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INTRODUCTION.

In considering the value of any branch of governmental work it is
clearly just to take cognizance of the progress made, as evidenced
by an increased volume of work, but improved methods and lower
costs of producing and distributing the output are, in the case of
fish culture, of more importance, as indicating efficiency and sus-
tained interest in the work.

For a number of years there has been no increase in the funds pro-
vided for the propagation and distribution of food fishes, and only
the very inadequate increase in compensation of faithful employees
as provided by the so-called bonus of $240 per annum. In the face
of this condition and the fact that the cost of all commodities, labor,
and railroad rates increased many fold during the period of the
World War, it is particularly gratifying to note that the bureau
maintained its fish-cultural establishment, if not intact, still at a
point of efficiency where it handled an increased volume of work
without material increase in the cost of production or distribution.

The value of modern fish culture is so generally accepted by those
having knowledge of the facts as to neeg no defense and is shown
by the action of many States in providing funds for such work, by
the numbers of fish-cultural plants financed by commercial interests,
and by individuals who are interested only in maintaining the fish
supply in a given locality.

e bureau’s fish-cultural division is probably more completely
organized and equipped than any similar institution in the world.
It has been built up through a long period of years and represents
the thoughtful ang painstaking effort of many persons. It has
reached a point in its history where its movement must either ad-
vance or retrograde. To longer maintain the 1present magnitude of
the work with the funds provided is manifestly impracticable. On
the other hand, the op(i)ortunities for its continued enlargement and
extension are restricted only by the facilities available.



PROPAGATION AND DISTRIBUTION OF FOOD FISHES, 1021, 8

During the fiscal year ended.June 80, 1921, 62 -per cent of the
appropriation provided by Congress for the propagation and dis-
tribution of food fishes was'expended in the maintenance and develop-
ment of the commercial fisheries.? The remaining portion of the
fund was devoted to the equally important, though less extensive,
work of producing and disseminating in the interior waters of the
country various species of trout and the so-called warm-water fishes,
including the black basses, crappies, and sunfish. The widely ex-
tended and rapidly increasing use of the automobile has opened
to tourists and sportsmen numerous trout and bass waters which
were formerly inaccessible, with the result that interior streams and
lakes in all parts of the country have been heavily overfished. Of
all fishermen concerned automobilists as a clags are perhaps the
most law-abiding, but their rapidly increasing numbers and their
habit of camping near & promising' body of water and fishing it for
an extended period—sometimesnfor several days—has constituted
a drain which 1t will not be easy to make good. A most serious aspect
of the situation is that it threatens the resources of waters which
have never heretofore required any appreciable effort on the part
of either Federal or State agencies to maintain. The greatest danger
in this respect lies in the Western mountain States, in New England,
gnd in other parts of the country which abound in natural scenic

eauty. .

The situation is a grave one, and if not given proper and imme-
diate attention by the States concerned and by the Federal Govern-
ment there is imminent danger of the total depletion of fish life in
many valuable waters which have heretofore yielded an abundant
supply. The advantages of keeping the interior waters of the coun-
try well stocked with the game nmf food fishes adapted to them are
many and obvious. By such means a cheap and very desirable food
supply is afforded to a certain class of people who would otherwise
be unable to enjoy it. Vast numbers. o¥ people are inspired by the
lure of good fishing to seek the great out-of-doors, with very bene-
ficial results to their-health, aside from the recreation afforded.
Certain of the State authorities who are not able to cope with the
difficulty have applied to the Bureau of Fisheries for aid, but in most
instances it could not be given, the bureau’s resources having been
already greatly overtaxed in the effort to maintain the scope of its
work along previously established lines. .

The bureau’s efforts in fish culture are directed chiefly toward the
maintenance of the existing fisheries of the country and toward the
development of new and profitable sources of fish supply by extend-
ing its operations over a wider territory in fields contiguous to the
present stations. Five important functions are involved in this work,
namely, the collections of eggs from various species of fish of
economic value, the incubation of the eggs in properly equipped
hatcheries, the rearing and feeding of the young of certain species,
the rescue of stranded fishes from overflow waters in the Mississippi
Valley, and the distribution of fish and fish eggs in suitable waters.

2The expenditures involved in diatributing the output of the hatcheries represents
approximately 17 per cent of the total appropriation, and 30 per cent of this amount
represents the expenditures in connection with the commercial species.
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:Part: z.-—-FISH PROPAGATTON AND RESCUE

Summqtry of Operatxons.
SPECIES' OF FISHES HANDLED.

- 'During the fiscal year ended J une 30, 1921 the bureau propagated
and. distributed some .48 species of ﬁshes, as shown in the following
list. - Fishes rescued from overflowed lands in the Mississippi Basin
and restored to original waters or distributed in other. sectlons of the
United States are included.:

IIST OF SPFCIFS HANDLED,

THE cux-mm:s (SxLumn&:) .

Horned pout, bullhead (Ameinrus nebulosus). .

“Marbled catfish (Ameiurus nebulosus marmmatue)

Misdsissippl catfish' (Anieturus lacustris). .

Spotted catfish, channel catflsh- (Ietalurus punoctatus).
. Yellow catfish. (Leptops oldvaris).

THE §UCKERS, (CATOSTOMIDE) :

" Mongrel buffalofish’ (Ictiobus urus).

" Common buffalofish (Ictiobus cyprinella).
:‘Smallmouth buffuloﬁsh (Iotiobue bubalus).
THE carrs (CYPRINIDE):;
Asiatic carp (prrin/ua ca/rpw)
THE §HADS AND HERRINGS (CLUPEIDA, .
Shad (Alosa sapidissima).
Glut herring (Pomolobus aestivalis).
Skipjack (Pomolubus chrysochloris). .

THE SALMONS, TRQUTS, : WHITEFISHES, ETC. (SALMONIM:)
‘Common whitefishes ( Ooregonus aldug and C. clupeaformis).
-iOigeo (chiefly’ Leucichthys artedi).

+.Chinook ‘salmon, king salmon, quinpat salmon (Oncorhynchus tscha-
wytscha),
Chum salmon, dog salmon (Oncorhynchus keta).
Humpback salmon, pink salmon (Oncorhynchus gorbuscha).
‘Silver salmon, coho salmon (Oncorhynchus kisutch).
" Sockeye salmon, blueback salmon, redfish (Oncorhynchus nerka).
Steelhead salmon (Salmo gairdnert).
- Atlantic salmon (Salmo salar).
Landlocked salmon (Salmo sebago).
Rainbow trout (8almo shasta).
Blackspotted trout, redthroat trout (Salmo lewtsz)
Loch Leven trout .(Salmo levenensis).
Take trout, Mackinaw trout (Cristivomer namaycush),
Brook trout (Salvelinus fontinalig).
THE GRAYLINGS (THYMALLIDX) :
Montana grayling. (Thymallus montanus).
THE SMELTS. (OSMERIDAE) :
Smelt (Osmerus mm-dam)
THE PIKES- (Lucrpz) :
- Little pickerel (Luctis vermiculatus).
Common pickerel (Lucius luciug)..

THY BUNYISHES, BLACK BASSES, AND CBAPPIES (CENTRARCHIDAE) !
Crappies (Pomozis annularig and -P. sparoides).
Targemouth black bass (Micropterus salmotdes).
Smallmouth 'black bass (Micropterus dolomieu).

: Rock bass_ (Ambloplites - rupestris).
. Warmouth bass, goggle-eye ( Chamobmttus gulosus),
_Bluegill sunfish (Lepomis pallidus).
Common sunfish (Fupomotis gibbosus).
THE. PERCHES (PERCIDE) :
Pike perch ( Stizostedion vitreum).
Yellow perch (Perca flavescens),
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[ THE BASSES (SERBANIDE): . | o
" Striped bass, rockfish (Rocous lineatus).
White bass ( Roccus chrysops), =~ = |
White.perch (Morone americana);
THE DPRUMS. (SCIAENID&E)': - . e o
., Fresh-water drum, lake sheepshead. (Aplodinotus grunniens).
THE cops (GADIDE) : .
- Cod (Gadus callarias). )
.Haddock (Melanogrammus eglefinus).
. Pollock (Pollachius vireng). - .
THE FLOUNDERS (PLEUrONECTIDE): = .. . :
Winter ﬂound‘er; American flatfish (Pseudopleuroncctes americanus).
© Pole flounder (Glyptocepl;aluq 'cynoglosaus).
_ ' SUMMARY OF OUTPUT.

During the fiscal year 1921 the bureau’s efforts in fish propagation
.and rescue of stranded fishes resulted in a gross output of 4,962,
583,555 fish and fish eggs for distribution, 93 per cent of which was
.made up of the im ortant commercial species and 7 per cent of the
species used in stocking interior waters. -Losses due to transporta-
tion amounted to 94,150, making a net, product of fish and fish eggs
actually distributed of 4,962,489,405,. A summary of this net output,
shown by species, is given in the following table:. .
SUMMARY, BY SPECIES, 'oF NET OvuTrrur oF FisH anp FisE Edas, Fisca

YEAr 1921, :
Species. . Eggs. Fry.. * Fingerlings. * Total.
CBUBSM. . ivvrninenereanneneaeensenneaalinennsernsennace]rerneeannsannaan 35, 257, 070 35,257,070
Buffalofish 109, 952, 835
Carp... 109, 961, 580
ghad......... .. 82,792,275
Glotherrng.....coooaniiiiiiiiiiiiiiiorenereaennnns | 43,815,
Whitefish.... «..{ 181,650,000 420, 450,
Cisco........ ceees . 188, 510, 000 276,310, 000
Chinook salmon. . 8, 780, 000 32, 70, 765 39, 560, 765
hum salmon ceen 19, 438, 400 20, 436, 400
Sitver salmon 6, 488, 150 7,088, 150
8ockeye salmon , 500 69, 583, 000
8teclhead salmon. ) 2,928,915 3, 460, 725
Atlanticsalmon......... . 1,387, 000 280 1,387,280
. - 124,250 907, 365
bow trout........ 3,872,225 | 6,839, 565
Blackspotted trout.. 1, 000, 300 5,719, 400
, 000 64, 000
Lake trout. 208, 500 19, 505, 800
Brook trout 7,559,625 12,058, 845
ra& € enerecasaacscanararancanioceriifoneasaanasaaenee] 1,400,000 (oL il 1,400, 000
SOl ... . nnonereeneensasnrneoncaaaaa] 800,000 [ 7,000,000 [vreoeensiiiiios 7,600, 000
Pikeand pickerel... 540, 510 540, 510
Crapple....o...ooeionenn ) 37,303, 900 37,303, 900
Largemouth black bass. . AR RE 1,221,905 1,508, 955
8 tilmou'.h black bass 64 358,200
Rock bass........... 305
Warmouth bass 100
Sunfish........
Pike perch...
Yellow perch............
Btriped bass..............
Total.......... tecrescosanssacnans 1,109,637,130 | 3,626, 262,730

SUMMARY OF EGG COLLECTIONS.

Eggs are obtained by several methods, but the principal source of
supply is the commerecial fisheries, where, were it not for the bureau’s
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activities, vast numbers of eggs would be sent to market in the fish
and become a total loss. In 519; case of certain species, notably but
not cxclusively the salmons of the Pacific coast, where commercial
fishing does not extend to or is not permitted on the spawning
areas, employees of the bureau capture the spawning fish either in
seines or 1n traps and artificially incubate in its hatcheries the eggs
thus obtained. The object of this work is to bring about a higher
percentage of fertility in the eggs than is possible in natural repro-
duction and to afford the eggs and the resulting young fish protection
from their natural enemies. Eggs in apprecmgle numbers are also
‘obtained from domesticated fish, which are maintained in ponds at
fish-cultural stations from year to year under more or less artificial
conditions. _

A decrease of apEroxima‘tely_"121,000,000 in the aggrepgate egg
collections occurred this season as compared with last year, as is indi-
cated by the accompanying table, and the same causes that were
operative to the detrithent of the work then were again in evidence.

owever, in any line of enterprise where results are dependent to a
large extent upon weather conditions, as is'the case in all of our égg-
collecting fields, a comparison of one season’s work with that of
another will indicate a considerable fluctuation in total results, and
it is only by comparing the results over a period of years that the
actual trend of the work may be traced with any degree of accuracy.

The most noticeable variations in the egg collections of 1921 as
compared with 1920 are increased collections of eggs of chum salmon,
cisco, rainbow trout, blackspotted trout, whitefish, pike perch, yellow
perch, striped bass, carp, haddock, and glut herring, and decreased
collections of eggs of the chinook, silver, sockeye, humpback, and
steclhead salmén, landlocked salmon, lake and brook trout, shad,
buffalofish, cod, pollock, and other species of less importance. It is
to be noted that while a decrease occurred in the number of eggs
collected during 1921, as compared with the previous year, there was
an increase of approximately 179,000,000 in the aggregate output of
the stations in eggs, fry, and ﬁngerlinﬁs. This apparent dis-
crepancy in figures 1s accounted for by the better quality of the eggs
handled during the year and the higher percentage of fry produced;
also to an increase in the numbers of eggs fertilized and planted on
the spawning grounds.

CoMrarisoN oF Ege CoLLECTIONS, 1920 AND 1921,

Fiscal year Fiscal year Tiscal year | Fiscal
Specles. 1620 1921. Specles. 1029 1021,

Buffalo fish.........| 238,400,000 163,267,000 || Blackspotted trout.. 2,617,600 5,993, 600

e eeeiesenaaccesns 250, 000 117,218,000 || Loch Leven trout.... 85, 000 04,
........ 000 Laketrout........... 83, 753, 000 44, 247, 500
. 19,047,900 16, 110, 810
, 700,000 |..............
, 768, 000 , 7786, Smelt.....cooiiiieii]oeiaiiii.. 8,000, 000
............... 181,150,000 | 317,200,000 || Pike perch..... 416,100,000 { 508,842, 000
Chinook salmon 51,793, 000 43,820,820 || Yellow perch 175,398,000 | 218,833,750
Chum salmon. 15,417,000 28,182,000 || Striped bass 19,358, 000 24,600, 000
Humpback salmon. . 579,300 [ evvavenaannns Cod......... 912,417,000 482,012, 000
Bilver salmon........ 10,079 000 8,273,000 || Haddock 408,235,000 | 635,950,000
Sockeye salmon...... 108, 115, 000 76,012, 500 || Pollock........ 54, 800, 650, 850, 000
8teelhead salmon.... 4,008, 609 1,603, 000 || Winter flounder. 1, 805,167,000 | 1,980,291, 000
Atlantic salmon..... 797,000 911,720 {| Poleflounder.......ofceeeveiuienne. 19,410, 000

Landlocked salmon.. 2,028, 800 1,063, 200

Rafnbow trout...... 9,831,200 10,994, 750 Total.......... 6, 121,390,000 | 5,000, 844,870
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SUMMARY OF FISH-RESCUE WORK.

That part of the net output for the fiscal year 1921 derived from
the rescue of stranded fishes is shown in the following table, which
gives for each point from which the rescue work was conducted the
total number of each species salvaged, the portion of that total
restored to the original waters and the portion deliverd to appli-
cants; and for each species the total number rescued, the portion of
that total restored to the original waters, and the portion delivered
to applicants.

For a discussion of the rescue operations and suggestions for the
enlargement of their scope, see page 78.

NUMBER AND DisprosiTION oF FIsit Rrscukp FroOM OVERFLOWED LaNDs, FiscaLn
YEAR 1921,

o Restored to
. Deliyered to
Statlfm. Specles. applicants. 25{;?;;:.1 Total.
Bellevue, JIowa 150 313, 885 314,015
. 434 138, 326 138, 759
84, 300 2,147, 350 2,211,740
7,585 4,730, 935 4, 784, 600
Drum.....cccveecneimieeiiiidieeiiiniane... 2,285 , 205
Largemouth 30, 510 27, 400 57,910
Pikeand ]pickerul .. 410 19,155 19, 595
Pikoperch....cooviieniiiiifveriinncieneas 5 250
Sunflish. ooviiiiniiiiiiiiiiny 35,120 3, 595,030 3,030,750
White bass...........oooil, 175 9,410 9, 5%
Yellow perchoo.oooiioinnne. 5,900 5, 100 11,000
MiscellaneouS. . oo vuerereeiee i ivencnanonnns 2,608, 600 2,608, 600
Total. . cvvrireanerenenefeiiainaearaii i 13,738, 345 13, 882, 999
Calro, Tll..ooooiriinnniaee. Buffalofish 107, 350 107, 350
BIP....te 44,715 44,715
Catilsh 670, K00 670, 800
Crapp! . 170,800 | - 170, 800
Largemouth black bass. ......[..... . 2,600 2,800
Pike and pickerel 4,900 4,900
Sunilsh. .. 55, 260 55,250
‘Whte bass 800 800
L 0171 P PN 1,057,215 1,057,215
Fairport (lowa) and aux- | Buffalofish 104, 473 104, 473
ﬂ;?rlee. Carp...... , 751 53,757
Catfish 1,013, 828 1,013,828
Crapple , 827 )
LT P 420
Largemouth black bass........ 1,450 4,838 6,288
Piko and pickerel............. 150 321 471
Sunfish. ......... 8,300 7,71 80,011
White bass.. 3,178 3,176
5,872 5,872
V) S, 1,425,221 | - - 1,439,121
Homer, Minn..,coivnnnen.. 30, 165 30,'165
! ' 1, 190, 304 1,190, 300
10,727, 650 10,709, 828 .
15,919, 625 15,959, 460
- 19,408 19,405
{ Largomout: bass 139, 045 169, 815
Pike and plckercl...... - . 175, 040 175,040
Pike per¢, 108, 285 - 108,205 .
Bunflsh 11, 716, 580 11,755,715
1 Whito-bass. .. , 0,000
Ycllow perch - : 4,980, 187 4,902, 822
Miscellaneous................. 527,080 | - 527,080
- Total. . ... ST TP e 184,610 | 45,540,335 45,704,045
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NUMBER AND DISPOSITION oF FI8H RESCUED FROM OVERFLOWED LAnDS, Erc.—Con.

. L ) Restored to !
Station. . Dellvered to | ™ Total.
tatio Species applicants. | Sriginal otal.
'

LaCrosse, Wis............... Buffalofish 800, 630
Carp..... . 2,059,189
Catfish 18, 594, 100
Crappie 14,472,185

rum.. 11,
.| Largemoul b 80 , 165
Pike and pickerel... T P , 130 , 130
Sunfish. ............ 15,050 | 12,678, 660 12,693, 710

White bass...ooeveieeiiiiriiifiiiiiinen... '8, 620 ),
Yellow perch.... . 1,805 1,011, 000 1,012, 805

Mi TIBOUS. - ceverevoncnonnefoseoncansennns 904, 110

T D PN 200, 005 50,913, 479 51,113, 484
I P 243, 000 - 243, 000
. 85 340, 515 340, 600
19,650 1,098, 350 1, 118, 000
5,650 1,620, 250 1,625, 900
PRI ¢ 33,940 5,990 39,930
........ O 18,375 18,375
......... T8 loveeenanennnn 75
......... 11, 800 1,627,100 1,638, 900
Yellow perch.... vee 5,800 211,625 217,425
Miscellaneous. . ....ccoceieeeeefernnnianacenn 788, 500 788, 500
5,933, 705 6, 030, 705
46, 300 46, 300
91, 200 91, 200
785,200 800, 1756
, 900 93, 300
1,800 37,500
139, 560 145, 300
Yellow perch. .. vee 200
Miscellaneous 11,000 11,000
Total. . ...... 1,168, 010 1,225,085
San Marcos, Tex............. Catfish 70, 000 70,000
60, 000 62, 888
70, 000 70,000
Total...coumrennni.ol, 200, 000 202, 880
Total of all stations 1,644, 1,645, 833
3,917, 979 3,918, 580
35,073, 976 35, 248, 469
, 206, 37,280, 952

rum 34, 34,
Largemouth black b 267,626 345,058 613,184
Pike and pickerel.... 539, 951 540, 611
Pikeperch......ccooiiiiiniioaiinnnnnn... 108, 6156 108, 5156
RoCK bASS.cavereiinieneienenes]  T6|eveiiiaiiinann 75
Sunfish. . ... 115,145 | 20,054,491 30, 069, 636
White bass. .. . , 27, 171
Yellow perch. . cenn .. , 6,207, 982 6, 234, 252
MiSCellaNeOoUS. - .. neenennaennnlerennannannnns 4,035, 162 4,035, 162
Grand total.......ooeufernenenenieniieieieinaness 660, 110 ' 119, 996, 310 l 120, 656, 420

STATIONS AND SUBSTATIONS OPERATED AND OUTPUT OF EACH.

- During the fiscal year 1921 fish-cultural work was conducted from
37 main stations, 32 substations, and approximately 60 egg-collect-
ulxl% or auxiliary stations. The following table gives the main fish-
cultural stations, in alphabetical order, and the substations operative
during the year, the period of operation of each, and the number of
fish and eggs, by species, furnished for distribution by each station
through propagation, through collections from auxiliary stations
and through rescue of fish from overflowed lands of the ississippi
Basin. It will be noted that transfers of fish and eggs from station
to station are frequent. (For table of egg trans?ers see p. 15.)
Such transfers are made in the interest of economy and convenience
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where the shipments consist of eggs.and give advantageous distri-
bution centers in the case of young fish,

STATIONS AND SUBSTATIONS ‘OPERATED, AND OQUTPUT oF EAcCH, FiscaL YEAR 1921.
{Asterisk (*) denotes transfer of eggs. See table, p. 15.)

! Fry produced st Meadow Creek auxillary atation.

3 Fingerlings,
Station and period of ?
operation. Species. Egegs. Fry. a};og:léxﬁ ) Total.
A!ogbr‘mk, Alasks: *
Sntire year........... Sockeye salmon....... *) 30,211,000 | 17,597,000 | 47,808, 000
Baird, Calif.:
Entireyear....,...... Chinook salmon.......l........oooo e Ceveenann 1, 465, 000 1, 485, 000
Battle Creck, Calif.*—
Entlire year do. ) eeeeraeesacans 1,781, 000 1,781,000
Mill Creek,
ntireyear...........f..... (1 T, 3,000,000 |....ceeuennnnn 1,347,400 4,847,400
Baker Lake, Wash.: _
Entireyear .......... Sockeye salmon....... 7,050, 000
Birdsview, Wash.*—
Entire year...........| Blackspotted trout.... 28, 700
Chinook salmon. 973, 885
Chum galmon. 1, 536, 000
Silver salmon. 2,776, 000
. Sockeyesalmon...... 9,000
. Steelhead salmon...... 213, 250
Brinnon, Wash.—
November-June......| Chumsalmon......... 2,075,000
Steelhead salmon...... 100,
Duckabush, Wagsh.—
Entireyear........... Chum salmon......... 11, 182,000
Silver salmon..... 50, 000
Steelhead salmon...... 1, 095, 000
Quilcene, Wash,—
Entire year........... Chum salmon......... 6, 575, 500
Silversalmaon.... 470, 800
. Steelheadsalmor...... ,
Quinsult, Wash,—
Entireyear........... Chinook salmon....... 24, 800
Silversalmon...... 1, 398,000
Sockeyesalmon....... 4,398, 000
Sultan, Wash.—
Euntireyear........... Chinooksalmon ...... 303, 300
8ilversalmon.... 1,974,300
Steelheadsalmon...... 16, 800
Berkshire, Mass.:
Entiroyesr........... Brook trout........... 206, 825
Rainbow trout, 41,900
Boothbay Harbor, Me.:
Entire year......... . 841, 236, 000
11,908, 000
Bozeman, Mont.: *
Entire year........... 1,065, 000
546, 950
1,373, 000
Glacier Park, Mont.—
March-June.......... 420, 000
30, 000
1,400, 000
Yellowstone, Wyo.* 185,000
ellowstone, e
July-September. ..... Blackapotted trout. ... 2,832,400
Cape Vincent, N, Y.:*
Eutire yoar..ccee..-. I‘J;ooktrout........... 397,
Ciseo. ... .. 275,910, 000
Laketrout... 480,
Piko perch....... 7,970, 000
Rainbow trout........ 60,
Whitefish............. 129, 950, 000
Yellow perch.......... 11,002, 150
Central Station, Wash-
bt ington, D. C.: Brook trout 36,200 36, 200
Sntirc yesr...........| Brook trout.. LT O PN P ,
b4 Chinook 8almon... ... ..o ieiiiiini]eremneencnnnen 2, 12, 500
400, 000
1,500, 000
20, 400
800, 000 800, 000
. 00, 000 00, 000
Yellow perch.......... 500, 500, 000
Bryans Point, Md.—
February-May.......| Shad......... veesreenans 13,639,176 '............ 13,639, 175
Yellow perch........... 158,819,460 I............| 158,819,450



0 Y. . BUREAU 'or"f*rsnamms.’

'STATIONS AND Smsrnxons OPERATED, AND OU'I‘PUT oF EACH, FISCAL YEAR
1921-—Continued.

[Asterisk (*) denotes transfer of eggs. See table, p. 15.]

Fingerlings
Station and period of ) ?
oporation. Species. Eggs. Fry. n);:e:ra% ugs, Total.
Clackamas, Oreg.:
Entiroyear........... Blackspotted trout....|..c.ooooiiiiifeeiiiiiennnia 95,000 95,000
Brook trout........... . 4,000 4,000
Chinook salmon....... 4,362,000 4,492, 000
%)lefate Oreg.—
ntiroyeat...........|..... do..eeiiiiiinnnnn. 77,400 77,400
Silver salmon. ... 35,150 35,150
i 450,000 450, 000
B\g w“;llutc Salmon,
Exmr&; ........... Chinook salmon.......fcceeveiiiiiieeiiininnn. 4,000, 000 4, 000, 000
thtle iuto Salmon, : - .
Entlm year. ... 950,000 ... 12,100,000 { 13,140,000
R FO O 5,067, 800 5,007, 900
'Rtffu e River, Oreg
ntire year....:......| Blackspotted trout....{.c.cceeriiiifiiiennniiaaa, 47, 500 47, 500
Chinook salmon.......leeeeiveii o ileiiaiinniias 4, 308, 000 4, 308 000
Rainbow trout....... J.ccccoviiiiii i 189, 500 189 500
Silversalmon. .......|oveeiinnaiiiiii i, 381,900 381,900
Bteelhead salmon. . ...[...cceevnriad]viennannnann. 3 866, 000
Salmon Idaho—
July-September, .....| Chinook salmeon....... 2,700,000 [.eomueeeecnana]iaracaancnas 2,700, 000
Upper - Clackamas, :
Oreg.—
Entire year...........{..... S (RN Tevicorananenns 1,935, 500 1,935, 500
Washougal, Wash,—
April-june. . ...... "...| Steelhead salmon. . ... 223,000 16,000 [....covunnen 238, 000
Willamette, Oreg.—
July-June............ 13 4T:V N PSS 2,847,100 |............ 2,347,100
Cold Springs, Ga.:
Enure year..ooaooo... Catfish................
Crappis. . c...ooeuennn ceen
Largemouth black bass |..
Sunfish,.............. .
Warmouth buss. ......
Cmiﬁ Brook, Me.:
ntire year........... Atlantic salmon.......
Brook trout...........|.
Landlocked salmon. ..
. Sockeye solmoun.......
Duluth, Minn.: *
Entire yesr........... Brook trout...........
Laketrout... .
Pike perch
Rainbow trout
Whitefish.............
Edenton, N.C.:
LEntire year........... Glut herring. . ........
Largemouth black
bass.
Shad.....ccovvennnnnn
Sunfish. ... ...l
Weldon, N. C.—
Aprll-May ............ Striped bass. . ........
Erwin, Tenun.:
Intire year........... Brook trout...........
. Crappi@............... .
Largemouth black
bass.
Rainbow trout........
Rock bass.............
Smallmouth black
bass.
Sunfish. ..............
Fairpott, Jowa, and sub-
staticns:
Entire year. o.........
un
White bass.
Miscellaneol
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STATIONS AND SUBSTATIONS OPERATED, AND OUTPUT OF KACH, FIscAL YEAR
1021~-Continued;

[Asterisk (*) denotes transfer of eggs. See table, p. 15.]

Fingerlings,
Station and period of : d
operation. Species, Eggs. Fry. 3)1,1?2:131% Total.
Gloucester, Mass.: *
Entire year........... [0 TR 208,800,000 | 50,900,000 |............ 258,702, 000
Flounder épole) . 19,410,000 {............ Iy P 19, 410,000 -
Flounder (winter).... |.........-.... 132,070,000 |. ... .0L0o 132,070, 000
Haddock........ 188,840,000 { 271,850,000 ;. ........... 460, 820, 000
Pollook. . coevaennnn... *) 443,160,000 |....... co...| 448,160,000
Green Lake, Me.:,
Entire year........... Brooktrout...........|...coee.. viaee 608, 050 608, 050
Landlocked sslmon. 495, 000 144,720 689, 720
Rainbow trout.... , D00 26,000
- 8melt...coeeuaeennnnn. 7, 000, 000 7,600, 000
Grand Lake Stream,
Me.*— .
Entire year...........[| Brook trout...........loeeeeeeenn.... 47,880 {........... . 47, 880
* 80,000 55, 000 79,100 214, 100
Homer, Minn.:
Entire year...........| Buffalofish «eucvvveneileenininannnn.. 30,165 30,165

1,190, 360 , 190,
.| 10,769,828 | 10,769, 828
.} 15,959,460 | 15,959, 460

Drum................. J- 19, 405 ,
Largemouth black bass . 169, 815 169, 815
Pike and pickerel. . ... ' .. . 175, 040 175,040
Pike perch........ . . . 108, 265 108, 265
Rock bass. .. . 3, 300 3, 300
Sunfish. .. CI1, 755,715 | 11,755,715
‘White bass. . i 6, 900 6, 990
Yellow perch. 4,902,822 4,992, 822
MiscellaBeous. . ...ee.deeeeeinenennn. 527,080 527,080

Atchafalaya, La.—
February-April......! Buffalofish............{-ccccooeoai| 40,040,000 ... ... ... 40, 040, 000
Bellovue, lowa—

July-November. . ....| Buffalofigh........v...lveeerenennen. 314,015 | 08,581,015
Car| 138,750 | 42,856,759
Catfish. . .| 2,211,740 2,211,740
Crapple. et 4,788, 5 4,788, 500
Drum .. ! 2, 29 , 205
Largemouth black bass| 57,910 57,910
Pike and pickerel. .. 19,595 19, 505
250 250

3,630, 750 3,630, 750
9, 585 9, 685
11, 000 11,000
2,608, 605 2,698, 605

La Crosse, Wis.—
423,050

Entire year...........

Largemouth black bass|
Pike and pickerol. . ...
Rainbow trout....
Sunfish.........
White bass......

ellow perch.........

Miscollaneous. .....
Marquette, Yowa—July-

Novembor............| Buffalofish............
Carp...... crreneetsnnn
Cathsh......ccc.......
Crapple. ..covovinn.iifen
Largemouth black bassi. .
Pike and pickerel.....

Rock bass............. 76

Sunfish. .............. 1,638, 900

Yellow perch......... .. 217,425

" Miscollaneous. ........ 788, 500 788, 500
Maeredosia, Il.—

Julp-November. .....| Buffalofish............ 46,300

carp..... seseaseen 91, 200

Catlish......... . 800, 175

rappie. ...eiiieal L 93, 300

Lat%om outh black bass 37, 590

Sunfish............... 145, 300

Yellow perch. .. . e 200

Miscellaneous.........'veeeeeaeai il 11,000

3 Ropresents eggs fertilized and planted on spaw ning grounds,
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STATIONS AND SUBSTATIONS OPERATED, AND OUTPUT OF EACH, FIsCAL YEAR
1921—Continued.

[Asterisk (*) denotes transfer of eggs. " See table, p. 15.].

