REPORT ON THE PROPAGATION AND DISTRIBUTION OF
FOOD-FISHES.

By W. prC. RAVENEL, -Issistant in Charge.

INTRODUCTION.

The work of the Division of Fish-Culture, prosecnted on the same
general lines as in past years, is shown by the following abstracts of
reports of the superintendents of the various stations. The same sta-
tions were operated as in 1896, with the addition of those at Manches-
ter, Iowa, and San Marcos, Tex., which were completed in December.
The output of salmon fry was largely augmented by the establishment
of auxiliary stations at Battle Creek, Cal,, on Salmon River, Oregon,
and the Little White Salmon, Washington, which were operated in
conjunction with Baird and Clackamas stations. During the year all
the stations in New England avd on the Great Lakes, as well as those
at Wytheville and Quincy, were inspected by the Commissioner and the
assistant in charge of the Division of Fish-Culture.

The shad work on the Atlantic Coast was also largely increased, and
steps were taken to investigate the rivers along the South Atlantic
coast with the view to the establishment of auxiliary stations, Onthe
New England coast, in addition to the operations conducted at Woods
Hole and Gloucester, the Grampus and Fish Hawl were utilized during
May and June in collecting lobster eggs off the coast of Maine. The
crew of the Grampus also rendered material assistance in the cod work,
collecting eggs for Gloucester Station from fishing vessels at Kittery.

TFrom the experience gained the past season it is believed that a
cod-collecting station can be advautageously established at Plymouth,
Mass., and if successful it will obviate the necessity of penning brood
fish at Woods Hole, materially reducing the expense of that gtation.

During the fiscal year 586,144,000 fish and eggs, embracing 30 species
and 1 erustacean, were distributed from the following stations:

Green Lake Station, Me.
Craig Brook Station, Me,
St. Johnsbury Station, V.
Cape Vincent Station, N. Y.
Gloucester Station, Mass.
Woods Hole Station, Mass.

Steamer Fish Hawk (Albemarle Sonud,
Delaware River, and Cusco Bay).

Battery Island Station, Md.
Bryan Point Station, Md.

Central Station, Washington, D. C.
Fiia)h C()ommission lakes, Washington,
1

Wytheville Station, Va.
NVill

i Put-in Bay Station, Ohio.

| Northville Station, Mich.
Alpena Station, Mich.
Duluth Station, Minn.
Manchester Station, Iowa.
Quiney Station, 111,
Neosho Station, Mo.
San Marcos Station, Tex.
Leadville Station, Colo.
Bozeman Station, Mont.
Baird Station Cal.
Battle Creek Station, Cal.
Fart Gaston Station, Cal.

i Clackamas Station, Oreg.
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A comparison of this season’s work with that of the previous year
shows a gratifying increase in the output of fry of most of theimportant
commercial 8pecies propagatéd, such as shad, salmon, lake trout, lake
herring, cod, quinnat salmon, Atlantic salmon, flatfish, and lobsters.
The distribution from the various stations was made as in past years
by station employees in neighboring waters and by means of the four
cars owned by the Commission. Owing to the increased output of th.e
various species it became necessary during the spring to hire an iydfib
tional baggage car from the Pennsylvania Railroad Comnpany to assist
in the distribution of shad.

The total mileage traveled by the cars and messengers while engaged
in the distribution amounted to 206,615 miles, 84,892 of which were
free. The only accident which occurred during the season was at San
Francisco, where a freight train collided with car No. 3. The car was
repaired free of expense to the Commission by the Southern Iacific
Railroad Company.

Oar No. 3 was utilized as a temporary hatchery on the St. Johns
River, Florida, during February, March, and April. At the opening
of the Nashville Ixposition in May car No. 4 was detailed for the col-
lection and transfer of marine specimens for the exposition.

Many changes ocemrred in the persounel of the messenger service
during the year, the most important being the promotion of Capts. R.
S. Johnson and G. H. Lambson to the superintendency of the stations
at Manchester, Iowa, and Baird, Cal., respectively.

