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REPORT
OF THE

UNITED STATES COMMISSIONER OF FISH AND FISHERIES

FISCAL YEARS 1889-90 AND 1890-91.

In accordance ‘with the resolution of Congress, the accompanying
report presents the work of the Commission for the period commencing
July 1, 1889, and ending June 30, 1891.

The appropriations for the current expenses of the work of the Com-
wission during the two fiscal years covered by this report were as fol-
lows: ' ‘

Appropriation. | 1889-90. : 1890-91.

Compensation of Commissionor $5,000 . $5,000

Propagation of food-fishos.......... .. .. L 150, 000 l 150, 000
Distribution of food-fishes.....................lLL. 45, 000 ; 50, 000
Maintonancoof vessels. .. ......oeeiiieie i, 53,900 53, 900
Inquiry respecting food-fishos. 20,000 © 20,000

Statistical inquiry................ ...l 10,000 || 20, 000
Maintenance of Neosho Station, Missouri 5,000 '..........

TOAL e oottt e e [ 278,900 | 208, 900 |

As required by law, detailed reports of the expenditures under these
appropriations were presented to Congress December 1, 1890 (Mis. Doc.
No. 5, House of Representatives, Fitty-first Congress, second session)
and December 1, 1891 (Mis. Doc. No. 16, Senate, Tifty-second Congress,
first session). These reports exhibit the expenditures for the conduct
of each of the Commission’s stations, and also for the special lines of
inquiry conducted by the Comwmission.

H, Mis. 113——1 1



2 REPORT OF COMMISSIONER OF FISH AND FISHERIES.

INQUIRY RESPECTING FOOD-FISHES AND THE FISHING-
GROUNDS.

A full aceount of the operations of the division conducting these in-

vestigations will be found in the accompanying report of Mr. Richard
Rathbun, assistant in charge (pages 97 to 171).
i My last report contains an outline of the preliminary investigations
respecting tho fishing-grounds of {he North Pacific region, begun by
the steamer dbatross in the summer of 1888, and which it was pro-
posed to extend to all the waters adjacent to the territory of the United
States ou the western coast.  During the past two years these surveys
have been completed between the Straits of Juan de Fuca and the
Mexican boundary line, or off thoe coasts off Washington, Oregon, and
California, and a partial examination has been made of the shallow-
water area composing the eastern part of Bering Sca.

Lieut. Commander Z, I, Tanner, U. 8. Navy, who has commaunded
the Albatross ever since she was placed incommission at the Leginning
of 1884, hass heen in direct charge of the conduct of these inquiries, and
it is a pleasing duty to make official record of the uniformly capable
and eflicient services rendered by him in this connection.  As con-
manding oflicer he has displayed rare scamanship, and at the same
time such tact and discretion under difficult and often perplexing con-
ditions of administration as to merit the strongest commendation.

During July, 188Y), the Albatross was placed at the disposal of the U. S,
Senate Committee on Indian Affairs, and was used in visiting the prin-
cipal Indian scttlements in the southeastern part of Alaska. Subse-
quently the fishery investigutions were resumed to the south of Cape
Flattery and were carried southward as far as Cape Mendocino. Dur-
ing the following winter the region Letween Point Arena and Point
Conception was examined, and in the autumn of 1890 the remaining
gection of the coast from Cape Mendocino to Point Arena.

The summer of 1890, beginning in May, was spent entirely in Bering
Sea, where it was found that the prineipal baliks frequented by the
cod ave located off the northern side of the Alaska Teniusula, com-
meneing at Unimak Pass and extending, with only a single break,
parallel with the coast to near the head of Bristol Bay. Kulukak Bay
also furnishes several smaller- grounds. Only two banks are recog-
nized in the southern part of Bristol Bay, both of which afford excel-
lent fishing in moderate depths of water. The most western one, called
Slime Bank, is peculiarly infested during the summer season with
immense numbers of a large jelly-fish, which are said to remain near
the bottom and to greatly interfere with fishing operations during that
period. Baird Bank, which lies to the eastward of, and nearly adjoins,
Slime Bank, is the largest fishing-ground which hias yet been discav-
ercd in Alaskan waters, its size being slightly greater than that of
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Georges Bank, in the Northern Atlantic. The best fishing-spots oceur
in the region adjacent to Port Moller and Ierendeen Bay, two impor-
tant inlets for shelter during stormy weather, of which the entrauce to
the former and the channel through the latter were surveyed and
mapped. A coal mine hiad been opened near the head of Herendeen
Bay just previous to the visit of the Albatross, which took the fivst
output of coal and found the same of good quality for stecaming pur-
poses.  The starting of this new enterprisc marks a decisive step
toward the development of this region, and should it result in the
establishment of u permanent settlement it can not fail to advance
materially the interests of the neighboring fisheries.
The season proved too short to complete the investig:

ations in Bering
Sea as originally pl

anned, outside of the fishing-ground above referred
to, and it will be necessary to resume the work at some future time.
The position of the western margin of the continental platform w
defined, however, for o considerable distance, and
has been made toward a knowle
feat,

HE
a good beginniug .
dge of those physical and biological
ures of the sea which relato to the habits and distribution of the
fur scal and other aquatic mammals,

By the surveys of the coasts of Washington, Oregon, and California,
the contour of the continental border has beon dev
shore line into depths of 200 fathoms as far south as LPoint Coneeption,
the region Letween the latter place and San Diego having been pre-
viously explored. A great wealth of hydrographic inforination of value
to navigation has thereby been obtained, in addition to
knowledge of the fishery resources. Very few defined fishing-bauks
were discovered, but food-fishes of many species, and of good quality,
were generally distributed along tho coast. Halibut were taken as far
south as Heceta Bank, off the coast of Oregon, but they ave apparently
nowhere sufliciently abundant south of Cape Flattery to induce the
sending out of vessels equipped-solely for their capture. Soveral kinds
of flounders and of rock-cod are very plentiful, however, and only the
lack of suitable markets stands in the way of the organization of an
extensive fishery almost anywlere northward of the region tributary
to San Francisco, where much activity has now prev
of years. -

cloped from the

a very fair

ailed for a number

A very careful series of temperature and density as well as biologi-
cal observations in different parts of San Fraucisco Bay, by Mr. C. H.
Townsend, the naturalist of thoe steamer Albatross, seems to indicate
that the waters of that region are not, as has hitherto been supposed,
unsuited to the breeding of the Atlantic coast oysters, and further
investigations regarding this matter are awaited with much interest.
Should the establishment of self-sustaining beds of the larger and
better quality of oyster prove possible in this bay, it would certainly
tend to stimulate the development of an important industry.
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Under authority from the President of the United States, the Com-
missioner has been gratified to assign thoe steamer Albatross to a spe-
cial scientific investigation of the waters lying off the western coast
of America, between Cape San Francisco and the Galapagos Islands, on
the south, and the Gulf of California, on.the north, This inquiry, which
took place during the carly part of 1891, was planned and personally
directed by Prof. Alexander Agassiz, director of thic Museum of Com-
parative Zovlogy at Harvard University, who also paid & large propor-
tion of the rnnning expenses of the cruise. Scarcely anything bad
previously been learned regarding the physical or natural-history char-
acteristics of the region, and the expedition proved entirely successtul,
promising results of an important character. The materials and obser-
vations obtained have been placed in Prof. Agassiz’s charge for elabo-
ration, and three reports bearing upon the same have already been
published.

The most extensive and important operations on the Atlantic coast
have been conducted in the interest of the oyster industry. A com-
plete survey has been made of the coast waters of South Carolina,
which, it is expected, will direct attention to the abundant resources
contained within the boundaries of this State. The oysters are
almost exclusively of the raccoon type, seldom growing upon the
bottom, but forming narrow ledges or tlats along the borders of the
bays and of the numerous winding tidal channels, between the levels of
high and low tide, wherever the conditions are favorable for their exist-
ence. The cause of this surface distribution has not yet been entirely
explained, but the observations so far made suggest that possibly the
relatively high specific gravity of the water prevents the spat from
sinking below the surface. Should this prove to be the case, the estab-
lishment of self-sustaining beds below the level of low tide may be im-
possible, but further investigations are required before passing finally
upou this question. In auny event an important industry is insured in
the use of the raccoon oysters as seed, which, when planted in suitable
localities, grow to a good shape, and improve greatly in flavor and
consistency. This method of oyster farming is already practiced suc-
cessfully in two or three places, but only on a very limited scale, and
the business is susceptible of extensive development,

The States of Maryland and Virginia have both become greatly con-
cerned regarding the future prosperity of their oyster fisheries. The
fact that the oyster beds of Chesapeake. Bay have appareuntly been

_deteriorating for & number of years has led to the very general convic-
tion that some radical changes in the management of the industry are
necessary in order to prevent a very serious depletion, In the spring
of 1891 the steamer Jish Hawk began an investigation of this region,
the principal object of which was to obtain as much aceurate informa-
tion as possible respecting the present condition of the beds, and the
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practicability of extending the area of production by artificial plant-
ings, as has been done in Long Island Sound. The survey was first
taken up in Tangier Sound, where a similar inquiry had beenconducted
by the Coast Survey about twelve years before, in the expectation that
the results obtained would afford the data for a very instructive com-
parison. By July 1, 1891, the delincation of the beds had been about
completed, and the dredging work was soon to be comnmenced.

During both summers the oyster beds of Long Island Sound have
been subjected to extensive investigations, and much information has
been secured regarding the natural features of the region, the habits
of starfishes and of other enemies of the oyster, and the conditions of
spatting during the two seasons, The suminer of 1890 was chiefly
spent in making a physical and chemical examination of the waters of
the sound, the former inquiry being undertaken with the codperation
of the Superintendent of the Coast Survey. This had for its object to
ascertain, by a series of careful current observations, the extent of the
movement of water through the sound and the adequacy of the flow to
prevent stagnation and consequent harm to the oyster beds. The
chemical studies consisted in making tests of the waters in all parts of
this area, both in inclosed and exposed positions, to determine its saii-
tary condition. The result of these researches proves very conclusively
that no damage need be apprehended from the present condition of the
waters, and that a sufficient flow takes place to insure, under existing
circumstances, the prompt removal of polluting matters; but it is not
to be denied that the sewage and other sources of contamination might
be so increased as greatly to endanger the welfare of the oyster-
grounds.

Dr. Bashford Dean, of Columbia College, New York, an expert on
the subject of oyster- -grounds, who left this country near the close of
the last fiscal year for an extended visit in Europe, has been commis-
sioned to study the methods of oyster-culture now practiced in Euro-
pean countries, and to preparc an illustrated series of reports regarding
those matters, which, it is expected, will be at least suggestive to
American oyster-growers.

The physical inquiries in the mackerel region off the southern New
England coast under the direction of Prof. William Libbey, jr., referred
to in the last annmual report, were conducted during a part of July and
August, 1889, and again during the summer of 1800. The former season
the work was performed by mcans of the sclhiooner Grampus alone, but
during the latter the Coast Survey steamer Blake was detailed to act
in cobperation with the Grampus, and, through the courtesy of the
Light-House Board, a party of observus was also stationed on the
Nantucket New South Shoal light-ship. TParallel lines of observing
stations were carried seaward from the coast for distances of 130 to 150
miles, the lines being 10 minutes of longitude apart and the stations 10



6 REPORT OF COMMISSIONER OF FISH AND FISHERIES.

miles apart. At each of these stations, which numbered several hun-
-dred in the course of the two seasons, the temperature of the water
was taken at regular intervals between the surface and bottom, or down
to depths of 300 to 500 fathoms, where the depth of water exceeded
that amount, and at the same time a full set of meteorological observa-
tions was recorded. The result has been to furnish a large serics of
vertical temperature sections through the water which show very clearly
the relations of the Gulf Stream with the colder waters of the Arctic
current, and the surface variations are accompanied by very complete
meteorological data, with which, it is hoped, a correlation may ulti-
mately be rendered possible. These observations will undoubtedly
throw much light upon the habits of several species of pelagic fishes,
of which the mackerel is most conspicuous, and even the movements of
‘such bottom fishes as the tile-fish will probably find their explanation
in a knowledge of tliese physical characteristics.