Fingerlings,
8tation and period of 4
operation, Species. Eggs. Fry. a%?n%mé Total.
Leadyville, Colo.:*
Entire Year-.......... Blackspotted trout....l.c.cee........ 950,500 |............ 950, 500
Brook trout........... 3,206,000
Lake trout............ : 24, 000 24,000
Loch Leven trout.... . 34,000
Rainbow trout........ 99, 99, 600
Louisville, Ky.:
Entire yesr........... Lar emouth black bass|. e 32,000 1,100 33,100
Rock bass. 5 500
Smallmout bass 156, 700
Sunfish.. . 76, 150
- Yellow perch . 750,
ro, I
J uly—Octobor ......... Buﬁaloﬂnh ............ . 107, 350
.. 44,716
Cnt sh. . 670, 800
Cra pie 170, 800
Largemout.h black bass 2,600
Pike and pickerel..... 4,900
Sunfish............... 55, 250
White bass............ 800
Mammoth Spring, Ark.:
Eutire yesar........... Lar emouth black bass| i, ;%
Smnllmouv,h black bass 26,200
Manchester, Iowa:*
Entire year...........| Brook trout . 460, 225
Rainbow trou . 450
Rock bass............ X
Smasllmouth black bass 500

Nashua, N. H.:
Entire year........... Brook trout...........
Pikeperch............
Rainbow trout..
Smalimouth black bass
Neogho, Mo.:*
Entire yeor........... Cstﬂsli ................
Largemouth black bass
Rainbow trout........
Smallmouth black bass,
Yellow perch
Northviile, Mich.:
Entire year........... Brook trout..
Rainbow trou
Smallmouth black bass
Bay City, Mich.—
pril-May............ Pike perch............
Chnrlevoix Mich.*—
Entire ym ........... Lake trout............
Steelhead salmon...... .
Whitefish.............
Omzlz‘:geburg, 8.C.:
ntire year........... Crapple...............
Put in Bay, Ohblo:*
Entire year........... [97:1 ¢ +
Pike perch.......
Whitefish........
8t. Johnsbury, Vt.:
Entire year........... Brook trout..
Lake trout...
Landlocked salmo
Steelhead salmon..
Holden, Vt.—
Entire year........... Brook trout...........
Lake trout.......

Rainbow trout...
Steelhead salm

8wanton, Vt. & —
March-May........... Pike perch............
Yellow perch..........
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STATIONS AND SUBSTATIONS OPERATED, AND OUTPUT oF EACH, FISCAL YEAR
1921—Continued.

[Asterisk (*) denotes transier of eggs. See table, p.15.]

d perlod Fingerlings,
Smﬂ":p:?m%;. °.’ Species. Eggs. Fry. g:s;lg:ﬁi,s | Total.
San Marcos, Tex.:
Entire year........... 267,718 257,715
70, 000 70,
5,904 5,
uam| e
Saratoga, Wyo.:* ! ’
Entire year........... 104,000 104,000
00 | 14z
Spearfish, S. Dak.: ) 1442,
Entire year........... Brook trout.. 530,000 530,000
Laketrout............ 29,900 29,000
lli&cxllxbbevgn u;out 34,000 l%’%
rout........
Springville, Utah:* ow 126,045 !
Entire year........... Blpckspotted trout....|.....o...ooifeeiiiieiaill. 91,300 91,300
Brook trout .. ™ , 300
Raimpow troit 52,00
Parls, Idaho— oW Lrout-- g
March-April.......... Whitefish............. 600, 000
Tupelo, Miss.:
Entire year........... CrApDIO. e vereeeee)oeneaeees el 1,280 1,280
L%rgemomh black |c.oeveeaun.... 351,000 54, 500 405, 500
8SS.
Bunfish..coeeemenniee|iiiniiaeiieernninnnnnnns 73,005 73,005
White Sulphur Springs, ! ’
W, Va.* .
Entire year 857,400 857,400
550 550
800 26,400
663,151 913,151
175 176
, 125 100,625
bass,
Woods Hole, Mags.:*
Entire year........... %?d epseesresesases * %, ;g &?8 ............ %, g,&«g
OUDAOr .. ceennnnns]ennnaineaeens| 795,355,000 |occoeiiann
Wytheville, Va.:* P e
Entire year........... Brook trout 40,900
pp! 160
9,423
500, 000
425, 550
14,060
100
10,325
Yes ‘Baz;; Alaska:
Entire year........... Sockeye salmon....... 350, 000 550,000 | 9,380,500 | 10,280, 500
Gross output. ... feeiveeiiiiiiiion.. 1,100,637, 130 (3,626, 284, 230 (226,082,195 |4, 962, 683, 655
LoSS {N tPOSIE. [ o.veaenseieeineeneaneanfennenrararnnan 1,500 92, 64,150
Net output..eeeeen.lernineniirniinnanens 1,109,637, 130 (3,626, 262, 730 (226, 589, 545 4,062, 489, 405

EGG-COLLECTING OR AUXILIARY STATIONS.

The eggs hatched at the main stations and substations listed 'in
the foregoing table are in many cases obtained from auxiliary
sources, usually temporary stations occupied during the season
only or, in some instances, mere camps, which are shifted from year

to year.

In the Great Lakes and off the New England coast col-

lections are made by the bureau’s vessels or boats in favorable lo-
calities.  The following stations and egg-collecting points, operative
for the periods indicated, furnished eggs of the given species for the
main hatcheries during 1921.
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E66-COLLECTING STATIONS AND SpeCIES HANDLED, FIscAL YEAr 1921,

Stations.

Period of operation.

Specics handled.

Bozeman, Mont.:
Meadow Cresk, Mont
Yellowstone }’nrk, Wyo.

Clear Creek.
Columbine Cree
Cub Creek .
’I‘humb Creo

Cape Vincent,
Bygotts I‘oint, N.Y.
Chaumont Bay, N.Y
Deseronte, Canadas. ..
Fair Haven Ba,
Grass Bay,
Pigeon Is and Canad

us Bay, N

South Bay, Canada

Bton Island
Dlﬂ%ﬁ

-1

Manitou Island
na uette mch
sing, Mich
Ontonagon Mich.. .....
Portage, Mich............
Wash ngton Harbor, Mich
QGreen Lake, Me.: Fish River Lake, Me.....
Leadville, Golo.:
Carroll Lake, Colowe.cennunvnaneann....
Crystal Lake, Colo
Engelbrecht Lake, Colo
Evergreen Lake, Colo.... .00
Hen and Ford Lakes,Colo .
ove Lake, Colo.........
Nort field, Colo. e cvnnnn....
ﬂuoise Lake, Colo
Northville, Mich:
Alpenas, Mich......... etveeetrateaaans
an, Mich......... .

Chebo;
Petour, M.{c
Fra rt,

Norz‘.hpon
8t. Ignace, Mich....
8t. James, Mich..........
8t. Joseph, Mich ... ...
Scotts Point Mlch
Putin Bay, O
Cataw Island Ohio
Isle 8t. George, ‘Ohio..
Port Clintoa, Onlo

Toledo, ORIO....ccemveneeaennianen..
8t. Johnsbury, Vt.:
Darli ond Vi,

Tako Mitchell, Vt...’
Mar, aloway f?.lver, Mo

Springville, Utah: ey Le.ke, Uta

Woods Hole, Mass.:
ulssett Ma.sa

1&01 ord, R. 10000

.1 July to Septomber.
do

. Novembor and Docember,

April to June......

do.
do...

November

. Novgmberand "December . ..

Aprilto June.
November and December,
April.

September to Decomber
Scptember to November.

ApriltoJune.....c..........

Oeeenee

“Gétaber " and ~November,
Apriland May.

March..ooioeeieronieiannnn.

Rainbow trout.

.| Blackspotted trout.

Cisco, whitefish,
Do.
Do.

. Do.
.| Yellow perch.

Lake trout.

sc0,
.| Whitefish.
.| Lake trout.

Pike perch.
D

.es 0.
Lake trout.

. . 0.
Lpmdlecked salmon.

.| Brook trout.

-| Brook and Loch Leventrouts.
Lake trout, white fish.

0.
Whitefish,

Do.”

Do.
Whitefish, carp, plke perch.
Whiteflsh, pike, perch,
Brook trout.

Do.

Do.
Rainbow trout.

Do.

Do.
Brot]);c and Loch Leven trouts.

o.

Brook and rainbow trouts.
Winter flounder,

Do.
Do.
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For the convenient reference of persons interested in the results
of the frequent interchange of fish eggs between the various stations
of the bureau this table is prepared, indicating all such transfers of

eggs durin
similar tab

f the fiscal year 1921.

e in all future reports.
TRrANSFERS OF Ecas, F1scAL YEAR 1921,

It is the 1ntention to include a

Number

. Final disposition of fry or finger-
Species. of aggs. From— To— lings.
Blackspotted 60, 000 Birdsview, Wash. . .| Washington waters.
trout.? 25,000 lackamas, Oreg Oregon waters.
1,000,000 {. Leadville, Colo .| Colorado waters.
200, 000 Saratogs, Wyo. .| Wyoming waters.
Brook trout®... 800, 000 ..| Bozeman, Mont..... Two Medlclne Lakeand Grinnel
Croek, Glacier Park, and other
* Montana waters.
350, 000 PR | TN Do.
200, 000 Clackamas, Oreg....| Oregon waters.
452, 800 Saratogs, Wyo ...... ‘Wyoming waters.
200, 000 Spearfish, 8. Dak...[ South Dakota waters.
Chinook salmon| 120,000 Central station, | Pennsylvania waters.
Washington, D. d.
(017107 P 1,000,000 | Cape Vincent, N.Y.l..... do..............| Cayuga Lake, N. Y.
ol D 8,700,000 | Woods Hole, Mass.| Gloucester, Mass. ...| Atlantic Ocean.
Laketrout..... 25,000 | Charlevoix, Mich..| Leadville, Colo...... Twin Lakes, Colo,
25,0004 ...do...oeeaael.. St.Johnsﬁury, Vt...| Averill Lakes and Lowell Lake,
Vt.; Silver Lake, Taylors Pond,
- and Winnesquam Lake, N. H,
25,000 | Duluth, Minn..... Spearfish, 8, Dak. ..} Reclamation Reservoir, 8. Dak.;
Big Wind River, Wyo.
Landlocked 10,000 | Grand Lake | Craig Brook, Me.. ..| Pleasant Lake and Taddy Pond,
salmon.? . Stream, Mo. Me. '
RS | PO do............| St. Johnsbury, Vt... L%ko 8t. gateerlne, Vt.) Lake
( eorge, N. Y,
Pike porch..... 8, 000?000 Swanton, Vi...... Cape Vincent, N. Y.| Lake Ontarlo, N. Y,
2,025,000 {..... do..ciranensnn Central station, | Perkiomen Creek, Lake. Sherl-
. ‘Washington, D.C.| dan, Psupack River, and
other Ponnsylvania waters,
2,000,000 |..... [+ [ P, Nashua, N. H....... M&gdﬁxmk Riverand tributaries,
500,000 |..... do..eeaannnn. Wytheville, Va..... New River, Va.
Pollock. ....... 24,350, 000 | Gloucester, Mass. . 'Bcicinhbay ‘Harbor, | Boothbay Harbor, Mo.
‘Me. - :
Rainbow trout. % 50,000 | Bozeman: Meadow| Dulutb, Minn. . .....| Clearwater River, tributary of,
Creek, Mont. Minn. :
325,000 |..... do.... Manchestor, Jows. ..| Reserved for brood stock. -
150,000 ... do. 1l Spearfish, §. Dak. .. Spearfsh Creek and tributaries,
860,000 | Manchester, lows.| La Crosse, Wis...... 8pring Valley Creek and tribu-
taries, and other Wisconsin
waters.
898,091 | Noosho, Mo.......} Erwin, Tenn........ Pigeon River and-North Indian
reek, Tenn.
2105,000 | Saratogs:  Sage | Leadville, Colo...... Platto hiver, Rifle Croek, and
Creek, Wyo. other Colorado waters,
3100,000 | Springville:’ Fish | Clackamas, Oreg....| Alder Creek and Clacknmas and
Lake, Utah, Molalla Rivors, Oreg.
150,000 |..... [+ [ PO Duluth, Minn....... French and Bucker Rivers, Minn.
225,000 |..... (4 10 PR Leadvﬂie, Colo...... Platte River, Rifle Creo&, and
other Colorado waters.
2100,000 |..... [ 1 T, Spearfish, S. Dak. .. B%ar Buzéo Horse, and Castle
rocks, S. .
350,000 { WhiteSulphur | Berkshire: Harts- Hoqsntox'uc and  Woestfleld
Springs, W. Va. villo, Mass. Rivers, Mass.
325,000 |..... [ (s T, Central station, | Potomacand Beaverdam Rivers,
‘Washington, D. ¢, . .
$57,000 |..... ' [ T Narthville, Mich. ... Ali% ‘Sable sx:g Pero Marquette
. vers, . -
250,000 |..... L T 8t%. Johnsbury, Vt...) Crescent Pond, N. Y,
3150,000 | Wytheville, Va. . .| Cape Vincent, N. Y.| Horseshoo Pond, Salmon Creek,
and Neversink River, N. Y,
820,000 |..... do...ueeinnan. Central station, | Potomacand Beaverdam Rivers,
‘Washington, D.C.} Md.
150,000 |..... d0urnrnnnn.n. Green Lake, M..... Great Brook and Beaver Pond,
e.
150,000 |..... [+ 1 TN Nashua, N, H....... Cold and Nashua Rivers, N. H.
3100,000 |..... do..crannnnn.. Wé\lt?n Sulphur | Cheat and Cranberry Rivers and
prings, a.

100267°—22——2

tributaries " and other West
Virginia waters. .
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TRANSFERS OF Eaas, FiscaL YEAR 1921—Continued.

Number Final disposition of fry or finger-
‘Bpecies. . | “foooe) From— . To-- pOs Jings. Ty or flng
Bockeye salmon| 8,000,000 | Afognak, Alaska. .| Quinault, Wash.....| Quinault Lake, Wash,
5,000,000 |..... do............ cs Bay, Alaska....| McDonald Lake, Alaska.
30,000 | Birdsview, Wash .| Clackamas, Oreg....| Columbia River, Oreg,
420,000 |..... 0 () JN Craig Brook, Me....| Pleasant River, Me.
Steolhet’ad sal- 25,000 |..... d0.....ccce... Charlevoix, Mich.. .| Hortons Creek, Mich.
mon.
10,000 |..... L [+ TN Erwin, Tenn........ Reserved for brood stock.
25,500 1..... do...ceeunc... Manchester, Iowa... Do.
58,000 |..... d0.cevrenn.... 8t. Johnsbury, Vt...| Lake Tarleton, N. H.; Cayuga
ll.amkg, \5‘1‘ Y.; and Peacham
ond, Vt.
Whitefish...... 750, 000 ng? Vincent,{ Central station, { Cayuga Lake, N. Y
LY. Washington, D.C.
750,000 | Put in Bay, Ohio.|..... do.....ovrunnnn. Do.
59,120,000 |..... do...ceennnnn. Charlevoix, Mich....| Lake Michigan.
10,000,000 |..... doe.irenennnn. Duluth, Minn....00 Lake Superior.

1 For exhibjt—fingerlings delivered to Pennsylvania Fish and Game Commission.
1 Eggs {rom wild stock. .

) Eﬁ{: from domesticated stock.

4 This transfer was due to a misunderstanding of orders.

Propagation of Commercial Fishes.

The more important commercial fishes propagated by the bureau
are the salmons of the Pacific coast, the whitefish, cisco (lake her-
ring), lake trout, pike perch, and yellow perch of the Great Lakes,
the yellow perch of the Potomac, the carp in the Portage River sec-
tion of Ohio, the marine species—including the cod, haddock, pol-
lock, winter and pole flounders—the buffalofish in iﬁuisiana, and
the anadromous fishes of the Atlantic coast—the shad, glut herring,
alewife, striped bass, and Atlantic salmon. A discussion of the
propagation of these fishes at the various stations during the fiscal
year 1921 follows. Data concerning the spawning seasons for the
species at the different stations are assembleg in the table on page 72,
and the amount and cost of fish food used at the Pacific salmon sta-
tions are given in the table on page 75.

PACIFIC SALMON CULTURE.

With the recent increase in the cost of all labor and materials
the bureau has found it impossible to maintain the former magni-
tude of its Pacific salmon operations or to keep pace with the work
done along that line by the various State commissions. The Yes
Bay ‘(Alaska,gu station was temporarily closed in order that its
allotment of funds might be used to rebuild the water-supply line
and make repairs to the hatchery and its equipment, such action
being essential to prevent complete deterioration of valuable Govern-
ment property. In the following pages is given a brief review of
the work of the hatcheries on: theQPaci%c coast.

AFOGNAK (ALABKA) STATION.
[EpwiN WENTWORTH, Superintendent.]

There was another excellent run of sockeye salmon in Letnik Lake.
and during the active spawning season, extendinﬁ from July 31 to
September: 24, 62,300,000 eggs were laid down in the hatchery. This
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is the fourth consecutive year that the egg collections have exceeded
50,000,000, and it would seem to indicate the permanency of the
-reestablished run, which was practically destroyed by the volcanic
‘eruption of 1912. In none of these years do the egg collections
afford an'accurate index to the numbers of fish entering the lake, as
it-is the exceptional season when conditions are such as to permit
active fishing throughout the spawning season. Thus, many of the
tish annually escape to perform the spawning function under nat-
ural conditions. During the fiscal year 1920 upward of 79,000,000
eges were taken, after which the racks were removed from the
spawning streams, It was estimated that not more than 50 per cent
of'the spawning salmon entering the lake were used. During the
season of 1921 the egg collections did not fill the hatchery, as floods
during August prevented successful fishing.

- Of the eggs collected 10,000,000 were transferred to other points,
5,000,000 going to the Yes Bay (Alaska) -station, 2,000,000 to
Quinault, Wash., and 3,000,000 to the State fish hatchery at Bonne-
ville, Oreg., in continuance of an effort to restock the Columbia
River with the species. The eggs retained at the station were in-
cubated with & loss of 6} per cent. In view of the excellent run
of sockeye salmon that has entered Letnik River during the past
four years, it may not be amiss to consider the opening of Letnik
Bey to commercial fishing for the species after it has been ascer-
tained that a sufficient number of fish has entered the lake to insure
n satisfactory number of eggs for artificial incubation. This would
involve the installation of a rack, making it possible to count the
salmon passing through. It is believed the same rack would be
useful in excluding Dolly Varden trout and silver salmon from the
lake should this be considered advisable. The water temperature
at the beginning of the spawning period registered 52° F.; at its
close, 40°,

YES BAY (ALASKA) STATION.
[C. H. VAN ATTa, Sup.ert_ntendent.]

Fish-cultural work at this station was confined to the incubation
of the sockeye-salmon eggs transferred from the Afognak station,
4,025,000 fingerlings resu%tmg from the 5,000,000 eggs received. Dur-
ing December 350,000 of the eyed eggs were planted in three local
lakes, which have been designated as Cannery Lake, Round Lake,
and Lake No. 2. These bodies of water do not at present support
a run of salmon, though they appear to be suited to the J)urpose.
A rather casual inspection of the lakes on May 17 disclosed several
schools of sockeye-salmon fingerlings from 1 to 1} inches long..
Each school was estimated to contain from 25 to 75 fish. )

In view of the extensive repair work in hand it was not possible
to take up fish-cultural operations on the usual scale. The repairs
were essential to dprevent complete deterioration of valuable prop-
erty and were made from the funds usuall% allotted for propagation,
the special appropriation requested by Congress for the purpose
having been refused. The main features of the work consisted in
the installation of a new water supply and extensive repairs to the
hatchery building, including new foundation piling, new floors, and
a complete set of 240 hatching troughs. The water supply required
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approximately 4,000 feet of 18-inch and 16-inch wood stave pipe,
which was carried on a trestle from 1 foot to 24 feet high, and 1,250
feet of 6-inch pipe to provide water for domestic use and for fire
protection. The trestle is made to accommodate a tramcar and
makes available for station use an excellent supply of firewood and
lumber, also, after the station has been equipped with a sawmill.
The work also included repairs to other station buildings and the
construction of a new launch. The station is now on an operating
basis again, and fish-cultural work will be resumed during 1922.

During the fiscal year 1920 a system of feeding young salmon
that had been in successful operation in the Washington field for
some time was tried at the Yes Bay station. An arm of McDonald
Lake, locally known as McDonald Slough, was temporarily screened
and a considerable number of young sockeye salmon were placed
therein. The fish were fed regularly on salted salmon and made a
very excellent growth. The results of the experiment were so satis-
factory that piling has been driven to make the feeding inclosure
a permanent feature of the station’s work.

BAKER LAKE (WASIH.) S8TATION AND SUBSTATIONS.

{J. R. RussEeLL, Superintendent.]

Necessity for economy has compelled the suspension of fish-cul-
tural operations at three of the field stations in the Washington

oup in the past two years, and this has tended to reduce the output
1n that region. The combined output of the Washington stations for
the fiscal year 1921, exclusive of Quinault, is 36,878,015, against
83,086,750 for the preceding year, 20,893,315 of the 1921 figures rep-
resenting fingerlings, as opposed to a production of 9,842,350 finger-
lings in 1921.

BAKER LAKE (WABSH.) STATION,

Of particular interest in connection with the fish-cultural work in
this field was the excellent run of sockeye salmon at Baker Lake. The
run began on July 1, when 115 adult fish were taken, and continued
to August 13, the peak of the run occurring between July 20 and 24.
A total of 7,850 spawning fish were taken. The spawning period ex-
tended from October 10 to November 30. About 46 per cent of the
total brood stock, or 3,645 fish, proved to be gravid females and
yielded 11,750,000 eggs. This is the largest collection of sockeye-
salmon eggs obtained at Baker Lake, exceeding last year’s record
collection %y 600,000. The incubation period was unusually pro-
tracted, the first fry appearing on April 1, nearly three months later
than in the Rfeceding ’1year, and hatching operations were not com-

leted until May 31. The long incubation season was attributable to
ow water temperatures, brought about by cold spring weather and
late snowstorms in the mountains. Apparently there were no ill
effects to either eggs or fry, as the loss of eggs amounted to only 3.6
per cent, while the fry hatched seemed to possess the usual vigor.

Though it has not been possible to replace all equipment destroyed
by the fire of last year, all of the fry produced were retained in the
hatchery troughs to the end of the sac stage, this being effected
through the use of the stacked-tray system, There remained on hand
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at the close of the fiscal year 4,000,000 of these young salmon; which
will be reared to a larger size before liberating. In connection with
its rearing operations the bureau is indebted to the fish and game
authorities of the State of Washington, which furnished without
charge 1,000 cases of canned salmon ¢ do-overs ” to be utilized as food
for the fish.

The improved run of sockeye salmon in Baker Lake seems espe-
cially noteworthy from the fact that for more than 20 years the main-
tenance of the run of this species has depended almost exclusively on
artificial propagation, It has been the custom at this point to trap
all fish as they enter Baker Lake from the river and transfer them to
an inclosure near the head of the lake, where they are held until
ready to spawn, Thus, only the comparatively few fish which occa-
sionally escape the trap during high-water periods spawn naturally
in the lake, .

In addition to the sockeye-salmon operations 700,000 silver-salmon
eggs were taken between November 17 and December 15. In pursu-
ance of the adopted policy of reserving Baker Lake so far as possible
for the propagation of sockeye snlmon, these eggs were transferred
to the Birdsview hatchery immediately after being eyed.

RIRDSVIEW (WABH.) SUBSTATION.

The work of the Birdsview substation, on the Skagit River, was
also successful. Its output of chinook salmon was larger than in any
previous year, and the collections of silver and steelhead salmon
eggs were above the average. This substation is now dependent
on the fish that enter Grandy Creek for its egg collections. The
trap in Phinney Creek, formerly a valuable egg-producing stream,
was destroyed by floods two years ago, and since that time funds for
its replacement have not been available. The success of the work at
this point is attributed largely to the favorable water stages which
prevailed throughout the spawning season. The streams in this
locality are subject to sudden and violent fluctuation, and not in-
frequently at the spawning season the water is at such a low stage
as to make the ascent of fish difficult, if not impossible. Of passing
interest is the collection of 13,500 sockeye-salmon eggs from fish
taken in Grandy Creek, the result, apllza.rently, -of plants of that
gpecies made by the bureau in Grandy Lake. '

BRINNON, DUCKABUSH, AND QUIICENE (WASH.) SURBSTATIONS,

The propagation of chum salmon at the three substations on Hood
Canal—Brinnon, Duckabush, and Quilcene—was unusually successful
from the standpoint of egg collections and numbers of fry pro-
duced. Thirteen million eggs of this species, taken in Walcotts
Slough, at the Brinnon substation, represented the largest number
of eggs taken in that region. The egg collections do not accurately
represent the numbers of spawning fish in the streams, since many
escaped during the high-water stages, which were frequent during
the spawning period and adversely affected the work at all points
on the canal.

There are two distinct runs of chum.salmon in the tributaries of
Hood Canal. The spawning of the. first, or summer run, occurs



20 U. §. BUREAU OF FISHERIES.

in September, while the late or winter run spawns from early
November to well into January. ‘A peculiarity of :this species. is
that the fish in most instances are in spawning condition when they
leave salt water to enter the streams, and most of the eggs collected
in the Washington field are obtained in tidewaters. The increased
collections of chum-salmon eggs within the past two years may be
attributed to the lessened activity of commercial fishermen, the low
prices prevailing offering but little inducement to fish.

There was a satisfactory run of silver salmon at the Hood Canal
substations, though egg collections fell below those of the preceding
year because the run occurred at a time when floods prevented the
successful operation of traps or seines, a condition that continued
to prevail throughout the spring spawning season of the steelhead
salmon.

QUINAULT (WASH.) SUBSTATION.

[PHILO B. HawLRY, Foreman in Charge.]

The fish-cultural work at this substation during the year was less
successful than usual, the aggregate output amounting to only
5,820,800 as compared with 15,908,600 in 1920. Eggs at this point
are obtained from fish taken in traps or by other means in the tribu-
taries of Quinault Lake, which, like most streams in a mountainous
country, react quickly to climatic conditions, a heavy rain producing
flood conditions almost: immediately. The waters rapidly subside
on the cessation of rain, while even a short period of dry weather
causes low water stages at all points. - Fishing operations are con-
ducted in the streams at some distance from the hatchery, the eggs
being transported by canoe. Every season there are times when the
water stages in the upper Quinault and Big Creek, the principal
spawning streams, are so low that it is difficult to operate a canoe
while at other times the water is so high that all traps are submerge
to a depth of 1 to 5 feet. :

As it is characteristic of salmon to ascend the streams in the
greatest numbers during high-water stages, it is not surprising that
the egg collections should be subject to material fluctuation from

- year to year. Thus, the number of eggs of any species taken is not

necessarily a just criterion of the number of salmon available at
spawning time. The remedy for this situation, from a fish-cultural
standpoint, is the construction of a trap at the lake outlet similar to
the one used at the Baker Lake station, whereby all the fish are taken
as they enter and are held in an inclosure until they are ready to
spawn.
pThe first sockeye-salmon eggs were taken November 3, and be-
tween that date and November 20 the entire egg collections for the
season, amounting to 1,750,000, were obtained. “From November 20
to the time that efforts at spawn taking were abandoned, on Decem-,
ber 15, high-water stages precluded all possibility of seining or fish-
ing by other methods. Local collections of this species were
augmented -by the receipt of 2,000,000 eggs from the Afognak sta-
tion. The run of silver salmon appeared to be larger than usual,
and during the spawning season of that species, which is coincident
with that of the sockeye, 1,565,000 eggs were secured. A small num-
ber of chinook-salmon eggs was also taken. The run of chinooks,
which was apparently not large, wag earlier than usual. S



PROPAGATION 'AND DISTRIBUTION:OF FOOD FISHES, 1821, 21

The output consisted of 950,000 fry and 3,448,000 fingerlings of
the sockeye salmon, including 1,500,00g fingerlings carried over from
the preceding year, 1,398,000 silver salmon, and 24,800 chinook finger-
lings, with 1,000,000 sockeyes remaining on hand at the close of the
fiscal year.

From time to time there has been some criticism regarding the
bureau’s work at Quinault, particularly on the part of the Quinault
Indians. The substation is located on the Quinault Indian Reserva-
tion, and salmon fishing is the principal means of support for the
Indians, Following the passage of regulations that had the effect
of restricting salmon fishing to some extent in the Quinault River, a
petition was submitted to the Commissioner of Indian Affairs, ex-
pressing the belief of the petitioners that the work of the hatcilery
had been detrimental rather than beneficial to the fishery of the
river. The statement appeared to be founded on prejudice rather
than on fact. The results of artificial propagation at other points
do not bear out the contention, and in Quinault waters the fish taken
for artificial propagation represent but a small part of the fish reach-
ing the spawning grounds, probably not more tl?nn 10 f)er cent in any
season. Furthermore, for: several years considerable numbers of
sockeye-salmon eggs transferred from the Alaska stations have been
incubated in the Quinault hatchery and the resulting fingerlings
planted in Quinault Lake or its tribrtaries. S ‘

Notwithstanding these facts, it was decided to try an experiment,
which it was hoped would furnish reasonably reliable data on the
results of artificial propagation as compared with natural reproduc-
tion. The plan suggesting itself was to take an accurate census
of the sockeye salmon entering Quinault River and Quinault Lake
for a period of years and by checking the returns from each year
involved to secure at the proper time the desired figures for com-
parison. _Durm%l the first two years of this period no artificial
propagation of the sockeye salmon was to be conducted, and all fish
of that species entering the lake were to be permitted to seek their
natural spawning grounds for natural reproduction, this period. to
be followed by two years of artificial propagation.

Conditions in Quinault Lake and Quinault River are particularly
favorable for the conduct of an experiment of this character. A
fairly accurate record of the number of fish taken by the Indians
as a commeércial venture each season is available, and it remained
only to obtain a count of the fish escaping the fishing operations in
the river as they entered the lake on their way to the spawning
grounds. To accomplish this a row of piling was driven across the
outlet of the lake, approximately 700 feet at the site selected. Four-
inch mesh cotton webbing was attached to the piling in such a
manner as to prevent the fish from entering the lake except by way
of a 16-foot entrance provided in the weir at the point of deepest
water. This entrance was so arranged that the fish were forced to

ass near the surface of the water over a strip of white canvas, mak-
ing them plainl{ visible to the attendant located in a small building
on the piling above. Proyvison was also made for closu}lg the en-
trance at times when the observer was not present. The first count
was made on April 14, when three sockeyes passed over the counting
entrance, and was continued to June 10. The results of the census
are indicated in the following table:
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‘Date.t lg}‘g;g“ : Date.! Number

Ma; .
. Y June

1 No count made on dates omitted.

The count was discontinued and the webbing removed from the
Pi}ing on June 10 because of the increasing numbers of fish that
¢ gilled” in the 4-inch mesh. This trouble was not anticipated, as
the webbing was of the same quality and mesh as that used at the
Baker Lake station for a long period of years with entire success, and
the 4-inch mesh is in general use for fish traps on Puget Sound. An
estimate of the fish entering the lake after the removal of the web-
bing placed the number at 8,000, or a total of approximately 20,000
for the season. Inasmuch as it was not possible to obtain a com-

lete and accurate record, it was decided to postpone the experiment

or another season and proceed with artificial propagation as usual.
With 'slight changes the weir constructed for the purpose described
will be of value 1n connection with fish-cultural work should it be
found desirable to continue such work after the conclusion of the
experiment. The number of sockeye salmon taken in the commercial
fisheries conducted by the Indians in Quinault River during this
period amounted to 28,608.

SULTAN (WASH.) SUBSTATION,

At the Sultan substation, on Elwell Creek, there was a falling off
in the egg collections of all species as compared with those of the
preceding year. This creek is a tributary of the Skykomish River,
which joins the Snohomish River at tidewater, some 20 miles from its
mouth. This 20-mile stretch of the Snohomish River is subjected to
intensive gill-net fishing operations each year, and it.is extremely
doubtful 1f the fish which are able to escape the nets during the
fishing season, together with those that are given free ascent of the
stream during the closed season, are sufficient in number to maintain
the run in the watershed.,
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CLACKAMAS (OREG.) STATION .AND BUBSTATIONS.

[,H'-’C‘ MITCHBLL, Suberintendent.]

Under this heading are included the four Federal fish-cultural
stations in the State of Oregon, two located on the Washington side
of the Columbia River, with one egg-collecting station on the
Wasllouﬁal River, also in the State of Washington, and another on
the Snake River, near Salmon, Idaho. The aggregate egg collec-
tions during the fiscal year 1921 were 42,912,320, and though the
chinook salmon predominates in the work all species of the Pacific
salmons excepting the sockeye and including the steelhead are repre-
sented. The shad is also propagated at %Villamette Falls, Oreg.
and the output is further augmented by the incubation of eggs of
other species obtained by transfer from various points, and the
distribution of the resulting fish in' Oregon, Washington, and Idaho
waters. The species thus transferred consist of brooi trout, rainbow
trout, blackspotted trout, and sockeye salmon.

In line with the very general belief, which appears to be well sub-
stantiated by reliable investigators, that much greater returns may
be expected from the planting of larger-sized fingerling fish, particu-
larly in the case of the chinook salmon, it has been the policy to
develop facilities as rapidly as possible for this purpose. The
stations in the Oregon field have an excellent record in this respect.
During the fiscal years 191920 and 1920-21, an aggregate of approxi-
mately 83,500,000 fish from 2 to 3% inches lonF have been planted in
suitable waters of the State. These consist largely of the chinook
salmon, though, as mentioned before, smaller numbers of brook, rain-
bow, and blackspotted trouts and steelhead salmon are included.