GREEN LAKE STATION, MAINE (E. E. RACE, SUPERINTENDENT).

The stock of fish on hand having been distributed during the month
of June, the time of the station force during the summer was devoted
to the improvement of the water supply, construction of ponds, and
general repairs and improvements to the buildings and grounds. The
majn flume from Rocky Pond to the reservoir, 6,800 feet long, was
thoroughly overhauled and arrangements were made to run the water
from the flume direct to the hatchery instead of accumulating it in the
reservoir as heretofore.

The old ponds between the hatchery and reservoir were condemned
and partly refilled, the two back of the hatchery were rebuilt, and five
new ones were constructed. The old ponds were 20 feet wide by 353
feet long, the new ones 163 feet by 383 feet. A 2-inch pipe was laid from
the hatchery'to a spring on the side of the mountain, furnishing an
increase of 25 gallons of water per minute during the dry season, at a
temperature of 43°. During the spring months the amount obtained
from this source is much larger.

The usual arrangements were made for collecting eggs from wild fish
in Green Lake, Manns Brook, Great Brook, Winkempaugh Brook, Pat-
ton Pond, and Boggy Brook. The first landlocked salmon was captured
September 17 at Manns Brook and the first brook trout September
29, The run of golden trout at Floods ’ond commenced November 1
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and continued until November 16. The fish taken were held in traps
in Great Brook, I'loods Pond, and Patton Pond until their eggs had
matured. The brook trout commenced spawning October 17, the
salmon on October 19, and the golden trout November 3. Thelast eggs
secured from the salmon were on November 17 and from the golden
trout on November28. The following table shows the number of brook
trout, landlocked salmon, and golden trout taken in the various traps
aud the number of eggs obtained from thein:

| Landlocked |
l salmaou, y
1
1

Brook trout. ! (GGolden trout,
Body of water. i i

Eges.

! Fish. | Egus. | Fish. [ Egge. . Fiah, |
e Y RO e -
|
GrOON LaKC. . e veeeerieiiineaneeeaeaanninon o1 27,760  12) 16500 1........ | S
Wizkewpangh Brook 491 91,500 211 147,202 '........ [oommnnnns
Flyeds Pond........... 41 10,000 371 8,000 90 | 82, 000
Patton Pond.. ...........cooiaill. P 4, 5, 200 110 | 114,000 :-....... freeeeeeee

TOLAY <o eeeeaeeemeeaeeememnnnen e ) w1 | 324,400] 470,
1

285, 702 [ 90
! . .

In accordance with the usual custom, abt the close of the season the
adult ish were Teturned to the waters from which they were taken. A
number of ripe fewale salmon collected at Floods ond yielded 12,000
eggs, but as no males were captured an effort was made to fertilize -
them with milt forwarded from the Green Lake hatchery in an air-tight
jar, which was held for thirty-six hours after its receipt. Fertiliza-
tion was apparently accomplished and the eggs were forwarded to the
hatchery, but after remaining in the troughs for some time they all
tarned white and were thrown away.

Daring the fall the following shipments of eggs were made from the
station: Of the landlocked salinon, 82,000; quinnat salmon, 30,0005
brook trout, 40,000; golden trout, 10,000.

The following consignments were received: From Battle Oreek, Cal,,
1,000,000 quinnat-salmon eggs; from Fort Gaston, Cal., 50,000 steelhead-
trout eggs, and from Craig Brook, Me., 50,000 Atlantic salmon oggs.