Dr. H. V. Wilson, a graduate of Johns Hopkins University, was ap-
pointed resident naturalist at the Woods Holl Station in the spring of
1889, and has served in that capacity during the past two years.  The
laboratory at this place has, therefore, been kept constantly open dur-
ing this cntire period, and in the summer months a large number of
biologists have becn present, as in former years. Dr. Wilson’s studies
have been direeted toward the practical needs of the fish-cultural oper-
ations, and have related chiefly to the sea bass, the cod, and the Atlan-
tic salmon. A comprehensive study of the life history of the lobster
has also been taken up for the Fish Commission by Prof. F. H. Herrick.
Important observations regarding the natural history of many fishes
and experiments relating to the artificial propagation of several of
these have been made by Mr. V. N, Edwards. His investigations,
moreover, have farnished conclusive proof that the hatehing work of
the FFish Commission has been exceptionally suceessful in increasing
the supply of cod on the southern New England coast, and show that
the larger fish resulting from these plantings will to some extent enter
more shallow waters than are generally frequented by the cod, schools
of this species now often making their appearance in places where they
werenever seen before.  Experiments relative to the propagation of the
Spanish mackerel and inquiries regarding its embryology were in
progress in the lower Chesapeake Bay during the latter part of June,
1891, being conducted by a party on board the steamer Fish Hawk.

The investigations respecting the interior waters of the country have
been condueted upon a very extensive scale and with important prac-
tical results, having reference mainly to the fish-cultural needs of the
regions which have been examined. They have covered, to a greater
or less extent, twelve different States and Territories, as follows: The
Yellowstone National Park, in Wyoming; Colorado, Utah, Missouri,
Arkansas, Iowa, Wisconsin, Indiana, Ohio, Kentucky, Florida, and
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Alaska. The Alaskan survey, the preparations for which were de-
scribed in my last report, was gpecially authorized by CUongress and
Wwas executed during the summer of 1889, the work being in charge of
Dr. Tarleton H. Bean, the ichthyologist of the Commission. The objects
of the inquiry were to study the natural history of the sahmon and the
physical characteristios of their euvironment, to obtain information
regarding the methods, statistics, and conditions of the fishery, and to
ascertain the necessities and advantages of Alaskan waters for the
artificial propagation of these species. Owing to the difticulties in the
way of reaching their working grounds, the party did not arrive at
Kadiak until the last of July, and was thereby prevented from extend-
ing its observations beyond that island and Atfognak. Considering, how-
ever, that Karluk River, on Kadiak Island, furnished at that time about
onc-half the entire yield of the territory in cauned salmon, and that
ample opportunities were afforded there for making a very thorough
study of the subject, the expedition was entirely successful in its mission,
The results were reported to Congress during the winter of 1889-90,
and in that connection the Comruissioner recommended that action
be taken to prohibit obstructions impeding or preventing the ascent of
salmon in the Alaskan rivers to their spawning-grounds and to pre-
vent destructive methods of fishing, or that a system of leasing fishery
privileges under fixed regulations be inaugurated. It was also sug-
gested that additional legislation might provide for an increased pro-
duction of salmon by fish-culturat methods, thus avoiding the enormous
waste of eggs and young fish under their natural conditions, and re-
pairing to some extent the injury caused by overfishing.

, In the majority of the other inland investigations the Commissioner
has had the advice and coibperation of Dr. David S. Jordan, president
of the Indiana University, who has also participated personally in the
explorations of Colorado, Utah, and the Yellowstone National Park
during the summer of 1889, During the next swmmer Prof, S, A, Forbes,
director of the laboratory of natural history of the State of Ilinois, and
Prof. Edwin Linton, of Washington and Jefferson College, Pennsyl-
vania, undertook for the Fish Commission avery detailed invostigation
of the invertebrate fauna of the Yellowstone National Park from the
standpoint of the natural food supply for fishes. It was considered
that the pPlanting of fishes in this region would be largely dependent
for its success upon the abundance of these lower organisms, and it is
very gratifying to be able to announce that the observations iu this
Tespect were attended with entirely satisfactory results,
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METHODS AND STATISTICS OF THE FISHERIES.

The eonduct of this division has continued under the direction of
Mr. J.. W, Collins, assistant in charge, but since his designation, in Au-
gust, 1890, as the representative of the Commission on the Government
Board of Control and Management of the World’s Columbian Exposi-
tion, much of the supervision of the work has devolved upon Dr. Hugh
M. Smith, the principal assistant in the division, to whose accompa-
nying report (pages 173-204) reference is made for a detailed account
of the nature, scope, purposes, and results of the work during tle period
under consideration.

The inquiries have been mainly confined to the collection a.nd com-
pilation of the statistics of the fisheries of the United States, giving
the quantity and value of the products, the capital invested, the number
and nationalities of persons employed, and to the study of the methods
and relations of the fisheries with a view to their improvement.

The limited appropriation and the consequent small force available
for this work preclude the possibility of an annual investigation of the
fisheries of the entire coast and inland waters of the country; even if
this should be attempted, it is open to question whether the variations
in the fisheries from year to year are generally sufficiently marked, or
whether at this time the results would be of sufficient importance to
warrant the largely increased expenditures that would be required to
properly conduct the work. Comparative statistics are more valuable
when they relate to definite intervals of time than when they cover
successive years. The researches of the Commission, which have been
addressed to every section of the coast, furnish data for the comparison
of conditions at intervals of three or four years and the determination
of the influences of the methods and means employed upon the pros-
perity of the fisheries. Thns pursued, they furnish important material
which has been or may be useful as the basis for the regulation, protec-
tion, maintenance, and improvement of the fisheries, and for advancing
the pliysical and financial conditions of the fishermen.

The investigations undertaken during the two. years covered by
this report were more extensive than had previously been carried on,
Field work was done in twenty-two States; complete studies of the
coast fisheries were made in Maine, New Hampshire, Massachusetts,
Rhode Island, Connecticut, North Carolina, South Carolina, Georgla,
Florida, Alabama, Mls%lssmpl Louisiana, and Texas; inquiries begun
during the previous year were brought to a close in New York and Cali-
fornia; and special investigations were made in Maryland, Virginia,
P’ennsylvania, Oregon, Washington, and elsewhere.
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The inquiry on the Pacific coast placed the office in possession of
definite information coneerning the results which have attended the
introduction of shad and striped bass to that region and disclosed a
very satisfactory outlook for the cstablishment of important fisheries
for these species. Shad are now found along the entire coast from
Monterey Bay to Puget Sound, and are caught for market in each
State. In 1888, without the use of special apparatus, over 100,000
pounds of shad were taken, and the following year the catch was con-
siderably larger. Recent advides show that the shad is annually
increasing in abundange, and in places has already become one of the
most important food-fishes. The striped bass is more restricted in
its distribution than the shad, and seems to be found chiefly in San
Francisco Bay; it has not yet reached the commercial prominence of
the shad.

Theimportant fisheries of the New England States were carefully can-
vassed in the early part of the fiscal year 1890. No other investigation
of this region had been made since 1880; and in view of the changes
that had taken place in the extent and methods of the fishories it was
considered desirable to secure full and precise information regarding
them, because of the international questions in relation thereto then
pending or likely to arise. The inguiry covered the ocean, shore, and
river fisheries of the region and the shore industries related to or de-
pendent on the fisheries. Special studies were made of the more
important branches, as the sardine industry, smoked-herring trade,
lobster-canning business, ete., and at Boston and Gloucester a compre-
hensive canvass was conducted regarding the extent and methods of
the wholesale trades in fresh, salted, and smoked fish, lobsters, and
oysters. The decrease in the fishing industry of this section which
has ocenrred since 1880 has been fargely in the whale and mackerel
fisheries, while the general branches are fully as successful as formerly.,

The researches in the South Atlantic and Gulf States indicate avery
marked development of the fisheries since the last gencral investiga-
tions were made, the advance in certain lines being phenomenally
large. The resources of both these regions are only partly utilized, and
the fisheries are no doubt destined to undergo still farther imnprove-
ment in the near future. Especially worthy of notice are the recent
increase in the shad and oyster fisheries and the attention which the
subject of oyster cultivation is receiving in every State.

A number of important papers relating to the fisheries were pub-
lished during the year, an analysis of which will be found in the report
of the division, which also contains remarks on certain important fea-
tures of the fisheries during 1889 and 1890, as well as an account of the
miscellaneous relations and work of the office.
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PISH-CULTURE.

The work of this division has continued under the immediate direc-
tion of the Commissioner. During the year cuding June 30, 1890, the
stations operated were i

1. Schoodic Station, Mo. 12. Wytheville Station, Va.
2. Craig Brook Station, Me. v| 13, Sandusky Station, Otio.
3. Green Lake Station, Me. 14. Northvillo Station, Mich,
4. Gloucester Stution, Mass. 15. Alpena Station, Mich.
5. Woods Holl Station, Mass. 16. Duluth Station, Minn.
- 6. Cold Spring Harbor Station, N. Y 17, Quincy Station, Il
7. Gloucester City Station, N. J. 18. Neosho Station, Mo,
8. Battery Island Station, Md. 19. Leadville Station, Colo.
9. Fort Washington Station, Md. 20. Baird Station, Cal.
10. Central Station, Washington, D. C. 21. Fort Gaston Station, Cal,
11. Fish Ponds, Washington, D. C. 22. Clackamas Station, Oregon.

During the following year the same stations were continued with the
exception of that at Sandusky, the work conducteil there being trans-
ferred to the Commission’s new station on the island of Put-in Bay,
Ohio. The fish-cultural work of the Commission during these years
was increased over that prosecuted during the year 1889 by the opera-
tion of stations at Green Lake, Me., Gloucester City, N. J., Neosho, Mo..
Leadville, Colo., and Fort Gaston, Cal,

The following tables show the work done at the respective stations
during the two fiscal years:

Summary of production by stations.

l 1889-00. 1800-91.
Specios and source of - P,

supply. S orer T Adnlta and 5, -Adlllts and
) g Fry. yearlings, | . RIS ¥ry yearlings.

Schoodic, Me.: l
Landloe kul s:\lmnn ..... G139, 000 214,000 {...eoo... 468, H00 113,000 1....... PP
Craig Brook, Mc.
Landlocked nnlmnn
Atlantic salmon.
Von Behr trout. .
Raiubow trowt. ..
Loch Loven trout N .
Brook trout ............ e
Green Lake, M. : :
Landlocked aalmon. .. .. 10, 000 150, 000
(‘lnnu ater, Masy.

I
5,280 |

14,957,500 |........-
.| 14,804, 000 |.

5, 192, 00
Waads Holl, Mags. «

Sea buss . 3, 803, 500

206, 000 |,
Beynetens 227,500 |.
Mackercl 6GRR, H00
Tanteyg T42, 500
Col...... 6, 826. 000
Haddock . 528, 000
Flattish . 4, 086, 500 .. . 0, 500

LobBtor. cavaveiansnnnnn. 50, 4,611, 000 |. d od&, 500 1,
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Summary of production by stations-—Continued.

_1-889—00. 1840-91.
Specics and source ot — — -

supply. * Adults and

yearlings.

- Adults and
Eyrys. Fry. Eggu. Fry. yourlings.

H
Cold Spring ITarbor, N, Y. l
Atlantic salmon........
Landlncked salmon.
Lakotrout ........
Loch Loven tront ...

Gloucester City, N.J.:
Shad

506, 400 |
80, 000 . .
470,000 |. .

482, G22
18,015

............ G, 204, 000 cereenaeeal] 6,153,000

12,637,000 { 12,248,000 |............ 8,250,000 [ 27,747,000 f............

34, 446, 000 356,000 |oeeeunnn.... 32, 361, 000 170, 000
Central Station, Washing-
ton, D.C:
shad oo .. ..} 23,493,000 |..
Rainbow trout. .
Brook trout
Lake trout ...
Yon Bahirtront. ..o 0o
Landlocked salmon .. .. 18, 200
‘Whitefish ........ .. - 4,300,00C
Smelt.......

8,140,000 | 14,072, 000
el .. e . 11,087 |..
X .. .. . 20,744 |.
87,588 |.
16, 467 |..
26,974 |.
3,600, 000 |.
400, 000

Yellow perch
Fish Ponds, Washington,
n.c.:

Shad ... 800, 000
(bjlll'l";) ...... X 337, 040
Goldfish . .

