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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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



XLIV REPORT OF COMMISSIONER OF FISH AND I'ISHERIES.

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 ) ' )
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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 fishing
does not exist in all places, somne localities being much more tavorable
in that respeet 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 accuracy. This bank lies south of Unimak Island, extend-
ing eastward from off the southern entrance to Unimak Pass as far as
the shoul water surrounding Sannak Islands, and has an estimated
area of 1,600 square miles. Sannak Bauk lies to the east and southeast
of the islands of the same name, and is clongate 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 Islands, an
area of about 1,800 square miles, more 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 35 miles and an
area of about 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-fathom 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 arca 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 Atlantic
Ocean. It extends northeastward from Kadiak Island in the direction
of Middleton Island a distance of about 120 miles, and is very irreg-
nlar in shape.  From TPortlock Bank the soundings were carried to
Middleton Island, and thence to certain positions reported for the
Pamplona Rocks, but without finding 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 Canada, 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 uy, 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 seacoast, althongh 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 IMitca had previously been deter-
mined with sufficicut acerracy for fishery purposes. T'he dredging and
fishing appliances, however, were used in several places on the bhalibut
bank described below. Ilydrographic observations were carried south-
ward from Cape Flattery, the bottom Dbeing uniform and consisting
chiefly of gray sand as far as Gray’s Iarbor, oft which place a small
bank was discovered and surveyed. Rock-cold and other food-fishes
were taken there in abundance, but no specimens of the true cod or
halibut weressecured.  The coastof Oregon was examined as far south
as Heceta Bank, the only distinctive oftshore fishing-ground thus far
detected in that region. A few fishing-spots ocenr 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 exceedingly rich growth of animal life,
affording abundant food for fishes. Several varieties of rocl-cod were
very plentiful, aud 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 vicinity 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 thoe 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 carly 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 muech less important than the first. In the course
of the fishing trials made by the Alhatross, 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 direetly 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 sonth of San I'rancisco; it has an
area of 51 squarve miles with depths less than 50 fathoms, but good fish-
ing can also be obtained in the slightly deeper water swrrounding it on
all sides.  Many varvieties of fishes were taken on the lines, the most
abuudant being several species of the rock-cod (Sebastodes), fat-heads
(Trochocopus pulcher), sea bass (Serranus clathratus), and whitefish
(Caulolaiilus princeps).  Tanner Bank is separated {rom Cortez Bank
by depths ot 150 to 250 fathoms, and has a shoal area about 17 squnare
miles in extent.  The fishes are ideutical on the two hanks.

Lines of observing stations were xun over the entire region, and all
suitable localitics were earefully 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 abnndant on the
coast of Washington and farther north, was found to extend as far as
the Santa Barb:ara Channel, where several specimens were seccured by
means both of hand lines and of the beam trawl,

GULY OFF CALIFTORNIA AND LOWER CALIFORNTIA.

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

yuadeloupe, and thence to the Aljjos Rocks, in latitude 24© 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
Island, 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 introduction for stocking purposesinto the bays of southern Cali-
fornia has been suggested.  The tropical econditions which seem neces-
gary to their welfare, however, precludes their being used successfully
for that purpose.
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During the year the Albatross was at sea 163 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 highci‘ than for any previous year,

INTRODUCTION OF OYSTERS.

The native oyster of the Pacific coast is inferior in quality, and
efforts iave been made to introduce the eastern species, but as regards
the establishment of self*sustaining beds it is reported that they have
been entirely unsuceesstul. 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 lhas been taken up by
the Fish Commission during the past year, and while it has not the
means to place o special party in the field for thay purpose, the natu-
ralists 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 Irof.
Charles 1. Gilbert,, published in the Fish Commission Bulletiu for
1889, pages 05-98,

. According to Prof. Gilbert, the coast of southern California contains
few harbors or river mouths which might prove suitable for oyster-
gllture. The proxinmity of the Coust Range of mountains and the lim-
ted rainfall conspive 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 promising estuaries, Alamitos Bay and Newport Bay, were
examiued by Prof. (tilwert, and their characteristics are described in
Lis report. The only other localities in the southern part of the State
Which might offer favorable conditions are Anaheim Bay and the mouth
of Los Bolsos Creck, between Alamitos and Newport bays, and False
4y, near San Diego.” All of these aveas aro very small, however, and
: Opsewmiolls during the dry season are required before reaching defi-
lite 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
©oast of California. 1t is proposed during the ensuing year to begin
an Investigation of San Francisco Bay with respect to its adaptability
for oyster-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 of 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 Peunsacola, Ilorida, whose report upon
that subject was printed in the ¢ Fisheries and Fishery Industries of
the United States.” Chart No. 16 of Section IIL 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 than 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), red grouper (Epinephelus morio), and black grouper (Ipinephelus
nigritus). Although dependent upon the fishing yessels for the means
of making his observations, he was able to describe the grounds in
considerable detail, and to designate the general distribution of their
commoner inhabitants. On the more southern grounds, he states, the
majority of the edible fishes taken are groupers, while ou the northern
ones red snappers are ore 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 anuual report of the IFish 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 of Cape San Blas and Mobile. So far as
is known, the red snapper during the winter occurs in greater abun-
dance along this stretch of bottom than elsewhere. - The grounds lying
between Cape San Blas and the Tortugas have been thoroughly worked
over by the Key West smackmen, chicfly 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, occur there
in abundance, and should that fact e established this region would
undoubtedly be resorted to whenever the supply diminished on the
grounds nearest 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 Comwmission for 1889 (pp. 289-312), which also contains
lists of the fishes, mollusks, and higher crustaceans collected during
the cruise. 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 vecessarily deferred
until some future occasion.

Fishes of southern Florida.—The examination of the coast waters of
southern 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 local pilot
and a seaman and cabin boy from the schooner. - The party was con-
veyed by the Grampus as tar as Indian Key on February 11, thence
making its way through the rveefs 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 ponds were veached 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 Iistero 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 sufficient to entitle it to recognition from a commercial stand-
point. In his report on the results of the exploration* Dr. Henshall
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 of 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 information 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 1884, 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
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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. Iarther 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 future welfare. In the salt waters of New IEngland 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. Inemies of this character give pragctically little trouble
in Chesapeake Bay, but under the present system of admiuistering upon
the fishery there the production of tife grounds is rapidly falling off from
year to year, sufficient inducements not being offered to snpplement 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 enconntered 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 must 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 Comnission in Chesapeake Bay
during several years, but they were temporarily discontinued before a
final solution of the matter had been reached. Outside of these ro-
searches and the methods and statistics of 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 satistactory in that respect, it will undoubt-
edly lead to other finprovements in the oyster ishery 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 Jaumes A. Smith, U. 8. N, commanding the steamer Iish 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, atter whiclh a
month was spent in Narragansett Bay and Providence Rivgr, the
steamer returning to New Haven later in the scason 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 Providenee, and provided for
the following character of inquiries, namely: An examination respect-
ing the physical characteristics and condition of the Lottom and of
the water, with density and temperature observations a many places
during different stages of the tide; systematic series of” dredgings to
determine the present condition of the oyster beds, the distribution and
abundance of drills and starfishes, and the charvacter 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 chapges have taken 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 oystermen respecting all matters per-
taining to the damage done the beds by their natural 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 1830, their delineation
furnishing the positions aud outlines of the grounds, but nothing
regarding their conditions at that time, '