The quinnat-salmon eggs arrived in excellent condition on December
17, and commenced hatching February 22. ‘They finished by April 10,
the total loss, including the number found dead on arrival, amounting
to 75,500, The fry resulting from them were held until the absorption
of the sac and then planted in the tributaries of Union River. The
steelhead eggs arrived in very bad eondition, and had finished hatching
by May 18. Ouly 9,335 young fish remained on hand at the close of
the year as a result of this shipment, The Atlantic-salinon eggs com-
menced hatching on March 20, and after a distribution of 33,000 of the
fry during the month of June there still remained 16,220 at the close
of the year. These were placed in the reservoir to be reared for brood
stock. By April 25 all of the landlocked-salmon, brook-trout, and
golden-trout eggs had hatched, the losses during incubation being com-
paratively small. A sudden rise in temperature during the mouth of
June necessitated a partial distribution of the stock, and at the close
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of the year there remained on hand 131,141 landlocked salmon, 16,220
Atlantic salmon, and 9,335 steelhead trout.

1Taving decided to discontinue the distribution of Von Behr trout,
the 769 brood fish on haund in the fall were turned over to the fish com-
missions of Maine and Vermont. While the flume was being prepared
during the summer it was found impracticablé to provide ponds for the
landlocked salmon that had been reared at the station, and, in view of
the fact that they were about 6 years old and had never produced
healthy eggs, it was determined to liberate them in Green Lake. There
were 2,164 of these fish, varying from 1 to 3 pounds when liberated.

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

During the year two large, deep ponds were constructed on the flat
alongside Alamoosook Lake for the purpose of continuing the expori-
ment of rearing Atlantic salmon under domestication and for domesti-
cating such species as the steelhead trout, landlocked salmon, and
quinnat salmon. These ponds are each about 3,750 feet in area, and
the expense of building them was $679. In addition to a number of
minor improvements to the buildings and grounds, the old wagon-house
was moved and repaired, a stone bridge was built across the brook, two
gravel breakwaters were constructed to protect the boat-landing, the
fly-house was transformed into a hatchery for the purpose of caring for
the quinnat-salmon eggs transferred from the Pacific Coast, and a new
stand of troughs was erected for holding the fry. An aqueduct 700
feet long was also constructed in order to convey the water supply from
Craig Brook to the above-mentioned stands and hatchery.

At the beginning of the year there were on hand the following fry,
hatched the previous spring:

Atlantic salmon ................ 244,405 | Swiss lako tront..ccoeioieernnn 46,796
Landlocked salmon . ___......... 11,033 | Von Behr trout. .......ccc.ouun 487
Quinnat salmon ..._............ 7,796 | Scotch sen trout..._............ 1,337
Brook trout........ocooceeeonn. 2,668 | Stoelhoad trout .....covevceanns 12,511
Rainbow trout ................. 12,778

American lake trout............ 38, 965 Total ..o i e 378,776

During July 3,315 steelheads were liberated; the remainder of the
stock was carried through to October, when the fish were counted and
distributed with comparatively small losses The food given was the
same material usually employed—chopped liver and other butchers’
oftal, the flesh of horses, and maggots reared at the station. A small
quantity of herring roe was also used and appeared to be acceptable
to the quinnats, though it was not readily taken by the Atlantic salmon.
As in former years the food most readily caten was the maggots, which
were given alive. This year for the first time a large number of fry
were kept in the ponds, and although the losses were slightly heavier
than heretofore, these fry did remarkably wéll and outgrew the trough
fish. In all, 102,265 Atlantic salmon and 8,122 steelhead trout were
transferred to the ponds; three months later 91,017 Atlantic salmon:
and 7,398 steelheads were removed, showing a loss of 11 per cent on the
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salmon and 8.9 per cent on the steelbeads. The loss in the troughs
amounted to 9.1 per cent, 143,374 salmon being taken out at the expira-
tion of seven months, It is probable that the loss on the trough fish
during the three months that the others were in the pouds did not
exceed 3 per cent, but in point of growth the pond tish were far supe-
rior, the pond salmon in the fall averaging 101.1 grains against a mean
of 45.8 for the trough fish. These figures were obtained by actually
weighing the fish,

A summary of the result of rearing fry to the y earling stage from eggs
collected in the fall of 1893 is presented below in tabular form:

\k l ] ] ] Percentage—
'\ I TDV\X 8- (”’————’-—— 3
. Number | Number On hand | On band maining | Of fish
Kind. - ! June 1 July 1 4 . remain-
of vggs. | hatehad. : t | oat fall Of eggst Of fish
} 1890, 18, count. laid &t’t.! hatched. nil‘l]go
} I June t.
I T e R . _

Atlantic valuon - ... . 273. 008 i 274,138 zag, g1 | 244, 405 | 234,083 1 85.4 | 8.7 89.1
uinnoet salmon. ....... h é 8,248 , 90 t 7,407 88.7 89, 95
%undlocked salmon. ... ]8’, 883 l 18,730 12, 464 11, 033 10, 889 51.1 58.1 87.3
Brook trout...... 7,120 l 0, 304 2,720 2, 668 2,219 3.2 34,8 81.4
Rainbow trout. 25,485 | 25,877 13,303 12,7178 11,851 45.7 45.9 87.0
Swias lako tron b1, 802 l 51, 294 49, 803 46, 796 41, 130 7.3 80.2 |° B2.6
Von Behr trout .. PN 7,371 ¢, 652 5,978 487 653 8.8 \ 0.8 10.9
Luketrout...ceevveeee. | 43, 460 I 42, 906 40,112 | 38, 065 ] 10,411 23.9 | 24.3 25.9
| 437,500 | 433,735 | 396,163 II 364, 028 ) 319, 343 l 7201  73.6 } 0.6

i ; ~ |

Atlantic salmon.—During the previous June 677 brood salmon were
collected and released in the inclosure at Dead Brook; and, with the
view of increasing this stock, a trap was coustructed early in August
near the Bangor Dam in order to stop any salmon that might ascend
the river to spawn in the fall. This dam, located below the natural
head of tide water, is subject to partial submergence during periods
of high water, It is also provided with a good fishway, but it forms a
serious obstacle, nevertheless, to the ascent of fish, and considerable
numbers were collected there during the season. They were especially
noticed under the wheelhouse of the waterworks at the west end of
the dam, where the trap was located. This trap was constructed of steel
and wood, as offering the least resistance to the constant heavy current,
being formed like a pound in an ordinary weir, with a V-shaped entrance
and a wing running obliquely out into the river. It was secured by
bolts and numerous guys in the ledge forming the bed of the river, and
was provided with halyards by which it could be drawn up for inspec-
tion or hauled down for work. The trap proved to be well adapted for
the purpose, as the salmon passed in readily and were removed without
difiiculty or serious injury. The work of construction was quite ardu-
ous and consumed more time than was anticipated, as it was not ready
for operation until August 12, when the water temperature registered
790. It had also become very muddy from the operations of a contractor
who was putting in a cofferdam preliminary to some improvements to
the waterworks. Under these adverse circumstances very few salmon
were taken; but the conditions improved later on, and 8 were secured
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on August 27, making a total of 33 eaptured by the trap. These were
placed in the cars and towed to Orland, whence they were transferred
to the Dead Brook inclosure, 26 of them being delivered alive.

It appears that salmon do not congregate in large numbers at mid-
Summer, and, moreover, it is very difficult to transfer them at that
Season to the inclosure, which is 30 miles distant, on account of the
high temperature of the water. To obtain good results, the trap
should be constructed early in the spring and a retaining pool pro-
vided in the immediate vicinity. ’

During the summer 109 dead fish were removed from the pools,
which should have left 594 breeders, but as a matter of fact only 539
were found, indicating a loss of 25 per cent. Of these, 174 were
males and 365 females, 12 of which yielded no eggs. From the others,
the weight of which aggregated 1,050 pounds, 3,192,124 oggs were
secured, of which the Maine Commission received 496,000, From the
remainder, 490,000 were shipped as follows: To the New York Ilish
Commission, 100,000; to the Connecticut Fish Commission, 100,000; to
U. 8. Fish Commission stations, 100,000; to W. 8. Hadaway, Plymouth,
Mass., 25,000; to the Pennsylvania Fish Commission, 100,000; to the
Adirondack League Club, 25,000; to Awos Ellis, Rangeley, Me., 40,000,

