brought to the Delaware City butchering foats, divectly from lfhe
gill nets. If haudled with a slight amount of eave, they can be earried
alive with the spawn in good coudition. ¢ Judging from the number of
live spawning fish brought into Delaware City, Port Penn, and 'Otfher
places on the Delaware, there is but little doubt that several 1!11111()“5
of ova for hatching purposes might be obtained each scason by vigorous
and faithful exploitation of all the sources of supply.”

Prof. Ryder states his geucral conclusions with respeet to the pos-

sibilities of sturgeon-culture and the methods to be followed in the
following words:

The rosults which were obtained wore to some extent unsatistactory, owiug. to
the difliculty of obtaining an abundanco of living ova and the diflicultics ﬂ-ttund.mg
their fertilization by artificial means, as well as rearing the embryos. Notwn,lf‘
standing this untoward condition, a number of novel fucts were collected aud experi-
menty were carried out which must bo of great significance in any furt.ller. attempts
at the artificial propagation of these inmense fishes.  Amongst the mus.l. unportmTt
of my results, the observations which 1 regard as of the greatest practieal V:Qn.o is
the determination by experiment that it is possiblo to guickly obtain ])()El‘l living
ova and spermatozoa from recently captured fishes by Ciesarean scction. The only
ova which 1 suceeeded in fortilizing were obtained from females of the common
sturgeon Ly cutting open the abdomen of tho still living tish. Forcing out the ova
by Pressure, as practicod with the shad and salmon, is not feasiblo in the case of the
aturgeon, and the removal of the ripe ova from the abdominal cavity of the ]furunb
fish may e far more expeditiously eflected by slifting open the body cavity, in the
mauner usnally practiced in dressing tho carcass for market. * * * The success
which followed the nsnal methods of fertilization proves conclusively that vast
numbers of embryos conld bhe hatehed anunally from eggs thus obtained and treated.
The number of millions which could he reared in this way would depend ontirely
upon the number of trained spawn-takers promptly on duty when spawning fish are
taken Ly the fishermen, and the extent of 1he facilities for hatching them and pro-
tecting them against the attacks of Achlya and Saprolegric, forms of fungi which

are found to be most seriously destructive to the life of the ova of the sturgoon in
moderately quiet waters.

- ——

The Cod (Gadus morrhua). .

( The experiments in cod hatehing have now been carried on at Wood’s
Holl a sufficient length of time to test their efficiency, but it is still too
early to expect the presence there of Largetish resulting from these efforts,
Fortunately abundant evidence is at hand to prove the survival and
healthy growth of a large percentage ot the embryos produced at that
blace.} In his annual report for 1883, Prof. Baivd, veferring to the first
attempts at the artificial propagation of this species condneted at
Gloucester, Mass., in the winter of 1878-79, explains that, “The fish
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used for the purpose were the gray variety, beliecved to come from the
offshore banks to the coast of the mainland for the purpose of spawning,
the winter season being the period of this migration. During the fol-
lowing smmnmer, small cod of the gray or offshore variety were met with
around the wharvesin the harbor, and at once attracted attention, such
an occurrence being quite unheard of before. Again, the uext year,
these fish were found outside of the harbor, and of considerably larger
size, fairly representing the second year of growth. The third year
they were taken of a still larger size, and farther north along the coast,
the fish of this school being universally known as the IFish Cowm-
_mission school.”
" The work was first started at Wood’s Holl during the winter of 1379-80,
when a few fry were planted in the neighboring waters.  In 1885-86 it
was again renewed, and has been continued down to datgjthe number
of embryos liberated locally during the former and each succeeding
year being, respectively, 3,000,000, 17,445,000, 8,840,000, and 9,175,000,
a total of 38,460,000. ( The adult fish from which the eggs have been
obtained belouged partly to the gray or offshore schools and partly to
the red or rock variety. During his daily collecting trips in Vineyard
Sound, Buzzard Bay, and the adjacent region, Mr. V. N, Edwards bas
secured rauch information which proves conclusively that this important
experiment is already bearing fruit, and that as soon as the carly broods
have had sufficient time to grow an abundance of adult cod may be
expected along this section of the coast. In considering the value of
his observations it must be borne in mind that young cod, except occa-
sional individaals, have not been known to frequent the waters about
Wood’s Holl within the memory of the oldest fishermen, and there is no
reason to doubt that the evidence liere presented bears solely upon the
work recently conducted at the Fish Commission station.  Mr. Edwards
has kept himself informed, summer and winter, of the presence and
movements of all the varieties of fishes in this region, both young and
_0ld, and the accuraey of his statements is unquestioned. —

The fry produced in the winter of 1879-80 were planted in the little
harbor of Wood’s Holl, where the laboratory was then located. The
following spring youug cod were plentiful in both the little and great
harbors, although only a few were seen clsewhere. In the fall of 1880
individuals from the same lot, measuring from 10 to 12 inches long,
were found abundant at Menimsha Bight, inside of Gay Head, near the
southern entrance to Vineyard Sound. The most pronounced results
have been observed, however, since the winter of 1885-86, when the work
was first established on a permanent basis, each succeeding year adding
its large quota to the embryo colony. The fish hatched during each
winter attain alengthof 1 to 14 inches by April1; by themiddle of June
their size has increased to from 24 to 34 inches.  Year-old fish measure
fromn 12 to 134 inches, and supposed two-year olds trom 18 to 22 inches.

The young cod are first talen in the spring, about April 1, and con-
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tinue present until about the 12th or 15th of Juue, when, the water
becoming too warm for their comfort, they strike offshore. They are
most abundant in May, being found near the shore on gravelly or
stony bottoms, sometimes in swall sehooks and oceasionally associated
with young pollock. During the springs of 1887, 1888, and 1889 they
were plentiful about the wharves at Wood’s Holl, remaining there until
about the middle of May, when the cunners arrive. They leave the
harbors earlier than they do the open shores of Vineyard Sound. May
8, 1888, Mr. Edwards estimates that there were at least 23 barrels of
young cod, from 2 to 3 inches lony, in one of the fish pounds which he
examined in the neighborhoad of Wood’s Ioll, and a bucket full was
secured in a single scoop with an ordinary dip net. They had been
equally abundant for a week previous, and their number did not ap-
parently diminish during the sneeeeding ten days, when Mr. Edwards
visited the same pound every morning. In other traps near at hand
they were also very plentiful. This great display of young cod has,
moreover, manifested itself during every spring sinee the winter of
1885-86, both in Vineyard Sound and in Buzzard Bay, the fish remaining
near where they were planted until the rise in temperature drives them
into deeper and cooler water.

During the spring of 1889 from 10 to 12 cod, measuring about 15
inehes long, were taken nearly every norning in each of the fish pounds
distributed throngh the sauud between Vineyard Haven and Gay Head.
It was the first scason that fish of that size had ever been captured iv
the traps. It is the opinion of Mr. Edwards that the year-old cod will
not approach the shore in the immediate vicinity of Wood’s Holl, but
will continue to frequent the more open waters of the sound and bay,
and especially the, region about Gay Head and Cuttyhunk, where the
ﬁ.shermen report them abundant during cach spring and fall. Informa-
tion received since July 1, 1889, iudicates, however, that the fish of the
earlier plantings are returning to the shallow waters in much greater
bumbers than seemed possible from the previous observations.

MISCELLANBOUS WISHES, Wrc.

bThe egcelieut« facilities afforded by the Wood’s Holl Station for
Zfsl?::‘lfqt'w“_s‘ a‘f‘l' experiments relative to the propagation of all kinds

N ariue fishes, in addition to the cod and lobster, have been put to
‘::;’ui‘:l"%hgl]e p‘as‘t few years, with wost valuable and iut.er(ssbing;
been the se ') ‘“;"‘f’ fn”P}Ol'tﬂIlt specics for immediate consideration have
sive 10(::\-{ ;islh;r]-( Fed hass, both of which ave the objects of an exten-
are a pl‘eS(:nt ):r‘lm\d were formerly much more, n,bl.nylfmt t]‘um theyy
Holl, Wllere)ité, o :(, 1}\;\\:\;\31‘(3& :ﬂs:,o Spawiis 1n the vieinity ‘,)‘t Wood’s
several othier s )e{‘;%:q.“l;“:}i e obtained with Jittle tronble. These and
Wajority have 1‘13)'1{1% \ l_e?d in the spriug &.\\d early summer, "u'u'l .the
very brief periodi 't;l“g eggswhoset, ‘ztll§ﬁ)1'1rnztt1()1xs are mmple)‘ted with'm a
, t, the cod apparatus being well adapted to their batching.
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The work thus far accomplished in respect to these forms bas chiefly
- been experimental, accompanied in part by observations on the devel-
opment of the embryos, but it can, at any time, be placed upon a prac-
tical basis with the best assurances of success.  Mr. V. N, Edwards has
been especially active in regard to these matters, having collected most
of the eggs and attended directly to their installation in the hatching
apparatus. The following species have received attention during the
past year:
The Scup (Stenotomns chrysops).

This species has ﬂoatnm cgws, of which 50,000, taken May 22, pro-
duced 30,000 fry May 27. 1In 185\ 50,000 ripe cggs, obtained Juue 4
and 3, were hatched \\Jt-h @ loss of (mly 3,000,

The Sea Bass (Scrranus atrarius).

The experiments with this species were also started in 1888 and con-
tinued in 1889, The eggs float, and hateh in five days.  From 2,660,000
.eggs taken in four lots between May 23 aud June 10, 1889, .,,léa() 000
embryos were obtained, au unusually large percentage.  The tempera-
ture of the water during this period was about 56° to 57° . The

atio of suceess in 1883 had been nearly as great, but the number of
cggs handled was considerably less.

The Mackerel (Scomber scombrus).

Capt. H. C. Chester and Prof. John A, Ryder began the experiments
with this species in the spring ot 1886, obtaining the spawn trom three
fish on May 19. As the eggs were of less density than sea water they
were treated in the tidal cod jar, and began hatching at the end of
ninety-four hours, The embryos were kept alive in the aquaria ten
days, giving Prof. Ryder the opportunity to observe and figure their
development up to that stage. Im 1888 about 1,000,000 eggs were
obtained between June 4 and 9, the same hatehing between June 8
and 13 with a loss ot less than 10 per cent.  In 1889 only about 215,000
eggas were handled, having been collected May 21 and 24 and hatching
May 25 and 28, with a loss of 30,000,

The Tautog ( Tautoga onitix).

The egg of this very common species belongs to the same class as
the preceding, as regards its specific gravity, and hatches in tive days.
From 100,000 cgys taken June 27, 1838, 88,000 fry were obtained, and
220,000 eggs taken May 21, 1.\‘59, produced 185,000 fiy. The first ex-
periments with this form began the latter part of May, 1856, and were
carried on by Capt. Chester and Prof. Ryder, the latter paying par-
ticular attention to the development of the unbry 0%, a% in the case of
the mackerell
The Bonito (Sarda sarda).

This species also has floating eggs, of which the first lot, munbering
15,000, were obtained and placed in the apparatus June 7, 1889, hatch-
ing June 11, with a loss of ouly 2,500.
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Thg Lobster (Homarus americanus).

Development and propagation.—1In «The Fisheries and Fisbery Indus-
tries of the United States,” Scctious I and V, the condition of the lob-
ster fishery was discussed upon the basis of the information obtained
as late as 1832, Tt was there shown that o considerable decrease had
taken place in the abundance of the American species, the supply in
Some places having xo greatly diminished as to practically destroy the
local industry. Since that period the evidence at hand indicates that
this decrease is still continuing, in spite of the somewhat rigid laws
which have been passed by the New England States and New York.

- The same trouble has been experienced in Burope, and in both countries

.

the problem of how to protect the grounds and restore their prosperity
bas been fruitful of diseussion and experiment.  Among crustaceans
the eggs, us they are enitted, become attached to external appendages
of the bOd.Y, where they remain until the hatching takes place. Tn the
artificial propagation of the lobster it has, therefore, generally been
considered necessary to confine the parent with its eggs uuntil the ap-
bearance of its progeny. The difficulties in the way of such an under-
F-aking may readily be conjectured.  The imprisonment, care, and feed-
Ing of a sufficient number to afford appreciable results would involve
an expense wholly out of proportion to any good that might be accom-
pPlished. Several private parks for experimental work in that direction
have been established from fime to time, but they were soon abandoned.
_ Barly in the summer ot 1885, the Norwegian fish-culturist, G. M.

D aunevig, announced the successtul hatehing of lobster eggs that had
breviously been rewmoved from the parent. The new laboratory at
Wood’s Holl, with its perfect system of running water, had just been
completed, and it was determined to undertake at once similar experi-
ments with respeet to the American species, notwithstanding the
hatehing  season had already terminated. The trials were begun
by ’Fhe writer and were continued by him and by Capt. H. C. Chester
lll;ltll about December. The results have been fully discussed in the
sx::::](it:::l::lfi)fjée :f S. 1:‘ish Gmnmifsicm for 1836, pp. 17-32. Only avery
indicatine t]'l'lf(:)jtel'r‘lblyos’ -ﬂb()l}t 50, were produced during t[l‘l.\' pet-md,
S b?'(*(;(iill ! li.“?t expedient to conduct the \\.'ork outside oi‘.the
respecthw/tfhc 13 bb«b:‘ou,. but ?ll{lch \f:lluubl.e experience was acquired
witl, (‘r"“':'mtt-n . -l-l;nu of obtfunmg and c;u“mg for ﬂ'l(‘: Cggs. 1‘;()bsto.rsv
but thzal.m,‘t(-h(i ,L, 1C( ;.t‘(? tlu.s‘swnn'merets are found during the 01§t-11't.> yoar,
the Vill(%y:u-l( | S{i :l(;‘{bo‘l: :a confined to about two mm1t.-hs,'beg}unm g, in
At wWhatover %_N):l ;1%10,"’ .qull']y in May and continuing into July.
until that Dcrikm‘l‘ and lc"L];:g.s muy bo extrided thcy. (lcvelop‘ SIO.WI.‘Y
not advisable o (’*o(llp( ,t “t:t 1 (nfr.present %{nowlcdg'e of the suh]'ecb it is
body of the femaig ﬂ-“; ' lhelll‘ ‘1‘t othm.' tlxn(a:%. .As they pass from the
Lardens into Shont touy Idlfl b{mtcfl. with a viseid substa-m:e t-llfxt 500N
are attached iy (.]u’qtm.{; l,“m( .ﬂexxblp threads, by m wns of which ‘t,l%ey
Austers of variable sizes to the swinnerets or leaf-like

1L Mis. 274——y11
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appendages on the lower side of the abdomen or ¢ tail”  The eggs are
hardy, comparatively large, about one-twelfth of an iunch in diawmeter,
and cach lobster carries ata time from 6,000 to 36,000, dependent partly
upon its size. The circulation of water among tlwm is maintained by
the natural movements of’ the swinmmerets, which indicate, in a meas-
ure, the amount of motion to be given them in the hatching apparatus.
As the attaching threads do not constitute an organic connection bo-
tween the eggs and the body of the lobstér, they may be ent without
causing injury to theformer or suffering to thelatter, and the eggs may be
removed rapidly by means of seissors or asharp knite.  They u'(,lle.uy
and the McDonald automatic hatching jar is well adapted to their in-
cubation, although the cod apparatus has also been successfully used
for the same purpose.

In the spring of 1886 the experiments were renewed by Capt. 1L C.
Chester and Prof. John A. Ryder, and were carried to a successful issue,
being vigorously prosecuted during the entire hatehing season.  Prof.
Ryder also made @ caveful preliminary study of the development of
the young,* and attempted the vearing of the embryos in confinenment.
When first hatched the embryo lobster is totally unlike the parent,
both in shape and in the character of its appendages, leading also a
pelagic or free-swimming existence.  Bach stage of growth is marked
by the casting off of the outer skin or shell and the formation of a4 new
one. The early transformations are quite rapidly accomplished. The
lListory of the embryo at this time was carefully recorded by Prof.
Ryder, who found that six molts occurred during the period of their
free existence, which oceupied from xix to seven weeks in the aquaria.
The molts take place at intervals of four to fifteen or more days, if the
larvee are well fed.  During the fivst, sceond, thivd, and fourth stages,
occupying about three w ccks the omlnvoa have the essential charae-
teristics of a low group of shrimps, called schizopods, their appéndages
being chiefly adapted to swinuning. With cach molt the embryo bo-
comes slightly larger und new appendages ave added.  TFrom a length
of 8 millimeters at hatching, they attain alength of 13 millimeters in
the fourth stage. With the fourth molt, which gives rise to the fifth
stage, having u length of 1+ millimeters, the embryo loses its schizopo-
dal (11(11‘a,otels, being abruptly transformed into a type very closcly
resembling the adults.  Formerly transparent, its color now is a bluish
green, with more or less brown in some cases.  During the fifth weels,
or toward the close of this stage, the young lobster becopmes less partial
to its carlier pelagic life, and remains on the bottom a great part of
the time. In the sixth stage it has attained a length of 19 millimeters,
and in the seventh a length of 22 millimeters, the latter being reached
at an age of abouf seven weeks.  During these three last stages tho
Lody and its ‘Lppund 1ges have been mpul]y assuming the form and pro-

"'l hu \I(tnnmp]umn ol tho Am( riean ]uhxt( T, IIomm s dmericanas 1l \leno-. d-
wards, By John A, Ryder,  Awerican Naturalist, XX, No ¥, pp. 739-742, August, 1886,
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portions of the adnlt, which are still more marked in the eighth stage,
the final one that was observed, and during the same period its dispo-
sition {o remain upon the bottom has also increaxed.

. Not being supplied with a yolk sae, the embryo lobsters begin to feed
Immediately after hatehing. They are carnivorous and cannibalistic,
devouring their own kindred by preference and with evident relish.
They are ravenous caters, very savage and persistent in their attacks
upon one another, interposing thereby a serious obstacle to any attempts
at their confinement in the aquaria.  Otherwise it would be advisable
to hold them wntil they had passed through their early lavval stages
and were ready to begin their permaneunt life upon the bottom. At that
age they are better able to escape their enemies and to seareh for food,
but under existing conditions it has been necessary to plant them when
only a few days old. Prof, Ry der found that the greatest mortality oc-
curred during the first. four stages. The fifth and following stages are
more hardy, and would give comparatively little trouble in practical
operations.  Their harder shell, their approach to the adult habits, and
the greater ease with which they can be fed all conduce to this, These
later stages were fed upon crab roe, copepods, and other minute crus-
tz_u:uun life, and sometimes with chopped meat, but it was found essen-
tial that the food should be given in a fresh condition and should not
be allowed to hecome stale or to putrely in the tanks. The experiments
“'j“.’ regard to feeding and rearing in the agquaria will be continued
during subsequent seasous in the lhope of reaching more satisfactory
conclusions in that respect.

It is still too carly to measure the success of lobster-culture, and until
the same can positively be determined it has not been considered pru-
dent to conduet the work upon a large scale or to extend it beyond the
Wood's Holl vegion. In the summer of 1883, 325,000 embryos were
1)lunch there, and in 1889, 1,575,000 embryos.  The growth of the lob-
“Uf" 15 supposed to be comparatively slow, the age of individuals meas-
wing 10 inches long having been estimated all the way from G to 10
3:“"“'“, although we have no definite information on which to base such
;ﬁ;‘:{lgjzg{itb ‘xleuy increase in the supply would not, thereforo, have
clapse Defore ‘~' ‘fl_l) 'fn.thc present tlllle,.:l‘,lld s'eveml‘ years must still
wrgency o th](’l“'b:‘“.‘i-’, .({n.u-lly upon the utility of the experiments. The
eflorts to af f;'li; (i(lh.(b. lh‘hll(".]‘l, however, us to .wurmnt; most §trenu0us
o, t.;u: :th(l. h‘lll—(,‘(,(’?h. 'l he destruction of lobster eggs in nature
10 e :Ow ""lte'l;‘b xls(l) cula‘, cunters, and other small fishes, is known
find thois \:l ’:h;\l\] ‘n‘;j \n‘lo.\L ‘ot.the egg lobstors t;ltl‘;c?x by the ﬁsh(.\l‘mc.n
at least b(-n:atbiciﬂ i‘!‘l"‘_ “j"; ‘(‘10-\‘1)1[0 th.c. mes. Artificial propagation is
ervation and l;-;t-chin) : M;} . “]":‘ '?1_10 utilization of the latter and the pres-
what, i zu:(;om‘ el £1,0 m 1‘11.1%-%\1' perceu?age of the formm", prqmsely
however, tlut “lm;“ :;p‘“'l.- ).1 g )leyx.wlu‘as.of hsh-'cult%u'e. .It 18 ev1df3nt,
fo full ’)r Lo E mf,u{l, and ,]u.(lu:lous ]e;;'lslutwn_wlll be req.uu'ed

Y protect the lobster-grounds, even to the entire suspension of
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the fishery for a time in certain districts, but that is a matter \\111(,11
falls entirely within the jurisdiction of the States.

Transplanting.—The two commoner species of lobster (Homarus) are
limited in their distribuation to the North Atlantic Ocean, one occurring
on the Buropean the other on the American side. The American
species ranges as far south as Delaware, but is most abundant on the
coasts of New England and the British Provinees.  Tts north and south
distribution is undoubtedly determined chiefly by temperature, and it
would, therefore, seem impracticable to attempt its extension artifi-
cially inthose directions.  On the Pacitfic coast, liowever, similar condi-
tions are again repeated, although warmer waters wre there carried
farther north by currents, as on the coast of Kurope, producing a some-
what milder and more. equable climate in corresponding  latitudes.
That such o coincidence does exist on both sides of the continent is
substantiated by the fact that both the cod and halibut inlabit the
North Pacifie, ranging south beyond Cape TFlattery, and that other
fishes and many marine invertebrates seent to be identic: il in the two
oceans. Irom some cause, however, the Jobster has been excluded
from the fauna of the l’a(,lhc coast, .111(1 its place has not been taken
by any other species, but it does not scem possible that its absence is
due to climate.  The only locality in that region for which we have a
continuous series of iemperature obxervations of the sea water is San
Franeisco, where during the six years ending with 1886 the range of
temperature was only 100 1%, or from 51° {o 619 F. At the month of
Vineyard Sound, off Wood's Holl, Mass., the range of ocean temperature
during seven years was 37° I, or 11 0m 32010692 17, Thetemperature is,
therefore, much more equable at San Francisco than on the southern
coast of M(nsadmsvtt\ corresponding for the entire year, with the con-
ditions prevailing at the latter place between May 20 and the last of
June and between the first of October and the middle of November.
Both of these periods are favorable to the existence of lobstoers on the
inshore grounds, and the former is also the spawning season. So far as
teniperature is concerned, the Pacifie coast appears to offer no ohstacles
to the introduction of Jobsters even as far south as San Francisco, and
probably Monterey, the next adjoining bay. The coast from here
northward presents a succession of sandy and rocky shores, sufficiently
rieh in life to afford an abundance of nutritious food, and, if once suc-
cessfully started, there is every reason to expect that they would thrive
and mulliply.