. . . 23, 0129
Tench . ...oooo o e 2 S 1,650
Wytheville, Va,:

Rainbow trout.......... 158,000 |............ 39,276 195,000 [«-.o...oL 37, 990

Goldtish
Black bass
Rock bass

Sandusky, Ohio:

Whitelish .............. 22,000,000 1 30,628,000 [... ... i ]eiiiiiiiiieaerae i e
Pike perch ... ........ 19, 000, 000 | 36, 200, 000

71,625,000 | 10, 000, 000

.| 58,000, 000 | 60,000, 000 |-

Lake trout R 192, 000 |-
Northville, Mich.:

Whitefish .............. 28,460,000 (...,

Lako trout ... 2,600, 000 13,132 | 2,285,000 600, 000 187, 800

Ruinbow trout. 12, 500 0,148 ... 4,053

Von Behr trout, . .. 68,000 |. .. . 6,175 226,000 |.. 18, 655

Loch Leven tront. .. 162, 000 10, 000 80, 00 14,775

Brook trout............. 265, 000 10, 009 7, 800 110, 600 16,705
Alpenn, Mich, :

Whitefish .o.ooviinii e, 33,600,000 |............ 20, 500,000 | 24,060,000 |............
Duluth, Minn.: !

Landlocked salmon.. . .. . . 20,000 |............

Lako trout ....... .. 358, 000 235, 000

Von Behr tront. . 15,000 foeoeanao..

Drook trout .. . N P 100

Whitefigh ... .. 5 . 11,330,000 [...o.ooooo..

Yike pereh.............. 10,100,000 |l .ot
Quiney, Ill.:

Catflsh. ... ... ..

Brook pike

Buftulo ......

Yellow perch.
Piko perch...
Whito bass .......
Frosh-wator drum
Binck bass........
Cnulnpio. .
Rock hags. .
Sunfish ..o 0
Rainbow trout. ... ... ..
Von Behr tront.

11,925
5
Lake trout. ... 1 ;gg
Carp. ... 9,907
Tonch . 17, 007
Goldtish - 1,308
kbus.-...........................-.u..... .......... eolavesssessars]esccncoccans v
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Summary of production by stations—Continned.

1889-90. | 1890-91.
Species mullﬂourcc of - i ]| . —— . 3
supply. o i FAdults ang o . Adults an
¥ggs. ¥ry.  Vyeaclings. | TEE Fry. yearlings.
. — e e e
Leadville, Colo.: l
Brook trout...eee.eeen.. 75, 000 126,881 {..veeienn... ‘ 5,000 1oooieiiannns 69,000
Baird, Cal.: .
Quinnat salmon......... 1, 554, 000 84,000 f.oeeernnnn.. 2, 988, 000 722,000 [coeveeiaonnn
Fort Gaston, Cal.:
Quinnat 303mon ..o e e 53,000 c0ieeiannnn
Clackamay,Oregon ! i
Quinnat salmon......... 1,000,000 @ 2.776,475 |..eovunne... | 700,000 | 4,001,025 [..oeiienn..
Connecticut River, car No. 3¢ i
Shad..ooenvenaa il 765, 000

Steamer Fish Hawk:

20, 596, 000 |..

ha
Spanish mackerel.
Collections in Idaho:
Black-spotted trowt. ... ooeeeenieen|oenienians,
Collections in Montana:
Whiteflalt..oouoeeaemei]eaninannacecaaieaians
Germany, gift of Herr von
dem Borne:
Von Bebr trout .........
Saibling «...onenlnn ..
Loch Leven trout
Germany, giftof Herr von
Behr:
Von Behrtrout .........
New York Fish Commission:
Brook trout.......
Vou Belr trout. ..

29,750 |..

20, 000
100,000 |..

DISTRIBUTION OF FOOD-FISHES.

The results obtained by stocking public waters with species of fish
which are indigenous to them have been difficult of exact determina-
tion; that good has followed is shown by the continued increase in the
value of the fisheries, demonstrated by carefully collected statistics.
In those waters where species not indigenous were placed it is clearly
shown what is possible of accomplishment. For information relative
to the acclimation of the shad and striped bass on the Pacific Coast
reference is made to page 175 of this report. Many of the streams and
lakes of the Yellowstone National Park, formerly barren of food-fish,
are also now furnishing an abundance of trout and whitefish, the
result of plantings of former years.

The following table summarizes the work of distribution of various
species of food-fishes during the two years covered by this report.
The large increase over former years in the number of adult and year-
ling fishes distributed is the result of systematic efforts in rearing.
This feature will continue to reccive attention, it being applicable to
fresh-water, marine, and anadromous species. The advantage of stock-
ing waters with fish of a size large enough to protect themselves or
to escape from their enemies will be very readily appreciated. The
details of distribution will be found in Tables A and B, pages 75 to 96
of this report.
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Summary of distribution.

13

Your onding Juuo 30, 18‘)0

Yuu‘ emlmg June 30, 1891.

Species.
Xygs

Cattish ... ]oieiaii]oaneinnas
Carp..ceeeneeannd]enn..
Tench .......
Goldfish .....
Butfalo ... oo oL
Shad........... 2,264,000 |*68,401,000
Quinnat salmon..' 2,454,000 5
Atlantic salmon ., 100,000
Landlocked sal-

nmon ..., 345,000
Loch Loven grout 0

Rainbow trout. ..
Van Behr trout. .
Black-spottod
trout ..... .
Brook tront.
Lake trony
Saibling ......
Whitetish ...
Smelt.........
Brook pike .
Yollo\v per(,h
Pikoe perch. ...
Sea buss

Black bass. .
Crappie.....
ltu(-k binas .

Suntish ...
Seup.............

drum .....

hfu(stwgu
uckerel

Cod
I’ollock
Flattish

. 177, JOU
'l 071000
. 5,000

-119,000,000

" Adults

79,925, 000 48,702,000
400,

36,730,000 |

1 21,788,500 |
14:800.000

. 847,000 fG7 035, 000 800,000

113,835

7,367
25,772
56,380
33,760

74,153

i 416,611

338,809
11,385
36,561

68,672,000
9,156,425

113,835
408, 656

148,984

3,080,252

400,000

86, 354 000
14 8"7,500

78,500

3,350,600
3,633,500

44,250,000,261,700,606 l

64,076,667 52,016, 152

418,222,469

* In addition to these 2,144,000 wero deposited for rearing in the ﬂsh ronds, \Vnshiugton D.C.

1 Besides these 2,051,000 wore depusit

for rearing in tho fish ponds,

Vashington, D. C.

In addition to the foregoing there were furnished for distribution,

but lost in trausit, during the two years:

In 1889-90:

6,731,000 shad fry, 50,000 pike perch fry, and the following adults and yearling
fish: 48 cattish, 810 carp, 20 buftfalo, 3,250 Atlantic salmon, 100 landlocked
salmon, 11 Loch Leven'trout, 1,531 rainbow trout, 133 Von Behr trout, 101
brook trout, 131 lake trout, 921 yellow perch, 560 white bass, 988 black bass,

507 crappie, 1,241 rock bass, and 158 sunfish; a total of 6,791,510,

In 1890-91:

5,508,000 shad fry, 7,700,000 pike perch fry, 288,000 whitefish fry, 61,569 lake

trout fry, and the following adults and yearling fish: 6,044 carp,

5,386 gold-

fish, 172 tench, 10,000 Atlantic salmon, 300 Loch Leven trout, 6,702 rainbow
trout, 400 Von Behr trout, 1,742 brook trout, 6,694 lake trout, 325 perch, 1,415
black bass, 1,440 crappie, 173 sunfish, 328 rock bass; a total of 13,599,590
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STATION REPORTS.
SCHOODIC STATION, MAINE (CHARLES G. ATKINS, SUPERINTENDENT).
1889-90.

This station was conducted jointly by the United States and Maine
and New Hampshire, Operations were beguu September 1, 1889, and
871 landlocked salmon were caught and impounded. Of these, 557
were females, from which 1,215,455 eggs were obtained by November
24.  The losses were 163,005, there remaining in February, 1890,
1,052,150 good eggs, of which the State of Maine received 48,000, New
Hampshire 73,000, and the United States 931,450, Of those belong-
ing to the United States, 635,000 were distributed to various State fish
commissions and other hatcheries, as mentioned in the details of dis-
tribution (pages 75 to 96). Omne shipment of 20,000, sent to Fort Gaston
Station, California, was a total loss, as a result of detention while en
route, the losses on the other twenty shipments amounting to but 4,246
eggs.  The 296,450 eggs retained produced 214,000 fry, which were able
to take food at the time of their release in local waters, in June, 1890,

Tableof spawning operations at Schoodic Station, Maine, 1855-90.

Y Tempora- | L
7turu. Fish at tirst handling. Femuales spawned. Eggs taken.
aom, ,
| ; Females, . s
Date. [ | e g e
: . ¢ -
el e a3 EigE 2 g
o 3 — . A < | o - a ! @
PR A-RE - RN - S
Al &8 (A4 & %-x 5 [&lA&lalg kB E ;:
| [l AR S S S U A, -
18890, oF. lop, i Lb. Oz,

Qet. 27| 475 47| 18] 138 5 2 3. 2f...... | 1,70 2 1,932
| g0l 5l !l 1y 5.0l R I R ‘o 8| L2238
29| 40 471 28] 1 o1 7111 1.0 17 0o 1,771
ao| 380 7| o6l 4] s 1) s ; - A | o 12 1,032
sp o8l g ag| 2| =3 2| 21 1 2o 115 4,903

Noy 38 | 44 15 9 [} 1 4|1 4 2. | 3 12 9, 606

o] 95 450 B4l =W 11 3 8 . 9 5 oanen: 6 1 15, 629
3| 50 48 14 7 7 | 3 4 .. . 3 [ R 4 0 10, 312
41 401 47 31 19 12 3 1 10 4 2 8 0 20, 624
s| 42! s6! 23| w! 1wl 4 6 6 w0' 1° 4 4] 10,956
6l 85| 45( 20( 10| 10 4 6| 19 ¢l 3 1212 32,868
7] 3] 4] 13 8 51 3 P P I 20 17 7] 1w 7 37,219
gl 49| 44 37 15 20l 12 10 |. 1 33 21 20 27 13 71,009
9] 40) 42 39 14| 25 141 1. O A T 9| 26 6 67, 834
10| ¥ 42| 66| 12{ 541 23| 26| 5| 1| 37| 20 8i 20 9 76, 211
11 41 42y 30 6| 200 M W, ol B4 oBe) 2] 28 0 73,150
12| 40| 43 39 [} 33 l 137 18 2.0 24 l 35 4: 21 9 55, 587
131 46| 44| 138 gl opl a2l 1) el sl a4 0] u2 3 82,479
14 44| 44 GO 8 58 | 16 33 91.... 40 37 T 031 M 82,169
150 32| 43 s1 al ¢! w2l 3 el dwi o n| 3w o7 a1, 357
16| 21 37| .63 4] sol 237 us1) 5] 3] 49 17 21 39 7| 101,607
17| ¢4 7 6 1 5, 11 1| al....l 17| m 4] 20 15 53, 075
181 33 38 4 1 3|2 1l w2 3| 22 6 57, 682
191 31| 38 3., Bt 3]-.. 6! 33 2| 10 14 28, 034
20| 391 30 8 1 7V T 2. 8 Gl...... 8 10 22, 234
211 46 41 51...... ~ 5 3 1| 1].. 10 Toieaenen 12 6 31, 902
220 48% 401 6 1 5| 3., 2. 21 22 21 17 © 44,792
PR 51001 4, 1 1] 2].-. Gl 21j..... 38 14| 100,218
20 36( 40f...... PO P L (AU NN S T G looo... 9 7 24,774

I | QN
! 1 821 | 280 [ 5410 181 #17 ‘ 43 71| 517 5xzi 80 | 471 - 51,215,455
| I i ; I
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The weighing and measuring of 825 mature salmon (312 males and
513 females) gives the following:

A verage weight of malos.pounds.
Average woight of funales. .do...

3. Avorage length of males. .inches. 21.30
3.
Weight of heaviest walo....do... 6.
5.
1.

Averigoe length of females. . do... 20.60
Length of longest male ... do... 26.00
Leungth of lougest fomale. ...do. .. 24,00
Longth of shortest inale . ...do... 16.00
0 | Lougth of shortest female. . .do. .. 17, 00

c O
© = O

Weight of heaviest female..da. ..
Weight of lightestale..... do...
Weight of lightest fomule...do... 2.

2
geg

At the close of the fishing season in November, 1889, a new depar-
ture was made, being the restripping of the fish peior to their liberation
from the inclosures. Most of the females were found to contain eggs,
the aggregate amounting to 33 pounds, or about 75,000 in number.  In
development these eggs proved to be quite as good as those taken pre-
viously.

1890-91.

