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
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quired about rix days to emerge from the egg, while in a temperature
between 75° and 80° only about seventy hours or three days from the
time the eggs were impregnated, the fish were numerous in the boxes.

This fact was, of course, a great advantage over the trout, both in the
very much less amount of labor in the care of the ova and in the fact
that, being in the always precarious egg-stage for such an inconsider-
able length of time, they suffered a proportionately less amount of ex-
posure to the ills and damages the louger-developing Salmonide weré
subject to.

The eggs of the shad are somewhat smaller than those of the white
fish, (Ooregonus albus, Les.,) which are smaller than in the trout, (Salm?
JSontinalis,) and much smaller than in the salmon, (S. salar.) The egg®
just after impregnation, of the white-fish are a little less than one-eightl
of an inch in diameter, while those of the shad are but about one-tenth-
The shell membrane is also thinner and the egg more delicate, and
does not seem to endure the handling and ladling out into moss or cup?
for transportation, or even into the hatching-boxes. Experiments in the
transportation of shad-eggs, even for short distances, have proved fa-i}‘
ures, while the white-fish eggs have been sent from Michigan to Call’
fornia, being on the road ten days, and have arrived in good condition
and trout-eggs aud salmon-eggs have been shipped much farther,’the
latter from Bugland to Australia and Tasmaauia. '

A small percentage of loss occurs in the boxes of shads’ eggs, and bY
careful. fish-culturists the dead eggs, detected at once by their whit®
hue, are removed; but by many are not interfered with, as they ar®
usually too few to occasion very serious damage to the good ones.

The tool used for their removal is not the egg-tongs or forceps used i%.
trout-culture, but a small net, of minute mesh, less than one-half inch
extension measurement, mounted taut on a square frame of wire, abou?
3 inches square, and the bad eggs are floated up to the surface ap
thrown out with the scaffnet, the good ones passing through the meshes
more readily than the bad ones, covered with the mossy parasitic grow?
that so soon develops upon dead eggs. )

Unlike the fishes of the salmon family, the shad, instead of droppi"g
the ripe eggs into the open cavity of the abdomen to pass backwal
and out through an ovipore, has a continuation of the oviduct to the
outside, the two ovaries in their posterior prolongations uniting into 3

. oviduct, in which, by dissection, the eggs can be seen to pass within the
transparent membrane of its walls to its outlet. '

6.—RELATION OF THE TEMPERATURE OF THE WATER TO THE PROPS’
GATION OF THE SHAD.

Temperature of the water of the sea, rivers, and lakes has a very 'i'ne'
portant relation to the increase of the food-fishes, influencing the tin! ]
of the spawning migration, the development of the eggs, and the W¢
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fare of the young fishes. The eggs, not only after they ate deposited
and impregnated, but before they leave the body of the fish, are affected
by tle temperature of the water. The spawning. season of the shad
Seems to be regulated by the increase of temperature as warm weather
a'.d"arnces. Their migrations on the coast are in quite a regular succes-
Sion of time with relation to latitude. From letters received, from pub-
lisheq statements, tables of inspection, and personal observation, the
Deriods of their migrations are nearly as given in the following; .
hey make their first appearance in the Saint John'’s River, Florida, the
St of December. The season of their greatest numbers is February,
dnd they disappear in April. In the Savannah River, Georgia, it is
Much the same. On the coast of North Carolina* they make their first
4pearance in December, their greatest abundance is in March, and
€y disappear in May. In the Neuse River, North Carolina, the periods
Of these stages of their migration are a little later. In the Potomac
ver the advance individuals are found in February; they are found
08t numerous in April, and they disappear early in July. They are
ound in the Delaware River at first in March; in the Hudson River
Ga.rly in April. In the Connecticut River they are first found in the last
0_1 April, are the most abundant the last of May, and do not leave the
Ve until late in July. In the Kennebec River, Maine, they are first
ken in April, and have left by the middle of July; and the same
ates apply to the Androscoggin River. In the Saint John River of
EW Brunswick+t they appear about the middle of May, and in the
'amichi River of the Gulf of Saint Lawrence late in May. .
sé,Bl-lt not only in the ordinary times of ascent is there evidence of their
8ibility to the temperature of the water, but in late seasons, when the
cz{)“’"vater from the northern sources of the streams keeps the \}'uter
o d for g longer period than usual, the shad are retarded in their as-
ot of the rivers, and are taken in quantities by the nets near the
Ouths of the rivers, while the fisherinen above wait impatiently for
the Tun up streamn that they know to be prevented by the coldness of
® Water; even an entire failure in the shad-fisheries in Albert County,
tw Branswick, was attributed by the fisheries overseer to the extreme
Wenesy of the warm. weather of spring.
Mong the Salmonidwe of the great lakes the salmon-trout, (Salmo
"’aycush, Penn.,) the white-fish, (Coregonus albus, Les.,) and the black-
' (Ooregonus nigripinnis, Gill,) avoiding high temperatures, re-
al‘mn in the deep waters during the warm weather, })ut in early winter
@ taken abundantly in the shoaler water near the shores. The antip-
leg syt 0 warm water varies to some extent, the white-fish showing the
»8nd the black-fin the most, sensitiveness to the warmth. |
&130he ,transport-abion of young fishes in cans indicates this peculiarity
2> _The Salmonidw will thrive in a temperature as low as 40°, and

Sre:. Notes on the Shad, &ec., by H. C. Yarrow, M. D,, p. 452.
iclo on the Shad and Gaspereau, &c., by Charles Lanman, p. 460.
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show no symptoms of lethargy in water kept at 459, while the shad aré
most active between 68° and 72°, and become torpid and sluggish at @
temperature below 65°. _

" In the case of the shad there are many indications that the develop-
ment of the spawn within the ovaries is hastened by the heat and re-
tarded by the cold. In a warm season ripe spawners are more numer-
ous early in the season than in a cold one, and the period for obtaining
them is apt to close earlier. : i

A temperature in the water of about 75° or 76° seems to be the most
favorable for obtaining and hatching spawn. At 80° the eggs hatch
very rapidly, but the young fish do not do so well, and a more serious
difficulty is the fact that many spawners are taken with the eggs dead
in the ovaries; that is, they have lost entirely the capacity for fecunda-
tion, and as there has been no instance of this kind reported when the
water was below this temperature, it is probably correct to attribute
the cause to the high temperature of the water.

The temperature of the water regulates the period of development of
all fishes’ eggs that have been experimented with., In the shad-eggs
the period required for release of the fish from the eggs was, with an
average temperature of 64°, though actually varying between 62° and
68°, about seven days. With an average temperature of about 659, ac-
tually between 62° and 699, the time was about six days. With an av-
erage temperature of nearly 66°, actually between 62° and 699, the timeé
for the most of the fish to be free was about five days. An average of
68°, between 66© and 75°, released them in about three days. Aun aver
age of 720, really between 65° and 80°, released the fish in about sev-
enty hours, the shortest time observed for a large quantity of egg8
though usually some were hatched a few hours before the majority, and
a few eggs lingered for several hours after the eclosion of the rest.

7.—~THE OVARIES AND OVA OF THE SHAD.