The question of the introduction of lobsters in this region is not, how-
ever, to be decided solely by the fact that the conditions are favorable
to them. It is equally important to know it they are wanted by the
inhabitants and i they would add a desirable feature to the food supply.
This question was practically settled as early as 1873, when Jalifornia
took the initiative in attempting the first transplunting of lTobsters
across the continent, having, however, in that matter, the coperation
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of the U. 8. Fish Commission. The fact that a large crustacean
called the spiny lobster or salt-water eraytish (Panulirus) oceurs to the
south of Point Conception is not an argument against the introduction
of the genuine lobster. A closely related ¢ erayfish” inhabits the south
Atlantic and Gulf coasts, and another species the southern part of
Eumpe, both of these being highly esteemed as food, but not interfering
to any extent with the fishery for the true lobster (Homarus).  On the
first shipment the train was totally wrecked soon after crossing the
Mississi])pi River. A second tvial was made in 1874, and a third in
1879, only four lobsters reaching San Francisco alive on the former and
twenty-one on the Iatter. Realizing that the planting of such small
lots could have no appreciable effect in the stocking of a uew region,
experiments were made at Wood’s Holl in the spring of 1886, by the
late Capt. H. ¢. Chester, with the view of determining some more
egonomicul and reliable method of transportation. His efforts were
(lu'gcted chiefly toward the preservation of lobsters by packing themin
:11‘1101% sea weeq and reducing the temperature of their surroundings.
ey were entirely satisfactory, specimens being kept in good condi-
tion for several weeks, with the use of only a very small amount of sea
water, aud, while not strictly imitated in the subsequent shipments,

they suggested the methods that were pursued.
As this division of the Fish Commission was called upon to assist in
the preparation of these shipmenta, a brief reference to them may be
made in this connection. They have, however, been fally deseribed in
th.c Bulletin for 1888, pp. 433-472. The lobsters were collected in tho
Ymey ard Sound region, and after being looscly packed in rock weed
m‘ small wooden crates, weve stoved in the large compartments of one
of the. Fish Commission cars, in which the temperature was reduced by
means of ice and salt. At least twice cach day the specimens were
fl"esl.lened by sprinkling them with salt water, of which a stock was
;gl‘l‘ll:gsfog f.l.l‘:'lt purpose. "L‘he first trip was made between June 16 and
fcl,n;i.l;-.q’ ;i‘}l“lilllﬂ \Vlth. 610 lobsters, of which 250 were males and 3}30
Stul‘til;'; Withb’rsl(z)c?ltl tl)‘l‘p t‘?:)(k pl'm:(s between J'a.n‘u:u'.y 14 and 22, 1889,
the fen?ales . b‘)ﬂolstftjx S,’ :‘.) being mz'tles :mfl 431 females. Somg of
of the diﬂi.('ulties; 1 ots w ().1.3 also provided w1t!n 0R8&S. A cqmpan,son
irst v m;/ule dm(‘,}l(ic‘)'llntt,x"u(l on these two trips is intevesting. I‘.lle
from that c“u;e w'lm,,y (l-‘ 1:(,? de. of very warm _\vmther, :1;11(1 the mortality
was, t-lxerefm-(: '1,1-1ij|1‘ eliytgle;lt,_despne the free use of ic . The second
temporatare d:,u‘riu( tglre: to o )Vl:l,t.:e that t:mul)le, 1)1.1t unfortunately the
And it becarme s él‘s qqlf r']tmu‘ n'ey‘ fell at .tm‘\es considerably below zervo,
lute freering of t]ll ” ] (;11) )t ‘({ mlsmh to artificial heat to ]n'ev‘ent the abso-
groater than bofors z .(:1‘3, ‘)ut 11(ev91'§l|ele§s the.nu')rt‘allt-y was even
Planted in Montere . Ba, C ;Ojult 'Ot the f} ot t.rlll‘),..if).& ]Ob«S fews wero
in northern ();mlifogni-m );a,ll‘(l\‘l(,‘llllty, and 30 oft Trinidad hgh.t-houso'
Mouterey. Ou the se(cim)((lm:-("% «\l})(?llb'](‘)l),(){)() embryos (lepusw‘ed oft
rip 88 individnals were planted oft Cape
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Disappointment, 22 in Shoalwater Bay, and 123 in different places at the
mouth of Puget Sonnd, all within the Jimits of the State of Washington,
A number of years must elapsce before the utility of these plantings
can be ascertained, and it is probable that several more shipments will
be necessary to place these little colonies on a self-sustaining basis, but
the undertaking is sufﬁcientfy important to warrant every reasonable
effort in its behalf. ‘

The Long Clam (Mya arenaria). :

A discovery made in regard to the young clam at Wood’s Holl, by
Prof. Ryder, while at first sight apparently ot biological interest
only, can be turned to good aceount in case the transplanting or arti-
ficial culture of that species is attempted. In fact, its distribution to
difterent parts of the Pacific coast, where it is not a native, but where
it has already obtained an accidental foothold, has been seriously con-
sidered, and an unsuccessful trial in that respect was made by the

_steamer Albatross in 1835. Hitherto, in the transplanting of mollusks,
the adults generally have been used, and the oyster, most fortunately,
is able to withstand the hardships of o long journey. The elams, how-
ever, arc more delicate and their transportation for stocking purposes
has generally ended very disastrously. Respecting his observations,
Prof. Ryder wrote in December, 1888, that he had discovered a
byssus and byssal sac in the tip of the foot of the common clam, in
young specimens collected at Wood’s Holl during the previous summer,
which fact upsets all previous ideas regarding the life history of that
species. Instead of the young clam burying itself at once in the sand
like its parent, it probably suspends itself for a time to weeds or sticks
or other objects above the bottom until it is large enough to shift for
itself in' its final home. The presence of a byssus in the young of this .
animal seems to be a protective measure, and it will be interesting to
learn if the giant clam, Glycimeris generosa, of the Pacific coast, is sim-
ilarly provided in its embryo state. The specimens from Wood’s Holl
were found on tloating timbers among ascidians, and ranged in size
from less than a millimeter to nearly three-fourths of an inch long. Its
transplanting while so attached could readily be effected.

THE CHEMICAL COMPOSITION AND NUTRITIVE VALUE OF AMERICAN
' FOOD-FISHES, MOLLUSKS, AND CRUSTACEANS.

The first and only extensive investigation of this important subject
that has been made in this country was begun for the Fish Commission
about ten years.ago by Prof. W. O. Atwater, of Wesleyan University,
Middletown, Conn., who has continued his observations from time to
time as funds could be spared for that purpose. Having, moreover,
a deep personal interest in the successful accomplishment ot his task,
Prof, Atwater has given largely of his time and means withouat remuner-
ation, and some financial assistance has also been received from Mr. B, .
Blackford,of New York, and Mr, A, R. Crittenden, of Middletown, Coun,
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Considering the large number of species of aquatic animals, estimated
at about a thousand in this country, which are used for {I'()od or for
other economic purposes, and the amouut ot time required to ‘make a
:areful analysis of a single species, some idea may be formed of the
magnitude of any inquiry that would include the entire list. Whether
or not it will eventually be considered advisable to analyze all or even
the larger proportion of these edible forms is w matter not requiring
immediate decision, but in his experiments thus far Prof. Atwater has
selected a wide variety of species, including the more important ones,
suflicient to furnish most instructive and interesting results. Prelim-

- inary reports upon the investigation were published in the Fish Com-
mission Reports for 1880 and 1883, and contributiqus on the same sub-
jeet by Prof. Atwater have also appeared in the Report of the Shellfish
Commission of New York for 1887, the National Medical Dictionary, and
the Century Magazine during 1887 and 1888, '

In view of the progress that has been made and the opportunity
flﬁbrded for deductions, it has been deemed expedient to present
in this volume & full account of the rescarches now compieted, and
Prof. Atwater’s paper (Appendix 10, pp. 679-868) is deserving of care-
ful consideration. The author explains that in its present status the
nmvestigation includes: (1) Chemical analyses of the flesh of American

“food-fishes and invertebrates; (2) experiments upon the digestibility
of the flesh of fish; and (3) studies of the chemical constitution of -the
albuminoids of the flesh of fish. The experiments in regard to the last-
nfuued subject are not, however, sufficiently advanced to warrant their
discussion at the present time. Thereportis divided into two parts, the
first treating of chemical compositions, the second of nutritive values.
Part I is chiefly occupied with the technical details of analyses, while
Part I1 is more popular in character and explains the deductions atwhich
the author has arvived, together with their bearing upoun different fishery
problems, )

The total number of spoecies of fishes analyzed was 55; of mollusks,
cr.ustaceans, ete., 11; but the number of specimens, and consequently
of separate analyses, was very much greater. The invertebrates made
us.e of consisted principally of oysters from different localitics, together
‘I‘le::ysg::]lllg)is,' cgams, I}lllSS(Els, lopstors, crayfishes, crabs‘, and shrimps:
Atwater e lun s of food n.mt-erl:ds have :Ylso been.sub.]ected by Prof.
the 1‘esu]t’q Oblte :sm)ne tests for the beneﬁ.t; .of thfz Nnt-mna,l.Museum, and

s muufl thercby are here utilized for comparison. . .
mayl; é(i):ll:‘l(::f:(;]fl‘swe manner m. which the subject has 'becim presented

of the report. I r(i;r'l jche fo]]o“"mg reference§ 'to tl.Je prmmp:}l .cont.,ent_s :
Spocimm e\’.{m]il:l du t I‘m'c given the c‘lassmcm;.ml% and origin o.t the
the ana]yso‘q‘- thee ; n;( f;]lOle of analysis; descrlptxops and details of
menty. 1)r()t.;3i’11 he t;‘osufl‘ th] of Flm aunalyses ‘lipesc?nted in tnbulz}-r stntg-
Iwcord’a Dot “1-01;: esh f" fishes; c?:m.ssm(;atlon of the specimens in

, : h their chemical composition; summary of the analyses
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of European fishes made by different observers, and the comparison of
the same with those of American fishes; and changes in the composi-
tion of oysters by removal from salt to brackish or fresh waters. Part
II treats of the constituents of foods, their prineipal nutrients, and the
way in which those nutrients are utilized by the human body in the
formation of tissues and for sustaining the vital functions; the digest-
ibility of fishery products; the relative value of the different species of
fishes, mollusks, and crustaceans, according to the percentages of their
component nutrients, the same being illustrated by tabular statements
and colored diagrams; the objects and results of the floating of oysters,
and oysters considered as an article of food.

Without extending these remarks beyond their proper limits it would
be impossible to give an adequate idea of even the more important
features of Prof. Atwater’s investigations, but his final conclusions may
very appropriately be quoted, as they are at least suggoshvo to all pro-
moters of fishery matters. They are as follows:

The chief uses of fish as food are (1) as an economical source of nutriment and (2)
to supply the demand for variety in diet, which increases with the advance of civil-
ization and culture. As a nutriment, the place of fish is that of n supplement to
vegotable foods, the most of which, ag wheat, rye, maize, rice, potatocs, ete., ave de-
ficient in protein, the chief nutriment of fish. Theso-called nitrogenous extractives
(moat extruct) contained in small quantitios in fish, a8 in ot]u-l animal foods, are
doubtless useful in nutrition.

» * " - » L b

Lateinguiry in agricultural and biological chemistry has brought ont some facts
which ciuphasize the importance of fish-culture and the greater nse of fish as food
from the standpoints of hygieneand domestic, agrienltural, and even national ocon-
omy. Our national dietary is one-sided. Our food contains relatively too much of
fat, sugar, and starch, and too little of protein.  This is a natural result of our agri-
cultural conditions, which have led to the production of lnrge quantitics of maize
(which isrelatively deficient in protein) and of oxcessiv ely fat heef and pork. Our
agricultural production is in this sense one- sided. Our soils are hecoming depleted
Ly culture. The evil results of thisare already evident in theolder and are becoming
80 oven in some of the newer States of the Union. Of the ingredieuts of plant food
whiecl are needed for the restoration of fertility, the costliest and scarcest is nitrogen,

_ which is the characteristic element of the protein compounds of our food.

A very large amonnt of the waste produets which are left from the consumption
of food, instead of being returned to the soil for restoring its fertility and increasing
its production, is carried off in drainage waters and through the sewers of the large
cities into the rivers und sea. The nitrogenous products are thus especially exposed
to loss. The nitrogen, however, is not lost necessarily in this way. It goes for the
support of marine vegetation which forms the food of fish. It may thus again be
utilized ns food for man. ¥igh has relatively less of fats and more of protein than
meats and vegetable foods. By fish-culture, then, we are enabled to supply the very
materials which arelacking in onrdietaries and from the waste prodnets may bo saved
the valuable fertilizing elements, including phosphorus and especially nitrogen.

As population bLecomes denscr, the cupacity of the soil to supply food for man
gradually nears its limit. Fish gather materialy that would otherwise he inaccessi-
ble and lost, and store them in the very forms that are most deficient in tho produce
of the soil. Thus, by proper culture and uso of {ish, the rivers and sea are made to
fulfill their office with the land in snpplying nutriment forman.
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THE WASHINGTON LABORATORY, PREPARATION OF
REPORTS, ETC.

During the lifetime of Prof. Baird all the accommodations required
for conducting the scientific work of the Fish Commission in Washing-
ton were provided by the U, 8. National Museum. The same arrange-
ments were also continued until June, 1889, when, upon the refitting of
Central Station, the scientitic quarters were removed to that building.
Formerly the collections of natural-history specimens as soon as they
were received in Washington were transferred to the custody of the
National Museum, which also provided for their maintenance and, to a
great extent, for their elaboration. In the future the Fish Commission
will retain possession of such materials until they have been studied,
then depositing them in the National Museum, with which it is expected
that the friendly cobperation so long maintained will be continued. Dr.
Tarleton H. Bean has also been retained by the Museum as curator of
the Department of Fishes.and Mr. Richard Rathbun as curator of the
Department of Marine Invertebrates.

The scientific work to be provided for in ¥Washington, besides the
routine of administration and the direction of investigations, is the
preparation of reports, maps, and plans, and the study of natural-history
collections, and of physical and chewical problems. The accommo-
dations assigned to this division at Central Station comprise an ofiice
and laboratory with several storerooms. The laboratory is especially
fitted up for biological inquiries, but may also be used for physical and
Chemical researches upon a limited scale. The facilities for the storage
of collections are sufficient for immediate purposes, but they will un-
doubtedly soon be outgrown. Not having the meauns for keeping up
the very complete physical laboratory established in the Smithsonian
Institution under the direction of Dr. J. H. Kidder, the privileges so

graciously afforded there were relinquished toward the close of the

fiscal year, the apparatus belonging to the Fish Commission being
transferred to Central Station. Arrangements were at once made with -
the Chief Signal Officer and with the Superintendent of the Coast Sur-
Ve}’ for the testing of all the more delicate instruments, the coarser ones
be".lg readily attended to in our own laboratory. The physical obser-
vations are ade chiefly in the field, and the subsequent preparation
(1)5 \I;fb;ll)ﬁzlts] upon those su}»je(:ts seldom requires the use of apparatus.
of i " 10“.’eve'1', be udv'lsa,ble to enlarge the facilities for that brauch
HV%'tlgatlon in Washington, aud it is hoped that this may soon be
accomplished. . .
m . .
hat zelfgé?nt,lﬁ? collections received in Washin gton du rin'g. the past year
over g Wizh: 01:y large and .valuable, representing inquiries extending -
tained Lo o extent of territory. The most important were thosc ob-
San B ) '.l.e §tcmm:r Albatross on the voyage from Washington to
rancisco in 1887-88, and during the subsequent surveys on the »
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coasts of Alaska, Washington, and Oregon; by the steamer Fish Hawk
“while on the west coast of Florida and in Providence River and Long
I1sland Sound; by the schooner Grampus, on the red-snapper banks of
the Gulf of Mexico, and by the inland parties investigating the lakes
and rivers. The principal material transferred to the National Museum
consisted of the type series of fishes from the inland explorations, the
reports of which had been completed, and of the mammals, birds, 1ep-
tiles, plants, geological and ethnological specimens obtained incidentally
during the recent cruises of the Albatross. Duplicate sets of the fishes
collected by the inland parties were also distributed to several institu-
tions, as described elsewhere, and many groups of animals were sent to
specialists for study and report. The distribution of duplicate natural-
history specimens, however, is chiefly made through the U.S. Natiounal
Museum, which is better equipped for that purpose.

The large and fine collection of fishes and marine invertebrates
obtained by the steamer Albatross during the voyage from Washington
to San Francisco in 1887-88, deseribed in the last annual report, was
received at Washington in July, 1888. The assorting ot the material
was undertakeu by Prof. Leslie A. Lee, of Bowdoin College, who had
been in charge of the scientific work of the expedition, and early in the
winter the different groups had been carefully separated and prepared
for study. Xor the working up of these collections, which contain many
unique and interesting forms, and the preparation of reports upon them,
it was necessary to obtain the codperation of many specialists who could
afford to give their time gratuitously. Much assistance of that charac-
ter was fortunately secured, and by the close of the year the following
assignments had been made: The deep-sea fishes and those collected
along the shores of sonthern South America, to Dr. Tarleton H. Bean;
‘the shore fishes of Santa Lucia, West Indies, Bahia, Brazil, the Gala-
pagos Islands, and Panama, to Dr. David 8. Jordan; the fishes from
between Acapuleo, Mexico, and San Franeisco, to Prof. Chailes I1. Gil-
bert; the brachyuran, 1mpml and phyllopod crustaceans, to Prof. Leslie
A, Loe the stomatopod(rusta( eans to Prof. W. K. Brooks; the alpheid
(rust(w(,ans, to Prof. F. H. Herrick; the pycnogomds, to DProf.
E. B. Wilson; the annelids, to James Ju Benedict; the nematod and
trematod worms, to Prof. Edwin Linton; the salp:v to Prof. W, K,
Brooks; the gastropod, scaphopod, and lamellibranch mollusks and the
br qchlopodq, to William II. Dall; the pteropod and heteropod nollusks,
to James 1. Peck; the crinoids an(l echini, to Prof. Alexander Agassiz;
the corals, to Rlch.ud Rathbun; the actiniaus, to Prof. J. I'. McMur-
rich; the medusw, to Prof. W. K. Brooks; the hydroids, to J. Walter
Fewkes; the foraminifera, to Prof. .. A. Lee; the alg:ms, to Prof. W, G,
Farlow.

Many fishing implements collected on the voyage were added to the
fishery exhibition in the National Musejun, and all animals and other
Hbjects not aquatic were transferred at once to the custody of that
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Musenm, where they have been placed in the hands of the following
Dersons for study: The mammals, to F. W, True; birds, to Robert
Ridgeway and L. Stejneger; bird’s eggs, to Capt. Bendire; reptiles and
batrachians, to Prof. B. D. Cope; skeletons, to 1%, A. Lucas; insects, to
L.O. Howard; plants, to Dr. George Vasey; archieological speciens,
to Thomas Wilson. : .

The voyage of the Albatross, on which this material was obtained,
offered exceptional advantages for scientific observations, which wore
fully utilized, and the reports upon the different subjects will form one
of the most important series of contributions yet resulting from any of
the Government expeditions. The opportunity afforded was incidental
to the transter of the steamer Albatross to the Pacitic coast, and was
planned by Prof. Baird shortly before his death. The reports will be
published mainly in the Proceedings of the National Museum.

Attention is direeted to the exceptional advantages for the study of
salt and fresh water animals now afforded by the large series of aquaria
vecently established at the Central Station in Washington under the
Immediate direction of the Commissioner. These facilities will be ap-
l’l.‘e(iiil-t(‘.(l especially by the student of marine zoilogy, and as a means
of popular education in respect to the habits of living fishes they will
also serve an important purpose. ’

At the Cincinnati Centennial Kxposition, hekl during the summer of
18?;8.7 the opportunity was taken to illustrate the methods of. work per-
taining to this division and some of the results of its investigations,
The steamers Albatross and Fish Hawk and the schooner Grampus were
"eDPesel?t-ed by means of models and photographs, and the appliances
for .mm-me research chiefly by the, instruments themselves. The fol-
1_0‘“”.".‘-5 material was also exhibited: A relief model of the great offshore .
sl;::(':;‘lioll’::?]:z]()f' ?Callst-e:rn Noth America; ‘sel:ies of dried and aleoholic
of tho o'(-(;.,’,‘, i, u;:\ t 1efzum':t of th.e m:ml‘lot%slung-gmunds, bl.le(:.ha.mcter
Nomie ﬁ‘s ]‘lm 2"(1)‘",It1‘1‘0 tOf)d of pelagic h:sh‘es, and fchc principal eco-
fishes of th:; 0«11;( \17“(11]““0- lII\’?I‘thI‘:Lt{B'S; lwu‘ng specimens ot" the food-
tions illustrq.ti"l :;} al e%f keptin aquaria; S(.‘,I‘.IGSOf microscopic prepara-
propagat '1‘ met 10(1 ‘e‘\ el(:pmen.t 0.1 several of the. tood-ﬁsl_les now being
gated by the Fish Commission, and the biology of many other

fishes and invert
i 1Q invertebrates; and the publications relating to the scientific
quiries of the IFish Commission.
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REPORT UPON THE DIVISION OF FISHERIES.

By J. W. COLLINS,
Assistant in charge.

A.—~INTRODUCTION.

The second report on the division of fisheries, which is herewith pre-
sented, covers the fiscal year ending June 30, 1889, and shows concisely
the work of the division dnring the year.

In reviewing the operations of the division, its organization, and the

investigations in which it has been engaged, it is well to have in mind.

tpe fact that the work was carvied on under peenliarly adverse condi-
tions, due to the fact that the exigencies of other branches of the Fish
Qommission work made it necessary for me to devote almost all of my
time to duties not directly connected with the division. Elsewhere
more detailed mention is made of' this; here it will suffice to say that,
11‘1. a(‘ldition to my connection with the exhibit of the Jomnission at
(Jmcmnati, I was assigned to the following duties: (1) That of fitting
the Grampus tor sca in the swmmer of 1888, and employing a captain to
take command of her. (2) That of attending to some speeial matters
‘d‘-t Gloucester, Mass., reluting to the fish-enltural work at that station.
(3) That of making an official investigation of the cireumstances con-
~nected with the stranding, abandonment, and rescue of the Grampus;

also making repairs, fitting her for sea, and employing officers and men
tf) g‘olon her. (4) Preparation of reports as follows: («) On the inves-
tigation above referred to; (b) on the construction and equipment of
the Grampus; (¢) on the operations of the Grampus from March 15, 1887,

% June 30, 1888; () on the participation of the Fish Commission in

the exposition of the Ohio Valley angd Central States, together with a
catalogue of the exhibit.

B.—~RESOURCES AND EXPENDITURES.

prf)isl(’alé :;‘;za"{')”(:l’-—'l"h'c.avzl-ilfwl?](» means for conducting the inquiries

Preparation ()),f .1(5 dl‘\.nsmn ()t. fisheries during the year 1888-89, fu%‘ the

of A a1 yronti; ;91)0114_-*_,_’&11(1 for the payment of salarics, ete., consisted

by the lClmnEx _1‘}““’" "-t $10,000, in :ul(lm'(m to which 5,000 was assigned

“study of lssioner from the appropriation for seientific inquiry for @
¥y of the methods and relations of the fisheries,”

" cixX
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Need for economy.—The extended scope of the work of the division,
the great expanse of territory to Do canvassed in the obtainment of
statistical and descriptive data, and the relatively small sum availa-
_ble for the investigations have made the most careful use of the funds
necessary. It is thought that expenses of the field agents for travel
and subsistence (including railvoad and steamboat fares, carriage and
boat hire, hotel bills, ete.) have boen kept remarkably low, and that the
average daily expenditure of $3.86 per man will compare favorably
with the record for other branches of the Government service.

Analysis of disbursements.—The funds of thie division were expended
as tollows:

Salaries e $10, 340, 08
‘Travel and snbsistenco of agents.. ... ... ... ... = 2,080.21
Miscellaneous, ineluding printing, supplies, furniture, ete.. ... 8353. 95

Total...._..... e e e eee e et e ceea e 14,774, 24
Balance oo 225.76
Amount of appropriation ..o. ... oo oo 15, 000. 00

C.—CONSIDERATION OF THE STATUS OF THE WORK, ITS
PROGRESS, ETC.

PERSONNEL AND DUTIES.

Changes in personnel.—During the year thore have been many changes
in the personnel of the division of fisheries, due to various causes,
among which the chief have been the general cxpansion of the work
and the assignment of certain persons from the division to the prepari-
tion and conduct of the exhibit made by the Fish Commission at the
Centennial Exposition of the Ohio Valley and Central States. The
following notes iu relation to the persounel will present a clear idea of
the changes indicated : '

Assignment of persons to other dutics.— s was mentioned in my report
for the previous year, it became necessary, in carrying on the worlk of
preparing and conducting the exhibit of the Commission, to detail to
duty in connection therewith Messrs. 12, C. Bryan and W. II. Abbott,
who continued in service at Cineinnati until the close of the exposition.
Mr. H. R. Center, who was temporarily assigned to duty in connection
with the preparation of the exhibit, resumed his ordinary daties in the
division soon after the beginning of the year. Ile was detached from
the division of fisheries on November 30, 1833, and assigned to duty
in the division of scientific inquiry.

Special assignments and dutics in office and Jield—The following note-
worthy assignents to special duties were made during the fiscal year:

During iny absence from Washington (to whicl more extended refer-
ence will be made clsewhere), Mr. Hugh M, Smith was placed in charge
of the office work, acting under my divection, with the exception of the
time during which Le was employed in fieldwork, when the office affairs
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Were under the immediate charge of Mr. W. de C. Ravenel. Early in
the year Mr. Sinith was ordered to investigate the fisheries of Virginia,
Maryland, Delaware, Pennsylvania, and New Jersey, assisted by Mr.
M. ML Suell.  The work was begun on July 12, 1888, and he returned
to Washington October 6. During the remainder of the year Mr. Smith
was chiefly engaged, together with Mr. Snell, in the compilation of the
report on the fisheries of the Great Lakes, which was completed in the
Spring of 1889 and submitted for publication, He also had charge,
under my direction, of the preparation of statistics and of the general
work of the statistical office. '

’Mr. W.de C.Ravenel was assigned by the Commissioner to duty in the
fhvisiou of fisheries immediately after the close of the season for hatch-
1ng shad at the so-called Battery Station, Maryland, of which Mr. Rav-
cnel was saperintendent,  During the absence of Mr, Smith in the field
Mr. Ravenel had charge of the office work, as before stated, and ren-
flel'(‘d efficieut service. In the early winter Le was ordered to make an
Investigation of the fisheries of the South Atlantic coast from Florida
to h.'orth Carolina. Lntering upon the work on December 3, 1888, and
b“g“ﬂling Lis investigation in southern Florida, he carried the inquiry
as far north as the vicinity of Ilizabeth City, N. C. On March 27,-1889,
h"' Was ordered to Washington and assigned to other duty in connection
\‘\‘]Ul' the division of fish-culture; but as soon as the work at the Battery
Station was completed, in the spring, he was again detailed to assist in
the work of the division of fishéries. :

‘ Mr. M. M. Snell was ordered to assist My, H. M. Smith in the inves-
tigation of the fisheries of Maryland, Virginia, Delaware, Pennsylvania,
and New Jevsey, e began work on July 12, 13338, and completed his
lnvestigation on December 31 of the same year. After his return he
was engaged mainly in assisting in the compilation of the report upon
the tisheries of the Great Lalkes.

Mr. W, A. Wilcox began a canvass of the fisheries of castern Massa-
cl‘mset‘,L:\', including Gloucester, on July 2, 1888, The investigation, was
discontinued August 15,1838.  On November 15, 1888, ho was detailed
t:f’ make & canvass of the fisheriés of the Pacific States, including the
ill(:(tixl ,Ri;:x:, aul]d :-lt Fhe closg of the year was eugaged in tl;is. work and

My ] z.-,OOL‘._IHO{-_',I'(?-\'s, being thei in the Puget Sound region.
ﬁshe‘ljﬁ;u(fi_le;[;\'l:1ddocks was or(}(f.xze(l to make an in\tesbigatl(‘)l{ qf the
BOOthB;}y ']‘ﬁljl'e on. V“Iul_)_"1, 1888, and began work in tl~l? \flcm‘lt;y of
Mr, 1\'[’1-('[(1.0(']' ; b,‘lll‘\'flh(',lg:btl()n was suspended on August 15, 1888, and

adtocks was relieved from duty. .
(:? “:1’“1 4, 1889, Ml‘: W, H A.bbott. was ordered to Llizabeth Cit',y,
“» 10 completo the investigation of that State which had been in-

:lltgurabed by Mr. Ravenel. The work was finished and Mr. Abbott
eturned to Washington on June 13, 1889.