In contrast with the conditions that obtained during the previous
spawning season of the salmon, when low-water stages at all points
handicapped the work, floods prevailed in most of the streams dur-
ing the season covered by this report. While it was not possible
to state with accuracy to what extent the operations were curtailed
by the floods, there is reason to believe that with more nearly normal
weather conditions the aggregate collection of eggs would have ex-
ceeded that of any preceding year and that at some points the eggs
available would have been in excess of hatchery capacity.

CLACKAMAS (OREG.) BSTATION,

Though the racks installed in the Clackamas River in connection
with operations at Clackamas station were of unusually substantial
construction and remained intact through two severe freshets they
were carried away on October 3, and the egg-collecting season ended
on that date. Though a very fair number of chinook and silver
salmon had collected between the racks prior to their destruc-
tion, conditions in the river were such as to render the laying out
and operation of a seine impossible. Consequently, the egg collec-
tions were reduced very considerably, totalin oniy 360,000 of the
. chinook salmon. Shad culture at Willamette Falls during July re-
culted in the collection of 2,119,000 eggs of that species. Transfers
of eggs from other points were made as follows: 3,166,000 chinook
salmon from Snake River (Ideho) station, 100,000 chinook salmon
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from Little- White Salmon (Wash.) station, 100,000 blackspotted .
trout from Montana Fish and Game Commission, 25,000 black-
spotted trout from Yellowstone Park, and 197,000 brook-trout and
96,000 rainbow. trout from Springville (Utah) station.

UI’P_EI;,C_LACKAMAS (OREG.) S8UBSTATION.

*The spring run of chinook salmon in the Clackamas River was the
largest for a number of years, and egg collections of that species at
the Upper Clackamas substation 'exceeded the previous season’s
record collection by nearly 800,000. 'Racks were installed early in
July and fishing operations continued until September 16, when
high water permitted the escape of all remaining fish, probably two-
thirds-of all the fish intercepted by the racks getting away at this
time. There has been a most decided improvement in the annual run
of spring chinooks in this stream, and the station, though small, is
of importanée to the fisheries of the Clackamas River. Because of
its exceptionally attractive and convenient location and its well-kept
condition it is a point much favored by visitors. Unfortunately,
the Clackamas River is difficult to. protect against the poacher, and
illegal fishing is prevalent.

LITTLY .\lVHI’(‘E SALMON AND BIG WHITE SBALMON (WASH.) BU'BéTATIONS.

There was a lighter fall run of chinook salmon in the Columbia
River .in.-the fall of 1920 than has occurred for several previous
years. - To offset this there were not the intensive fishing operations
‘witnessed throughout the period of the war, and the demand for
chum and silver salmon was particularly light. As at all points
in the Oregon field, the persistent high-water stages throughout
the spawning period rendered the work of the spawn-taking crews
difficult and hazardous, and at times the streams were quite beyond
control. The run of chum salmon was of fair proportions, but it
occurred at a time when it was possible to obtain only a limited
number of eggs, and onl%a small proportion of the fish were ob-
tained for propagation. During the run of silver salmon the floods
were so severe as to malke fishing impossible; therefore no eggs of
this species were recorded.

The collections of fish eggs at the Little White Salmon substation
for the year consisted of 16,950,000 chinook salmon (of which
2,000,000 were sent to the Big White Salmon substation and 1,100,000
to the Clackamas station) and 5,162,000 chum-salmon eggs. This
substation also handled 30,000 sockeye-salmon eggs transferred from
the Washington field. At the Big White Salmon substation 5,005,000
chinook-salmon eggs represent the total egg collections. '

ROGUE RIVER (OREG.) SUBSTATION,

Operations at the Rogue River substation suffered less from the
prevalent floods than at any other point in the field, and 4,438,000
chinook salmon, 506,000 silver salmon, and 121,500 steelhead salmon
eggs were secured. There were on hand at the beginning of the year
49,500 blackspotted trout, 886,000 steelhead salmon, and 197,000 rain-
bow .trout fry, all of which entered into the distribution from the
station later 1n the year.
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APPLEGATE (OREG.) SUBSTATION.

. At the other substation in southern Oregon, on Applegate Creek;
the rainfall: was. excessive, .and while higher water stages are fre-
uently witnessed. in the stream than occurred at any time during
the season.of 1921 sti]l the amount of water carried during the year.
was unugually large. Placer mining at points on the creek above the
station has resulted. in large deposits of gravel at the fish barrier
which will necessitate some changes before the next spawning season.
Egg collections ‘were unusually light, as most of the spawning fish
escaped over the racks. The results of the season’s egg collections.
were 80,000 chinook salmon, 36,000 silver salmon, and 55,000 steel-
head salmon, - : :

\VASHOUGAI; RIVER (WASH.) SUBSTATION.

'The substation on Washougal River .was opened on April 15, and
859,000 egizs of the steelhead salmon were obtained. High water and
the lumber work on the river were both sources of trouble and in-
terfered with the egg-collecting work. From the collections ship-
" ments of eyed eggs were made to the New York Conservation Com-

mission, to the Clarke County Game Commission at Vancouver,

Wash., and to the Montana Fish and Game Commisison in exchange

for blackspotted trout eggs. IR T

Some unusual features have been observed in connection with the
work. at this point. Last season it was noted that the fish remained
quietly in the pools below the dam, showing but little inclination
to ascend.the river. Furthermore, the eggs.secured were of poor
quality, only 29 per cent of them producing fry. It is doubted if
eggs of first quality were obtained from any of the female fish
handled. The cause of this unsatisfactory condition was not ascer-

-tained, but the theory was advanced that the newly erected dam which:
stops the fish many miles below their wonted spawning grounds was
responsible. In view: of the excellent quality of the steelhead eggs
taken at other points under very similar conditions, this theory is
not altogether tenable. During the season of 1921 the quality of the
eggs obtained was much better, though a considerable number of
fish were taken in which small undeveloped eggs were distinguishable.

There was nothing in the appearance of the fish to lead one to

suppose they would spawn during that season. It is a condition not

previously observed .at any point, and it-is more or less perplexing.

It may be analogous to recorded instances of Atlantic salmon seeking

their spawning grounds in fresh-water streams a full year in advance

of the time they were ready. to perform the spawning function and
remaining there until that purpose was accomplished. :

SALMON (IDAHO) BUBSTATION.

" The results of the season’s work on the Snake River were very
satisfactory.. The racks were installed in Lemhi Creek before the
end of the fiscal year 1920, and a good run of fish appeared early in
July.  Spawiing began on August 14, and between that date and
September 1, 6,000,000 eggs were secured, filling all ‘available space
in  the cyeing station troughs. Immediately after this the racks
were removed, and the fish remaining in the stream were permitted
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to ascend to their natural spawning grounds. It is probable that
the numbers of fish thus released for natural spawning exceeded
those involved in the egg collections. This substation is located
within 10 miles of the “top” of the Rocky Mountains, in the State
of Idaho, and to reach this mountain stream for the accomplishment
of their supreme mission in life the salmon travel approximately
1,500 miles without food after entering the Columbia River at
Astoria, Or%gl. The conditions which were observed here in regard
to the splendid spring run of chinook salmon were not confined to
the Snake River. Similar conditions were observed in all tributaries
of the Columbia River frequented by the so-called spring-run fish.

Very excellent results in the rearing of young salmon have been
obtained from the use of a comparatively new article of fish food.
This is the immature spawn of the salmon taken by the commercial
fishermen. The spawn is purchased at a comparatively low cost
and held in cold storage until needed. In commenting on its value
in his annual report for 1920 the superintendent of the station states:

The salmon fry fed on salmon spawn and beef spleen produced remarkably
fine fingerlings. It is by far the most satisfactory food that has ever been
used in this field. No trouble was experienced with the fish at any point
where its use was adopted. They were uniformly sturdy and readily accepted
it throughout the year. :

While the expense involved in feeding fish on an extensive scale
is considerable, in view of the quite general belief that the future
supply of salmon in the Columbia and other rivers of the State is
dependent very largely on the numbers of fingerling fish released
from the hatcheries, the work is considered of first importance.
Because of the long period during which so little is known of the
life of the salmon—t};om the time of the seaward migration as a
fingerling or yearling until its return for the reproduction of its
kind—it 1s difficult to effect any positive check on the actual results
of hatchery work. Nevertheless, the evidence in favor of the work
at certain points, notably in the Columbia, Clackamas, and Rogue
Rivers, is of a convincing nature, and it appears to fully warrant
the expense necessary to continue the feeding and intelligent plant-
ing of fingerlings. ward of 68,000 pounds of fish food was used
at the stations in the Oregon field during the fiscal year 1921. The
details are given in the ta%le of fish food on page 75.

BAIRD (CALIF.) STATION AND SUBSTATIONS,
[W. K, ITaxcock, Buperintendent.}

In this field are to be recorded a number of untoward circum-
stances resulting in a serious curtailment of the fish-cultural work.
From the fall run of fish the aggregate egg collections for the entire
field amounted to 7,910,000, as compared with 11,785,000 the preced-
ing year, which included 1,349,700 eg% of the spring run chinook
sa%mon taken in the McCloud River at Baird.

Racks were again installed in the McCloud River in time to inter-
cept the spring run of chinooks, but no fish appeared. This is di-
rectly attributable to the dam erected in the Sacramento River at
Redding for irrigation purposes. This dam had the effect of divert-
ing 1nto the irrigation ditches most of the water in the river during
periods of low-water stages, and though an opening was left in the
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dam to permit the passage of fish it was never effective. The matter
of providing a suitable fishway was taken up with the California
Fish and Game Commission, and at the close of the year the case was
pending in the courts.

There was a very large run of fall chinooks in the Sacramento
River, and while the early fall was marked by low-water stages it
was estimated on November 15 that there were enough fish impounded
at the Battle Creek substation to yield not less than 15,000,000 eggs.
At Mill Creek the run was even larger, and the egg collections for
that substation were estimated at not less than 30,000,000. Beginning
November 20 several days of heavy rains occurred, bringing about
flood conditions of unusual severity. Many miles of territory, in-
cluding railroads and highways, were under water. The retaining
racks at all points were destroyed and spawning operations abruptly
brought to a close. :

At'the Battle Creek substation 2,450,000 eggs were taken, of which
504,000 were transferred to Baird for incubation and 20,000 shipped
to central station, Washington, D. C., for exhibition. The remainder
were hatched successfully, and 1,781,000 fingerling fish were planted
in Battle Creek. At the Mill Creek substation 5,460,000 eggs were
secured, of which 1,000,000 were shipped to Baird and 3,000,000 to
the State hatchery at Sisson. From the remainder 1,347,400 finger-
ling fish were produced at the station.

INVESTIGATIONS AND EXPERIMENTS.

FERTILIZATION OF SALMON EGGS IN NATURAL SPAWNING.

At many points on the Pacific coast certain species of salmon,
notably the humpback and chum, spawn at or near the mouths of
streams in tidewater. A rather general belief has existed that the
results of such natural spawning were negative, and in order to ob-
tain information on the subject the field superintendent in charge of
the Pacific coast stations and the superintendent of the Baker ake
(Wash.) station were detailed to investigate these conditions in
Puget Sound. The report of their findings follows:

In conformity with instructions relative to securing information on the per-

centage of fertilization of salmon eggs in natural spawning, with special refer-
ence to the eggs deposited in places over which the tide ebbs and flows, an
investigation was made of Walcott Slough, at Brinnon, Wash., on March 6,
1920.
Walcott Slough runs through extensive tide flats, whicl? at flood tide are
completely covered with salt water. During ebb tide a good flow of fresh
water, estimated at about 3,000 gallons per minute, passes through the slough,
its source being spring seepage at the slough head. The fish—chum salmon
with a few silver salmon—enter this slough to spawn, the entire slough bottom
being composed of gravel suitable for the purpose. The bureau has a rack and
trap installed at a favorable point in the slough, about 500 yards from salt
water, where fish are captured for propagation. Below the rack some natural
spawning occurs, and this ocdupied our attention. Several nests were in-
vestigated, all but two of which contained eggs. These two might possibly
have been made last year, though they had the appearance of being used quite
recently. Eight nests were examined, beginning with No. 1 (see table, b, 28)
just below the trap, about 500 yards from salt water at low tide, and ending
with No. 8, about 200 yards from the same water stage. During flood-tide
periods salt water covered the nests from three to six and three-fourths hours
to a depth of 1} to 53 feet. This will vary somewhat with higher or lower
runs of tide. ’

The condition and character of the bottom wherever nests were found would
indicate that the fish chose points where spring seepage occurs through
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gravel from 1 to 4 inches in diameter.: Here: the' eggs were burifed from:ap-
proximately 8 to 16 inches deep. When the eggs were reached, the gravel wus
found to he absolutely clean, more especlally where the good eggs were secur ed,
with a coating of fine sediment on top, indicating a circulation of fresh sprlug
seepage water at all tlmes. Anticipating this condition, a comwmon  trough
was installed in the slough, with a circulation of fresh water assured:at a low
tide, but which at flood perfods would be covered from 1% to 4 feet with salt
water without any circulation, The trough. was filled with gravel,: through
which about 25,000 eggs were carefully mixed, A tight cover was then
fastened on the top, with sufficient ‘space left at both ends for proper circula-
tion. The eggs were placed:in the gravel on December 18, 1919, immediately
after being fertilized, and on examination, on. March §, 1920, they were found
to have hatched with an estimated loss of about 30 per.cent. The fry appeared
to be extremely active and healthy. 'The bad ‘eggs were nearly all decayed
and broken but had the appearance of having been fertili7ed and the embryo
partially developed. :

.This would lead us to believe that an entire salt-water supply, wlth as low
a density as 1.010 for.an extended period, is injurious but not absolutely fatal,
and it strengthened our belief that where fish spawn naturally within tidewnter
area the eggs are deposited where they receive a circulation of fresh water,
before stated. Samples of eggs were taken fromn each nest, ‘and, contmry to
Mr. Robertson’s theory and observations in hatching eggs in gravel, the infertile
eggs were chalky white when. first observed in the gravel, The alternating
salt and fresh water may be a contributing cause, though where a continuous
circulation of fresh water seeps through the 'gravel it would appear difficult
for salt water to penetrate sufficiently to have much influence on the .eggs.

Our observations led us to believe that the infertile eggs might be accounted
for largely by a scarcity of male salmon. However, there is a possibility that
spawning might have occurred wholly in salt water, which may prevent the
action of the eggs necessary to proper fecundation. As all but a few of the
fish entering the slough were taken in the trap, and as the males are usually
the first to ascend, it is not improbable that most of the males entered the
trap, thus reducing the possibility of successful natural spawning at the points
where ohservations were made. The table would indicate enormous losses
through natural spawning, but as conditions were not absolutely normal we
would not care to be too emphatic from this meager survey.

To obtain full information relative to the foregoing it would be neceﬁsnry
to extend observations over the entire spawning season. Each nest should be
marked and accurate data produced as to the number of fish depositing in each
nest, together with all natural and unusual occurrences noted.

RESULTS OF EXAMINATIONS OF F1s11 NESTS, WALCOTT SLOUGH, BnmNON, WASH,
MagcH B, 1820,

Distance| Height Vertical Esti-
from | of tide Water | rise of Length] mated
Nests \53%2: nggat denslty tideon ol‘d.g;w ber of | Condition Remark
: at]mean xlxllml tige rﬁ‘éh' covetrs eggs | Of0BES: Brs.
ow nest. | per
tide. | water. nest. | ° nest.
Yds. |Ft. Ft. In.| Hrs.
No.Obox! 650 | 1 7 8 3 225,000 | Hatched... Estlmalo?ﬂpercamhawhed
0.11,3 500 | 2 6 8 [} 48 | Good...... lgood 5d d.
No.21,3, 450 | 2 7 0 4 100 | Total loss.} Unfer
No.31,3 450 | 2 7 0 4 161 | Perfect.... ldead but all fertile.
No.4s.... 3 6 0 8 500 | Total 10ss.| Unfertile.
No.5¢..... 410 | 3 .6 0 8 200 ;...do....... D
No.6<..... 4 5 6 63 402 | Very poor. 40? egcaﬂ 2 good (bad, un-
No.74..... 250 | 4 5 6 (7 31 PO P Nest looked good, but con-
tained no eggs.
No.81..... 2085 7l.......]3 6 8 !

1 The silt water density was tested by % mpl gwntér from bottom over nests at flood tide Wnd ranged
lromll 0% box lozation £0 1.022 at nests and 3, and 1.025 naturalsea water in Hood Canal. -

- 8 Nests 5 feet apart.

¢Current swift and water badly discolored; numbers estimated from those seen in the water and caught
innet and basketsset below the nests on the Tiffles when disturbing eggs; good eggs are not as buoyant ns
dead ones, and therefore some may have escaped our notice.
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HATCHING EGGS IN GRAVEL.

At the Afognak (Alaska) station an experiment in hatching eggs
in gravel after the so-called Robertson method was undertaken dur-
ing the season of 1920. Eggs to the number of 5,500,000 were placed
in two old hatching trougiss, mixed thoroughly ‘with gravel, and
bedded in the bottom of the creek. .The troughs were fitted with
a cover and water was introduced thrqugh a 1-inch pipe leading
from a small dam, so that there would be a gradual flow through each
trough. The intake of this pipe was carefully protected by a screen.

On opening the troughs in the spring it was found that very few

of the eggs had hatched. Though the winter wis a mild one it is
f)robable hat the eggs had been frozen, as there had been a very
ight fall of snow, leaving the creek unprotected, and frost may have
penetrated to a greater depth than in seasons of lower temperature.
Gggs placed in gravel boxes patterned after the Robertson plan and
hes in the hatchery developed nicely, and the majority _of the fry
remained in the gravel until the yolk sac was absorbed. '

SUGGESTIONS FOR POSSIBLE IMPROVEMENT AND ENLARGEMENT OF WORK.

Further extension of the feeding operations at all stations where
chinook, sockeye, and silver salmons are handled is desirable. This
would necessitate an increased allotment for the Pacific coast work,
since at the present time there is not sufficient capacity or funds to
feed all stock resulting from the eggs collectedl.) In fact, it has
been necessary to close certain substations and curtail expansion in
all fields. The extension of operations in other fields is essential if
the work is-to be kept at its highest efficiency. The take of eggs at
many of our stations has been reduced through extensive commercial
fishing operations during the period of the war, when heavy demands
were made for this class of food, and it will take many years to re-
store the streams to their former productiveness. . :

The small statutory salaries provided for the lower grades of the
bureau’s service and the consequent inability to maintain a trained
and efficient personnel have been important, factors in the declining
output. Because of these conditions it has been necessary to employ
and train new men at most points every season, and as competent
men could not be secured or retained at the statutory wage provided
station allotments have been drawn upon in many instances for the
employment of temporary help at the prevailing high wages, thus
greatly reducing the funds available for actual propagation work.

The returns from the marking of young salmon on the Columbia
River and' at other points have not Keen wholly satisfactory. One
reason for the small returns from these experiments may be the fact
that it has been the custom to hold the é)sh intended for marking
for several months beyond the natural spring migration, and this
may have had a serious effect on the life of the fish involved. The
thought has occurred that better results might be secured if the fish
used in the markin% experiments are held over one year, or until the
migration of the following spring. The results of the marking ex-
periments also suEgest the desirability of a more thorough study of
the early life of the salmon, with the view of correcting any possible
weaknesses in present methods of propagation and distribution.
This is & phase of the work that is respectfully referred to the
division of scientific inquiry.
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One of the greatest needs in connection with Pacific salmon propa-
gation is more adequate protection for the fisheries through the
enactment and rigid enforcement of restrictive legislation. The
regulations should provide (1) for the return to the waters unin-
jured of all immature fish that may be taken in nets or other fishing
devices; (2) for a weekly closed season, thus assuring ascent to the
natural spawning grounds of a certain proportion of the unripe
fish; (8) for cessation of fishing operations after the canneries have
put up & fixed number of cases, the limit of the pack to be deter-
mined by investigations in each locality, which must be such as will
permit the escapement of a sufficient number of fish to insure con-
tinuation of the run in each locality; (4) for systematic destruc-
tion of Dolly Varden trout in salmon streams, these fish having been
found to be among the greatest enemies of young salmon; (5) for
setting aside natural lakes for use as salmon-rearing reservoirs; (6)
for seeding of eyed salmon eggs in the more inaccessible lakes, in
order that the young may pass the early stages of their existence
=in waters which are comparatively free from natural enemies. Dur-
ing periods of flood the fish in these lakes would pass from them over
slight falls and through the intervening rapids, entailing little loss.
In certain barren lakes the application of such a plan would necessi-
tate the provision of a food supply. Work of this character has
already been undertaken in a limited way in the vicinity of the
Yes Bay (Alaska) station.

The tray system recently introduced in connection with the propa-
gation of salmon at the western stations is proving a. very important
factor in the work. The eggs are carried in tﬁe regular baskets
until within two or three weeks of the hatching period, when they
are transferred to 14 by 16 inch trays, made of 1 gy 1} inch lumber
and covered with wire cloth 14 to 16 meshes to the inch. From
3,500 to 4,000 sockeye-salmon eggs are placed on one of these trays.
The trays are stacked from 6 to 8 deep in a trough compartment,
thus increasing the holding capacity of a 16-foot trough from six
to eight times and permitting the safe development of 300,000 to
400,000 fry in a space which was formerly required for 50,000. The
fry are carried in dark, deep pockets, with the view of providing,
so far as possible, the seclusion afforded in natural hatching, as it is
believed they will develop under such conditions all the character-
istics of gravel-hatched fry. .

Another favorable feature is the more compact arrangement of the
hatching apparatus, which permits of a much better control of the
fry than under the basket and open-trough system. While it is
entirely practicable to spread the green eggs on the trays directly
and continue using them throughout the incubation period and up
to the time the fr{] are ready to be fed, it has been found more satis-
factory to carry the eggs in the baskets to the point of hatching and
then transfer them fo the trays, as such an arrangement permits of
a thorough cleaning of all aﬁparatus involved. Writing in regard
to the use of this system, C. H. Van Atta, superintendent of the Yes
Bay (Alaska) station, states:

Sixty thousand sockeye-salmon fry were placed on 12 trays, each 13% by
25 inches in dimensions. T}xe trays were stacked in one regular basket com-
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partment of the hatching trough and held thus from March 12 until the yolk,
sac had been completely absorbed, on June 7. -The total loss of fry during this
period was 180. ' i :

Without the trays only about 50,000 salmon fry can be safely
carried in a standard 16-foot hatching trough through the sac stage.
It would therefore appear that by the use of this system the fry
capacity of each trough is increased by approximately 200 per cent.
J. R. Russell, superintendent of the Baker Lake station and its
auxiliaries, in the State of Washington, writes:

The stacked tray system for holding fry during the sac stage was tested
this year for the first time, 1,000 of the trays belng in use at the Baker Lake
hatchery, with 11,000 fry to a tray and 4 trays in each basket compartment,
making a total of 264,000 fry per trough. The system proved an entire success.
The loss was small, The danger from smothering, which sometimes occurs
when large numbers of fry are held on the trough bottoms, appeared to be
entirely eliminated, and the “ paddling” of. the fry, which is essential in the
trough, is. rendered unnecessary, . ‘

From this statement the trough capacity appears to be even greater
than was indicated by the experiment at the Yes Bay station. Dur-
ing a period of water scarcity at the Baird (Calif.) station the trays
were successfully used to economize in space-and water.

PROPAGATION OF EISHES OF THE GREAT LAKES.

The bureau’s work in the propagation of the commercial species
indigenous to the Great Lakes extends from the Rainy Lake region,
in Minnesota, to Lake Champlain, in Vermont, 3nder existing
conditions the work in this field fails of its fullest efficiency through
a lack of adequate facilities. An example of this condition is sug-
gested in the possibilities that exist in the propagation of pike perch.
In the Rainy Lake field, where pike-perch propagation has been
tried in a tentative way, arrangements may be concluded with the
Minnesota Fish and Game Commissien for the establishment of a
small inexpensive hatchery, to be operated jointly by the bureau and
the State as an adjunct of the Mississippi Valley work. ‘

Another important pike-perch field awaiting development is in
Saginaw Bay, Mich., this region offering greater returns for a given
expenditure of funds than any other of which the bureau has knowl-
edge. With an inexpensive but well-equipped hatchery, located in
the lower section of the bay, the bureau would be in a position to save
the immense numbers of eggs—estimated to be over a billion a year—
which are now being sent to market in the fish and lost.

At the pike-perch substation located near the head of Lake Cham-
plain, at Swanton, Vt., large numbers of pike-perch eggs are lost
every spring because of inadequate facilities. Before any appre-
ciable improvement can be expected at this station it will be neces-
sary to provide an efficient penning system, so that the large numbers
of partially ripe fish taken by commercial fishermen may be held
under favorable conditions awaiting the full development of their

eggs. .
ggo’ far as the propagation of whitefish, lake trout, and cisco (lake
herring) is concerned, there has been no notable change in recent
years either in methods pursued or the fields occupied. Probably
the greatest improvement in this branch of the work, both as regards

100267°—22——3
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equipment and extent of territory covered, has been in‘connection
with the operations at the Cape Vincent (N. Y.) station. ~Within
the past year the capacity of the hatchery at that point has been
increased a%proxi‘myately' 150 per cent without increasing’ the floor
space, this being made possible by the construction of a new and
compact type of battery for the glass jars used in the incubation
of these eggs. A cut of the battery showing the placing of jars
and other details is shown herewith in Figure 1. e scope of the
station’s field operations has been materially enlarged through close
cooperation with the New York Conservation Commission and the
Dominion and Provincial fisheries' authorities of Canada. At the
resent time the most prolific field occupied is in the vicinity of the
ay of Quinte, on the Canadian side of Lake Ontario.
he great need-in all branches of fish- conservation is effective,
stringently enforced protective legislation. Simple, easily under-
stood, and easily remembered fishery laws are always desirable, but
in the Great LaKes regions the fault probably lies not so much in the
character or wording of present laws as’in the lax enforcement of
legislation now on the statute books. A. close season, varying in
length to meet local conditions, should be established for all species
in the Great Lakes region, and no commercial fishing should be per-
mitted until 40 per cent of the fish on the fishing ‘grounds are in
spawning condition, this fact to be determined by the use of set nets
operated under supervision. ' ‘The:State laws should provide that
commercial fishermen operating during the spawning period be re-
quired to turn over free of charge to'designated agents -of the bureau
or the State the ripe eg%s of aﬁ fish taken. In the framing of the
laws more stress should be laid upon the legal size of fish than upon
the size of the mesh of seines or nets, and a moderate percentage of
small fish should be allowed. In connection with this feature of the
work the importance of uniform laws governing all persons alike in
a given locality is not to be overlooked. In order to bring about the
greatest good, such laws must in their application be not only inter-
state but international.  ° . )

The aggregate output of this group of stations, including the
hatchery on Lake Champlain, where pike perch and yellow perch are
propagated, amounted in round numbers to approximately 1,158,-
000,000 eggs, fry, and fingerlings, -as against 886,000,000 in the pre-
ceding year. The increase may be attributed largely to more favor-
able weather conditions prevailing throughout the spawnirng seasons
of the ;pecies handled. By way of contrast in climatic conditions as
they affect fish culture, the work in the Great Lakes region durin
the spawning season of 1920 suffered generally from severe cold an
violent storms. During the spawning season of 1921, while stormy
weather was encountered at certain points, the work was interfered
with principally by unseasonably warm weather, resulting in water
temperatures too high for the best results in artificial incubation.

This branch of fish culture has for many years received the hearti-
est support of the interests most directly benefited by the work, and
that these interests still have faith in’'the efficacy of artificial propa-
gation is evidenced by the ‘many letters received from them, com-
mending the work and urging its extension. While the figures given
for the output of the Great Lakes represent largely such commercial
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species as the whitefish, lake-.trout, cisco, pike perch, and ‘yellow
perch, they also include brook trout, rainbow: trout;:and:smallmouth
black bass, which ‘species are' produced in limited-numbers at several
of these stations. : :

DULUTH (MINN.) STATION.

[S. P. Wires, Superintendent.]

-The spawning season of the lake trout in Lake Superior fields, on
which the Duluth hatchery depends for its stock of eggs, began about
four days later than usual at nearly all goints, ‘the bulk of the eggs
being taken between October 17 and November 1, though in the
vicinity of Isle Royale, Mich., small Jots were secured at intervals
from the last week in éeptembe.r to about the middle of November,
The run of fish was irregular and the.egg collgctions light, the total
aggregating only 12,726,500, or little more than half the take of an
average season. On account of unseasonable weather and water con-
ditions, poor transportation facilities, and a lack of ice at some of the
more isolated fisheries, the quality of the eggs obtained was so im;
paired as to cut down the output of lake trout from this station to a
total of 6,379,500, of which 175,000 were eyed eggs, shipped on as-
signment to other hatcheries, 6,057,000 fry, and 147,500 fingerling fish.

In the course of the lake-trout sannin‘ season 940,000 white:
fish eggs were collected in the Isle Royale %eld,’ and on January 6
this number was augmented by the receipt of 10,000,000 eyed e'g]gs
of very good quality from the Put in Bay (Ohio) hatchery. The
combinef stock yielded an output of 9,600;8,00 fry, all of which were
planted in good condition, in various parts of Lake Superior. . The
station also distributed the product of 150,000 brook-trout eggs re-
ceived from a commercial hatchery in New England and two con-
signments of rainbow-trout eggs, aggregating in the neighborhood
of 100,000, the latter being transferred to the station from western
hatcheries of the bureau. o ,

In cooperation with the Minnesota fisheries authorities the force
of the Duluth station established and operated two field stations for
the collection of pike-perch eggs during the s ring—one on the Rat
Root River and the other on Boy River, a-tributary of Leech Lake.
The bureau’s share in the proceeds of tfxese operations amounted to
18,680,000 eggs. At Boy River the ‘work was not altogether suc-
cessful, as more than 98 per cent of the fish taken had deﬁosited'their
egizs previous to capture. This may have been due to the unusually
Jow water stages that obtained in thé early part of the season, the
fish not being attracted to the streams and spawning in the shallow
waters of Leech Lake. B ‘

NORTHVILLE (MICH.) STATION AND SUBSTATIQNS.
[W, W. THAYBR, Suﬁerintendont.]

There was a further decrease in the number of whitefish and lake-
trout eggs secured from Lakes Michigan and Huron, two causes for
which are assigned—the State laws and inexperienced and unreliable
spawn-takers. Under the present laws. fishermen are permitted to
use an unlimited number of nets during the :ﬁs,hin% season and are
not required to make any provision for the salvage of ripe eggs taken.
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The effect of this is that so many nets are operated by the fisher-
men that they are not able to lift them at proper intervals, and the
fish- taken are either dead or the quality of their eggs impaired.
During the spawning season in the fiscal year 1921 there was a
good catch of fish and weather conditions were generally favorable,
but for the reasons stated the egg collections were unsatisfactory,
both as to quantity and quality. ’Fhis applies to both the lake trout
and the whitefish. The egg collections amounted to 80,876,000 of
the lake trout and 12,080,000 of the whitefish, and all of them were
incubated at the Charlevoix hatchery. The loss on the former
amounted to 59 per cent and on the latter to 51 per cent. The
output of the station was augmented by the transfer of 59,120,000
whitefish eggs from the Put in Bay station and 25,000 steelhead eggs
from the Birdsview (Wash.) field, the fry from both lots entering
into the general distribution. ,

The pike-perch work on Saginaw Bay was fairly successful, but it
does not represent by any means the potential value of this region
as an egg-collecting field. The spawning season extended from
March 26 to April 16, during which period 284,290,000 eggs were
taken. Of this number 54,050,000 were deposited on the spawning
grounds after being fertilized and 223,200,000 were sent to the De-
troit hatchery of the Michigan Fish Commission for incubation.
The importance of the work in this field has been mentioned on sev-
eral occasions and funds should be forthcoming to place hatchery
facilities in this field for the full development of the work.

From the Northville station there were distributed 475,000 brook-
trout fry and ﬁngerlings, resulting from eggs purchased of commer-
cial fish-culturists, and 90,500 rainbow trout were produced from
eggs transferred from the West Virginia and Missouri stations of the
bureau. Approximately 31,200 smallmouth black bass reared from
the Northville station brood stock were also distributed, and at the
close of the year there remained in the station ponds about 75,000
bass and 2,000 rainbow-trout fry.

PUT IN BAY (OHIO) STATION.
[8. W. DownNiNG, Superintendent.]