The ovaries of the shad are familiar to eaters of shad-roe, as they are
usually cooked whole. They differ from those of the white-fish (Cor¢’
gonus albus) in being shorter in proportion to theirlength, and the mem
brane of the ovaries is thicker and stronger, while the white fishs
unlike the shad, has the entire length of each divided transversely int0
folds, which, on removing the outer membrane, are found to hang suS’
pended from the long tbickened fold of the membrane on the dors?
side of the ovary, an arrangement that facilitates the passage of the eg8®
toward.the walls of the ovaries, before they fall into the cavity of the
abdomwen.

The eggs remain in a compact solid mass until they ripen. At first
minute, and the ovaries occupying but a small space in the abdomen
they gradually increase uwtil the whole abdomen is distended with their
bulk. On a close examination, as they approach the time of spawnings ‘
there will be found the maturing eggs, the larger, which are rathef
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Uhiform in size, and others of variable size. Whether the latter are the
forming’eggs for the next year, for two or three succeeding years, or for
the lifetime of the fish, has not been determined. In a spent fish, with
the ovaries shrunken and swmall, they are still found full of these eggs
of different sizes 3 and numerous specimens of this character were pre-
Served in alcohol while at Topsham, Maine, at the close of the spawn-
Ing-geason.

Several weeks before the time of spawning the ovaries have grown
80 as to fill the cavity of the abdomen, though still increasing. A short
time before spawning, transparent eggs of large size, contrasting
St31‘0ng1y with the golden hue of less mature ones, will be found scat-
tered throu gh the still compact mass of ova. These become more and
Nore numerous, and after a time the compact condition becomes less ap-
Parent and the eggs fall apart and separate, and the extrusion begins,
3 liquid stream of eggs and mucous flowing from the oviduct on the
sl_ightest: pressure of the abdomen. After they lose their‘compact con-

Ition they are no longer preserved for cooking.

Unripe eggs, on extrusion, instead of flowing in a liquid stream, come
AWay with difficulty in clotted masses, and generally with a little blood.
The same thing wilk be observed on stripping a fish, with ripe eggs, too
ong, as the eggs of the season are not all ripe at once, as is frequently

®en in dissecting the ovaries of spawning-fish. ,
he figh, ufter the spawn is saken away, has a soft and flaccid appear-
uce about the abdomen, which, after natural spawning, becowes con-
"acted and drawn up, tapering slenderly toward the tail, the tamiliar
aPDearance that characteriZes the despised ¢“spent shad.”
Che eggs covering thickly the bottom of a pan containing water are
20t eagi) y discernible, as they are so very transparent; and as they come
m the fish are so soft aud light that when the fingers are moved
Wong them there is nothing other than the water appareut to the

Uch, and in the dark a person trying the experiment would be willing

admit that there was nothing in the pan but water.

8.—THE MALE FISII,

The Mmale fish resembles the female so closely that there is very little
rt&i"ty in attempting to distinguish between them by outward form,
ma]n When the comparison is to be made with a gravid female. The
is €8 are grdinarily rather smaller than a full-s'zed female, and the sex
Quick]y known, when ripe, by the flow of the milt from the spermaries.
in tﬁguﬁ‘sp dissection always reveals the sex, though the spermfxries even
tion N elghtf of the spawning-season are not pearly so large in propor-
In 1? the size of the fish as in most fishes handled by f?sh culturists.
Tipe “‘"ge lots of shad brought in by the fish-boats earl‘st in the season,,,
is vGrvm"Ite!'S " are often very numerous when as yet a ripe “ spawner
not £, l“ar.e, while later in the season the ripe males and females are
ound iy equal numbers, and it is not a seldom occurreuce to have

¢e
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a fine lot of spawn in the pans aund not a single ripe male to be found,
to fertilize it with, and it has, to the great disappointment of the
breeder, to be thrown away as worthless. This scarcity of ripe males,
late in the season, may possilﬁ y be attributed to this fact, that many of
them ripen 80 much earlier in the season than the females.

The amount of milt that can be expressed at one time is limited to 2
small gnantity, but a very small quantity will impregnate a very large
number of eggs, and it is asserted by some to be the more successful way,
though usually the milt of alarge number is made use of when available.
‘Under the microscope the milt is seen to be thronged with myriads of
spermatozoa. Inimpregnating by the dry method their strong impulse for
movement is observed, by placing a small quantity of the milt on one side
of a quantity of eggs covering the bottom of a pan, when, if left to itself
but a short time, it will be found to have diffused itself between and
among all the eggs. If but one of the spermatozoa is needed to fertilize
each egg, but ‘a very small quantity of the milt is required.

9.—THE IMPREGNATION OF SHAD EGGS.

The ova from the female being collected in the pan with a small
quautity of water, a slight pressure on the ripe male near the anal open-’
ing will force out two or three jets of the milt, which, falling into the
pan, is stirred by a gentle movement of the hand with the fingers
spread, care being taken to keep the fingers from contact with the sides
or bottorh of the pan, as in that case some of the eggs would be crushed
The milt being diffused throughout, the water, the pan is left for a few
moments to allow the spermatozoa to come in contact with the eggs'
The pan should then be filled full of fresh water, and gently swayed
until the water charged with milt is thoroughly mixed with tbe fresh
water and the eggs slightly rinsed, when soon afterward the water may
be poured nearly off and the pau refilled with fresh water, and after #
slight and always gentle rinsing up of the eggs, the pan may be al
lowed to stand for several minutes.

The fact has been referred to that the eggs were not discernible 10
the touch when put into the pan, nor is there any change in this par”
ticular, if no milt is added; at any rate, for the length of time that the
eggs have been observed in this condition, a half hour or more. Fof
about twelve or thirteen minutes, when the temperature of the water was
about 709, after the milt was added, no change was observed, but abot
this time a careful movement of the fingers in the pan discerned thel*
presence, and in a little more than twenty minutes from the time t°
milt was applied they were felt like shot against tho fingers, and to 82
experienced eye were observed to have increased slightly in size.* Th1#

*Dr. E. M. Schaeffer, of the United States Army Medical Museum, while making in®
vestigations with-the microscope at the station, fdund that the increase in size wo
nearly nine-twentieths of theiv original diamoter in one hour and tiftesen minutes afte’
contact with the milt,
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8tage of their condition is known to fish-breeders as the ¢ spawn-rising,”
referring to the greater bulk in the pan from the increase in size of each
egg. The increase in size and hardness continues for several minutes,
during which the water is poured off and fresh water poured into the
Pan two or three times, and the eggs gently stirred with the fingers. In
Pouring in the water the edge of the dipper is placed against the sides
of the pan and the stream directed between the eggs and the sides of the
ban, as it is likely to damage the eggs if poured directly down upon them.

In the white-fish eggs it was observed that before impregnation an
€gg placed upon a bard substance was easily crushed Ly a slight pres-
Sure of the finger, but after impregnation the shell membrane became
80 tough and turgid that a very strong pressure with the finger failed
to break it.