On January 3, 1889, Capt. D. 1.

qon Jan : Collins was placed on the rolls of
. ¢ division of fisheries and or

dered to make an investigation of the
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ﬁsh(,mes of the Gulf State. 8, including western Ilorida. He began at
I&(,y West and prosecuted the inquiry along the west coast of Florida,
and thence westwardly,  On April 22, 1839, the canvass was abandoned
at Scranton, Miss,, the failing health of Capt. Collins rendering it
impossible to continue the inquiry.

On May 8, 1889, Mr. Aunsley Hall was appointed as a statistical agent
and ordered to collect statistics and study the methods and relations of
the fisheries in Rhode Island. At the close of t,h(s year this investiga-
tion was still in progress.

Mr. Charles II. Stevenson was appointed a statistical agent on \Lly
2, 1830, and'on May 6 was detailed to make an investigation of the
fisheries of New lec. The inquiry had not been completed at the
close of the fiscal ye:

Capt. S. J. \l'utm was employed as resident .wmlt, at Gloucester,
Mass,, in eollecting statistics of the daily receipts of fish from vessels
and Doats,

On April 15, 18589, Mr. I I, Dimick was appointed 4s the resident
local agent at Bost(m, \Ll\\ ., for the collection of fishery statistics at
that port.

Mr. E. F. Locke, who is the custodian of the fish-hatchery at Glou-
cester, has been detailed to assist in the collection of statistics at that
port, and at the close of the year is engaged in that duty.

After the completion of his duties in connection with the exposition
at Cincinnati, My, . C. Bryan was detailed to assist in the compila.
tion of the report prepared by me on the construction and equipment
of the Grampus, and also the report concerning her operations.  Later
be was assigned to his regular duties in the division of fisheries,

Mr. C. B. Hudxon was employed as artist for the division from Septem-
ber 15, 1888, to the close of the fiscal year. In the carly part of the
year he was employed as artist in connection with the preparation of
material for the Fish Commission exhibit at Cincinnati.

Mr. J.J. Corridon was detailed from the Commissioner’soflice to assist
me in an official investigation of the stranding and abandonment of the
Grampus, cte., and later he was assigned to the office of statistics of
the division of fisheries and placed on its rolls.

Mr. T. W, Keller was assigned to daty in the division of fisheries
July 1, 1888, and continued in the service of the division uutil March
31, 1889, when he was transferred to the fish-cultural division. His
_ work in the office was chiefly in pasting newspaper clippings.

Murs. I. M. Palmer was detailed from the Commissioner’s oftice for
duty in the division of fisheries to assist in the work of pasting and
classifying newspaper clippings.

Mr. H. . Martin was appointed as clerk in the statistical office of
the division on July 11, 1888, and resigned on March 31, 1889,

Mr. 8. Le It Pritehard wasappointed as clerk in the statistical oftice
of the division on April 16, 188Y.
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Miss Lillian M. Collins was appointed as clerk on April 8, 1889, and
assigned to the duty of classifying, arranging, and indexing newspaper
clippings. _

List of employés and their salaries at the close of the year.—The fol-
lowing is a list of the employ¢s of the division and their salaries at the
close of the year. This does not, however, include the names of those
Who have been temporarily detailed to serviee in the division from
other divisions of the Commission:

Monthly !

Name. Designation. compen- i

sation. |
J.W. Collins......... | Assistant in charge of division..|  $200

W. A. Wilcox .. Statistical agent. ..., oo ms

l{u(gh M. Smith. Clerk.......... 100 i
E. C. Bryau..... doll 100

J.J. Corridon ... do oL 100 !
C. B. Hudson . L Artist ol 5
M. M. Suell... (& 10 5
W. H. Abbott, ... Ao G5

S. Le R. Pritchard. ceelo i .- 50 [
Lillian M. Collins. . B P . .. 50
5. J. Martin .. ..| Loeal staiistical ngent . .. 50
Ansley Iall .. .| Statistical agent ... ... 45
C. L. Stovenson . T e L e o 30
. F. Dimick ... .. 0l 0 Loeal statistical agent........... 25

FIELD WORK, SOURCES OF INFORMATION, 11C,

. General considerations.—The work, as considered under this heading,
1S that which relates more particularly to the obtainment of informa-
tion upon which reports can be based, and is distinet from the routine
work and the breparation of reports, which will be mentioned later.

The principal sources of information are: (1) Special investigations
brosecuted by the statistical or field agents; (2) the statistical circular
of the Treasury; (3) reports received from local statistical agents and
fish bureaus; (4) general correspondence; (3) newspaper elippings.

.S:pccial‘ nvestigations,—The speetal investigations undertaken by the
division during the year were as follows:

An inquiry into the statistics, methods, and relatious of the fisheries
f)f the Middle and South Atlantic States, from New York to Florida,
tuclusive, all of which was completed betore the close of the year with
the exception of New York. )
A similar inquiry concerning

. the fisheries of the States bordering on
the Gulf of Mexico was under

taken but was not finished. A canvass
Was made, however, of the coast from Key West to Scranton, Miss.

A CO.mprehensive investigation of the fisheries ot the west coast was
beguu in November, 1858, and at the close of the fiseal year was so well
‘tl‘dvu.nced as to give reason to anticipate its completion at o compara-
e;‘i"j‘l‘.zf‘ill'ly"(lul?e.‘ This included a eanvass of the coast and 1'.ivcr'1is]1-

©s Irom San Diego to Puget Sound. 1t is expected that this will be
s‘:t)lg)’](:lme"tc‘]’ 80 far as the (-,mmglex‘(:iul f}sheries are concerned, by t‘he

< done by Dr. Bean and assistants in Alaska in connection with
H. Mis, 274 VIIiI '
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the investigation of the salmon rivers of that region, of which fuller
mention will be made in a subsequent report.

In the early part of the year inquiries were begun in New England,
more especially in Massachusetts and Maine, but, owing to my absence
from Washington and the difficulty of properly directing the work
under the circumstances in which 1 was then placed, the Commissioner
thought it necessary to suspend the work, which he did on August

15,1888. Toward the close of the year, however, the investigation was
resumed, and, in addition to the work pmimmul by the local agents at
Boston and Gloucester, a special agent was sent to Rhode Island to
make a canvass of its fisheries. 1t is proposed to continue this work
80 as to cover the entire coast fisheries of New England, and it i3
expected that the inquiry will be completed in a few months.

Treasury circular, statistics of the fisheries.—Through the continued
courtesy of the Treasury Department, the Fish Commission receives,
from the various collectors of customs, reports on this circular covering
the operations of fishing vessels. The value and condition of these
returns were fully discussed in my previous 1(1)o1t The number of
statements received during each fiscal year since the cireular went into
ceffect is as follows:

IBB0 . ittt e it ee e aataaeae e 892
B DN RS 5, 088
[T 5,436
=3 4,816

173 <) 16, 2622

Reports of 8. J. Martin—Capt. Martin, resident statistical agent
of the Fish Commission at Gloucester, Mass., has continued to send
monthly and sewimonthly reports to this division. These show the
daily arrivals of vessels, the amount of fish landed by cach, the locali-
ties where the fish were taken, and many other valuable data, including
the statisties of fish landed by hoats operating {rom Gloucester harbor,
catch ot the local fish-traps, cte.

Reports of F. F. Dimick.—Since his appointment, on April 15; 1889,
Mr. Dimick has furnished the division with monthly reports showing
the arrivals of fishing vessels at Boston, the quantities of fish received,
importations of fish products, ete., together with the grounds upon which
the fish were taken.  He has also submitted statisties of the vessel and
boat fisheriesof Boston and vicinity, including persons employed, capital
invested, and amount and value of catceh.

The Boston fish burean.—The daily trade reports of the Boston fish
burean, which have been sent to the Commission free of charge, have
tfurnished information concerning the arrivals of fishing vessels at Boston
and other ports, and a general statement of the amount of mackerel and:
other salt-fish products Ianded by them, together with much other data
relating to the fresh and salt fish trades, condition of foreign markets,
ete.
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Correspondence.—~Many of the correspondents of the Commission, and
espeeially those in direct communication with the office of the division
of fisheries, have shown a disposition to furnish information whenever
called upon. In nuny cases parties have voluntarily sent important
data bearing upon the fisheries that have been utilized in descriptive
Papers and statistieal presentation.

Newspaper clippings.—In my last report allusion was made to news-
Paper clippings as being valuable for reference when properly classified.
Thie efforts which have been made to render available this class of
Waterial have, on the whole, been satisfactory, and good progress bas
been wade in the latter part of the year.

ROUTINE WORK.

That part of the work of the division which may properly be classified
as routine, and of which there is a large amount in connection with the
compilation of statistics, may be placed under the f{ollowing heads:

Work relating to statistical circulars—This consists (1) in ackuowl-
edging to collectors of customs the receipt of circulars containing sta-
tistics of the fisheries; (2) registering the same; (3) examining circulars
and making comparisons for the detection of errors; (4) correcting
errors (which sometimes involves considerable correspondence), and
(0) making compilations, ‘

‘Misccllavncous correspondence.~There has been a large amount of
miscellaneons correspondence relating to the general work of the
division. Phis has been chiefly with members and committees of Con-
Eress, with the stutistical agents in the field, with parties engaged in
the fisheries, ete.

Card catalogue~The system of keeping a card catalogue of fishing
vessels sailing from the United States has been continued and elabo-
rat_("d, and has proved a valuable adjunct in carrying on the work.
This catalogue contains a complete record of the life history of each
vessel sinee 1883, so far as the information has been obtained in the
office, and by its means it is feasible to trace the work and movements
" (Ji‘llle fishing eraft of the United States.

vlassification of newspaper items.—The classification of newspaper
clippings coutaining items relating to the fisheries may properly be
Glfl-ssed as routine work. Allusion was made to this in my previous
iz}:g::éd“’heéﬁ ri.t; \\'lzl-s stated that i rough c].assiﬁcution ]lad: been at-
more thz;n thlilsl “t: lev:&-t.t(“,r part of the year it was not feamb.lc to. do
and arranging ﬂm“f'i_‘ two .(ilerk's were detailed to t',h(? work of pasting
Was ln:ldch'n : ;lrew(: n‘)l).'ulngs. ‘I‘m.terz however, o satisfactory .attempt.

the ¢lose of ‘rlu)\ '(:“:;'.-":(:‘(5151-\Slﬁc:l(‘,l()l.l, and the suceess :{(:lth\'(&(l at

from the work Pyear gives good promise Lo expect gratifying results
> .

ci:;::l{(;/ﬂ:?;l": 1’ :?l() ‘7”‘”7'/-'~——()\.\’ill;_'; to the unusual efforts which have

' g the year in the prosecution of special investiga-
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tions and iu the preparation of extensive reports on the fisberies, the pres-
sure of routine work has been such that the small force available has
been required to make an extra effort to carry it on. My own absence
from the office, in connection with other affairs, together with the detail
of some of the most efficient ¢lerks to other daties, naturally brought
an additional pressure of work upon those who remained in Washington.

PRACTICAL WORK OF TIIE DIVISION,

General considerations,—In view of the many matters which have
served to handicap the operations of the division during the year, the
progress of the work in connection with the preparation of reports
has been most satisfactory. As stated inmy last report, when the divi-
sion of fisheries was organized, near the close of the last fiscal year,
the work on the compilation of reports in the office was either not com-
menced or in a very embryonic condition,” Notwithstanding this, and
despite the pressure of extensive field investigations, much has been
accomplished, as will appear from the statements which follow:

REPORTS AND SPECIAL PAPERS SUBMITTED FOR PRINTING,

1. The Beam-Trawl Fisliery of Great Britain, with notes on Beam-Trawling in
Other Countries. (23 plates; 34 text figures.)

2. Review of the Fisheries of the Great Lakes in 1835, (39 full-page plates of
figh, apparatus, cte., and 6 folding charts, showing number and location of
pound-nets.)

3. The American Sardine Industry.

4. Notes on Certain Fishery Industries of Eastport, Me.

5. Some Reasons why the Fishermen ot Nova Scotia prefer to use Sult Clams (Mya

arenaria) for Bait in the Bank hand-line Cod Fisheries.

6. Statistics respecting certain features of tho vessel fisheries of the United
States.

7. Suggestions for the employment of improved types of vessels in the market
fisheries.

REIORTS AND PAPERS IN COURSE OF PREPARATION.

. Report on the construction and equipment of the sehooner (irampus.

. Report upon the operations of the Ui, 8. Fish Commission schooner Grampus,
from March 15, 1887, to June 30, 1888,

3. Notes on the erab fishery of Crisficld, Md.

4. Statistical and descriptive notes on the the fishieries of the Middle Atlautie

States.

5. Notes on the fisheries of the Lower Chesapeake Bay.

6. Roport and catalogne of tho Fish Commission exhibit at the Centennial

Exposition of the Ohio Valley and Central States.

[-JRY

STATISTICAL STATEMENTS, DESCRIPTIVE PAPERS, I'Z’I:(t., FURNISIIED TO Cl).\'('.;tl-ih'h', THIS
EXECUTIVE DEPARTMENTS, STATE OFFICIALS, AND OTIHIRS,

A Targe amount of material that comes under this head is annually
supplicd by the division.  Some of it requires great rescarch and isof
such a nature that it is suitable for publication in the reports of the
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Fish Commission, but as & rule such information is too specialized or
local inits application to warrant printing by this Commission although
frequently used for that purpose by the parties and burcaus to which
sent,

It is not necessary to mention here all the statements regarding the
Various phases of the commercial fisheries for which request has been
made and which have been furnished by this office.  The following list
I8 submitted more ax an index of the work and capacity of the division
than ax a résnmé of its entire annual operations,

- Statement of the Alaska salmon pack from 1883 to 1888, inclusive.
2. Table shiowing by customs distriets and fishing-gronnds the numbor of vessels

ongaged in the oftshore bauk fisheries of New Enfland in 1883,

. Statement showing the oyster product of the United States.

4. Statistical tables exhibiting the mackerel eateh, by Unitod States \'es-‘;f‘lﬂy in
the Gulf of 8¢, Lawvence, during the years 1883, 1884, and 1885,
5

. "Pabular presentations showing the extent of the fishery industry of Sandusky,
Ohio, and of Lake Erie; also of British Columbia,

6. Statement of the extent of the fishing fleet on the Grand Bauks of Newtound-
Iand and the number of vessels belonging to each country.

- Statistical summary of the fisheries of North (farolina.

_ NOTICE OF SPECIAL MATTERS AFFECTING THE FISHERIES.

As in my previous report, it is intended, under this head, to call at-
te.ntion to certain matters that may not in all eases be divectly connected
with the work of the Fish Commission, but which, nevertheless, have
such an important bearing upon the relations or prosperity of the com-
merelal fisheries of the country as to warrant mention of them, ’
_ As arule, every yeav is noteworthy for a series of events that afiect,
! one way or another, the present or future of certain fisheries, and
Derhaps few years have been more noticeable in this direction than the
oue covered by this report.

Ftshm*y treaty 1with Great Britain.—Among the noteworthy events of
Técent oceurrence none seem of areater moment than the treaty aftect-
Ing the ﬁS!lery relations between the United States and Canada, which
::)a:vll:ie(ﬁ?z:rm:ed with' Great Brit:ain during the last tiscal year, veference

e as made in my previous report.
D;;‘::tgﬁxll’in‘(‘mt Z‘O ).nf),?ltion it this ‘(-«)llllf)ctf()ll tl}(: fact that the State
copten of ‘SQc{idlb ~u11 1;].5]\1;',(.1. by th.e (101{11111:4.\;101,1 with a large 111:1'111)0,1"0('
and Piagont ons ‘ oV, l.ncln.ﬁlvve‘, of the “ Report upon t,h(.: ‘l(lshm:ms

@ Mishery Industries of the United States,” a special edition being
brinted for this purpose.
wigi i‘l‘lll(}lier(:)l:“tilt(?lt.).(;l.lxfnlissir)?l supplied the American (-.nmmi)ssion‘erﬂ
and wit, 0010120;1 -;n’l: lcn1 strz'bt.e?nents,. th.,h sl.)e(-m]. papers on fisheries,
SDecies of fiay mo]{u}:f 10;“111;:, t,_ho, (l'l.\‘fil“ll)lltl()ll 01' the most 1:111)()1't1111t
beras and th ,c(rmt (»)fxbr, ‘eb(:, {ca]‘\en 1'01~ tfmd or bﬂ:lt1)(’1‘\\’(‘011.}‘/-’!1)(‘, Iat.
of latitude B'e;ild;w th"jl. T 01' at Qm .lllt(ﬂ'S(‘('.t-l()l‘l o‘t the 53d degree

. stdes this, the experts of the Commission rendered val-
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uable service in making personal explanations of matters affecting the
fisheries in North Atlantic waters,

" This treaty, when submitted to the Senatbe, was not ratified. 1t is,

however, noteworthy that the wmodus vivendi attached to it is to con-
tinue for two years, and this provision will probably have more or less
influence upon such fisheries as are liable to be affeeted by it.

Searcity of mackerel —The common mackerel (Scomber scombrus),
which constitutes one of the most important objects of fishery in the
North Atlantic, was exceptionally scarce during the season of 1888,* and,
s0 far as could be judged from the amonnt taken, its lack of abundance
was even more marked than daring the previous year, though that also
was considered an uniisually bad season for mackerel fishermen.

The cruise on the southern mackerel grounds made by the Grampus
in the spring of 1888—during the closing months of the last fiscal
year—developed the fact of an alarming scarcity of mackerel, and in
@ measare prepared the fishing interests for the conditions met with
later in the season. Nevertheless, though the fleet was not so large
as on previous years, many vessels engaged in the fishery, the failure
of which has entailed much financial loss upon those sections most
largely interested in this industry, The result has been particularly
unfavorable in its influence upon small fishing communities which have
depended largely on the mackerel 'ﬁshery. In some cases the effect
upon these has been disastrons and discouraging, and places heretofvre
prosperous have received a check that it may take many years to recover
from, if, indeed, their interests in the fisheries are not in a large measure
permancntly destroyed.

As in all cases of business disaster, particularly where the conditions
are not definitely understood, many causes are assigned for the scareity
of mackerel, and many methods are suggested to sceure their abun-
dance. Itis, perhaps, needless to say that those most prolitic in assi gn-
ing causes and suggesting remedial measures ave often least qualified
from study and experience to speak on the subject. It is not practicable
to refer in detail to these matters herve, It may suffice to say that the
cause for the scarcity of mackerel most commonly assigned is the use
of the purse-seine in their eapture, while some have advised not only
the abandoument of fishing with this form of apparatus, but the entire
discontinuance of net-fishing of any kind. In view of the fact that the
mackerel has been celebrated for its erratic habits; that there have
been periods of scareity and abundance ever since the settlement of
the country; that the destruction of the species was apprehended in
colonial times, long before the invention of the purse-seine, and re-

* It is practicable hero to speak only of the seasous or calendar yoars, since the
opening of the mackerel season, for vessel fishing, is limited by Iaw to Juno 1 of each
year, and it rarely happens that many fares are lmnded before June 30, 1or this réa-
son the cateh of the season of 1888—June 1 to November—is osgentially the product
of the fiscal your, at least so far as the landing of the vessels’ catch is concerned.
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strictive laws were then passed regulating the fishery, when the total
cateh did not exceed that which one vessel might make now in 2 rea-
Sonably prosperous scason—it is casy to see that the present depletion
of the species is simply a repetition of history, and any measures
Which are intended to remedy it should be carvefully considered.

It is probable that nothing can be done which will entirely change
the conditions resulting from the habits of the mackerel, thongh it is
Dossible that the conditions may be materially affected and a reasona-
ble abundance of the species be maintained continuously by artificial
Propagation. If millions of fry can be produced, and particalarly if
these can be protected and reared artificially throngh their carlier
Stnges’ when the greatest depletion is liable to ocenr under natural con-
ditions, there is at least reason to hope that similar results will be
Secured as in the case of the shad.

Artificial Jreezing of fish at Gloucester, Mass.—An event fraught with
great possibilities to the fishéries of \ New England is the adoption of
the system of freezing fish at (sloncester, Mass., by artificial methods,
Such as have been in common use in the Great Lakes region for a num.
ber of years. -

As long ago as 1878, when making his summer headquarters at
Gloucester, Prof. Baird suggested the advisability ot the adoption of
ﬁ“eezers by the fishing interests of that city. Iowever, this wise and
timely advice was not heeded, and there seeméd no disposition among
the dealers to profit by it until ten years later, when Mr, William 11,
Jo.rdzm consulted with the writer as to the advisability of establishing
a 1l‘e(‘bziug plant on his premises ab (Yloncester. )

Itis gratitying to record that u freezer on the most approved plan
has been put into operation during the present fiscal year, and M.
Jf)rd:m has also applied this principle of artificial freezing to some ot
his vessels which were sent for cargoes of frozen herrving to Newfound-
land. The most gratifying results have been secured on the vessels
thus supplied, since they suceceded in securing cargoes of frozen her-
Tlog far in advance of those dependent on natural freezing, and since in
consequencothey reached home and a market at an earlier date,and were
enabled to secure higher prices and much greater profit than otherwise
could have been obtained. It seems safe to predict that, in view of the
uneertainty of climate at Newfoundland, this method of freezing herring
onboard the vessels by artificial means will bedome 2 fixed factor in the

trade, ; i . . .
ule, and will ultimately extend to considerable proportions,

P m 3
ARTICIPATION IN THE CENTENNIAL EXPOSITION OF PIIE OHIO VALLEY
AND CENTRAL STATES.

reI)n Irny report for the last year, and in the preceding chapters of this
Fils,;)r é allu§10r‘1 has been mado to my connection with the exhibit of the
1 Commission at the Centennial Exposition of the Qhio Valley and



¢xX REPORT OF COMMISSIONER OF FISH AND FISHERIES.

Central States, which was held at Cincinnati during the summer and
autumn of 1888. Mention has also been made of the fact that some of
the expericnced clerks of the division of fisheries were detailed to duty
in connection with the exposition. In a special report on this subject
(which appears contemporaneously with this) detailed mention is made
of all these matters. It may saffice to say here that my duties in con-
nection with the exposition kept me at Cincinnati until November, 1858,
and were not entirely discontinued, after my return to Washington,
until late in the spring of 1889, In the settling up of the affairs of the
exhibit, after the close of the exposition, much work was also required
of several of those who had been conneeted with it, even after they had
been reassigned to the Division of Itisheries. This made it necessary
to do a large amount of work at night.

INQUIRY CONCERNING THE GRAMPUS,

The relations of the division to the schooner Grampus during the
year have been very intimate and seem to deserve special mention. As
soon as the Fish Commission exhibit, was properly installed at Cincinpati
and in good working order, 1 left that city on August 2, in compliance
with orders from the Comnmissioner, and procecded to Gloucester, Mass.,
where the Grampus was then lying, The vessel had been at Gloucester
more than a month, the commanding officer being absent on sick leave.
It was important that shie should be put in order for service and that
some one should be employed to take command of her temporarily, until
such time as it was believed Capt. D. E. Collins might be able again to
resmne charge of the vessel.

Acting under the anthority of the Commissioner, I had certain repairs
made to the vessel and she was put in first-class order for sea serviee.
Talso engaged Capt. George H. Martin to take command of the Grampus,
after which the vessel sailed for Wood’s Holl. I went on her and made
several trips from Weood’s Holl, in order to familiarize Capt. Martin with
theroutine and general work prosecuted by the schooner. Early in Sep-
tember1left Wood’s Holl and returned to Cincinnati via Washington,
where I spent a few days to look atter affairs in the office of the division.

Early in November, and shortly after my return to Washington from
Cinciunati, I was ordered to Gloucester, Mass., on special duty. On
November 16, 1888, the Cammissioner telegraphed the information that
the Grampus was ashore on Bass Rip, Nantucket Shoals, and directed
me to take such measures as seemed necessary to rescue the vcsssel; ete.

It may be stated that the vessel went ashore on Bass Rip on the
morning of November. 15, and was abandoned that evening, the wind
at the time blowing a moderate gale, with indications of the approach
of u heavy storm. The vessel drifted off' the shoal after being aban-
doned, and several days later was picked up and bronght into Wood’s
Holl. DBefore her arrival [ was directed by the Commissioner to make
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anofficial investigation of all matters conneeted with her stranding and
:llmndomn(mt, and after her retmun I was ordered to contihue the in-
quiry, including such testimony as could be obtained respecting her
rescue, ete. - I was also ordered to assume charge of the vessel for the
time being and take her to Gloucester, Mass., and have such repairs
hade as seemed to be neeessary; likewise to employ a captain to take
charge of her when she was ready, and to enlist u crew,

This duty, which, as has been stated, began November 16, was not
Completed until after the middle of January, though the work was
bushed with all possible vigor. I reported in Washington, January 21,
1889, and after my arvival there an exhaustive report was compiled,
e¢mbracing all the testimony and other data relating to the stranding,
al)andomnent, cte., of the vessel,

Circumstances over which the writer had no control prevented the
Preparation of the reports on the constrnetion and equipment of the
Grampus and on her work for the fiscal vear ending June 30, 1888,
until the latter part of the present year. As soon as it was feasible to
do 8o, the compilation of these reports was undertaken and pushed
forward as rapidly as possible. At the close of the ye:ur both were in an
advanced stage of completion, though it is proper to say that the time
and Iabor devoted to them have necessarily obstructed the expansion
of the division work in some other directions.
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L—REPORT ON THE FISHERIES OF THE PACIFIC COAST OF THE
UNITED STATES.

By J. W. CoLLINS,

L—INTRODUCTION.
1. HISTORY OF THE INVESTIGATION.