Owing to quite generally favorable weather conditions in Lake
Erie and to the close cooperation of the commercial fishermen, the
whitefish work of the Put in Bay station resulted very satisfactorily,
though the spawning season was unusually late. Between November
20 and December 12 eggs to the number of 376,500,000 were collected
from fishermen operating in the various fields and placed in the Put
in Bay hatchery. Of these, 141,060,000 were secured in the vicinity
of Port Clinton, Ohio; 93,840,000 at Isle St. George; and smaller
numbers from the fisheries around Toledo, Middle Bass Island, and
Catawba Island. In the former prolific whitefish field near Monroe
Piers, Mich., no eggs whatever were obtained, as fishing operations
were brought to a close very early in the spawning season by a heavy
and protracted wind and rain storm Whicg came on just as prepara-
tions had been completed for the penning of the partially ripe fish.
Shipments of green and eyed eggs aggregating 139,870,000 were for-
warded to various State and Federal hatcheries and 7,000,000 fer-
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tilized eggs were deposited on the reefs where taken. The remaining
stock proguced 167,500,000 fry, which were liberated on the spawning
grounds in the lake, care being taken to scatter them over as wide an
area as possible. The incubation period was shortened by the un-
u;ually ?ild winter, averaging only 119 days, in a mean temperature
of 383° F. :

The high-water temperatures prevailing during most of the winter
brought on a run of pike perch in March, and some of the commer-
cial fishermen reaped very good returns during the latter part of
that month. No spawning fish were in evidence in March, however,
and the run throughout the entire season was characterized by the
very small number of spawners included in it. Egg-collecting oper-
ations extended from April 5 to April 24, but the number of eggs
taken was proportionately small. Despite the fact that the fisher-
men were willing and anxious to act on any suggestion with a view
to obtaining good eggs, the iuality of the eggs was uniformly’ poor,
being about the poorest, in fact, ever noted in eggs handled at the
station. The total of 111,600,000 laid down in the hatchery yielded
only 12,600,000 fry. These were strong and active, however, and
the entire output was liberated in good condition on the spawning
grounds in the lake. :

Soon after the middle of May the carp propagation work, inaugu-
rated two seasons ago in connection with the Port Clinton fisheries,
was taken up, a small hatching battery for the purpose being set up
in one of the fish houses at that point. During the egg-collecting
period, extending from May 23 to June 11, spawn takers made daily
visits to the fishing grounds to take eggs from the ripe fish landed
in the seines, liberating at the same time the fry hatched from earlier
lots. The catch of carp was below that of a normal season, but the
egg collections were considerably larger than in either of the two
previous seasons, the total amounting to 74,325,000. From this stock
63,325,000 fry were hatched and planted on the s awning grounds
in the Portage River, between Port Clinton and Oak Harbor.

During the fall, arrangements were made with local fishermen on
Lake Erile to save all smallmouth black bass taken in their seines
and hold them in live boxes until a sufficient number could be secured
to warrant a shipment. By this means 805 adult fish of that species
were collected during October and forwarded to various pond fish-
cultural stations of the bureau to serve as a brood stock.

CAPE VINCENT (N. Y.) STATION.
[J. P, SNYDER, Superintendent.]

During the first half of November lake-trout e%gs to the number
of 549,000 were taken at points on Stony Island, N. Y., and Pigeon
Island, on the Canadian side of Lake Ontario. As is ususl at that
time of the year, stormy weather was encountered and all of the
eggs were obtained during but four days of weather suitable for
fishing. Thirty-nine thousand eigs were shipped to applicants, and
of the 450,000 fry Hatched from the remainder 80,000 were furnished
for stocking interior waters in the State of New York and 370,000
were returned to Lake Ontario waters. Collections of whitefish
eggs from Lake Ontario amounted to 150,200,000,
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_+ The collecting operations for both lake trout and whitefish were
conducted..in American and Canadian waters under the same co-
operative. agreement that was effective last season. In. Canadian
waters the work was handicapped by lack of a suitable boat, making
it. necessary to plant on the spawning grounds immediately after
fertilization 29,650,000 of the eggs taken at Deseronto and Big
Island. -Canadian hatcheries received 30,000,000. of the eggs ob-
tained, .in -accordance ,with the terms of the agreement; 29,300,000
awere turned over, to hatcheries of the New York Conservation Com-
mission' and . 1,000,000 -were diverted to the Washington exhibit.
The remainder were incubated at the Cape Vincent station and the
resulting..fry planted in Lake Ontario waters. . Egg collections of
-cisco ' .(lake herring)..from Ontario waters totaled 317,200,000, of
which 73,200,000 were obtained in Canadian, waters at Deseronto and
Bygotts Point. The fisheries. authorities of Pennsylvania and New
York -received 104,410,000, and 65,000,000, respectively; 17,100,000
fertilized eggs were planted.on the spawning grounds, and the fry
hatched. from the remainder. were returned to Lake Ontario waters.
During the spring a small number of brood yellow perch were
obtained from. trap nets set in the St. Lawrence River, and from the
15,000,000 eggs thus secured 11,000,000 fry were hatched and re-
turned to the St. Lawrence River. = A consignment of 8,000,000 eyed
pike-perch eggs received from the Lake Champlain hatchery yielded
for distribution 7,970,000 fry of excellent quality, an usually high
-percentage. In addition to the commercial species enumerated
150,000 rainbow-trout eggs from the bureau’s Virginia station and
approximately 450,000 brook-trout eggs from commercial dealers
gere incubated and the fry distributed to applicants in New York
tate. , . : . :
. A boat suited to the needs of the station was obtained by transfer
from the Navy, but because of the time consumed in making needed
repairs to. motors was-not available for service during the past
season. When fully equipped, this boat will add much to the pro-
ductivity:. of the station, being particularly valuable in connection
with the whitefish and cisco work in Canadian waters.

SWANTON (VT.) S8UBSTATION.
[A. H. DiNsMORB, Superintendent.]

The work at this point is conducted cooperatively with the State
of Vermont. During the operating season of 1921, extending from
March 2 to May 10, pike-perch eggs to the number of 112,312,500,
also 43,950,000 yellow-perch eggs, were secured for incubation. The
winter being: unusually mild, the Missisquoi River was open at:an
early date.” Nets were set during the first part of March and hauled
at frequent intervals at the various points to anticipate the presence
of fish. "The first pike perch were taken at Sandy Point March 25 and
at Campbell’s on- pri1p4. " Three trap nets were in operation at the
mouth of the:river, but the results from' their use would not appear
to warrant their continnance. All fish taken were immediately trans-
ferred to the inclosure for ripening, but because of low water stages,
resulting in an=iml}3‘ro er circulation of water through the inclosure,
the mortality was igﬁ,' and all brood fish on hand were ‘released on
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April 20. A cold spell in April, following the: warm weather of

arch, caused a protracted incubation period for the pike-perch
eggs. In this connection it is int'eresting to note that while the egg
collections were made during the’ period from April 6 to 20 there
was, very little difference in the.dates on which any lot of eggs
reached the eyed stage or completed incubation.. The eggs were of
extremely, poor quality; the loss:during incubation being in excess
of 77 per cent... . _ ,

Collections of yellow-perch eggs were in:progress from April 21 to
April 23. Of the 43,950,000 taken 12,000,000. were delivered to the
State hatchery at Burlington, Vt. . The remainder were' incubated
with but slight loss. Upwaré of 33,000,000.0f the pike-perch eggs
were shipped to. applicants, 14,700,000 going - to hatcheries in the
‘State of Vermont,

PROPAGATION OF YELLOW PERCH, BRYANS POINT (MD.) STATION.
(L. G. HARRON, Superintendent. ]

Fish-cultural operations were undertaken at this point on March
1, the work being addréssed to the propagation of the yellow perch.
Between the 3d and the 10th of Mirch 18,226 brood ﬁsg were taken.
Spawning occurred between the 10th and the 23d of March, resultin
in a total collection of 172,630,000 eggs of excellent quality. %
these 2,600,000 were shipped to Washington, where they served as
an exhibit during incubation, the fry being used to supply appli-
cants in Virginia. The remaining eggs were incubated in the hatch-
ery, producing 158,819,450 fry, which were planted on the spawning

grounds. .
MARINE FISH CULTURE!

The season’s work in this field may be considered satisfactory,
the output of e%s and fry comparing favorably with that of the

ear previous. hile there was a falling off of nearly 50 per cent
1n the output of cod as compared with last year, this is compensated
for by satisfactory increases in the production of other species, not-
ably the haddock. The work during the past season was extended to
include the pole flounder (Glyptocephalus cynoglossus), a species
not ?reviousgy propagated. This fish, locally known as the “gray
sole,” has only recently been introduced in the markets of New Eng-
land. Its existence in these waters-has long been known, but pre-
vious to the use of the otter trawl in the shore fisheries it was not

enerally known to fishermen. Because of its small, weak mouth
it was not taken on the trawl lines. It has since proved to be a
popular fish, commands a high price in the markets, and a fishery
of 1mportance is being built up in connection with it. 4

Inadequate funds have prevented .the development of possibilities
for valuable work in the conservation of the large number of eg
of the marine fishes that. are annually lost in connection w1t%$
commercial fishing. Such work has now been undertaken on a
limited scale by placing spawn takers on the fishing vessels operating
in the offshore fisheries, to strip the mature eggs from the fish taken,
fertilize, and return them immediately to the water. The work is
considered of special value, since it deals with the conservation of
vast quantities of eggs of the cod and haddock which have heretofore
been annually destroyed.
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BOOTHEBAY HARBOR (ME.) STATION.

. [E. E, HaRN, Superintendent.)

Fish-cultural work at this station during the year was addressed
to the winter flounder and the pollock and resulted in an output of
841,235,000 and 11,906,000 of the respective species. The pollock fry
were produced from eggs collected in the Gloucester fields and rep-
resent the first really successful attempt to make long-distance ship-
ments of pollock eggs. Collection of flatfish eggs was commenced
February 23 and continued to April 22, A total of 6,298 female
‘brood fish were handled -during the season and yielded 906,696,000
-eggs. Though weather conditions favored the work, the spawning
5eason endef earlier than usual, and because of this circumstance the
take of brood fish was smaller than had been anticipated. On the
other hand, the female fish taken were above the average in size and
yielded a correspondingly large number of eggs. Some experiments
in the rearing of the fry were conducted but without marked results.

A careful watch of the local fishing grounds where a limited num-
ber of boats engage in a spring fishery for cod and haddock was
maintained with the view of obtaining eggs. The results were nega-
tive, however, as has been the case for several seasons, no fish in
spawning condition being taken. Similar results followed a con-
tinuation of an effort to locate spawning areas of the alewife in the
Damariscotta River and other points in the vicinity of Boothbay
Harbor. _

The steamer Gannet has been connected with the work of this sta-
tion and has rendered valuable assistance in fish-cultural operations,
particularly in the flatfish work, also in transporting men and sup-
plies in connection with the repairs that have been made to the lob-
ster pound at Pemaquid, Me.

GLOUCESTER (MASS.) STATION.,

[C. G. CornL1ss, Superintendent.]

In this field the output of pollock fry has for a number of years
been larger than that of any other species propagated. With the
general adoption of the gill net for taking pollock in the shore fish-
ery and the prevailing high prices, this fish, which was formerly of
minor importance, has come into high favor. During the calendar
year 1920 more than 4,000,000 pounds of pollock, valued at $118,502,
were landed fresh at Gloucester, Mass., approximately 3,745,000
pounds of this amount having been taken in the shore fishery. In
1921, the pollock spawning season extended from November 15 to
January 21, and the egg collections aggregated 650,850,000 as com:
pared to 954,800,000 the preceding year. 1n the course of the fishing
season there was a rather sharp decline in the market price of pol-
lock, which resulted in the withdrawal of many boats from this line
of work. The weather throughout the spawning period was excep-
tionally good, and to this fact the higher quality ofp the eggs obtained
is attributed. Twenty-four million of the eggs were transferred to
the Boothbday Harbor (Me.) station, and the remainder produced
443,16&000 fry, which were distributed on the pollock spawning
grounds.
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- /A rather unusual occurrence connected with the pollock work is
the fact that the fish apparently sought new spawning grounds dur-
ing the season. Heretofore 'practicaﬁ all of the spawning fish have
been taken in Massachusetts Bay, an(i7 all fish taken from spawning
grounds to the eastward of Cape Ann have been barren of eggs.
"his year, however, large numbers of eggs weré obtained from fish
caught on:the grounds lying from 20 to 30 miles eastward of
Cape Ann. o -
he season’s collection of cod eggs fell considerably below last
year’s established record collection of 570,704,000. Two reasons are
ascribed for the falling off, (1) the comparatively small run of
fish on the shore spawning grounds, and (2) the low market price
for cod. Eggs were taken %etiveen January 15 and April 29, the
total amounting to 210,040,000, " Of these 151,530,000 were planted
on ‘the spawning grounds immediately after being fertilized, this
method being resorted to at times during the spring months, when
the low density of the sea water does not permit of making trans-
fers ‘to the hatchery. In addition to the local collections cod eggs
to the number of 8,700,000 were transferred to Gloucester from the
‘Woods Hole hatchery. "The fry distribution from the station
amounted to 50,900,000. o o
" Propagation of the haddock at the Gloucester station was emi-
nently successful and is represénted by a record collection of eggs
of that species. The causes contributing to this result were favor-
able weather, an abundance of fish on the spawning grounds through-
- out the season, and the comparatively high market price for haddock.
The price was an important factor in attracting to this fishery a
large number of fishermen who ordinarily follow the cod or other
lihes of fishing. The spawning period extended from January 22
to April 25, and 629,120,000 eéggs were taken. Of these, 182,120,000
were deposited on the spawning grounds for the reason stated above.
Since the mild winter suggested the probability of an early spawn-
ing season for flatfish, nets were set as early as February 2 for the
capture of a brood stock, but no fish were secured until March 14.
During the first week of the season the take of adult fish was un-
usually large, giving promise of a fine egg collection. With the
beginning of active commercinl fishing, however, the collection of
fish for propagation work fell off rapidly, and the season’s opera-
tions restlted in obtaining only 154,740,000 eggs. From this, stock
132,070,000 fry were hatched and distributed. SR :
Because of the prominence the pole flounder has attained in the
New England markets in recent years and the constantly increas-
ing number of fishermen engaged in its capture, an investigation of
the ‘spawning habits of the fish was made with the view of under-
taking its artificial ‘propagation in the event that course seemed
advisable. At the present time commercial fishing for the pole
flounder begins in midwinter some 15 miles off Cape Ann. The fish
appear to work slowly inshore, and by July fishing for them is in
progress in the shoal waters of Ipswich Bay. The average daily
catch per boat is from 8,000 to 12,000 pounds. ‘ '
Large numbers of the fish were examined in April, but né ripe
spawn was found until May 22. From that date until June -30,
when the work was brought to a close, 19,410,000 eggs were taken,
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fertilized, and planted on, the spawning grounds. The eggs of the
f)ole flounder are about one-twentieth of an inch in.diameter, a
liquid quart containing approximately 426,000. They are semi-
buoyant and nonadhesive. It is probable that spawning continues
throughout the summer months. . It would appear that the species
is worth the attention. of fish culture, and that considerable num-
bers of eggs for artificial propagation are obtainable 1n the commer-
cial fishery at comparatively small expense.

WOODS HOLE (MASS.) STATION.
" [W. H. TrOMAS, Superintendént.)

At the approach of the cod spawning season at this station nego-
tiations were entered into with fishermen operating vessels equipped
for carrying live fish to supply brood cod for the propagation work,
but as only one. suitable vessel was available the number of fish
secured was smaller than was desirable. - The first consignment of
485 fish was delivered on November 15. Five further consignments
delivered between that date and December 6 brought the total brood
stock up to 2,441 fish, all of which were placed in the spawning cis-
tern. Stormy weather prevented any further deliveries. The fish
were an exceptionally fine lot, a large percentage being females.
For several seasons heretofore cod propagation at the W%ods Hole
station has been reduced to almost. neghgi%le proportions because of
the very large percentage of barren fish among the brood stock.
It is impossible to assign an entirely satisfactory reason for this
condition, but it may have been due partly to the undersize of the
fish and also to the fact that they were taken in places not usually
frequented by spawning fish. The fish secured this season were of
good. size and were taken on fishin grolmds located some distance
offshore. The egg returns from tﬁem were very satisfactory, the
total amounting to 214,702,000. Of this stock, 8,100,000 green eggs
were transferred to the Gloucester station and 124,441,000 fry were
hatched. _

On account:of more favorable weather conditions the results of
the season’s flatfish work were larger than those of the previous year,
though the egg collections were not equal to that of the record year
of 1918. Operations in local fields began on January 12 and resulted
in a collection of 803,567,000 eggs. i very satisfactory increase in
the number of fish obtained at Quisset Harbor is to be recorded.
The collecting station at Wickford was opened March 18 and was in
operation . until March 28, when high-water temperatures made it
impracticable to continue the work. The egg collections at this
point amounted to 112,228,000, or less than hal% of last year’s. From
the total of 915,855,000 eggs obtained from all points fry to the
number of 795,355,000 were hatched and de ositeg in local waters.

During March, 1920, the three-story frame building connected with
the Woods Hole station, the first floor of which was occupied as a
machine shop while the two upper stories furnished storage space
for fish-cultural and scientific equipment, was destroyed by fire. A
special appropriation of $65,000 for rebuilding and replacing equip-
ment was provided by Congress, becoming available June 5, 1920,

Advantage was taken of this opportunity in reconstruction to make
certain changes in building and equipment that will add much to the



PROPAGATION - AND; DISTRIBUTION: -OF FOOD FISHES, 1921, 41

~convenience and. efficiency of , the operations and also effect an
economy. The new building,, of firaproof construction, provides for
a machine. shop, boiler and pump, room, garage, and ample storage
space. . The:pld boiler and pump room, of 'frame. construction, con-
stituting a.further fire.menace, has been removed. The new boiler
space is adjacent to and connected with the coal shed by a covered
passage, thus, ehnﬂnaping‘a Jong.and expensive haul of coal from the
storage to the boiler., . .= = = '
- Another important, change . was, the. construction of a sand filter,
with a capacity of 300, gallons of water per minute. The arrange-
ments are such that the water from the cod-spawning cistern enters
the filter by gravity.. ; Erom.the, filter .it. is returned to the storage
tanks by the. pumps, “Make-up” water will:be added each day in
sufficient quantities,to keep the sppply in good condition. This will
add to the efficiency of the fish-cultural work by eliminating from the
hatchery the sediment that is carried in:the water taken direct from
the harbor and which has been particularly detrimental to the eggs
under incubation during periods. when the harbor water is agitated
by hi}tghaw.inds. .. The arrangement will. be further effective in a sav-
ing of fuel, since it is found expedient to raise the temperature of tie
hatchery water supply from 8 to 10 degrees during the winter
months. . The. new system will permit of the water that has been
warmed being kept in circulation . throughout the entire system.
Modern heating apparatus, with automatic thermo controls and an
electrically operated pump, for use during the summer when hut
comparatively .small quantities of water are used, will effect a fur-
ther saving in fuel consumption.. :

PROPAGATION OF. BUFFALQFISH, ATCHAFALAYA (LA) SURSTATION.
[C. P. Cutips, in Charge.]

‘The propagation of buffalofish in the Atchafalaya River district of
Louisiana is meeting -with success, dependent to a large extent on the
regulations recently established by the Louisiana Conservation Com-
mission, Under existing arrangements no fisherman is allowed to
operate nets during the spawning season without first securing from
the State authorities a permit, which is revocable in the event that the
eggs of all ripe fish taken are not delivered without charge to collect-
ing agents .of the hureau.. . It is:considered that permission to fish
during the closed season) with the'right to retain the fish captured
after stripping, is sufficient compensation for the eggs turned over to
the bureau. TR . : :

This work was inaugurated in the.spring of 1918 to meet the large
and increasing market demands for buffalofish, and while the water
stages: in_the niver, during the spawning 'season are ‘not uniformly
favorable the experidnce gainéed has demonstrated that, with the local
cooperative:assistance at:present afforded; there is no reason why
hatching -operations, shouldnot:be continded on-an extensive and
profitable. basis. ! ‘Thus far the fishermen have willingly complied
with the terms'of the regulations, and the cooperation rendered by
them: has:contributed largely to the success of the work. ]
- Inthe season of 1921 the substation was opened on January 23 and,
in order to free the:hatchety water' supply of the large amount o
sediment .contained in it, a:filter was installed in the water-supply
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line. No sand being available for the purpose, cinders were sub-
stituted, and to the presence of this material is attributed the loss of
approximately 46,000,000 of the first eggs received. The removal of
the cinders and the refilling of the filter with sand and.gravel cor-
rected the situation, though the output of the substation was consid-
erably reduced: ' '

“The first eggs were taken on February 27, and during the spawn-
ing season, which ended on March 25, a total of 96,440,000 eggs were
taken. Of these, 1,440,000 were' planted on the spawning grounds
after being' fertilized -and 88,600,000 fry were developed at the
hatchery. The conditions were unusual, inasmuch as the Atacha-
falaya River was at a low stage until late in January, whereas a rise
occurs in the late fall in more normal years, its effects continuing
into the spring months. = To this condition may be attributed the
short season and the small numbers of fish on the customary spawn-
ing grounds. The water temperatures during the egg-collecting
period ranged from 60 to 76° F. The incubation period was 10
days in.a mean water temperature of 80°. The eye spots in the egg
are visible to the unaided eye in from four to five days, and the fry
have- absorbed the umbilical sac in from four to five days after
hatching. -

- Further counts and measurements to ascertain the correct number
of eggs to a liquid quart were made and a standard of 120,000 was
established as a result. Observations were made at several points
to determine the percentage of fertilization that is attained in eggs
deposited under natural conditions. The results varied from zero
in certain places to as high as 40 per cent at others, with an average
of 10 per cent at all points considered. Efforts were also made to
secure information relative to the spawning of the paddlefish, but
nothing of a reliable nature was gained.

Buffalofish }l)( opagation conducted on an experimental scale at
Clarendon, Ark., has been permanently discontinued, it having been
found that very few of the local fishermen are inclined to lend their
cooperation.

PROPAGATION OF ANADROMOUS FISHES OF ATLANTIC COASTAL
STREAMS. i

Included under this head are -the shad, glut herring, alewife,
striped bass or rockfish, and the Atlantic salmon.

PROPAGATION OF SHAD, BRYANS POINT (MD,) AND EDENTON (N. C.)
STATIONS,

The work addressed to the shad is conducted at only two hatch-
eries, Bryans Point, on the Potomac River in Maryland, and Eden-
ton, on Albemarle Sound in North Carolina. It is interesting to
note that the run of shad is being maintained in these regions, not-
withstanding the failure to put into effect the greatly needed regula-
tory megsures “for which the bureau has worked. During the 12-
year period from 1910 to 1921, both fiscal years inclusive, the Mary-
land hatchery distributed a total of 448,799,000 shad fry, an average
annual output of 37,399,000. - The total output of shad from the
North Carolina hatchery during the same period amounted to
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409,683,000, or an average annual ouput of 34,140,250. Practically
all of these fry in each instance were distributed on local spawning
grounds. In view of the conditions that exist in other shad streams
where artificial propagation is not conducted, it seems but just to as-
sume that the hatcheries have been a factor in maintaining the shad
fisheries in their vicinity. :

The bureau is frequently importuned by State officials and others
to render assistance 1n restocking depleted shad streais by planting.
therein a portion of the output of its two hatcheriac. 1In their efforts
to obtain this assistance the illogical argument has been advanced
that the shad hatcheries, being the property of the Federal Govern-
ment and supported by public fundg,shouid apportion their output
in accordance with public demands and without regard to the source
of supply. Were the bureau to be influenced by such reasoning it
would result in dividing the comparatively small .output of its two
hatcheries among various States along the Atlantic seaboard. The
numbers allotted in any instance would be negligible, and such a
course would inevitably result disastrously to the fisheries in the
waters in which hatchery operations are now conducted.

For many years the bureau followed the policy of making sys-
tematic plants of shad fry in the principal shad rivers and tribu-
tary streams along the Atlantic seaboard, but the results did:not
justify a continuance of such efforts, because the States concerned
did little or nothing for the protection of the species, and with the
rapid and constant increase in fishing operations and fishing devices
the run constantly lessened. Finally, in order to maintain the
dwindling supply in home waters the bureau found it necessary to
discontinue shipments to outside ‘points and return to the local
spawning grounds the entire product of its shad hatcheries.

The status of the shad fisheries at the present time is precarious in
the extreme, fully warranting the adoption of drastic measures if
they are to be saved from total and early extinction. In spite of the
discouraging situation, however, the States most nearly concerned
have thus far appeared loath to take any decidedly aggressive action
toward safeguarding or increasing the run. :

While the falling off of the shad run in many Atlantic coastal
rivers and their total disappearance in others are due to several
causes, the chief factor involved would seem to be a total lack of
protection during the spawning season. As a result of the extensive
fishing operations near the mouths of such streams and in the salt
and brackish waters below very few shad are able to reach their
spawning grounds. The considerable amount of trade waste enter-
ing the streams has also had a deleterious effect.

The collection of shad eggs in the Potomac, at the Bryans Point
(Md.) station, fell considerably below that of a normal season,
amounting to only 15,620,000. During February and March the
weather was unusually mild, with high water temperatures, the
maximum in March being 64° F., with a mean temperature of 52° F.
As a result, spawning shad were taken unusually early, and 316,000
eggs were secured during that month. Weather conditions in April
were a reversal of those in March, with equally unfavorable results
to the work, and the season was brought to an early close on May 9.
Approximately 1,110,000 of the eggs secured were sent to central
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station for an exhibit, and the resulting fry:were returned to .the
Potomac River. : The eggs retained for: incubation:at the hatchery
produced 13,639,175 fry, all of which were deposited on local spawn-
ing grounds. \ _

‘The conditions during the' season weré especially favorable to
pound-net operations. The high water temperatures-in March ap-
peared to cause the shad in their upstream migration to leave the
deep-water channels, which are unobstructed by nets, and seek the
shallower water of the flats, thus coming in contact with the pound
nets set to intercept them.  In-1915 similar conditions :prevailed,
and that season and the one under discussion represent the only
marked variations in-the collections of: shad eggs at this station in
a long period of years. - :

Another factor bearing on the shad work:in the Potomac River is
the apparent increasing indifference of certain fishermen to. the
necessity for cooperating with the:bureau by saving for propagation
the eggs from the spawning fish-taken by them. . Most of the fisher-
men render this service willingly, realizing its value to them and to
their industry, but the high prices paid for shad in recent years
have evidently created among a:certain: class of- fishermen a feeling
that the only important consideration is to get the largest number
of shad to market in the shortest possible time. - This attitude has
undoubtedly resulted in the loss‘of a:.very considerable number of
eggs, and if it continues it may become advisable to invoke the aid
of the Maryland and Virginia authorities. Since the shad fisher-
men are licensed by the State in .which they operate, it would seem
that a regulation might be put into effect that would require-all
fishermen taking shad on the spawning grounds within-certain areas
and in working distance of the hatchery. to. assist employees of the
bureau in conserving the ripe eggs under penalty of a revoked license
for failure to comply. : S

The first shad eggs for the Edenton (N. C.) hatchery were secured
on March 28, and on May 5 the season ended with a total collection
of 21,710,000 eggs. 'As at Bryans Point, -climatic conditions were
unfavorable for the best results, the fluctuating. water temperatures
being particularly annoying. A:considerable reduétion in the ex-
pense ‘of collecting eggs was effected  during the season' by closer
cooperative relations ‘with the fishermen; a situation. that the bureau
has constantly endeavored to foster.” One'of the difficulties in ob-
taining shad eggs in this region is the large number of pound neéts
used. As such nets are lifted at infrequent:intervals, the eggs of
fish taken in them are seldom fit' for incubation. . Eggs-of the shad
appear to be_at their best 'when takenfrom fish ‘caught: between
sundown and midnight.- For' this reason gill nets, which are set'on
the ebb tide and lifted dat half-hour intervals, constitute the most
dependable source of egpi' supply for the'Edenton hatchery.

g“ile Edenton station also' propagates pond fishes, mention of which
is made on page 63. '

PROPAGATION OF GLUT ‘HERRING, EDENTON (N: C.) STATION,
‘The propagation of glut herring .was.taken up.last season for the

first time at Edenton, and the x_zesult,s"obtnined'may warrant a.Gon-
tinuance of the work. Some opposition was made by local fisher-
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men on the ground that the stripping of thefish reduced their
market value, an objection which is not altogether well founded.
While it is true that the appearance of the female may be affected
by the stripping process, the roe at spawning time has no market
value. The spawning season of this species coincides with that of
the shad, and for that reason the egg collections were limited, the
hatching capacity permitting of a total collection of 56,130,000.

PROPAGATION OF ALEWIFE, BOOTHBAY HARBOR (ME.) STATION.

For the past two seasons attempts have been made to secure eggs
of the alewife for artificial propagation at the Boothbay Harbor
(Me.) station. The Damariscotta River supports a run of .the
species, and there is a fishery of some importance at Damariscotta

ills. An examination of the fish taken at this fishery in tide-
water very soon disclosed that no fish with maturc spawn were ob-
tainable from this source. The efforts made to hold the fish in an
inclosure, awaiting the maturity of the eggs, were not successful,
and attempts' to secure eggs from the fish after their entrance into.
fresh-water ponds above the falls were equally unsuocessful. Seines,
pound nets, and fyke nets were employed at Damariscotta Mills and.
at West Boothbay Harbor in ponds where the alewife is known to
spawn, but the results were negative in every instance in so far as
they pertained to eggs for propagation, though considerable num-
bers of fish with immature eggs and also of spent.fish were taken.
No satisfactory explanation of this unusual situation is at hand, since
alewives in spawning condition are taken in various forms of nets
at other points. ‘

PROPAGATION OF STRIPED BASS, WELDON (N. C.) SUBSTATION,

The bureau propagates the striped bass or rockfish at a single
substation, located on the Roanoke River-at Weldon, N. C., where a
yearly average of about 12,500,000 fry is hatched and returned to
the spawning grounds in the river. The work is greatly handi-
capped by the floods usually encountered and also by the difficulty.
experienced in securing ripe fish of the two sexes at the same time.
During the height of the run this latter condition is less pronounced
than it is earlier or later in the season. Contrasted with the output.
of some of the commercial species, the work at this hatchery is not
large, but it is showing a steady and gratifying increase, as is evi-
denced by a comparison of the results of the past 10 years. The
production of striped-bass fry at Weldon rose from. 5,256,000 in
1912 to 20,184,000 1n 1921, an increase of nearly 400 per cent.

PROPAGATION OF ATLANTIC SALMON, CRAIG BROOK (ME.) STATION.
[J. D. Dr ROCHER, Snperlntendgnt.j

For many years it has been the Eractice of the bureau to purchase
in May am{ }une practically all the salmon captured by the Penob-
scot River fishermen, estimating the average weight at 124 pounds,
and paying the prevailing market prices for them, together with
a bonus of 60 cents per fish for careful handling.. The fish have
been held in a large lake or inclosure until their eggs were mature,
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and after having been stripped they have been released in the river.
Operations along these lines have resulted in. the purchase of almost
the entire catch and paying for the fish at a seemingly exorbitant
price, this amounting in e%ect to the maintenance of the run for
the sole purpose of furnishing employment to a few river fisher-
Inen. v o

After thoroughly canvassing the situation the bureau recently
decided to curtail its expenditures in this direction, with the view
of ascertaining if equally good results could not be brought about
by less expensive methodjs'. Taking all related facts into considera-
tion, it would seem that the State of Maine should interest itself
in providing efficient fishways over the dams which at present ob-
struct the passage of the salmon to their natural spawning grounds.

-At the beginning of the fiscal year there were on hand 316 brood
salmon, obtained by purchase from local fishermen in June.. At the
spawning season in October these fish yielded 911,720 eggs, from
which 821,240 fry were hatched. On March 12, 1921, 600,000 eggs
of this species were received from the New Brunswick hatcheries
of the Canadian Government in exchange for eggs of the brook,
rainbow, and blackspotted - trouts. These .were successfully in-
cubated, producing 565,760 fry, all of which entered into the general
distributions in Maine waters.

Propagation of Fishes of Interior- Waters.