The assertion is made by nearly all experienced in shad-breeding, that
there is a considerable fall in the temperature of the water in the pan
Coutuining eggsduring impregnation ; some of them judge from the sense
of touch, and others have made the test with a thermometer, the amount
of l‘edu(,tlon claimed being from six to ten degrees. Having made this
test with-a thermometer on several occasions, I have to say thatit never
resu]ted for me, thouglh on one occasion a very large numberof eggs were
in the pan. The temperature in the pan was 69° when the milt was applied,
aud thesthermometer was put into the pan and the bulb immersed and
allowed to remain, showing not the least change, though every phenom-
®hon of impregnation occurred. When the changes of water were made

he thermometer was each time inserted, but showed the same tempera-
tare ;4 the river, the test being continued nearly one hour.

10.—THE SUSQUEHANNA, DELAWARE, AND HUDSON RIVERS.

On the Delaware River, hatching operations were begun by Dr. J. H.
lack,"wigh Mr. Holton and Chester Green, at Lambertsville, N. J., on
Wne 12, and continued uutil June 27, resulting in the placing of 433,000
yzuu" sh ad in the Delaware and 15,000 in the Monongahela, a.t Gxeeus-
[‘(rh I)
he lnt(,lnng station at Washington was broken up on the 11th ot
t(:"':,?’ and the sawme evening, accompanied by Mr. Welsher, on his way
. “lurietta, Pa., to work in connection with the Pennsylvania commis-

l;n‘l?“, and Mr. Mason, we went north to find a later nngratlou of the
ag
At Ne
G
littg

'Wport, the Pennsylvania commissioners, operating with one of

'een’s men, bad obtained up to date forty- thlee spawners, out of a

ore than one thousand shad taken, and producing, according to

Sllltpdo:}hm 8 notes, 1,500,000 eggs. A greater success, would have re-
there had been a reguar fishery established at this point.

© 8oon ascertained that there was not wuch prospect of procurmg

g“ ;ld.umte[ westward, and took the next train for Albany, N. Y.
is.

8haq 1,
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We arrived at Castleton, N. Y., ten miles below Albany, on the after-
noon of the 13th. The shad-hatching’station of the New York commis-
sioners is situated on the Hudson River ncarly opposite this place, a
few miles above Coeyman’s Landing. Taking a boat, we crossed to
Camp Green, and met a hearty reception fromm Mr. Monroe A. Green,
to whose efficient management the responsibilities of this successful
establisiment are delegated by the superintendent, Seth Green.

The force to whom continnal employment is afforded during the shad
season is six or soven men at the fishery and five to seven men in the
direct work of the hatehing-station. '

There were one huadred and twenty-two boxes, containing about two
millions of eggs and young shad, anchored in a quiet channel of the
river between an island and the west shore. Tour boxes of young eels,
(Anguilla bostoniensis,) of about 4 inches length, gathered from the river,
were retained for transfer to distant waters, a large number having
been provided the unfortunate California aquarium catr.

They were at present obtaining from five to twenty spawners per day,
and had taken the first spawner of the-season the 25th of May, though
they had been on the ground several days. The water on the 25th had
a temperature of 56°; on to-day it was 78,

Questioning Mr. Green for some exact data for results from his own
personal knowledge in the improvement in the numbers of shad in the
river, the following facts were developed: The first year spawners weré
scarce, and eveun fewer the succeeding years until the fourth year, when’
they began to feel the benefit of their own work in the marked increase:
of fish, and the spawners their special desideratum. Double the num-
ber of hatching-boxes were required for the accommodation of the in-
creased quantity of ova., He remarked that, taking the standard now
used in estimating the number of eggs, the correct estimate of the num-
ber hatched the first year would be about 7,000,000, .

11.—JOURNAL OF A TRIP WITH SHAD AND EELS TO CALUMET RIVER,
’ ILLINOI1S.

At 6 p. m. the same evening the young fish were put into the cansj.
six fifty-quart cans, containing 70,000 shad, and one can containing
4,000 eels, with a reserve-can for fresh water, were putinto a boat and car-
ried across to Castleton, to be shipped upon a train passing at 9.12 p. -

On arriving’ at the east bank of the river the cans of fish remained
at the water’s edge until about half an hour before the train arrived
when one pailful, 12 quarts, of fresh water was afforded each can; the
temperature of the river-water being 75°, and the air rather cooler.

The point determined upon for this first ¢ planting? of shad in the
Great Lakes was the Calumet River of Illinois, at South Chicago, 0%
the Lake Shore and Michigan Southern Railway.

The cans were put into the baggage-car of the passenger-train, Mr-
Mason remaining with them until their arrival in Albany, at 9,40 p-
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where they were put out and moved upon a truck to the penstock at the
depot baggage-room, to await the 1.45 a. m. train, which afforded the
best connections through to Chicago.

The temperature in the cans was 700, and in the fresh water from the
Penstock 639, Fresh water was supplied each can twice while waiting
between the trains, about twelve quarts each time. ' '

The cans were put into the baggage-car, Mr. Mason in charge of
them, and fresh water wug again afforded them from the reserve-can at

*about 4 a. m. At5.15 a. m. the reserve-can was filled at Utica, and fresh
Water agaiu supplied before reaching Syracuse, at 7 a. m. After leav-

l0g Syracuse, a partial change of water was afforded and fresh water
again taken on board at Port Byron at 8.10 a. m.

The thermometer indicating 64° in cans, and the reserve-can showing
2 temperature of G0°, fresh water was again supplied, and at Palmyra,
2% 9.20 a. m., the reserve-can filled with water from the well at the de-
bot, having a temperature of 500, This, more than ten degrees of differ-
nce, necessitated the moderating of the cold in the well water, which
was readily done by taking about four quarts of it in a pail and drawing
°ff water from the can to be supplied until the pail was full, when it was.
Swptied into the can. Seven or eight of the eels were found dead in

he Lottom of the can. :

At Rochester met Seth Green at the depot and received profitable
Suggestions from him with reference to the transfer of young fish.

. At Batavia, at 11.35 a. m., the reserve-can was filled from the faucet
' the Qining-room, the water of the reserve-can being as low as 54©
Ad of the cans 640, Water moderated before using it.

The water from the reserve-can being again exhausted, at 1 p. m. it
Was refilled from the penstock, at the east end of the depot, in Buffalo.
W ®temperature of the water was 66°, and the fish-cans 64°. The cans

8re transferred to the baggage-car of the T'ake Shore and Michigan

Outhern passenger-train. '

After leaving Buffalo the fish-cans were again replenished, and at

Unkirk, at 2.10 p. m., nearly two hours after reaching Baffalo, the sup..

¥ wag replenished and a partial change atforded the cans.