_Arpong the matters that specially engaged the attention of the Com-
Inissioner, Hon, Marshall McDonald, immediately after his appointment
in 1888, and one which was deemed very important, was the prosecu-
tion of au inquiry having for its object the collection of statistics and
qther fiata relating to the commercial aspects of the river, shore, and sea
ﬁShex'les of the Pacific coast of the United States, exclusive of Alaska.
This was part of a general plan for a thorough investigation of all
latters relating to the western fisheries. The Albatross had been dis-
patched to the Pacific the previous autumn for the purpose of making
a careful survey of sea fishing grounds and carrying on other scientific
researches of importance to the fishery interests. She entered upon
her WOr‘k in the summer of 1888, and it was integded that the inquiry
zistzgczlongt(:he extent and value of the fisheries, etc., should be prose-
cumst ntemporaneously with the researches at sea. Unforesgeu (%11'-

t a_nces, however, delayed the immediate inauguration of the inquiry
as originally planned.
;:;V:l:czl;? il}t‘entioxl of the Commissioner that I should m.a.ke a prelim-
Sumiser of ;gl;gsance of the wgst coast ﬁsherie's in _the spring and ezu'.ly
UM Stanges 1: (i anxd preparation hz_ld l)e.en made for the trip, \vh‘eu ¢ir-
t0 assumn moeu ered 1t.necessa;ry for him to order me to Washington

The ore .responsmle (?u‘t,les.
tant in:)lll‘l?zl:szatlon of. the DH"ISI.OI]. of F.ish‘eries, the conduet of impor-
tion with the coln‘cﬁa‘rmng the fisheries ot Qtlnel' regions, and my connec-
sition el mt;eé(‘ 11 _lt (’)f 'tl{e Fish Commission at the Centennial Exp(.)-
entirely i"-];)rrwltlil((;lrln[mtl in the summer zu}d a,ut'umn of 1888, m%_ldcrl it
fisherin T able to undf.\rtake tho investigation of the DPacitic

1e8 until near the close of the year.

in
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On November 15, 1888, Mr. W. A, Wilcox was assigned to the duty
of making the inquiry, and he immediately began work at San Fran-
cisco. Later he went to San Diego and, begiuning there, traveled
north to Puget Sound, visiting nearly all the fishing stations along the
coast and on the rivers. In some instances he was able to secure all
necessary information for certain regions from parties carrying on the
fisheries there, but who were met elsewhere. In these cases no advan-
tage would have accrued from visiting the localities omitted, because
they were generally in remote places difficalt of access, and since it was,
then out of the fishing season the canneries were closed; besides, no
one else could give such reliable information concerning the fisheries at
those points as the parties interviewed. With few exceptions, however,
the various fishing centers, rivers, bays, ete., were visited during tho
height of the season, when the conditions and methods of fishery could
be observed under the most favorable auspices.

Mauy difficulties were encountered in prosecuting the inquiry, and it
became necessary to go over much of the region twice. Fisheries situ-
ated away from the ordinary lines of communication had to be reached
by primitive methods of travel, and the utmost tact was required in
some cases to secure necessary information from suspicious Chinese, or
others haviug only an imperfect knowledge of the English language,
and whose interest in the fishing industry goes no further than the pit-
tance it supplies them. Though instances of this kind were exceptional,
they were occasionally almost insurmountable obstacles to obtaining a
full knowledge of the fisheries.

An important phase of this inquiry has been the examination of the
commercial fisheries of the small streams, bays, and harbors along the
coast, many of which had not previously been investigated.

The canvass made by Mr. Wilcox closed on September 23, 1889, when
he was ordered to other duty. Subsequently, during the winter of
1889-90, it became nz2cessary to make some additional inquiry concern-
ing certain details of flshery, etc., at Santa Cruz, San Francisco, and
the Sacramento River; the Albatross was then lying at Mare Island
navy-yard, and Mr. A. B. Alexander, fishery expert on board that
vessel, was detailed for the purpose. The notes forwarded by him con-
tained considerable information relative to the fisheries in 1889, which,
of course, it was not practicable to secare at an earlier date; this has
proved valuable in the cempilation of the report. He completed lis
work on January 7, 1890.

Although the inquiry covered 1889 in part, complete statistics were
obtained only for 1888. These figures are given in the tabulated state-
ments, while the statistical data secured for 1889 appear iucidentally
in the text.

As fishery expert. on the Albatross, Mr. Alexaunder made studies of
certain phases ot the cod fishery prosecuted in Alaskan waters and of
the Puget Sound fishoeries, to which reference is made elsewlhere,
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2. SCOPE AND OBJECT OF THE REPORT.

The scope of this report is limited to a consideration of such fisheries
‘as are prosecuted in or from the region embraced between the south-
ern extremity of California and the northwestern limit of W ashingtop.
Incidentally, a somewhat extended reference has Deen made to certain
Phases of fishery in Alaska, in cxplanation of industries controlled by
i*Apitalists of San Francisco or elsewhere, and which really constitute
a part of the fishing interests of the region specially treated of here.
Mention has also been made of the Alaskan salmon fishery in order
that the statistics of the Pacific fisheries may be as comprehensive as
bracticable, and that intelligent comparisons may be made of the rela-
tive productiveness of the various localities in the territory controlled
by the United States. ‘ .

An investigation of the salmon fisheries of Alaska was made by Dr.
Tarleton H. Bean, ichthyologist of the Commission, in the summer of
1889, and a report has been prepared and published giving the results
of the inquiry.

A leadiug object has been to make this a geographical review, so far
as practicable, and the attempt has been made to localize the fisheries
of each section, 8o that their relation to other industries and all other
local conditions affecting them may be understood. An important
bhase of this part of the work has been the consideration of the com-
mercial fisheries of the small streams and bays, most of which havenot
Leen previously mentioned in the reports, for the reason that many of
them have attained prominence as fishing centers since auny similar
inquiry was undertaken. A scarcely secondary object has been to em-
body all leading facts concerning the history, methods, statistics, etc.,
of eachof the more important branches of thefishery industry. Another
lzmportzmt featureis the attempt to point out how certain fisheries may be
Improved or new enterprises established. Thus the knowledge gained of
the conditions of the fisheries of the west coast makes it feasible to sug-
gest, from a study of similar industries elsewhere, what should be done
to secure the best results,

For lack of space it has been found impracticable to put in this re-
port a chapter on fishing vessels and boats prepared for that purpose;
tbat will, however, be published hereafter, For the same reason sowme
other important matters have not been sufficiently elaborated. How-

ever, nothing vitaily important to a proper presentation of the matters
dealt with has been omitted.

3. SOURCES OF INFORMATION.

The chief source of information has been the inquiry prosecuted by
MGSSI‘s. Wilcox and Alexander, in which the latter took only a compara-
tively small part. It is, however, only just to say that important
Studies were made by Mr. Alexander of the northwest-coast fisheries,
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which have been embodied in the report made by Captain Tanner on
the explorations of the Albatross, This report has been drawn upon
for data relating to fishery methods.

The writings of Rathbun, Iilliott, Bean, Jordan, and Gilbert have
been valuable sources of information both as relates to methods and the
definition and distribution of species. In a very few cases interesting
and valuable data have been obtained through correspondence.

Through the courtesy of the transportation agencies, fish-packers, and
fish-dealers, the agents of the Commission were generally able to get
full and reliable data frown the records of firms, corporations, etc.

4. METHODS OF TREATMENT.

In preparing this report an effort has been made to present all the use-
falinformation in the most convenient shape for reference. In some cases
the fishing interests of a locality were so insiguifiant that they have
been disposed of in a single chapter; but in most instances the material
has been arranged and classified to show all the important details. The
method of treatment has been varied by necessity, so as to adapt the
consideration of fisheries to existing conditions of a geographical or
local nature. In California, where there are coast fisheries, it has gen-
erally been feasible to consider their relations to the various counties
bordering the sea and bays. Exception to this oceurs in the discussion
of the fisheries of the Sacramento and San Joaquin Rivers.

The fisheries of Oregon and Washington, however, are largely con-
fined to streams of greater or less magnitude, and the most desirable
method has been to consider each river basin by itself, regardless of
territorial limits. The region embracing Puget Sound, Washington
Sound, the Strait of Juan de Fuca, and the Gulf of Georgia has been
discussed as if it were a river basin.

The report begins in the south at San Diego, where the inquiry prac-
tically started, and each geographical section is taken in turn until the
northern extremity of the coast line of Washington is reached.

Perhaps the most important matter connected with the treatment of
available information relates to illustration. The maps herewith pre-
sented for the first time will prove a valuable aid in conveying a proper
understanding of the fishery industries of each sectiou, showing the
fishing grounds, the location of special forms of fixed apparatus, fishing
towns, canneries, ete. Other illustrations show the methods of fishing,
the fishing stations, the preparation of products, etc.

5. IMPORTANCE OF THE PACIFIC FISHERIES.

The fisheries of the Pacific coast of the United States are second only
in rank to those prosecuted along the Atlantic coast; several branches
take precedence of all others of a similar character in the world, while
others are now coming into marked prominence or have much that is
promising for the future.
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Among the ficst may be mentioned the fur-seal and salmon industries,
Which are unequaled elsewhere. The whale fishery has attained impor-
tant proportions, and San Francisco may now fairly be considered the
leading center of the whaling industry. The canning of sardines on
81 extensive scale, the preparation of caviare, the establishment of a
Inackerel fishery, an improvement in the cod fishery as the result of
demand in South American markets, and an inerease in the fresh-
Salmon trade, are important probabilities which may be fully realized
Within a comparatively short time if the proper effort is made to profit
by existing conditions and to utilize available resources.

There has been a gratifying increase in the fisheries of the Pacifie,
taken as a whole, since the census of them was obtained in 1879-80,
and there is reason for anticipating fature advancement in certain di-
rections, though cause exists for gerious apprehension of decline in the
fur-seal fishery, and possibly in one or two other branches, if present
methods continue. ‘

In illustration of the importaut position held by the west coast in
coutributing to the world’s food supply, the appended tables, relating
to the salmon-canning industry, may with propriety be introduced Lere.
For purposes of comparison, and that the entire industry may be placed
before the reader, the results of the business in Alaska and British
Columbia are added to those of the Pacific States.

An outline of the salmon canning in 1889 is given in the following
table, from which it appears that of 122 canneries in operation that
year, 98 were in United States territory and 24 on British soil, and of
the former 36 were in Alaska. - Of the total pack, Alaska produced
the largest part ;5 and, although in the number of canneries that Terri-
tory exceeded Oregon by only one establishment, the output was more
than double that of the State named, a fact due partly to the larger
capacity®of the Alaskan canneries, but chiefly to the greater produc-
tivenese of the Alaskan rivers.

dbstract of the salmon-canning indusiry of the Pacific coust of North America in 1889,

) No.of | No.ofcases | Valueat
Locality. can- | of salmon | nverage mar-
norfes. | canned. ' ket price.

Alaska....... ... 36 675, 000 ‘ $3, 375, 000
British Cohabin. ... o..o0. . 24 414, 400 . 2,072, 000
Washington 18 203, 600 ! 1,201, 240
Orepon..... 36 333,113 | 1, 965, 367
California...... ... . ... 9 75,347 | 452, 082
TOtal.eeeenrnee e eannnnn .. 122 |

1, 701, 460 | 9, 05, 689
The pack of the west coast during the fourteen years ending 1889,
as ,ShOW“ by the following table, amounted to 12,493,086 cases, with an
estimated value of about $75,000,000. The weight of the salmon con-
Sumed in the preparation of this enormous pack was over 876,000,000
Pounds, equivalent in point of weight to 1,000,000 head of cattle, and
greatly exceeding the latter in economic importance and food value.
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Annual output of the salmon-canning induslry of the Pacifio coast of North Admerica
JSrom 1876 to 1889.

Approxi-
mate gross
Year. Cases. welght of
hcnh salimon
utlluul
Nuwdber. 7’01L7|11s
.......................................... FUTPT 475, 600
R L LT S R 504, 800
................................ 68, 00V
.............................. 8390, 00
.............................. 679, 50
.............................. 911, 100
............................. 991, 800
................................ L, 10(3 (00 s
................................ ')85 205 68, 970, 650
................................ 835, 715 (i0, 400, 050
S 053, 354 65, 334, 750
................................. 997,800 ' 69, 852, Juu
B 1,119, 872 83, 256, 040
................................................. 1,701, 460 | 119, 12, 200
........................................ 12,493, 086 ) 874,416, o2 |

Although of only about 7 years’ existence, the salmon-canning indus-
try of Alaska has become more important thau that of any other region.
The increase in growth during the past few years has been phenomenal,
especially in 1389, when the pack of 675,000 cases represented an in-
crease of 377,000 cases over the previous year. How long the supply
of salmon can keep up under this enormous drain can not be predicted,
but it would seem that in any event Alaska is to be tlie great salmon
region of the future. The yearly increase is shown in the table:

The Alaska salmon pack from 1883 to 188Y.

, Number of | . Number of |

Yoar. cnsos, Yoar. cases. |
- - !

o

1883..... ..ol 36,000 | 1887 ... .....ceoiinnnn. 190, 200
18340 L. L. 45,000 | 1888 .., .. ..cciiieenn. 298, 000
1885, . .. olo.L... 74,850 ') 1889, ... ciiiinacioennn 675, 000
1888.c.ceiiiiiiiaa. ... 120, 700

. —

The importance of British Columbia as a salmon-producing and sal-
mon-canning country may be seen in the following summary, covering
14 years. As in Alaska, there was a large increase in the output in
1889, independently of an increase in the number of canneries.

Number of salmon canneries in operation in British Columbia Jrom 1876 to 1889,
and the annual output of canned salmon.

" ‘ No. Of lN £ { No.of
Yoar. ln can- | Uc‘;’nn':_ﬁsesl Your. “ean. |No:of cnsce
| meries. | | neries, canuod.
| = _

3 9,847 1 1863, ..e.o....... ..
6! 6787 n:.sx..............'.} y %49??‘4’3
10| 113,601 (| 1885..00 0001 ! ¥ 108, 517
9| uiou3 | 18se. 17T p17 | 161,264
9! 61,840 1887.. 00 T 20 204, 083
w1 177976 || 1888 I l 24 186, 663
18 : 255, 061 | | 1889, 1IN C24( 414,400
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An examination of the table exhibiting the extent of the export and
shipping trade in ecanned salmon shows that more than one-half of the
total pack in 1889 was sold in Europe, and about one-fifth of the pack
was consigned to the Bastern States. The entire export trade of British
Columbia is with the mother country, to which the Columbia River also
8cnds all that portion of the pack not shipped to points in the United
States. San Francisco likewise has a large trade with England ; it also
exports considerable quantities of canned salmon to Australia and makes
Smaller shipments to numerous other countries.

It will be noticed that the record of shipments falls considerably
below the total amount packed. This is, due chiefly to the fact that
acconnt has only been taken of the important shipments to ‘the Eastern
States, while the local consumption of Canada and other British prov-
inces, as well as that of the Western States, has not DLeen included.
The main object of this table is to show the general drift of the Pacific
coast trade in canned salmon.

Shipments of canned salmon by rail and water in 1889,

i No. of cases|No. of canes! N
Whence and where sent. Vghipped by | exported Total.
rail, by vessels,
S SO DU S R —
! British Columbia: l :
. To London . .oveiiiiiiiiiiiiaa, 175, 843 l 175, 843
s T'o Livornool : . 158, 686 l 158, 686
Total .eooiiiiiiiileiiniiniaanee . 334,520 . 334,520
Columbia River:
To London. .covvieieiiniienrenaeedioiiinneanes 26, 605 26, 605
To Liverpool..... R SO 100, 885 100, 885
To Lastorn States. .c.eeeeeeranann. 212,767 {.veueneennes i 212,757
Total. .coqeeaeeiniiiinecvnnannn. 212,757 1 127,400 340, 247
San Franeisco:* 1
Lo Australis. coeeirrenieoenreunn. welieecesncecns 80, 141 80, 141
To London..cooovs iniuiecnnranan. .. ceen 85, 084 85, 084
To Liverpool......coouvvan ..., .. N 263,031 263, 031
To Hamburg . . el .. 500 500
To the Orient . .. 3, 302 3,392
',l‘o Pacific islands. 4,191 4,191
'1‘0 Spanish Amorie 1,031 1, 041
Lo Eustern States. 41,753 152, 251
Total.oeoeneinninneecaaannnn..., 110, 498 479,123 689, 621
Grand total...........coeeeen..... 320,255 | 041,142 | 1,264,307

-
So faT a3 could Vo ascortainod the fullowing localitics were ropresonted to the extent given in the

ex i 9 N K )
borts of canned salmon from San Francisco to European ports: Alaska, 208,078 cases; Colnmbia

River, 0,374 cason ; Suer i v
L 7 Sucramento River, 15,624 ¢ : 3 5 g ¥ ages; British
olumbja, 49 140 ¢ sos, WA 6 44:'1505, other Unitod States rivers, 22,438 cases;

6. REMARKS ON FISHING GROUNDS, ETC.

Sh?ri:{li ;‘l.ﬂq the Iocati(?n, dnsﬁgnation, outline, and description of the.
based Shing grounds, includiug those in bays aud rivers, have been
o on information fgx.'mshed by the fishermen who daily work upon

em, or by others familiar with the facts. In many cases, however, it

Was practicable for the agents of the Commission to visit the fishing



10 REPORT OF COMMISSIONER OF FISH AND FISHERIES.

grounds, more particularly those on the bays and rivers, and from
actual observation fo mark definitely on the charts the location and
extent of fishing areas. At the same time the leading characteristies of
the different localities were noted, including the kinds and quauntities
of various species of fish or other aquatic animals that occur in each
section in different seasons. The notes on the distant sea fishing
grounds have been compiled from various sources, most of the infor-
mation, however, being the result of investigation by the U. 8. Fish
Commission.

In a large majority of cases no attempt has been made to define the
limits and contour of the fishing grounds, except to show the areas
actually utilized by the fishermen. Tn the greater number of instances
tho regions off the coast thus marked are smaller in extent than would
appear from actual surveys, taking a certain depth as a basis of limita-
tion. In a few cases, notably about the TFarallone Islands, the area
said to be frequented Ly the fishermen is larger than might be sup-
posed if one were guided only by the relative depth of water. Those
familiar with fisheries will readily comprehend how these apparent dis-
crepancies must appear when the olject is simply and only to show
approximately those regions which are commercially important as fish-
producing areas, It is confidently believed that all fishing grounds
of commercial importance have been shown which come within the
scope of the maps. Care has been taken to designate the extent and
location of all areas where oysters, clams, and other valuable mollusks
occur in considerable abundance.

A specially important feature is the location and designation of fixed
apparatus, such as pound nets, weirs, traps, fish-wheels, etc., on the
coast and in the rivers and bays, besides which the seine-reaches have
been defined, and in many other ways the apparatus chiefly used on
certain fishing grounds has been shown.

7. ARTIFICIAL PROPAGATION AND ACCLIMATIZATION.*

No section of the country is probably more dependent on fish-cnlture
for the successful continuance of its fisheries than the Pacific slope.
Experience has fully demonstrated that the supply of salmon is likely
to be so much reduced through ovérfishing that the industry depend-
iug upon their capture must soon be abandoned, unless the skill and
well directed efforts of man are utilized to maintain the stock upon
which he draws so heavily and so continuously. Artificial propagation
of fish has now passed beyond the experimentat stage, and there is no
longer doubt in unprejudxccd and well-informed mmds as to its possi-

* While the results of altmual prop'wntwu of food-m.hes on the west coust. and
the introduction of Atlantic species in the waters thereof are snbjects gormano to the
objects of this review, tho spaco allotted precludes extensive discussion bere. Itis
intended, however, to fully discuss this work in an artiele on the vesults of artificial
propagation which the Commigsioner now has in contemplation.
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bilities when conducted intelligently and on a scale equal to the objocts
aimed at. It is believed by those competent to speak on the subject
that the artificial propagation of salmon has been very beneficial of late
on the Columbia River, although the hatchery on the Clackamas has not
been long established and the magnitude of its operations has not, until
quite recently, been commensurate with the important interests at
stake,

One of the best illustrations of the cffect of fish-culture in the waters
of the west coast is found at Rogue River. Here, for several years, the
Proprietor of the fishery at Ellensburgh, Mr. R. D. Hume, has been ac-
Custowed to have a private hatchery. Salmon were kept in coufinement
until ready to spawn, when their eggs were taken and treated essen-
tially as they are handled at other hatcheries. Every year more or less
fry were put into the river. This has resulted in a continuous and grat-
ifying increase in the abundance of salmon in the Rogue River from the
first season when the effect of artificial propagation was observed, which
was about four years after fry were first hatched out at Ellensburgh.
Thus the pack of canned salmon on this river has been more than
doubled in a few years, due entirely to the increase in the abundance
of fish, The supposition is that salmon would have continued to grow
8carce in the river, as was observed before artificial fish-hatching was
Tesorted to, until the supply became so much reduced that packing them
Would no longer have been profitable. It is a remarkable fact that
.ROgue River is the only stream on the Pacific slope which has shown an
lncrease in the number of salmon entering it; a result, however, that
has only been noticeable since artificial propagation was begun there.

The acclimatization or introduction of certain species into Iacific
coast waters has been a most important matter, Among thoseso intro-
duced are the shad (Clupea sapidissima) and striped bass (Roccus lineatus),
two of the most delicious food species of the Atlantic region, and both
anadl:omous. The shad is now widely distributed along the coast, and
bromises to become abundant in time. It is reputed to have changed
1ts habits somewhat on the west coast because of local conditions ; in-
§tgad of returning to the sea assoon as it has spawned in the rivers, as
18 1t habit in eastern waters, some observers say it seldom enters the
Ocean, or at least does not go far, because of the cold waters of the Hum-
boldt stream that sweep in along the coast; it remains in the warmer
WaEers of ‘the estuaries and bays, and is taken at nearly all seasons.
th’ellxllz‘iznped bass is .begilming to figuro couspicqous]y in tll? markets;
thiore 1o rz:s(‘:lrlstoc‘cas.lo.nally notlc.e th.e czmptu.re of la.rge specimens, and

Tho carp has (i)nd::‘tlclpgte tl)lat lt' will attain prominence in tiwme.
species in S'Ll‘l e t?ase greatly in numbers, and is a very common

¢ ancisco and some other places.
in::::l(:ll;gé txi]; receuf;. )etff)rts of the United States Tish Commission to
plant the A v 8pecies into Western wute'rs- has })eeu the a.ttempt t.o
e tlantlc lobster (Homarus americanus) in the Pacific. This
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proved completely successful. In 1888 565 adult lobsters and 104,000
fry were planted off the coast in localities deemed most suitable for
them. What the result of this will be can be conjectured, but can not
be definitely determined until after the lapse of sufficient time to give
the lobsters an opportunity to grow and multiply.

8. COMPARISON OF THE FISHERIES OF TIIE PACIFIC STATES.

There is considerable variation in the fishing interests of the three
Pacific Coast States both as relates to their character and their value.
In order that the opportunity may be presented for an easy comparison
of their ljespective importance the followin g tables are produced here:

Persons employed in the fisherics (;f the Pacifio States in 1888.

Fishermen. Shores-
. e —=-{men and| . 1
Statos On On boats factory Total.
vessels, ‘ 'I hands.
e [ —
Cualifornia. . cveeeeaasd]  *1,543 3,188 607 5,338
Oregon ... [T 53 3,045 1,684 1 4,682
Waushington .. 0.1 00100t 283 | .2.671 | 976 | 2,830
—
Totaleeoeniceieeni | 1819|8804 3,067 | 13,850
I

* Not including 753 men employed on whaling vessels belonging at Now Bedford,
Massnchusetts, and making thoir headquarters at San Francisco.

Apparatus and capital employed in the Jisherics of the Pacific States in 1888,

Apparatus of capture.
. : Trap nets, l 1
States. Gill nets. Seines. Tramme) fpounI:l nots,| Salmon Vx:)‘po .
nets. Bk wheels. ! Total
and woira. i minor
Value.
e e DR U —————--|npparu-
No. | Value. | No. i Value. |No.| Value. lNo.! Valuo. No.i Valueo., tus.
e e | L - .- _ —_- _; _—I e | T
California ..[2,367 (256,465 11, 629 [$57. 625 120 $14,735 (... ... | $317,176
Oregon ..... 2,545 | 322, 620 25| 7,20 | .0 437,913
Washington (1,130 | 187,345 | 59 | 44,200 | . | 0000 | 402,177
Total ....|6,042 L?Gti, 430 (1,713 |109,085 329 14,736 |215 163, 950 ; 39 i108, 000 : 31, 695 |1, 157, 205
g DL S R SR R o L . :

! Veasels. Bo.al;.-

i Othier property. I
Stat ! i | Valus of ‘ Tn!:ll]
atea. Not ! Value of ' : wharves, | 4 capital
No. tonnage. : ¥ Alue. ‘ outfiy, No. | Value. buildings, capital. I'invcslud.
| ; | ang ac-
! CesBories.
B S [ S,
Californin...| 94 | 12,108.81 ‘81,046,500 | $447,475 | 1,354 | $245, 010 | $023, 050 | $267, 500 12, 084, 210
Qresol - 130 422300 74,050 | 11400 | 1535 | 201,095 | 619,204 | 952 850 | 2,206, 632
Washington.| 17 | 752.78 | 71,600 | 31,520 | 1,202 j 145,880 | 333,220 | 533,000 | 1,517,307
Total....[124 | 13, 263.8¢ | LIV2150 | 490,395 | 4,100 | 591,085 |1, 275, 504 1,753, 550 | 6, 498, 230
' I : i

* For a detailed history of the transplanting of lobsters to Prcific waters, referenco
is made to a paper by Mr. Richard Rathbun, in the Bulletin of the U. 8. Fish Cow-
mission, vol. viIi, 1888, p. 453.
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Products of the fisheries of the Pacific States in 1888,

3

T T California, |  oregon. Washington. | Total.
Spucics. éunntit)!_\;ultl;_l:Qu_nu—ti;)_fVulu; Qunntiti Value. |Quantity.| Value. i
—— e e e [~
Fiah. ‘ | 5, 11352, 037, 750
Shimom Sl 1o 8,024 085 So12 ganlen 15,47, 980 S 130, 00 46l 1, 1ok 800 43,03
ther :rir;fihfr'&{ll:}lﬁ:. 9, 73?5', 720 5432 i 1, 058: oo, 20, 838 2,204,400 66,345 13, 040,050 630, 461
tuhuui' d?-?);fl .lti.c k}%ﬂ 4,047,602 130,442 201,200  4,474| 300,000| 10, 100% 5,448, 892 145,016
Total ......... 8 ,313,_3_2_45—1, 031, 39?:25290, 2661, 010, 843(18, 014, 336; 703, ]98‘07. 396, 020 2, 8635, 349
Mammals, - i
Fur geal, sen otter, !
yaleus, s onl, | 2 008 ;
pelts........_. 0. 1107,0131,799,644/.........[......._. 5381 32,008 113,204 1,892,552
“boyo 04 Whate 197,000, 585,895 ... |.oeoen... SUTRRR RN 107,060’ 585, 885
Wo‘i{uo“dsg‘nﬁ; 20, 209! 104,83 e e 202,200 104,834
Total ..........|. _.3 490,378) e 32,908 ... ::223-_'4’81
AMollusks and crus- i
taceanb'.
Gl i s | o S0 000 048 b0 o2 w0008 angmy wmug g o
l;i’:sll’s'nﬂ:lr;;)x}‘\'vfxr.'ﬁ;; 5,363,420 186,883  1,104! TI6 6,875 1,070/ 5,371,480 188, 660
Total ......... O T I 14,201 .......| 90,84d........ --| 971,673
Miscellancous. B o
R‘i’ﬁ‘illé”?.‘ﬁfv’ifﬁk, s B 4401 e e 4.000).......... 2,500
Grand total .. .. 1 os3,e74) 890, 860 ........ 6, 387, 803

"'I‘m'hul.iu;: thoso subsequontly canued.
t These includa tho fur-

Statoes.