From the balance of the eggs 2,008,766 fry-were hatched, all of which,
with the exception of 390,000, were liberated in the tributaries of the
Penobscot above Oldtown and in streams in the vicinity of the station;
150,000 were planted in the St. Croix River at Vanceboro, and 240,000
were retained for rearing. The Joss on this stock to the close of the
year amounted to 24,442. At the beginning of the year there were on
hand 705 Atlantic salmon which had been hatched during the season
0f 1893-94; of these, 290 were distributed and the balance were placed
in one of the new ponds and retained for domestication. InJ une, 1897,
the usual arrangements were made for the collection of adult salmon,
but owing to the late run only 595 were obtained. The losses during
June were very light, and favorable results are expected in the fall.

From the two lots of domesticated salmon (desceudants of parents
reared in confinement in fresh water) 4,400 eggs of inferior quality were
Secured during November; these yielded 2,167 fry, but only 1,600 of
them survived to the close of the year. Of the pareunt fish there now
remain 41.

Landlocked salmon,—Late in October 10,889 yearling landlocked sal-
mon were deposited in Toddy Pond. These fish resulted from a con-
signment of eggs delivered at the station by a number of citizens who
Were interested in keeping up the supply of fish in that pond. In
November, 1896, the same parties furnished another consignment of
2,352, from which 2,129 fry were hatched.

Other species.—The brook, rainbow, lake, and von Behr trout were
distributed with the other fishes in the fall, the losses being very
slight, except in the case of the lake trout. Ou July 1 there were
38,965 lake trout on Land, as & result of the eggs shipped from North-
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ville the previous winter, They appeared to be very healthy for a time,
but later in the summer they were attacked by a parasitic trematode,
which appeared in large numbers, especially on their fins and jaws.
The mortality resulting aggregated over 26,000, leaving only 10,411 for
distribution in November. No other species were attacked by this
parasite, though all were kept in the same locality and under the same
conditions. A large percentage of fish was hatched from the consign-
ment of Swiss lake-trout oggs received from Switzerland in February,
1896. A few of these were held over and distributed in the spring of
1897, but the bulk of them were disposed of in the fall.

Steelhead trout.—The fish on hand at the beginning of the year were
carried through the summer ‘with small loss, and all of them with the
exception of 200 were distributed during the fall. These were placed
in one of the new ponds for domestication, and 191 of them survived to
the close of the year. From a consignment of eggs received in April
94,811 fry were hatched ; all but 10, 000 of these, which have been retained
for rearing, were dxstnbuted in local waters during May and June.

Quinnat salmon.—The quinnat salmon on hand at the beginning of
the year were the result of a consignment of eggs received from Baird
in December, 1895, They were carried through the summer without
material loss, and in November 7,062 yearlings were liberated in local
waters. During the fall 200 of them were transferred to the aquarium
in Washington and held until the following spring, when they were
sent to Nashville for exposition purposes. Another lot of 200 was
retained at the station until the following June, when they were liber-
ated, with a loss of only 4, in local waters. In December, 1896, a con-
signment of 1,440,000 eggs was received from Battle Creek, Cal. Some
slight mishaps befell them and it became necessary to crowd them
considerably on account of lack of space, but notwithstanding these
adverse circumstances 1,265,594, or 87 per cent, of them hatched. Of
these, 789,000 were deposited in the Penobscot and its branches above
Oldtown, 77,449 were liberated in local waters, and 50,000 were trans-
ferred to the Maine Commission, making a total distribution of 916,449;
250,000 were reserved at the station to be reared and distributed in the
fall, and at the close of the year they were in excellent condition.