At Erie, Pennsylvania, at 4.15 p. ., fresh water was again obtained

furnished the cans; the temperature remaining at 640,

of t:thGimr(L Pa., 4.43 p. m., again filled the reserve-can, The bottoms
efo © cans were examined fgr dead shad, and a very few found.
ang T8 reaching Cleveland, Ohio, 4.43 p. m., fresh water was supplied,

af Cleveland a can of fresh water brought on board.
exly ® water in the short, interval of two hours had becowe sufficiently
Austed of the respiratory gases to dissatisfy the eels, and, very un-
lkez they wore determined to gat out of it and find something better.
&King off the cover they were found in large numbers adhering to
illeck O_f the can, entirely above the water, and worming their way
Vertical surface, just as they are frequently seen, while small, at
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a dam or waterfall that obstructs their passage up a stream. They per-
sisted in clambering out of the can, and were with the greatest difficulty
driven back by repeated washings down with dippersful of water,
uutil it was freshened sufficiently to be agreeable to them, when they
settled to the bottom and remained there. A few got out on to the
floor of the car, and of course quickly perished. Water was also atford-
ed to the young shad.

At Elyria, at 8.45 p. m., the reserve-can was supplied. Tlhe water
from the well had a temperature of 540,

At Sandosky. 10 p. m., changed the water partially, taking ouly a
pailful fromn the well at the east end of the depot, as the train-men
regarded it as poor water.

At Port Cliuton, 10.28 p, m., examined fish and found them in lively
condition.

At Toledo, at 11.43 p. m,, we did not use the water from the artesian
well, as it had a strong mineral Havor.

Mr. Mason took charge of fish the latter part of the night, obtaining
water at Edgerton, Indiana, 2.04 a. m. He drew the water all away
from the eels, inding about one hundred and fifty dead ones. Fresb
water wag supplied themn again. It was evident thoy required more fre-
quent changes than the shad, or a less inumber of eels to the gquantity
of water. .

AtLaporte,Ind., at 6.05 a. m., the can was refilled for the last time, fresh
water baving been supplied, about twelve quarts at a time, to each can
sixteen times, the ecls having had a larger supply at the time of
refilling the can, , .

At 7.30 a. m. of the 15th we reached South Chicago, and Col, James B-
Bowen, kindly responding to a telegram from Palmyra, was at the
depot with a hand-car, au(.I a boat on the river near by. The shad hav-
ing been conveyed to this boat were moved up the river for some dis
tance and consigned to the waters in the middle of the river, where 10
small fish were found to attack them. The young fish were found iB
vigorous condition, the number of dead ones being very small, an
they swam around in the vicinity of the boat very actively and with 10
appearance of injury from their journey in the cans,

Theeels seemed toevinee aludicrous state of elation at their escape fro™
the cans, and showed similar indications of enjoyment of their frecdom t0
what may be seen amoung a flock of lambs let loose into a pasture from®
coufinement in a pen. They made sudden darts for short distances
and turned right and left, twisting and wriggling until everybody w23
langhing ut their funny antics. A number of them persisted in follo¥”
ing the Loat as it moved slowly along while we were turning the youds
shad from the eans into the stream.

At Colonel Bowen’s suggestiou, one can of shad was retained to D?
moved up the river some seven miles, in his little steamer, in the after”
noon, Mr. Mason remaining to take charge of it and see the fish safely
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Placed in the water, which was accomplished; Gov.J. L. Beveridge, of
Illinois, being the guest of Colonel Bowen at the time, and witnessing
the planting. A dozen or more of eels were Carried to Chicago for
exhibition, and some days later were placed by Dr. Walter L. Haines
1n one of the ponds at Lincoln Park. ‘

The cans were returned by express to Castleton, and the same after-
1oon we were on our way back to the hatching-station on the Hudson
for a new supply of fish, to be put into the waters of Wisedusin.

12-~SHIP)IENT OF SHAD AND EELS TO THE FOX RIVER, WISCONSIN.

) We arrived at Castleton on the 17th, and the samne evening left again
for the Fox River of Wisconsin with about 70,000 shad and 4,000 cels,
and we again left by the 9.12 p. m. train, .

At Batavia we were delayed a long time by the burning of a baggage-
Car; and again, on the Lake Shore and Michigan Southern Road, the
train was obliged, because of a defective bridge, to take the longer
Toute between Toledo and Chicago via Adrian, so that we reached the
atter city one hour too late for the train of the Northwestern Road tha t
Should take us to our destination, Appleton, Wis,

The cans were moved to the Northwestern depot, and a convenient
Supply of excellent water from the hydrant afforded for use during the

4y 5 Mr. Mason, with his usual fidelity, caring for them.

A small can was procured at a tin-shop and about 200 eels put into it
% be moved to Big Dead River, at Waukegan, Ill. This task was
3complished by the kindness of Mr. William H. Fay, of that city.

At 9 p. m. of the 19th the fish were again on the way to their destina-
OP, and at 10 a. m. of the 20th they were put into the Fox River, Mr.
8ld, of the Appleton Post, accompanying us to the point on the river
Vhere they were put in. TFrowm the long delay there were a larger num-
8 found dead in the bottoms of the cans than at the former shipment,
Ough not enough,to make any apparent impression in their numbers .
0 looking in at the mouths of the cans. There were probably less

1 2,000 dead ones, or a little less than 3 per cent. of the whole num-
aer. The fish had been in the cans just sixty-five hours, standing still
o gut eleven hours, and, though the amount of splashing that will ben-
in larger fish is an injury to shad, still it was made quite evident dur-
mgtf’ul‘ experience that even young shad do better while exposed to the
Btanlgp of the cars, if managed 80 that it affect them slightly, than when

Ing perfectly still. It will be advisable, under similar circum-

8t . . . .
32033, to have them put into a wagon and kept in motion during the
d y.

ti

13-—SHIPMENT‘OF SHAD TO ASHTABULA RIVER, OLIO,

ingjhe Same evening we again took the return route to Castleton, arriv-
o the 23d, Your telegram calling me to New York City, Mr. Ma-
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son was provided with about 50,000 shad for the Ashtabula River, Ohio,
leaving on the same evening, while I took the train in the other direction.

Returning to Camp Green, Mr. Welsher had arrived, and was informed
of the purposed shipment to California, which he was to aceompany as
far as Omaha, Neb,

Mr. Mason returned on the 25th, having put the fish, in good order,
into the Ashtabula River on the 24th; Mr. Toombs, express-agent at
that point, having afforded him assistance in moving the shad to the
river. .

In the evening Mr. Litingston Stone, with two assistants, arrived, and
also Mr. George H. Jerome, cominissioner of fisheries for the State
of Michigan, desiring to take back a supply of young shad for his
State. Mr. Stone wassupplied with cans, tubes, siphons, and pails, and
left the same evening for the Sacramento River with 40,000 shad, Mr.
Welsher accompanying him as far as Omaha.

The supply 0f young fish at the hatching-station had begun to fall
short, but few shad being taken at the fishery, and indications were
numerous thatthe season was drawing to aclose. Qur claim forasupply of
shad fot another shipmeunt was waived in favor of Mr. Jerome, who got
away on the 26th with about seventy thousand shad for the waters of
Michigan. ’

14.—SHIPMENT OF SHAD 10 THE WABASH RIVER, INDIANA.

On the evening of the 28th Mr. Mason and I started for Logansport,
Ind., with four cans of shad, about forty thousand. The weather was
very warm, and we made use of a small quantity of ice in our reserve-
cans whenever the temperature of the water was above G70°.