The Fish Hawk began the investigation by running a line of density
obscrvations 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 of 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 densities.  According to the statements of ‘the
oystermen, the upper limit of the starfishes in Providence River is
usually in the vicinity of Field’s Point, but during seasons of prolonged
drought they have been known to ascend as far as the Ohio bed, near
the lower bridge at Providence. The mean density 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 rarve, 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
ovcurred 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 unearly the entire crop of oysters there. The starfishes disap-
peared at the same time throughout the entirve river, because, it was
supposed, of the great furoad 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 auwk,
in September, 1888, were of large and nearly uniforin size, very few
young ones being found among them.

Several means of protection have been suggested for Providence
River, but none of them seem feasible.  Ineclosures in 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 methods now inuse. IPurthermore, such barriers would
be expensive and could not readily be made durable,  Shonld the pond
system of oyster-enlture 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 tho
latter. Two cextensive 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 halt 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, ontirely 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. TFortunately the
United States is well provided with competent ichthyologists, and many
students are 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 prompt assist-
ance, and many of them are so situated as to be able to give their services
gratuitously during two or tliree months of each year. Without their
“liberal 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,
wias also present at the meeting and offered his hearty coGperation;
under his able management a school of ichthyology has been founded
at Bloomington, Ind., its graduates taking high rank for accurate 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 bhis direction was accepted by the Commissioner,
and the work was started early in the fiscal year. Depending upon
the services of 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 ot 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 ot 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 which relate to the Hudson River, the Upper Ohio
River, and the Alaskan sahuon 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 1888, The cost of these



REPORT OF COMMISSIONER OF FISH AND FISHERIES. LXVII

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.

Mr. Mather’s veport upon the results of his observations was pub-
lished in the Bulletin of the U. S, Fish Commission, vol. vi1, for 1887,
pp- 409-424. In a preliminary statement he deseribes the plantings
that were made from 1882 to 1888, inclusive, amounting 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 1880 and 1387, 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 shiould be based upon that number. Mr. Mather experienced
considerable difficulty in obtaining information respecting the catch
of 1888, as a State law, passed in 1887, prohibits the taking of salmon
on the Hudson River except with hook and line. Necarly all of the
fish secured were captured incidentally in the nets ot the shad fisher-
men, who were naturally reluetant to testify against themselves or
against their neighbors. The inquiry, however, finally resulted in a
record of 134 salinon 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 Day,
20 in New Yoz Bay, 3 in Princess Bay, 5 along the New Jersey shore,
and the remainder at points along the Hudson River as far up as
Mechanicsville, 26 having been seeured below the dam 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 stock-
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 until
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 hatehing station at Cold Spring Harbor, Long
‘Island, might be used as the depository tor those captured in Grave-
send and New York bays.  The number of eggs to be secured in this
way would probably not be sufficient, however, to warrant the expense
attendant upon the work until salmon have become more abundant
in the river.

Al tributary streams suited to the spawning habits of salmou 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
Tennessce.—The investigation of this region was conducted personally
by Dr. Jordan, with the assistance of Prof. O. P. Jenkins, of De Pauw

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

The following rivers of the Atlantic drainage were examined, 11.\111(,1)' :
The Shenandoah, a tributary of the Potomace River; the Jdmes River
and several of its tributaries; the Dismal Swamp, 1“11/‘11)01:11 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 aud several of its tributaries; the Haw River, a tributary
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 Vivginia, of the Iolston 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 Comnission 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-culturists and to the fishermen of the region which itdescribes. The
subject is treated by river systemns, and under each heading is given a
brief account of the physical features of the main river and its tributa-
ries as determined at the localitics 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 ])l'inted by the U. 8. National Museum.t

*Repnrt of e\plomh(ms made dlumvr 1888 in the A]lt-g}mm' legmn of \'ngmm,
North Caroling, and Tennessee, 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. S. Fish Commission, Vi, 1888, pp. 97-173, plates viii-xv.

{ Deseriptions of fonrteen new species of fresh-water fishes collected by the Ul S.
Tish Commission in the summer of 1888. By David Starr Jordan. Proe. U. 8. Na-
tionn] Musewmn, X1, 1888, pp. 351-362, plates XLITT-XLV,
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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, Raccoou, Brush, and White-ouk
creeks, in Ohio, were foung the usual river minnows and :larters, with
the young of the larger river fishes, but the creck 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 Pygert 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 Olio side. In Little
Miami River the trout perch (Percopsis guttatus) was common, as it
was also in the Muskingum., Dr. Ilenshall thinks these are the first
instances of its having been taken in southern Ohio, 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.
"T'he 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 ot food-fishes. A swmall
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 Eighth 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 been 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 examined, arranged according to river basins, are as follows: St
Joseph Basin: Long, Austin, Indian, Gourd Neck, Rawson, and How-
ard lakes in Kalamazoo 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
Autrim 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 cillected,
which number 53,  On aceount 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, a small one. The bottoms of tho
lakes were found to consist chietly of fine mud or pulverent vegetable
matter. Refercnce is made to the food of 23 species, which exhibited

“little diversity in that respect.

Zowa.—In the antumn of 1888, after the close of the Virginia explora-
tions, Prof. 8. 1. 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 1888 it was limited to Cedar River and its tribu-
taries, chiefly in the neighiborhood of Cedar Rapids.

Aissouri and Arkansas.—The proposed establishinent of 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 vig¢inity, The
services of Prof. C. 1. Gilbert, of the University of Cincinnati, and of
Prof. 8. E. Meek, of 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 Ly malarial fever early in the
Season, the iuquiry had to be deferred until the summer of 1889, when
it will be takon 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 Arkansas.