The serious inroads that have been made in the public waters of
the interior as a result of the extensive and rapidly increasing use of
the touring automobile are making it exceedingly difficult to maintain
the fish supply in such waters. Recognizing the necessity for heavier
stocking of their waters, many of the States have called upon the
bureau for assistance, which, in view of its greatly overtaxed re-
sources, it has not always been possible to extend. One of the great-
est demands is for brook trout. The bureau does not produce its
brook-trout eggs, but of necessity relies upon commercial fish-cul-
turists for a large portion of its supply. - In many instances such
eggs can not be considered as more than a by-product of the com-
mercial plants. They are, as a rule, taken from 2-year-old and 8-
year-old fish and for that reason do not have the stamina that might
be expected from the progeny of older fish. In view of this situa-
tion, Congress has been asked for sufficient funds to establish a plant
for the production of the brook-trout eggs needed to fill the bureau’s
hatcheries. After placing it on an operative basis such-a plant could
be made to produce eggs of superior quality in numbers sufficient to
meet the bureau’s requirements and at a smaller cost than is now
involved in the purchase of a poor 1g-_rade of eggs.

The demand for smallmouth black bass can not be met by the
hatcheries, the principal handicaps.in the work with this species
being unfavorable weather and insufficient pond space. Means for
increasing the production of bass and other so-called warm-water
fishes are again -mentioned as being one of the most important re-
quirements of the service. * During a long period of time the output
of such fishes has not kept pace with the demand, and to meet the
deficiency the bureau has found it necessary to utilize for general
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distribution a small percentage of the:fishes rescued froih the Mis-.
sissippi River overflows.. In recent years the demand for bass has
increased, but funds have not been provided for increasing the :pro-
duction of the species at the fish-cultural stations. This has re-
sulted in a tendency to draw more heavily on the rescue work to meet
the demands, until the number of bass so diverted in the fiscal year
1921 amounted to approximately 43 per cent of the total number res-
cued. Any increased diversion of bass from this source is not ad-
visable, and unless other means are found for an increased-produc-
tion of the fish-cultural stations a large number of applications must
of necessity remain unhonored. . '

Of interest in connection with the fish-cultural work is the devel-
opment in recent years of fish and game protective associations in
practically all parts of the country. Composed as they are of the
leading citizens of the communities in which they reside, their influ-
ence for the protection and conservation of the natural resources is
of great benefit. Such organizations endeavor to :obtain the services
of men experienced in stocking local streams with fish life, and in
many instances they maintain ponds at their own expense for the
purpose of rearing young fish obtained from State or Federal hatch-
eries to a larger size than would be otherwise possible before plant-
ing them in public waters. The intelligent cooperatian resulting
from this movement is marked and-is worthy of encouragement.
Another favorable influence exerted by organizations of this charac-
ter is an increased respect on the part of the general public for the
State fish and game laws. It is the policy of nearly all such organi-
zations to favor better protective laws, to demand of their members
a strict observance thereof, and to urge the same line of conduct on
all others with whom they come in contact. '

Among the more important species propagated for the stocking of
interior waters are the catfish; rainbow, blackspotted, and brook
trout; crappies; largemouth and -smallmouth black bass; rock bass;
and sunfish. The results accomplished with these species by the
various stations during the fiscal year 1921 are reviewed in the fol-
lowing discussion. Data concerning the spawning seasons are given
on pages 73 and 74, and a tabulation of the amount and cost of fish
food used occurs on page 76.

NEW ENGLAND SALMON AND TROUT STATIONS.
BERKSHIRE (MASS.) STATION.

) [WiLLiamM A, CasvEs, Superlxitpndeht.f

Fish-cultural work at this station, which is logated near the town
of Hartsville, Mass., was confined to operations with the brook.and
rainbow trout.. Between October 20.and. November 10 brook-trout
eggs to the number of 183,500 were collected from brood fish in the
station ponds, and two lots of eggs, aggregating 322,500, were ac-
quired by purchase from commercial hatcheries. As the station fish
were old and somewhat imperfect through interbreeding, the ‘quality
of their eggs was poor and heavy losses resulted, both during the
incubation period and at the time the fry were ready to take food.
A heavy loss was also sustained on one lot of the commercial eggs

100267°—22—4
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from the disease known as-“bluesac.” - In each case, however, after
culling out the defective stock nofurther trouble was experienced,
and ‘the distributions of young fish from the three lots of eggs com-
prised 296,825 healthy No. 1 and 2 fingerlings, with 34,000 fingerlings
on hand at the close of the year.

From two lots of rainbow-trout eggs—one of 50,000 transferred
from the White Sulphur Springs hatchery and another of 6,920 taken
from the station fish—48,900 thrifty fingerlings were produced, of
which 2,000 remained on hand at the end of the year. The spawning
season of the rainbow trout at this station extended from December
22 to January 20,

CRAIG BROOK (ME.) STATION.
~{J. D. D RocHER, Superintendent.]

In addition to the propagation of the Atlantic salmon, for which
purpose this station was primarily established, it has an annual out-
%ut of brook trout from eggs purchased of commercial fish-culturists.

he ‘distribution of this species for the fiscal year 1921 amounted to
1,085,000 fry and 23,625 fingerling fish. -The year’s distributions also
included landlocked salmon fry and fingerlings to the number of
43,545, these fish being the prog ct of eggs transferred from Grand
Lake Stream. A detailed account of the work with the Atlantic
salmoz{)is contained in the section devoted.to the anadromous fishes,
page 45, . -

aving an abundant water supply of excellent quality, this station
possesses opportunities for development as a trout-rearing center.
At comparatively small cost-its capacity may be increased to the
point where it will alone adequately meet the requirements of that
section of the country.

GREEN LAKE (ME.) 8TATION AND SUBSTATION.
[JorN A. Sromy, Superintendcﬁt.]

Perhaps the most important part of the work of this station is the
propagation of the landlocked salmon. Operations addressed to this
species are conducted at the main station, a substation at Grand Lake

tream, and an egg-collecting station on Fish River Lakes, the work
at the latter-point eingrdone on a-cooperative basis with the Maine
Commission of Inland Fisheries and Eame. At Fish River Lakes
egg collections were ‘made -from Cross, Eagle, and Square Lakes
Thoroughfares, aggregating 525,000. These were all delivered at the
State hatchery for eyéing. Under the agreement 250,000 of them
were reserved for planting in parent waters, while the remainder
were -divided equally between the bureau and the State hatcheries
after being eyed.” The lakes were at high level prior to the spawning
geason, with but little rain during that period. Under these con-
ditions there was but little and a constantly decreasing current over
the usual spawning areas. - This is thought to have been a factor in
the reduced egg collections, though' whether or not it was the most
imé).ortant one it is hardly possible to saK. A total of 336 male
and 260 female fish were handled during the season, the first being
taken on October 24 and the last on November 9.
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‘The number of landlocked salmon eggs taken from Green Lake
represents an ‘average season. Pound néts were set at the mouth of
Great Brook as usual, and 87 female and 49 male fish were taken, the.
first fish entering the trap on October 14 and ‘the last on November
19. Eggs to the number of 220,300 were secured, of which 70,000
were shipped to applicants. From the remainder 122,120 fry were
hatched and distributed.

Of the 317,200 eggs obtained at Grand Lake Stream 115,000 were
shipped to other points and 184,400 were retained for parent waters.
To the unseasonably warm weather, which continued through the
late fall, and the consequent high-water temperatures the delayed and
prolonged run of spawning salmon is attributed.  Spawning fish:
were still being taken in small numbers daily, when a sudden tem-
perature change, with danger from ice, made it necessary to dis-
continue operations. The adult fish taken this season were of a
larger average size than is usual at this point. Several specimens
weighing 6 and 7 pounds were taken, yielding an average of 1,600
eggs per fish. During July and August 79,000 fingerling salmon.
carried over from the previous year were liberated-in Grand and
Dobsis Lakes. o

' The work addressed to the propagation of smelt met with a fair
degree of success. From the 8,000,000 eggs obtained 7,000,000 fry:
were hatched and liberated in local waters and 600,000 eyed eggs
were shipped to applicants. Practically all of the eggs were ob-
tained this season from natural spawning, the adult fish being con-
fined in troughs until this function was performed, after whicl% they
were liberated and the eggs transferred to batching jars. Compara-
tive tests of this method of obtaining eggs as against artificial
stripping seems to prove the superiority of the former method. Of
150,000 eggs taken by artificial stripping only about 15 per cent pro-
duced fry, while the percentage of hatch obtained from natural
spawning was 95. It was noted, however, that the best results were
oIl;tained from fish that were about reaéy to spawn when taken.
When held in confinement for more than 36 hours prior to spawning,
eggs of a poor quality resulted. In one instance a trough in whic
approximately 500,000 eggs had been deposited was left undisturbed
for'.observation after the removal of the adult fish. On the fourth
day the eggs showed the effects of smothering, this condition, which
is well known to fish-culturists, being brought about by improper
aeration of the water. The dam at the outlet end of the trough was
raised, thus subjecting the eggs to a more rapid flow of water and
relieving the dangerous symptoms. These eggs completed incuba-
tion in 14 days, with a mean water temperature of 55.5° F., as
against 20 to 27 days for the éggs incubated in Downing jars, with
a mean water temperature of 46°. ' ’ ‘

In addition  to the ‘species ‘already mentioned, brook-trout eggs
to the number of 788,860 acquired by purchase from commercial
dealers and 50,000 rainbow-trout eggs transferred from the burcau’s
Virginia station were received during the year. Fifty thousand of
the brook-trout e%gs were reshipped to the Grand Lake Stream sub-
station. - From the eggs of that species retained at Green Lake
608,050 fry were distributed. The rainbow-trout eg¥s underwent a
rather heavy loss during incubation and produced only 26,000 fry.
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The distributions from the Grand Lake substation consisted of
47,880 brook-trout fry, 115,000 eyed eggs of the landlocked salmon,
55,000 landlocked-salmon fry, and 79,100 landlocked-salmon finger-
lings, with approximately 74,000 fingerlings of that species on hand
at the end of the year.

NASHUA (N. H.) STATION.
[WaLpo F. HoBearDp, Superintendent.}

The work at this station was concerned with the brook and rainbow
trouts, pike perch, and smallmouth black bass. A few brook-trout
eggs were obtained from brood fish at the station, but most of the
eggs of this species were acquired by purchase. The rainbow eggs,
with the exception of 16,638 taken from fish in the hatchery ponds,
were transferred from the Wytheville (Va.) station, and the pike-
perch operations consisted in the incubation of 2,000,000 eyed eggs
shipped from Swanton, Vt. During the spawning season of the
smallmouth black bass in Lake Sunapee, extending from June 2 to
June 17, collections of fry of that species to the number of 31,700
were made and shipped to applicants. The work with the various
species was conducted without unusual incident, and the output of
fish for distribution is shown in the table on page 12.

8T. JOHNSBURY (VT.) STATION.
[A. I1. DINSMORE, Superintendent.]

From this station as a center the usual field stations for the collec-
tion of brook-trout eggs were operated at Lake Mitchell and Darling
Pond. Largely because of climatic conditions, the results of the
work at both points were rather unsatisfactory. The egg collec-
tions amounted to 214,148 and 411,777, respectively, all of which
were of the usual high quality.

During the summer of 1920 .an investigation was made of the
fish-cultural possibilities existing at points on the Big Margalloway
and Little Margalloway Rivers and Parmacheence Lake, in northern
Maine. As the field gave promise of satisfactory returns, a tentative
plan was formulated for undertaking work in cooperation with the
Northern Oxford Guides Association. The first eggs were taken
October 13, and the collections, which extended to October 27, aggre-
gated 300,000. As the main objects of the work were to build up the
supply of trout in the local waters and to encourage the local or-
ganization in their fish-cultural activities, the bureau claimed. only
50,000 of the efgs secured. The others were successfully incubated
in the log hatchery put up by the association, and the resulting fr
were planted, with but slight loss, in local waters.. While the wor
was not particularly successful from a fish-cultural standpoint, the
information gained will be useful in connection. with any future work
that may be attempted in that field. -

At Lake Dunmore, Vt., a new field station was established for the
collection of lake-trout eggs and was operated jointly .by Federal
and State employees. KEggs to the number of 130,000 were collected
and sent to the Holden hatchery, another subsidiary of the St. Johns-
bury station, to be eyed. After reaching the eyed stage balf of
them were turned over to the State fisheries authorities,



PROPAGATION AND DISTRIEUTION OF FOOD FISHES, 1921, 51

In accordance with past custom a considerable number of brook-
trout eggs was purchased, and as usual they were greatly inferior
to the eggs obtained from wild stock. Such purchases amounted
to 877,800, and 56,000 eggs in addition were turned over to St.
Johnsbury station by a Massachusetts dealer, with the understand-
ing that half the resulting fry were to be placed at his disposal
for sale to persons desiring fish” for stocking private waters, the
other half to be the property of the bureau. Two shipments of
steelhead-salmon eggs, aggregating 58,000, were received from one
of the Puget Sound (7Wash.g stations, and a consignment of 25,000
landlocked-salmon eggs was forwarded from the Grand Lake Stream
(Me.) hatchery. ,

Following the custom of past years, collections of smallmouth
black bass fry were undertaken at Lake Tarleton, and though started
some 10 days earlier than ever before they did not precede the un-
usually early spawning of the bass. High winds interfered with the
work, making difficult the placing of screens and the d dleping of the
fish, and in some instances the screens were destroyed. Approxi-
mately 54,000 fry were obtained from this source and placed in
ponds at the St. Johnsbury station for later distribution. This
work at Lake Tarleton enables the bureau to secure limited numbers
of bass for distribution in the Vermont field and at the same time
assists in keeping down their numbers in the lake, where they are
considered objectionable. :

At the Holden substation approximately 350,000 brook-trout eggs
were received, some from the field stations and some from commer-
cial hatcheries, and the distributions of fry and fingerling fish from
this lot amounted to 178,700, with 47,380 fingerlings on hand at the
end of the year. The rather serious losses made evident by these
figures are attributed mainly to an accident occurring on April 15,
when the spring water supply to the hatchery was cut off. A more
extensive system of aeration had been installed to overcome the
losses occurring in recent years through defective aeration of the
water. The new system promises good results, but because of this
accident the evidence in its favor can not yet be considered con-
clusive. This substation also handled and distributed the product
of approximately 145,000 lake-trout eggs collected at Lake Dunmore,
Vt., 25,000 of the same species transferred from the Charlevoix
(Mich.) field, and 50,000 rainbow-trout eggs received from the West
Virginia hatchery of the bureau. : ’

Work looking to the development of the York Pond (N. H.) site
as a station for the production of brook-trout eggs was carried for-
ward as expeditiously as the limited  funds available for the purpose
would allow. During the summer the small bottom west of the
pond and the extensive flat below it were cleared and a small log
cabin to house the employees was constructed. Officers of the For-
est Service have rendered valuable aid in the work of developing this
station. Through their efforts the camp has been provided with
telephone connections, and they are planning for the construction
of a wagon road to the site. They have also rendered assistance in
running levels, with the view of turning the flow. of one or more
of the adjacent brooks into the pond system.
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ROCKY MOUNTAIN TROUT STATIONS.

BOZEMAN (MONT.) STATION AND SUBSTATIONS,

{W. T. THOMPSON, Superlntendént.}

Although the cold, stormy weather of winter was unduly pro-
tracted, mterfering with fish-cultural work into the late spring
months, a satisfactory season is to be recorded in this field. With
Bozeman station as headquarters an auxiliary station is operated at
Meadow Creek, in the Madison Valley, and substations in the Glacier
National Park and the Yellowstone Park.

BOZEMAN (MONT.) STATIO!

Fish-cultural work at the Bozeman station was confined to the in-
cubation of eggs transferred from other points, these' transfers
amounting to 1,357,200 rainbow-trout eggs from Meadow Creek,
1,236,400 blackspotted-trout eggs from Yellowstone Park, and brook-
trout eggs from the Springville and Leadville stations in the num-
bers of 350,000 and 782,000, respectively. Part of the rainbow-trout
eggs were shipped to applicants and other stations; the remainder
were hatched and distributed as fry and fingerlings to fill the de-
mands for them in Montana, Wyoming, Idaho, Washington, and
Oregon. Approximately 800,000 fry of the rainbow trout and black-
spotted trout remained on hand at the close of the fiscal year.

MEADOW CREEK (MONT,) AUXILIARY STATION.

~ The Meadow Creek egg-collecting or auxiliary station was opened
on April 9. The weather throughout the spring was cold and stormy,
and there was no clearly defined run of fish, as 1s the case under more
favorable conditions. The first rainbow trout appeared at the rack
early in April, and the run continued at intervals up to June 10,
during which period 2,273,000 eggs were taken. Of this number
1,357,200 were sent to the Bozeman station. The eggs taken during
the latter half of the spawning season were of poorer quality than
usual, probably because of the turbid water, which was materially
affected by the storm conditions. The results of hatching were there-
fore disappointing, and of those retained for stocking home waters
only 300,000 fry were realized. Near the close of the fiscal year
500,000 blackspotted-trout eggs were received at the Meadow Creek
hatchery from the State hatchery at Anaconda, and these, with
30,000 rainbow-trout fry, were on hand June 30. -

Mixed in with the rajnbow-trout run were & limited number. of
grayling, though not sufficient to warrant spawn taking. The. fish
appeare(f to have been driven into the lake by the soft ice in the
stream shortly after their appearance at the racks, the grayling evi-
dently being. very susceptible to influences of this kind. In recent
years grayhing have deserted the Meadow Creek spawning grounds,
to which they formerly ascended in considerable numbers every
spring. . Whether or not the successful establishment of the rainbow:
trout therein is responsible for the abandonment of the stream by.the
grayling is conjectural, but the present spawning grounds of the fish
n the region are unknown, though several attempts have been made
to locate them.
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YELLOWSTONE. PARK.. (WYO0.) BUBSTATION,,

The spawning season of the blackspotted trout in the Yellowstone
Park involves portions of two fiscal years. At the beginning of the
fiscal year 1921 there were on hand in the hatchery 850,000 eggs which
had been collected in June, and this number, added :to the total ob-
tained in July, gave an aggregate collection of 6,430,400 for the. sea-
son. During the spring of 1921 the season was late, as at the Meadow
Creek auxiliary station, and ice was still in Yellowstone Lake at the
arrival of the spawning crews on June 10.. The first eggs were taken
at Fish Lake, near Soda Butte, on June 19, and at. the close of the
fiscal year the total egg collection numbered 1,747,500, of which
829,600 were obtained from Fish Lake and the remainder at different
points on Yellowstone Lake. All eggs taken during the year were of
excellent quality. The usual limited numbers were assigned to va-
rious State fish and game commissions, and smaller numbers were
diverted for stocking the waters of the Glacier National Park. The
remaining eggs were incubated at the lake hatchery, and fry to the
number of 2,012,400 were distributed in Yellowstone Park waters,
the park superintendent cooperating in the distribution. '

GLACIER PARK (MONT.) SUBSTATION.

From the Glacier Park hatchery, which was in operation for a
geriod'extending from June 13 to September 17, 1921, there were

istributed in park waters 2,035,000 fry and fingerling grayling,
brook, rainbow, and blackspotted trout, with approximately 445,00
grayling and rainbow-trout fry on hand at the close of the fiscal year.
The rainbow trout were derived from the Madison Valley egi collec-
tions and the blackspotted trout from the Yellowstone Park. For
the grayling and the brook trout the bureau is indebted to the Mon-
tana Fish and Game Commission, and grateful acknowledgment of
this cooperative assistance is hereby made. As in the Ye[lowstone
Park distributions, officers of the national park service rendered val-
uable assistance in transporting the fish to suitable points for
planting. ’ ' ' ' ’

LEADVILLE (COLO.). STATION.

[CHARLES B. GraTER, Superintendent,

The output of fry and fingerling fish from this station was smaller
than usual because of certain conditions affecting the efg collections
at two important sources, Low water at Turquoise Lake exposed
the customary spawning beds of the trout, and attempts to take the
fish by seines and fyke nets at other probable spawning £ovints were
not altogether successful. Similar conditions existed at Engelbrecht
Lake, where further difficulties were experienced also in the matter
of transportation. The aggregate total of brook-trout eggs obtained
from the collecting fields occupied was 4,305,400. This station also
handled 1,209,000 %lackspOtte -trout eggs transferred from the Yel-
lowstone Park field, 130,000 rainbow-trout eggs from the stations in
Wyoming and Utah, and 25,000 lake-trout eggs shipped from Mich-
igan. : :
gThe Leadyville station has for a number of years been able to suc-
cessfully operate field stations at a number of privately owned lakes
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and reservoirs, obtaining from them considerable numbers of brook-
trout eggs for distribution in the form of fry and fingerling fish to
‘applicants throughout Colorado and New Mexico and at the same
time maintain unimpaired the original sources of supply. In recent
years this work has suffered from the frequent labor changes occa-
sioned by the low rate of compensation offered, and in certain in-
stances the lake owners have refused to permit the continuance of
fish-cultural work under the direction of the inexperienced men whom
the bureau has been forced to place in charge.  The time is at hand
when a more definite policy with reference to this field of operations
will have to be adopted if the work is not to seriously deteriorate.

SARATOGA (WYO.) SBTATION.

[O0. N. BaLpwiy, Superintendent.]

As has been mentioned in several previous reports, this field re-
mains practically undeveloped because of lack of funds. Every year
the station employees, at the expenditure of much time and labor,
secure limited numbers of eggs at field stations where, with proper
equipment and means for eying eggs intended for transfer and for
the complete incubation of those needed for the maintenance of the
local run of fish, the egg collections might be very greatly increased,
the loss of eggs incident to their transfer in the green state obviated,
operating expenses reduced, and the general efficiency of the work
greatly improved. - During the spring of 1921, with the primitive
means available, the Sage Creek collecting field yielded 1,185,295
rainbow-trout eggs, Lost Creek, 982,185, and Canyon Creek—occupied
for the first time—351,850, a total of 2,519,330. The station brood
stock also produced 140,000 eyed eggs of this species.

Brook-trout eggs to the number of 1,132,400 were handled during
the year. Of these 134,000 were taken from the station brood stock,
448,000 were received from Springville (Utah) station, and the re-
mainder were taken at a new and promising field station located at
Big Creek Lake, in North Park, Colo. This field is about 100 miles
from the Saratoga station, well up on the Continental Divide. In-
cubation of the brook-trout eggs was completed -a full month earlier
than usual, with the result that most of the fry were taking food
early in the winter.

Incidental to the other fish-cultural work, there are taken each
season small numbers of Loch Leven-trout eggs, this species appear-
ing to thrive in the streams of the region. With the more complete
development of fields contiguous to the station it is probable that
very successful work can be accomplished with the Loch Leven.
Besides the species already mentioned, 200,000 blackspotted-trout
eggs were received from Yellowstone Park collections and were in-
cubated with a loss of only 6,000. The resulting fry and fingerlings
entered into the general distribution. With improved roads and bet-
ter transportation facilities there is reason to believe that the black-
spotted trout will also eventually bear a conspicuous part in the
operations of the Saratoga station. There remained on hand at the
close of the year upward of 1,000,000 eggs, fry, and fingerling fish.
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SPEARFISH (8. DAK.) STATION,

{D. C. BoorH, Superintendent.]

There was a decrease in the output of this station during the fiscal
year 1921 as compared with' previous years, this condition resulting
from the very limited: water supply available. For a number of
years the spring that has furnished the station with water has been
decreasing in volume, until during the season of 1920 its flow did
not exceed 25 gallons per minute. Quite opportunely, the city of
Spearfish found it necessary to augment the city supply by con-
structing a new reservoir, and the bureau was abf; to effect an ar-
rangement whereby it obtains the surplus water for its fish-cultural
work. The expense involved in installing the new system made it
necessary to greatly curtail all other expenditures during the year.

From the brood fish on hand 222,500 brook-trout eggs, 87,600 Loch
Leven-trout eggs, and 79,000 rainbow-trout eggs were obtained
These collections were supplemented by the transfer of 150,000 rain-
bow-trout eggs from the Bozeman and Springville stations and 200,-
000 of that species from -a commercial fish-culturist in Pennsylvania
in exchange for an equal number of brook-trout eggs furnished from
the bureau’s Leadville station. Some 46,000 green brook-trout eggs
were purchased from a local source, and 25,000 lake-trout eggs were
received from the Duluth station.: The fry and fingerlings resulting
from all of this stock entered into the general distributions.

SPRINGVILLE (UTAH) STATION AND SUBSTATION,

[CLAaUuDIUS WALLICH, Superintendent.)

Fish-cultural work in this field during the year resulted in the
distribution to applicants or in local waters from which egg collec-
tions were made of 463,600 No. 2 to No. 5 fingerling brook, black-
spotted, and rainbow trouts, 250,000 eyed rainbow-trout eggs, 2,000
fingerling catfish, and 600,000 fry of the Bonneville whitefish from
the Paris (Idaho) substation. In addition to the above approxi-
mately 700,000 fry and fingerlings of the various species of trout
handled remained on hand at the close of the year and a total of
1,202,000 eyed brook-trout eggs were shipped, being consigned to the
Bozeman, Saratoga, Spearfish, and Clackamas stations. These eggs
do not enter into the records as an output of the Springville station.

Eggs to the number of 51,400 were obtained from the brood stock
of brook trout at their first spawning. Because of inadequate facili-
ties for handling the spawning fish there was a loss of eggs from
natural spawning. The eggs taken were of a quality-equal to that
from wild fish. Spawning continued throughout the month of
December. The brood stock of blackspotted trout yielded 107,800
eggs, the spawning season extending from March 20 to Mals; 20. An
overflow of muddy water through the pond system during the spawn-
ing season interfered with the most efficient conduct of the spawn-
taking work, hence the quality of the eggs was somewhat impaired.
Spawning of the rainbow trout continued from December 30 to

arch 19, during which period 179,000 eggs were taken. In con-
trast to the brook trout the rainbows have continued in a healthy and
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growing condition and successful results from the brood stock of
that species are anticipated. _

From the collecting stations located on Fish Lake, which are oper-
ating jointly by the bureau and the. State.of Utah, 1,901,400 brook-
trout- eggs and 1,734,800 rainbow-trout eggs were obtained as the
bureau’s share of the work. - Employees of the bureau occupied the
station . at Twin Creeks from October 30 to November 14, after
which the field was left to employees of the State. It is encouraging
to note that the run of brook:trout: at this point has increased since
the bureau’s operations were undertaken, and it has. been reported
from relinble sources that a noticeable increase in the average size
of. the fish has occurred during the past two seasans, though this has
not been verified by actual measurements or weight. The abundance
of immature fish in the creek and along the shores of the lake appears
to be a further indication of the success of the liberal planting of
large-sized fingerlings. - . .. : o '
" .. During the course of the:brook-trout egg collections it was noted
that, the adult rainbow trout: were dying"in considerable numbers,
a condition that had existed for several months from information
brought out on inquiry. The cause of the mortality could not be
ascertained. . The rainbow-trout. spawning season at Twin Creeks
occurred between May 1 and June.4, and at this time there was no
indication of the mortality noticed in the previous fall.

There are several promising opportunities for extending the trout
work of this station, among which may be mentioned the Kayune
Reservoir, which is the property of the U. S. Fuel Co. This reser-
voir has been offered to the Zureau exclusively for fish-cultural
work, and the reports received from the plants of brook trout and
rainbow. trout made in it are most encouraging. There are very

ood prospects for early railroad communication with the Straw-
erry’ Reservoir, of the Reclamation -Service, which is at present
inaccessible during the spawning season of the rainbow trout. A
recent investigation of Jorgensen Creek, a tributary of Fish Lake,
about 4 miles from the present camp on ;l‘win.Creeks indicates that
a field station might profitably be established at that point. At
the .time the place was visited 46 large fish which had been beheaded
by coyotes were noted., ‘

The substation established for the propagation of the Bear Lake
whitefish at Paris, Idaho, was opened on November 22 and operated
until April 10. The usual difficulties encountered during the egg-
collecting season—severe cold, violent winds, and snowstorms—pre-
vailed without abatement. Iéggs to the number of 1,056,000 were
taken, from. which, 600,000 fry were hatched and plante(i, 500,000
being deposited on the spawning, grounds in Bear Lake and 100,000
in U%ah Lake. ‘ .

COMBINATION TROUT AND POND FISH:CULTURAL STATIONS.

The stations possessing the greatest attractions for the general
public are, perhaps, those located in sections of the country where
the natural conditions make it possible to’ propagate both the Sal-
monidet and the pond fishes. At such stations a brood stock of the
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various species handled is maintained at all times and work of a
strictly fish-cultural nature is under way throughout the year,
whereas the fish-cultural work at certain of the hatcheries, especially
those handling the commercial species, is seasonal in its character.
The “combination” stations operated by the bureau are located at
Erwin, Tenn.; Manchester, Jowa; Neosho, Mo.; White Sulphur
Springs, W. } a.; and. Wytheville, Va. TFollowing is the aggregate
‘output, by species, of this group of stations for 1921:

Brook traut - —--—-—-_- 1,664,950 | Swallmouth black bass_... 112, 501

Crapple.. .l ___ 14,332 | ‘Sunfish .- R - 62,355

Largemouth’ black bass ___ 121,978 '| Yellow perch.__.__ e 58
Pike perch ____:.___2._..." 500,000 ' —_—
Rainbow trout’ ... ____.__ 2, 588, 244 Total - -2 ———c__ 5,154,893
Rock bass...  ..__i__ .__ . 95,385 ' .

ERWIN (TENN,) STATION.

[A. ;G.. :kmszéxmg, Superintendent.]

- The aggregate output of this station shows an increase of about 30
per cent over that of the %revious year. The spawning season of the
riinbow trout began on November 8 and continued to January 27,
‘the total egg collection amounting to 936,000, of which 822,000 were
eyed. With the exception of 55,000 eyed eggs supplied to the State
hatchery at Elkmont, Ténn., the entire 1ot was incubated in the
Erwin hatchery. The losses were merely nominal, and the output
of this species for the year amounted to 755,100, this number includ-
irﬁ59,926 fingerlings derived from eggs transferred from the Neosho
(Mo.) station.. As an.addition to the brood stock 10,000 steelhead
eggs transferred from' the Birdsview (Wash.) station were incubated,’
producing 9,300 fry. The year’s work with the rainbow trout indi-
cates a very satisfactory improvement, both with regard to the pro-
ductivity of the brood fish and the quality of the eggs secured. No
brood stock of brook trout'is maintained at this station, all eggs of
that species handled being acquired by purchase from commercial
dealers. - During the year the 439,300 eggs thus acquired resulted in
an output of 300435 fingerlings. = - o

~The spawning.season of the smallmouth black bass began on
April 18 and continued to May 28. Twelve nests were occupied, and
10 of them were productive, though the percentage of fry hatched in
each nest was small; ‘The distribution of this species amounted to
5,165 fingerlings, and it wagi estimated that upward of 3,000 were on
hand at the close of the'yenr.- The outcome of the operations with the
largemouth black bass was better, 65,980 of these being available for
distribution, with approximately 10,000 on hand at the end of June:
During the spawning period, extending from April 13 to June 1, the
warm weather during the'spring was'followed'by colder weather, and
this was an important factor in' reducing thé output of both species
of black bass. The year’s distribution also included 17,200 rock bass,
400 strawberry bass, and 20,350 sunfish, all fingerlings.
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MANCHESTER (IOWA) STATION.

{Frank E. Harsp, Superintendent.]

The output of this station consists of 125,500 eyed eggs of the rain-
bow trout and 678,585 fry and fingerling fish of the different species
propagated.  ‘The rainbow-trout brood stock did not yield an alto-
gether satisfactory return, there being only 378,600 eggs taken. With
the maturity of plans now being formulated a ver£decided improve-
ment in this direction is confidently expected. During the spring
25,000 eggs taken from wild rainbow trout were transferred to Man-
chester from the bureau’s Montana station with the view of infusing
new blood in the brood stock, and the product of an equal number of
steelhead eggs shipped from the Birdsview (Wash.) station will also
be reared with that end in view. The adult brook trout, consisting
of 625 2-year-old fish and 35 fish 3 years old and over, yielded 58,000
eggs. These fish were again affected by a gill disease just prior to the
spawning season and suffered a heavy mortality. Brook-trout eggs
to the number of 550,000 were obtained from commercial dealers in
Massachusetts and incubated with satisfactory results. The cold
weather of the late spring reduced the output of largemouth black
bass to 2,500 fingerlings, but better success attended the culture of
the rock bass, the distribution of that species amounting to 53,910
No. 1} fingerlings.

NEOSHO (MO.) S8TATION.,

[FrED J, FoSTER, Buperintendent.]

There was a very satisfactory increase in the output of rainbow
trout from this station for the fiscal year 1921. The records indicate
- that the egg shipments were increased over those of the preceding
year by 48 per cent, while the increase in the number of fingerling
fish distributed was as high as 117 per cent. The improvement was
not confined solely to the increased number of fish and eggs produced
but has been extended to the quality of the product and a betterment
of the condition of the brood stock. .