Active work was begun October 29, 1890, and between that date and
November 18, 510 landlocked salmon were captared.  Of this number
371 were females, which yielded 778,796 egps.  In March, 1891, there
remained 649,906 good egys, of which 163,000 were retained for hateh-
ing and liberation in local waters, and 29,000 turned over to the Maine
fish commissioners, The remainder, 456,900 cggs, were mainly con-
signed to various fish-hatchories, national, State, and private, enumer-
ated in the details of distribation; the eggs reserved were hatched, and
in June the fry were roleased in local waters, with the exception of
50,000, which were held in rearing troughs beyound the present year,
Two thousand of the fry retained were devived from eggs taken at the
final stripping of the brood salmon prior to their release in November,
1890, and were placed apart for purposes of observation. They were
discovered to suffer a less mortality during June than the others; the
death rate during that month awmong the larger number being 156 to
each 2,000, while the loss of these 2,000 fish obtained from the late egEs
was but 3. A portion of the eggs which produced the fry uunder con-
sideration must have remained in the parent fish nearly a month

subsequent to the dates when the brood fish were first relieved of their
spawn.

Cralé BROOK STATION, MAINE (CHARLES G. ATKINS, SUPERINTENDENT).

In the report for 1889 reference was made to the intention to establish
4 permanent station at this point and to purchase the property then
under lease. Congress by act approved March 2, 1889, having appro-
priated $11,000-¢ for the purchase of ground, construction of buildings
and ponds, and purchase of equipment ot fish-hatchery and rearing
stations near Craig Brook, Reed Pond, and Branch Pand, Maine;”
and the agreement of the owner of the Craig Brook property to sell the
same to the United States having been obtained, the Attorney-Gieneral
was requested to have the title examined and the proper transfer wade.
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This was done, and the site beeame vested in the United States by
"deed of Thomas Partridge, dated September 4, 1889.

Active operations in construction were immediately commenced.
During the year ending June 30, 1890, the principal items were, a one-
story building 24 feet by 50 feet for the rearing of live food (maggots)
for the young fish; for use in connection therewith, an ice-house 11 feet
by 13 feet; o storage-house 12 feet by 20 feet; a cellar 20 feet by 20
feet for the wintering of the live food; two small buildings 15 feet by
31 feet, and 15 feet by 20 feet, one for usc as a mess-house for the em-
ployés of the station and the other as an office and guarters for the
station’s foreman; a shed 20 feet by 50 feet, with cellar, and fitted with
hogshead tanks for the wintering of fish; a timber dam at Craig Poud,
with penstock running 60 feet into the pond, permitting the water to
be drawn from the pond at a depth of 4 feet below the surface; astone
dam across the brook, above the hatchery, to which the water was led
by an 8-inch aqueduct about 425 feet long; a stand of 100 outdoor
rearing troughs; a stone foundation for superintendent’s dwelling; a
number of pouds, grading, ete.

During the year ending June 30, 1891, plans and specifications were
prepared for the suverstructure of the superintendent’s dwelling and
office and a stable, and a call for proposals for the construction of the
same was duly advertised on September 16, 1890, but no respouse
thereto was received at the date fixed for their opening, October 15.
Owing to the lateness of the season readvertisement was deferred till
January 13, 1891. In answer to this three bids were received. The
lowest bid was that of Carlton McGown, of Ellsworth, Me,, at 83,970
for the dwelling and $993 for the stable. In view of the limited funds
for this work the building of the stable was deferred and contract was
made, under date of March 5, 1891, for the dwelling ounly. The plans
called for a neat two-story cottage of ten rooms, with woodshed, ete.,
in the rear. Work on the same was promptly begun. The farmhouse
on the property when purchased has received some repairs and is avail-
able for quarters for the employés. The series of rearing ponds on the
slope of the south bank of the brook, commenced in the fall of 1890, was
completed. They are about 15 feet by 50 feet in size and nineteen in
number, and receive their water supply from the brook through a pipe
conduit. A road from the station to the town- road was constructed
and other improvements tending to the devclopment of the station were
made.

An additional appropriation of $14,000 was made for these special
constructions at Craig Brook and Green Lake by the act approved Au-
gust 30, 1890.

The active fish-cultural work of the station during the period covered
by this report follows.
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1889-90.

During this year the fish-cultural work embraced the propagation of
the Atlantic and landlocked salmons and the brook and rainbow trouts,
the Swiss lake trout, the saibling, and the Loch Leven trout. The
adult Atlantic salmon, purchased jointly by the United States and the
State of Maine in the summer of 1889, 410 in number, were inclosed at
Dead Brook, and in the following October, the commencement of the
spawning season, 292 were recovered.  Of these, 186 were females, which
produced 1,904,000 eggs.  In February, 1890, there remained 1,733,675
good cggs, which were divided between the subseribers, Maine receiv-
ing 600,000 and the United States 1,137,159, Of these latter, 800,000
were consigned to various State and other hatceheries, and 247,159 re-
tained for hatching and subsequent liberation in local waters.

Jesides the Atlantic salmon eggs produced thiere were received and
devcloped eggs as follows: 3,500 of thie saibling and 7,400 of the Swiss
lake trout, presented by llerr Max vou dem Borne, of Germany; 18,300
of the Loch Leven trout, transferred from the Northville Station, Mich.
igan, and 56,300 of the landlocked salmon from the Schoodic Station,
which were hatched and reared for the stations at Green Lake and
Craig Brook. Toaccommodate the {ry anticipated from this large num-
ber of eggs from June till October, 1890, 100 new troughs were built,
increasing their total to 163. These troughs were 8 inches deep, 12§
inches wide, and 10 feet long, with a capacity of 2,000 fry. Only 11 of
the troughs were under shelter, but those in the open air-were provided
with double lids, which form a peak when closed.

The incubation of the eggs was without event until the yolk stage
was reached,; May, 1890, when they were attacked by a disease, hitherto
unknown hcre and by whu,h 30 per cent of the stock was destroyed in
sixty days. The epidemic first appeared among the Atlantic salinon,
but ultimately affected, and with greater fatality, the landlocked sal-
mon, saibling, and Swiss lake trout. Prior to the appearance of the
disease the fry had been counted and set apartin lots of 1,000 to 4,000
and while soine lots were wholly destroyed, others were but partially,
and still others escaped entirely.

The rearing operations were suceessful. Of the original stock of
144,256 fish, chiefly of the previous.year's hatching, 113 ,139 were on
lmud Octobel and November, 1889, when most of them were liberated -
in local waters. The per centageb b.wed are shown below:

- ‘- . ) Nuwbor | Number | Por cont

. Kind. Ago at start. at start. | nt close. { saved.

Atlnntlc sglmon One yenr...... 1,520 1,350 89
.......................... Inthoegy .-..0 100,065 a1, 856G ) 83
Lnndlocked srlmon: . ...| One yoar...... 80 78 07
........ In the gy 26,191 17,630 68
Ruinhow trout. Y .. 2,600 047 38
Brouk trout 4,000 1,272 32
t AT Y S N 144, 256 ‘ 113,139 I 78

H. Mis. 113——2
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The heaviest losses baving occurred among the species derived from
eggs received from a distapce, viz, the rainbow and brook trout, it is
inferred that packing and transportation were factors in the greater
mortalities shown, especially since the smallest loss occurred among
the Atlantic salmon, which were produced from eggs taken at the
station.

When liberated, the Atlantic salmon were deposited in neighboring
brooks. The landlocked salmon, with the exception of a few hundred,
were taken across the country and placed in Green Lake. Of the113,139
reared fish, 14,139 were still further retained for winter feeding, among '
them some of each kind and age. These were placed in special tanks,
with the exception of a few which were kept in the open-air troughs
till late in the winter. The mortality during this period was small.

1890-91.

The collection of Atlantic salmon eggs was conducted with the codp-
eration of the States of Maine and Massachusetts, It having beende-
termined to devote more attention to the rearing feature, it was decided
to reduce the egg-collecting to a scale commensurate with the capacity
of the station, but a smaller number of eggs was obtained than was
desired, owing to the scarcity of adult salmon, only 133 being secured.
At the spawning time, October 1890, 77 of these remained alive in the
inclosures, of which 52 were females, yielding 553,400 cggs. The good
eggs remaining in January were divided, Maine receiving 264,000,
Massachusetts 133,000, and the United States 134,218. The share of
the United States was increased by the Maine commissioners, who con-
tributed 183,000 for purposes of hatching and rearing.

In addition to the salmon eggs, there were also produced 23,146 of
the brook trout from fish artificially reared. These and other eggs re-
ceived at the station are noted in the list below:

Original

Kind. Source. humber  Jumber

. of oggs. - batchod.

Atlantic salmon...... Produced at station ..o 317,218 | 316,308
Landlocked salmon...; Grand Lake Stream Station........ 21, 006 21,824
Brook trout .......... Produced at statjion ............ .o 23, 146 14,524
Loch Leven trout ....| Northville Station .... . 16,583 « 16,457
Von Behr trout....... Germany.oooeeenaiaa.. e 15,119 | 13, 824
Scotfish sea trout ....| Scotland ... 12,074 1 9,307

BT 1 T T 406, 346 i 392, 304

Both the Von Belir and Loch Leven trout eggs arrived in poor con-
dition, having already commenced hatching, and gave practically no
results. All other eggs were good, and the epidemic usually incident
to the months of May aud June of former years did not occur. = About
150,000 fish of the hatching of 1890 wero cared for in rearing troughs
till the present fiscal year, all being liberated in October, 1890, except
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14,736 Atlantic salmon, 490 landlocked salmon, 31 saibling, 490 Swiss
lake trout, and 490 Loch Leven trout, which were furtber held for
observation during the winter mouths. Their listory while subjected
to rearing methods, from June to October, 1890, is shown below:

e ) Stock Stock ! Por cent
Kind. July 1. | Octobor 1, \ soved.
124, 267 50
7,849 14
41 2
3,016 57
11,797 ! N 66
O] ceeemennrereaneenreanieaceanenen a 330, 867 H 147,870 ‘ 45

In addition, there were brouglt over from the last fiscal year 1,471
fish, 1 and 2 years old, which are included in the following statement:

- i | Rosorved
T3 N Original |Locally dis- ‘I'rana- and on
Kind of fish. nwuber. | tributed, \ ferred. | hand July
] l' i [ 11801

T3 e e 06
713 BTD 1ecemensaeavamneeaaaes
124, 267 103,226 | 20,320 100
BLO,308 1avneaeeeaaeliaeeaaanns 269, 240
78 . 68
P 126
1890 ...

420
189 12, 106
Rainbow trout of 1830 176

Brook trout of 1889. ...

218

1891 1,381

Saibling of 1890........ 19
Swiss lake trout of 1890 . 179
Loch Loeven trout of 1890 480
1801 .. .- i PO RN 10,862

Von Bebr troutof 1881 . ... ... .. b 15 1.7 S N 1, 085
Scottish sea trout of 1801.......... FL L R (o 97

......................... 511, 645 1 125, 780 ‘ 20, 869 ‘ 314, 701 l

In July, 1890, the water temperature rose to a maximum of 720 T, in
rearing troughs fed from Craig Brook. Iu coudnits supplied in part by
spring water the temperature was 690, and after passing through four
rearing troughs in succession it was 72°. In August the water in the
hatchery was 58°to 76°; in open-air troughs, 59° to 75°; and in the
ponds 58° to 743°. Experimental lots of salmon fry were kept in two
neighboring streams, and in one of them, at Bast Orland Bridge, the
water rose August 4 to 820 without injuring them. The September
temperature was 69° to 53°; October, 63° to 4G°; November, aslow as
379, fromh 24th to 29th; January, 3230 to 359, with nearly all the fish
remaining in the open-air troughs; February, 3240 to 36°, with weather
comparatively mild aud the ice on Alamoosook Lake 293 inches thick.
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GREEN LAKE STATION, MAINE (C. G. ATKINS AND H. . BUCk, SUPERINTENDENTS).

By act approved March 2, 1889, to which reference has been made
under Craig Brook Station, Congress directed the establishment ofa
fish-hatchery near Reed Pond or Branch Pond, Maine.” On August 22,
1889, Mr. Charles G. Atkins, superintendent of Craig Brook Station,
was instructed to proceed to the localities mentioned, with a view to
their examination and the submitting of a report, with recommenda-
tions as to the site desirable to be acquired. Reed Pond, or Green
Lake, was reported as being the best location, and one to which land-
locked salmon are native. The stream in whicli they spawn (Great
Brook) is one of the finest in that region. Branch Pond failed to fur-
nish the necessary requirements for fish-cultural work, and its farther
consideration waswaived. Mr. Atkinsrecommended, therefore, that the
location of the permanent station be in the vicinity of Green Lake,
calling attention to sites at Great Brook, the spawning-ground of the
landlocked salmon, about the center of the lake, and at Mann Brook,
near the station on the Maine Central Railroad, at its extreme north-
western end.