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 ot Indiana. Betore 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 indivated in the following smmmary: The Tennes-
See River and uine of its tributaries; the Alabama River and eleven 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 upon the fishes of Kalmuazoo, Callionn, and Antrim counties, Michigan,
Obtained in connection with the investigntions of the Michigau Fish Commission
during the summer of 1888. By Charles H. Bollman. Bull. U. $. Fish Commission,
vol. vim, for 1888, pp. 219-225.

t Report of explorations made in Alabama during May and June, 1889, with notes
upon the fishes obtained in the bend of the Tennessee, the Alabana, and the Lscambia
rivers, and descriptions of threo noew speeies. By Charles H. Gilbert. Bull, U. 8.
Fish, Com., 1x, for 1889, pp. 143-166. ’
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states that with the exception of the larger river fishes, which were

not obtained, the list of species prescuted is probably approxi-

mately complete for the bend of the Tennessee River, in the north-

ern part of the State, but additional collections are still needed

from the Alabama River. The examinations made in the bend of the

Tenncssee were chiefly noteworthy as showing the presence in the

clear, cold, spring-fed tributaries of that portion of the river, of an un-

expectedly large nnmber of species characteristic of the headwaters of
the I'rench Broad and Holston rivers, which were studied by Dr. Jor-

dan during the summer of 1888, Irof. Gilbert also includes in his
paper the results of explorations made by himselt 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

Teunessee 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 Georvgia. It was intended to
continue the inguirvy until about the middle of Angust and to extend it
into the State ot Florida. Mr. Bollman, however, was taken siek with
dysentery fever at Waycross, Georgia, on July 4, and died on the 13th of
the same month. The work was therctfore abruptly terminated. Mr.
Bollman was a recent graduate of the University of Indiana, where he
was held in high esteemn. Under the careful training of Dr. Jordan, he
had acquired great proficiency as an ichthyologist aud in other branches
of zoiblogy, 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, undoubtedly, have taken
high rank among American naturalists. His loss is severely felt by
the Fish 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 suburbs 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, Opsopeodus
bollmani Gilbert. The results accomplished have heen 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 FFrancisco 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 desceription of a new species
( Opsopaodus bollmani). By Charles 11, Gilbert. Bull. U. S. IFish Com., v1iI, for 188§,
pp. 225-224,
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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
o o

hereby declared to b unlawful, aud the Secretary of the ‘I'reasury is hereby author-
ized and directed to cstablish such regulations and surveillaneo as may be necessary
to insure that this prohibition is atrictly enforced and to otherwise protoct the
salmon fisheries ot Alaska; and every person who shall bo fonnd gunilty of a viola-
tion of the provisions of this section shall be fined not less than two hundred and
fifty dollars for cach day of the contimunce of sucli obstruetion.

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 tho fisheries,
with a view of recommending te Congress such additional legislation as may be
nocessary to prevent the impairment or oxhaustion of these valuable fisheries, and
placing them under regular and permanent conditions of production.

In accordance with the provisions of section 2 of this act, the U. 8.
Fish Commissioner made arrangements to undertake the investigation
therein directed during the sumnmer of 1889, No specific appropriation
having been made for that purpose, the expenses of the expedition
were provided from the general appropriation. A party of fonr 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 Ifish
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. Franklin Booth, topographical
engineer, and Mr. Robert E. Lewis, rodmman 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
go. This exploration belongs, therefore, to the next fiscal year, but
the plans and objects of the trip may be briefly stated here.

Kadiak and Afognak islands were seclected 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 Inlet, 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 charvacteristics ot their envir-
onment; the methods, statistics, and conditions of the salmon fishery;
and the necessities und advantages of Alaskan waters for the artificial
propagation of salmon, From the results obtained, it was expected to
determine the extent and causes of any injury that had been doune, and
the proper remedies to apply, whether through 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-Houss Service—Coutinued.
Delaware Bay : Fourteon I"oot Bank light-ship.
Coust of Virginia: Winter Quarter Shoal light-ship.
Chesupenke Bay: Point Lookout, Windwill Point, Stingray LPoiut, Wolt Trap
Bar, York Spit.
“Coast of North Carolina: Bodys Island, Cape Lookout, Frying Pan Shoal light-
ship.”
Coast of South Carolina: Rattlesnake Shoal light-ship, Martin's Industry Shoal
light-ship.
Coast of Florida: Fowey Rocks, Carystort Reet, Dry Tortugas.
Stations of the Signal Secrvice :
Castport and Portlaud, Me.
Boston and Nantucket, Mass.
New York City, N. Y.
Charleston, 8. C.
Key West, Cedar Keys, and Pensacola, Fla.
Ytations of the Fish Commission :
Wood’s Holl, Mass.
IFort Washington, Potomac River, Md.
Washington, District of Columbia.
TEMPERATURE STATIONS ON THE PACIFIC COAST AND SLOPE,
Stations of the Signal Service :
Portland, Oregon.
Stations of the Southern Pacific.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 the city of
Washington, both operated by the Fish Comiuission, 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, intlusive, the curves of temperature at
each locality being plotted separately for each year on graphie 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 movements of pelagic tishes until they actually approach the coast.
1t is impracticable to establish permanent temperature stations in the
open sea at u distance from the land, owing to the depth of water and
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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



LXXX. REPORT OF COMMISSIONER OF FISH AND FISHERIES

with changes in the surface and atmospheric conditions which may be
kept constantly under observation?

Plans were proposed sometime ago for running lines of observing
stations across the mackorel region off the New Bngland coast, with
the object of obtaining several vertical sections to show the distribution
of the baunds of temperature, but owing to the press of other work they
had to be indefinitely postponed. The subject was again brought up
in the autummn of 1888 by Commissioner McDonald, who, after determin-
ing upon the character of results desired, referred the matter to IProf.
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 1889, The schooner (rampus was seleeted 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 Iopkins 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 ot 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 tishery matters.
All such requests have been complied with,

Acknowledgments are due to the Chief Signal Officer, U. 5. 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 I%ish
Commission, and is adapted to the nceds 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 pelagie 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 IMish Comumission made ity
headquarters in this quiet little village, while its members found occupa-
tion in studying the surrounding fisheries whose untavorable 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 deduction might be made as beneficial 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 Rastport, Me., the center of the herring and
of other important fisheries; in 1873 they were transferred to Portland,
Me., and in succeeding vears to Noauk, Con., Wood’s Holl for a second
time, Salem, Halitax, Gloucester, Provmcetowu, and Newport, ending
wxfh the latber 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 oceasion. The vessels were
mostly small aud not suitable for long trips, especially away from land,
making it advisable to change the base of operations from timo to time
until the building of the steamer Fish Hawl: 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 permanent station where the vessels could find a
rendezvous and the working party proper accommodations for theiv
studies. Kxperiments in the propagation of cod had also been sufli-
ciently advauced to indicate the utility of extensive operations in that
respect, To join forces and build a station which should answer for all
these purposes seemed nost expedient, and this was the coursepur-
sued.  Some of the reasons for selecting Wood's 1ol as the site were
the freedom of its waters fvom contamination 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 the storage of living fishes.  Besides
these th( re is a dormitory for the assistants (the town itself atfording
insufficient accommodations for them), an ample coal shad, a storehouse,
aud well-constructed wharves for 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
Hawk and the schooner Grampus made this place their headquarters
dm-ing the warmer months, while engaged upon the survey’ of the
northern fishing-grounds, returning after cach cruise to deposit their
load of specimens, to report their observations, and to repleunish their

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

In the autumn of 1887 the Albatross started on its voyage to the Pa-
cific eoast, and subsequently the Fish Hawk was assigned to theinves-
tigation of the oyster-grounds. The withdrawal of these vessels from
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 so liberally providad. 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 marine 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 useful species.
As our knowledge of the life history of each species becomes more per-
fect, its artificial culture becomes casier, and larger results are secured
with less trouble and expense. Kunowing the requirements of an egg
for successful incubation, the appliances for hatching can be accommo-
dated thereto and the mortality greatly lessened, while the youngmay
be released in a more healthful and vigorous condition. Knowing the
natural habits of the embryos, they may be planted mgore 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, It is often impraeticable 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 aro so
opaque or S0 wminute 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 desived.  The teachings of
morphology and histology, as well as of physiology, are 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 successtully.