Cnalifornin
Orvegon ... ..
Washington

Total

One of the most inter
collection of fishery sta

the rel

intelligently
worse,

the comparative stat

been prepared,
two periods,

of'a fishery cartied uvn by

Summary of the salmon-canning industry of the DPacific Slates in 1883,

| Snl'm;)n used for can- |Canped salmon placed
ning. I on market.
No.of No.of [ ___ " A
canuer- factory Prico paid
fes. | hands. Pounds. | o ﬂslzor- i Casos. Value.
| men, B
------- 8 360 | 4,033, 655 $245, 683 74, 822 $464, 233
34 1 1,084 21:390. 648 880,772 | 320,822 | 1,901,017
21 : 976 | 15, 307, 920 647, 772 226, 393 1, 347, 980
i i (.
63 | 2,920 | 41,632, 223 | 1,743,227 | 622, 037 i 3,703, 838

9. COMPARISONS WITH 1880.
¢sting and instructive results of the systematic
tistics is the institution of comparisons whereby
ative statds of these industries in past aud present years may be

considered, and the changes noted, whether for better or
For the purpose of presenting in as compact form as possible
istics for 1880 and 1883, the following tables have
These show at a glauce the changes between those

soal skins taken at the Pribilof Islands, in Bering Ses, which are a product
San I'raucisco capital.
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Comparative tablcs for the years 1880 and 1888, showing the exient of the fisherics of the
Pacific States.

1. Persoxs EMPLOYED.

Stat | Fishermen. Shoreamon. Total.
oStates. [ R D e —
| 1980. | 1888. | 1ss0. | 1sss. | 1sso. | 1888,
(C)nli’fomin. 2,080 | 4,731 1,005 607 | 3,004 5,338
regon 2,795 | 3,008 | 4,040, 1,584 | 6,835: 4,682
Washington ......... .o lllI I | 729 | 2,854 15 16 741 | 830
TOtal e veei e e }_?,om 10,683 | 5,000 | 3,167 10,673 | 13,850
e T Ry [ i
2. APPARATUS AND CAPITAL.
Vessels. ! ;
) T T e e -- ——=  Value of apparatus Cash capital and value
States. No. I Value. 1 and oulfit. | of shore property.
1 I
| | 1sss.i 1850, 1868, |  1880. | 1888. | 1880 [ 1888
- I B T e -
g;uhfornm ........... 94 . $535,350 %1, 046, 500 $205, 840 ! $802, 150 | $307, 00 $590, 550
\JX’SI(;;:{EA};; 13 I ......... 74,000 245,750 | 449,343 1 639,000 | -1, 572, 144
8 170 11,1000 71,600 | 8,648 : 433,607 © 4,000 866, 220
Lo12d | 546,450 | 1,192,150 | 460,208 | 1,685,190 i 950.00_0 3,028, 014
— AT S T R A
Boats
T e s—s= —e— e e——————- 1 Total investmont,
States. No. Value. |
1880. | 1888. 1880, | 1888, 1880. | 1888,
Snlifornia ................................ $01, 485 | $245,010 | $1,130,675 | $2,684, 210
T6EON ...... 246,600 | 201,005 1 1,131,350 | 2, 206, 632
Washington 6,610 | 145,850 30,358 | 1,517,397
Total .ooveeei il ... .eo.l 2,547 | 4,101 ‘ 44,605 | 0U1,085 2,301,383 | 6,498,239
3. ResurTts or THE F
. Resuw 2 2 IISIIERIES.
Fish
Statos. 1880. 1888,
o Pounds. i Value. | Pounds. Value.
Californin ...oooeeeeoi il Ll 24, 577,920 | $750, 961 | 23,313, 324 $1, 001, 308
Orogot - v 30,500,000 | 856,302 | 35, 160, 266 1,010, 843
Washington 5,707, 000 | 96, 520 | 18, 914, 336 | 763,108
O 69, 784, 920 ! 1,702,783 | 67,576,026 | 2,865,349
—ee e N -
Valuo of whale, wnlrus,! Value of a-
seal, and 88!1'-0“01‘ i cen.un(:'m(clrx‘::sotl‘-l \lt:‘ilr:zg]‘])x{n%g:&r Total value of
States. products. ‘ lusks. products. fishory products.
1880. 1888. | 18%0. | 1888 | 1880. | 1888, | 1880, 1888,
e R R L TRE I NRpRp S ISR [ I,
California ....g.....| 1$2,280, 000 1%2, 400, 373) $104, 608| 2866, 538| 93, 500! $15, 060| $3, 238, 969 $4, 463, 360
Qregon ....... B0l [l Lo T 14,201] 10, 000] 8, 440 69, 602| 1,033,574
Washington........ 68, 012: 32,808, 10, 0001 90,844 2,500 4,000 167,032  800.800
Total......... 2, 353,112I 2,523,231 204,608 971,073 1o, oool_zi, 500 4,276,503 6,487,503
S — —_— }

<1t would appear that the figures for ‘Vllﬁ]‘lil-l;,'-t;)l;- f_o-i'ul_HX()-, l:;ku; from the F

Industries of the United States, section 11, do not inclnde the figheri al
on the Columbia RRiver, It is probablo that the e © fsheries of that
ited to Qregon, which fact should be borne in ming

{ Including the fur-seal amd sea-otter fishories o

‘wheries and Fishery
Territory prosccuted

n!iro ﬂ'uhory industry of that river has been cred-
Lin noting compariaons Letwoen 1880 and 1888,
{ Alaskn that ave prosecuted by California capital,
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10. SUGGESTIONS,

) Instudying the various phases of the west coast fisheries, and having
In mind the condition, mecthods, ete., of similar industries elsewhere, it
5eems proper to offer some suggestions which may prove timely and
yelpfu]. In taking this action I am not insensible to the responsibility
Incurred, nor is there lack of appreciation of the disadvantage I labor
l{nder in not having had the opportunity to personally inspect the condi-
tion of the Pacific fisheries. Nevertheless, it seems eminently desirable °
that attention should be called to the following matters:

Improvements in fishing vessels.and boats.—In no other direction, per-
?"‘-DS, can certain fisheries be benefited to a greater extent than by the
l{ltroduction of improved types of vessels and boats. Swall, properly
rigged auxiliary steam vessels of suitable model can be mueh more ad-
vVantageously used than sailing craft in many of the fisheries on the
Pacific. It is true that small steam schooners are now employed, but
ic schooner rig seems rather unhandy for a steamer, and from all the
information obtainable the form of these vessels is not the best that
could be devised.

In no other branch of the fisheries is a change in vessels and boats
apparently so much needed as in the market fishery. Reference is
made to this in discussing the market fishery of San Francisco and
other places farther south. There is a general need of the adoption of
welled boats, in which fish, crustaceans, etc., can be kept alive until
they are brought to market, and the day may not be far distant when
welled steamers may be profitably employed. In a country where jce
18 scarce and costly, it is especially important that every improvement
should be utilized which will result in placing fish products upon the
market in the best possible condition at the least expeuditure. The
use of steam smacks is not exactly an experiment, since vessels of
this description are now employed to bring fares of live halibut from
Iceland to Eugland. Perhaps the time has not yct arrived when the
demand for fresh fish in Pacific ports is suflicient to warrant the employ-
ment of steam welled vessels, but it is well known that sailing smacks
can b.e used without any increase of expenditure, while the advantage
of being able to offer live fish for sale might be very great,

. The m(wkere.l ﬁshcry.—‘At present there seems to be an opportunity
or the establishment of a mackerel fishery on the coast of California
:Zu?l ;)lf Monterey. There is a remarkable consensus of statement
coli a(;) lle moderat:s :.Lbuu.dance of the bull’s-eye mackerel (Scomber
feasibleatong the (Jallfornu} coast, and it would seem to be entirely
ind ot 0 make catches with comparatively small outlay for vegsels
ally Sgaré)én.enti The common mz.mckerel (8. scombrus) is now exception-
for a saeie Slu t. 16 western Atlantic and perhaps may not be abundant

of years. In the meantime, the demand for salt mack-

erel i i ; : : . . .
larlels pal‘tl'a!ly su_pplled by importations from forcign countries, and
8¢ quantities of fresh fish of this species aro also brought from
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Canada at considerable expense. It is therefore important that this
demand should be supplied, so far as practicable, by the products of
American fisheries.

It the proper methods are adopted, it may be feasible to bring quan-
tities of the bull’s-eye mackerel from the west coust to the markets of
the Central States, and even as far as the Atlantic coast. A profitable
business might be inaugurated by canning mackerel in this region if
the supply is sufficient to warrant the attempt and the quality of the
fish is suitable for packing in this mauner.

Atka mackerel.—The Atka mackerel, or yellow-fish (Plewrogrammus
monopteryyius), oceurs in considerable numbers in the western part of
the Aleutian archipelago, about Atka and Attu Islands, during May,
June, and July. Tsually it arrives about the middle of May and
remains until toward the latter part of July. It is said that this is a
most delicious species, and would be a very excellént substituté for the
common mackerel. It is also believed that it may be readily taken in
considerable numbers by -hook-and-line fishing. The natives secure
considerable quantities in the season, by spearing.

Mr. L. M. Turner, who visited Atka Island in 1879, found that fish
of this species arrived “in countless thousands” about the 18th of June.
He says that they gencrally head the tide, which rushes with great
velocity through the pass, the fish varying their position as the cur-
rent changes. Heobserved that the spawning season is generally over
as early as the 20th of July, after which the fish gradually disperse and
return to the deeper waters of the Pacific.

The following remarks by Mr. Turner are from his “Coutributions to
the Natural History of Alaska”:

The fish arrive at Attu, from the southwestward, about the 24th of April, though -
this date varies according to the oponness of the season. It is rarely later than the
1st of May. 'Tho fish come at first in a straggling manner, and their first appearanco
is made known by their being caught on hooks while the men are fishing for other
kinds. The first-comers are usually adult males. They are not fat on arrival, but
soon become 8o from the abundauce of small crustacoans that fairly swarm awmong
the patches of scaweed by the 10th of May, and at which time the fish are tolerably
numerous. By the 10th of June thousands of these fish can be seen in thoe shallow
water (sbout 14 to 8 fathoms deep) below. The natives here tako considerable quan-
tities of these fish, and dry them for use at an early date. * * * When thoy go to
catch them they visit the various localities known to be the haunts of these fish, and
by looking beneath the ass of kelp fronds can soe them if present; if not, the fish
are off in the open water. .

» * * » * * »

I here had opportunity to come to the conciusion that these fish will bite readily
at the hook. I saw them jump and struggle to get at the gaff and could feel them
strike against it while it was in the water, aud at times it was imupossible to hold it in
position, a3 the mass of moving tish carried it along with them. Any kind of fresh
fish may be used as bait on a swall cod-hook for these fish. A picce of searlet lannel
tied abovo thoe hook is good to attract the fish, ay they will then bite voracionsly,
With the hook a person can catch the fish as fast as put into the water. With the
use of several hooks on one line several fish may be taken at once. With the gail the
fish are taken in great quantities, equal to all deniands.  The run lasts at Atta until
July 25, after which the fish are spent and slowly disuppear from the waters.
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These fish wore not known at Attn previous to 1875. They camo unoxpectedly and
Wwere caught on hooks set for other fish, Since that time the people have hud an abun-
dance of them. Krom my own obscrvations I am led to assort that 500 harrels of 200
Donnds each can be procured at Attn in the season from June 1 to July 31.* At the
¢ntrance to Chicagof Harbor is the only known locality at Attu where these fish
l"esorb. These fish are also reported to bo abundant at Kiska Island, boetween the
Islands of Atka and Athdkh; also between Unilga and Unalaska, aud also in the
Passes between some of the Shumagin Islands. I saw a fow individuals in Captain’s
Harbor, Uualaska Island, in the early part of July, 1831, This is the first instance
of their occurrence in that locality. * * * They can be prepared ab a cost of $2
Per barrel for the fish at either Attu or Amlia. The cost of the barrel and salt, of
course, is to be added. Ouly the necessary sheds for protecting the barrels from the
Wweather would have to be erected. Native help could be procured at a cost of §1 per
day for n ran, and 50 to 75 conts per day for thoe women, who can clean the fish as
prcrtly as the men. Ere mauy yoars these fish will command a highly remunerative
Price to those who will engage in the enterprisc.

It is a matter of regret that no well-directed effort has been made by
white men to capture this species in quantities by hook and line. In the
Summer of 1889 Captain Jacobs reported that he went to Atka in the
Schooner Mollie Adams and made a special effort to catch the yellow-fish
!)y the use of a purse seine. The habit of the species, however, which
linpels it to frequent shallow water, particularly where the giant kelp
grows in abundance, rendered nugatory all attem pts to catch it by
seining.. I am not informed that he made any endeavor to secure it by
fishing with hook and line.

Freezing houses.—The importance to the fishing interests on the
Pacific coast of the establishment of properly constructed freezing-
houses can hardly be overestimated. The demand for fresh fish in all
parts of the country is a growing one, and apparently increases more
raD‘idly than the population. This demand should be met and all
legitimate means should be employed to increase it. Among the
methods so far adopted for the preservation and distribution of fishery
products, none perhaps has met with greater or more deserved favor
.than that of artificially freezing many species of fish which can be sat-
lea,('ztOI‘ily kept in this manner and distributed through the means of
refrigerator cars over an enormous extent of territory. In the matter
of supplying the demand for salmon, the Pacific region unquestionably
.has_an advantage, and one that it is believed will be maintained if all
available resources arc utilized. It will doubtless be found that a
greater amonnt of money will be realized if a larger percentage of the
products of the salmon fishery can be disposed of in a fresh condition
;‘;12023001 ubm:'% canndd. Aund this addi.tional advantage will accrue:
fore whigh anti gr of s.a,lmon consumed wiil be much larger than hereto-

It,is prob‘lmr{)l]ls ttln'amf'estly be to the pr(.)ﬁt; of the pl-?(lucer. N
advance able that freez1llg-lno}1se§ might be proultably utlllzeq to
Ztvance the demand for and distribution of many species of fish besides

»m T .
Seas’ige sta.ioment that 500 barrols of Atka mackerol could be taken at Attn in a single
‘ » brobably refers to what Mr. Turner bolieves might be seonred from tho natives,

H. Mis. 274 2
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those belonging to the salmon family. Allusion has been made, in the
body of the report, to what has been accomplished on the Columbia
River in the case of the sturgeon, and there seems to be no good reason
why similar results may not be attained in other directions.

Halibut may some time become an important factor in the fresh-fish
trade of the west coast; and it is worth while to call attention to the
fact that this species can not be successfully handled in a frozen state.
It might prove advantageous to have the means of keeping it in a tem-
perature a trifle above freezing, but when frozen its flesh becomes so.
flabby and flavorless as to render it practically unfit for food.

Artificial ice.—The difficulty of obtaining natural ice throughout the

region embraced within the scope of this report, namely, from San
Diego to Puget Sound, is a serious drawback upon the market fishery.
As it is entirely feasible at present to manufacture ice at a moderate
cost, plants for this purpose should be established at a fow of the fish-
ing centers along the coast. This is an enterprise in which the fishing
interest itself should be concerned, that it may not be subjected to over-
charges for ice. The extent of the market fishery and market trade of
San Francisco would seem to warrant the establishment of a plant
capable of furnishing all the ico required in the fish trade of that city,
and perhaps even to supply fishing stations near it. Astoria, Portland,
and Seattle would seem to be other points where the manufacture of
ice may be made profitable. .
. Canning of halibut.—It seems possible that canned halibut might be
introduced in the markets of the United States or other countries.” In
view of the comparative cheapness of the raw material on Puget Sound,
it might be worth while for partiesinterested in canneries there to pack
a few cases, in order to introduce this article of food in the markets of
the world,

Markets for cod, etc.—In the chapter on the cod fisbery, attention
has been called to the possibility of establishing new markets in South
American countries, and also to the feasibility of curing cod in a special
manuer for exportation. It is not necessary to discuss this matter at
length here, but simply to refer to suggestions made elsewhere.

Handling market fish—No matter connected with the fishery of the
west coast secms to demand more earnest attention than the subject
of properly caring for and distributing fresh-fish products. Attention
has been called to this in the chapter on the market fishery of San
Francisco, and the remarks made thero are believed to be equally ap-
plicable to mauny places on the Pacific, whore fish are sold in a fresh
condition. There can be no question that it will be to the advantage
of producers and consumers alike if the most improved methods are
adopted and the most intelligent care is exercised in the matter of
marketing the products sold for daily consumption. It seems pertinent
to say that nothing improves the quality of fish more than te kill them
by & blow immediately after they are caught, and, if practicable, to
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bleed them. This method can be very readily applied to fish of any
considerable size, and it will add immensely to the firmness of flesh and
its flavor as an article of food.

Utilization of waste products.—There scems to be an opportunity in
some of the larger fishery centers to profitably utilize the waste products,
and thus add considerably to the returns now obtained from fishing.
Iu the discussion on the Columbia River fisheries, mention is made of
a small establishment at Astoria which has handled waste products
to a limited extent; much more might be done in that direction on
the Columbia River, and considerable quantities of material might be
utilized at San Francisco which are now thrown away. A ready de-
mand could be found in farming communities for all fertilizers manu-
factured from waste products of the fisheries. Large quantities of
sturgeon and other fishes are now thrown into the Columbia River, to
decay and to pollute the waters, which ought to be applied to food pur-
poses or in some other way for the benefit of mankind. This matter
deserves the earnest consideration of all interested in fishing; for
whatever the conditions may be to-day, the time is not far distant when
the results of such wasteful destruction will be too apparent.

Transportation, etc.—The question of transportation is important, and
Inay well engage the consideration of all having the welfare of the fish-
cries at heart. It appears that while the transportation dgencies of the
West, as a rule, are disposed to deal fairly with shippers of fish, it is
hevertheless true that freight charges are a scrious burden and may
limit the distribution of perishable products. The value of the fish
trade to the prosperity of the railroads is doubtless under€tood, but the
f'ull importance may not be realized. It is probable, however, that the
Intelligence which controls transportation agencies will lead to the
adoption of a fairly liberal policy, and that concessions will be made to
the advantage of the fishing interests, which will promote their increase
and development.

Under the head of the halibut fishery of- Puget Sound, reference has
beex} wmade to the advantages that might be secured by having centers
of distribution in the great cities of the Central States, 1t may be to
the ftdvantage of the transportation interests, as woell as the fisheries,
to aid .in securing the facilities referred to.

’ljh.e‘lmportauce of the fish trade to the development of trdnsportation
fapllxtles hgs been exemplified in many instances and in various coun-
tries. In England the important city of Grimsby, at the wmouth of
:E((i Hllllmber River, has been practically built up to its present magni-

© through the efforts of a railroad company, which built docks for

t}lle accommodation of fishing ficets, aud found its return in carrying
the products to markets, '
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IL—THE FISIERIES OF CALIFORNIA.
12. GENERAL REMARKS.

The fisheries prosecuted from California surpass in importance tl}ose
of any other Pacific State, and in many Lrauches rank among the fore-
most in the country. The vessel fisheries are particularly important,
those for fur seals, sea otters, walruses, and whales being of great'er ex-
tent than those of any other State. Salmon fishing is largely carried on
in California, but to a less extent than in Oregon and Washington. The
other market and food-fish fisheries carried on from small boats and the
shore are also of great importance. )

The following tabular statements, covering the year 1888, show 1‘u
detail, by counties, the number and nationality of persons engaged in
the fisheries; the number and value of vessels, Loats, and apparatus
- employed; the value of shore property ; the amount of cash eapital; and
the quantity and value of products taken:

Table of persons employed in the fisheries of California in 1833,

N |
[T, | Shores-
) ! Iislhiermen. " mon and | Total
Locality. ! . -, factory- } !
|\’ussvl. Shore. | men. |
San Diego COUDLY L. e e 71
Los Angeles County. .. [ 0 0 lITTTI I 187
§:\1\t;\ Barbara Conny ... 0 00000 .. 15
San Luis Obispo County ....ooiniiiinnanan . 25
Monterey County...... [[Ji 7 iiiieeeet 123
Santa Cruz County ... /707t 25 0.
:nn Fraucisco Bay nud vieinitys. .. ..o .. 1,182
Sacramento and San Jouquir Rivers 1,202
lHumyoldt County ... .., (_! _________________ 1 1 ass
Del Norte County .. .. __ 0l lllIIIioToTiins w0 !
TOtAL e e ‘ 1,543 | 3,188 607 | 5,338
1

* Including San Francisco, San Pablo, and Suisun Bays, and the counties of San Matceo, San Fraueisco,
Santa Clara, Alamedn, Contra Costa, Solano, Sonema, and Marin.

i Not including 763 men employed on whaling vessels belonging at Now Bedford, Massachusetts, and
making their headquarters at San Francisco.

Nativity and nationality of persons employed in the fisherics of California in 1888,

i

‘ ' ion- .y ation-
Country, II\'mivity. i N[;‘{:‘l“;" | Country. Nativity. anit)‘-
| i
United Statos ......... ... .. 866 1,736 5 AUSIL < et ereaaaenann. 19 18
United States (Indiana) . . GR '7014 ! Russiuu _____ 107 5
Mexico ............... 4 4% Spain ..._.. . 50 40
Central America. a 2 || Portucal . .. 841 487
South Ameriou. . 18 18 || Taly o... ... 768 616
Great Britain . . 216 180 |l Greoeo ..oooo Ll a2 26
France........ . 16 13 & China .ooioniiien il 934 034
Germany.. de 146 109 | Japan.o..o.ii il bl 20
gtfl]ﬁium... 1 1 || Sandwich Islands . .......... 15 13
Holland ... K] 3 || South Sea 1slands........... 14 12
%\veden cee 413 208 |;
orway ... p. 2 Total..eeevenenninnnnn.. 31 4,731
Dorway ... 120 21 ‘ Total............ 4,7

This table doos not include shoresmen,
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Table of apparatus and capital cmployed in the fisherics of California in 1888,

Locality.

San Dioge County......
Los Angeles County
Santa Barbara County ...
San Luis Obispo County ..
Monterey County..... ...
Sauta Cruz County. ......
San Francisco Bay

vieinity .......... ... .
Snunuwum and San Joa-

quin Rivers ... .......

Humboldt County
Dol Norte County ..

1,332 | 498,400 :

Gill nets.

e
! Lvn"lh

- | (foct). Value.

I 18,250 | 2,150
21 5, BUU 720
40 12,000 | 2,000
80 19,000 1 2,400
110 26, 400 4 400

5t [

20 5, 000 \ $525
E
|

80, 720

756, 000 1 51, 200
54, GOV 7 350
18,000 ¢ 5, 0u0

App.xmtun ol capture,

. Value
Scines. l 1’1.'1 .q,vputs, of
‘ and fykes, hand
PR - — | lines,
\ trawl
No. | Value.! No. : Valuo.| lines,
R ete.
— l - e —————a
5 ! &1, 600 {90 $200
]3 1,645 210 830
. 300 120 77
e e s 025
20| 3,965 533
6 750 010
63 | 44,275 1,200 ! 3,300 | 17,955
P T00 |.......
18 4,800 f...... [oeeeee | eaenet
111U N EE T

2
|

Locality.

Vessels aml bouts

Vessels,

7 Il,(l:{.450 -256, 465 .

1,620

Boats.

San Diego County..
Los Angoles County
Santa Barbara Coun

y -
Snn Luis Obispo L,uuuty

Monterey County .......
Santa Cruz County...... .
San Francisco Bay and
vwmity ..............
Sacramento and San Jon-
quin Rivers ....... peadde

Humboldt County.......
Dol Norte County.......---.

Valoo.

Net ton- l
nage. |

277.16 | $13, 200

11, £20. 65 ll, 032, 500 1440, 075

i
)

37,300 l

|
o. | Yalue.

| baild-
ings, ac-
cessorics,
mud l.\ud

——

432 i 96, 030
.)20 100 800

43 3l e $8,010 ! $1,000
69 | 10,510
300 |

500
2,375 |
2, 500 200 |.
8975 | 500
20 ' 10, 900 | 450
| 105, 000
200, 000
1, 860 1, 500
2 150 | 13, 600

| ()Lhm pmpert

‘Valuo of
wharves,

| 57,625 [1,490 | 4,420 | 21,430

| Total

Work- J. eapital

ing invested.

capital.