For a number of years the station has been supplied with water
from two sources—the Hearell Spring and the McMahon Reservoir.
Observations made by the superintendent led to the belief that the
eg%s of fish held in ponds supplied from the spring were not equal,
either in numbers or quality, to those taken from fish in ponds sup-
plied from the reservoir. .-For the purpose of testing the soundness
of this theory the following experiment was conducted: A number
of 3-year-old rainbow trout from the same hatch, which up to the
time of the experiment had been held in the same pond, were divided
into two equal lots. One lot was placed in pond No. 18, supplied
entirely with water from the McMaF\on Reservoir, and the other was
placed in Pond F, supplied largely from Hearell Spring. The eggs
obtained from fish held in the M)c’Mahon water proved 82 per cent
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fertile, while the rate of fertility of the other lot was only 67.
This and further experiments along the same lines gave these results:

McMahon! Hearell | Fertile McMahon| Hearell | Fertlle
Pond. water. | water. oggs. Pond. water, | water. | oggs.
Per cent.| Per cent. | Per cent. Per cont. | Per cent || Per cent.
No. 18......c....... 100 0 82| No.bovervuvannnnnnn 50 50 77
No.15..c...nueene. 70 30 80 No. Fooovevannnn.. 30 70 67

It is unfortunate that more complete data on these experiments
are not available, and perhaps the data at hand can not be accepted
as conclusive. Nzevertheless, the evidence seemed sufficiently strong
to warrant the construction of two new ponds supplied entirely with
the McMahon water and the alteration of present lines to admit of
a further elimination of the Hearell water from the stock ponds.
During the coming year the brood stock of rainbow trout will be held
exclusively in ponds supplied with the McMahon water. - The nature
of the apparent ill effects of the water from Hearell Spring on .the
adult fish has never been ascertained, but an ovarian affection ap-
gears to prevail among the fish that have been retained in that water

or any considerable period.

Another item of possible interest in trout culture at the Neosho
station was the occurrence of a disease among the fingerling trout,
both at the main station and at the Roaring River substation, re-
sulting in some loss. The trouble first appeared as a discoloration
of the gills from cream to brown in color, sometimes one and some-
times both gills being affected. This was followed by an apparent
disintegration of the tissues and finally by a peculiar sloughing off of
the gill. The trouble manifested itself only in the newly constructed
ponds or in ponds supplied with water from recently constructed
reservoirs. On being removed to surroundings entirely remote from
new concrete work the fish recovered rapidly, even in advanced cases
where the gill seemed to have been destroyed. After being treated
with a 1 to 1,000 solution of copper sulphate these affected gonds were
allowed to remain idle for several months, and no trouble in con-
nection with their use has since developed.

The output of pond fishes also shows an improvement over the
recent past, the aggregate having been exceeded only in two previous
seasons. Further improvement in this line of effort involves some
interesting problems. The ovarian trouble of the rainbow trout may
be present among the pond fishes held in water from Hearell Spring,
and investigations looking toward the solution of this phase of the
subject are already under way. The station ponds devoted to the
production of the warm-water species are well supplied with natural
food for their young, and were fingerling fish produced to the extent
of the natural food available the station’s output would be materially
increased. The warm-water siecies propagated are largemouth and
smallmouth black basses, rock bass, sunfish, crappie, and yellow
perch. Artificial nests were tried in connection with the spawning
of the largemouth black bass, with results that led the superintendent
to recommend their general use. The output of the station by species
is indicated in the tabular statement showing the production of fish
by stations on page 12.
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WHITE SULPHUR SPRINGS..(W. VA.) STATION.

[DELL BROWN, Superii:tcddent.]

Work at this station during the year was conducted along the usual
lines. The results from trout propagation, both the brook and the
rainbow, were of a satisfactory nature, but, on the other hand, the
spawning of the two species of the pond fishes turned out to be an
almost total failure. ' ‘

The brood stock of approximately 2,700 female rainbow trout 2
years old and older produced 1,058,900 eggs, or more than a half mil-
lion in excess of the previous season’s collection. Only 68 per cent
of them hatched, however, and the cause of this heavy mortality can
not be explained. On reaching the eyed stage 447,000 were supplied
to'applicants and transferred to ‘other stations of the bureau. The
remainder were incubated at the station, togeth’er'with’a consignment
of 100,000 received from the Wytheville (Va.) hatchery. The brood
stock of brook trout, consisting of about 150 3-year-old fish and 350
2-year-old fish, yielded 80,000 eggs, which number was supplemented
by ‘the purchase of a million ‘eggs from commercial dealers’ in New
B?'ngland. The so-called “ white-spot ” disease caused some mortality
among the fry of this'species just prior to the feeding sta%, and a gill
affection was prevalent later among the fingerlings. Eggs to the
number of 22,000 were taken from. 160 3-year-old albino brook trout.
The males of this lot appeared to be lacking in virility, and some diffi-
culty was experienced in obtaining the necessary fertilizing medium.
Nine thousand fingerlings resulted from these albino aggs, 1,000 of
which were furnished to applicants, leaving 8,000 on hand at the close
of the year. o
. A consignment of adult smallmouth black bass obtained from Lake
Erie waters for a brood stock survived the winter without undue loss,
numbering 115 at spawning time. During the spring 46 nests of this
species were noted in the ponds, and the output of fry amounted to
100,500. The 23 largemouth black bass on hand produced 25,800 fr
and 600 fingerling fish. The resilts from the rock bass and sunfis
were negligible. This condition was attributed in part to lack of
proper nourishment, it having never been the custom to feed the
brood-pond fishes at this station. Steps have now been taken to feed
them on beef heart, and the results will be carefully noted.

WYTHEVILLE (VA.) STATION.

[{GEORGE A. SEAGLE, Superjatendent.]

During the spawning season of the rainbow trout the 2,960 adult
females on hand yielded 870,352 ’eggs, of which shipments totaling
480,000 were transferred in the eyed state to applicants and to other
hatcheries of the bureau. The spawning season was unusually pro-
tracted, extending from October 10, 1920, to March 15, 1921, the
wild fish recent]y introduced into the brood stock probably being the
later spawners. ' o _ . .

At the beginning of the spawning season 695 2-year-old fish ‘were
turned over to a representative of the scientific_division for experi-
meént. From these fish 30,500 eyed eggs and 19,000 fry were returne

to ‘the hatchery stock at the end of the season’s investigations, and
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they are included in the station’s output. The experimental work
connected with the spawning of the rainbow trout will be continued
over a series of years, the operations next year to be conducted at
Erwin, Tenn. ith this end in view 416 of the adult fish involved in
last season’s work have been transferred to Erwin.

The output of brook trout from the station was reduced to negli-
gible proportions by ‘an apparently infectious disease which attacked
the fry shortly after incubation was completed. Eggs from commer-
cial hatcheries to the number of 274,000 were received, but because
of this trouble only 30,900 fry were available for distribution. The
output of this species also included 1,900 No. 4 fingerlings carried
over from last year’s hatch. E a

The largemouth black bass, usually prolific at this station, pro-
duced very few young. The brood stock consisted of 194 fish, and
during April 60 nests were counted in one pond. ‘A sudden drop
in temperature had the effect of destroying all the eggs deposited,
and the few fry produced were the result of a later spawning. The
distribution of rock bass consisted of 14,060 fingerling fish Nos. 2
and 3 produced from 230 brood fish,-while 10,325 sunfish comprised
the output from a stock of 200:breeders of that species. Adult
crappie to the number of 47 were carried through the year, but so
far as could be ascertained the fish did not spawn, nor have they been
known to take food. Of the 20 catfish transferred from the Cold
Springs (Ga.) station last year only 5 remained at the end of June
1921. Because of the rather dense growth of vegetation in the pon‘cf
in which they were carried nothing could be learned as to any pos-
sible spawning activities. A consignment of 500,000 pike-perch eggs
received from the Swanton (Vt.) hatchery was successfully incu-
bated, and the resulting fry were planted in New River, Va.

With the view of increasing the efficiency of the work at the
Wiytheville station, particularly in connection with trout propaga-
tion, further repairs and improvements were made in addition to the
new water-supply system installed last year. The moreé important
features of this improvement were the demolition of the old wooden
building used as a nurser% and the construction of a new two-story
building 56 by 86 feet. The building is of concrete to the window
sills of the second story and of frame construction above that. It
will contain 60 standard troughs-—20 on the first floor supplied with
brook water and 40 on the second level—which may use either brook
or spring water, or a mixture of both as may be desirable. An en-
larged settling tank and filter are also in process of construction for
the correction of the turbid condition to which the spring water is
subject for long intervals after heavy rains.

WORK OF POND FISH-CULTURAL STATIONS,

Climatic conditions play an important part in all branches of fish
culture, but the success or failure of a season’s work at a pond-cul-
tural station is peculiarly susceptible to temperature changes in the
spring. If the weather in the early spring is warm, the spawning
activities of the fish, particularly the basses, are hastened. Should
this condition be followed by a period of falling temperatures, it
inevitably results in the desertion of the nests by the aé)ult fish and
the loss of practically all the eggs produced.
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Future work looking to an increase in the output of the pond fishes
must lie along the line of more intensive cultural metl!?ods. The
proper steps to be taken in this direction are as yet more or less
of an unsolved problem, but such studies as have been made would
indicate that the problems are subject to satisfactory and practical
solution. To the practical fish-culturist the deductions formed by
observation of the results obtained from a certain.pond giving most
excellent results are sometimes seemingly contradicted by the results
from another pond where conditions, g’om the generally accepted
theories, are more favorable. Further investigations and studies of
these interesting and important problems are urged as being abso-
lutely essential. -

Another point in connection with the operation of the pond sta-
tions is to determine the most suitable and effective way to distribute
the output. The very young fry can not be successfully handled.
Even the transfer of such fry to rearing ponds usually meets with
a very heavy mortality. On the other hand, if they are retained
in the spawning ponds with the adults the first fry appearing are
sure to prey to a large extent on the progeny of the later spawners
and will themselves fall a prey to the adults. The loss of young
fish from cannibalism is large in an artificial pond under the best
of conditions. Perhaps the most suitable time to effect the trans-
fer to rearing ponds or to distribute the fish in them is in the ad-
vanced fry or No. 1 fingerling stage. At this time they are hardy
enough to withstand careful handling, and, being still under the
guardianship of the male parent, may easily be taken in a net as they
school along the shores of the pond.

SUMMARY OF OUTPUT.

The output of the stations devoted to the culture of the so-called
warm-water or pond fishes during the fiscal year 1921 aggregated
2,478,711, as opposed to a production of 1,837,598 the preceding
year. The seven stations included in the pond fish-cultural group
are given in the table below, with the figures of the aggregate out-
put of each for the fiscal years 1920 and 1921. The Edenton (N. C.)
station, though listed with the pond fish-cultural stations, also does
important work with the shad and glut herring, mention of which
is made on pages 42 and 44 in this report. .

Ourrut oF PonNp FIsH-CULTURAL STATIONS, FiscaL Years 1920 axp 1921.

Output. . Output. )
8tatfon. Station.
1820 1921 1920 1921

Cold 8prings, Ga.......... 228,833 270,675 || San Marcos, Tex..... SN 376,500 . 408, 811
Edenton, N Comeeenniil 42,560 33,990 || Tupelo, Miss.......... ...\ 472/420|  479)875
Loulsville, Ky....oevunne.. 404,475 | 1,020,450 e e —
Mammoth Sprlncg, ArK.... 39, 895 32,325 Total.......coeunnn.. 1,837,598 | 2,473,711
Orangeburg, 8.C.......... 274,016 219,676
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COLD SPRINGS (GA.) STATION.,
{CHARLES W. BULLOCK, Superintendent.]

Five spawning and two rearinE ponds were completed during the
year at this station, and it was hoped the additional facilities pro-
vided would permit of a material increase in output. As at other
points in the Southern States, the weather during the bass spawning
season was not propitious. There was a heavg spawning during an
unusually warm period in March, permitting of the shipment of more
than 100,000 advanced fry in April, whereas the distribution does not
usually begin before May 1. sudden cold spell in April caused a
drop of 20 degrees in the water temperature. This resulted in de-
stroying what had a peared to be bright prospects for a remarkably
successful season. %uring the cold weather many of the schools
disappeared, and the fish hatched later were small and their rate of
growth slow. The few stragglers surviving from the schools de-
stroyed preyed freely on the weaker fish. I,?erhaps not of the least
importance in contributing to the disappointing results was the al-
most total disappearance from the ponds of the cladocerans, cope-
pods, and chironomids that had been observed in abundance during
the early spring. While the numbers of bass produced for distribu-
tion represent a very fair average for the station, in view of the
promising outlook in the early spring the results are disappointing.
At the Harris Ponds substation catfish and bluegills are reared in
the same ponds. In certain respects the bluegills can be more satis-
factorily handled than the bass, as they take readily to artificial
feeding. It is never possible to anticipate results in the propagation
of catfish. In certain seasons the output will be ample for all needs,
while the next season, under apparently identical conditions, only
small numbers of young are produced. During the past season only
5,000 fingerlings were obtained from 60 adults. In the course of the
spring one of the ponds were stocked with 50 adult catfish in addition
to the bluegills. Later in the season a heavy mortality occurred as a
result of a parasitic affection. .
Attempts to propagate crappie at this station have not been par-
ticularly successful. Two ponds devoted to the species produced
1,750 fingerlings. Two hundred of these were reserved for brood
fish, but as they are very shy and nervous, refusing to take artificial
food, it is doubted if they will be of much value in that connection.
The station water supply is lacking in lime or other mineral sub-
_ stance, excepting for a trace of silica. The presence of lime in solu-
tion has always been considered desirable in pond fish culture. By
way of experiment the water supply to one of the ponds was ar-
ranged to pass over a cask of lime, and the results are being noted.
The output of the station for the fiscal year consisted of 212,555
largemouth black bass, 4,120 catfish, 1,550 crappie, 61,350 sunfish,
and 100 warmouth bass. Approximately 145,000 of the bass were
fry, while the others were all of the fingerling size.

EDENTON (N. C.) STATION,
[Epw. M. Haynes, Superintendent,]

Five ponds at this station are devoted to the production -of the
pond fishes, and their output for the year consisted of 23,085 large-

100267°—22——5
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mouth black bass and 9,904 sunfish, all of the fingerling 2} size.
Thirty adult crappie, obtained during the season for use as brood
fish, failed to reproduce, the fluctuating air ard water temperatures
during the spawning season having a decidedly unfavorable in-
fluence on these fish, as it also did on the bass. ~%Io recent changes
have occurred in the method of conducting the. work at this point. -

LOUISVILLE (KY.) STATION.

[Cnuim:s ‘W, BUBRNHAM, Superintendent.]

The fiscal year 1921 marks the most successful season in the his-
tory of the station in the production of fish. The output aggre-
Jg_lated 1,020,450 fry and fingerlings, divided, by species, as follows:

argemouth black bass, 33,100; rock bass, 4,500; smallmouth black
bass, 156,700; sunfish, 76,150; and yellow perch, 750,000. These
fish were distributed to applicants in Kentucky, Indiana, and Ohio,
and liberal plants of sunfish were made in local waters.

The brood stock of smallmouth black bass was increased during
the year by the purchase of 277 adults from Lake Erie fishermen.
Of this number 52 died shortly after being. received. The remain-
der were placed in a spawning pond, but failed entirely to spawn.
It is difficult to assign a reason for this, as the fish appeared to be in
a healthy condition throughout. A number of those that died from
the effects of transportation were examined and found to be carry-
ing eggs, and the 125 older fish at the station produced very excellent
results under similar conditions.

It is perhaps worthy of mention here that of the 200 adult small-
mouth Elack bass sent to the Mammoth Spring (Ark.) station from
Lake Erie none survived the winter. In connection with the propa-
gation of the basses, it is interesting to note that the young small-
mouth black bass grow much more rapidly than the young of the
la%emouth black species.

ellow-perch propagation at Louisville was successful this sea-
son, the 750,000 fry distributed being the progeny of 300 brood fish.
It may be possible to considerably extend this branch of the work
by increasing the number of breeders carried in the ponds.

MAMMOTH SPRING (ARK,) STATION.
[WiLLiaM S. VINCENT, Superintendent.)

A considerable amount of work looking to the improvement of .
the pond system was accomplished at this station during the year.
Such work in the main has consisted in the installation of concrete
“lkettles” and outlets in many of the ponds, comprising what is
believed to be an innovation in pond construction. (See Fig. 3, opp.
p. 68.) Improvements were also made in the drainage system. Four
small rearing ponds were converted into one large one, and work
was done for the improvement and increased fertility of the bottoms
of the ponds.’

In an effort to build up the brood stock a number of adult fish of
the various species propagated were obtained from local waters dur-
ing the late summer and early fall. In October 200 adult small-
mouth black bass were transferred from Lake Erie. Most of these
were unable to survive the winter, and all had perished prior to the
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spawning season. Hence, the total number of brood fish of this
species on hand at that period did not exceed 200. The smallmouth
black bass were first observed to be spawning on March 28, when 12
nests were noted, and 38 nests had been occupied by April 8. By the
end of the third day fungus had entirely destroyed the eggs on the
first 12 nests, and only a negligible number of fry was produced from
the remainder of the first spawning. Spawning was resumed on May
6 and 7, when 12 more nests were occupied. From this spawning
the total output of smallmouth black bass, amounting to 26,500 fry
and fingerling fish, was obtained.  No satisfactory explanation for
the failure of the early spawning is at hand. The long interval be-
tween the spawning periods observed this season is unusual. In
previous years it has rarely exceeded one week. In addition to the
smallmouth black bass, smaller numbers of the largemouth black bass
and rock bass were distributed.

ORANGEBURG (8. C.) STATION.

[GEORGE W. N, BrowN, Superintendent.]

At this station a new pond, approximately 1 acre in area and sup-
plied with water from springs at the head of the small cove in which
it is built, was completed and stocked with bass. The output con-
sisted of 204,675 lar[fre'mouth black bass, 800 crappie, 500 rock bass,
and 14,200 sunfish (bluegills), all of fingerling size. A small number
of sunfish carried over from the previous year were distributed in con-
nection with the current season’s hatch. The station has also a small
stock of the spotted catfish (/ctalurus punctatus), and it was esti-
mated that approximately 1,000 young of the species were on hand
at the close of the year.

SAN MARCOS (TEX.) STATION.

[MARK RiLpY, Superintendent.]

The distributions from this station for the year 1921 included the
following species: Largemouth black bass, 257,715; catfish, 70,000;
crappie, 5,904; rock bass, 820; sunfish, 74,872, The San Marcos
station has for a number of years been successful in producing goodly
numbers of fish for distribution at a cost that compares favorably
with that at any other station. Local conditions seem particularly
suited to the purpose, and, unlike the conditions at all other stations,
it is not necessary to supply artificial food for either the young or the
adult fish. The output for the year 1921 was curtailed by fluctuating
water temperatures during the spring and, further, by the ponds
overflowing on two occasions, an occurrence that is caused by the
unsatisfactor{; method of street drainage. To augment the produc-
tion of fish beyond the capacity of the station ponds it has been
_customary to stock privately owned ponds or “ tanks” with fish, with
the understanding that the bureau shall have the privilege of taking
a reasonable number of the progeny for distribution. Very satis-
factory results have been obtained by this method, particularly with

the crappie.
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TUPELO (MISS.) STATION.
{Davip Davies, Superintendent.)

The output of this station for the year consisted of 405,500 large-
mouth black bass, 73,005 sunfish, and 1280 crappie, and the distribu-
tion was extended to approximately 310 applicants, located in Mis-
sigsippi, Alabama, Tennessee, Arkansas, Louisiana, and Kentucky.
The station output was also supplemented by a carload shipment of
miscellaneous fishes from the rescue field on the upper Mississippi
River, consisting of crappie, catfish, rock bass, buffalofish, carp, and
yellow perch, all of which entered into the general distributions.

Of possible interest in connection with pond fish culture was the
unusually late spawning of the largemouth black bass this year.
On August 19, 1921, a lot of 3,000 advanced largemouth black-bass
fry were taken from one of the station ponds, and again, on Sep-
tember 28, another lot of the same species and size was obtained.

PRACTICAL DEVICES FOR USE IN POND FISH CULTURE.

A PRACTICAL BYSTEM OF CLEANING FISHPONDS,

The necessity for the frequent cleaning of ponds in which fish
are retained under artificial conditions is well known. If the ponds
are of cement or lumber construction, the usual method of cleanin
is to lower the water level and scrub the sides and bottom of the pong
with a suitable brush. During the cleaning process the water in the
pond becomes turbid and polluted from stirring up the accumulated
sediment and filth from the bottom of the pond. The fish are forced
to endure this unnatural condition until the pond is scrubbed, the
accumulation of sediment flushed out through the outlet, and the pond
again filled with clear water. In addition to this unfavorable condi-
tion to which the fish are exposed they are subject to further possible
injury by bruises from contact with the brushes used in the scrub-
bing process. These conditions are entirely unavoidable under the
system of cleaning in general use.

At the Manchester (Towa) station a system of cleaning ponds that
successfully overcomes both these difficulties has been adopted. (See
Fig. 2.) At this station there are eight stock ponds of cement con-
struction. They are approximately 80 by 13 feet and are 8 feet deep
at the outlet, the bottom sloping upward toward the inlet, where the
depth is 24 feet.

Tor the proger cleaning of the ponds a cement wall or dam, ex-
tending into the pond 4} feet from each side, is installed, leaving a
4-foot opening in the middle. This dam is placed 20 feet from %he
inlet end of the pond and is 1 foot high. The open ends are
grooved to accommodate a dam board 2 inches in thickness. In
cleaning the pond the water level is lowered until that portion of
the pond bottom between the inlet and the division wall is just cov-
ered. The pond being deeper at the outlet end, there is still sufficient
water to hold the fish safely while the other section of the pond is
being cleaned and flushed. After cleaning the first section the water
is permitted to rise until the division wall is about submerged. The
fish are then driven through the 4-foot opening in the wall into the
clean section of the pond by the use of a “ push screen.” A board
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2 inches thick, 1 foot wide, and 4 feet long is inserted in the grooves
in the ends of the division wall to retain the fish, while the remaining
portion of the pond is being cleaned. The dam board has a saw
tooth edge permitting the overflow water to pass but preventing
the escape of the fish.

The “ push screen” consists of a frame made of 1 by 4 inch lum-
-ber, to which is attached poultry netting of 1-inch mesh or smaller
if the size of the fish requires. The smaller dimension of the lJumber
forms the face of the screen, to offer but slight resistance when being
pushed through the water. Its shape conforms to the shape of the
ponds. At Nﬁmchester the sides flare outward. In size it is some- -
what shorter than the width of the pond for convenient handling,
and to prevent the escape of fish around the ends strips of heavy
duck or canvas belting are attached to each end of the screen. Iron
staples driven into the bottom board at suitable intervals and slightly
protruding will serve to keep the board from dragging on the bot-
tom of the pond and facilitate the easy movement of the screen

through the pond.

POND OUTLET AND “ XETTLE.”

As being of possible interest and value to persons interested in the
subject a drawing of the pond outlet and “ kettle > previously men-
tioned (p. 64), with descriptive text and specifications for construc-
tion, are given (Fig. 3).

In referring to t%e cut of the pond outlet and “ kettle ” it will be
noted that it contains features not embodied in other constructions
of a similar character. The drain box is made in about the same
manner as those now in use at many stations, but in place of the
wooden dam boards it has a cement dam B, the height of which
is determined by the water level when the pond is filled. If it is
desired to raise the water level of the pond, the wooden dam boards
can be dropped in the slot €. The screen 22 is the same as those
now in use. To draw down the water in the pond, a gate valve 4
is so placed at the bottorp that all of it can be drawn through the
kettle. To make this removable, a flanged valve of the standard
low-pressure type is used. A short nipple with a flange on one end
is placed in the forms when making the drain box. Later a rubber
gasket is cut to size and the gate valve is bolted into place. It is
not necessary to bolt the valve around the bottom, since it may be
desirable at some time to remove it, and it would be a difficult matter
to get at bolts so located. A 6-inch gate valve as described above
measures approximately 103 inches from face to face of flanges.
Therefore, a standard valve should be used in place of the medium or
heavy service valves. Tt will be necessary to place the flange of the
nipple as close to the cement dam B as possible. Therefore, the
bolts should be put in place before cementing.

Another feature of the plan is the construction of a cement
“kettle” in front of the drain box. It will be noted that the side
walls of this kettle extend approximately 12 inches above the earth
floor of the pond, so that in drawing down the water in the pond
when it drops below this point it must then enter at the sluice gates /.
The small fish will be drawn down through these gates and will
immediately seek the more quiet water at the upper end of the kettle,
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The water in this portion of the kettle is more or less clear. If only
a few fish are desired, they can sometimes be dipped out with the
ordinary hand dip net. In some instances it has been found ad-
visable to put a cement walk around the outside of the kettle. This
enables the fish-culturist to dip the fish out with greater ease and
without agitating the mud on the earth bottom of the pond. .

When it is desired to draw the water entirely off the pond, it is
first lowered to about one-half its depth and the mud on the bottom
of the kettle is stirred with a long-handled spade or broom until it
is well agitated, when the gate valve A is opened wide and it is
flushed out. After this the pond may be drawn down slowly and the
fish drawn into the kettle. When the earth bottom of the pond is
bare, there will be 1 foot of water in the kettle. :

A 6-inch gate valve is sufficiently large for a pond one-half acre or
less in area, an 8-inch valve for a three-fourths acre pond, and a 10-
inch valve for a 1-acre pond.

SPECIFICATIONS,

Gate valve A is flanged and bolted to companion flanges ¥ on
nipple Z, which passes through the center of cement dam B. The
height of dam B is to correspond with the desired water level in the
pond. Should it be necessary to raise the water level, wooden dam
boards may be dropped in the slot ¢. D is the screen made in one
or two sections, with a mesh in accordance with the size of fish to be
carried. The gate valve should be set low enough for the water to
drain out of the kettle 7, Kettle H is constructed with end and side
walls 12 inches higher than the earth bottom of the pond.

Preparatory to drawing down the pond for the removal of the fish
the water is lowered by opening the gate valve with extension rod J
to & point where it is possible to. clean the bottom of the kettle with
a long-handled brush. The mud and roily water is flushed out by
opening the gate valve wide.

In drawing down the pond after the water level drops below the
top wall of the kettle all water from the pond must enter at the side
sluices /. This leaves the water comparatively quiet in the upper
end of the kettle. The small fish seek that portion of the kettle and
may easily be removed with a hand dip net.

Meterial in drain box.

Sides 8 inches, bottom ¢ inches; total amount concrete, 50 cuble feet.

g:l'l’g’m""‘::: :::;ﬁﬁc‘bf%ge%: 512% g | 1-24 mixture. Sand and broken stone
Stope and gravel. do.___ 45 or Bcreened gravel.

Sides 8 inches, bottom 6 inches; total amount concrete, 88 cuble feet.

Cement .- O, bags.. 9
(37117 cubile feet.. 17 | 1-2-4 mixture.
Stone or gravel do___. 34

Fittings for drain boz.

6-inch standard flanged gate valve,
6-inch companion flange,
8-inch nipple 6 inches long,
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Reinforcement for dain.
Galvanized stock fence wire, 24-inch width preferred.
Material for kettle.

Walls 6 inches, bottom 0 inches; total amount concrete, 80 cubic feet.

Cement. bags, 20
Sand cuble feet.. 38 | 1-2~1 mixtare.
Stone or gravel do 5

MODIFIED FORM OF POND OUTLET.

Figure 4 on page 71 shows a modified form of the outlet just de-
scribed, Figure 3.

In this outlet terra-cotta pipe has been substituted for iron, and
the bell end of the terra-cotta ell, closed by the wooden disk, re-
places the gate valve, while the cement dam, screen, removable
wooden dam boards, and other features remain the same. When
the pond is full, the ell opening is closed by the wooden disk, made
tight by the use of clay. The wooden dam boards need not be used
unless 1t is desired to raise the water level above the height of the
permanent cement dam. To drain the pond, the wooden dam boards
are fitted into their proper place and the wooden disk closing the
ell opening in the terra-cotta dam pipe is removed by means of the
iron rod to which it is attached.  The depth of water at any stage
of the operation may be controlled by proper manipulation of the
wooden dam boards.

Each of the outlets described here, as well as the one described in
a previous publication of the bureau,2? has distinctive points of ad-
vantage and have been developed in meeting the varied conditions
encountered in fishpond construction. It remains for the pros
tive pond builder to select the type best suited to his needs. The
types described here are considered particularly desirable in ponds
of comparatively large area or where the amount of water to be
carried requires the use of correspondingly large pipe. The con-
venience of the valve in controlling the flow of water in drawing
the pond, Figure 3, is easily recognized, but practically the same
results arve obtainable with the simpler installation shown in Fig-
ure 4, and the cost of fittings for this type will be somewhat less.

Work of Central Station, Washington, D. C.

[L. G. HagroN, Superintendent.]

Beginning with rainbow-trout eggs in December, 1920, and clos-
ing with pike-perch eggs in May, 1921, there were incubated in the
hatchery apparatus maintained in the fisheries building at Wash-
ington for public display 7,717,000 fish eggs. representing eight
species of fish-—chinook salmon, rainbow and brook trouts, white-
fish, cisco ﬁyellow perch, pike perch, and shad—from which 6,400,327
fry and fingerlings were distributed to applicants in Maryland,
Virginia, West Virginia, Delaware, Pennsylvania, and New York.

* Coker, R. E.: Progress in Biological Inquiries, 1921. Report of the Division of Secien-
tiflc Inguiry for the Fiszcal Year 1921, Appendix VIII, Report, U. 8, Commissioner of
Fisherles for 1921, 38 pp., 2 figs. (A new Form of Pond Outlet, pp. 21-24, Figs. 1 and 2.)
Washington, 1922,
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In addition to the hatchery exhibit a display of adult fresh-water
fishes was maintained in the aquaria throughout the year. The
total number of fish exhibited was 2,614, representing 45 species.
Collections for restocking were made from time to time from the
Potomac River at Bryans Point, Md. Other sources of supply were
the bureau’s stations at White Sulphur Springs, W. Va.; ge levue,
Iowa; Bozeman, Mont.; the New York Aquarium, and the New
York Conservation Commission hatchery at Caledonia, N. Y.

The health of the aquaria fishes throughout the year was gener-
ally good, with the exception of a short period during May and
June, when a number of the fish were attacked by the parasite
Ichthyophthirius, causing a considerable loss, particularly among
the warm-water fishes. 1t has recently been found that this para-
site may be destroyed by treating the fishes infected with a saturated
solution of bicarbonate of soda. The solution is conveniently ap-
plied directly to the fish when held in shallow water with a small
;;aintbrush. The treatment removes the mucous coating from the
ish and destroys the parasite with no injury to the fish.

Spawning Seasons of Fishes Handled at Stations.

Records of the spawning seasons of the various species of fishes
handled at the bureau’s stations during the fiscal year 1921, together
with the water temperatures at the beginning and end of such pe-
riods, are given in the following table, in which the stations are
grouped and arranged as in the preceding discussion of the propa-

ations of the commercial species and the species for stocking the
interior waters; that is, Pacific salmon, Great Lakes, Marine, New
England salmon and trout, Rocky Mountain trout, combination
trout and pond fish-cultural, and pond fish-cultural stations.

SPAWNING SEASONS OF KISHES HANDLED AT STATIONS, WiTH WATER TEMPERA-
TURES AT BEGINNING AND IEND oF PERIODS, FI8CAL YEAR 1921,

PACIFIC BALMON S8TATIONS.

Water tempera-
tures, °f,
Station. Species. Spawning season,

Begln- | gng of

ning of o
season. | sesson.

Afognak, Alaska........... Sockeye salmon . ...| July 31 to Sept. 24... 52 -40

Bsaker Lake, Wash......... Stlver salmon. .1 Nov. 17 to Dec. 15 40.5 35.5

Sockoye salmo; .| Oct, 10 to Nov. 30. 46 39

Birdsview.............. Chinook salmo .| 8ept. 20 to Oct. 25 43 41
Sflver salmon... .| Nov.20 to Feb. 11 43 41

’ Steclhead salmon ... Mar.28toMay2]......... 4 47
Brinnon................ Chum salmon............. Nov.16toJan. 6.......... 50 48
Bteethead salmon......... Apr.16to May 11......... 42 52

Ducksbush............ Chum salmon... Aug. 28 to Sept. 12.. .. 49 49
Silver salmon. ... Nov. 27 to Mar. 1.. 46 44

Steelhead salmon... Apr. 11 to May 27. 46 48

Quilcene. .......... "....| Chumsalmon,early Aug.23to Oct.8.. 51 50
Chum salmon, late. Nov. 4 toJan.3... . 45 45

Silver salmon...... Oct.20toJan. 20.......... 47 43

Steelhead salmon... ..| Mar.22toJunel.......... 45 49

Quingult............... Chinook salmon.... ...] Oct.1toNov. 15 ......... 47 40
Silver salmon............. Nov. 3 to Dee. 15.. 42 40

Sockeye salmon...........l..... d0...ouvenn 42 40

V170 N Chinook salmon Sept. 13 to Oct. 61 47
Silver salmon. .. Oct. 8to Feb. 2... 49 42

Steelh on. | Mar. 10 to May 28... 42 45
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SPAWNING SEASONS oF F18HEs HANDLED AT STATIONS,

78

erc,—Continued.

