XIX.—REPORT ON THE PROPAGATIONA OF THE SHAD (ALOSA.
SAPIDISSIMA) AND ITS INTRODUCTION INTO NEW WATERS
BY THE U, S. FISH COMMISSIONER IN 1873,

By JayMrs W, MILNER.

1.—SHAD-HATCHOING AN IMPORTANT DISCOVERY.

In the progress of fish-culture there has probably been no more difficult
Problem carried forward to a certain and successful couclusion in a short
8pace of time than the propagation of shad, nor has the propagation of
any gpecies afforded more efficient results in the attempt to increase the
Qumbers of the food-fishes.

2.—PLAN OF OPERATIONS.

The plan of the work of shad-batching, under the appropriation for
hat purpose, as established by Professor Baird, was to begin as far
South as the Savannah River, early in the season, aud visit the rivers
Dorthward as the season advanced, it being a well known fact that the
Shad enter rivers in succession to the northward, at intervals of a few
Weeks, for the purpose of spawning. The Savannah River, of Georgia,and
he Neuse and Roauoke Rivers, of North Carolina, ou the representation
.of Dr. H. C. Yarrow, who investigated the southern streams, were se-
8cted, and the locations of the hatching-stations determined, with refer-
nce to the supply of fish obtained at the fisheries, and the facilities
for transferring the young shad by rail to waters destitute of this species
?f fish, The intention of the work was not only to wultiply numbers
10 the streams where the spawning fish were taken, but to stock other
Vaters with this valuable fish where they had DLeen exterminated or
herg they had never existed. The Potomac and Delaware Rivers, the
USquehanna and the Rappabanuock Rivers, were kept in view as favor-
€ streams for shad-hatching, with possibly one or two rivers still far-
€ north late in the scason, from which contributions could be made

0 the waters of the Mississippi Valley and the great lakes.
VicZs\\’as determined by the commissioner to Obt'dil} if p‘ossi‘ble the sor-
0% tof Seth Green, and arx.'ar{gezngglts were made with him for ‘that pur-
experr,o afford to the commission his own aid and as many of his trained

8 as ¢ould be spared for the season.

3.
"""OPERATIONS ON THE SAVANNAH, NEUSE, AND ROANOKE RIVERS.

H(g: the 17th of April Seth Green, with a party of four, his son, Mr. .
R, Mr. Welsher, and Mr. Mason, all having had ample experience
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in the work of shad-hatching, arrived in Washington, and Mr. Green,
after learning the plans and intentions of the commission, left, accom-
panied by the whole party, for Augusta, Ga., where the first station
was to be established.

The intense heat atfecting Mr. Green unfavorably, he was obliged to
return home, and the work fell to the hauds of the rest of the party to
perform. '

Mr. Mason reports that a visit to the fish-markets on the 21st found

-only twenty shad offered for sale, and on visiting the fishing-grounds
the fishermen asserted théy did not think fifty shad would be taken in
one day within ten wmiles of Augusta. Remaining at the fisheries until
11 p. m., only one shad was caught, though six drift-nets were in use on
that portion of the river which he visited,

Until the 28th, the time was spent in visiting the different fisheries
above and below Augusta, for a distance of twenty miles along the
river, with no better results. From sixteen trap-nets in a rapid portion
of the river he saw four shad taken, all dead from the rapid water
crowding them agaiust the lower side of the crib.

On the 28th, receiving advice from Mr, Welsher, who had gone north
prospecting on the Neuse River, the camp on the Savannah was aban-
doned and the whole party proceeded north to New Berne, N. C., and on
May 1st selected a location for a hatching-station fourteen miles up the
river. At this place from eight to fourteen shad were taken nightly
until the 6th, when the rains had raised the water in the rivers until the
only fishing possible was with skim-nets. Two spawners were taken on. the
5th with skim-nets, from which 45,000 eggs were taken and impregnated.

he river continued to rise until, on the 12th, the party were driven
from their camping ground and returned to New Berne. The young
shad were batched with scarcely any loss of eggs, and were turned into
the river, with the exception of about one hundred, carried to New
Berue for exhibition,

On the 15th, orders having arrived from Washington, the party divid-
ed, Mr. Holton and Mr. Chester Green going to the Roanoke River and
selecting a locality for a hatching-station near Weldon, N. C., and
Messrs. Mason and Welsher came to Washington.