After due consideration of the recommendations, the Conunissioner
determined upon the site at Great Brook, and o December 6 directed
that negotiations be opened for the purchase of the necessary Jand and
water privileges. The site selected takes in the whole of the stream of
Great Brook on both sides, running from Rocky Pond to Green Lake,
securing the outlet to Rocky IPond, with all privileges of damming, ete.,
and embracing a territory of about 820 acres. Defiuite proposal to sell
was received on April 25, 1890, and on the 20th of the following month
the papers were referred to the Attorney-General, with the request
that the title to the property be examined and arrangements made for
the transfer of the same to the United States. In accordance with
agreement with the owners, a survey of the property for the determina-
tion and establishment of its bounds was made in August, 1890. The
examination of the title was completed in May, 1891, and the purchase
money passed. Plaus and specifications were prepared for the con-
struction of the dwelling house, stable, and box fluine to bring the
necessary supply of water from Rocky Pond to the hatchery. Adver-
tisements calling for proposals, to be opened on May 21, 1801, were
published, commencing April 23, The lowest bids received were those
from Mr. Carlton McGown, for the construction of the flume, at 973
cents per running foot, and from Mr, Austin M. Foster, for the hatch-
ery, dwelling house, stable, ete., both of these gentlemen doing -busi-
ness in Ellsworth, Me. Mr. McGown, however, owing to ill health,
declined to execute the contract for the flume, and one was entered
into with Mr. Foster, at-the rate given in the bid of Mr. McGown, who
made good to Mr. Foster the difference between their bids. On account
of this declination to execute the contract some delay was caused, but
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on the 20th of June it was duly signed by Mr. Foster. For the hatch-
ery the price was $4,174.80; for the dwelling house, $3,007; and for
the stable and tool-house, $1,317, contract for which was made June 13,
1591, *The flume, which will have a length of nearly 7,050 feet, will
aggregate a cost of about $6,300.

1889-490.

Pending the acquirement of a site, it was decided to begin fish-cultural
operations at Green Lake in the fall of 1889, A camp was established
on the lower part of Great Brook for the collection of eggs, arrange-
ments being miuwde by erecting barriers to prevent the fuarther ascent
of the sahmon and an ineclosure for their retention till ready to spawn,
TFor the development of the eggs secured a cheap structure containing
the necessary trough space was put at Mann Brook.

Operations in spawu-taking were begun November 4, and in eleven
days 294,700 eggs were produced from 75 females, the cateh of males
being 50, The egygs developed slowly, the water being very cold. On
April 8, 1890, 10,000 cggs were forwarded to Cold Spring Harbor, N. Y.,
and from those remaining there were produced 150,000 fry, which
were libérated in Green Lake, in June. In October, 1889, a consign-
ment of landlocked salmon and rainbow trout, which had been beld at
Craig Brook Station till 7 months old, was received and liberated
in Green Lake and tribntaries,

Upon weighing and measuring the Green -Lake salmon it was found
that they were twice the size of those of Grand Lake Stream, 69 full-
roed females averaging 7.8 pounds in weight and 25.5 inches in length;
the average weight of 50 males being 5.01 pounds, and their length
22.3 inches,  One female weighed 11 pounds 9 ounces and measnred 30
inclhies; another, 11 pounds 6 ounces in weight, was 303 inches long;
one male reached 13 pounds 8 ounces in weight and was 31 inches long.

1890-91.

The prodnction of landlocked salmon eggs between October 31 and
November 21, 1890, was 185,000, The fry from these, with the excep-
tion of 3,000 released June 10,1891, on account of fungns, were kept in
rearing troughs beyond the termination of the present fiscal year. The
adult fish captured, 46 females and 21 males, were again found to be of
large size, the former averaging 7 pounds in weight and 25.2 inches in
length, and the latter 6 pounds 9 ounces in weight and 25.1 inches in
length, while 3 females and 4 males were in excess of 10 pounds weight
each. At the close of spawn-taking, in November, the barriers were
removgd and these brood fish set free in the lake. Another consign-
ment of reared fish, 7 months old, consisting of Swisslake trout,land-
locked salmon, and Loch Leven trout, was received in October, 1890,

from Craig Brook Station and placed in (ireen Lake and its tribu-
taries.
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The station remained under the superintendency of Mr. Atkins till
January, 1891, when, the other work intrusted to his charge requiring
more of his time, it was placed under the conduct of Mr. Buck.

GLOUCESTER, Mass., STATION (A. C. ADAMS, COMMANDING SCHOONER GRAMPUS,
IN CHARGE).

1889-90,

In the conduct of operations at this station the work of coliecting
eggs devolved upon the officers and crew of the schooner Grampus and
covered the period from September, 1889, to May, 1890. The fishing-
grounds were visited by the Grampus, and the brood fish obtained by
hand lines and held in the ship’s well, being afterwards transferred to
live-cars at the station. The supply of eggs from this source being in-
adequate, owing to thelimited cateh, hand-line fishing was discontinued
and arrangements were made to secure the eggs from the vessels of net
fishermen, the Grampus each morning visiting the fishing-grounds
gituated 8 miles S. by W. of Rastern Point Light, where the greater
part of the crew were distributed among the fishing vessels for spawn-
taking, due compensation being made the fishermen for eggs and ae-
commodations. Between October 18 and January 3, 42 such trips
were made with the Grampus. By January 1 it was found desirable to
utilize a larger proportion of the Grampuscrew as spawn-takers, and
after that date the vessel anchored near the station and each morning
the spawn-takers werce put aboard the fishing vessels as they were
about to sail out of the harbor. ‘

Pollock.—Eggs were first taken October 18, 1859, By December 20
181 ripe fish had been handled, from which 40,166,300 cggs were ob-
tained, and fry produced to the number of 14,899,000.

Cod.—The collection of cod eggs extended from October 23, 1889, to
May 5, 1890, during which time 14,957,000 fry were produced from
47,556,000 eggs, derived from 242 fish. The period of groatest success
in hatching was during the month of January, when GO per cent of fry
were produced from all eggs taken. During a short period in February
the proportion of spawning fish was greatest. Eggs were transferred to
‘Woods Holl Station, February 2to 9, to the number of 3,198,700, and on
April 4 a further consignment of 687,400 to the same place was made.

Haddock.—Spawning fish were obtained from February 13 to May 7,
240 females producing 30,322,000 cggs, from which 15,192,600 fry were
hatehed. In the manipulation of all of these species difficulty was
experienced from sediment, which caused many eggs to sink, more
especially of the cod and pollock. After the cessation of storms mauy
eggs which had sunk were cleaned and restored to the surface by means
of increased circulation of water. Great interest in this work was
manifested by the fishermen, who extended many courtesies to the
Commission’s spawn-takers,

On May 15 the hatchery was closed.
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1890-91. .

The egg-collections were again made by the officers and crew of the
schooner Grampus. From December 9, 1890, to January 20, 1891,
the second mate and three seamen were stationed at Kittery Point,
Maing, to collect ¢ggs from Ipswich Bay and forward them by rail to
Gloucester. The remainder of the spawn-takers were engaged collect-
ing from the nets of fishermen from Gloucester. .

Pollock.—Xggs were first taken October 31, 1890, and in the twenty-
nine days following 38,054,700 were delivered for hatching. The
spawning fish were principally taken in nets near Baker Island, a few
being taken on band lines to the southward of Thatcher Island.

Haddock.—But few haddock eggs were obtained prior to the close of
the station, April 1,the appearanceof the schools of fish on the grounds
being later than usnal. On Aypril 5 schools of haddock in fine condi-
tion made their. appearance and remained accessible, along with a
smaller proportion of cod, till after June 1. The production of eggs
was 1,154,100, which were obtained off Thatcher Island and Gloucester,
the adult fish being associated with eodfish, though often found 5 to
10 miles farther offshore. . .

Cod.—Beginning November 26, 1890, eggs were obtained to the num-
ber of 110,112,300. Iarly in December two trips were made with the
Grampus to Ipswich Bay, resulting in the collection of nearly 10,000,000
eggs.  After this time such large quantities were secured from the two
sources that the hatchery was twice overrun, the receipts December 1
to 15 being nearly 19,000,000, while from January ¢ to 21 the numbers
brought in ran from 1,000,000 to 10,000,000 per day. About 16,000,000
‘were received overland from Kittery Point, Maine, a journey of five
hours by railroad.

More than 43,000,000 cod eggs were sent to the Woods Holl Station
during the season, but they produced only 150,200 fry. Nearly
15,000,000 eggs gathered at Ipswich Bay, and shipped from Kittery
Point, Maine, to Gloucester, an egqual journey by rail, developed at the
Gloucester Station over 20 per cent of fry. About 30,000,000 eggs col-
lected at Gloucester and hatched there, and hence not subjected to
transportation by railroad, produced 25.5 per cent of fry. Of the eggs
shipped to Woods Holl, over 11,000,000 were from Ipswich Bay and
were reshipped from Gloucester. The Cape Ann eggs sent to Woods
Holl were but 15 minutes longer on the road than were the Ipswich
Bay eggs shipped to Gloucester. When the season was far advanced,
February 20, 1891, at the suggestion of W. . Sauerhoff, fish-culturist,
an experimental shipment of a half million cod eggs was made from
Kittery Point to Gloucester in two air-tight fruit jars, of 2§ quarts
capacity each, which resulted in the hatching of 71 per cent, the fry
being healthy., The jars were filled with sea water and packed in snow,
thereby lowering the temperature two or three degrees, or to 33° F.
These eggs were not dissimilar to those previously forwarded from
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Kittery Point. After storms the turbid water caused the sinking of
many eggs, which were discharged overboard; but upon testing a lot of
eggs which were too lhieavy to float at the time of their receipt, it was
found that with care they hatehed with good results. The question
of impregnation was usually determined by the use of the microseope
when the eggs were first received.

The surface temperature on the collecting grounds, about 45 F. at
the commencement. of the season, gradualiy fell to 33° by December 25,
from which time till March it ranged from 34° to 370, _

During the whole period of operations copepods were abundant in
the water used for developing the eggs and were considered injurious.

Below is a condensed statement of operations: -

i ' ! r . p 1 No.of vggs v s
Kind. ‘ Period of opera- rﬁ.‘:.i'fn Nao, (;:' cguy , r{\el.:l:.:zl-flrx\;n uhiplmnrﬂ: }\"';::l;ﬂg”
tions, ]upuwm-(l. fuken. loeal waters, \V;::lt?"ll:f']l overboard.
———————— e BT N e T
Cod.. Nov.26-Mar. 18 | 208 | 110,112,300 1 18,068,100 | 451400 | L1, 785,200
1

Haddock | Jan. 29-Mar. 9 ; 16 1, 154, 100 78, 600 ° 85, 100 ¢
Polluck ....... Oct. 31-Dec. 2 15| ass6200 | 14,829,000 00T i

Total ... ool L } 149, 811, oo I $3, 874, G0 I 43, 51, 500 1, 870, 300 ;
1 1 H

Waoobs HoLL StPaTioN, Massacnuserrs (JouN MAXWELL, SUPERINTENDENT).

1889-90,

The fish-enltural work of this station covers a period of eight months,
and was conducted chiefly by the resident employés of the station.  In
the propagation-ofscod the foree was increased by the assignment of
Mr. Richard Dana, who was placed in charge, the period of active work
being from Qetober 14, 1889, to April 4, 1890,

Ood.—As a source ol egg supply, 3,403 adult eodfish were obfained
from fishermen October 22 to November 19, 1839, and placed in live-
cars and in one of the tidal basins,  1Iere, under as natural conditions
as praeticable, the brood fish were held to await maturity, when they
were stripped of their eggs every two or three days until the sapply
was exhausted. Many of the adult fish died immediately after being
placed in the inclosures, the temperature being then 55° 19, and some
died each day until the water temperature fell to 46°. A great many
became blind, and it was supposed to be caused by the glare of the
sunlight, the water heing shallow., -

In the two months following 91 fish yielded 8,545,700 eggs, and from
these there were hatcbed and liberated inlocal waters, when from three
to six days old, 5,861,100 fry. At the termination of the spawning
season there were remaining on hand 1,000 of the brood fish, which were
retained in one of the tidal basing to determine their value as spawn-
producers the succeeding fall. On February 11, 1890, 2,374,200 eggs
received from Gloueester Station were put in process of hatehing, with
the result of 584,700 fiy, and a second consignment, April 14, of 621,500
eggs, from the same source, produced 416,300 fry.