We arrived at Logansport at 8.50 a. m. of the 30th. Messrs. Bryer
and Hunt of the Logansport Journal generously interested themselves it
the work of moving the fish to the river, and Colonel Bringhurst, with &
knowledge of the character of the waters in the vicinity, selected a locality
in Eel River, a large tributary of the Wabash, into which the young shad
were put, in fine condition, and with scarcely any dead ones.

" Weéstarted for Castleton early in theevening, and arrived on July 2 to find
the station abandoned and the boxes and apparatus stored away until
another year. The season, as anticipated, had closed.

Arranging unsettled matters, and providing for the storage of some
surplus apparatus, we left the same evening for South Hadley Falls,
Mass., Mr. Mason and Mr. Welsher joining me in Albany.

At South Hadley Falls found Mr. 0. C. Smith superintending the.
hatching-station for the Connecticut fish-commission. He had som®
seventy boxes in operation, with eggs and shad in various stages ©
development, and was taking from twenty to ninety spawners nightlys
affording large quantities of ova.

Mr. Welsher had been sick during the trip, and, feeling worse, returned
home to Rochester, N. Y. :
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15.—SHIPMENT OF SHAD TO THE WATERS OF LAKE CHAMPLAIN,
VERMONT.

On the evening of the 4th, with six cans, containing & much larger
number of fish than in previous shipments, about one hundred thousand,
we started for Burlington, Vt., intending to place the fish in the
Winooski River. The weather being very warm we made frec use of ice.
Wae arrived in Burlington at 7 p. m. of the 5th, and, accompanied by
Mr. (. S. White and a gentleman connected with the Burlington Free
Press and Times, we drove to the river and put in the shad, in very
fiue condition, the loss being hardly apparent.

During 1872 a quantity of shad were planted at Whitehall, N. Y., the
head of Lake Champlain, under the direction of Seth Green, and a
quantity put in at the dock by Dr. M. C. Edmonds, commissioner for
the State of Vermont. This season at the mouth of the Winooski, and
at the shore of the lake at Burlington, a number of unmistakable shad
ﬁve or six inches in length, had been taken; a son of Mr. H. S. White,
In one instance, compelling their return to the waters.

We returned to South Hadley Falls, arriving on the 6th, (Sunday,)
804 remained at Holyoke, Mass., until tho next day.

16~\SHIPMENT OF SHAD TO THE HOUSATONIC RIVER, CONNECTICUT.

In response to a.telegram to Dr. W, M. Hudson, commissioner for the
tate of Connecticut, proposing to move fish to the waters of the State,
the roply was received: “Take as many as couvenient to New Milford,
on the Housatonic.”
On the Sth we started with 90,000 shad and arrived at New Milford in
© afternoon, putting the fish in the Housatonic River with scarcely
A0y loss, Although the people of the vicinity were wide awake to the
Shing interests, and appreciated perfectly the value of stocking the
Vaters with valuable fishes, their enthusiasm was very much checked
Y the condition of a fish-way in the dam at Birmingham, lower
OWn the river, which was represented as in no particular constructed
a""Col‘ding to the models in use for this purpose, and was of no value
Whatever for the passage of fish. _
theVG started Lack the same.afternoon, arriving at the hatching-station
Morning of the 9th., Inthe aftarnoon wewitnessed thesport of taking
ad with fly-hook*. A citizen of Holyoke, Mr. Thomas Chalmers, has
Suide this line of hook-fishing quite popular on the Connecticut by his
: cesﬂes; on this evening we saw him take elaven full-grown shad,
uﬁdtiwkle used is a trout or salmon rod, with a reel containing one
Pwaled or more feet of line, aud a small hook (abm.lt No. 6) with a
rowy hﬂY- A peacocl‘( body, long, turkey-feathex‘_ wings, and light-
SD0% why ackel is the fly in common use. Two persons iu a boat select a
: 3 ere the current is quite rapid, and auchor the boat and let their
' Page f;;"':}le;t impression that this is a new sport will be corrected by referrlng-to
‘rank Forrester’s Fish and Fishing, &0, by Wm. Henry Herbert, 1850.
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flies trail down stream, with about 60 feet of line out, the whirl of the
current keeping the fly in play at the surface. The first pull of the shad
will bend the pole into a ecircle, and its weak mouth necessitates the
most skillfal play and management to get it near the boat, where it is
usunally taken in with a dip-net.

A singular point to fish from was the high bridge, some 40 fe- t above
the water. A number of men and boys were always to be found in the
evening withlonghand-linestrailing down stream over thebridge-railing.
‘When a shad took the hook he was carefully drawn in until he was
landed on one of the small islands beneath the bridge, and allowed to
remain there until life was nearly extinct, when he was drawn -up on
the bridge. Of course many more were lost this way than when fishing
from the boat.

17.—SHIPMENT OF SHAD TO THE PENOBSCOT RIVER, MAINE.

On the 10th we started for the Penobscot River, Maine, with 100,000
young shad. While waiting at Portland some four hours between
trains, Mr. Mason went over to the bay and brought a pail of sea-water.
About two dozen of the shad were taken from a can and put directly
into the salt-water and were allowed to remain in it over two hours, at
the end of that time they were all apparently in as healthy and lively
condition as when taken from the fresh water, neither the salt nor the
difference in specific gravity affecting them in the least. If this exper-
iment should prove successtul for a longer period of time, it would make
the transportation of shad across the ocean a comparatively easy task.
And it would be well worth while for some fish-culturist situated con-
veniently to the sea-coast to experiment on other species of young
fishes, as, if successful, it would ~simplify the carriage of fish on long
voyages very muach.

From Bangor, Mr. E. M. Stilwell, commissioner for the State of
Maine, accompanied us to Mattawamkeag, fifty-eight miles above Ban-
gor, on the Penobscot River,at the junction of the Dattawamkeag
River, where the young fish were consigned to the waters, in good con-
dition, at 1 a. m. of the 11th.

18.—ESTABLISHMENT OF STATION ON THE ANDROSCOGGIN RIVER, MAINEf

-On the 14th we arrived in Topsham, Me., with the purpose in vieWw
of éstablishing a hatching-station on the Androscoggin River, and the
same evening employed a party of men to haul the seine about tw0
miles below the dam. ‘

A hatching-box was hurriedly made up from a soap-box and a piecé
of millinet, but the result of the fishing disappointed us, as only eight
spent bhad were obtained, all of them with the abdomen shrunke?
and slender, indicating that the spawning season.was over with them:

The next night, the 15th, four hauls were made, resulting in eight
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Spent shad, males and females, and it was decided to abandon the
attempt for the season.

19.—SECOND SHIPMENT OF SHAD TO THE WATERS OF LAKE OHAM-
PLAIN, VERMONT.

_ On the 18th, receiving a favorable answer from South Hadley Falls
Inreply to the inquiry whether young shad were still to be had, we
Telurned to that point on the 19th, and the same evening started for
Vel‘g(;unes, Vt., with 100,000 shad, to be put into Otter Creek, a river
e{nDtying- into Lake Champlain, seven miles below the town. Dr. Hop-
k_"ls, a resident, afforded us assistance in conveying the cans to the
Tver and in finding a proper place for turning them free in the waters,
Which was done early on the morning of the 20th, there being scarcely
Any loss in the cans.