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 ave accorded such facilities as
remain after the Fish Commission representatives have been provided
for, and their good work is chietly 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 general advancement of
knowledge. To the unselfish labors of men of this stamp and to their
discoveries of great fundamental principles arc largely due not ounly
the development of fish-cultural methods, but of many important mod-
ernindustries. The expediency of extending opportunities for rescarch
to this class of students is undeniable, and were it possible to offer
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 each year
a very able staff of workers could De organized, and under competent
Supervision their inquiries could be directed in the most appropriate
channels.

The facilities of the Wood’s IToll Station for observations and experi-
ments respecting marine animals are unsurpassed elsewhere in this
country, and probably also in urope, except by the famous Naples
laboratory. In the large laboratory building, the lower story has been
specially fitted up for hatehery purposes, and contains 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 the 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 same room there is a larger series of
aqugr}a and tanks, designed for the storage of embryo fishes while
awaiting distribution, but available also for observations upon .the
growth and habits of any marine forms. The second story has been
furnishcd chiefly in the interest of biological inquiry, being divided
mto several rooms, one of large size, the others suited to the require-
ments 91‘ 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 aguaria
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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 photographie 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-
atford facilities for the study of their habits under conditions which
are more or less natural. Several live-cars are anchored near the
shore, and the station is well provided with small boats, including a
sailboat and steam launch. The steamer Fish Haek was at work in
the neighborhood of Wood’s Holl from Augnst 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 Pentisylvania, formerly an assistant on
the Commission, and widely known for his extensive and careful re-
searches on the embryology of fishes and other aquatic auimals.  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 I until October, and during that
period seven important educational institutions were represented atthe
station by the following investigators: The University of Pennsylvania
by Prof. Ryder and Mr. W. 8. Marshall; the Muscum of Comparative
Zodlogy of larvard 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. 1. Morgan; Princeton College by Professor Mil-
ler, Mr. C. I, MeClure, and Mr. J. Warne Phillips; Swarthmore Col-
lege by Prof. Spencer F. Trotter; Wooster University, Olio, by Prof.
H. N. Mateer; and the Lake Laboratory at Milwaukee, Wis,, by Dr.
William Patten, who arrived at Wood’s Holl early 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, Pseudoplenronectes americanus, which spawns
at that time. Prof. S. 17, Clarke, of Williams College, Prof. J. S. Kings-
ley, of the University of Indiana, and Mr. G. IT. Parker) instructor in
biology in the Museumn of Comparative Zovlogy, were also present for a
few days during the summer, chiefly for the purpose of obtaining ma-
terialto be used in class demonstrations.  The Commissioner established
his office at the station during the latter part ot 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) and the development aund anatomy of the Atlantic
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coast sturgeon (Acipenser sturio), but in addition he obtained a
large collection of specimens representing the larval and post-larval
stages of other fishes, on which his observations will be contivued 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
decrease in abundance is creating much apprehension among the fish-
ermen, The results obtained, diseussed elsewhere nuder the heading
of the species, furnish the neeessary information on 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 adult forms
of fishes, thereby tending to throw mueh light upon the life history and
habits of certain marine species respecting whiclh more complete records
are desired.  Recoguizing 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 and 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 a 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 invertebrates, 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-
°pment, 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 Fisk Hawok for the oyster-starfish
%‘;(:)S(i’:ggal?:l‘;“ .“'t‘Pl'()\’idellgts River and Long Tsland Sound, began at
starfish. with ‘:31)‘011“\1 01:).5551“\’:11410115 l'egal'du'ng. the ll:ltlll':.l]‘ history ot the
preyed ’upon tlfl t(‘: CI.t: xeu?nec. to n.,scert,m?nng \\'1.1;1-’0, if any, animals,
tinued lis elatbotrat;pqt(;]ubﬁy “md their o l“t.‘?’“s,“’ lt', Dr. Brooks con-
hydromedus, be studies on the life histories of the medus: a.nd

» JEEUL Some ten or twelve years befors, and conducted

Elfzv;;‘:fl;i::l Itzl;le S(;l}th(frn Atlantic coast 0f" the United Sl’-:}tes and at
tion will be( one :?;l: The monograph w?n(:h he now has in prepari-
these interestin, o N ""0“ complete and important ever published on
the difforent Spge r'{’ie(;utl:‘s" the womhlertul transformations \mdergon‘e by
In the course of h%s . eing _’f““.\’ lll_ustr:l,ted by the :l.llt-!l()l"s drawings.
cate marine ope: ummer’s eﬁ)el'nu.ents Dr. Brooks found that (10!1-

tganisms will 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 a mixture of atco-
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.
Byder aflivms that at least eight 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 & 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 dircet result of his eftorts, 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 eacl summer by a large number of persons, representing nearly
every section of the country, and ecoming 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 the Marine Biological Laboratory recently established in Wood’s
Holl, by giving them the opportunity to make collections in company
with the naturalists of the Fish Commission, on the expeditions with the
steamer Fish Hawlk and the steam launch. A similar courtesy was
also extended to Prof. William 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 swmmér months, or from Juhe 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, @ resident of the village and a self-trained
collector and observer in natural history, was employed by Prof. Baird
as a member of his party. After the close of the first season his serv-
ices were retained for the collecting of fishes during the balance of the
year, and his employment in that capacity has since been made perma.
nent. Having become acquainted with the names of most speeies, 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 rarer 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 different workers.