Messrs. Holton and Green at this point were so fortunate as to obtain
and impregnate a quantity of spawn of the striped-bass or rock-fisl,
Roccus lineatus, which they placed in hatching-boxes and treated them
in the same manner as shad ova and succecded perfectly in bringing
them to maturity in about the same period of time required for shad.

4.—OPERATIONS ON THE POTOMAC RIVER.

On the 16th the station on the Potomac River was established at the
south end of Long Bridge, at Jackson Tavern, Virginia, Messrs, Kuright
and Gibson, owners of extensive fisheries in the vicinity of Washington:
and owning the fishery at that poiut, afforded a supply of spawning shad
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and extended many valuable favors through their foreman, Captain
Dvans, who was always ready to afford assistance,

On the night of the 17th twenty ripe spawners were taken and about
400,000 eggs impregnated and placed in the hatching-boxes. This large
quantity afforded us anticipations of a more than ordinary success on the
Potomac River, that were not destined to be fulfilled.

On the 18th about five hundred shad were takeu at the fishery, and
only two ripe spawners found among them, affording about 50,000 eggs.
The temperature of the river on this day was 63° in the morning and
679 in the afternoon.

On the 19th about six hundred shad ‘were hanled in the seines, among
Wwhich ten ripe fish were found and about 250,000 ova impregnated.
The temperature at 6 a. m. was 62°; at 6 p. m. it was 65°.

On the 20th, one hundred and twenty shad were taken, seven ripe fish
found, and 120,000 ova obtained.

The 21st was cold and rainy. In the night-hauls six hundred shad
Were captured, seven ripe fish handled, and 150,000 spawn taken.

The night-catch of the 22d was one hundred and thirty shad, four
Tipe fish and 100,000 spawn.

The 23d saw the first young shad out of the egg, about one hundred
and forty hours after the first eggs were impregnated, the water having
Varied in temperature between 62° and 67°, the time being just abous
double that occupied when the temperature ranges from 750 to 809, in
both instances the water remaining quiet. Ou this day four spawners
Were found and about 90,000 eggs obtained.

Arrangements were made with fishermen on the river, at Mr. Living-
Ston Stone’s request, for obtaining one thousand young cat-fish and five

Undred yellow perch to be forwarded to the Oalifornia aquarium car.
he fisherman collected the perch, Perca flavescens, in a live box, and a

Dumber of cat- fish, Amiurus albidus, were also obtained. -

On the 24th 50, OOO eggs were put into the boxes,

On the 25th 400 shad were taken, three ripe fish, and about 60,000
°8gs taken. Twelve boxes of the young fry were turned loose in the
Tver, about 200,000 shad.

On the 26th, from a catech of about 200 shad, four ripe ones were ob-
Alned apq about 75,000 eggs impregnated. There were also on this
¥ about 220,000 young fish turned loose in the river.

of t}? the 27th a heavy storm from the north broke the connecting links
it doe boom that had been arranged to protect the boxes,and sweeping
ri‘ver‘vn.ul)on some of.them, released about 275,000 young shad into ?he
" ere, With the eggs in the same boxes remaining unhatched, of which
doubths a small percentage just ready to hatch, and many of them, no
Tiron » émerged from the egg in good condition on the bottom of the

Slll)toof 250 fish four ripe fish were taken and 80,000 spawn putinto
xes,
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On the 28th about 155,000 young shad were put into the river, and
60,000 eggs impregnated from three spawners.

. On the 29th the river was muddy and the water high from rains to the
northward, and but few shad were taken in the nets, and no spawners
found among shem. The tempera'ture of the river on the afternoon of
the 28th reached 709, and on the 20th varied from morning to evening
from 70° to 759,

On the 30th no ripe fishes were taken. The temperature of the river
varied from 75° to as high as 80°. About 50,000 young shad were
turned loose into the river. ' .

On the 31st the temperature of the water had fallen as low as 620 in
the morning, but rose again before night to 70°. Day-time fishing for
spawners, though rarely sucecessful, afforded this day three ripe fishes,
and at night nine more were taken, aud from all 250,000 ova were
obtained.

June 1, no ova were obtained.

On June 2, 214 {ishes were captured and five ripe fishes handled,
producing 100,000 spawn, the temperature of the river 'varying between
680 and 729,

On the 3d the fishermen made twelve hauls of the seine, capturing
about 200 shad, among which were found four spawners, and 80,000
eggs taken from them.