REPORT O COMMISSIONER OF IISIL AND FISHERIES. 25
Haddock.—A consignment of 1,133,200 haddock eggs from Glouces-
ter, Mass., April 14, produced 528,000 fry.
Flatfish.—The eggs of the flatfish were secured after Febrnary 3,
1890, 87 ripe females being taken in fyke nets in the harbor near the
station. The yield of cggs was 5,841,100, and the fry produced and

liberated in local waters, 4,056,700, The adult fish were obtainable in

abundanee, except when driven into deeper watershy cold weather.
Lobsters.—Brood lobsters were collected from the pots of local fisher-
men, November to May, and placed in inclosures to await maturity,
some, however, being marked and released after their eggs had been
stripped, in order to determine, il possible, the frequency of spawning

under natural conditions. The eggs were taken subsequent to April

16 from 723 adults, the yield being 8,317,600 and the production of fry
4,511,105, or 54 per cent.  The fry were released in loeal waters when
2 to 4 days old, except a few which were experimentally held in the jars
six weeks and afterwards transferred to the aquaria. The hatching
was condueted in the Chester tidal jar, the improved MeDonald tidal
box, and in the wniversal hatehing jar. BEggs taken April 22 (water
temperature 45°) hatehed June 4 (water temperature 599), a period of
42 days. A lot of eggs bronght in by alocal fisherman and thought to
be on the eve of hatching, remained in process of development 99 days.
When they were received the embryos were well developed and the
water temperature 362, but no further growth was observed till the
temperature rose to 540, May 18, when the eggs hatehed.

For cousignment to Galveston ITarbor, Texas, 745 healthy lobsters,
7 to 10 inches long, were collected and packed in seamoss in 105 wooden
crates, prepared at the station. Awmong them were 335 females, of
which 37 boreimpregnated eggs, estimated at 250,000 in pumber.  The
adult lobsters all died before reaching their destination, but the eggs
were planted on the Gull side of Galveston Harbor breakwater, about
4 miles from the shore. .

Other fish.—After May 23, sea bass, mackerel, squeteague, tantog, and
seap eges were suceessfully handled to the extent of’ several millions,

all of them being of the floating character and collected {from the pound
nets of local fishermen.

The following table exhibits the fish-cultural work of the station
during the year:

* I'rom Gloucestor Station.

Kind. Spawning No.of eggs| No. of fry ‘{I\O‘L‘:““ﬁ"“; Fempora-
. period. takon. produced. hutehing. tare.
Cod oo Nov.18-Jan.18..| 8,515,700 | 5,861, 100 270 to 359
Do 621, 688 416, 1100 .
Do oo Teb.2-11........ *3, 201, 400 58,700 |, ...
Haddock ..o o b | “1.38, 200 528,100 |.0..
Platfish ..o .. Trab. 3—Apr.24 .0 5,848,100 | 4,086,700 [.......... & 400
Lobster | Apr.16-June l:l.l 8,317, GO0 L o011, 100 673 | oo (1:3 g
Sewp ...l Jume 1420 | Tadmove | ue, 00 83 | 610 62
Sea bass......L L May 2i-dumo 20, 40271000 | 3,898,700 104 | 660 63
Mackerel......... Jdme g 2,915, 000 08K, 700 b | bge 619
Squeteaguo. .. JJune6......o... | 237, 600 227, 600 65 0"0
Tautog ..o May 21-Juno 24.| 807,000 | 782,200 87 | hoo G4
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Experiments were made by Mr. Vinal N. Edwards for the purposo
of determining the times of spawning of different fishes, and the period
of incubation and character of their eggs, ete., the results of which are
shown in the following table:

Date. Bggs. Tempeor-, 'l‘(smpcr-'I
———— Y N B o e — S nt]uru i uLluru
. When | No.of | . when | when
Kind of fish. ogus days | Number Character. | }“"1'."1’?" eges ogus
wore | hatch- | handled, j Charaeter. . to '_'l“’ur wers were
hatched, I ing. | el taken. (hatched.
[ ! [ R im e T ——
i ‘ | : ) o °
Flatfish............. Apr. 12| Apr. 260 17 ¢ 192,000 | Adhesive, R2] 38 48
i i sinkiug,
4-spotted flonnder. .. May 12 | May 20 | 8 50,000 | Floating..; 20 ' 51 56
Sand dab ....o... .. RSP TTIPN PR 1) R 8 100,000 |....4lo ... .. 24 ¢ 51 56
Tautog ... . May 21| May 26, 5 221,000 |....do ..... 20 56 56
Sea bass . ... . | Juno 4 | June 0] 5 412,000 |....do..... 20 59 G0
Squeteaguo. .qgdune 6| June 8 2 207,000 |....do ..... 28 [¢1] , 60
Muckerel..... eelee.do ... June 9 3 158,000 |....do ..... 24 Gu G
Squid..... : .. May 13 | Juno 10 26 3,000 | Sinking...l.......... 51 ) Gl
Cunner -.| May 22 | May 27 | 5 100, 000 | Iloating..: 26 I 56 56
Toadfish ) May 28 | June 24 31 200 § Sinking...' 5 56 6
Scup.... JJune 14 | June 18 4 158,000 [ Floating..| 26 | 61 - 63
Lamprey ecl Juno 2| June 17 15 800 | Sinking.. ... I %70 - 70
Skate .. ..} June 23 | Sept. 27 o6 | ) T Y i 64 | GG
Codfish ...........o ool : Floating.. 18 il e
Bopito........... L 1R P PO P o...lo k1] [
Lobster............. | Sinkin 15

" *Tatched in fresh water.

The mean of the salt-water temperatures and densities during the
period of egg devolopment is given by months below:

l Month. ’ J;)tl::y‘(’r Density.
| 48.1 1 1.0255
30.8 ! 10256
X 36.4 0 1.0255
h s 30,1 ) 1.0255
i 43.3 1. 0255
May 63.4 | 1.0255
l- G2 . 1.0255

Collections of specimens of marine plants and animals were made
througlout the cooler months and forwarded by express to the aquaria
at Central Station, Washington, D. C., one consigmmnent transferred by
the steamer Fish Hawk comprising 600 fishes, crustaceans, cte., repre-
senting forty species.

1890-91.

Mr. Alexander Jones was in immediate charge of hatching the cod
and flatfish, but being temporarily detached before the lobster secason
opened, the manipulation of that species was directed by the superin-
tendent. ’

Cod.—Through the agency of Mr. I. Spindel, 3,000 selected brood cod
were procured, principally from Nantucket Shoals, and, as in previous
years, held in inclosures till the spawning scason. They sutfered less
mortality than those impounded the preceding season, but on January
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8, 1891, 300 died from the effects of slush ice, which formed inside the
live-cars from snow that fell between the wooden slats. Besides having
their gills choked up, many were found to contain in their stomachs
lumps of ice as large as walnuts. Less blindness occurred, probably
on account of greater care in handling the fish at the time of their cap-
ture, a feature being the avoidance of the usual custom of thrusting a
finger into the eye socket of the fish when removing the hook.

Of the brood fish only 587 yielded eggs, these Leing 67,399,000 in
number and producing 36,266,100 fry. Iggs were stripped about every
other day, from \ovember 17 to February 7.

Oonsignments of eggs, by rail, were received from Gloucester Station
to the number of 43,168,500, from December 16 to January 19, but of
these only 16,332 000 were thought to be good twelve hours %ubsequent
to arrival, and thelr total production was but 150,000 fry.

Obsuvatlons during hatching this year led to the couclusion that
those eggs which sink within five or six days after being taken are
defective in their fertilization. The results of attempts made at im-
pregnation by the dry method, though not conclusive, were unsatis-
factory. The eggs that sunk were transferred from jars to boxes, and
vice versa, and close attention given them. Those placed in jars would
in a short time become milky and glutinous and so foul that cleansing by
washing was impracticable; while those in boxes, without turning milky,
would adhere together and to the hatching vessels, finally perishing,

The profuse abundance of copepods in the hatehing vessels through-
out the season was thought to be injurious to the eggs and fry, since
they were seen densely congregated about dead eggs and the wealker
iry, and were in constant friction with the live eggs and fry in their
crowded condition. Attempts to exclude them by means of cheese-
cloth strainers were ineffectual, owing to their minuteness. Another
unfavorable element was the employment of hatching boxes which had
been used during the summer preceding for the live storage of medus
and other low forms of animal life which exude slime and poisonous
substances. It was found that eggs kept in the boxes which hiad been
used for this purpose were invariably attended with a high death rate,
butif early removed to other vessels they immediately recovered. Vig-
orous efforts to cleanse the infected boxes failed.

Hatching was one to three days earlier in the tidal boxes than in the
inverted tidal jars, owing, presumably, to the greater circulation and
light afforded the eggs. The fry produced were liberated in neighbor-
ing waters when they were 12 to 48 hours old.

Flatfish—Adult flatfish to the number of 71 were taken with a fyke
net in Woods Holl Harbor and yielded 4,689,700 eggs, which produced

3,350,800 fry. The spawning period of the ﬂatﬁ%h was between Feb-
ruary 3 and Madreh 7.
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Lobster—In the hatehing of the lobster greater success than formerly
was met, by the snbstitution of the universal hatching jar for the tidal .
Jar, whereby the clotting of the eggs was greatly diminished. The pro-
ductive period was from April 28 to June 30, during which time from
482 lobsters were taken 4,353,800 eggs, yielding 3,533,900 fry, or 81 per
cent. The eggs were obtained from lobsters captured in pots operated
by the employés of the station and from local fishermen, who coGperated
in the work, saving all the ripe eggs from among the lobsters handled
by them.

The mouthly mean temperatures and densities of the salt water used:
in hatehing operations of the station were as follows:

Month. 1 (l'::}_:‘“"l' Density.
Decomber .4 1.02562
Jannary .. 3.1 1. 0274
Febraary . .1 1. 0308
March ... .7 1.0274
April ... .3 1. 0256
May .. 2.1 1. 0271
June.. .2 10259

Corp SPRING HarBoR STATION, NEW York (Frun. MaThEeR, SUPERINTENDENT).

This station has continued in operation as in previous years. Most
of the eggs received and consigned as foreign exchanges passed through
it, where they were examined and, if necessary, were repacked before
they were forwarded to their destination. A eonsiderable number of
Atlantic salmon eggs were hatehed here for the Hudson River, the pro-
duction of that and other species for the two years being as follows:

Faps | Try

Taketrout. ..o | L. [ I 500, 000 | 4K2, 600

Kind. Source. received, -produced,
J— e e — - . . [ — .I_ [
|
18849-90,
Atlantic salinon ... .. l Uraig Brook Station............. ... 600, 060 | 506, 400
Liandlocked nalmon. . + Sehoodie Station ... . 85,000 RO, O
Laketrout.......... .. Novthville Statjon ... ... 500. 000 ’ 470, 000
1890-01.
Loelh Leven trout.. .. | Northville Station . 20, 000 1, 000 ’

GrovcestiEr C1Ty STarioN, Now Jersey (Joun GAY, IN CHARGE).

1889-90,

~ .

The propagation of shad by the Commission has been confined mainly
to its stations on the Susquehanna and Potomac rivers, though some
attention has been given to work on the Delaware River through the
use of the steawner Fisk Ilawlk and one of the distributing cars. Inthe
spring of 1890 Mr. W. J. Thompson, of Gloucester City, who is largely
interested in the fisheries of the Delaware River, offered to erect on his
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property o hatchery building for the Commission, free of expense, the
Cowmissioner, however, to furnish the necessary equipment. Mr. John
Gay, inspector of stations, was directed to examine the location, and
on his report and recommendation the offer of Mr. Thompson was ac-
cepted. Immediate steps were taken to equip the station, and active
operatious were inaugurated. On April 22,1890, the stewmer Fish
Hawl: arrived with the necessary materials, and her crew speedily
fitted up the building. By May 12 the establishment was ready for the
receipt of eggs, the water being derived from the sapply of Gloucester
City. .