Remaining in Vergennes during Sunday, we returned to the hatching-
8tation on the 21st, and found that we should have to wait until the
ext evening to obtain a supply of fish, which we intended to take
through to Michigan.

20-\SHIPMENT OF SHAD TO THE DETROIT AND GRAND RIVERS, MICH-
: IGAN.

On the afternoon of the 22d, with 100,000 shad in the cans, we started
Or Detroit. At Toledo, Olio, we were obliged to wait over about nine
ours, and arrived in Detroit on the 24th. Mr. George Clark, of Ecorse,
%Be of the State fish-commissioners, joined us before reachiug Detroit,
4nd with his advice about 20,000 shad were put into the Detroit River,
Nar the Detroit and Milwankee Railway depot, and the remaining

9’000 carried to Ionia, Mich., where they were put into the Grand

Ver about midnight of the 24th, being in vigorous condition, and with

U a small percentage of loss.

of r. J. Mason returned home from Detroit,as this was the last shipment

Shaq for the season. I desire to refer to him as a man of marked
co elity and conscientious faithfulness to the work allotted him, To his
is ‘(;t'lnued attention and skillful judgment in the care of the young fish

ue the success of the transfers just recorded, and though the lack of
ing leas.t; failure in the different shipments referred to might lead the
te IIiq"31‘1<3nc:o3(1 to think it an easy task, there are many who have at-
anin())ted th.e work this season who would ackuowledge that it was

o U8, toilsome, wearying work, resulting in failure and loss after

'Y effort possible was made to prevent it.
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Table of distridution of shad and eels.

Shad-hatching statiox_m. Rivers planted. Eels. Shad.

UNITED BTATES COMMISSION.

Potomac River, Washington, D.C...... Greenbrier River, Ronceverte, W. Va... [.......... 50, 000
X New River, Central Station, Vo .........|.eeuen T 40, 000
Delaware River, Lambertsville, N. J ..| Mononguhela River, Greensburgh, Pa .. {---....... . 15, 000

NEW YORK BTATE COMMISSION.

Hudson River, Coeymans, N. Y......... Calumet River, South Chicago, 111 Caeees 4,000 70, 000

Y¥ox River, Apploton Wis. ceenes E
Big Dead River, \Vnukc"nn il
Ashtabals River, Ashtabuls, Obio |
‘Wabash River, Logausport, Ind.....
Jordan River, Jordan, Utah Ler.. .
Sacramento River, I‘ohama, Cal.........

CONNECTICUT STATE COMMISSION.

Connecticut River, South Hadloy Falls, | Winooski River, Burlington, Vit ....cooefoeennee.n. 100, 000
Mass. Housatonic River, New Milford,Cond . ..|.ccoua.... 90, 000
Penobscot River, Mn.tt,awmukeng, MO .o foavanaanan 100, 0600

Otter Creek, Vergeuueq. VU oireaainnannes 100, 600

Dotroit River, Detroit, Mich . 20, 000

Grand Rivor, Ionia, Mich .omnnnnons N SO, 80, 000

Total. e ceevcecue vaneaneacacenannnan €65, 000

21.—MODE OF ESTIMATING NUMBERS OF LEGGS AND FISH.

The estimation of the numbers of shad-eggs and of the young fry is @
rather difficult matter to acecomplish satisfactorily or with even approxi-
mate definiteness. The standard made use of on the Connecticut River
is, Wlthoutdoubt very muchtoo high. Mr. C.C.Smith, whois & most faith-
tul and successful breeder, has adopted the exaggerated estimates of hi8
predecessors, and in the earlier years of bis work, when the restoration
of the shad by artificial propagation was an experiment, the contraction
of the round numbers that had appeared in the reports of previous years
might have discouraged the people and the legislators, and the suppor?
that was 80 necessary to this initiation of the work might have been with-
drawn. But now that the experiment has proven itself so thoroughly
and evidently a success, and the river is again teeming with shad, it
makes very little difference to the citizens of the State whether it has
been accomplished by placing 10,000,000 or 90,000,000 of young shad it
the waters, and a system of measurements and counts should be carried
out 8o that some more definite knowledge of the number of eggs handled
may be attained. One of the commissioners of the State, in 1870, feel:
ing dissatisfied with the estiimates afforded, attempted to induce more
careful modes of numbering the eggs and fish, and in the following yeﬂr
succeeded in having them modified to a certain extent. The numbers
of fish we carried in the six cans were, by these standards, millionss
while the most careful means of numbering we could employ did pob
place them over from twelve to twenty thousand to the can.

In estimating the numbers of fish in the cans, we bad, as our sole 1‘ell
ance foraccuracy, only their apparent thickness in the water, which
after considerable experience, afforded an approximate estimate withift
a margin of a few thousands of the real number,
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Seth Green’s instructions to his men were, to fall within the whole
Dumber of fish rather than to exaggerate the quantities. The numbers
they were in the habit of estimating in the cans, taken from the boxes,
Would not account for the number of eggs impregnated and placed in
the boxes, and for which much more accurate means of numbering were
available than for the young fishes.

It was determined, while atthe hatching-establishment on the Connec-
ticut River, to attempt to obtain a more definite knowledge of the num-
ors of fish we were planting in different rivers.

To do this, dippers full of fish were taken, having the shad about

a8 thick in the water as we had been accustomed to carry them
ln. the cans. These were carefully counted, and, knowing the number of
dippers full that were put into a can, we found we had been calculating
about 35 per cent. (probably rather more than this) short of the actual
Dumber carried.
. As it is searcely practicable to ladle out the shad-eggs into the hatch-
Ing-boxes, a very good mode would be to have lines either graved or
Painted around the insides of the impregnating pans, and their distance
from the bottom would show approximately the number of eggs, if this
Shoulq be determined in the first place by weighing the quantities that
Would fill the pan to the lines, and counting a definite fraction of the
Weight, .

An overestimato in any locality, of course, places morc accurate esti-
Wates in other regions in unfair comparison, and, too, the more ex-
3ctly and correctly we understand the extent of the means necessary to
Produc the results required, the more definite our knowledge and tho
g;re“vter precision in the direction of the efforts to be used. .

. Judging from the reports of State commissioners and the general

.tel‘ature of pisciculture, there is a well-understood need for some defi-
alteuess and uniformity of standard in estimating eggs and young fishes.
i:;ong practical workers; and it would employ the time of some one

erested to good advantage if he would devise methods for this pur-

Ose sufficiently practicable to receive the approval of others of the
Profession. The oceasional discrepancies that are discovered in pub-
;:s ed statements, between the sums of the number of eggs received

Ifd the number of young fishes produced from them, indicates the
&eat need there is in this direction.

22-*’1‘1113 CARE OF YOUNG SHAD DURING TRANSPORTATION.

ha((i%“') The apparatus.—The apparatus used in the transfer of the fish we

estabo})tained in Washington, modeled after that seen in Seth Green’s

OIiIShment near Rochester, N. Y. Itconsisted of the articles described
OWS . .