17 273
17,410

$155, 000 (1, 989, 030
100, 000 | 552, 700

2, 600 18,010

10, 000 31, 050

12, 108. 81 Il 046, 500 |~N7 475 |l 354 '24.), 010 | '£23 050 | 267, 500 IZ 084 ZIU

Tuble of products of the fisheries of California in 18883.

—

Locality.

Fresh salmon. | Fresh shad.

Lbs. 'Vn]uo | Lbs. |Vulm

(Other fresh fish.

Lbs

Pickled silmon i
an(l (lncd fish. |

Total.

|anuo |

San Diego Co......
Lus Angeles Co....
Santa Barbara Co..

San Luis QlispeCo |..-

Monterey Co. ......
Sauta Cruz Co ...
Sap Fraucisco Bay
and vicinity .....
Sacramento and
San Joaquin

Rivers........... 0, 174 978 308, 748 56,471 3,053

Humboldt Co .
Del Norto Co ......

250 0] 946, 20| 47I3m
750,20,00081,400) 200,247 2

428,000 30, 200.14. 0001 1,120

|

18,004 400 " 4v
44, 001 ...... l

|
630, 000 §18, 000
803, sss' 3,140

129, 427|
G, 282, 554\402. 473

|
591, 514] 20, 943

|

Lba i Value.

530, 220 $21, 209l 1,160, 220 40,100
100, 000] 5, Ov0;

.35 316
10,000( 600
51,147) 1,557

120, 000
315, 000

4, 250, 000

|

80,000( 3, 2oull

903, 538) U8, 140

00, 645 4, 832

101, 760,10, 974, 534| 535, 553

[
6,000 0,042,063 339,614
0, 450! 1,124, 100i 130,559
743,857, 37,103

Total ........ 8, 024, 035'.}92 J35

I

90 571\ G, b1 slo 735, 726,

643, 4585, 462, GY2

149, 09223, 313, 324,1, 091, 398
i |
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Tablc of products of the fisheries of California in 1883 —Continued.

| Mollusks.
ity | T (‘_lnn:m_l:l_nil; "“Abnlono ahiclls | Octopua and -
Locality. Oystors. sels. and meats, squid, I Total’
| | Valae. | Lbs. Value. Lbs. |an|w. Lbs. | Value. ,
S RN (NSRS EPEU ! -
San Diego Co ........|......... 20, 000 393G | 940, 000 !320, 750
Santa Barbara Co ... ..o oo e es 63,825 ; 2,201
San Luis Obispo Co..|.... . 10, 000 400 1,240 20
Monterey Co.oon.oon oo aiat N FER TR R 10, 855 | 515 C
San Francisco Bay | I
and vicinity... 130,000 '$509, 175 |2, 204, 415 | 75,248 12,600,000 | 55,000 | 14,000 | 1,120 G40, 543 |
Humboldt Co ........[......... e os T2 000 | 1,200 |cenemanniieanien i ee | 1,200
Total........... \ 130, 000 | 500,175 |2, 306,415 | 78,284 [3, 605, 020 | 78,576 [244, 000 13, 620 l679, 655
| i [ O I S
I Crustacoans. L ___l Terrapine and
s | T T T T T | § frogs.
Locality. Crayfish, Crabs, - |_hhrnnp and prawn, Total. |
— N B T AP
| TLbs, I'value,! Lbs. | Valno. Lbs. [ Value. | Lbs. =\'nll|0.| No. 'Ianue.
San Diego Co..| 36,400 P 7 R TUURUUTIA SUUTUU FOUUURPN AR 26,400 | $1,274 |
Los Angelos Co. 150,460 | 3,763 |..oooenjiovrinarfiommeeennformerres 150,460 3,761 |
Santa Barbara | B | |
o

------------ [ [ | ol ] 10,2000 960 [eeeee e
San Francisco ! 19,200 060|| R |i Y | !

Bay and vicin. I i !
LY oieeean. 25,000 | 2,000 230,000 1$37, 200 {4, 002,360 $141, 688 |5, 157, 360 180, 888 51,600 $12, 900

Sngrame;to and
an Joaquin
Rivora rerleeee o, U IUPURY ASUPPRN IR FPRPPRSE looeenne 8,400 | 2,160

| —_— i .
Total ........ 231,060 'I 7,995 1230, 000 [§37, 200 |4, 002, 360 | 141, G88 |5, 363, 420 'lxso, b8 0, oo | 35 060
S LR i ' : T P Ao
Mammals.
R i e - ———| Grand
Skins of hair : total
T.ocalit, genl, fur senl,* Pelts of sca ‘Whalsbono Whale and valuo of
y- sea lion,and ' ottor. and ivory. seal oil, Total | fisbery
walrus. . valuo. prod-
e --— Bl Bttt ucts.
No. | Value. ; No. |Vn1ue. Lbs. | Value.| Gals. [Value.
San Diogo Co ... 63, 069
Los Anxlen Go:11 11 | ool S
Santa Barbara Co..... ) 5000 §10 11,743
Sau Luia Obispo Co ... 6,750 2,340 7,743
Monterey Co.......... ) 62,138
Santa Cruz Co ....... 11,762
San lFrlmcieco Bay |
sn"c‘r‘,‘mfgg‘l‘:“'{n i 104, 57011, 580, 935 2, 646/215, 159107, 060,$565, 895,284, 9501102, 384| 2, 484, 37313, 854, 257
Joaquin Rivers. ). 1 FOUUTSN OO e, 341, 804
Humboldy Co.... 0. |1I17T 0o : Ol 31,759
Del Norte Co .........[. 200000000 4 [ P 37,193
Total........... 105, 24'2'|1. 381, 085(2, onilaT, es9)107, 060\ 585, 895202, 2on'| 101, 834) 2,400, 37314, 463, 369,
|
P;i'trﬁlgfﬂfgms given under this caption include the number aud value of fur-seal skins taken at tho

lands, in Bering Sea, which ave a product of o fishery carried on by San Francisco capital.

},‘3,}3?,8 tl‘f‘lf““ limit of 100,000 skins was ol»t}:iuud at thoso inlxm’ds, tho valuo of which, as lnid downat

weal inltll' “Llof‘et}.hey were sold, was estimated to bo $1,650,000. In addition to the forogoing, the fur-

and tho‘m Ty of the Commander Islands (which belong to Russin) wus controlled by Amorican capital

having J’:‘"l uot }""‘_‘ brought to San Frapcisco. In 1838 this amonnted to 47,362 skins of fur soals,

the totul -1‘111&0 Of $544.063 at the nverage prico paid in London. Combining theso fizures we have as
sleld of tho fur-seal industry in 1888, 151,817 peits, valucd at $2,121,303.



24 REPORT OF COMMISSIONER OF FISH AND FISHERIES.

Statistics of the salmon-canning industry of Californic in 1848,

i | Sahmon used for can- ; L.muul s.llmon pln.co\l

| No.of . No.of ning. on umrkut
- . 0 - mm——— J u— . ———— o ———
Location of canneries. | canuer- | factory ip
. ¢ ! rice pxud |
fos. hands. | poyyds. | o flaber | Cases. Value.
' l | | men, | l
e B . SR,
San Francisco ... l 9 13 | 53,700 | $22,685 | 6, 875 I $41, 250
Sacramnento River 4! '.’.9.) | 4 059 200 201,960 2 61,200 | 482, 500
Klamath River . ' 1 288, 200 | 14410 | 4,400 | 26, 400
Swith River \ 1: 20 l 152, 555 ° G, 628 ¢ 2,347 | 14,082
Total .ooeiioiiiiiin i ( 8| 360 I 4, 933, 655 ‘ 245, 683 | 4, 822 | 464, 232

* Thesa two eannories aro not engaged exclusively in canning suhuon but aro also devoted to fruit
conping. In the item of factory hands tho figures represeut the pmpmtlorml vumber of nen who
wete employed in ¢onnection with tho packing of aalmon.

13. FISHERIES OI* SAN DIEGO COUNTY.

Geographical characteristics,.—This is the southernmost county of the
United States on the Pacific coast.  Its coast line has a moderate curve
and extends in a northwesterly direction (nearly NNW.) from the Mex-
ican bonndary to Point Saint Mateo, a distance of about 57 geograph-
ical miles. Its shores are characterized by a fringe of beaches extend-
ing into the sea for some distance, while above them are generally
steep, craggy headlands of sandstone, usually rising a little distance
from the surf line. At varying distances from the shore, within 5 miles,
is a.ridge of stony bottom covered with kelp (Macrocystis pyrifera); in
the bays where patches of kelp occur it is ealled ¢ clam kelp” Ly the
local fishermen.

Along this stretch of coast San Diego Bay is the only harbor suitable
for important fishing operations, and the only landlocked harbor on the
coast of California south of San Francisco, from which it 1s distant 450
miles in a SSIi. direction, being only 12 miles north of the Mexican
border. The c¢laim is made that this is the best harbor on the Pacitic

"coast; it is not so large, of course, as San Francisco Bay, but sur-
passes it in climate and security. It is 13 miles long, has a total area
of 25 square miles, and an available anchorage ground of ¢ square
miles, while the average width of the channel is nearly one-half mile.
It will therefore be seen that so far as harbor facilities are concerned
San Diego has all the natural advantages requisite for the establish.
ment and maintenance of important fisheries,

Immediately north of San Diego is False Bay, which is barred and so
shallow at its entrance that it will not adwmit anything larger than a
small boat; therefore it is not adapted to the purposes of an extensive
fishery. North of False Bay the coast is practically unbroken, with

_the exception of one or two smnall streams that empty into the Pacific.

San Diego as -a fishing center.—The fisheries of San Diego County
center in the city of San Diego, situated on the bay of that name. Not-
withstanding many important natural advantages, this place remained
until recently an insignificant coast settlement, during all the years
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since it was originally founded as a Frauciscan mission in 1769. Its
development has been quite remarkable since 1880, due to the estab-
lishment of railroad communication and the reputation which the city
has attained as a health resort. In the last census year (1880) its pop-
ulation was only 2,637, but in recent years (1887-89) it has been esti-
mated at 30,000 and upwards, though these estimates may have varied
somewhat from the actual facts.

With the growth of the population and improvement in facilities for
transportation it naturally followed there would be an increase in the
local demand for fishery products and consequent improvewment in the
fisheries. The c¢hange in the fishing population since 1880 has been-
noticeable, not only in the increased number but also because Ameri-
cans and Europeans constitute a much larger percentage than at that
time, when the industry was controlled almost entirely by the Chinese. -

The fisheries.—The fisheries of San.Diego are of three distinct classes :
The oftshore vessel tishery, the junk fishery prosecuted by the Chinese,
and the inshore fishery carried on in boats of less than 5 tons burllen
which are not documented. The development of the fisheries of Sau
Diego has largely resulted from the inerease of wealth and population
in the city and surrounding country. The demand for fish has improved
with the growth of the place, and the local supply has often not been
adequate to meet it, With the coutinued advancement of the section,
with improvements in vessels, methods, and facilities for shipment, new

ﬁshing gruuuds may he I‘CSOI'tcd to and ]ﬂ]‘gel‘ (]uantities of fish taken
and utilized,

Spccics, abundance, scasons, cte.—The species chiefly sought in this
Tregion are barracuda (Sphyraena argentea); bonito (Sarda chilensis), com-
monly known among the local fishermen as the ¢« Spanish mackerel”;
eel; _ﬂOmldeI‘S, commonly called ¢ halibut ”; mackerel (Scomber colias);
berring (Clupea mirabilisy; sardine (Clupea sagax); jowfish (Stercolepis
grgus), locally known as the * sea bass”; mullet (Mugil mewicanus);
rock-cod or “rockfish” (numerous species of Sebastichthys); sea bass
(Serranus clathratus); smelt (Atherinopsis californiensis and A. affinis);
and yellow-tail (Seriola dorsalis).

Uf the two species of smelt, A. californiensis is locally known as the
“bottom smelt” and is the most abundant and one of the most impor-
tant of the food-fishes during the winter and spring. The other (4.
affinis), called the “top smelt,” occurs in San Diego Bay througlout
the year. It is said to be abundaut, but not so highly prized as the
other,

' There are several other varicties which are eanght in smaller quanti-
t!es or are less highly valned as food-fish. Among thess may be men-
tioned the lady-fish (dAlbula vulpes); anchovies (Stolephorus), of which
t}le.l'e are three species that arve extensively caught and dried by tihe
Chinese, one of which (8. ringens) will perhaps in time become an impor-

tant sprecies for canning; and the Spanish mackerels The pompano is
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occasionally taken in seines and is also caught from the wharves. The
China croaker, common croaker, and the yellow-fin are all common
and fairly abundant, both in San Diego and False Bays. Two species
of so-called sea trout (Cynoscion nobile and C. parvipinne) are found in
the bay in summer and are frequently brought into the market.

There are said to be eleven species of perches or surt-fish (Embiotoci-
de) about San Diego. They are coarse, cheap fish, and comparatively
unimportant, though very abundant and generally brought into the mar-
ket every day.

Whitefish (Caulolatilus princeps) is a valuable species which is taken
outside, but in comparatively small quantities.

The food-fishes of San Diego County are said to be much scareer than
in former years, and so far as certain species are concerned the decrease
is attributed to the use of very small-meshed nets operated by the
Chinese. A writer in the San Diego Union, of February 6, 1839, sitys:

Something should be done to put a stop to the wholesale destruction of fish by the
Chineso, for on the schools thus destroyed depends the supply of edible fish. Fish eu-
ter the inlet chiofly for food, and when food is scarco few will come. * * * Itis
a sorry thing to sco small fish by the busliels heaped together on the sands * = *
and left to hecome food for the gulls. To empty them out into the water agnin does
not save them, as their frail life is extinguished by being caught at all No net of
such fine mesh should be permitted.

The bonito was very abundant in 1888, but the barracuda, which is
also a migratory species, is said to be yearly decreasing. The former
comes to the fishing grounds off this part of the coast in August and
leaves in November or December, while the barracuda arrives in March
or April and stays until late autumn, geuerally disappearing about a
month ecarlier than the bonito.

The following notes on the barracuda and the fishery for it at San
Dicgo were written by Prof. Carl H. Eigenmann, aud have been ex-
tracted from Zoe tor April, 1890:

The barracuda (Sphyrena argentea) is ono of the mnost important of California food-
fishies. It isa long, slonder, spindle-shaped, sharp-snouted fish, ovidently well calcu-
lated to swim rapidly. In summer it is abundant on the whole coast of California
from San Francisco sonthward, but it is probably more abundant southward than in
tho neighborhood of San Francisco. During the winter it disappears from the coast
of California, but is taken on the coast of Lower Culifornia. It probably migrates
bodily southward, but stray individuals undoubtedly remain in the waters of south-
ern Californin throughout the year, for 2 or 3 days of exceptionally fine weatber
invariably Lring them into the market. It is likely that theso stray individuals live
in deep water during the winter and come to the surface on bright days. It is quite
possible, though not probable, that a great part of those disappearing descend to
deeper water. The fact that thoy are taken only by the troll or Ly gill nets suffi-
ciently oxplains why they should not be canght in deep water.

Their movements have been watched throngh an ontire season at San Diego, and,
as theso observations may Lo valuable to serve as a basis of comparidon, tlloy may bo

stated here:
During January, 1890, none were seen. During February, 1890, four were taken on
the 7th, one on the 11th, and two on the 28th. All these dates were at the eud of a
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succession of days.of excoptionally fine weather. On Marchl, 1890, two weore talkon.
On March 26, 1289, & few were canght, and on the following day they were abundant,
and remained so, with occasional lapses, throughout the summer. At the begiuning
of July they were with ripe spawn.

During September few wero taken, but on the 28th, 30th, and 31st of October they
were again abundant. On November 6 one was taken, on the 7th another, on the
15th one young one was caught with a hook in the bay, and on the 18th another
Young one was brought from off Point Loma. On the 16th of December one young
iudividlml, avidently of the precoding summer’s spawn, wis taken in the bay, and on
the 30th a large one was caught oft Point Loma.

The adults never or very rarely enter the bay, but in the spring the young, those
not yot a year old and measuring about a foot in length, enfer the bay 1n largo
schools, and are then destroyed in quantities with soines or Chineso bag-nets.

About San Diego the troll is the only meaus used in catching them. 1t is simply a
Piuce of white rag, or more commonly a fragment of bone, to which a hook is lashed.
One or more of theso is dragged behind a Loat made usually after the pattern of the
Columbin River salmon boat. The amount of the cateh depends largely on the wind.
A slack wind, even when barracuda are abundant, brings but fow fish. Tho largest
cateh reported for a single day is 1,100 by one boat with two men. Rarely more than
forty are taken, Thoy average from 6 to 12 pounds and from 24 to 4 foot in length,
and retail at 10 cents apicco. Large numbers are salted and dried.

About Monterey they are taken in gill nets. In 1890 the first individuals reached
Monterey on March 10.

Like most of the surface and shore food-fishes the barracuda feeds chicfly on the
anchovy (Stolephorus ringens).

The mackerel comes in along this part of the coast in April. Large
8chools remain for a few weeks and then move north; they return in
October or November, but in a few weeks go southward to the Mexican
coast, where they are reported as being abundant during the winter
months. A few are found off the coast of California throughout the
Year. Individuals weigh from 1 to 23 pounds each and average about
”{ Pounds. The Pacific mackerel never gets fat and does not improve
With the advancing season like the Atlantic species. When salted, it
I8 usnally of a dark color and is an inferior article of food, though
when fresh it sells readily in the market. Little attention is paid to
the mackerel and the fishermen only catch enough to supply the local
demang,

Twenty-seven species of Sebastichthys occur on the Pacific coast, of
which at least twelve are taken by the fishermen of San Diego. The
most comwmon forms, omitting the yellow-tail (8. flavidus) ave S. mini-
at"{é‘, 8. caurinug subsp. vexillaris, and 8. ruber, all of which are distin-
glll§hed by their red color. There are also 8. mystinus and S. melanops,
.whlc.h are black. Herring and sardines remain in San Diego Bay and
;tsdv lcinity throughout the year, and large quantities are taken m drift
sionaift bgl_“-ne.ts from Marc}x until November, The fishermen occa-
DOI‘thei’n ;‘)’"gﬁm small specimens of the so-called ¢ black-cod” of the
its son theram]'c .(Anopl?pm.na ji.mbria.), Wl}ich apparently nearly rea‘ches
sturgeon n limit of dlSt':!‘lbutl(.)n off this part of the coast. Neither

Por | nOr 8almon are found in these waters.

Poises are plenty in the bay. and along the coast and whales are
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often numerons in the spring and fall, though no attempt is made to
capture cither. Seca otter and far seal, once abundant, seem to have
been almost exterminated or to have abandoned this locality. This
will be apparent when it is stated that, while the resnlt of the fur-seal
fishery in 1379 was 2,000 skins, in 1888 ouly 25 skins were taken. IHair
seals are quite numerous, but receive little attention.

Other objects of the fisheries are abalones (Haliotis splendens), clams,
and crayfish or rock’lobster (Panulirus inlerruptus), The supply of
abalone shells has decreased very materially. Clams of a large size,
resembling the deep-sea clam of the Atlantic, are abundant on the
flats in the bay and are used to a small extent both for food and bait.
Scallops are abundant at times and a few are picked up on the flats at
low tide, but there is no fishery for them. Edible crabs are very
scarce; the small fiddler erab is the only representative of this tribe
which occurs abundantly.

Fishermen.—The fishing population of San Diegois very heterogeneons
in its character. In 1888, out of a total of 159 fishermen, only 46 were
Americans; * the remainder included 52 Chinamen, 27 Porluguese,
6 Italians, 5 Swedes, and 13 of other nationalities. The Chinese have
exclusive control of the junk fishery and frequently engage to a greater
or less extent in the fisheries of the bay. The Americansaund Europeans
control the vessel and sailboat fisheries.

THE OFFSIIORLE FISHERY.

Fishing grounds.—The fishing grounds for bonito and barracuda can
not be definitely described. In gencral, however, they extend along the
coast from mnorth of San Diego to a long distance southward, off
Mexico. Sowetimes, when fish are not found in abundance near the
home port, the vessels go from 200 to 300 wmiles to the southward for
fares. In spring a favorite fishing ground for bonito and barracuda is
from 6 to 8 miles about SSE. from Coronada Hotel, which is a little
over 3 miles eastward of Point Loma. Fishing is also prosccuted from
6 to 8 miles outsidé of the kelp Leds, from Point Loma to False Bay,
and gill nets as well as trolls are used in that region to a small extent,
more particularly by boat fishermen.

In the winter of 1888-89 the U. S. Fish Commission steamer Albatross
discovered and made a thorough exploration of Tauner Bank, which
lies directly westward of San Diego, about 95 miles distant. This
bank is 7 or 8 miles long, and about 2 miles wide. The Albatross also
made a compreliensive investigation of Cortez Bank, which lies about 12
miles south of Tanner Bank, and has a length of 14 miles and a width
of from 3 to 5 miles. These were found to he lmport.mt hbhmg grounds,

* Professor Jordan, reporting on tho hshencs of .S.m DIC‘“‘() in 187‘) says: “Allof tlte
fishormen of this county, oxcepting four Americans and their employés, are Chinamen.
Two Americans and assistants are employed in scal- hunting, the rest in gathering
kelp, and, in their seasons, honito and barracuda fishing.”
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and the establishment of the fact that valuable food species were taken
there was a matter of much gratification to the fishermen of San Diego,
who anticipated, in consequence, an increase in their operations.

Lieut. Commander Z. L. Tanuer, U. S. Navy, who commanded the
Albatross, reported that he found numerous species of food-fish in great
abundance on Cortez Baulk, all of which took tho hook readily. Among
these were fat-heads, whitefish, yellow-tail, rock-cod, four species of red
rock-cod, jewfish, eultus-cod, and sea bass. i

When informed officially of this abundance of fish “the citizens of
San Diego raised a fund for the purpose of chartering and equipping
a fishing schooner for making exploring expeditions so as to determine
their extent. A number of trips were made in the summer of 1889, and .
many thousand pounds of fish were taken, fully substantiating the
Government report as to the abundance and quality of the fish, * *
No fishermen have as yet gone to the Cortez Bank, though occasionally
some of them go as far coastwise to the south. The fact that no fisher-
men have been at the Cortez Banks is perhaps the reason why so much
interest is taken by them in the explorations of the Albatross. Asan
addition to the fishing grounds skirting the coast these banks are of
value to San Diego fishermen.”*

Vessels.—The vessels employed in the sea fisheries from San Diego,
exclusive of the Chineso junks, which will be described elsewhere, are
small, ranging from Jess than 7 tons to between 24 and 25 tons register.
In1388 they numbered 7 schooners and 2 sloops, and had a total tonnage
of 136.15 tons, The number varies considerably from year to year. In
1880 and 1881 there were 6 vessels, aggregating 78.61 tous, but in 1882
the number decreased to 3 vessels of 33.03 tons; and to 1 vessel of 9.38
tonsin the year 1883, The fleet increased to vessels, of 45.80 tons, in
18845 7 vessels, of 79.16 tons, in 1883, while the next year saw only 3
vessels, of 28.2 tons, engaged in the - fisheries, though in 1887 they
again increased to 5 vessels, of 52.90 tons. It will readily be geen that
vessels of this description are not suitable for carrying on an extensive
fishery, and the fact that they are all tight-bottomed craft renders them
poorly fitted for taking to market any fish other than those which are
salted, unless caught near the harbor under circumstances specially fa-
vorable for reaching port. Elsewhere reference will be made to sugges-

tions advanced by the writer for improvements in fishing craft used from
Sah Diego.

* 8an Diego Sun, October 31, 1889. Since the above-quoted statements appoared in
the San Diego Sun, and not long after the investigation of tho banks by tho dlbatross,
a fishing company was formod at San Dicgo for the purpose of prosecuting voyages
to th‘eso grounds, 8everal trips were made, but, according to the best information
obtainable, the entorprise was not a financial success. Itsfailure was largely due to
tho fact that (’lOt\\'ithsmuding the report to tho contrary made by the Albatross) tho
enterprise was started on thoe false assumption that the true cod (Gadus morrhua)

could be ?‘lken in abundance. Other species wero plentiful, but the lack of demand
made their capture unprofitablo
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Apparatus of capture—The apparatus used for the capture of bonito
and barracuda (the principal species sought for by the vessels) consists
of a troll line of soft-laid cotton twine about 60 feet long, with a drail
from 3 to 4 inches long of bone oriron, and a hook fastened to it. The
hook has its barb filed off blunt, so that it will not be difficult to ex-
tract it from the fish, and it is fastenecd to the lower end of the drail
with a rivet through the eye and a piece of wire passing around its
shank through two holes in thedrail. When the fishermen can not get
drails they sometimes use an ordinary hook with a piece of rag tied
around the shank as a sabstitute. The bone drail is said to be pre-
ferred for barracuda fishing..