PACIFIC SBALMON STATIONS—Continued.
Water tem
tures, °F,
Station. Species. 8pawning season.
Degln- | gnq of
ning of 0
seagon. | Season.
Clackamas, Oreg........... Chinook salmon........... Sept. 19 to Nov. 15 50 48
Upper Clackamas...... Chinook salmon, spring | Aug.25to Sept.24 59 60
run.
Little White Salmon...| Chinook salmon...... .| 8ept. 19 to Oct. 14. 47 48
Chum salmon.... .| Oct. 28 to Dec. 2. 42 39
Silver salmon.. .| Nov. 26 to Dec. 2 41 39
Big White S8almon..... Chinook salmon ...| Sept. 19 to Oct, 15. 47 47
Rogue River........... Blac] ot.t.od trout ........ Mar. 29 to May 12 40 48
Chin salmon, sprlng Aug.11t0oOcf. 25......... 56 40
run. .
Silver salmon............. Oct, 10t0 Nov. 25......... 45 40
Steelhead salmon... ...| Feb. 26 to May 10. 40 48
Applogate Cresk. ...... Chinook salmon.... ...] Nov.1toDec, 1... 42 40
Silver salmon...... ...| Nov.18to Mar.1.. 40 40
Btoel.hesd sslmon.. .} Jan. 5 to May 19.. 37 50
Washougal River.......J.....d0 ccceoeiineiiiiennans May 10toJune?2... 48 62
Salmon, Idabo......... Chlnook salmon, spring | Aug. 14 to 8ept. 15 63 60
Balrd, Cslif.: :
Battle Creok .. .1 Oct. 19 to Nov. 14. 48 49
Mill Creok.. Oct. 26 to Nov. 1. 54 52
GREAT LAKES STATIONS
Dl)l}llltl!;l Minn: Marquette, | Lake trout................ Oct. 0O NOV. 0. .. .ooeefeenniinnnefnnanennas
Northville, Mich.: Charle-|...... [+ s O Nov.12t026.............. 48 45
voix.
Putin Ba{ Ohio:
3 Island........ Nov.13t029....ceuuennnen 40 41
North Bass Island.. Nov.10to 29.. 43 41
Port Clinton........... May B to June 137 68 75
Apr.5to24.. 48 49
ov.13 to 2., 40 41
Toled0.veesrecceannnn. . Apr.8to24............... 48 49
Cape Vincent, N. Y.:
Bygotts Point.... 35 32
43 34
Pigeon Island. .. . 50 48
8t. Lawrence Rivi .| Yellow per: May 16 to June 1 40 50
BRYANS POINT (MD.) STATION.
Bryans Point, Md.......... Yellow perch.............. Mar.10t023.............. 83 57
...................... Apr. 2toMay9.......... 66.5 57
MARINE STATIONS.
‘Boothbay Harbor, Me...... Mar.10to Apr. 22......... 38 45
Gloucester, Mass........... (,od 38 48
Jan. 22to Apr.25 36 46
May 22 to end of summer, B8 [-veeeanens
probably,
...| Nov. lﬁtoJan 21 48 38
..} Mar. 18 to Apr. 22. 40 46
‘Woods Hole, Mass......... .| Nov. 26 to Feb, 4.. 45 34
Jan. 16 to Mar. 30......... 38 43
NEW ENGLAND SALMON AND TROUT STATIONS.
Berkshire, Mass. . -| Brook trout.... Oct. 21 to Nov. 10 44 44
Rainbow trout. Deoc. 22t0 Jan, 20 H“ 40
Craig Brook, Me.. .| Atlantic salmon Oct. 20 to Nov. 1 55 46
Green La.ko, Me.. .| Landlocked salm Nov. 10to Dec. 1 48 37
Smaelt............ Apr.20to22.. 51 51
Grand Lake Stream....| Landlocked salmon. -.| Oct.81to Nov. 28. 54 38
Nashus, N.H.ooooeieaaneot Brook trout...... ..{ Nov.3to Dec. 20... 48 47
Rainbow trout. ..} Nov.3to Dec. 28... 48 48
8t. Johnsbury, Vt.......... Brook trout.... .| Oct. 15t0 Nov. 1 54 43
Laketrout......coocovnennifennn. (¢ 54 43
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SPAWNING SEASONS OF Fi8HEs HANDLED AT STATIONS, ETO.—Continued.
ROCKY MOUNTAIN TROUT STATIONS,

‘Water tou3 ara-

tures, °F.
Station. Species. Spawning season. Begin
ning of foggog'
season. -

Bozeman, Mont.:
Meadow Creek, Mont..! Rainbow trout..... .| Apr.15toJune10......... 43 54
Y%lowstone Park, | Blackspottad trout. .| Junel3toJuly 22......... 40 55

0.
Leadvlllg, Colo.. Oct. 10 to Dec. 7 40 32
Saratogs, Wy0......ec..... October and Novemb 51 41
April and Ma 48 54
Loch Leven trout.. October and 51 41
Spearfish, 8. Dak.......... Brook trout, brood s! ..| Oct. 25 to Jan. 14. 46 44
L%c}lll Leven trout, wild [ Oct. 16 to Dec. 12. 46 45
Sh. -
Rainbow trout, brood { Jan. 18 to Mar, 20. 4 38
stock.

8prin e, Utah:
Fish Lake.............. Brook trout Nov.1to14.. 42 42
Rainbow trout... .| May 1 to June 42 2

COMBINATION TROUT AND POND FISH-CULTURAL STATIONS.

Ervin, Tenn....c.uee...... Brook trout............... Oct.1toJan. I............ 54 53
arp..... MayltoJulzl. . 54 54
Catfish.............. June 1 to Oct. 20. 54 54
Largemouth black bas: ﬁpr. 15to June 1. 54 85
Rainbow trout ov.1toJan. 15. 63 53
Rock bass........... May 110 Sept. 1.. 54 54
Smallmouth black bass. Apr. 15 to June 1. 54 55
Sunfish . ay 1to 8ept. 1.. 54 54
Yellow perch... Mar. 1to Apr. 30. 54 54
Manchester, Iowa. ......... Brook trowt ..} Nov. 4to Dec. 17. 50 50
Largemouth black b: .| May 15to June 1. 50 50
Rainbow trout............| Dec.22to0 Apr. 19 50 60
Rock bass......... ..| May 15to Junel. 50 50
Neosho, MO.......c.evnnenn Crappie.............ooe.tt Apriland May.... 57 67
Largemouth black bass....; Apr.8toJune20.... 57 68
1bow trout .. 57 57

b7 b8

57 58

87 58

57 57

50

73

49

7

73

75

60

54

60

60

60

White Sulphur Springs, . 63
W. Va, May 1t025... 04
Nov.11to Jan. 53
............. May 1to June 1 67
Smallmouth black bass May1to25... 64
Sunfish............... May 1t0 Juno 67
Wytheville, Va............ Largemouth black bass Apr.15to June 60
Rainbow trout Oct.10to Mar. 15. 54
..| May toJuly..... 60
. i}pr. 156 to June 20. 60
8y toJuly.ceeveriennnnn. 80
POND FISH-CULTURAL STATIONS.
Cold Springs, Gas........... Catfish...... veeseeneceenas May 1to Juned0.......... 64 80
Crappie..c..o.ceveuinnnnn. Alpr. 1toJunedl.......... 61 80
Largemouth black bsss....| Mar.15toJuly 16......... 84 72
Sunfish.....ooovveennennnen ﬁpr. 1toJuly3l.......... 61 72
Edenton, N.C............. Largemouth black bass....[ Mar.20toJunels......... 64 80
8i [ A TP JuneltoJuly 15.......... 74 80
Louisville, Ky.......... .. Lariamouth black bass....| Apr.7to24............... 64
Rockbass........ccoeeeene Apr.24toJunels......... 64 76
8mallmouth black bass....[ Apr.14to May2.......... 60 61
Sunflsh. ....... veveenes .../ Apr.256to June3do0... . 68 85
Yellow perch..............} Mar.26to Apr.7.. 58 58
Mammoth 8pring, Ark..... Roc e eeseeesesacaann May1toJunel... 50 60
8mallmouth black bass....|] Mar. 28 to May 7...... 67 64
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SPAWNING SEASONS oF FIsHES HANDLED AT STATIONS, ETC.—Continued.
POND FISH-CULTURAL STATIONS—Continued.

‘Water texg: ors-

tures,
Stations. Bpecies. 8pawning soason. Bogt
080 | End of
ning of

season. | 508900,
Orangeburg, 8.C........... Apr. 25 to June 30. 74 8
Apr. 10 to June 30 70 78
Mar. 15t0 June 1.. 63 76

| Apr.5toJunedo.. ..., 68 78
arch through June, [......c..fceiiieae
ainl

mainly.
Whole year, but mainly |..........|ceeeennen
March through May.
Wholeyear...............
..] Apr.5to Moy 20. ..
.] Mar. 15 to June 1.
Apr. 14 to Juno 20

Fish Food Used at Fish-Cultural Stations.
AMOUNT AND COST OF FISH FOOD USED.

The ideal condition sought by all fish-culturists is a water area
so arranged that a natural food supply is available when needed, but
from our present knowledge the ideal is impossible of attainment in
most cases and artificial feeding must be resorted to. In the rearing
of fish under artificial environment, therefore, the problem of a sat-
isfactory food supply at a reasonably low cost is ever present.

The following table gives for the fiscal year 1921 the number of
pounds and the cost per pound of artificial fish food used at the
various fish-cultural stations during the fiscal year 1921: K

Pounps AND CoST PER POUND or KisH Foop Uskp, Fiscar YeAr 1921,
PACIFIC SALMON STATIONS.

Canned Frozen salmon

Btation. Salted salmon, salmon. oges. Reef liver.
Lbs. Cost. Lbs Lbs Cost, Cost.
Afognak, Alaska....... 880 | $0.015 Leveeoiitee e e e
Yes Bay, Alaska....... 600 . .
Baker Lake and substations, Wash 1,215
Quinault, Wash.................. 3,000 | .
Clackamas, Oreg., and substations. . .| 43,200 .03
Baird, Calif., and substations......... 8,000
Totaloeeveerrerianrenaeneannens 56,876 |........
Station. Boefsploen. | Porkliver. Milk. b

Quinault, Wash............
Clackamas, Oreg., and substations.
Baird, Calif., and substations........
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Pounps AND CosT PER PoUND OF FisH Foop USED, FiscaL YEARr 1921-—Continued.
NEW ENGLAND SALMON AND TROUT STATIONS.

Station. Beefliver. |Beefhoarts. |Becfspleen, | Sheep liver. | Pork liver. | Fishotine.
Berkshire trout hatch- | Lbs. Cost. | Lbs. { Cost. | Lbs. | Cost.
erg, Muss............. 1,3362 30.05 | 347 (80,07 |......[......
Craig Brook, Me........| 192
Green Lake, Me.. 352
Nashua,N. H.... 1,263
8t. Johnsbury, Vt.. 758%
Total............. 3, 8923
ROCKY MOUNTAIN TROUT S8TATIONS.
Station. Beefliver. | Beefhearts. | Beofspleen. | Sheep liver. | Wheat chop,
Bozeman, Mont...............
Leadville, Colo... .
Spearfish, S. Dak...
Springvuie Utah...
8aratoga, Wyo ................
Total...c.oovveeiiviannns
COMBINED. TROUT AND POND FISH-CULTURAL STATIONS.
Station. Beof liver. Beef hearts. Sheep liver. Sheep hearts.
Lbs. Cost Lbs. Cost, Lbs. Cost. Lbs ) Cost,
Brwin, TeNN. ieeeeeneiieciiaiaeiiteeeennea]enaenn. 2,806 | $0. 6,431 | $0.08% |........ e
Manchester, Towa...................0 ... . .
Neosho, Mo..eoveeniiiiieeiinn... 385
‘White éulphur Springs, W. Va,
Wytheville, Va......cooiivea...
Total.counniiiiiieniiieaanan,
Station.
Erwin, ToND...eeverieueeerreerunana.
Manchester, Towa.
Neosho, MO....ooeuiiiennennnn

White Sulphur Springs, W. Va
Wythovﬂlg, Voo

Totalecesremnniiicnnnaiiian,
POND FISH-CULTURAL BTATIONS.s
Station. Beefliver. | Beef hearts. | Fresh fish, Fishotine. Bhorts.
Lbs. | Cost. | Lbs. | Coet. | Lbs. | Cost. | Lbs. | Cost. { Lbs. | Cost.
Cold Springs, Gs.............. 5 3 3
Edenton, N.C....
Loulsville, Ky ... .. ...
Mammoth Bprinég, Ark.. I P
Omnfeburg,s. A
Tupelo, Miss......ccoevvennn..
b 7Y

1 Beefliver and hearts combined,
$ No artifi

cial foods used at the San Marcos (Tox.) station.
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FOOD FOR BASS.

One of the principal problems encountered at most of the pond
fish-cultural stations pertains to a suitable food supply for both
young and adult bass. At the Cold Springs (Ga.) station fresh
mullet was for a number of years the staple food for the bass, but
this material has not given entire satisfaction, and recently the price
has been prohibitive. Beef hearts and groupers have been tried, but
the fish show some reluctance in accepting either of these materials.
More recently pork hearts have been tried with very satisfactory
results.

TESTS WITH HERRING MILT AS FOOD FOR RAINBOW TROUT.

During the past year the bureau has purchased several cases of
canned herring milt for the purpose of testing its value as a food for
young rainbow trout. It has bLeen tried at several hatcheries, and
while the results of the tests made in comparison with other foods in
more general use are not necessarily conclusive they seem to indicate
that canned herring milt when used alone is not a satisfactory
article of diet for young trout, though when used in combination
with a meat product it may perhaps be considered a desirable article
for the fish-culturists to keep on hand as an emergency food. It has
the advantage of being easily prepared, does not “smoke ” or discolor
the water, and will keep for a long period. ’

A noticeable feature in connection with this experiment is that
for a short period—ranging from 10 to 17 days—the fish receiving
herring milt exclusively appeared to thrive equally as well as those
receiving a meat diet and the mortality was not greater, but beyond
that time the death rate increased so rapidly that in most cases the
experiments were discontinued, as it appeared that none of the fish
would survive under the treatment. A changa to the usual foods ap-
pears to have restored normal conditions among the fish.

The tabulated statement of the results of these tests in feeding
may be of interest. Rainbow trout were involved exclusively, and
in each instance the fish had not previously received artificial food.

RESULTS oF TrsTs WITH HERRING MILT A8 Foop FoR RaiNBow TROUT. -

BRWIN (TENN.) STATION.
{Test continued for 16 days—-2,500 fish per trough.]

Weight per 1,000 fish— .
&Y Food used ’ 1,000 &eﬁ
nblz?- 'ood used. 8’:&3@0{ Atend gahiled dgorgtng
: ’ g uring .
tost, | Oftest: | Tpesy,
Ounces. | Ounces. | Ounces. | Per cend.
1.......| Boefheart...... et teeaccneceeareceaaaetaeeaaaaeeaaan 8 8 2 7;
2...c... Canned herring milt................... [ETTTETRPRN [ 7 1 .ol
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REsULTS OF TEsSTS WITH HERRING MILT A5 Foob ror Rainvow Trour—Contd.

NEOSHO (MO.) STATION.
{Test continued for 30 days—2,000 fish per trough.]

Weight per 1,000 fish. .
Trough %’0“3‘3 g:h

r
num- | . Food used.
At be- Gained éudng
ber. R At end .
gu:ltnté!gg of of tost, durlag -test,

| Ounces. | Ounces. | Ounces. | Per cent.
1....... Canned herring milt 3 days, beof hearts 3 days, alter-

natel 8 124 6} JEN
2....... Cannml 6 u 5

ns
Beeennnn Beef hegrz (] 193 wi ﬁ
[ T Sheep liver 6 12 6 L3

WIHITE SULPHUR SPRINGS (W. VA.) STATION,
[Test continued for 20 days—10,000 fish per trough.‘]

lo...... Canned herringmilt................oo.iiill 41 Si 4 124
2eeee... Sheep Hver. .ooonoeni it iiiiieeceaeiaaaanan 4 9 5 , 1
3..e.... Canned herring milt 10 dsys, sheep liver 10 days, alter-
NAtelY. . ot e e 43 9 2] 14y
WYTHEVILLE (VA.) STATION.

['Test continued for 10 days—13,000 fish per trough.)

. . . |
1....... Canned herring milt............ S, 4] 5 713
20 Boolheart. oo s 4% 8} i | 34

Rescue Operations.
[C. F. CULLER, in Charge.]
OUTLINE OF POSSIBLE EXTENSION.

So much has already been said regarding the importance of the
rescue operations conducted in the i’[ississippi Basin, their value,
simplicity, practical returns, and comparatively low cost that these

hases of the work should be familiar to all interested persons. A
Erief outline-of the possibilities of extending the work, with sugges-
tions as to its requirements, may not be out of place, in view of the
bill now pending before Congress to provide funds for enlarging
its scope. Almost unlimited possibilities exist for the further ex-
tension of the work. In the bureau’s greatest effort during the fiscal
year 1920, when approximately 160,000,000 of fishes were saved, not
more than 40 per cent of the available territory was covered. There
are many miles of unbroken stretches of river lowlands where floods
annually result in the destruction of millions of fish, while the major
tributaries of the Mississippi afford a field of unknown possibilities.
For the economical and e(%cient conduct of the work 1t would be
desirable to establish headquarters near the central point of the
more important operations, with a personnel available for its prose-
cution at all times. Under present arrangements the personnel for
the rescue work is drawn from four of the regularly established
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fishi-cultural stations. This diversion is apt to result in a compara-
tive lack of interest in the work of the home stations, and not:in-
frequently it curtails their operations.” Moreover, men drawn: from
other lines of activities can not be expected to be as familiar or-as
efficient in the prosecution of the rescue work as will men who can
devoteé all their time to it.- The work has grown: to such proportions
that men drawn from the fish-cultural stations can no longer handle
it to the fullest advantage under such conditions. e,
The rescue field would afford profitable employment for such. a
force  throughout the year, the line of operations to be something. as
follows: Rescue of fishes along the upper reaches of the river would
occupy the attention of the men from July to December, during
which time a crew of five-men could save from 8,000,000.t0:10,000,000,
fish, at a total approximate cost of $2,000. - That number. of:fish pur-
chased from commercial fish-culturists would cost the bureau from
$25,000 to $30,000 and to ‘citizens of the Mississippi Valley. would
represent a food value of $1,000,000 to $1,500,000 when placed.: on the
market three years after being rescued. These figures are very con-
servative when compared with the results attained at the bureau’s
regularly established fish-cultural stations. At the close of the res-
cue season important work in ‘the salvage of eggs in connection with
the commercial fisheries in-Louisiana would consume' practically all
the time of the men from February to April. From Louisiana the
crew would work northward to the confluence of the Ohio and the
Mississippi Rivers, where important fields are open'in the :three
adjoining States. - The Illinois River overflows its dikes during the
spring freshets, and in May or early June large pumps are operated
to remove the water from the land. ‘Many millions -of. young fish
are thus left-in the fields to perish or are passed through the’'pumps
and destroyed. ‘During the: comparatively short periods. when ac~
tive rescue work is not under way tlie time could be profitably em-
ployed in repair and maintenance of the equipment used: o
In addition to a personnel provided especially for the rescue work
there should be two or ‘three additional holding stations, these being
essential for the “ hardening” of the fish required for-distribution.
A part of the rescued fish are held in tanks of clear water and “hard-
ened ” for several days to enable them to withstand transportation.
They are then-shipped in the bureau’s specially equipped.distribu-.
tion cars and planted in suitable tributary waters. . Experiande has
shown that ‘greater results-can be attained in this. wayi'than by
returning all fish rescued. to the main river. . The wider distribution
also gives to people living in various parts of the Mississippi Valley a
better opportunity to obtain‘fresH fish.. i" .+
_ In additjon to the requirements outlined above, houseboats with
living' quarters for a crew of five or six ‘men should:be provided.
These boats would be placed in certain sectionsof the: river, ‘and:
when the pools’at one point had been cleaned up they would be moved
downstream to other fields. Launches will be needed: to transport
the crews to and from the fields of operation, to carry supplies; and’to
distribute fish.” It lLias been found more economical to own launches
than to rent them. -Boats for hire are seldom in good ‘running con-
dition, and much valuable time is lost in repairs before the men can’
be placed in the field. There will be necessity for a boathouse and

100267°—22—=6
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storeroom at a central point for the proper housing of boats and
equipment; also for two dwelling houses to serve as quarters for the
men in immediate charge of the work. :

Since the Mississippi River is largely a boundary water, most of
the States regard the rescue operations.as a work belonging to the
Federal Government rather than to the States. Most of the States
have rendered excellent cooperation; but in many cases their appro-
priations for rescue and fish-cultural work have been more or less
sporadic, hence the work could not be well organized nor efficiently
handled. Moreover, most of the States have a problem in maintain-
in%the fish in their interior waters, :

itizens throughout the Mississippi Valley have urged the bureau
to extend this valuable work, arguing that they are entitled to fresh
fish as a food, and that it should not be necessary for them to depend
upon the Pacific coast, the Atlantic coast, or the Great Lakes for
their supply. They can not understand why an earnest effort should
not be made to save the millions of fish that are dying in pools along
the river.

METHODS EMPLOYED IN RESCUING FISH.

A rescue crew usually consists of five men and a foreman. A
launch is employed in going to and from the field of operations,
and the equipment for each field comprises two seines of one-fourth-
inch mesh, from 50 to 75 feet long and 5 feet deep; six_galvanized-
iron tubs of 13-bushel capacity ; small dip nets; two tin dippers; and
a small flat-bottomed boat, the latter being used in ponds too deep
for wading. o

After making a haul the fish are assorted into tubs by species and
size. The number per tub is ascertained by noting the water dis-
placement, one or more rings having been made on the inside of each
tub, and the number established by actual count. The count is veri-
fied several times during the season, as the fish in some instances are
subject to rapid growth.

V%’hen first taken from the warm water the fish will not safely
stand a long railway journey. Therefore those intended for dis-
tribution are taken to the nearest holding station and hardened
by being held for several days in cool running water. While the
number of fish diverted for supplying applicants at a distance may
seem large in the aggregate, it represents less than 1 per cent of the
total collections. ucﬁ diversions during the fiscal year 1921
amounted to 660,110 fish of miscellaneous species.

REVIEW OF THE WORK.

The aggregate number of fish rescued during the fiscal year 1921
amounted to 120,856,420, a decrease of almost 36,000,000 as compared
with the record of the previous year. Two causes contributed to this
result. Labor conditions were unsatisfactory, making it difficult to
obtain efficient crews at all points at the rate of compensation offered.
The river remained at a high stage for a longer period than usual,
thus permitting large numEers of fish bred in the overflow waters
to return to the river unaided. This appears to have been partiou-
larly true with reference to such species as the carp, buffalofish,
and catfish. :
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.The work began at Prescott, Wis., on August 12 and was brought
to:a close.at Bellevue, Iowa, on. November 10, these dates indicating
an. unusually short season on account of the natural conditions men-
tioned... The work was conducted in the following fields:

One crew, with house boat, from Prescott, Wis., to Red Wing, Minn.; the;mce
to Genoa, Wis.., . . .

Two crews on house boats from Wabash to Winonsa, Minn.; thence to Dakota
and Dresshback, Minn. -

' Two ¢rews from Homer, Minn.

- One crew from La Crosse, Wis,
~One crew from- Genoa, Wis.

One crew from Ferryville, Wis..

Two crews fromn Lynxville, Wis.

‘One crew from Marquette, Iowa,

One crew with ‘house boat from Dubuque to Bellevue, Iowa.

One crew from Bellevue, Iowa. . .

- In‘addition to' the regular rescue work collections of eggs from
carp and buffalofish taken by commercial fishermen were made at
Bellevue and Liynxville. The eggs were taken, fertilized, and planted
on the natural spawning grounds. Such work was done from May 9
to 25 and:resulted in the fertilization of 68,287,000 buffalofish and
42,718,000 carp eggs. Had these eggs not been thus handled they
would have been sent to the markets in the fish and lost. 'While the
-planting of fertilized eggs is not considered as efficient as incubating
them in a well-equipped hatchery, it is believed that under certain
conditions it is expedient and results in much good if properly done.

- In dddition to the operations on the upper I\%ississippi rescue work
was conducted from the Fairport (Iowa) biological station; also on
the Illinois River at Meredosia and Cairo, Ill., and at San Marcos,
Tex. The operations from Fairport and substations were in con-
junction- with the ‘propagation of the fresh-water mussel, large num-
bers of the rescued fish” being inoculated with the mussel glochidia
before being liberated. Owing to unfavorable water stages the active
season at Cairo was very short, extending c¢nly from October 1 to 19.
In this field one seining crew working under the direction.of the
superintendent of the Louisville (Ky.) station salvaged a total of
1,057,215 fish of miscellaneous species at a total cost of $582.07, or
at the rate of 55 cents per thousand fish handled. In the vicinity of
the San MurqoS','(Tex.) station 202,886 black bass, catfish, and sunfish
were reémoved from the béd of a stream, which almost entirely
evaporated during a protracted hot spell, and were deposited in
living waters. Reference to the table on page 7 will show the points
from which rescue work was prosecuted during the season, the num-
ber of fishes salvaged at each and restored to the original waters,
and the number delivered to applicants.

Part 2—~DISTRIBUTION OF FISH AND FISH EGGS.

Extent and Character of the Work.

[E. C. FearNOW, Superintendent of Fish Distribution.]
BRIEF REVIEW OF THE WORK.

The 4,962,489,405 fish and fish eggs (see table, p. 5) representing
the net product of the hatcheries and rescue stations of the bureau for
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the fiscal year 1921 were widely disseminated, thé distribution reach-
ing practically every State in the Union and the Territories of Alaska
and Hawaii. Consignments of fish eggs were also shipped to the Gov-
ernments of Canada, France, and Switzerland, and an allotment of
fish was forwarded to an applicant in Mexico. - :
Fully 93 per cent of the output is represented by important com-:
merciaiy species—the salmons, shad, whitefish, pike perch gellow
perch, lake trout, cod, pollock, haddock,, flounder, buffalofish, and
carp. All of such fishes are planted on or adjacent to the spawning
areas where the eggs originate, or the eggs are consigned to State
commissions for incubation and distribution in nonproductive waters
where conditions appear to favor the development of new fisheries.
(hSee p. 87.) Included under the head of the commercial fishes are
the large numbers of food fish annually salvaged from the overflowed
territory along the Mississippi River.and at other points (see pp. 7
and 78), a branch of the work that has become one of the most popu-
lar, practical, angd beneficial of the bureau’s activities. .
Among the more important species propagated for the stocking of
interior waters are the brook, rainbow, and blackspotted . trouts, the
largemouth and smallmouth black basses, rock bass, sunfish, crappies,
and catfish. While the numbers of such fishes are by. comparison
small, representing only 7 per cent of the aggregate output, the im-.
portance of this work is not to be underestimated. It is this branch
of its work which brings the bureau in close contact with the general
public, as is evidenced by the large number of applications received
each year, and the interest thus aroused in the fisheries can not be
other than beneficial. = The economic value :of the work is large.
In most instances the reports received from applicants regarding the
results obtained from planting fish furnished by the bureau are of a
highly satisfactory nature. fSee p. 88.)

'SUMMARY OF DISTRIBUTION TO ALL APPLICANTS.

The following table shows in summarized form how many and what
species of fish and fish eggs out of the net product of the hatcheries
and rescue stations for the fiscal year 1921 were delivered to all appli-
cants, both in the United States snd Territories and in foreign coun-
tries. Only a small percentage of the immense numbers of fish res-
cued from ove_rﬁoweg lands was delivered to applicants, the great
bulk having been returned to the original waters, as is shown in the
table on page 7. ’ ' '
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SUMMARY, BY SPECIES, OF DISTRIBUTION. .OF Ii8f1 AND E@GS T0 ALL APPLICANTS,
FiscalL Year 1921,

[Asterlsk (*) denotes oggs; dsgger _(1), rl_'y; al othexsvm-e fingerlings or yearlings.

UNITED STATES AND TERRITORIES.

Btate and species. Number. State and species. Number.
Ilinois:
.- . 45 Brook trout

. 2,240 41,
-, 1,600 125,211
{ 1153, 550- 1,548,730
. 46, 565 148, 204
3 +10,000
350,000 || 8,741
130, 761, 000 410
Arizon| 977, 500 *] g(%
: 000 ' 900
1200)]  Sumfish......llll 208,350
2,775 || White bass..... . 01110 2, 510
87,000 #2,000, 000
200 Yellow perdx ............ . : 100
1,000 Miscellaneous fishes. ............ 16,390

. 300 |j Indiana:
5,620 Brook trout..........oeenen.n. . 1%: ggg
6, 520 25
Largemouth black bass { 12'23(1) }’ &88
Rainbow trouz 49,061 +12) 000
Rock bass.. - 10, 140 8,775
Smallmout.h black bass......... { 122,& 18'3(0%
Sunfish.....ccoooeuenn. .. 20,120 12,900
Yelluw perch 1,000 Bunfish, .co.oeeineean... . 2, 760
California: 000,000 || Towe Yallow perch..coooooiiiiiiaanans 2,215
. , Towa,
Chin(::k s:rlm(:n """"""""" Eg, 3% BrOOK trOUL v 2{15%, 5
Rainbow trout........... 3 000
cologteelhead salmon *20, 000 Buffalofish.. ................... *js' ;‘?g: 590
Blackspotted trout............... 1808, 500 Carp b 528, %09
37, 000 272,487
Brook trout. 2}804; 050 g; 405: 408
24, 000 2,120
- a0 e
.. 97
(% 3%
SUBMISH. e vevveeeeeeeeereeeennns "600 | Relnbow trout.. o 200
Conpecticut: Rock bass............... 47:2)00
Brook trout.....ccecviveeacnn.... 135,600 Smnllmouth black bass.. 1, 500
2,400 Sunfish. ................ 5,230,707
2,380 White bass.............. 9,410
eperch............. $160, 000 Yellow perch............ . 223,175
Delam i)vl;;ou;l:c.ﬁ. ‘.- 13, 000 Mis?dlmmous fishes............. 3,487,105
“District of Colibia: Liedion [ W 20
Rainbow trout.................. 13, 6500 Largemouth black bass. . - %40
B $800, 000 Ralt‘xil!gow trout.......... 1, %
2,450 Yellow perch........ . 800
400 Kentucky .
Buffalofish . 107,350
B ll . 0'41;' Z(lxsy
' 300 o 172, 400
182, 500 - 120,000
70,000 : R
Sunfish 31' % R 500
by

Warmouth bass.... ’100 - 114443' 33
Hawatir Roinbow tros «25, 000 Smallmouth black bass.......... { > oy
‘Idaho: N Sunflsh. . 131,750
Blackspotted trout............... {00l  Wntebas. - 800
Brook trout . 29: 25 || Lo Ix'&lllow pereh.........ioooiLll 1450, %
Landlocked sslmon. ............ 5,000 us anas 140, (}40: 000
Rainbow trout..eseneeeeeennne. 1%' %8 + 150
' *500, 000 50
Whitefish.....ceevrrnnerenennn. 1500, 000 ]
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SUMMARY, BY SPECIES, OF DISTRIBUTION oF FIsB'anNDp Eaas, Erc.—Continued,

[Asterisk (*) denotes eggs: dagger (1), fry; all others are fingerlings or yearlings.]
- I .
UNITED STATES AND TERRITORIES—Continued.