The total amount of food used consisted of 42,746 pounds of butcher’s
offal, beef blood, and horse carcasses, the original cost of which was
$592.25, the additional expense of freight and drayage aggregating
$105.97. This large increase in cost and amount of food was due to
the increased number of fish earried; and it was learned by experiment
that quinnat salmon require a larger amount of food than Atlantic
salmon and other fishes.

The stock of fry held for distribution in the fall consisted of 240,000
Atlantic salmon, 2,167 domesticated Atlantic salmon, 2,295 landlocked
salmon, 250,000 quinnat salmon, 1,894 Scotch sea trout, and 10,000 steel-
head trout.
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Following is a record of the meteorological observations made at the
Station during the year: -

Moan temperatures.

B Water. B lt!:lilu Snow.
Date. Alr. Hatchery. | Head of foed:
inside. | trough stand.
Ta.m.2 p.m.; 7a. m, lo pom.i 7 4.1, ] 2 p. . [Inches. ;Inches.
1896—July .ot iiieeeii et | 64.71 l 70.00 | 68.88( 71.77 | 63.56 | 67.3b 6.05 .
August... L] 6102 74.56( 69.28 | 172.23 | 64.06 | 68,40 1.55
September 53.45) 64.88 | 62.78| 65.06| 69.83 | 63.13 6.95
October ... 40.27 | 61.74 | 63.08]| 65.15| 52.18 | 55.00 4.16 |.
November ..p 84.02 | 40.73 | 44.73| 46.15 )| 45.70 | 47.37 4.2 g
December......ccccooueenn... 17.77 ) 27.85| U4.74( 35.45 | 37.92 | 39.20 1,65
1897~January . .. 13.81 26.02 | 38.66 | 34.19 | 86.65| 38.18 1.65 18
February 15.00 | 30.62 | 33.66 | 34.82 | 35.34 | 38.02 1.06 9
March 24.55 | 35.13 | 84.11 85,77 35.87 | 38.87 2.30 144
April. 37.13 ] 50.10 ] 37.95) 40.98 | 38.72 | 43.42) 2,46 )........
May .. 49.14 | 60.49 | 50.77 { 63.06 | 48.70 | 52.87 | 3.90 [........
JUNO vt ieresienieeaans 65.64 ; 65.77: 68.71 1 60.92! 54.680 | 57.82 3.00

;- | ; I . , ........

S1. JOUNSBURY STATION, VERMONT (J, W. TrrcoMBs, SUPERINTENDENT).

A special appropriation for increase of the spring water supply,
counstruction of reservoir, and general improvement to the grounds
having been provided, the work was undertaken early in the summer
under the direction of the superintendent. In order to increase the
water supply, the springs on the station property were developed by
excavating ditches into the hillsides. These were lined with 3-inch land
tile, laid on hemlock boards and covered with stones and gravel,
Wooden boxes were sot at the outlet of each ditch to catch the water,
from which it is conveyed through pipes connecting with the main line
to the reservoir. Much difficulty was experienced in making the exoa-
vations on account of the land containing quicksand and clay, which
also made it impossible 1o obtain water free from sediment. The supply
secured by this means was about double the amount obtained under the
old system. During the rainy season the capacity of the springs has
averaged about 80 gallons per minute.

In order to prevent the clogging of the intake at the damn in Sleepers
River, o deflecting wall 30 feet long, 6 feet wide at base, 4 feet wide
at top, and 6 feet high, was constructed. A framework of timber
nserted in the wall on the east side near the lower end and fastened to
phe intake on the west side forms a recess for the water to pass through
Into the intake. This recess is protected by a grating formed of iron
rods extending perpendicularly down through the framework. Below
ﬂ}e grating, between the jetty and the crib, a piece of 10-inch cast-iron
PIpe was inserted; to be used for flushing during periods of high water,
When the entrance to the crib becomes filled with sediment. The
Wooden gates connecting the two 8-inch pipe lines were replaced by
Iron ones, :

A reservoir of 172,198 gallons capacity was constructed between
Ewmerson Falls and the hatchery, at an elevation of 83 feet. A much






