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._
)



XLII REPORT OF COMMISSIONER OF FISH AND FISHERIES.

acteristics and conditions. The most important grounds, 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 ean 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, aftecting, 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
narkets and the meteorological characteristics 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,’althongh the two former may, in a
measure, be combined.  Hydrograply, in its 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 requirements 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
conjuunction with hydrographic features, determine the limnits 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 thew are most important with
respect to the more active pelagic species, such as the mackerel, blue-
fish, and menhaden, and the anadromous species, 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 cach region, their abundance, the purposes for which they can be
utilized, and the seasons during which they may be found. The charac-
terand amount of the lower forms of life existing in each locality indi-
cate the permanence of the grounds, and to a great extent the kinds of
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fishes which resort to them. The methods of the fisheries are also
largely dependent upon a knowledge of the habits of the nseful species.

The manner of conducting the survey of the fishing-grounds is ex-
plained elsewhere. The information obtained is presented to the fish-
ermen in the form of charts and descriptive text, the former enabling
them to locate readily any desived spot, the latter describing its prin-
cipal features. Until recently the discovery of tishing-grounds has
chiefly been accidental, that is to say, not due to organized and well-
directed efforts, and their resources havebeen ascertained only through
their gradual devélopment. The rapid inerease 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 of the steamer Albatross on the
Pacific coast during the past 'yeur, described below, fully dentonstrate
the utility of such measures.

THYE DECRBASE OF FOOD-FISHES.

It was specifically for the study of this snbject that the Fish Commis-
§iou was established in 1871, the results of its first juquiry determin-
ing the later expansion of the work. Demanding in part the samoe
method of treatment as the survey of the fishing-grounds, it reguires a
much more thorough execution and a closer attention to details. In
the former instance the grounds were assumed to be in their normal or
natural condition, but any marked decrcase in productiveness is taken
as an indieation 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 Cowmmission it was
customary, in investigating matters of this kind, to vely mainly for evi-
(101{(78 upon the testimony of persons dependent upon the fisheries for -
their support, and thereby prejudiced in one direction or avother. We
owe .(:hieﬁy to Prof. Baird the inanguration of the natural method of
Inquiry now prevailing, not only in this conntry, but also to some extent
‘«'l-b'road. The deerease of fishes may be due to natural causes, or t0
m,]u.dicious practices on the part of man. The existence of a decrease
lfn-vmg been confirmed, its extent is generally diffienlt to determine,
from ‘flle 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

- leans, 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 failure of the food supply, the
ravages of predaceous fishes and other animals, changes in temperature
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and perhaps in density, poisoned waters, excess of sediment, unusual
storms, accumulations of shore ice, diseases, ete.

The deterioration in the inshore fisheries of New lingland 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 disturbanees along the inner edge of the Gulf Stream
have been known to practically exterminate an abundant species.
The oyster-grounds of southern New Ingland and New York sufter
severely through the depredations of drills and starfishes, and epidem-
ics of disease arc not uncommon among the food-fishes of the interior
lakes.

Precise methods of investigation are, thurcfm ¢, necessary to deter-
mine the actual cause of deerease 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—by legislation or
by artificial propagation. A judicious protection of the grounds might
in many cases be sufiicient, but the laws hitherto enacted have not gen-
erally been very beneficial, owing partly to their inefficiency and partly
to the careless manner in which they have been enforced.  Fish-culture
has, however, proved o very effective means for improving the con-
dition of many depleted grounds, and its utility has long ceased, to be
problematical.

THE INCREASE AND DISSEMINATION OF FISHES.

The objects of fish-culture are, first, the maintenance or increase of
existing fisheries, and sccond, the formation of new fisheries. The
former relates chiefly to depleted grounds, the latter to grounds which
have never been sufficiently prodnctive. In order to carry out these
purposes effectively the aid of science muast be invoked, and its assist-
ance is required in nearly every step taken. The actual operations of
propagation, the collecting aund hatching of the eges, 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
- feeundated 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 captivity, 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 chief precaution to be taken is to
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ascertain that the physical and, to a certain extent, the bmlffg_“’“'l
features of the region have not materially changed. The conditions
of environment must remain congenial to the species, and it wast 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
in question. Are the temperature and density of the \vnte}' and .ﬂl("
character of the bottom adapted to them?  Does the coast or river afford
the neecessary facilities for their spawning? Is there sufficient food f.'(n‘
the young and adult, and is the vegion free from predaceons species
which may destroy the eggs and embryos?  Fishway methods, enabling
the anadromous species to overcome obstructions to their ascent to

spawning-grounds, must also be based upon seieutitic principles to
insure their complete utilit y.