Methods of fishing.—When engaged in trolling for barracuda or
bonito a vessel moves along under easy sail, and six or eight lines are
kept out at one time; no bait is used, as the fish will readily bite at the
drails employed for their capture. The method is similar to that
adopted on the Atlantic coast for catching bluefish,

The following account of fishing for barracuda at San Diego is from
an article written by J. C. Van Hook and published in Forest and Stream
of October 31, 1889:

At daybreak we were drifting past Ballast Point, the entrance to the bay. After
floating & mile out into the ocean, assisted occasionally by a ¢ cat’s-paw,” we con-
cluded to tie up to the kelp and wait for the wind. Here wocenjoyed for an hour the
continuous up-and-down motion of the heavy ground swell, sometimes throwing out
a line as far as possiblo and pulling it in rapidly to entice tho barracuda which were
playing avound us, but without success. Sowe * * * waited patiountly for the
Dbreeze, which is indispensable for barracuda fishing as it is in the Atlantic for that
wily corsair, the bluefish. * * * I heard sowething like the surf breaking on the
shors * * * and about 1,500 porpoises were coming toward us in a line, jumping
out of the water and looking like big black wheels rolling along, * * " About 9
o’clock a light breeze sprung up, and, cutting loose from the kelp, we began to move
slowly over the water, but not fast enough, as Bob said, to put outour lines. Inmy
anxiety to begin the sport 1 cast out two lines, and very soon we hooked two so-
called Spanish mackerel [bonite] of 10 and 12 pounds apicce. * * * Presently
the brecze came along, and within half an hour we were sailing at a lively rate, so
we adjusted outriggers, one on either side, about in the waist of the boat, with two
lines on cach. We also trolled ouo from the stern, making five in all.  Just then wq
met our friends coming home, loaded with sixty-five barracuda, which they had
canght by towing and trolling while we were ticd up to the kelp. Boing thus cen-
couraged, wo put everything in readiness and placed in front of the cabin door a fish )
box 3 by 3 by 3 feot. Bob had the first strike and pulled in his fish, then bo hooked
and landed another, and a third. As I was beginning to wonder what was the matter
with my Jines one of them straightened out, and I began to haul in hand over hand.
When I was about to lift bim out of the water ho doubled himself up, and I brought
out the bare hook. I repeated this three times. * * * Upon hooking another I
pulled in slowly, und when tho fish was 3 feet from the boat I throw him up intothe
air, bringing Lim over my head andlanded him into the box. Then by catching hold
of the drail and shaking it the fish came offceasily. As I found ouf, all tho drails for
barracuda fishing have the barb of the hook filed very blunt, aud an inexperienced
person might casily lose his fish, while, at the same time, the Look is readily jerked
out of the mouth free from the lance-like tooth,
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l‘.Iow the fun commenced in carnest; first one, then two, four, five, are hooked at
a time, and rare sport it was to haul them in. For about 5 minutes wo bad all we
could handle, and then for 10 or 15 minutes wo would not soe a sign of one. Now
weare into them again, hauling away for dear life. Sometimes when hanling in one
or t“"" they would become entangled with the other lines, aud before wo could gob
thew in we would have one, two, or three on the remaining lines, and then there
was a sad jumble of lines*and struggling fish. Occasionally, in attempting to land
the fish in the box, we missed it, aud they fell down wto the bottom of the boat, or
our footing would be losj and we were bunched in a slippery mass—fishrand all. The
sloop was pitchiug heavily, as half a gale of wind was blowing, Wet from the waist
down, we had what you might call a hnge time. The drails towed at the surface
of the wator and we could see nearly every fish that took hold, We caught 8 bar-
racuda and 2 Spanish mackerel—about 425 pounds of fish—filling our box; and with
ﬂ.le‘loss of ouly one hook. Ilaving all the fish we wanted by 2 p. ., althongh the

. bltl.ng was as furious as ever, we got under way to save the wind home. The lish were
selling at the time for 10 cents each, The favorite haunts of the barracuda are in
and along the edge of the kelp. Sometimes they can be seeu in a mass, making thoe
water boil with their frantic leaping ; thero may be 50 out of the water at a time and
a8 many more just disappearing under the surface,

Preparation and disposition of products.—On board the small vessels
fish are usually dressed soon after they are caught, and thoroughly
salted in kench; on the vessel’s return to port the fish are washed and
Slpl‘ead on drying flakes, where the barracuda are left for from 2 to 4
:1333 and the bonito from 4 days to a week. So prepared, the fish are
¢ ark in color, oily, and have a strong flavor. They are marketed only
ltl.l San Francisco, whence most of them are exported to China. In addi-

100 to the fish taken, these vessels incidentally collect large quantities
Of ab 1 ? o 1=
alone shells along the Mexican shores, which form quite an impor-
tant item i : !

p item in their returns.
ves 6slults of the fishery, lay, etc.—The total products of the San Diego
sid se dﬁshery in 1888, exclusive of the junk fishery hereafter to be con-
Shetlfe » Was 225393 pounds of salt fish, 53,656 pounds of abalone

35 R 3
receis’ and 35,229 pounds of abalone meats. The owner of the vessel
is di Vf:; one-fifth of her gross stock, or of the catch, and the remainder
Vided among tho crew, who furnish all the outfit except swmall boats.

CHINESE JUNK FISHERY.

chilz ’;";"Zgn grounds..—'l‘he Chinese engaged in the junk fishery work
gather ab‘ul(])g the islands and along the coast of Mexico, where they
the viciui; Oll:; from. the rocks. Abalones were formerly abundadt in,
The ﬁshiuy an Dlegp L?»ay, but the local supply has peen exlfausted.
may be saigdgtroou;lds prmcxpally. resorted to by the Chinese, therefore,
engage in th 6 off th.e Mexican coast. The junks, however, often

€€ 1n the capture of small fish in the shallow littoral waters near

Sa 1 r o .
ne:;rlt?lllego. ‘The favorite grounds of the Chinese are south of the city
s € peninsula called ¢ the island,” and also off the mouth of the

w AT ¢ . W e .
eetwater and La Doronde Rivers. Bartolome Bay, Lower California,

18 a favorite resort for the junk fishermen,
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Chinese boats.—The junks used by the Chinese fishermen of San Diego
~ are mostly built at San Francisco. Since 1830 their number has been
13, aggregating 141.01 tons, with a value of £3,200, and manned by 52
Chinese fishermen. The junks vary from 7 to 15 tons. They carry no
papers except an alien certificate, which insures to the crew permission
to land upon their return to the city. In addition to their Chinese
names, the junks are naunbered by the customs officers, and are known
to them Ly their numbers only.

The junks return as seldom as possible, but if they have occasion to
visit San Dicgo, with or without cargo, they report at once to the cus-
tom-house and pay a tonnage tax of 83 cents per ton; $1.50 for euter-
ing, 67 cents for survey, and 20 cents for a certificate. It is currently
reported that, to avoid payment of these customs dues, the junks often
transfer their cargoes of abalone shells, meats, ete., to small boats that
come out to sea, off San Diego, for this purpose, and to bring supplies.

Apparatus.—The Chinese use large drag nets or seines, called * bag
nets” by the American fishermen, because in the bunt, or center, is a
large bag-shaped pocket into which the fish find their way. These bag
nets vary from 2350 to 300 fathoms in length, and the bag or pocket 1s
about 40 feet deep, with a wing extending on each side to a distance
of from about 120 to 140 fathoms, and having a depth of 2 fathoms.
The wings are 2-inch mesh and the bag 3-inch mesh. Iiach junk carries
one or more small flat-bottom boats, somewhat resemnbling the sharpie
in form, for the purpose of collecting abalone shells and for other fishing
operations.

Methods of - fishing, preparation of products, etc.—The catch of the
Chinese junks consists chiefly of abalones gathered from the rocky
shores along the Mexican coast. The meats are taken from tho shells
and boiled on shore in rude vats made of sheet iron, and stone or bricks,
Both the shells and meats are then paéked in sacks containing from 100
to'125 pounds each. On the arrival of a junk her cargo is sold to the
dealers, by whom the shells are culled and repacked. The products are
then forwarded to San Francisco, whence most of the meats are exported
to China and the shells shipped to France.

In the bag-net or drag-seine fishery prosecuted by the Chinese in San
Diego Bay and vicinity, the net is run out in shallow water at some
distance from the land in localities known to be favorite resorts for cer-
tain species of fish. Irom each wing of the net a line extends to the
shore; and it is gradually drawn in by. the fishermen until the ends reach
the land. The fish inclosed naturally find their way into the bag in
the bunt, which is at last drawn on shore with its contents. The mesh
of this bag is so small that there is no chanee for escape of the smallest
fish, and many are taken only an inch or two in length, Sometimes
the Chinese fishermen, during the months of March, April, and- May,
stretch their nets at high tide entirely across a small stream, and at low
tide draw them in again filled with smelt, mullet, and other small fish.
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These destructive methods of fishing have been the cause of much com-
plaint. State Deputy Fish Commissioner William Kehoe tried to stop
this net fishing, and seized the nets of the Chinese, but as late as May,
1889, the legality of the fishery had not been decided, as the matter was
then before the courts.

The fish taken by the Chinese are generally salted aud‘dried, and find
their way to San Francisco, whence most of them are exported to China.

Products—The catch of the Chinese juuks in 1885 amounted to
75,000 pounds of salted fish, 646,344 pounds of abalone shells, and
204,771 pounds of abalone meats.

BOAT FISHERY.

Fishing grounds.—The fishing grounds most commonly resorted to by
the boat fishermen of San Diego are those frequented for gill-net fishing
in the bay from Point Loma to some distance southeast of the city and
northwardly from Point Lowma, both inside and outside the kelp beds;
also in False Bay, whero nets are used for smelt, herring, and floanders.
Gill-net fishing is carried on at all seasous on the grounds stretching for
10 miles northward from Point Loma. During March, April, and May
Lonito and barracuda are taken by boat fishermen with troll lines and
occasionally with gill nets south and west of Point Looma. Traps or
Pots are set for crayfish or ¢ rock-lobsters” along the main shore in-
side of the kelp bed, from Point Loma porthward. The favorite ground
for the collection of large sea clams for bait and food is on the shallow
8pit called “Zuninga Shoal,” extending gsouthwardly for more than a
mile from the south side of the chaunel, opposite Ballast Point, at the
entrance of the bay.

Boats.—Ma,ny sailboats at San Diego, and particularly those used
})y the Ttalians and Portuguese, are the same type as the feluceas sail-

Ing from San Fraucisco. They are tight-bottomed craft, and, as no ice
1s used on account of its expense at San Diego, the catch of the boat
fishermen is often in & bLad condition when it reaches port. For this
reason the writer has prepared and published plans of a welled boat, in
Whlclf fish can be kept alive ; such a boat might be very advantageously
used in the market fishery of San Diego.

Apparatus of capture.—The apparatus of capture used by the boat
fishermen consists of gill nets, hand lines, or troll lines, and pots and
traps for catching crayfish; the latter arc set along tho shore with
buoys attached to them by lines to mark their positions.

Method of fishing.—The description given of eatching bonito, barra-
cuda, and mackerel under the head of vessel fishery will apply to the
boat fishery, so far as troll-line fishing is concerned. Two methods are
adopted in using gill nets. When nets are set in bays and along the
shores they are anchored ; but in the open water, G or 8 miles outside
]the kelp fields, they are “set at a drift,” the method adopted in the
fatter case being precisely similar to that used in the so-called *drag

H. Mis, 274——3 '
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net fishery” of New England.. The catch around the kelp consists
chiefly of bonito, barracuda, rock-cod, and smelt; but in the bays the
species principally taken are herring, smelt, and flounders.

The boats as a rule leave San Diego in the early morning, at which
time there is génerally a land breeze blowing off the coast, that enables
them to ran to the fishing grounds. In the afternoon asea breeze usually
springs up and with this they return to port with their day’s catch,
unless the fishermen decide to remain longer on the fishing grounds and
return ou the second day. Frequently, however, they fail to get the
breeze necessary to carry them to the city, and their catch is in a de-
teriorated condition, and perhaps unfit for food, before they can reach
port and dispose of it. Ice is too costly to be used by fishermen, who
are therefore often deprived entirely of the results of their labors.

The following tabulated statemonts show in detail the fisheries of the
county in 1888:

Persons employed.

Country. i Nativity. ;Nmimmlity.
. 1

United States 46 | 46

Italy... 12 12

Portug 37 37

Sweden .. 12 12

China.... 52 | 52

TOtal cavarereenecrenran arcceanc.! 159 | 159

|
Apparatus and capilal.

Designation. No. ! Value.
Veasels* (277.16 tona) . $13,200
OQutfit...ooeaenanele . ; 7,300
Boats ....... P .- . 8, 010
Gill nets 1,125
Dragaeines .. ..oceiieeiiaiiiieeiotioieaieaaacan. 8 1,000
Jland lines and trawllines, with 5,400 hooks....|...... 200
Crayfish LF8PY covneniiiiatiiiiiiiiiiieane e 60 90
Shore property .ceveceeneecrececenes P 1, 000
* Total voniiineeeiiiieiic i e e e 32, 825

* Including 13 Chinese junks (141.01 tous), valued at $5,200.

Products and values.

I"resh. i Snlto Total.
Species. Pounds Valuo. : Pounds Vn.lun I ]’ounda. anuo
e - e e R e
Mnh !
Barracuda . 315,200 :  $9,450 | 213,500 | $8, 540,00 528,700 ' $17,996.00 |
Bonito ...... 164, 600 | 4,036 | 254,409 | 10,176, .'m 418,000 | 15,111.36 |
Jowtish ... . 10, 000 300 7,314 292. 5 ' 17, 814 592, 56 :
Rockflish ....... eee 75, 000 2, 250 22, 655 900. 20 ; 97,635 3, 156,20 ,
Yellow-tail ............ 50, 000 1, 500 32,342 1,293. 68 82, 142 2,793.68 '
Miscellanoous species * 15, 300 L L2 R O 15, 300 459,00 |
Shellfish, crustaceans, ctc.:
Abalone shells 700, 000 8,750 |ocevvvieai]ionnrennenns 700, 000 8, 750. 00
Abalone moats .. . 240,000 @ 12,000 j...coilieeiieiann., 240 000 12, 000, 00
Clams....cceeeeene . 20, 000 | 936 [ oeeiiiui]ieeecanannns 20, 000 : 946,00 |
Crayflah ....coaenvenns 36,400 : D VR 2 N DR P 36, 400 1,274.00 |
Total covvveerninennns 1,626,400 . 41,860 . 530, 220 | 21,208.80 | 2,156, 620 | 63, 008,80
| |

* Includes sea bass, smolt, herring, and flounders,
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14. FISHERIES OF LOS ANGELLS COUNTY.

Qeographical characteristics.—1.08 Angeles County adjoins San Diego
County on the northwest, and its coast line has an extent of about 120
miles, the general trend being in a porthwesterly dircction. ILxeept
in the northern section, the shores are generally low with a greater num-
ber of small lagoons and sandy stretches pt coast than in- San Diego
County, while bold headlands are less numerous and ¢onspicuons.

The principal indentations are San Pedro and Santa Monica Bays,
situated on ecither sido of the broad peninsula upon the extremity of
which is lucated the town of San Pedro.” Santa Monica Bay is on the
north and San Pedro Bay on the south of the peuninsula, and both are
open roadsteads, unsheltered from southerly or westerly winds. Wil-
mington, on San Pedro Bay, 3 miles from San Pedro, on the.line of the
Southern Pagcific Railroad, has the only harbor of any importance on
the shores of this county, aud this js only a narrow, shallow inlet, some-
what difficult of access to large vessels, The breakwater at San Pedro,
which is a railroad terminus, makes a good harbor for fishing boats.

Santa Catalina Island is 18 miles distant from the mainland, and its
cen.ter bears a little to the west of south from the city of San Pedro.
It 1s about 22 miles long, its length being parallel to the coast, and
varies in general width from 3 to 8 miles. The island is mountainous,
whi.le the shores are rocky, high, and abrupt. Thereare no indentations
§uihcient1y large and protected to afford harbor facilities even for fish-
ing boats, except at a point a short distance northwesterly from the
center, where the island is very nearly divided, and a harber is thus
f9rlne(1 on each side of the narrow isthmus that connects the 3wo sec-
FIOHS.. The harbor on the southwestern side is considercd the better,
.ltthb(?mg well sheltered and having a good depth of water. All around

eisland the water is remarkably clear, so that fish can be seen at
a depth of several fathoms.

Pol: ;::n:ife} ‘cf'.‘_fer'“"—l:h? local‘ities from which ftxshi'ng is prosecuted are
and Sé':tutzt léend,. W hite Point, San Pedro, Wilmington, Santa Mpmca,,
exo ants atalina Island. The latter has no permanent residents

([,,ept shepherds and o few fishermen.

. mﬁfltll)l(ius:e Beud was o shore whaling station of some impqrmnce for
Tt had beoy ye'urs, but no whalgs have been taken .there since 1884.
in 1830 tlnrt];“ic‘.m abandoned station as e:u‘ly as 1875, for Jordau records
north of ¥ at Ha whale Qshery formerly existed at Portuguese Bend,

10 anmmgtou; this fishery was abandoned somo 5 years ago ou
account of the dificulty of obtaini ater at tl lace.”

The fisheries ar y of o t‘dmmg water at that place.

Wilmington ‘Sl <_11.c la}'gely‘ t[jll)lltal'y to bh.e towus of Sqn l’eQro and
are tho Ship‘)h‘; n(,h.bemfg situated ou a rmlro‘zul tlm:t; str%kes the coast

1”‘1’01'>tancl;3 . fg-t[,)omtls 10.1- an ’e‘xtenslve m‘ezm' n tpe mt;em'or.
nEX o those cf S'Le ﬁ.shcme{;.—l Le seacous‘t fisheries of thl.s county are,
an Francisco and Sau Diego, the most important in
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the State. Cowmpared with 1880, the fishing industry ghows a great
.inerease. It is still capable of considerable dovelopment, as a result
of the increased demaund for fish in the growing and already populous
regions of the interior reached by the railroad. Muach may also be
hoped for from the introduction of new and improved methods in hand-
ling and shipping fish. Many varieties of excellent food-fish abound.
The weather is favorable to fishing a large part of the year, while the
fishing gx‘o'unds are conveniently near the points from which the prod.
ucts must be shipped, the most remote being about Catalina Island,
only 18 or 20 miles distant.

Species that are objects of fisheries.—The waters bordering and adjacent
to the county of Los Angeles supply a large list of edible fishes, crus.
taceans, mollusks, etc., among which may be found some of the most
desirable species of the Pacific. Tbis will more clearly appear by an
examination ot the following list and notes, which refer to the more
noticeable forms. The first four species mentioned in the list, together
with the crayfish or rock-lobster, have the greatest commercial impor-
tance at the presenf time:

Barracuda. Flounders. Fat-head or redfish (Tro-
Whitefish (Caulolatilus Whiting (3icrogadus chocopus pulcher).
princeps). proximus). Croaker.
Roncador. Sardine. Oil shark.
Smelt. Yellow-tail, Rockfish (Sebastichthys).
Rock bass. Mackerel. TFlyingfish (Joxocwtus cal-
Sea bass. Bonito. ifornicus).
Jewfigh, Ilorse mackerel (7rachu-  Perch.
Bastard halibut ( Paralich- rus picturatus). Kinglish (S. politus).
thys californicus). Pompano (8. simillimus). Mullet. ’

Barr;fcuda, bonito, yellow-tail, and several other varieties are taken
by trolling in summer, as well as by gill nets, while in winter other spe-
cies are chiefly sought, among which Jordan mentions Hedia luna, Girella
nigricans, rockfish, Scorpena guttata, and Hypsypops rubicundus.

Jewfish, though not numerous, attain a large size, ranging from 300
to 400 pounds, while individuals weighing much more are sometimes
taken. They are sold fresh, but are also cut into strips, salted, and
then dried. The dried produet is somewhat tough and of a whitish
color, resembling the flesh of the dried cusk (Brosmius brosme) as eured
in New England.

The mackerel are identical with the bull’s-eyoe or thimble-eye mackerel
of the Atlantic. Wilcox states, however, that they are little estcemed
even by the coast residents. Alexander says that all the pcople with
whom le had conversed said they had neverseen a fat mackerel caught
in the Pacific. ]

Clams and scallops are abundant, but have no market value at pres-
ent. Campers and ranchmen occasionally visit the beds and obtain sup-
plies for immediate use, but outside of this the consumption is very
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small. It is reasonable to anticipate marked changes in the demand
for these mollusks in the near future.

Several beds of native oysters occur between San Pedro and wil-
mington, in San Pedro Bay and other localities, notably at Newport Bay.
The’oy"sters attain a fair size for indigenous species, and, according to
Wilcox, do not have the strong coppery flavor characteristic of native
Pacific oysters in many other places. They are eaten to a limited ex-
t?“t by the old settlers, who are said to have no objection to the pecu-
liar flavor which is almost an insurmountable obstacle to the use of the
§pecies by newcomers. A fow oysters are utilized, but the demand
for them is so small that they are commercially unimportant. In New-
port Bay the fishermen occasionally cull the oysters and peddle the
selected ones through the country, but this business is of slight impor-
ta}lce and searcely deserves mention. Native oysters are found in Ale-
midos Bay, but they are too small to be in any demand for food purposes
at the present time.

I.n .1888 one shad weighing 24 pounds was taken in San Pedro Bay.
This is the only known occurrence of the shad so far south ou the
Pacific coast.

The gil shark was formerly the object of a considerable fishery, being
ta}{en in the lagoons where it went for reproductive purposes. It at-

. taing an average length of 4 to 44 feet and a weight of 40 to 30 pounds,
ﬂllfl yields from two-thirds of a gallon to a gallon of oil. The fins of
;1:(? :hl":ll‘k were formerly considered quite a delicacy ; thoy were dried
ab old for 124 cents per pound. This fishery appears to be entirely
abandoned as a commercial enterprise, for Wilcox could learn nothing
of rt:ﬁ brosecution in recent years.
thilg 12’:‘;'9_ grounds.—The tishing grounds resox.‘ted to by the residents of
Camnn;;\’l‘may be classed under three headings : Those about S;lqtzt
land, and :h“:"d, the ¢ banks ’f lymg. botween the island and the main-
atf‘il’a.lon l(; shore grognds (including clam and oyster beds, etc.) situ-

The imﬁ bdg coast or in the lagoouns, ba.ys, ete. ‘
i“ll)ortaut,“:i la‘te vicinity of S'a,nt.a Catalina Island is one .ot Phe most
rocky and iShlng grounds of this cqunty. The bottom is gel.xera-lly
clear, while lilt many places covered with k.elp; but the water is very
fishi l;"for bott]s rathelj sh'allow about tl.l(j 1sland.' Fo.r the most part
feet, ‘:here it tom species is prosccuted in depths ranging from 10' tlo 20

surface of ‘IS lr)xtactxcable to watch every movemenb.of the fish, it t.he

are barracud;s? 1s unruffied by a brgeze. The most lmportau‘t species
are fr equent] » Donito, rockﬁsl.J, z}nd jewfish. ILarge schogls of herring

Santa Uatalin);; ISf!len about this .lslund. Seals and sea lions fr9queut

shot, but beyon db l')tnd aund the adjacent waters; one may be occasionally
rob, they may v eing an annoyauce to tho ﬁshermpu, \Yhose nets they

The 80<ca,llbe7 d e‘g properly be'omltted f1'0111 meution. -
the wmainlang b0 : shore bank lies between Santa Catalina Island and
» being much nearer the latter. Its northern limit is
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about G miles southeast from San Pedro Landing, whence it extends
southeasterly, nearly parallel with the coast, a distance of about 20
miles. It is a favorite resort for hand-line fisliermen at certain seasons.

San Pedro Bay is much frequented by fishermen using troll lines;
gill nets are set in the shallow water along its northeastern shore.,

Fishermen.~-In 1888 the fisheries of Los Angeles County caployed
137 men, of whom all except 3 were foreign-born, though 75 were citizeus
of the United States. The natives of southern Europe predominate,
Portugal, ltaly, and Greece being represented, while next in number
are the Scandinavians., The Americau-born fishermen are natives of
New Bugland. The Chinese have no foothold, and there is only a
single native of the British provinces.

Boats.—The fishing boats are all under 5 tons, and mostly small,
undecked craft. The majority are lateen-rigged feluccas or catboats;
but there are a few sloops and schooners, with sprit-rigged sails. Some
flat-bottomed boats of thie sharpie or bateau type are used. The sail-
boats are worth from $75 to $400 cach, and the few small rowboats used
from $20 to 825 each. The largest sailboats are similar to the feluccas
used at San Frauncisco, and are deemed very seaworthy. A boat is sel-
dom lost here, In 1888 a San Pedro boat was wrecked and her crew of
two men drowned, this being the only loss of life there for many years.

Apparatus of capture.—It will be practicable here to refer ouly to the.
most important fors of apparatus.

A total of 73 gill nets were used in the fisheries of this county in
1885, and they were employed at all the stations except at Portuguese
Beud. A considerable number of species are taken in gill nets, among
which the barracuda is one of the most important. The nets are mostly
about 40 fathoms long, and range in value from $25 to $30. The barra-
cuda nets are 40 fathoms long and 12 feet deep, made of 9-thread twine,
and having a 4-inch mesh. Two or more of these nets are often tied
together, end to end, and set' in a string.

Nine haul or drag seines, each 600 feet long and valued at $140, were
operated from San Pedro and Wilmington,

From.all the fishing stations except Portuguese Bend hand lines (in-
cluding troll lines) and trawls were used to some extent; these have been
described elsewhere. There were 41,500 hooks on the trawls, worth,
with the lines, ete.,-$680.

Three bag nets or paraunzellas were fished at San Pedro and Wil-
mington, chiefly in the bay on sandy bottom.

Crayfish pots are used by the fishermen of San Pedro, Wilmington,
Portuguese -Bend, and White Point. They are operated quite exten-
sively about Santa Catalina Island. They are set along the coast close
inshore like lobster pots.

Methods of fishing.—The fishermen start for the fishing grounds on
the so-called offshore bank and around Santa Catalina Island, carly in
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the dé».\', timing their departure so that the ¢land breeze,” which usually
prevails in the morning, will enable them to reach the desired locality
as soon as fishing can be profitably prosecuted. They plan to return
about 5 p. m., coming home with tho “sca breeze? when practicable,

The fishing crews generally cousist of four men oun cach of the larger
boats, particularly those belonging at Wilmington which fish about
Sauta Catalina Island, These boats do not always return to port the
same day they leave home. They also often leave half of their crews
at the island to fish in small boats, while the larger craft return to the
hom‘e ports with their cargoes of fish. The men who stay behind at
the island set and haul their gill nets or erayfish pots, or perhaps oper-
ate band lines and trawl lines near the shore. So plentiful are the fish
that it often happens that another fave is caught by the time tho larger
boat returns. Boats that fish upon the bauk and those working along
the shore near the mainland generally return Lowe every night.

T.he boats using gill nets nay go out late in the day and, having set
their gear over night, haul it in the morning and make for harbor, un-
less they use other gear during the day. All other fishing, however, is
usuall:y prosecuted in the early part of the day. .