During the summer of 1888 a4 marine biological laboratory, designed
to afford educational facilities as well as the means for special research,
was established at Wood’s Tioll, 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 Tish 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 cducation. Nearly all of the so-called
summer schools have been chiefly oecupied with instruction of a more
or less elementary character, and none have been long-lived. The first
of this elass in the United States was established by Prof. Louis Agassiz
on I’enikese Island, but its duration was determined by its distin-
guished founder’s death. Several others have followed on a smaller
scale, one of the most prosperous and deserving being the seaside lab-
oratory at Annisquam, maintained from 1880 to 1836 by the Woman’s
Education Association of Boston, in codperation with the Boston So-
ciety of Natural History. The prescut 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 whoin the larger proportion
are residents of Boston and its vicinity. The necessary funds for the
purchase of the land 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 Jast 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 sufticient 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
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Before discussing Prof. Ryder’s investigations, it will be interesting
to note the progress previously made in the actual hatehing of sturgeon
eggs. The principal activity in that direction has been displayed in
Germany, where the work has been suceessfully prosecuted since 1877,
The Germaus, however, give credit for the first practical results to the
New York State fish commission in connection with experiments on the

. Hudson River in 1875, 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
anineision into the abdominal cavity. The mae 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 sccuring 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,* beginning about the middle of May and
extending through nearly all of June, 18388, were not confined to the
embryology of the common form and the practical mmethods of handling
its eggs, but extended also to its later growth, anatomy, and habits, to
the present aspects of the fishery, and to the distinctive characters and
relations ot 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 Linué, or common sturgeon, and the
Acipenser brevirostris Lie Sueur, the short-nosed or blunt-nosed sturgeon.
The former is the only species of commereial 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 Le 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, I’rof. Ryder cxplains that the ova when first extruded measure
2.6 millimeters in diameter. On the exterior of the eggs there is u

*Tho Sturgeon and Stargeon Industries of the Eastern Coast of the United States,
with an account of experiments bearving upon Sturgeon-Cnlture, By John A, Ryder.
Bull, U. 8. . C., ving, for 1888, pp. 231-281, pls. XXX VI1I-LIX.
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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 be extracted by pressure, and while Prof. Ryder was not
successful with the milt obtained in tlu.s manner on two occasions, 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 eggs is deseribed by
Prof. Ryder as follows:

Not more than twenty minutes should he allowed to elipso after the time the
milt and eges are mixed tog(-th(-l till they are spread upon cheese-cloth trays, one
egg deep, or in asinglo layer.  If this is not done immediately the eggs will stick
togetherin large unsses, (.Lusmg those at the center of these masses to be asphyxiated
for want of oxygen, which under such circumstances can not find access Lo them.
"7 Itis, therefore, very important that a large number of trays properly
constructed be at hand upon which to spread the eggs if any extensive hatching
operations are to be conducted.  The eggs will adhero very 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 sorve the
8aIe purpose as the cheese-cloth trays if o current of water were allowed to flow
very slowly between a superimposed series of glass plates properly disposed in a
trough. * * * Upon admixture with water the adhesive material with which
the eggs are covered seems to be 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 egyg persists for some time, nsually for thirty
minntes or so, after which time the glairy substance hardens or coagulates in the
presence of the water and tho 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 occurved it is scarcely possible to
detach them without injury to their delicate, thin cuvelopes and their soft, viscid
contents. ’

i d g * » » - *

The trays used at Delaware City, on board the steamer Fish Hawk, were made
by tackivg 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 a trough through
which the water is allowed to flow gently, is a very efficient hatching device. IFloat-
ing hatching-boxes with brass-wire gauze bottoms and small openings at the sides
covered with the same kind of ganzo have been sncceessfully nsed by the Germans,
one having been brought from Germany by Mr. 8. Feddersen, of Port Peun, Del.,
from Hamburg. ‘The floating box in which the writer succeeded in hu.t(-hmw out
a batch of the egys of the stnrgeon was cxcoedingly simple in construction, and
consisted of asoap box with top and bottom removed, the bottom for which was
then replaced by tacking cheese cloth to the lower u]uv of the rim, and by nailing
wooden strips to serve us floats o the sides of the hox a very efliciont hutching
devico was extemporized. These hoxes so modified were placed at the edge of the
large fresh-water pool near the extremne oastern end of the Chesapeako and Delaware
Canal, ot a point where there was a constaut flow of fresh water under them. The
only lot of fertilized eggs which the writer snceeeded in obtaining were spread on
the bottoms of thesc hoxes and loft to hatech. In six days from the time of fertiliza-
tion tho young fish made their appearance. ‘The rapid appearance of a parasitic
fresh-water fungus, howover, cansed such extensive mortality amongst the cggs that
very fow embryos survived to escape from the egg membranes. This fungus, which
appeared to be a Saprolegnia, is developed from spores which seom 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 obstacles to sturgeon-culture, and, owing to the firm mau-
ner in which the eggs are fastened together, the separation at any tume
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 butehering foats, divectly from the
gill nets. If handled with a slight amount of care, they can be carried
alive with the spawn in good eoudition. ¢ Judging from the number of
live spawning fish brought into Delaware City, Port Penn, and 'Ot:her
places on the Delaware, theve is but little doubt that several lflllllons
of ova for hatching purposes might be obtained cach scason by vigorous
and faithful exploitation of all the sources of supply.”

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

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

The resnlts which were obtained wore to some extent unsatisfactory, owiug. to
the difficulty of obtaining an abundanco of living ova and the difficultics nttund.mg
their fertilization by artificial means, as well as rearing the embryos. Nothnlf‘
standing this untoward condition, a number of novel facts were collected nud experi-
ments were carried out which must bo of great significance in any furt.her. attempls
at the artificial propagation of these immense fishes.  Amongst the mus‘l. unport;uft
of my results, the observations which I regard as of the groatest practical vupx.o 8
the determination by experiment that it is possiblo to quickly obtain lmt";l‘n living
ova and spermatozon from recently captured fishes by Ciesavean section.  The only
ova which 1 succeeded 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 practiced with the shad and salimon, is not feasible in the case of the
sturgeon, and the removal of the ripe ova from the abdominal cavity of the ]furunb
fish may e far move expeditiously efleceted by slitting open the body eavity, in thoe
manner nsnally practiced in dressing tho carcass for market. * * * Tho success
which followed the usnal methods of fertilization proves conclusively that vast
numbers of embryos could be hatelied anunally from eggs thus obtained and treated.
The number of millions which could be reared in this way would depend ontirely
upon the number of trained spawn-takers promptly on duty when spawning fish are
taken Ly the tishermen, and the extent of 1he facilities for hatching them and pro-
tecting them against the attacks of Achlya and Saproleguia, forms of fuugi which

are found to he most, seriously destructive to the life of the ova of the sturgoon in
moderately quict waters,

——r———

The Cod (Gadus morrhua). .

(  The experimentsin 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 large fish resulting from these efforts,
Fortunately abundant evidenee is at hand to prove the survival and
healthy growth of a large percentage ot the embryos produced at that
blace.} Tn his annual report for 1883, Prof. Baird, referring to the first
attempts at the artificial propagation of this species conducted ab

Gloucestey, Mass., in the winter of 1878-79, explains that, «The fish
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used for the purpose were the gray variety, belicved to come from the
offshore bunks to the coast of the mainland for the purpose of spawning,
the winter season being the period of this migration. During the tol-
lowing summer, 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 sccond 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 Fish Cowm.-
_ mission school.”
~ The work was first started at Wood’s Holl during the winter of 1579-80,
when a few fry were planted in the neighboring waters.  1n 1885-86 it
was again renewed, and has been continued down to datgjthe munber
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 belonged 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 has
secured much information which proves couclusively that this important
experiment is already bearing fruit, and that as soon as the early broods
have had sufficient time to grow an abundance ot 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 individuals, 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
_old, and the accuracy 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 youung 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 Meniwsha 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 the middle 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 taken in the spring, about April 1, and con-
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tinue present until about the 12th or 15th of June, 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 schools and oceasionally associated
with young pollock. Daring the springs of 1887, 1888, and 1889 they
were plentiful abont 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 loug, m one of the fish pounds which he
examined in the neighborhood of Wood’s Holl, and a bucket full was
secnred in a single scoop with an ordinary dip net. They had been
equally abundant for a week provious, and thejr number did not ap-
parently diminish during the sneceeding 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 Buzsard Bay, the fish remaiving
near where they were planted until the rise in temperature drives them
inte deeper and cooler water.