Be cang were iarge fifty-quart milk-cans, made in the best manner,

) :
W the Strongest material used by the manufacturers; the principal
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necessity in their model is the shoulder arched in toward the neck
of the cau; this, when the water fills the can quiteup to the neck, hasthe
tendency to confine, or, as I have heard it termed, ¢ to bind” the water
and prevent the violent splashing that a large area of surface would
be subject to, and that would be of great injury to the delicate young fish.

" A piece of rubber-hose about twice the length of the can to be used
as a siphon when drawing down the water in the cans of fish prepara-
tory to replenishing them with fresh water.

A tin tube the length of a can and about two inches in diameter,
orre foot of the lower portion being made of perforated tin, is to be
used with the siphon, the tube hanging from a hook, soldered .to its
upper end, to the mouth of the can and the rubber-siphon being put
down inside of the tube draws the water from within it, the perforated
tin preventing the young shad from being drawn through, though the
water has easy access.

The rubber-tube should not be more than three-fourths of an inch in
diameter, as a larger siphon would create too strong a current through
the perforations, and lodge and injure the young fish against the sides
of the tube. For the same reason it will be seen that an attachmen?
of perforated tin tube to the bottom of the rubber-pipe, though &
simpler instrument for the purpose would be iunjurious, as a much less
current is created through the orifices in the large area of a tube of
wide diameter than one having a small one.

A couple of tin pails for earrying away the stale water and obtaining
fresh water from pumps and hydrants, a thermometer to observe tem-
peratures of the water on the fish, and a tin dipper, completes the simple
apparatus required for the successful transfer of young shad.

(22b.) The care of the fish.—The care of fish while transporting them is
an essential part of the art of fish-culture, and often requires more skill
and judgment than the propagation of young fish. '

The shad are perhaps the most delicate and most liable to loss of any
fish handled in this country. Many who have been successful with sa,hnbﬂ
and trout have failed entirely when attempting to transfer shad even fof
short distances. Still, their proper care and treatment is a very simpl®
matter. The first essential is continual attention. For any long dis*
tance there should be two persons in attendance, relieving each other 2
intervals of several hours; and on no account, no matter how flattering '
the conditions of the young fish may be, should they both lie down 0
sleep at the sawe time,

From 12,000 to 24,000 are safe numbers for a fifty-quart can when
carried from ten hours to three days, if good water can be afforded 88
often as once in two hours. For a trip to California, occupying fro®
six to eight days and with several days without a supply of fresh waters
5,000 to the can would probably be as many as it would be advisable to
carry.
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Experience only will enable one to judge from their appearance in the

Water as to the numbers that have been put into a can.
) The principal means for sustaining life and vigor in the fish is afford-
Ing them supplies of fresh water. Minute as they are tbeir gills are
- developed and their breathing exhausts the respiratory gases from the
Water more or less rapidly according to the numbers in tlie can. Even
the ova, it has been proven by experiment, utilizes a small portion of
9Xygen from the air.

A reserve-can is required for every five or six cans of fish, which should
be filled with water at the stations, generally where the locomotive takes
Wood or water or where meals are afforded, the attendants remembering
to fill the can first and eat the meal afterward. A pailful or two may
often be obtained at minor statious.

The tube is pnt into the can, hanging by the hook from the top so as
nf)t to roll about and bruise the young fishes, and one end of the rubber-
Pipe inserted in the tube. Apply the mouth to the other end of the
bose and suck until it has filled with water; the end is to be at once
lowered into a pail, when the water will run fréely until the pail is full.

his water is to, be thrown out at the door of the car and the same
Quantity of fresh water replaced from the reserve-can, filling a dipper
and Jowering it to the surface of the water in the fish-cau before it is
emptied, until suflicient has been afforded. _

An examination of the bottom of the cans for dead fish can be made

¥ tying the rabber-hose to the end of.a piece of lath, and then, while
+ BUiding the end of the hose by means of the lath around the bottomn of
the can, start the water running, and dead tish and settlings at the bot-

Oln of the can can be drawn off iuto a pail. Ou a long journey, of five
fays or more, the shad may be transferred from one of the fish-cavs

¥ medns of the siphon to the extra one, and the can be scoured clean
.Tom slime and sediment, and the fish from another can being emptied
Hto it by the same means this can in turn be cleansed, aud so on through-‘
out them all.

In moving the cans from car to ear or into a wagon, care must be
A%en that they are carried upright, as the least spilling of the water
“Tough the crevice around the cover, if éxamined, will be found to con-

U young shad, A spring-wagon should be used, if possible, in moving

'em by this kind of conveyance, as the jolting of a common wagon will
e. found to splash the water much more than a railroad-car, unless
Fivep very slowly. .
in diQf;Ox) Water adapted to young ji.s‘k..—’l‘osls m:xd(.s il.) koeping: young ﬁs'h
rom ’:-rent waters pm\_'e‘that but ?It“(& (lmlg_-"m' is ineurred in using it
ang t';-.:]y source where it is clean, of not too high or low a temperature,

ou [LG from deuuyed matt(:r.. ’l‘l'le clear water from springs and wells,
i c;ﬁs vl')em‘ly destitute of‘ living formns, ZLIISW(“PS Lh(? very b'ns!: .1)|}1‘1)ose

aps 5‘“8 shad. Clear river-water full of minute forms of life is per-
Prefevable for fish after the yoll-sacks disappear, Scth Green,
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when carrying through the first shipment of shad to California, found
them on the sixth and seveuth days out looking for food, and felt satis-
fied from their actions that they found it in the water supplied them
- from the rivers after passing the region of impure waters. :

Mineral waters may inspire fear, and it is perhaps premature to advise
their use, but that they are not all injurious has been proven by several
tests made this season. While at Toledo, Ohio, the water of the arte-
sian well at the depot, clear and cold, but having a strong mineral
flavor, thought to be sulphur, was avoided for use in the caus, but &
couple of quarts were put into a vessel and about two dozen shad pub
‘into it about midnight, and remained in most perfect condition up to 8
o'clock in the morning, when they were put into the Maumee River.

At Castalia, Ohio, at the paper-mill of Mr. John Hoyt, speckled trout
are hatched and raised successfully in water from a spring so heavily
charged with calcareous matter thatv the tufa incrusts everything falling
into its waters. Prof.J. Lang Cassels, of Cleveland, found that out of
ninety-two grains of solid matter to the gallon there was of carbonate
of lime 58.86 grains, and of carbonate of magnesia 10.632 grains.

Seth Green, in his trip with shad in 1871, found water from Omaha
westward for four hundred miles unfavorable to the shad, and in some
of it the young fish died within five minutes from the time they were
put into the vessel containing it.

All mineral-waters should be used cautiously and tests made with
small quantities of water before they are used on the fish in the cans.

While at Portland, Me., this season, two dozen shad weare removed
directly from fresh water and were kept in a few quarts of sea-water for
two hours without the least apparent injury from the sa,lb or the greater
specific gravity.