The first eggs received were those transferred from the Fish Haack.
The spawn-takers commenced taking eggs May 13, visiting the fisheries
daily by the lawnch Petrel. Their collections for the scason closed
May 28, 1890, amounting to 6,396,000 eggs, which were obtained from
seines, as follows: Gloucester Point, 30,0005 Tfaunce's, 1,752,000; Rice’s, .
922,000; and Iowell Cove, 3,792,000. These eggs, together with the
3,654,000 transferred from the Fish Hawk, made a total of 10,150,000,
and produced 6,204,000 fry, which were liberated in Big Timber Creel,
New Jersey, a stream near Gloucester City. The water temperature
in the hatchery was 58° May 12; 60° May 15 to 23; and 63° May 31.

Further details concerning the operations at Gloucester, N. J., will

be found in the account of the operations of the Iish Hawk,

pages 50
and 56, .

1890-91.

In the previous year's work it was found that the water used was of
too low a temperature and also contained injurious ingredients, In
order to obtain supplies of amore suitable character for the work, a
pumping plant was put in with a suction pipe laid to the Delaware
River, connection still being maintained with the city supply for cases
of emergency. The steam launch Petrel was again assigned lere.
The Fish Hawk being needed lor other work, the propagation of shad
on the Delaware River was conducted by this station only. The col-
lection of eggs began April 30, 18391, and was continned till June 2,
resulting in a total of 12,465,000,  Ifry produced from these eggs
amounted 1o 6,155,000, of which 4,930,000 were turned over to messen-
gers for distribution and 1,225,000 deposited locally in Big Timber
Creck. The seines attended for spawn were those at Gloucester Point,
Faunce’s, and Howell Cove. The largest day’s production of eggs,
1,242,000, wus on May 1, the Howell Cove secine turnishing 973,000 of
these. During the season but one ripe shad was obtained at Gloucester
Point, a source of 2,500,000 eggs thoe year preceding.

The weather was abnormal and the river being low from w drought
in the headwaters was made lower by prevailing winds from the north
and northwest. There were snow thurries May 6. The catch of shad
wa8 within 25 per cent of the usual number, but spawning fish were
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very scarce, and ripe bucks of such infrequent occurrence that it was
at all times difficult to secure enough milt for purposes of fertilization.
A great many shad moved upward to headwaters, many being seen
in the vicinity of Egypt Mills, Pike County, P’a., and in New York State,
as much as 300 miles above the ocean, higher than known since the
building of the dam at Lackawaxen in the year 1823. The head-
waters were made accessible to the spawning shad by the construction
in 1889 of a fishway at the dam by the joint action of New York and
Pennsylvania. Fishing operations ceased June 3, and the station was
closed June 6.

BATTERY ISLAND STATION, MARYLAND (W. p C. RAVENEL, SUPERINTENDENT).

1389-90.

As in previous ycars, in addition to the operation of the Commission’s
station on Battery Island, the canuing house of Mr. 8. J. Seueca, at
Havre de Grace, was rented for the season and equipped with 100 hatch-
ing jars of a capacity of 8,000,000 eggs. This auxiliary hatchery being
located in the proximity of the railroad station proved a valuable ad-
junct to the work of distribution. The collection of spawn began April
91 and continued till May 20, 1890, the aggregate number of eggs se-
cured by the two establishments being 32,405,000. Of these, 12,637,000
were transferred to the cars for hatching en route; from the remainder
12,248,000 fry were produced, which were also mainly distributed by
the messenger service. To procure the eggs, 60,600 fathoms of seine
haul and 179,925 fathoms of gill net were attended, the number of seined
shad examined being 22,800 and of those from gill nets, 16,700, a total -
of 39,500, of which 985 were stripped.

Barly in May continued heavy rains cansed muddy water and backed
the run of shad down the bay, so that the seine catch was reduced to
one-third of that of the previous year and the gill-net cateh to one-half.
Of the entire production of eggs, more than three-fourths were obtained
prior to the freshet period, commencing May 7. The eggs, though
scarce, were of unusually good qualityand afforded fry of superior vigor.

1890-91.

Shad hatehing was again conducted both at Battery Island and at
the auxiliary hatchery at Havre de Grace. On April 17, 1891, twenty
spawn-takers began operations, and from that time until ‘June 6 were
interrupted by storms but two nights. By the 1st of May 26,370,000

. eggs had been secured, and by the end of the seasona total of 63,110,000.
Of these, 837,000 were turned over to the Delaware Fish Commission
and 7,413,000 to the Fish Commissiou’s cars for hatching en route to the
places of deposit. From the remainder were produced 37,747,000 fry.
The eggs obtained on each of nine days were over a million, on twelve
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days over two millions, and on three days over three millions. The
water in the vicinity of the station was so extraordinarily clear that
seines could be hauled with any advantage at night only; operations
were therefore suspended the first week in May, one month earlier-than
customary, with one-half the usual catch, the catch by gill fishermen
being about two-thirds. :

The attendance of the spawn-takers was on 49,600 fathoms of seine
and 224,700 fathoms of gill net, which afforded 35,200 adult shad for
examination, about equally divided betwecen the two classes of nets.
The number of fish stripped was 2,013.

The average water temperature during the last fifteen days in April
was 60.8° F., during the month of May 62.1°, and the first nine days
in June 70.8°. .

When fry accummulate in large numbers between deliveries to mes-
sengers they are kept in large storage tanks rather than in the col-
lector aquaria, this method having been found so advantageous that its
application is general in the station. The tanks are 96 inches long by
18 wide and 16 deep, partitioned midway between the ends to form two
separate compartments, which are provided with guard screens at their
outlet ends. The water circulation is derived from two one-fourth-inch
jet cocks, to which gum tubing is attached, under 10 pounds pressure
to a square inch. As many as 300,000 to 400,000 fry are supported
in each subcompartment, the variation in number being regulated in
accordance with temperature. ' -

An experiment was made of holding shad in standing water, 25,000
fry being placed in a 12-gallon can and one-fourth the water changed
‘every four hours. At the end of twelve days the loss was 4,185, and
of these 40 per cent occurred in the first sixty hours. The temperature

of the water at the beginning of the experiment was 562, but gradually
rose till on the twelfth day it was 709;

; on the following five days it
dropped to 52°, when heavy mortality occurred.

The purchase of this station, at the head of Chesapeake Bay, Mary-
land, which had been occupied under lease by the Cominission for a
number of ycars, was provided for in an act approved Mareh 3, 1891,
By direetion of the United States Attorney-Geuneral, an examination of
the title to the property was made by the United States district attor-
ney for Maryland, who, on June 26, 1891, reported the same good in Mr.

T. B. Ferguson, by whom a deed transferring the same to the United
States was duly executed,
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Forr WABRINGTON STATION, MARYLAND (8. G. WonrTH, SUPERINTENDENT).

1889-90.

This station, lying on the Potomac River, about 12 miles below Wash-
ington, was open during April and May, 1890, and produced during the
egg-collecting period of thirty-two days, commencing April 15, 35, 202,000

cggs. The catch of shad in this vicinity was less than one- h Wf that of
tbe four preceding yeavs. Of the eggs obtained (35,202,000) 34,4 46,000,
after being held thirty-six houars, were measured and forwarded on tlie
river steamers to Central Station, and 756,000 of inferior quality were
held and hatehed, producing 356,000 fry, which were liberated in the
Potomac River at the station. The eggs were derived from sources as
follows: Jort Washington seine, 10,224,000; Chapman Point scine,
2,842,000; Tulip 1Ll seine, 3,835,000; Moxley Point scine, 1,078,000;
gxll net fishermen, 17,223,000,

The weather of the preceding winter and of the spring months of 1890
was unusually mild, effecting no advancement in the spawning period
of the shad, but probably accounting for the abnormal presence of large
numbers of young shad, alewives, and sturgeon in the upper waters of
the Potomac. Scveral sclhiools of fingerling shad and alewives were
hauled nearly ashore at different times by the seines at Fort Washing-
ton aud Moxley Point. Many sturgeon, 12 to 18 inches long, were daily
captured by the Fort Washington seine. The water temperature April
15 was 57° 17,3 April 30, 60°; May 15, G8°.

The equipment of this station was improved by the introduction of &
Iarger steamn boiler and pump, which were obtained by transfer from
other stations, and a larger water tank.

1890-91.

The production ol shad egus during the season, April 21 to May 17,
1891, was, by measurement thirty-six hours subsequent to fertilization,
32,544,000, These were forwarded on trays to Central Station, except
183,000 retained for hatching, produeing 170, 000 fry, which were released
in the Potomac River. For two months preceding the commencement
of operations there were continuous freshets in the Potomac, culminat-
ing March 28 in an extreme flood which overflowed the Trort Washing-
ton whart and fresheued the water in the lowerriver to such an extent
as to destroy thousands of acres of oyster beds.  Upon the cessation of
freshets the water became clear, as in the previous year, arrd heing held
at o low temperature by the prevailing cold \\ea.t,hm, the conditions
“favored the spawning of the shad in the wide waters many miles below
the station, In the vicinity of Fort Washington all fishing by daylight
was unremunerative, as on the Susquehanna River, the catch being
but two-fifths to one-half that of ordinary seasons. The eperations of
three of the best egy-yielding seines and many gill nets were suspended
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‘on May 15, thus terminating the collecting season. The eggs collected
amounted to ouly 57 per cent of the average of the four preceding sea-
sons. The water teinperature at the station differed from previous
years, beeoming lower instead of higher as the season advanced. On
April 22 to 26 it was 66.6° F.; May 1 to 3, 66.20; May 9 to 13, 64.80.

The following is o statement of the egyg yield from the operation of
the Fort Washington seine and the shad cateh during the years 1887
to 1891, inclusive:

R S

Catch for 7 dnyu- |
onding— 1887. 1888. |

‘April 13. FO 83 382
April 20 .. 1, 600 485
i .. 77 1,536
2, 898
3196
R4
1,107
o)

Total cateh. . 10,348 {11,212, 6,217 4,606 | 3,138

Seine  production
of opgs for the

............. 20, 056, 000 | 22,657,000 - 17, 738,000 | 10, 262. 000 l 5, 276, 000

For the removal of loose stone which obstructed the hauling of the
TFort Washington scine an 8-foot beamn trawl, in counection with the
seine capstans, was successfully employed. A useful fixture for remov-
ing the fish scales from the eggs was also devised and put into practical
operation. This consisted of two 18-inch flared tin pans with handles,
one nesting within the other, 2 inches of the bottom of the interior
one being evenly cut off aud covered with quarter-inch stretched twine
netting. It was operated by filling the lower pan with water above
the netting, and gently ladling in 2 or 3 gallons of cggs, when they
would drop through the meshes, leaving the scales behind.

An advance was made in transferring the eggs to Washington, by
chauging the time of shipment from evening to early morning, by which
the atternoon heat was avoided.

CENTRAL STATION, WAsHINGTON, D. C. (8. G. WORTH, SUPERINTENDENT).

1889-90.

The scope of work of this station has continued as in previous years.
The operations in hatching were as tollows:

Specics.

i e  Number of | Number of
i Received from— I eony fry hatched.
= | | ..... H >

Brook trout .......... Northville Station : 37, 500 A, 500
Whitetish ............ Sandusky Station .. 5, 000, 000 | 4, 400, 000
Landlocked aalmon...| Schoodic Station ............... 30, 000 18, 200
Shad...... .. Tort Washington Station...... 31, 220, 000 | 23,493, 000
Yellow perch ......... Central Station....ocoeeiseaeee.; 956,000 754, 000
Total eeemeernnneliieninnes eeen reeenerareeenaes ~ ............ ’ 28, 605,700

H. Mis. 113——3
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In addition to the receipt and preparation of fingerling fish for dis-
tribution, there were received and distributed the following eggs: 2,500
of the brook trout, from Northville Station; 80,000 of the rainbow trout
from Wytheville Station, which were repacked and forwarded to France,
Iingland, Germany, and Belgium; 3,226,000 cggsof the shad, which were
partially developed and then transferred to the cars for completion of
hatching en route to the places of planting.

The following table exhibits the distribution of fingerling fish:

Specios. Reeceived from— Number.

(078 o 1 RN Fish ponds, Washington .......ooooiivnean.n. 28, 700
Do.iveeeiiaanaaanns Wytheville Station........... s 1,078
Goldfish . Y¥ish ponds, Washington ..... ...y 15,072
Toench ....cooveeeiaaafeianns u ....................... P 24
Golden ide. ...oocvieu]eeeee O i e it 19
Rainbow trout........ Wy the\ itle Station.........ooaiillL, 1, 582
Rock bAss «.oevvivennnfonenns 4 Y 1,511
Black bnss ............ Quincy smtion .- 1,219
Crappio.......coeoveifenenns do . 1, 000
Ypot,t,ul catfeh ....... .. ... do . 80
llow perch.........j...... do .. 375
0T 51, 560

The hatching of the yellow perch was of an experimental character.
Details will be found in the Bulletin of the U. S. Fish Commission for
1890, pages 331-334. ) '

The following are the mean temperatures of the city hydrant water
used at the station by months:

| 1889. ioram- | 1890, o Fahr. !