During the spring of 1889 from 10 to 12 cod, measuring about 15
inches long, were taken nearly every morning in each of the fish pounds
distributed through the souud between Vineyard Haven and Gay Head.
It was the first scason that fish of that size had ever been captured in
the traps. It is the opinion of My. Edwards that the veav-old eod will
1ot 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 dnring each spring and fall. Tnforma-
t1011‘received since July 1, 1889, iudicates, however, that the fish of the
earlier plantings are 1'(5f-(11-ning" to the shallow waters in much greater
numbers than seemed possible from the previous observations.

MISCELLANEOUS RISHES, BIC,

The ex.celienta facilities afforded by the Wood’s Holl Station for
observz}t.wns and experiments relative to the propagation of all kinds
Oi: )llla-m.le fishes, in addition to the sod and lobster, have been put to
;‘:;nizl‘l"%}lglle p‘as‘t few yoears, \\"ith' wost va«}\mble m'ui ilxt:ercssbiug
been ﬂ;c o ‘) 'l:;)hlt f“}l’]()l'tilnt species for immediate cqmmlm":mmx have
sive lomi ﬁslhmu ?e‘ll hass, both of which are the objects of an exten-
ate at pre%(;nt );r(lm\( were formerly much more ublhnglfmt t{n;m the’y
Holl, \\']ler‘e )ifs. . r:(, mm:kcreﬁ &1&:,() Spawns in the vieinity ',’f Wood’s
several o ther'g )e{?jn[l:l:y b@'(\btm\wd }\*)ﬂl little trouble. These and
majority huve ﬁ(l)'lt‘M \ fetfd in the spring m'ud early wuminer, m.ul .the
very brief period‘ ’t;l“g eggswhoset ‘lelS‘ﬂ)l‘m:ltl()llS are mmple..ted \\’lth"ﬂ.l &
. 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
becn especially active in regard to these matters, having collected most
of the eggs and attended directly to their instalation in the hatching
apparatus. The following species have received attention during the
past year:
The Scup (Stenotomis chrysops).

This species has ﬂoatnm cgwes, of which 50,000, taken May 22, pro-
duced 30,000 fry May 27. 1In 185\ 50,000 ripe cggs, obtained June 4
and 5, were hatched \\Jt-h @ loss of (mly 3,500,

The Sea Bass (Scrranus atrarius).

The experiments with this species were also started in 1888 and ‘con-
tinued in 1889. The eggs float, and hatch in five days.  From 2,660,000
.eggs taken in four lots between May 23 and June 10, 1889, .,,léa() 000
embryos were obtained, an unusually large percentage.  The tempera-
ture of the water dwing this period was about 562 to 57° F. The

atio of suceess in 1888 had been nearly as great, but the number of
cggs handled was considerably less,

The Mackerel (Scomber scombrus).

Capt. 1. C, Chester and Prof. Jokn A, Ryder began the experiments
with this species in the spring of' 1886, obtaining the spawn from 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
developmment up to that stage. In 1888 about 1,000,000 eggs were
obtained between June 4 and 9, the same hatching between June 8§
and 13 with a loss of less than 10 per cent.  In 1839 only about 215,000
eges were handled, having been collected May 21 and 24 and hatching
DMay 26 and 28, with a loss of 30,000,

The Tautog (Tautoga onitis).

The egg of this very common species belongs to the same class as
the preceding, as regards its specific gravity, and hatches in five days.
TFrom 100,000 cgus taken June 27, 1838, 88,000 fry were obtained, and
220,000 eggs taken May 21, 1.\‘59, produced 183,000 fry. 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 08, as in the case of
the mackerel.

The Bonito (Sarda sarda).

This species also has floating eggs, of which the first lot, nunbering
15,000, were obtained and placed in the apparatus June 7, 1889, hatch-
ing June 11, with a loss of only 2,500.
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Thfa Lobster (/omarus americunus),

J)cvclopmcnt and propagation.—TIn “The Fisheries and Fishery Indus-
tries of the United States,” Sections [ and V, the condition of the lob-
ster fishery was discussed upon the basis of the information obtained
as late as 1882, Tt was there shown that o considerable decrease had
taken place in the abundanee of the Amevican speeies, the supply in
Some places having so greatly diminished as to practically destroy the
local industry. Since that period the evidence at hand indicates that
thl.?‘ 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 experieneed in Europe, and in both conntries

.

the problem of how to protect the grounds and restore their prosperity
has been fruitful of discussion and experiment. Awong crustaceans
tlfe eggs, as they are eitted, become attached to external appendages
of t:"“ body, where they vemain 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-
taking may readily be conjectured. The imprisonment, cave, and fecd-
Ing of a sufficient numbey to afford appreciable results would involve
an expense wholly out of proportion to any good that might be accom-
plished. Several private parks for experimental work in that direction
ha\:e been established from time to time, but they were soon abandouned.
Barly in the summer of 1885, the Norwegian fish-culturist, G. M.

D annevig, 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 rauning water, had just been
completed, and it was determined to undertake at once similar experi-
ment-s. with respect to the American species, notwithstanding the
t“t“lhmg season had already terminated. The trials were began
u]): tt}“:b‘(\nll ltm]l)md L\)VO-PG (:ont;iuued by him and by Capt. H. C. Chester
Bulloth, oflthe‘u([;}]“é ell‘1 . l‘l‘m 1-e>7~u1'ts hnvq befan fully ‘d‘:scussed in the
Stall nunber of . b lsl‘l (;mmm:%smn for 1886, 1)1).17—.37. ()1}1y avery
indicatino tltn.t j:’i'} l.YtOb; _ﬂb()l}t 50, were produced during t[l.l.\' pet-md,
Natural btl"e(;(iiu ) ;'ll? eilx)pedwnt; to conduct tho \\"ork outside oi‘.t;he
respectine t'l " lf—\,‘l;ll;l::‘()llt" ut;‘ much \f:lluublg experience was acquired
witly (‘8“'::Lft-ncl;(3 N tL f(l) o‘btfunmg and caring for ﬂ'l(} cggs. 1‘1()bsto.rs,
but tllcbl'm,tch(in w‘l«‘) ’ u.s‘b\vnn‘mcrets are found during the 01¥t-11't'> yoar,
the Vineyard S% 1; ":1-6(1)‘1.:‘:? con%me(l to about two mm1t.-hs,‘beg}mnn g, in
At whatover season tl‘;a“’)’}:ﬁdl‘l)‘f in May and continuing into July.
until that periogd and \?v'tL]N:ls ‘may bo extrudod thcx (lcve]op. SIO.WI.Y
1ot advisable o (,to‘llvc,t t]ll 1 01{1. present_!{119\\'1(3(13.'0 of the suhlecb it is
body of the female the 'u-em~ ‘1_‘3 loﬂlt%l.‘.tnnes‘. .As they pass from the
hardens into shont touy l‘l 0 L{)?‘tfd \\’1t..11 a viseid subst-a-m:e t-llftt so0N
are attached in clu’%tux-sg ; ‘u-l (-' g.\xb]'e threads, by " s of which t' ‘%O‘Y
Austers ot variable sizes to the swinunerets or leaf-like