On the 4th twelve hauls were made and but few shad taken. Eight
ripe females were obtained in the evening, and. 190,000 eggs impreg-
nated.

The 5th saw but few shad taken at the hatching-station. More than
100,000 youung fish were turned out of the boxes; four ripe females were-
obtained and about 70,000 eggs impregnated. The river for the first
time during the scason showed o temperature as high as 84°.

On the 6th the fishermen made twelve hauls, taking ouly ninety shad;
eight of them were ripe females, but the eggs were all found to be dead,
on extrusion, with a white speck in the normally uniform yellow tinb
of each egg, showing its addled condition. The temperature of the
river in the morning and the evening was 78° and 84°. As dead eggs
are seldom or never taken from the shad except in a time of high tew-
perature of the river, this condition is without doubt to be attributed to
this cause. There were about 75,000 young fish turned loose on this
day.

On the 7th nine hauls were made, two ripe spawners obtained, and
15,000 eggs impregnated. There were about 125,000 young fish turned
into the river. The highest record of the thermometer in the river ot
this day was 800°.

Knight & Gibson stopped fishing for the season on this ground, «eub
out the nets,” as it is termed on the river, their fisheries farther down
the river having been stopped several days before, and it was with
difficulty and additional expense the gang of men could be kept together
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for the sake of procuring spawners, the proprietors of the fisheries
being partially remunerated for their expenses during this additional
time. . .

A new and less expensive seine was put in on the 8th, but no shad
were taken in it, and but few other fishes, which was no doubt partly
owing to the bad construction of the seine. About 20,000 shad were
turned into the river.

On the 10th a new seine was set at work on the ground, and making
eight hauls one shad was captured. The temperature of the water was
800 to 820,

It was now decided to break up the station, and the boxes, chains ,
anchors, and boat were stored away until another year.

N. W. Olark, of Clarkston, a .fish-culturist of Michigan, arrived in
Washington on the 4th, sent ont by the State commission for a supply
of shad for waters in Michigan. A sufficient supply for this purpose
Wasg in readiness, and it was decided at the same time to move a ship-
Went out to the head-waters of the Kanawha River, in West Virginia.

Six large milk-cans, with a capacity of fifty quarts each, had been pro-
vided for the purpose, but at the request of a prominent fish-culturist
two large galvanized-iron cans, with a very convenient and ingeuious
device for aeration, were substituted for two of the milk-cans. About
50,000 young shad were put into the six cans. The water from the river
3 5.45 p. m., the time when the fish were put into the cans, was 83.50
I temperature, and a quantity of ice was immediately procured for the
Purpose of reducing this high degree of heat, as it was much too high
for the young fish to endure.

The ice placed around the cans while being transferred in a wagon
from the hatching-station to the ferry-boat of the Orange, Alexandria
and Manassas Railroad, reduced the heat somewhat, and while cross-
Ing the river on the steamer a small quantity of ice was put inside of

¢ cans, so that at 8 p. m., when the train left Alexandria, two hours
and fifteen minutes after the fish had been put into the cans, the tem-
Perature was reduced to 720.

4 reserve can of water, obtained at a hydrant in Alexandria, was

ken on hoard the train and a quantity of ice put into it.

Frosh water was obtained at Warrenton Junction, at Staunton, and
W°1‘th Mountain Sumuwit, always from the railroad-tanks, as no other
caater wag to be obtained; the temperature of the water in the reserve

0 was reduced with ice to abouv 52° to 53° before it was put upon
011: iiSh_a_a,nd the cans of fish held a very uuiforin temperature through-

he Journey of from 68° to 73.5°,
gafg.th-e night it was discovered that a large numbe.r of the fish in the
all ]i“l}ﬂized-nro.n cans were dead, though thosein L}xe tin cans seemed to be
could %y and in good condition, and in the morning very few living ones -

Ag ¢ found in the galvanized-iron cans.

8.30 a. m. of the 6th, Ronceverte, West Virginia, the point on the
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Greenbrier River selected for placing the fish, was reached. There had
been fresh water afforded the cans five times, and the aerating appa-
ratus applied seventeen times.

The temperature of the Greenbrier River was found to be 76°; the
water in the ecaus from 720 to 749, a differencé too slight to injure the
young shad. Procuring a boat,some time was expended in finding a spot
free from minnows and small fishes ; but they were finally turned into a
quiet inlet to one side from the rapid current of the river.