; |

| T T T

July ... . 7% January. 45 |
Auguat .. 07 | !cbrlmr) 43
Septembol 70 March.. 45
October .........| 62 (| April...... 55
Noveniber....... 52 i May......... 64
1 Decomber ....... 45 June............ 74

1890-91.

The hatching work proper at this station was as follows:

' Number of

Specics. ‘ Received from— | . Bgas. fry batched.
I : -

TRainbow trout........ + Wytheville Station 25, 000 « 11,080
Brook trout........... | Northville Station . . 25, 000 20, 700
Lake trout............ Jeeeann (1 . 100, 000 : 87, 500
Von Behr trout....... Joaeenn do..ueannn. e 28, 000 | 18, 400
Whitefiah ............ [ do........... . 1, 122, 000 722, 000
Landlocked salmon .. .; Schoodic Station 40, 000 25, 200
Smelt.........ooool.l . Cold S&mng Harbor St.atlou 1, 000, 000 400, 000
133 17: V1 D j Fort Washington Station . 18, 800, 000 14,972, 000
Totalfry hatched..|.cc.ovvaeennn canne tereeensenaloccteneraneane 18, 265, 780
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There were received from Wytheville Station and forwarded to Eng-
land, Germany, and Switzerland, 75,000 cggs of the.rainbow trout;
from the Northville Station, 20,000 Von Behr trout eggs, which were
transterred to the Wytheville Station, and 2,878,000 whitefish eggs,
which were transferred to one of the cavs for hatehing enroute to Sack-
etts Harbor, for stocking Lake Ontario. In addition, 8,140,000 shad
eyggs from Fort Washington Station were turned over to cars Nos, 2 and
3 for hatehing en route to places of deposit.

"The fingerling fish received and forwarded were as follows:

~

Specles. !. Received from. \ Number. \
| —
arp \ ¥ish ponds, Washington, . C 31, 301
Goldfish ... lceeeo-do ... 18,493
Tench ...... |-seee . 6. 156
Rainbow trou Wythev . 12,166
Rock basy -.ooeoiveeionnnen [ S U 1, 560
Black bass . Quiney Station ...ooooiiiiiiiiiiiiiiiiaai 262
Crappio..coeiioenioainvenens d
Suutish ...eee. ..
Rock bags ......
Yellow perch
D L s do
Rainbow trout......... Northvi
Brook trout...... oo ... -- d
| Goddfishcuoeenlaa Neosh ;
\ Total cooeeviianns ': ............... Jerenieetaanaae R R T I

Au account of the operations of the Aquaria at Central Station will
be found ou pages 54 and 55.

Fisu Poxps, WaslINGTOX, D, C, (R, Llessr, SUPERINTENXDENT).
1889-90.

On May 31 and Juune i, 1839, the station was completely submerged
by a disastrous freshet in the Potomac River, and nearly all the fish
in the ponds escaped. ’

In November the ponds were drawn, and the fish of fingerling size
available for distribution were as follows: Leather carp, 29,450; scale
carp, 1,029; blue leather earp, 167; blue scale carp, 705 tench, 25; golden
ide, 20; goldfish, 15,415, .

On April 25 and May 5, 1890, 2,144,000 shad fry were received from
Central Station and placed in the west pond for rearing. :

Much care and- expense was invelved in repairing the damage re-
sulting from the June overflow, and in eliminating the river fish and

objectionable water plants that found unavoidable lodgment in the
pouds on that occasion.
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1890-91.

The ponds were drawn in October and November, 1890. The fish
produced, by actual count, were: Scale carp, H0,000; leather carp,
290,000; blue leather carp, 503; blue mirror carp, 490; blue scale carp,
1,129; tench, 1,678; golden ide, 125 goldfish, 23,100,

In addition to these, a conscervative estimate gave 800,000 young shad,
averaging 3 to 5 inches in length, as the product of the fry placed in
the ponds the previous spring. In view of the success met with, a fur-
ther planting of 2,054,000 fry was made from Central Station in April,
1801,

WYTHEVILLE STATION, VIRGINIA (GEORGE A. SEAGLE, SUPERINTENDENT).

1889-00.

The tenure of the station has continued as in previous years under
lease from the State of Virginia. The work embraced the propagation
of the rainbow, brook, and Vou Behr trouts, the black bass, rock bass,
carp, and goldfish.

Of the rainbow trout there were obtained from brood fish held at the
station 310,000 eggs. Of these, 155,000 were distributed to other hatch-
erics, as noted in the details of distribution, and from the remainder
were produced 61,000 fry, which were held at the station” for rearing,
being reduced by July 1, 1890, to 43,960. The period of egg-taking
was from November 28, 1889, to the end of the following March. The
distribution of rainbows reared from the take of the previous season was
begun on September 18, 1889, continuing till the close of the following
March. Tho output was 38,796 yearlings and 480 adults. There were
also distributed 900 yearling and 245 adult brook trout, and 230 Von
Behr trout. The adult fish of these varicties were from three to four
years old.

Tish of a summer’s growth produced for distribution were: 3,484
rock bass, 2,330 carp, and 1,535 goldfish. Supplies of black bass and
rock bass for brood fish were obtained from Wolf and Reed creeks in
the vicinity of the station. Of the pond fish, the goldfish spawned
early in April and the black bass and rock bass w wonth later. The
tirst goldfish hatched in ten days and the first carp in fogrteen days. .

1890-91.

The spawning of the rainbow trout commenced N ovember, 10, 1890,
and by March 4, 1891, there was a yield of 400,000 cggs. Of these,
195,000 were transferred to other hatcheries, and the remainder retained
at the station for hatching and rearing, the survivors on July 1, 1890,
being 60,000, The distribution of yearlings was commenced in the fall,
and 37,990 were consigned to applicants in Virginia and adjoining
States.
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The fingerling fish derived from the ponds comprised 810 black bass,
4,427 rock bass, 6,931 carp, and 1,911 goldfish. A consignment of 75
'ulult black- &po,tt,cd trout was received June 9, 1890, from the Leadyville
Station, Owing to injuries received in tmnsit, only twenty of them
survived the heat of the first summer, but these were in good condition
July 1, 1891, A ghipment of 5,000 cg gs of this species arriving July
29, 1890, from the same station, lnt',chul immediately, about one-half of
the fry dying during the first week. The remainder were further re-
duced in numbers by the escape of some from the pmldq, but several
hundred were preserved in good condition.

There was the usual lack of success with brook trout. Twenty thou-

sand eggs darriving from the Northville Station January 18, 1891, imme-
diately hatched; 7,600 fry died in the troughs by Mareh 1, and the
remainder soon after perished in the ponds.

Unfavorable results also attended the handling of Von Behr trout
eggs and fry, Of o consignment of 20,000 eggs from the Northville
Station, received February'2, 1891, many were tound cither hatehed or
dead ou arrival. A second consignment of 20,000 arrived in good con-
dition Febrnary 20,1891, but they anderwent 20 per cent loss in hateh-
ing, and the fry perished, though apparently healthy—a portion in the
troughs and the remainder in the ponds subsequent to transfer, April 9.
Muddy water during the hatching season and the presence of lime in
the station water supply are supposed to have been the obstacles to
successful operations with this species and the brook trout.

SANDUSKY STATION, Ouro (I-Ilcmw DOUGLAS, SUPERINTENDENT).

1880-90.

The agreement with the Ohio State Fish Commission, under which
the operation of its hatchery at Sandusky was conducted by this Com-
mission, was renewed. '

Lggsof the whitefish and pike perch were obtained from islands in the
western part of Lake Erie, auud from Port Clinton and Toledo. Those
of the whitefish were collegted during the month of November, 1889, to
the nuwmber of 62,100,000. Of these, 10,000,000 were shipped to the
Pennsylvania hatchery at Livie; 6,000,000 to the Wisconsin State fish
commissioners; and 6,000,000 to betltl al Station, Washington, 1). C.
The 1ennmder were ]ntchul at the station, prodncing 30,628,000, all of
which were liberated in- Lake Brie except 100,000, sent; to Warren,
Ind., at the request of the Indiana State Ifish Commission.

Pike-porch operations covered the period between April 12 'md 26,
1890, during which 81 900,000 eggs were obtained. Of these the Ponn-
hylv'mn hatchery at Eric was given a consignment of 18,000,000 and the
New York Fish Commission 1 ,000,000. TFrom the lem'undm, 36,200,000
fry were produced and liber atul the first weck in May.
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PUT-IN Bay StarioN, Ouio (J. J. STRANAHAN, SUPERINTENDENT).

The sundry civil bill approved March 2, 1889, provided $20,000 ¢ for
the purpose of establishing and equipping a station atsome convenient
point on Lake Erie, to be designated by the Commissioner of Fish and
Fisheries, for taking spawn and the propagation of whitefish.” Anex-
amination and consideration of the facilities offered by the different
places contiguous to the spawning-grounds of the whitefish demon-
strated the advisability of establishing the station at Put-in Bay, Ohio.
Through the efforts of Mr. Vadentine Doller, of Put-in Bay, the citizens
of that place donatedl to the United States a site on the sonth shore of
Peach Point, and containing about three-fourths of an acre. On Au-
gust 31, 1889, the Attorney-General certified to the sufficiency of the
deeds given to vest a valid title to the property in the United States.
Cession of jurisdiction over the property having been given by an act

“of the legislature of Ohio, passed April 10, 1889, and the plans and
specifications for the required hatchery having been prepared pending
the examination of the title, advertisement calling for proposals to con-
struct the same was made September 6. The lowest bid received in
response thereto was that of Mr. George . Gascoyne, of Put-in Bay,
with whom a contract was entered into on October 12. For the erec-
tion of the necessary steam and water plant, a contract was made with
Messrs. Shaw, Kendall & Co., of Toledo, Ohio, on March 11,1890, The
erection of the hatchery was completed on Angust 11, 1880, and on
September 16 the machinery was ready for use.,

The act approved September 30, 1890, provided an appropriation of
$10,000 for the completion of the equipment of the station, including
the purchase of a’'steam launch for use inthe collection of the eggs of
the whitefish. Plans and specifieations for this vessel were prepared
by the chief engineer of the Commission, Mr. W. B. Bayley, U.S. N, and
after due advertisement for proposals for her construction, a contract
was made with the Craig Ship Building Company, of Toledo, Ohio.’

1890-91.

On July 1, 1890, Mr. J. J. Stranahan was appointed superintendent
of the station. On November 5 active measures in the propagation of
whitefish were begun; 157,500,000 eggs were obtained from local fish-
ermen; 200,000 were received from the Commission’s station at Alpena.
Of the eggs collected, 47,500,000 were transferred to tho Ohio State
hatehery, Sandusky, Ohio; 10,000,000 to the Wisconsin commissioners;

" 14,000,000 to the Eric station of the Pennsylvania Fish Commission;
and 125,000 to Mr. Carl G. Thompson, at Warren, Ind. TFrom the eggs
retained, 10,000,000 {ry were produced and placed in Lake Erie. The
hatching occurred in March, 1891, and the fry were iiberated toward
the end of that month. _

About 150,000 whitefish eggs wero fertilized with the product of male
lake herring, the result being a fair percentage of hybrids,  Late in the
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season a small number of herring eggs were secured and impregnated,
these producing a small percentage of fry.

Ou February 11, 1891, 200,000 lake trout eggs were received from the
Northville Station, and produced 192,000 {ry, which were liberated about
the end of March, at points in the lake in the vicinity of the station.

The collection of pike perch eggs was begun April 14, 1891, they too
being taken by the fishermen; 149,000,000 eggs were obtained, of which
58,000,000 were sent to the Erie hatchery of the Pennsylvania Fish Com-
mission. In the collection of these Mr. William Buller, superintendent
of the Erie hatchery, rendered active assistance. The eggs held at the
station produced 60,000,000 fry, which were liberated in the lake prior
to May 20,1891, the season’s operations in fish-culture terminating with
their release. Experiments were inade with the pike perch eggs looking
to the separation of those that massin lumps.  The method pursued con-
sisted in detaching the lumps from the eggs already free, by means of
a screen. The lumps were then rubbed between the pals of the hands,
separating the eggs. It was found that eggs so treated hatched with
no greater loss than those naturally free