1. Mis, 211
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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 inch in diameter,
and cach lobster carries ata time fron 6,000 to 36,000, dependent partly
upon its size. The civeulation of water among tlwm is maintained by
the natural movements ot the swinmmerets, which indicate, in a meas-
ure, the amount of motion to he 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 cut without
causing injury to the former or suffering to thelatter, and the eggs may be
removed rapidly by means of scissors or ashavp knife. They Lmhc.wy
and the MeDonald 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 successfulissue,
being vigorously prosecuted during the entive hatehing season. Prof.
Ryder also made a caveful preliminary study of the development of
the young,* and attempted the rearing of the embryos in confinenent.
When first hatched the embryo lobster is fotally unlike the pavent,
both in shape and in the character of its appendages, leading also a
pelagic or free-swimming existence.  Iach stage of growth is marked
by the casting off of the outer skin or shell and the formation of & new
one. The early transformations arve quite rapidly accomplished. The
lListory of the embryo at this time was carefully recorded by Prof.
Ryder, who found that six molts occwrred during the period of their
free existence, which occupied from six to seven weeks in the aquaria.
The molts take place at intervals of four to fifteen or more days, if the
larvae are well fed.  During the fivst, sccond, third, and fourth stages,
occupying about three weeks, the embryos have the essential charae-
teristics of a low group of shrimps, called schizopods, their appéndages
being chiefly adapted to swinuning.,  With each molt the embryo bo-
comes slightly larger und new appendages arve added.  Trom a length
of 8 millimeters at hatching, they attain alength of 13 millimeters in
the fourth stage. With the fowrth molt, which gives rise to the fifth
stage, having a length of 1+ millimeters, the embryo loses its schizopo-
dal characters, being abruptly transtormed into a type very closely
resembling the adults.  Formerly transpareut, its color now is a bluish
green, with more or less brown in some cases.  During the fifth weelk,
or toward the close of this stage, the young lobster becomes less partial
to its carlier pelagic life, and remains on the hottom o great part of
the time. In the sixth stage it has attained o Iength 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
body and its 4!.])1)(,]!(] rges have been mpul]y assuming the formand pro-

"'l ho Met: unmp]umm nl tho Am( ricarn ll;]r\t( or, lIomm/u americanas I, \leno-. d-
wards, ByJohn A, Ryder,  Awericun Naturalist, XX, No 8, pp. 739-742, August, 1886,
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portions of the adult, which are still more marked in the eighth stage,
the final one that was observed, and during the same period its dispo-
sition to remain upon the bottom has also increased.

_ Not being supplied witha yolk sac, the embryo lobsters begin to feed
Immediately after hatehing, They are carnivorous and cu.nnilmlistic,
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 attenpts
at their confinement in the aquaria.  Otherwise it would be advisable
to hold them wntil they had passed through their early larval stages
and were ready to begin their permanent 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, Ryder found that the greatest mortality oc-
cwrred during the fivst. four stages.  The fifth and following stages ave
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
Iater stages were fed upon crab roe, copepods, and other minute crus-
tz_l(:o;m 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 becone stale o to putrely in the tanks. The experiments
“'i“.‘ regard to feeding and rearing in the aquaria will be continned
during subsequent seasons in the lhope of reaching more satisfactory
conclusions in that respect.

It is still too carly to measure the suceess of lobster-culture, and until
the same can positively be determined it has not been considered pru-
dent to conduet the worlk upon a large scale or to extend it beyond the
Wood’s Holl vegion. In the summer of 1888, 325,000 embryos were
1’1“11?0(1 there, and in 1889, 1,575,000 embryos. The growth of the lob-
Ster is supposed to be comparativel y slow, the age of iudividuals meas-
wring 10 jnches long having been estimated all the way from 6 to 10
3:““'“, il!t;]wugh we have no definite information on whicli to base such
;2;‘:{1(:28(‘1‘*;“:&1')’ inerease in the supply would not, therefore, have '
clapse boforo 1. ‘f‘_l) t.t).thc present tlllle,.:?lld s'evcral_ years must still
urgency of th]‘):l'b:\n.lg .(fn.-.\-lly upon the utility of the experiments. The
eflorts to af t'li; ‘i«lh‘li. lb‘hu(",]‘l, however, as to .\\'urmnt‘) most §trenu0us
T t.iu: :L.t,[l‘ \l]l(( ,e?s. 'l he destruction of lobster eggs in nature
10 he '\"OW f’rlte'z;lb ‘;‘]’ 0“'1-\‘, cunners, and other small fishes, is known
find thoin \\7( '1(;‘1‘1 ‘"‘;_' 31‘10r~t f)t.t-he egg lobstors b;}l.;c?x by the ﬁsh(.*-rmc.n
at loast buu;,ibic,iv»u i‘l‘:“. \(71,, .flevflnt.u th.c. Ju\ys. Artificial propagation is
ervation and ];‘;t-C]lin“:M;'l 'm];_‘: '.ol‘nc utilization of t,l.m latter and the pres-
What iy uc(;om( )li%hcfl, K L l‘lui:: 01 Del‘ceu?age of tho fornneg proe isely
however, tlor nlxo;u qbrinnil-‘ :l " n‘u_lchgs.of hsh-'culmln-e. .It 18 ev1df3nt,
t fully 71 rotect the“ lobl?uf ; 'n'.ml_m.dwlous le;;‘mlutmn.wlll be requued

ster-grounds, even to the eutire suspension of
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the fighery for a time in certain districts, but that is o matter \\111(,11
falls entirely within the jurisdiction of the States.