State and species. Number. . State and species. Number.
Maine: 11,387,000 Mingosotai—Conunued. 029,225
11:90) 13 C VO 1
Atlantic salmon................. 120 Drumm... .l 5 19, 405
Brook trout.........occ.ouennnn 4 LAKS trOUt ... oo e neeeenennrnnns { fﬁg)), %
Flounder (winter). 1,235 Largemouth black bass. . - 153,765
Lake trout......cooeveniiiiininnn ¥50, Pike and pickeral. . ...... 175,040
#375, 000 Pikeperch............... . 12, 500, 000
Landlocked salmon............. 1208, 115 Rainbow trout......... 56, 400
108, 400 Smallmouth black bass 1,000
111, 906, 000 8teelhead salmon...... *70, 000
426, 000 Sunfish................ 11,727, 380
17,000, 000 White bass............... 6,
117, 500 Whitefish.......cc.oeeo.. +100,
Yellow perch............. 4,912,812
18,700 Miscellaneous fishes. ........... . 527,
1,500 }} Mississippi: .
2, 500 Cal rgs 84
*300, 000 Catfish 2,480
; 2y Cooole o
rout 'y s
Largemouth biack bass. 4,350 Largemouth black bass. . t 5 o
Pike perch........ . *l,‘ m, % galrll(bow trout 5, %
3 oc
Rainbow trout.............oe... { 37,750 Sunfish 49,000
RoOCK Da8S. . covieieecneaiaaanaen 360 Yellow perch Cey 100
Shad.... o 17,436,250 (| Missouri:
Sunfish. 4, 260 Buffalofish........ccoeeanen. .- 8,305
Whitefish. 185%850' % CarP..evenicnannnnns 19, 684
3 Catfish............... 0, 638
- Yellowperch..............c..... { 4 Crapple. ...l T 130, 570
Massachusetts: | 431 1 D 420
Brook trout..........c.o.iaell 267, 525 Largemouth black bass. 21,361
Pike perch........... 470
Rainbow trout..... 59,329
{ , 800, B38..enenooeres 4,125
1175, 341, 000 Smallmouth black bass. 2,260
Flounder épole) ................. *19, 410, 000 Sunfish.............. 51,680
Flounder (winter). .. 1&1;% g%, o ‘vylﬂto ba\ss.h. .. %g
) ellow perch.....

Haddock..........ooo { 1271, 880, 000 Miscellaneous fishes. . ........... . 480
}}ﬁgemoghth black bass - 125 5! Montana: . 5000
© per: - *350,
Pollock. .. .| f443, 3% 000 Blackspotted trout.............. . 1854’ 000

. 3 ! 522, 500
Rainbow trout............ A 29, Brook trott. ...  ceeeeennns. J o *200,000
Smallmout.h black bass . $12, 000 i 438, 175

............. 180 Catfish 1,800

Michlgc Grayling. . ..o | t1,400000
Blackspotted trout.............. ng, % Ln.rgomouul black b ‘22},,8(53
Brdok trout......cocoovviinnnnn. { 500: 375 Rainbow trout... { T?Iggz %
6,950 Steclhead salmon............... " %75, 000
1,000, 0g || ebroske: 132,900
{ ‘"4: 8751 000 Brooktrout.......cooevvvnina... { 39: 000
Landlocked salmon. . *10, 000 - Largemouth black bass. 1,000
L_argemouth black bass......... - 2;8, 400 Railnbow trout........... ..43'000
Plkoperch......cooveeiiviinnans TS:%;’: % cha;‘l{a: Rx;gfbow trout............ { _ gi%

ew Hampshire: y
Ratnbow- trout......c..ocoouena.. 01,975 s kI:r ) 1381,000
ROCK DOBS. . ov.eencnennennnans 600 ook trou : 519,500
Sma.llmouth black bass......... 19, 351 4,600
#25.000
B

t
Landlocked salmon. ............ o *22’,%

*2,000
Minnesota: . K Fike perch I '5&)1%
Brook trout........... eeeeeenan 78, 820 Rainbow trout..... 33,000
Buffalofish. ......cooviveiienanna. 30,175 Smallmouth black bass. 114,200
.................. 1,100, 320 Steelhead sulmon. ... 545
Catfish..eeerunnnieiiii., 10,746, 580 Whiteflsh. . ......oeeaeeeenenina, #250, 000
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SUMMARY, BY SPECIES, OF DISTRIBUTION OF FisH AND Eaas, Erc-—Continued.

[Asterisk (*) denotes eggs; dagger (1), fry; all others are fingerlings or yearlings].
UNITED STATES AND TERRITORIES—Continued .

Btate and species. . Number. State and species. Number,
New Jersey: ‘ 400 Ohio—Continued. 300,000
g;ggékhrout """"""""""" 7'%0 Yellow perch.......iveveennnnn. { 1 *300
Largeméfxi.ii Dblack bass----...-- uo 2 %8
Pikeperch......oceevneennnns { 000 21 50
Rainbow trout. 000 *100, 000
Sunfish...... . 800 56,400
Yellow perch......cc.cvveeeneen 100 é’ %
New Mexico: ’
Blackspotted trout. 1323, 6(‘0)8 Orego Yellow perch 2,200
g;\(‘.)g:h rout.... 3. 600 %lack-spotted trout............. 101, 500
Crappio. ... 3,755 Brook trout......... . 4,000
Iﬁar ex)x)louth black bass. ) % Chinook salmon i ;g, gg(?), ggg
H o 11V ] TR ) )
Sunfish, ... . 1,400 Rainbow trout.........ccceunn.. '6%' %8
Yellow perch................... 100 Shad t2, 347 100
New York: woom || Siver samon - IR
Blackspotted trout. . Writod Stecthead salmon 1,316,000
Brook trout.... { t 42000 Pennsylvania: 00
Carn. .. '100 (I:lrook £7 {011 | e { 013‘ 4;2
tiish. B} g OO
Catlis *121, 210 000 Ca rgs ........ . 11,600
Clsco..... { 189, 800, 000 Chinook salmon. 10,000
Crappl@. .eoeeeniiiiiieniiiioll ' 750 Clsco..... [ *§5, 000, 000
*1, 510,000 Crapple....... 3,050
Lake trout. «..oueneninenannnnnns $456, 000 Lake trout........ *50, 000
. 5,550 Landlocked salmon. .. *10, 000
Lendlocked salmon............. {001 B pend ook s 2,176,500
Largemouth black bass......... *5%2,638 Rainbow trout 396,;&1)
ock bass...........
e e 110,495,800 | Smallmouth biack bass. 125
*10, 000 Steelhead *55,000
Rainbow trout.................. 165, 100 %&l’m'!t‘saéﬁ ....... 4 e 0(1)(1), %
) € . - » 1
Steelhead salmon. .. ....ooee.n.. "‘199; 000 Rhoggl{gm)&a:rch .................... 1,176
*59,300, 000 Brooktrout..................... 23,000
Whitefish.......coooemeiaieenns, ; i‘%: -}88: &o)g Ili'loun oy &vlglter : 118, 482: fgg
3, emou ack bass
Yellow perch............ccoeee 3,700 Smalimonth black bass.......... 15,500
Nor%x Calzounaé 253,500 Soutch Cu?una' 200
rook trout....c.cooooooiiiaan| W50 F Crapple....oiiiaiiiiiiia.ll
Cra o ' 950 Lm'xg)emouth biack bass : 117,875
Gluggl Rainbow trout....... .. , 000
Sunfish. .ooveneiniiiiiii, 5,000
South Dakota:
Brook trout........c....oioill 379,100
Catfish. ... 400
Crappie........ . 375
Levon trout.. . 2,000
Lake trout........... . 5,000
Largamouth black bass . 3,850
Rainbow trout....... . 84,110
..... 500
13,985
%:'g‘gmouth black bass. . i:&
..................... 3
Ohio: 133,000 Largamouth black bass.......... :;2;:%
1,000 )y
163,323: 29‘5’ Rainbow trout.................. 175’ %
1,800 smaumouéi{méi{ bass.....lL 3, 530
14,380 BUNASH. .eoeeeriianaernnanns 15,200
12,600, 000 Yel]ow porch. ................... 800
$10,000 ’I‘ex?)s:t 70,350
Rock bass. .. 21344 L7 J )y
.. 6,300 Crappie. ..o icveiiiiaean 5, 9004
Sﬁ§$°?f ..].).lac}{. .b.s.s.s. ......... 10,570 Largbmouth biack bass.... . .0: 257,370
y *30, 640, 000 Rock bass.......... eeeereeeans 320
{ 1167, 500, 000 Sunfish........coociieaienenn.n. 74,873
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SuMMARY, BY SPECIES, oF DISTRIBUTION OF FISH. aNp Hgas, rrc.—Continued,

-{Asterisk (*) denotes eggs; dagger (1), fry; all others are fingerlings or yearlings.)
UNITED STATEB AND TERRITORIES—Continued.

Stato and species. Number, State and species. Number.
Ut ekspotted trout o1, 300 || shington—Continued. 8,000, 000
TOUb. ceeerennnnans . } e
Brook trout...... 188: 300 Sockeye salmon................. { t 3,' 457000
atfish. ..... 2,250 * 49, 000
“Laketrout................. *50, 000 Stealbead sslmon......c........ - 115,000
‘Rainbow trout............. 181, 000 1,603, 550
"Whitefish.................. ... 1100,000 {| West Virginia: ’
Vermont: Brook trout.......cevueuraennnns 212,815
. 591,400 Catfish 8,100
»Brook trout..cocoieeiiiaiiaa.. { 89, 200 Crappie. ‘ %’ 388
B *25, 000 Largemouth black bass - T
8,212
I@ke trout....covieiaanon.. { 132:3938 Baul)‘bow trout ' 181: { 22
. *20, 000 0c. .
Landlocked salmon.............. - 708:% Smallmouth black bass. . ....... { . 1‘12,(71)58
Pikeperch............... .- f13: 150: 000 ‘Sunfish, . ..ooviiiiimniiiiianna.s . 3,400
Rainbow trout .. 7,200 || - ~Yellow perch........ooooiiien .. 800
‘25, 000 Wisconsin:
6,320 | Brooktrout.....................
%12, 000, 000 Brook trout
+2, 800, 000 BufTalofish.
P 8ar G
atfish...
118,350 y
o 1,300 Crappio.. .
o 100 f| DT
{ t éi,, 000 Laketrout......................
. , 003 Largemouth black bass.
Piko perch. .. ) 1 500, 000 Pikg and pickerel. . . ....
. 279 Pikeperch..............
Rainbow trout..................

Sunflsh, .c......
Yellow perche..coeveuennecannn..

' 'Washington:

pel
Wyomiug:
Blackspott.

Catfish....
Lake trout
Largemout
Loc

Miscellaneous fishes.

Brook trout

Leven trout
Rainbow trout

ed trout

I black bss

FOREIGN COUNTRIES.

|
Country and species. Number. | Country and species. Number

Canada: !} Mexico:
Blackspotted trout.............. * 200, 000 Largernouth black bass.......... 600
Rainbow trout . * 280, 000 Yellow porch.....oooooiioies 500

- Whitefish............. * 30,000,000 || 8witzerland:

France: Rainbow trout * 150,000 Lakotrout......oceveueenennnnns * 50,000
Rainbow trout......cc.oennoat.. * 50, 000

1In exchange for trout eggs 600,000 Atlantic salmon eggs were received from Canada.

ASSIGNMENTS TQ STATE FISH COMMISSIONS.

~ “The following table shows the States in which the State fish com-
‘missions, as applicants, teceived part of the distribution shown in
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the preceding table and gives the species and numbers of fish and
fish eggs assigned to each such commission:

AssieNMENTS oF FisH ANp Fisg Eges TO Sfud*m Fisg CoMMissIioNs, FiscaL
Year 1921.

[Nore.—~Asterisk (*) denotes eggs; dagger (1), fry; all others are fingerlings.]

- |
State and species. Number. . State and specios. Number.
ga}irorgia: RCt;h;)OOK galmton *3) Ogg, % gevaii{a: Rasl}rlailmw trout.. “* 50,000
olorado: Rainbow trout.. 3 ow Hampshire: = :
Cobnecticut: Brook trout.. 62,000 Lake trout........... * 25,000
: Blackspotted trout * 50,000 prndlockﬁd selmon. . * 2‘038’ %
ckspo out............ , 1 ercheee.o...... s )
.Landlocked salmen............. : g, % N :\}'Mtgﬂshm. e . ;‘ 0288,888
A ow Jorsey: Pike perch............. ,
Rainbow trout...... { 7,000 || New York}:, ) ‘p ',
* 500,000 ‘Cisco...... feveeieraaieaeaianas *» 104,410,000
Lake trout....... * 1,500, 000
25,300 Landlocked salm * 100, 000
5,800 Steelhead salmon. ! %169, 000
176 Whitefish... * 20, 200, 000
200 || Ohlo: Whitefish. * 23, 840, 000
410 | Oklahoma:
250 ) * 100,000
500 Rainbow trout t 4,
26,325
175 Rock bass........cooiveeeeenna.s 100
* 500,000 {| Oregon: .
hinook salmon................. * 3,850,000
t * 50,000 Ralnbow trout......... .. * 804, 940
Rainbow trout.. *(02,000 || Pennsylvania:
Lake trout * 50,000 Ghgapok salmon * 65, 0&3’388
. e trou . . iSC0. v0vuenne.
Landlocked salmon ... 2 000 * 475, 000 Lake trout.... : %50, 000
Harg[and: : - Steethead salmnon .. * 30,000
117071 S * 300, 000 Whitefish,ieeqeeeeneiieiinnnnns *10, 000, 000
Lake trout . *4.000 || South Dakota: |
Pike parch.......... * 1‘000, 000 Brook trout.......... eemeeenan | 2,100
Rainbow trout.... .. 150, 000 Rainbow trout......... .. 3,000
h * 100,000 [} Tennessce: Rainbow trout. * 55,000
000 || Utah: Lake trout..... veues * 50,000
Vermont:
Lake trout........... * 25,000
Landlocked salmon. . * 20,000
Pike Porch........... * 14,700, 000
Steelhead salmon...... .. * 25,000
Yellow perch...oeeveecnnnan.... * 12,000, 000
Wasblnﬁgm: oo
Blackspotted trout.............. * 75,000
Rainbow trout......... .. « 76,000
Steelhead salmon...... * 49,000
Wyoming:
. Sunfish....... Blackspotted trout. * 100, 000
Mu_YE}liow perch.. (I}rgﬁé:htrout ........ * 100,
sourd: .- Catfish........ heresans . 1
~ Rafnbow trout.................. 100 Largemouth black bass. vee 2: 150
M‘ Eignﬁsh.u.-..............A....... 100 Rainbow trout.......oeiiol. * 300, 800
ontana: ————
Blackspotted trout.............. *3 * j
Ralabow trout. .. .. N }558:% Totaloeeecnenenenns eenreravene { 4&%9&%
Nebfntgl.}l::m BBIMON................ * 75,000 . 236, 575
Brook trout..... . 32,000
Rainbow trout.................. 30,000,

CONSIDERATIONS IN DISTRIBUTION OF COMMERCIAL FISHES.

The output of the bureau’s hatcheries handling the commercial
gpecies is planted in local waters on the natural spawning grounds
in so far as this may be desirable or practicable. This course is ob-
viously necessary for the maintenance of the fishery involved, par-
ticularly where commercial fishing is aggressively prosecuted or
where, as in the case of the anadromous éi’shes, commercial activi-
ties are-coincident with the spawning season of the fish.. It has
‘been ably argued that the bureau’s hatcheries belong: to the people
-and:that the output should be distributed more widely in neighbor-
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ing States. If such a course were to be generally followed, the re-
sults would most certainly be disastrous. If a hatchery addressed to
the propagation of a commercial species is successful in maintaining
the fishery against the inroads of market fishing in the region cov-
ered by its activities, it may be fairly classed as efficient. If its
annual output is only just sufficient to accomplish this purpose, it
would be suicidal to divert any portion of it to other waters. Most
of the States object, and with justice, through their fisheries authori-
ties to the shipment outside their boundaries-of eggs taken in their
waters or the fry produced from such eggs. .

The attitude of the fishermen is also a consideration. In most
cases the bureau is to a large extent dependent on them for its eg,
“collections. Speaking generally, the fishermen are deeply interesteg
and render hearty cooperation. They watch the work with jealous
interest, and any Yarge or unwarranted diversion of eggs or fry would
meet with strong opposition from them, and if persisted in.would
certainly result in refusal of the fishermen to deliver their eggs to
the hatcheries. While the bureau’s hatcheries are operated for the
general good and the public is benefited by the increased food sup-
ply, the local fishermen are perhaps most intimately interested, and
they should render every possible assistance to the hatcheries. Cer-
tain States now have f,aws whereby fishermen are given permits
to fish during the closed season, with the restriction that all mature
egas shall be delivered to an agent of the bureau or the State for
propagation. As the fishes are the property of the State, such a
requirement is held to be just. '

n the other hand, if a hatchery of the bureau succeeds in obtain-
ing large numbers of eggs, more than are required for local waters,
an inte%ligent distribution of the output to other waters is then
permissible and even desirable. Under the most favorable condi-
tions the results of natural spawning can not be expected to equal
from 75 to 80 per cent of the numbers of young fishes put out by an
_efficient hatchery. Nature undoubtedly provides for a rather wide
distribution of young fishes from natural reproduction. It is there-
fore not always advisable to limit the distribution of the output of
a hatchery beyond reasonable restrictions, because if more young
fishes are placed in a limited area than the waters can support they
can not be expected to produce proportionate returns in marketable
fish.

The following are among the points to be considered in connec-
tion with the distribution of the commercial species in new waters:
(1) Do the waters under consideration support & commercial fishery %
(2) Are the laws adequate for the protection of the fishes? (3)
What are the conditions regarding dams or other barriers and pol-
lution from trade or other forms of waste? (4) What is the atti-
‘tude of local fishermen, and will they be willing to cooperate in the
collection of eggs for the work of artificial propagation?

RESULTS OF PLANTING FISHES IN INTERIOR WATERS.
"By E. C. FEARNOW,
Superintendent of IF'ish Distribution,

The question has frequently been asked whether. the burean’s work
in stocking streams and ponds in the interior States 18 producing
satisfactory results, While the numerous letters. received from' ap-
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‘plicants from time to time are favorable in character, no effort has
eretofore been made to condense such information into a tabular
form to indicate the general effects of the work.

The system of card-indexing applications, inaugurated in 1917,
will in course of time give such information. However, it is be-
lieved that a table classifying the results accomplished during sev-
eral years would be very useful in giving the burcau and the gen-
eral public a concrete idea as to the value of the work that is being
done in the interior States. A table of this character would also be
invaluable when making assignments of fishes, as it would show
-what species are most productive in a given region. : :

The following is an explanation of the grades used inclassifyin
‘the results: “ Kxcellent ” means that the %sh increased in size an
multiplied. “Good” is used where the applicant was satisfied, the
fish attaining’a large size, the number of fish apparently on the in-
orease. “Falr” means that the results are only ordinary, many of
the applicants merely use this word to express the results of the
plants. “Overflow ” is used where the dam of the pond broke and
the fish escaped. This does not mean a loss of the fish, ag in many
instances the statement is made that certain streams were stocked
by the breaking of dams. “ Uncertain” is used where the applicant
is undecided as to results, Most of the reports classified under this
heading cover plants of fish made in large streams and lakes, where
it was found difficult to determine. whether the fish furnished by the
‘bureau bad actually produced results, owing to the waters being
previously stocked with the same species. “Poor” covers reports
which indicate that the plants were a failure. Failures are attributed.
to a number of causes as follows: Not adapted to the waters; fish
received i:hpoor condition; destroyed by snakes and other noxious
animals. Many failures are attributed to the severe winter of 1916
and 1917, when ponds froze to sn unprecedented depth. In some in-
stances the fish were stoléen.

The following table shows the general results of planting fishes
during the ﬁscufyear 1917:

GENERAL RESULTS, BY SPECIES, OF FI8H PLANTINGS, FiscaL YEar 1917.

ncrease and growth,
Sheu Number Tnc gro
es. 0 Excel- Over- | Uncer-
reports. Yoot Good, Falr, flow. tain. Poor.
(8717171« VPN Soa; 11
Buflalofish. . 'i! ,,,,,,,,,,
Whitefish 41 2 2l e i
Steelhead salman .20 1
Landlocked salmon 28 .1
‘Rainbow trout...... 5890 | - 53
Blackapotted trout.. 288 4
Loch Leven trout. [ - B L B I U
Brown trout.... L S I 3 S P O A,
Laketrout.. 21 3
Brook trout. 1,514 90
Grayling.... ey &y 2 Y l..o...ob Y.l
Smelt.......... B lecveeenesel 0 Bleeeiiii e el
Cll:pplo..iﬁ.ﬁ..}.‘...... g&zg g&
gemou ack bass.

Smallmouth black bass. . 326 19
Rock bass...... 76 8
Sunfish...... 280 33
Pike perch. . .- C 87 9
Yellow perch,...ccovveennnnan. 32 [}
Whoite perqh eearesereeaavaaranns l} 1
Tot8l.coeuverurecnannnnn. 4,507 300
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Of the 4,597 reports received 30.5 per cent showed excellent results,
42.2 per cent good, 12:4 per cent. fair, a little over 2 per cent overflow,
over 6 per cent uncertain, and: 6.5 per eent poor. -

Black bass and.sunfish ‘appear to produce highly- satisfactory: re-
.sults’ in most. of ithe States, though many applicants have been: dis-
satisfied with the sunfish on account of its small size, the growth at-
tained not being as large as with some species. The stock-of sunfish
-at:most of the bureau’s hatcheries:has been improved in:recent years,
-?nd it is: believed that from now on this fish will give perfect satis-
faction::::

The rainbow trout: appears to: be especially- well .adapted tothe
waters of.Califoernia; Colorado, New: Mexico, ilontana,' orth Caro-
‘lina, and Wisconsin, while 6n the other hand a large percentage of
failures or of only fairly good: returns have been reported with that
species -in ‘Arizona, :Massachusetts, Ohio, New York, and Pennsyl-
‘vania:. This tends to accentuate the .frequently .expressed opinion
-that the rainbow trout is not:-as a rule adapted to eastern waters.
‘It is true that the rainbow.trout appears to have been very success-
fully established in West Virginia and-in. certain sections of Ten-
nesses and North Caroling, but the data at hand.would indicate that
for eastern waters in general the conditions -are better adapted .to
the brook trout. Numerous reports have beéen received .to the effect
that no rainbow trout were ever seen in waters where they had been -
‘planted. Mention of this failure of the rainbow trout to establish
atself in certain sections of the country is very prominent in the
“reports.

DISTRIBUTION .COSTS AND EQUIPMENT.
" ‘COST OF :DISTRIBUTION,

As'in all other lines of activity, the cost of distributing the output
of the bureau’s hatcheries has increased very considerably in recent
years. The net increase in distribution costs since 1916 has amounted
to approximately 150 per cent. The distribution of an output not
appreciably decreased during this period, with no increase in funds

rovided for the conduct of the work, has been accomplished only
Ey exercising the most rigid economy at every point. Unless addi-
tional funds for the propagation and distribution of food fishes is
forthcoming, it may be necessary to inaugurate decided changes in
the distribution methods to meet the increasing demands for fish..

During the fiscal year 1921 the cars of the bureau traveled 85,060
‘miles, while detached messengers in charge of live fishes traveled
'885,988 miles, honoring approximately 10,000 applications for fish.
The total cost of making this distribution, including maintenance and
repairs to five distribution cars, amounted to $69,600. - :

DISTRIBRUTION CARS.

The two steel cars added to the distribution service during the
spring of 1920 have fully demonstrated their superiority over the
cars of wood construction. Their increased carrying capacity, to-
. gether with lower cost for mainténance and repair, make them in
"every respect a high-class investment. It is recommended that the
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two wooden cars still in use be replaced with cars of steel:at an early.
date.: In addition to the advantages already cited, it is frequently
necessary to accept second-class service in the movement. of .the
wooden cars, as many railroads refuse to move them in their first-
class trains. '

POCKET THERMOMETER FOR: USE .IN CARRYING LIVE. FISH,

An improved device of interest in' connection with the distribu-
tion of live fish is a pocket thermometer designed especially. for the
convenience of messengers in making shipments e
of fish or fish eggs. The column of mercury is. L
protected by a hard rubber jacket, provided with. . R
a pocket clip and a ring, to which a cord may,
be attached. The advantages claimed for it over
the type of thermometer previously used are its
lighter weight and its greater convenience when
in actual use. It 1s also less subject o breakage
than the metal-jacketed thermometer.

[

Procedure in Assignments of Fishes to
. Applicants, .

' APPLICATION BLANKES.

_ On receipt of a request for fish the bureau
supplies & blank calling for u’cOmdpletev‘de"scri -
tion of the ‘waters to be stocked. 'When the.
blank is properly executed and, returned with the
indorsement 'of ‘& Member of ‘Congress, the bu-
reau endeavors to assign a suitable species of fish
thereon, and the delivery is made at the earliest
practicable date, at the upplicant’s railroad sta-
tion, without cost to him. As the information
requested on the application blank is used as.a
basis for determining the species to be assigned ~ .
and to some extent the number of fish that will .

be furnished, the applicant:should ehdeavor to*
have it as compléte and accurate as possible.

‘l‘l'ITI'l"T'
'EE

| L L L O D

: AN A I't6. 3,—Docket thor:
'SELECTION OF SPECIE! ometer designed
: ¢ i " particularly for use:

‘One of the most perpléxing problems con-: . In, conneciion with.
fronting the. division of fish oulture is hotw to . diniiibotion of
distribute the product of its hatcheries ina man- g.‘osvegd\'bv L. C.Fear-.
ner which will bring about 'the best results:and . . : .
at the same time be just and.equitable to the large numiber of persons
who every year apply to the bureau for fishes for stocking. waters,
both pubi){c and private. . i T

- Many persons-.vgho-are fglmllga,r with: some particular ;species’of
fish  ingist on its-iptroduction into. waters:in‘ which:they may be
interested. . In one case'an applicant  who has recently moved to a
new section of the country wants his favorite fish inthe local waters,
while in another case an applicant applies for a certain species on
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the recommendation of a friend or because the species has afforded
him pleasure in another region. The importance of making a careful
survey of the waters to be stocked, with the view of determining the
species best adapted thereto, is often not recognized. It has been
proved beyond a doubt that in nearly every case it is advisable to
plant a species which is native to the locality, and in specifying his
choice of fish the applicant should bear this in mind. Nonindigenous
species should not be introduced unless it can be clearly shown that
the native species, because of changed conditions, have failed to
maintain themselves. There are many notable examples of the suc-
cessful transplanting of fishes where the results have been highly
beneficial. However, there is always an element of uncertainty in
the planting of nonindigenous fishes in any region, and it should be
undertaken only after a careful consideration of all phases of the
situation, because if promiscuous plantings were to be permitted the
work of fish culture might easily become a curse instead of a blessing
to mankind. :

The carp is an appropriate example of the results of the indis-
criminate introduction of a foreign species. This fish was popular
in the early history of fish culture in America, largely, perhaps,
because it was a favorite with European fish-culturists and because
of its rapid %vrowth and ready adaptability to new surroundings.
Through carelessness and indifference the carp became widely dis-
tributed in the waters of the country, with the result that in many
sections a stigma will always apply to this sturdy fish. Neverthe-
less, there is a place in the piscatorial world for the carp, and for
certain waters it fills a demand that can not be adequately met by
any other species. It frequently happens that carp can be success-
fuﬁy and profitably propagated in waters that are quite unsuited to
the finer species; andI: under proper restrictions, this idea should be
encouraged.

Aside from possible injury to indigenous species that may follow
the introduction of foreign fishes, there are other important points
to consider: Will the new inhabitants find a suitable temperature
range and other conditions congenial to their reproduction? Will
the food supply be of a suitable character and ample for their needs?
Unless these essentials are present an introduced species can not
establish itself in a new environment on a self-maintaining basis.
Not infrequently species of fishes that are possessed of the %ﬁghest
food and game qualities in their natural habitat will, when trans-
planted in less favorable surroundings, degenerate to a point where
they have no attractions either from a food or a fga,me standpoint.
Even the planting together of the same species of fish taken from -
different sections of the country or from different streams in. the
same section may be inadvisable. Certain investigators have ex-
pressed the belief that such plantings may lead, or in certain instances
may have already led, to a form of hybridization which may: result
in seriously impairing the virility of the progeny. . ..

Many of the more progressive State fish and game commissions
have requested that allpappl-ications for certain species of nonindige-
nous or predacious fishes be submitted to them for approval. The
bureau commends this policy, and all such applications, including
those for carp, are referred before acceptance for the proper State
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authorities to pass upon. Even with the State’s indorsement the
bureau: reserves the right to exercise its judgment.

In connection with this matter, it appears expedient to continue
the policy of refusing to supply the spiny-rayed fishes to applicants
in the Pacific coast watershed. This step is essential for the protec-
tion of the important salmon and trout fisheries. The planting of
the spiny-rayed fishes in the streams of the west coast might result in
destroying millions of young salmon inhabiting such waters. The
bureau maintains that the interests of the commercial fisheries are
paramount to those of the sportsmen.

Eggs of certain species are furnished to State hatcheries where
such a course appears to be to the interest of the work and, on rare
occasions, to applicants having hatching facilities in cases where the
eggs can be delivered more economically than the young fish.

SIZE OF ALLOTMENTS.

In determining the size of allotments of fishes on applications, the
bureau is governed by the number and size of the requested species
available for distribution in connection with the number of applica-
tions received for it, Ly the extent of water area to be stocked, and
by the distance to which the fishes must be transported. It aims in
every case to supply only a sufficient number of young fish for a brood
stock, and the recipient is expected to provide for their protection
until they have had time to mature and stock the waters through
natural reproduction. The importance of adequate protection for
fish furnished for stocking any body of water is so obvious that the
bureau_has seriously considered the advisability of curtailing or en-
tirely discontinued the distribution of fish in localities where such
protection is not afforded.” .

- It is recognized that the larger bodies of water should receive the
larger number of fishes for stocking purposes, but it does not appear
judicious to honor applications for such waters to the exclusion of
the smaller, though perhaps no less important, bodies of water. It
is the policy of the bureau to apportion the output of its hatcheries
in such a manner as will permit of filling all applications, so far as
such a course may be practicable. Applications are frequently re-
ceived from persons in sections remote from a fish-cultural station
and in a part of the country where it is known that the waters are
already abundantly stocked with desirable species. In such instances
the bureau does not consider it wise to incur the expense of sending
small numbers of artificially reared fishes to a considerable distance,
and the applicants are so notified.

TIME AND METHOD OF DELIVERY.

Certain species, notably the brook trout and the rainbow trout, are
planted whenever possible during the fingerling stage; but, as the
rearing facilities are limited, the stock must be reduced in the carly
spring to prevent overcrowding. Thus,. a part of the output is an-
nually shipped in the fry stage. The distribution of the basses and
other pond fishes begins about three weeks after they are hatched
and extends over a period of several months, the last lots of fishes
gent out ranging from 2 to 4 inches in length. The basses, sunfishes,
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crappies,- yellow perch, and other fishes rescued from landlocked
Fonds and pools in the Mississippi River Valley are from 8 to 6 inches
ong:when distributed. : ' ' ‘

; It is the policy of the bureau to fill applications in the order of their
receipt and to deliver fishes assigned as soon thereafter as possible,
but tgere are certain conditions connected with the distribution work
which should be thoroughly understood by prospective applicants.

The cost involved in making shipments of fishes compels the bureau
to-exercise the utmost economy in arranging its distribution work.
The delivery of special consignments and those intended for distant
points must be delayed until a sufficient number of applications from
the same section of the country have been received to warrant the ex-
pense of & messenger shipment. The bureau can not carry a stock of
fish for delivery on demand, and when the supply of one year is ex-
hausted no more are available until the crop of the succeeding year is
ready to be sent out. The shipment of trout from the bureau’s east-
ern stations begins early in March, and all applications received after
that time are carried over until the following year. Trout distribu-
tions from stations in the Rocky Mountain regions are made between
May and October, and, in order to insure early attention, applications
from that part of the country should be in the Washington office of
the bureau not later than May 1. The so-called warm-water fishes,
including black basses, sunfish, and crappies, are shipped between
Ma’B)i and December, and requests for them should be submitted prior
to May 1. ' ’ ;
‘ 'Theyﬁshes are shipped {n railroad cars especially designed for the
urpose or in baggage cal¥!accompanied by a messenger, and the de-
rivery is ' made at the applicant’s railroad station without expense to
him.” When an application for fish is received by the bureau the per-
son submitting it is immediately notified of the species assighed there-
on and the approximate time when delivery may be expected. Full
directions for the reception and care of the fish are also'sent to him;
Prior to the shipment a second notice is sent, usually a telegram, speci-
fying the exact time when the assignment will arrive at his railroad
station. If for some unforeseen reason it becomes necessary to post-
pone the delivery, the applicant is notified accordingly.

O