SPECIAL INVESTIGATIONS.

Among scieutific 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 value 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
brovide for a great diversity of observations. At the outset Profe
Baird found a steam laaneh aud small sailboat entirely 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 these two vessels
were readily adapted to the explorations, and the experience acquired
by their use led subsequontly to the building of the fishery steamers
Fish Hawk and Albatross. The schooner Grampus was afterwards con-
Structed to meet certain requirements of the practical fisheries, but she
Is also fitted to participate in the study of scientific problems.

- At present, therefore, the Fish Commission is provided with three
vessels suited to the ingquiries along the coast. The Albatross is a
thoroughly sea-going steamer, built of iron, measuring 1,074 tons dis-
placement, and bropelled by twin screws. In ler construction every-
thing was sacrificed to strength and Qurability, to arrangements for
casy working in a sea way,-and to accommodations for scientific re-
search.  The heavy apparatus is operated from the forward deck, but
the Taboratories are anidship, being large and well enuipped. Her out-

fit i3 the most perfect that has ever been supplied to any surveying ves-
sel, and comprises ever

Y 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 Hdwk, of 205 tons burden, was built when fish-
cultural work along the coast was still regarded as experimental,
and before the establishment of permanent hatching stations. She
was designed, therefore, both as a floating hatchery and as a means
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 cquipment of the Fish Hawk is similar in character to
that provided on the Albatross, and cqually ellicient 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 lavrgely occupied with the oyster
and other scientific surveys.

The schooner Grampus is a modern fishing vessel of 83 tons burden,
combining the best features 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 suceessfal, she is also provided
with the means of sounding and dredging in moderate depths of water,
and of using all kinds of fishing apparatus. 1er investigations have
had reference 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 largo and well-equipped
laboratory at the Wood’s Holl Station, one of the most important of
its character in the world. The agquaria 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 are
possible in the ficld and conclude their examination of the specimnens at
convenient stations. The University of Indiana, at Bloomington, has
been the headquarters tor the surveys conducted nunder the direction of
Dr. David 8. Jordan, the remainder centering at Washington, where
opportunities for investigations are 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.

.
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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—Dbut they had been located by only a few isolated sound-
ings, and their extent and boundaries were undetermined.

The only commereial mavine fisheries which have been developed in
Alaskan waters are those for the cod, and for the seal and other aquatie
‘mammals.  The first cod brought to San Fraucisco from the North
Pacific 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, and in the same year they began to fish for cod
in the neighborhood of the Shumagin Islands, off the Alaskan coast.
Twenty-four vessels participated in this industry in 1870, but ounly
cight in 1880, and the same number in 1888, The places most fre-
quented for this purpose were in the vicinity of the Shumagin Islands
and Kadiak, a few vessels also enteving Bristol Bay to the north
of the peninsnla.  Besides the cod, many other valuable food-fishes,
including the halibut, are very abundant on the Alaskan coast;
but owing to the distance from markets and the unsettled condition
of the region these resources have not been utilized hitherto except by
the natives. Bven on the coasts of Washington, Oregon and California,
where a great variety and abundance of marine fishes exist, the diffi-
culty of disposing of o large cateh has been the chief cause of the slow
development of the fishing-grounds.  The Alaskan produets are chiefly
marketed throngh San Francisco, which has also been the center of
the only extensive local sea-fishery on the western coast. With the
recent completion of several transcontinental railroads, affording the
means ot rapid transportation for fresh produce into the interior of the
.country, and with the prospect 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 scems destined before long to exert a arked influence
upon the welfare of the Pacific States. It was an expression of this
interest that led Drof. Baird, shortly before his death, to prepare tor
the extensive investigations now in progress, which should determine,
for the benefit of the fisliermen, the varieties of fishes distributed along
the coast, and the places where they oceur in greatest abundance.

The steamer Albatross arrived at San Francisco from the Atlantic
coast in May, 1888, at which time the general secheme of operations had
been pertected by Commissioner McDonald. This provided primarily
for & 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 bottomn
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 ) ' )