Transplanting.—The two commoner species of lobster (Jlomarus) are
limited in their distribution to the North Atlantic Ocean, one occurring
on the European 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 detefmined chiefly by temperature, and it
would, therefore, seem impracticable to attempt its extension artifi-
cially inthose directions.  On the Pacific coast, iowever, similar condi-
tions are again repeated, althongh warmer waters are 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 inhabit the
North Pacifie, ranging south beyond Cape Tlattery, and that other
fishes and many nrarine invertebrates seem to he identic 1l in the two
oceans. Ifrom some cause, however, the Jobster has been excluded
from the fauna of the l’a(,lh(: coast, .nul its place has not been taken
by any other species, bhut it does not scem possible that its absence is
due to elimate.  The only locality in that region for which we have a
continuous series of temperature observations of the sea water is San
Francisco, where during the six years ending with 1886 the range of
temperature was only 100 1¢., or from 31° {0 61° IV, At the mouth of
Vineyard Sound, off Wood's Holl, Mass., the range of ocean temperature
during seven years was 37 1%, or 11 0m 32010692 17, Thetemperature is,
therefore, much more equable at San Francisco than on the southern
coast of M.\\sddnlsvtt\ corresponding for the entire year, with the con-
ditious prevailing at the Iatter place between May 20 and the last of
June and between the first of October and the middle of November.
Both of these periods ave favorable to the existence of lobsters on the
inshore grounds, and the former is also the spawning season. So far as
teniperature is concerned, the Pacifie coast appears to ofter no obstacles
to the introduction of lobsters 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 aflord an abundance of nutritions food, and, it once suc-
cessfully started, there is every reason to expect that they would thrive
and multiply.

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 kunow if 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 fivst transplanting of lobsters
across the continent, having, however, in that matter, the cobperation
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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 Sound, all within the Jimits of the State of Washington.
A number of years must elapse 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 of biological interest
only, can be turned to good account 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 heen 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 u long journey. The clams, how-
ever, are 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 Ioll 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 gize
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 hias 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 of' his task,
Prof, Atwater has given largely of his time and means without remuner-
ation, and some financial assistance has also been received from Mr. E. G.
Blackford, of New York, amd Mr, A, R. Crittenden, of Middletown, Conn,



REPORT O1' COMMISSIONER OF FISH AND FISHERIES. CI1L

Considering the large number of species of agquatic animals, estimated
at about a thousand in this country, which are used for food or for
other economic purposes, and the amount ot time required to ‘make a
areful analysis of u 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 ot species, including the more important ones,
suflicient to furuish most instructive and interesting results. Prelim-

- inary reports upon the investigation werce published in the Fish Com-
mission Reports for 1880 and 1883, and contributiaus 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 a 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: (13 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. ‘Ihereportis 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 at which
the author has arrived, together with their bearing upon different fisbhery
problems, )

The total number of speeies 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 localities, together
‘h"dl::]lysgfttllll‘;?iﬂ,' cga,ms, I}lllSS(&lS, 10})sters, crayfishes, crabs', and shrimps:
Atwator ot lun s of food n.mt-erm]s 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\:q,mi]:, 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 Lo “1-01;: esh f" fishes; c?:m.ssm(;atlon of the specimens n

, : 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 objeets 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 arc as follows:

The chief usesof fish as food are (1) as an economical source of nutriment and (2)
to supply the demand for variety in diet, which inereases with tho advance of civil-
ization and culture. As n nntriment, the place of fish is that of o supplement to
vegetable foods, the most of which, as wheat, rye, maize, rice, potatocs, ete., are de-
ficient in protein, the chief nntriment of fish. Theso-called nitrogenous extractives
(moat extruct) contained in small quantities in fish, a8 in ()ﬂl(‘l animal foods, are
doubtless useful in nutrition.

» * " - £l L b

Lateinquiry in agricultural and biological chemistry has brought ont some facts
which ciuphasize the importance of fish-culture and the greater use of fish as food
from the standpoints of hygiene and domustic, agricultural, and even national econ-
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 large quantitics of maize
(which isrelatively deficient in protein) and of oxcessiv ely fat heef and pork. Our
agricultural preduction is in this sense one- sided. Our soils are becoming depleted
by culture. The evil results of this are already evident in theolder and are becoming
80 oven in some of the newer States of the Union. Of the ingredieuts of plant food
whicl 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 amount of tho waste products which are left fromn the congumption
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 and 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 as food for man. Fish 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 onr dietarics and from the waste products may bo saved
the valnable fertilizing eloments, including phosphorus and especially nitrogen.

As population Lecomes denscr, the cupacity of the soil to supply food for man
gradually nears its limit. Fish gather materials that would otheriise he inaccessi-
ble anad lost, and store them in the very forms that aro most deficient in tho produce
of the soil. Thus, by proper culture and usoe of {ish, the rivers and sea are made to
fulfill their offico with the land in supplying nutriment for man.
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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 coperation 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 chewmical problems. The accommo-
dations assigned to this division at Central Station comprise an office
and laboratory with several storerooms. The laboratory is especially
fitted up for biological inquiries, but may also be nsed 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 physicat laboratory established in the Smithsonian
Institution wnder the direction of Dr. J. II. 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 cbarser ones
be".lg readily attended to in our own laboratory. The physical obser-
vations are made 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 " lo“fevql', 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,lﬁf} collections received in Washin gton du rin'g. the past year
over g Wizh: ely large and .valuable, representing inquiries extending -
tained Lo o extent of territory. The most important were those ob-
San B ) '.l.e §tcmm:r Albatross on the voyage from Washington to
Tancisco 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 speciinens, however, is chiefly made through the U. S. National
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 of the material
was undertaken by Prof. Leslic 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. Forthe 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 cooperation 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 southern 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 S. Jordan; the fishes from
between Acapuleo, Mexico, and San Franeisco, to Prof. Charles 1. Gil-
bert; the brachyuran, 150p()(1 and phyllopod erustaceans, to Prof. Leslie
A Loe the stomatopod crustaceans 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
brachiopods, to William II, Dall; the pteropod and heteropod mollusks,
to James 1. Peck; the crinoids an(l echini, to Prof. Alexander Agassiz;
the corals, to Rlch.ud Rathbun; the actinians, to Prof. J. I, McMur-
rich; the meduse, to Prof. W. K. Brooks; the hydroids, to J. Walter
Fewkes; the foraminitera, to Prof. L., A. Lee; the algm, to Prof. W, G.
Farlow.

Many fishing implements collected on the voyage were added to the
fishery exhibition in the National Musenm, and all animals and other
Objects not aquatic were transterred 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. E. D. Cope; skeletons, to 1. A. Luecas; insects, to
L.O. Howard; plants, to Dr. George Vasey ; archieological specimens,
to Thomas Wilson. : .

The voyage of the Albatross, on whieh 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
recently 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 & 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 ot 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 -
S';::('ﬁ;ﬁ::‘:‘:z]()f ?Callst-e:rn Nm‘Fh America; ‘sel:ies of dried and aleoholic
of tho o'(-(;.,’,‘, i, u:;\ t 1efzum':t of th.e m:ml‘lot%slung-gmunds, b].le(:.]m.mcter
Nomie ﬁ‘s ]‘lm 2"(1)"]’.t1.1-(\' 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 microscopicprepara-
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 ivertebrates; and the publications relating to the scientific
quuries of the Fish Commission.