The two cans of galvanized iron did not contain a single live fish, but
the loss in the tin cans was very small. The process to which the sheet-
iron is subjected while the zine coating is applied had possibly left suffi-
cient injurions matter on the metal, which had not been well cleaned and
produced the fatal effect upon the fish; and, though large fish may not
be materially affected by the use of this metal, it is not advisable to use
it in the transportation of so delicate a creature as the young shad is.

Out of the *50,000 estimated to be the number that left Washington,
about 30,000 were put into the river alive.

On the 9th 40,000 shad were put into the tin cans and sent to the
New River, Virginia, headwaters of the Kanawha River, in the charge
of Mr. Welsher. *

The temperature of the water was reduced to about 70° before the
cans were put into the wagon. Leaving the city at 7 p. m. they reached
Central Station Virginia, at 10.30 a. m. of the 10th and were moved to
the river in an ox-cart and turned out of the cans in good condition with
an imperceptible loss.

The work of the season had resulted in the releasing of 1,370,000 young
shad in the Potomac River, and about 90,000 contributed to the head-
waters of the Kanawha River as a portion of the stocking of the waters
of the Mississippi River tributaries, which was a part of Professor IBaird’s
plan for the season’s work.

The conservatisin which Seth Green had taught his men, in estimating
numbers of eggs, is to be taken into account, when comparing the suc-
cess of the season with that of other localities ; as the uncertain and un-
reliable method in estimating in different parts of the country have re-
sulted in'very different standards, by which the approximations to the
true number have been attained.

In the future it will be advisable to begin operations earlier, as it is
not probable, in ordinary seasons, that the temperature of the water will
continue cold so0 late in the spring, and the last of April, or possibly the
middle of the month, might find occasionally a fish spawning ; and the
true policy in effecting large results is not to allow a single spawning of
eggs to eseape the vigilance of the operators.

*The standard for estimation of numbers of the live fish adopted by Mr.Green's med,
with commendable desire not to exaggorate, I suspected from the first to be too smally
a8 it would not account for the estimated number of eggs in the boxes. A tost was

subsequently made as related on page 443, and any excess of numbers in this report
over former published statements in the newspapers is to be attributed to this fact.
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Shad-hatching on the Potomao River, Jackson City, Va., opposite Washington, D. €., in the
873 ’

year 1873.
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5,—METHODS EMPLOYED IN SHAD HATOHING.

Up to 1867 the speckled trout, (Salmo fontinalis,) the salmon, (Sal-
Mo Salar,) were the only fishes that had been hatched on any consider-
able Scale in the United States. Experiments had heen made with
o Ore or less success on the yellow perch, (Perca flavescens) and the wall-

ved Pike, (Stizostedium americanum,) the common sucker (Catostomus
ommunis,) the corporal,* (Semotilus corporalis,?) the salmon-trout, (Salmo

*Maycush,) and the white-fish, ( Coregonus albus.)t

r‘:t th(:) i'uvitat-ion of the States bordering on the Connecticut River, Seth
ex(::llll visited Fhe river and select.ed what afterward proved to befm most
in g ent locality for a shad-hatching station. e began his experiments

8 ad-hat:chiug by using the usual methods for trqut-hatching—-bhe

» -
]ickAh’ireMise on the Artificial Culture of certain kinds of Fish, &o., by Theodatus Gar-
t Ang b, Clevelang, Ohio, 1857, p. 137.
Bual Report Department of Agriculture, 1859,
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ordinary troughs, with a gravel covering on the bottom, and a stream
running with a slight current over the gravel. Owing to the very
light specific gravity of shad-eggs, it was soon found that there was no
success whatever to be hoped for by these devices.

Several experiments of different devices were attempted before the
mode now adopted was tried and proved successful. But a successful
method was discovered and employed sufficiently long before the end of
the season to hatch out a large quantity of shad, and the results were
apparent to the fishermen of the river three years afterward.