Ice is not used, because it is either not to be had or is searce and
iﬁb‘).ﬂbl“ Boats are frequently becalined on the fishing grounds or on
Thur r(:,tu_m to m‘arket, and the entire catch spoils and is thrown away.

? loss from this cause is considerable.
thiwf;:) when the fish are l.unded in gqod condi‘tion it is sgldom that
Obsei-vefl)er ,lll‘lethods for their preservation, })uckmg, and sh.lpment are
morai .aft he 1'9und flsh are usually left in .the boat un.ml the nez.{t,
small b{(;)xe er,‘thexr a'.rrwal, when they are shipped b.y rail or team in
Without resf \.\nhm}t ice. The ‘produccs kep‘t; so loug in-warm weather
stage of detrlgeragon of any kind must be in a more or less advanced
railvonl .mt(lsln(?_r@non before. they reach the consumer, anfl at times the
n0t in g ;nm‘kontles have 'rc‘atused to transport fish, knowing they were

1 vi . etable condition. .
can be ﬁ::p(t);]tlh%e Pacts it is apparent that we}led boats, in which fish
- from Sants Ca‘t'c’l or small steamers that can quickly transport the catch
Pacifio cong toa‘ma, ‘are much needed here, as on gther part.s of the
the use of W(’:lle :{ogtrlbut.:e. tq the full 'de.ve]opmeut of tl}G fisheries. By
distant fishing gr oats it will be pr.:wt;x(.:ab}e to remain longer on the
catel can be lfmézll ?diu'lds ‘and, what is of stlll.g‘rea-tef' importance, the
could be kel)b(uli ed in the pest l?ossd)lc condition,alive. Auny surplus
anchored) unti] dvee in ﬂ(?atllxg ]1ve-car§ (wh'erever these can be safely

Prior to a(lol)tilfmatllll('l is l‘uade fm" thfm‘ ‘slnp‘meu.t.
doue by giving mog . 1S system of bringing in live fish much can be
viseera are l'enb : re attention tp the preservation of the catch. 1f the
—— voved on the fishing grounds and oven a little ice used,

- . e ——

The price of ico at San Pedro in 1888 was §10 per ton.
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the fish being packed iu a closely covered section of the boat, the catch
wonld generally reach port in good condition. Theu with a little more
ice it could reach a much wider area of distribution than is now pos-
sible, while the increase in demand would doubtless more than repay
the fisherman for any additional outlay or eftort.

It is believed that the fishing interests of this section will be materi-
ally advanced when these suggestious are acted upon. The public are
not slow to appreciate whatever tends to improve the food supply, and
the introduection of advanced ideas in the fresh-fish trade will corre-
spondingly increase the demand for this class of food.

Markets and shipments.— Although Santa Monica, Alemidos Bay, and
Newport Landing have local markets aud direct trade with the iute-
rior, the principal part of the fish taken in this county is first sent to
San Pedro and Wilmington, whence the products arc shipped to Los
Angeles, 25 miles distant, Pasadena, Riverside, Long Beach, and other
communities on the line of the railroads. There is also some local
demand at San Pedro and Wilmington. Los Angeles, with about
70,000 inhabitants, is the principal market aud distributing center for
the fishery products of the county. It has five firms engaged iu hand-
ling fish. About two-thirds of the products Janded at San Pedro and
Wilmington are shipped by express to Los Angeles, while about one-
third is taken in teams from Wilmington, which peddle the fish en
route to the same city and dispose of a considerable quantity therein.
The fish salted and dried on Santa Catalina Island are cured for the
San Francisco market, to which they are sent trom San Pedro. The
fresh-fish trade, as has been indicated, is comparatively local.

The following tables show in det;all the statistics of the fisheries of
this county:

Persons employed.

!
!

Nntlvnt) . Nationality.
x| | ] gl 1
@ i ! Q
Fiohing conte FIE. 0 | | b E R
isbing center. g gé}la (:: 6 g]aéli bal g .
H . @ i 3 ' . o —_
%}:E'Eé’ 21308 3 |25 85098 |¢
= 1 o ©
B & (&[S I g & | B A SIEIEIE (S
Sao Podro and Wilmington. wlaz] 6l 7| s0i.... ! [ 8 15! ol 7
Santa Monica.. . P U N l 8 5 l 1 2 VRN P D 8
Alemidos Bay .......... .- P O P 8 4 )..... U4 ... 8
Newport Launding ...... veer]evni]eeed 20] 10 ..., 10 20
Santa Catalina lsland.. R P, 12 [ I TN [§ 12
Portuguese Bend .. e 4. 4 L 3 S, .. 4
White Point.cceaioieainicnannan.. ool 6 6 [T S P ¢
Total ... 15 {42 of 137 | 75 .i'.z 8 15[ 0|1
! ] i
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Apparatus and capital,

. i , v mIIx_nui‘ e iail:(!':l;d_\ Crayfish
Boats, l Gill nets. ] Bag uets. } 50inos. ‘[ trawls, | pots. Totat
L ———— = [ B R R R et R — .
Fishing ceuter. i (I \l o | V““m' L(‘Rigm
No.:IVuluc.:No.inuo.!No. Vuluo.iNo.;anue..hI;‘o%ﬁ’: I'X::(l;s No.|Value.| vested.
| ; I i | \ | | linoes. ,
— Y [ SOOI DRIV S SRS P
: | C
San Pedroand Wil- J I ! b |
Smmgton ......... 36 1$7,250 | 35 81,050 | 3| $375 *0 $1 260 ... $510 | 40 $60 | $10, 505
auta Monica ... 4 500 T, 200:...]...... I- 1780 jeeei] eenns 750
glot:vmulotsﬁiny‘- ..... 2 600 : 7 l v00 i . 1 822
Nowport Landing..| 5| 1, 10! 300]...4..... | 87
Santa Cataling 1&1- 500 , i
S, 121 300110{ 300 L. 720
ortnguese Bend .| 6| 230 | ...|....... - (DO 305
WhitePoint........ 4 130 { 41 100 . PO . 355
. i e
Total ......_. 69 (10, 510 ins 1215 8 | 375 i 91,260 |41,500 , 830 Iuo : 210 | 115, 335
| i 1 : | [ L SO
* Lonr(;ltl:., 5,400 feot. f Length, 18,250 feet.
$In addition to this amount $500 were invested iu ehore property 1n this county.

Products and valucs.

. Frosh fish. | Dried fsh. |  Cray@sh. ! Total.
Fishing center. — = | — ;
Pounds. | Valuo. !lPouuds. |anue.\ Pounds. [Vuluc.‘I Pounds. | Value.
S | | |
ggggeg(m ?nd Wilmington...... 408, 838 (820,040 [ooeeeunn|onenne- 150,460 [$3, 761 | 649, 208 824, 701
Alomidoobioa. ... DT 00,000 121400 oLl e 00,000 | 2,400
owport Lads emeens 70,000 | 2,600 loecceeeii]vennsiennnnnns 70,000 | 2,800
Santh Orepnding. ..., L. 175, 000 000 L. e yeree]iameannns 175,000 | 7,000
oo mnting Taland.,, "7 0TI 1-100, 000 1$5, 000 100, 000 | 5, 000
Ruose Bend. ' s
White e O R KSRt iecbobott ibosoott N oosatt MOSOOOO W e
Totalieeere o 803, 838 | 33, 140 | 100, 000 ! 5, 000 < 150, 460 |$3, 761 |1, 054,208 | 41, 001
. ‘ | |

*I
'F]fé;’;l 3;:% :’(:‘]fl"‘“l‘;‘{gn. bonito, jowfish, and whitofieh, all shipped to Sun Francisco from San Pedro.

of accurately San Pedro aud are iucluded in the Bzures at that place, owing to the difficnlty
for the thrug lscp?-m"u'l! the catch of the fishermen in the different places. The approximate figures
Bond, 63,000 )SCB&ties are: San Pedro and Wilmington, 43,000 pounds: value, $1,070. Pertuguese
totul valug, § 7%‘1‘ 8; value,$1,320. White Point, 54,460 pounds; value, $1,371. Total, 150,460 pounds;

* t .

.

$In el B :
cluded with Gigures for San Pedro, where the fish are sold.

Fish trade of San Pedro and Wilmington.

Bpecies r Price | vy i Price | yy1ue paid
: ounds. | per aluo paid Species. Pounds. er a.ue
—_— | pound. by deslors. v I,f,’m,d,ibydo ors,
Barracuda .. | Cents. | Cents. l
Bouite ., .07 125, 500 | 3 | $3,705.00 || Pompano......... 700 30 $210. 00
Crayfigh .. 150»25 ;3 187.50 || Rock Lass.. 4,500 5 225, 00
Croaker ... 80.4601 24| 3,761.50 || Rockfish ... 5 $08. 50
Flounder .. T 250 , 5 562, 50 3 164.20
Grouper . .. Liis 1 502,25 5 226. 00
Halibut. . g 200 5 425,00 5 3,768, 00
Jowfigh s 00,7 £85. 20 44 -7,743,28
lli,lackerex,_ 7 ?Egl 8 813. 50 4| 230. 00
erch ....... . .0 8 398 3 213.75 :
,325 | 4 | 333.00||  Total.......| 649,208 |........ | 2470118

NOTE.—Ship - .
Pounds; totg, ,pge‘%'%g?g’;::fs})y oxpress, 423,208 pounds; by toams, 200,000 pounds; sold locally, 26,000
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15. FISHERIES OF VENTURA COUNTY.

Geographical characteristics, etc.—Ventura County lies between Los
Angeles and Santa Barbara Counties, and has a coast line of about 36
miles, with a’ northwesterly trend. It has no harbors nor any large
bays or important indeuntations. Along the coast isa narrow and more
or less sandy plain, which is bordered in the rear by high mountains,
The lofty Santa Monica Mountains form the border line between this and
Los Angeles County, the ridge running down to the shore and termi-
nating in two rough rocky headlands called Point Duma and Point Con-
version. In a similar manuner the county is separated on the north
from Santa Barbara County by o spur of the Santa Inez Range, which
ends at the sea in the bold headland of ISl Ricoun.

According to Jordan, the Ventura River (Santa Clara River on some
of the maps), which flows through the county, is the southernmost river
in California that is not alkaline at its mouth. Therefore, although
brook trout occur “in the headwaters of the Los Angeles and San Luis
Rey Rivers, and even in some streams in the San Jacinto Mountains, in
San Diego County,” the salmon does not enter any river south of this,

Coast towns and fisheries.—Huenema and San Buenaventura are the
only coast towns. The fisheries in this county bhave never been impor-
tant. In 1880 Jordan records that there was at San Buenaveuntura
“ but one professional fisherman, who has in his possession two gill nets
and one seine.” He learned that there was a small party of Chinamen
at Point Magu, 9 miles south of Hucnema, who combined the labors of
fishing and gardening, while a few Californians and Chinese fished from
the wharves at San Buenaventura, and two or three farmers at Laguna
Ranch occasionally operated a seine. The county is now without a
single professional fisherman, so far as could be learned. A few indi-
viduals may ocecasionally cateh a small number of fish for their own
use—possibly any surplus may be peddled in the towns or surround-
ing country; but such operations are carried on in such a desultory and
unsystematic way that they do not assume the importance of commer-
cial fishing. Ventura Couanty has in reality no fishery interests; and
its short coast line, lack of shelter for boats, and the general cham(,u,r'
of its shores hold forth little promise for the future.

16. FISHERILES Ol SANTA BARBARA COUNTY.

Geographical characteristics.—The coast line of this county, exclusive.
of theislands, is upwards of 100 miles in length. TFrom Ventura County
the coast extends almost due west to Point Conveption, thence north-
westerly to Point Arguello, where it turns sharply northward, the trend
of the shore from this point to its junetion with San Luis Obispo County
being almost due north.  Along the south coast, between the mountains
and the sca, there i8, over along section, a belt of rather fertile land,
with stretches of smooth, sandy beaches, occasional rocky shores, with
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fe.\v indentations or lagoons. Bordering the shore, about half a nile
distant from the land, is a kelp bed with an average width of upwards
of 400 fathoms.

Stretehing parallel with the coast, at an average distance of about 20
01'.25 miles, is a group of rocky islands, some high, rugged, and moun-
tainous, and all irregular in outline. These are the islands of San
Miguel, Santa Rosa, Santa Oruz, and Auacapa. Santa Barbara and
San Nicholas lie farther out, about 70 miles from the town of Santa
Barbara. San Miguel is one of the smailest, being 63 miles loug and
23 miles in extreme width. Santa Rosa is about 13 miles long by 9
miles wide, and contains about 50,000 acres; it is 27 miles south-
westerly from Santa Barbara. Santa Cruz lies to the east of Santa
Rosa, and is about 20 miles distant from Santa Barbara. It is 20 miles
long and its extreme width is about 5 miles. Of its eastern end is the
§mall island of Anacapa. Detween the first four and the mainland
i3 Sauta Barbara Channel, an important fishing ground for surface-
swimming species. The water is deep, however, aud not suited to
bottom fishing. These islands bear an important relation to the future
development of the fisheries of this regiou, as will be seen further on.
u fS‘isz? Barbara is & noted summer watering-place, located on a beau-

iful, slightly crescent-shaped shore, with a long, sloping sandy beach,
and st}“etches of high hills along its sides. A long pier built on piles is
333‘31&3?1{0('st‘e‘-‘u‘ners here; it‘extends into the bay opposite the town,
boach “{1( s facilities to tl}e fishing boats that they could no!: find on the
able f(’)rc e‘ere .the _water 1s.shallow and the surf breaks with cout}lde'r-
1868, Lut t‘{l’“'?l?t in th(‘s mildest weather, A wl.xarf was first bu}lt in
Dose,d " SOl&llldl-ll'oa‘q did n.ot, eunter the town until 1387. The bay is ex-
POinG, but aff ‘Bily winds, from the west nea:rly ".u'ouud to the opposite
as is ;lsuall ‘;E( 8 a good §helter when the avind is north of east or west,

Neagly )g’mue cus.e during a gre;m_ter purt of the year. .
mile, is ;1 {)roadell) with th'e beach, and distant from oue:th}r(l to one;half
dense that chg e)llt; of giant kelp that ﬂou-t;s. at the surface, and is 80
Serves the purl )lllfc 8 have to be cut through 1t.f0r 'thg steamers. This
southeast, an dl :I)ielof m break.watey, when‘t,ht.) wind 18 trom. gouthwest to
with comparatiy a KC? it possible for the tishing boats to ride safely and
hauled out oy tl?ee?;:l:lﬁ ancllxox“ when otherwise tl.ley would havq to be
lal;)‘r to the ﬁShermel;, or hoisted to the wharf, at great additioral
be cﬁﬁg‘d{/e‘:z’g:’ 2;;1‘% only to‘wu‘ in this county that can at preseut
fessor Jordan visit 13g center 1s Santa B_arl?ara. In 1880, when ?ro-
Goleta, and oue mae thls.reglou,'some flshmg was p!'osecl}ted from
seine at Carpenteri: Oclcasgonall'y fished from the whart or with a drag
Years crews of Ital" where fishing smacks were also butit. qu many
near Point Cones 13"8 and Portuguese located i‘l/t Goleta Point t.md.
standing wlhale ‘D ton to prosecute the whale fishery; but notwith-

lales are still reported to occur in this region, the fishery
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was given up some time ago, chiefly because of the low price of oil.
Individuals may occasionally go out for a day’s fishing at some other
point on the coast, simply for sport or to get supplies for their own
tables, but irregular and desultory operations of this kind can not be
considered in this connection.

Importance of the fisheries.—Notwithstanding there is no lack of va-
riety or abundance of fish, little attention is given to the fisheries.
The business is confined entirely to a small-boat shore fishery, practi-
cally controlled by one Italian and one Hungarian, who own nearly all
of the boats aud fishing gear, and hire other fishermen to go out when
the latter are disposed to engage in fishing. As at many other watering-
places, the fishermen find it most profitable to serve the pleasure-seekers
who frequent this resort, and they engage in fishing only when they can
not find other and more lucrative employment. Nevertheless, there
has apparently been a moderate increase in the fisheries of the vicinity
of Santa Barbara since 1880, though the county as a whole shows a
slight decrease. The change is most noticea ble in the number of boats
employed, there being 24 in 18838 against 5 recorded by Jordan in 1880.

Species, abundance, seasons of occurrence, etc.—The following is a list
of the most common and important species that constitute objects of
fishery in this county, or which may become commercially important in
the near future. Among the latter whales are perhaps the most im-
portant.

Sea otter (Enhydra marina). Eel (4dnguilla), not common.
Winter sea lion (Zalophus californianus).  Yellow-tail, all the year.
Hair seal (Phoca). Rock bass, May to October.
Whales (chiefly Rhachianectes glaucus). Kingtish, all the year.
Barracuda, April to November. Black perch (family Embiotocide), all the
Spanish mackerel (Sarda chilensig), most year.
of the year. Red perch, all the year.
Mackerel, May to Novémber. - Jewfish, all the year.

Rocktish (genus Sebastichthys),all the year. Pompano, June to Septewmber.
Bluefish ( Girella nigricans), all the year.  Mullet.

Whitefish, all the year. Horse mackerel.
Halibut ( P. californicus), all the year. Roncador.
Swelt, May to November. Fat-head.
Sardine, May to Novewmber. Flying-fish,

Besides the above there are sharks, dogfish, skates, sculpins, and
numerous other varieties. Crayfish and abalone may be taken through-
out the year. Sea otters occur rather sparsely about the islands, and
are hunted there during the fall and most of the winter by native Cali-
fornians from Santa Barbara, who, during the rest of the year, generally
engage in pelagic fur-sealing on vessels sailing from San Francisco,
These men refurn from sea in October and shortly thereafter camp upon
the islands, where they also take hair seals for their oil and pelts, and

* Goleta had beon abandoned in 1830, but there was thon a whaling company of 20
wen at Cajo Viejo, 51 wiles west of Sauta Barbara; this has also Deon desserted.
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occasionally capture a live seal or sea lion, to sell for exhibition pur-
poses. The sea otter is excossively shy here as elsewhere, but the great
Vf.ﬂue of its pelage is an incentive for the hunter to endure long periods
of patient waiting and much exposure.

Whales, chiefly the California gray, are reported to be numerous off
the coast of this county during the winter, when they frequently ecome
close inshore. In summer they migrate northward. None have been
C.ill)tm'ed, however, in recent years, but quite an importaunt shore whale
fishery could be prosecuted, as in former years, if the price of oil should
ad'va.nce sufficiently to make the business remunerative. The profits
'Plgllt now be materially enhanced by the utilization of the carcasses
for the manufacture of fertilizer—a product that ought to find a ready
sale at good prices. '

B Bi}l‘f‘acuda-, bonito (commouly known here as ¢ Spanish mackerel” and
skipjacks ™), and smelt are the leading varieties of market fish during
the summer. Bull’s-eye mackerel are moderately abundant and can be
taken ‘from May to October.* They are not much csteemed, however.
glblco"ey sea bass, yellow-tail, and jewfish are caught in summer.
can rl?g tti:::’ an important species in thislocality, are very numerous, and
than dll;inen it all seasons, though somewhat (art‘her oﬁ‘shpre.m winter

The aba]g t ¢ warm season, when they can be Pa-ken close inshore.
but it is Rt'(l,lne 18 somewhat less abundant on the 1‘slauds than fqrmerly,
tho shells (l] tnume?ous. The unremm‘Jera.txve prices now obtained f(?r
cause has he {51‘ white men ff'om engaging in the‘ﬁsh.ery ff)r them. This
any roal \sca‘r:'(c .1tnore to do wah the seeming decline in this fishery than
ow markembl[ y.of the species. iny ‘the larg.est and finest shells are
liave broy ‘ht ®; tons f)f slightly inferior quality, that formerly.\vould
the abalong a 15;300(1 prices, are now thm.wn away. The resultis _tha.t
Chinese, who i cry has ‘of late come entirely under the <.:ontro.1 f’t the
gleaniné wh f;teontent with small returns, scour the coast in theu_' Jjunks,
market oay {)e f\‘Yer of nature’s bounty they can secure, for which any

The native ¢ 9l.‘n(]' .
are two ‘Oé‘fhr(.e'ahform‘ans sometimes eat a few clams, of which there
scallops are 1 te species; but there is no clam fishery. Oysters and

Fishin ot taken,
racuda, gogl:i"t:;"‘i’i-~1\ favorite fishing ground for surface species (bar-
in the channe) i)eh(::)’ and one of the best on t_he coast of California, is
The rocky lednrels ;3;311 S:'\-ntarbam and the~1sla‘nds (see map, plate 1).
stretches of Sal?dy b 1at jut out from tl‘le land, intersecting th(? long
excellent fishing p eaches and shallow inshore bottows, are considered
Carpenteria ish g ounds. Along the shore, between Los Pueblos a.-ndv

» 1S said to be one of the best localities for hook-and-line

fishing ¢ ,
\gn the coast of this county. There are excellent grounds for

- ———
Alexander 8ays the byl
ance to b compared with t

8-oye does not ocour anywhere along this coast in abund-
he common mackerel jn the Atlantic.
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gill-net and line fishing about the islands of Santa Rosa and Santa
Cruz.

Fishermen.—Thero are ouly 15 persons in this county, including the
seal and sea-otter hunters, who may properly be called fishermen. Of
these 8 are natives of foreign countries (including 1 Chinaman) and. 7
are native Californiauns.

Boats.—The little fleet of fishing boats sailing from Santa Barbara
are all less than 5 tons burden. They are mostly sailboats, as follows :
1 sloop, worth $600; 8 lateen-rigged feluccas, averaging about $112
each; and 8 sprit-rigged boats with an average value of $100. Besides
these there are 7 small rowboats with a total value of §75.

Apparatus of capture.—Gill nets are employed chiefly in winter time,
when the fish have moved off into comparatively deep water. They are
set at the islands and along the shores of the mainland. The nets are
commonly about 40 fathoms long, 15 feet deep, and have a mesh vary-
ing from less than 2 inches to 3 inches. Thirty-five nets are used, of
which 10 are classed as bass nets, 11 as smelt nets, and 14, with a mesh
of 3 inches, have no special classification.

TFourteen trammel nets are used. They are preferred for some kinds
of fishing, because fish of varying sizes can be taken in them.

Three small shore sweep seines, with aneaverage value of $100, are
vsed at Santa Barbara. These average 50 fathoms in length, 2 fathoms
in depth, and bhave a 3 inch mesh. They are operated in the shallow
water along the beaches.

Trawl lines are used for rockfish about Richardson’s Rock, on the
ground west of San Miguel Island, and also south of Anacapa Island.
(See map, plate 1.)

Troll lines similar to those already described (page 30) are used to
capture barracuda, bonito, mackerel, ete., in Santa Barbara Channel.

In winter a hook-and-line rig is often operated from the wharf at
Santa Barbara, and sometimes this gear is used in the kelp beds.

In suminer, when the crayfish are abundant near the shore, a hoop
net or bag net (locally called a “ crayfish trap”) is used. But in winter,
when the ¢ rock-lobster” is farther offshore in deep water, the regular
crayfish pot, made of Jaths, is preferred. The “ trap” is essentially the
same form of apparatus as the ¢ hoop net” formerly used in the New
England lobster fisheries. It consists of a net bag hung to an iron hoop,
s0 that it will have a depth in the center of about 3 feet, which is equal
to the diameter of the hoop. Crossing this hoop at right angles, and
arching above it with a moderate curve, are two wooden hoops seized
together where they intersect, and having their ends securely fastened
to the iron. Attached to the wooden hoop at the point of intersection
is a string for fastening the bait, and sometimes this is provided with
a hook. A triangular bridle of line is attached to the iron hoop and the
buoy line is bent to the bridle where the several parts unite. This bridle
is 80 arranged that when the fisherman pulls upon the buoy line the
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' tra.[.) is litted so that the jron hoop hangs horizontally and can be pulled
up in this way without dauger of spilling the coutents of the bag.*

Methods of fishing.—The methods of fishing, so far as they apply to
f»?le use of gill nets, drag seines, troll lines, and trawl lines, are essen-
tially the same as in other localities. It need ouly be said that in all
h.ook-andline fishing crayfish are the most tempting bait. . Brief allu-
sion may, however, be made to the method of fishing with the hoop

traps ” for crayfish. These are set in shallow water inside the kelp
beds that fringe the coast. Almost anything in the shape of fish-an-
swers for bait, but bonito is believed to bo most attractive to the rock-
lobster. The location of each trap is marked by a small buoy attached
TO the top end of the buoy line, which bobs up and down on the wayes
“§ the surface. When set, the net lies loose and flat on the bottom,
with the iron hoop resting npon its edge, while the bait hangs over the
iﬁntel‘- There is nothing to prevent.the crayfish from escaping after
neiybhave eaten the bait, though it is natural for them to lie upon the
ﬁsher(:]emh the lure until they have consumed it. TFor this reason the

rmen carefully watch their nets, rowing along from buoy to buoy,
Efg’;‘l‘:fhdow over the boat’s side into the water to see if any crayfish
bein ¢ ’tmbs. If one is seen on the net it is quickly pu.lled up 'a..-nd,
the 50}::(?\ ented from. escaping by thp dcpth of the })frg, is taken into

Son :0 tt‘m(l the trap is resgt, new bait being put on if necessary.
ﬁrea;ms erls), seals, al.ld sea lions are killed by sl%ootmg them; the use of
natural sha out the islands has a tendency to increase the remquable

Pwpamzness of the sea otter and to renfler its capture more difficult,
sold fresh-wnfof products, markets, and shipments.—The fish are mostly
San Fran (:,i a few are dried in the fall and t.mrly winter and shipped to
in the ordi?](‘lo' The abalone meats are dried, and tl}e §lxells prepared
Diego or Sm:t‘%’ way. These are taken by Chinese 1n Ju.nks f’rom San
and Shippe‘d A raneisco; but, as the shells are obtained in this coun