The apparatus* devised by Mr. Green was merely a light pine box, 22
inches long, 15 inches wide, and 12 inches deep; the bottom was of wire-
cloth—about twenty wires to the inch. It was used without a cover
On the ends of the box two pieces of two by four scantling were nailed
diagonally to the lines of the box, so that floating in the water it was
glightly tilted, the side of the box sunk to the least depth being up
stream, so that the wire-screen bottom was presented to the current ab
a slight angle, sufficient to produce a circulation of the water inside of
the box that kept the light shad-eggs in gentle motion. In a sluggish
tide-current the floats are usually nailed on so that from the upper edgeé
of the box to the top of the float in front there is a distance of 5 inches
and from the upper edge of the box to the top of the float behind theré
is 24 inches. The angle of the floats is of course less for a more rapid
current, the object being to produce a current that will move the egg8
as gently as possible, a more rapid motion being regarded as injurious
especially in the later stages of development, when it materially hastens
the rapture of the shell membrane and effects ‘a too premature birth
The wire-screen bottom is coated with coal-tar, or what is better, asphal
tum varnish, both for the purpose of preserving the wire-cloth and fof
a supposed effect in retarding confervoid growth.

The boxes are connected by bridles and lines in gangs of six, and 0
the first box an anchor-line with a large stone at the end bolds the gang
in its place in the river. The box next the anchor has the floats extend
ing both ways beyond the box about 8 inches, but on the remaining ones
they are sawed off flush with the box.

. The method employed at the station at Washington is as follows*
The fish are taken in a seine one thousand fathoms long. As gooB
as the bag of the seine comes near the shore the fishermen, gathering
the lead-line and cork-line in their hands, gradually work it up to th®
top of the water, shaking the fish into the bunt of the bag. A D0
is brought alongside and the fish thrown into it with a scoop-net, th®
shad being at once separated from the other species. The operator®
provided with ordinary six-quart milk pans, containing about thre®
fourths of an inch of water in the bottoms, are in the boat -and, takid
up the shad one by one, detect at once, by a gentle pressure on ®
belly of the fish, if the spawn is ripe by its free emission from the

* See illustration at end of volume.
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oviducts. In an unripe one the eggs will not flow at all, and if the
€ggs are only nearly ready, the extrusion is difficult and in masses
and the fish is rejected. When a female is found from which the
€ggs flow in a liquid stream when a gentle pressure is applied, it
18 carefully taken in the hands of the operator, the left hand ap-
D!ied closely’around the tail and the head of the fish erowded against
his body, while with the right hand a slight pressure is applied
With the thumb and finger to the abdomen of the fish, and a stripping
Movement executed which causes the eggs to flow rapidly into the pan.
As soon as it is evident that the spawn is all obtained, the shad is
thrown into the basket, it being impossible to preserve the lives of
80 delicate a fish even if the utmost care is taken in handling it
Bug though they are delicate in this particular, and have a very slight
hacity of life when taken from the water, they are a very muscular
fish, Experts in fish-culture who have bandled the white-fish and
: 8f*lmon-t;rout; of the lakes, regard them much stronger than the same
Sized fishes of either of the latter species, and if the utmost pains is not
aken to prevent their releasing themselves from the hold, they will
ﬂollnder and splash in the pan of eggs and probably throw a large pro-
Portion out, and damage some of those that remain.

In stripping down the abdomen, & great many scales will be removed
from the sides of the fish. These, if carclessly allowed to fall into tho
Dan, will be an annoyance, a8 the eggs will adhere to them. They ean

€ gathered and thrown away, by an adroit movement of the hand, with
a'_htble experience, without making any delay in the operation of strip-
Ping the fish.
2 . Green estimates the number of ova taken from an average spaw-
T at about 20,000 eggs, and rarely estimates above 28,000 for the
108t prolific shad. Mr C. C. Smith, operating for the Connecticut State
°mlnission, estimates an average good spawner at 50,000 ova. We
4V not, made a test of these estimates, and are not prepared to offer
" Opinion with reference to the disagreement. _
he salmon family contains the species that bhad, previous to 1867,
%€ dealt with in fish-calture on any considerable scale in the United
Olzte‘?, nor had any of the family of fishes that emmbrace the shad, the
Peide, been experimented with in Europe.
Yo he tonditions that necessitated new methods in the shad-hatching
it m Ehat of the trout and salmon were not only in the less specitic grav-
quir:d the shad ova, but in the very much less period of time re-
the 4 ijI‘ the development of t,h.e fish from the egg. With the trout, at
mainr_dmaﬂ‘y temperature of spring-water, about 479, the trout-eggs re-
In the hatching-troughs from seventy to one hundred days; with
Wi(:]:ZImou in some hatching establishments, where the water assumes &
Ve mr temperatuare of 350 or 369, the fish are not hatohed out under about
the teonths from the time the eggs are impregnated. The shad, when
Wperature of the water was as low as from 620 to 672, only re-

Q