There are some who assert that roily water has no objections Yor use

with young shad. If there were no other objection the anxiety as to
‘the condition of the fish, which it is almost impossible to ascertain in
muddy water, is a sufficient one. Besides, the silt or sand is liable t0
trouble the movewent of the gills, and the attrition upon the delicat®
membranes of the embryo fish, while the water is agitated in the rail-
road-ear, must do some injury to them. And the experience of thiS
geason’s work has been that the large percentages of losses in the cans
have been when roily water had been used at some locality while ¢#
route, and of course indicating that a longer use of it would have ré
sulted disastrously. When it is necessary to use muddy water, as 800%
afterward as clear water can be procured, the largest change practic®
ble had better be afforded the cans.

The water from railroad-tanks, though avoided during this season’s
shipments, was, perhaps, rejected throu(rh a somewhat unfounded pre-
judice. Where few locomotives are sapplied, the water may becom®
warm, stagnant, and tainted from decaying wood, bat when the tank is
frequently replenished with fresh water no such objection can arise
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and the water is, without doubt, nearly as good as if taken directly
from its source.

Oun the few occasions when we have been obliged to obtain tbe water
fl‘om the tank in the tender, it was found clear and pure, and with no
Indications of oil or grease, and it is probable it would always be
found so. . :

(22d.) Temperature of the water in the cans.—The temperature of the
Water which the fish are in is also an essential point in their welfare.

A too low tenperature produces lethargy and torpidity in the young
Shad, which, if suffered too long, occasions death.

The young shad suffér in low temperatures in which the Salmonide
Lhrive well. By experiment it has been proveun that between 63° and
720 the shad are found to be in the best condition. The springs of the
. ko region have from 460 to 500 of tomperature, the deeper wells from

40 to 609, and the streams from near the freezing-point, in winter, to
850, perhaps more, in hot summer-weather.

Where there is six or more degrees difference in the water of the
Teserve.can and of that on the fishes, .the temperature of the fresh
Water should be moderated before using it. This is readily done by
DreServing a portion of the stale water drawn from the fish, which can

® aerated by repeated pouring from the dipper, the pail is then filled up
fro the fresh water, and according to the proportions used the tom-
Perature can be raised before sapplying the can containing fish.

4 temperature higher than 80° is dangerous, as the fish become weak,
e S8upply of respiratory gases in the water is much loss, and the
very soon die. In hot weather the use of ice is necessary where
ater from wells or springs cannot be obtained. The ice should
® applied in the reserve-can, and not in the cans with the fishes, as in
Yocking about on the surface it kills many of them, aund if-in the
I)las)hiu{;'s of the water any are lodged on top of the ice they soon die.
'c.a‘utiou must be taken in using ice in the fresh water, not to put in suffi-

1eng tq reduce the temperature below the proper standard. _
229-) Transferring the shad from the cans to the river.—On arriving
tu t_he river the first necessity is to determine that the tempera-
™8 of the cans and the stream are so nearly cqual as not to
Udanger the fish when consigned to their new home. If there is five
More degrees difference, it can be readily equalized by drawing a
g;:,zzt‘i‘fytof water from the cans and filling them up again with the

“water; . .
Og‘he 100a]ity for planting should be chosen so that the fish wi]l' not be
tim:(}on carried into the whirl of a rapid curreut, but may rfzcrult t:or a
st Tom their fatigue, and, possibly, their hunger, before being obliged

- TUggle with swift running water. ,
ot eléotlner very important matter is to avoid schools of minnows or
ang Stall fishes, who will congregate at the spot in large numbers

eYQHr a large proportion of the fish that have cost-a large amount

8
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of pains and labor to be conveyed to the spot. The middle portion of
the stream or inlet is generally the freest from the smaller fry.

When the locality is selected, the temperature equalized, and a boat
provided, there is nothing more to do than to lift a can over the side of
the boat, dropping it upon its side into the water, and while the boat i8
leisurely pulled up stream the young fish are allowed, to slowly escape
from the can. Scattering them along a considerable distance is thought
to be the best for them, as they make less attraction for predatory
fishes when widely distributed than when concentrated in a large
school, and, as they are probably not gregarious while so young, they
are not likely to collect together immediately.

(221.) Facilities required from the railroads.—The necessities and con-
veniences required in the transporting of young shad are peculiar, and
different from all other freightage. Tish-eggs, when properly packed,
are shipped with safety without an attendant, requiring only that the’
express-messenger follow the few instractions lettered on thé outside
of the can or box. Young trout and salmon are occasionally shipped
short ‘distances in the same way, the water having been reduced to a low
temperature, so that the respiratory action is lessened and frequent

changes of water are not required.

The shad are found to withstaud confinement in a small quantity of
water with much less endurance than other species that have been ex-
perimented with. There is very little tenacity of life in the mature fish
when removed from the water, and attempts to preserve male fishes for
“milters” from one seine-haul to another, have been failures, even
where they were confiued in an inclosure through which the water of
the river cirealated. A temperature sufficiently low to retard respira-
tion does not work to advantage with the shad,and experimenting
with refecence to favorable temperacures has proveu that a rang®
between about 62° and 730 is the ounly one saited to their welfard
while 65° and 72° are better limits. Frequent changes of water aré
required, necessitating hurried visits to pumps and hydrants when tho
train stops, and it is sometimes necessary to procure and use ice; 50
that it will be seen that experienced attention is required and too much
time occupied in the care of the fish to permit the work to be given int@
the hands of messengers usually having sufficient to occupy their tim®
in their regular duties. .

The amount of room afforded, the facility for getting out and in, and
the less rigid enforcement of regualations as to acceess to the car, to 88y
nothing of the liberality frequently extended in passing the froigh
without charge, makes the baggage.car the only suitable place for the
transportation of shad, or for any species of fishes for long distances-

The inconvenience of carrying large eans of water in the car becil-“,se
of the slopping, will probably suggest itself to gome, but experience ha8
proven that with a little care there is no necessity whatever of wetting
the bottom of the car, even around the spot where the cans are place™
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The necessities in the work depending on the accommodations afforded
from the railroads, are access to the baggage-car and opportunities to
Obtain water from wells, hydrants, tanks, and the tender. In all these
Particulars the most generous spirit has been manifested by both man-
agers and employés.

23.—P9SSIBILITY OF STOCKING THE GREAT LAKES WITH SHAD.

The stocking of fresh waters with fish from the sea, or of those who
8pend a portion of their lives in the sea, will perhaps be questioned by
lany ag an uncertain experiment and likely to end in failufe.

The conditions found in their natural homes of which the shad may
4vail themselves may be enumerated as follows: Streams of the right
Volume of fresh water and the right temperature, to ascend in the
Spring season to deposit their spawn, and in which the young shad will
fing 4 favorable home until they are the proper age to descend to the
Sea,3 a great body of water of unlimited voluine on the bottom of which

ke small forms of Crustacea, the Gammaride, and Myside, small
E‘hl‘imp-like animals, are found abundantly, affording an ample sup-
Ply of food during the greater part of the year, as but very little is
8ver found in their stomachs when they are up the streams in the
&DaWning geason. Amnother condition of this great body of water is
hag it is salt. :

In anl these particulars but the latter the lakes answer every de-
Wand, There are streams suitable for spawning localities ; there is an
ulllilnit;ed range of clear, cool waters; the dredgings on the bottom at
Al deptls have proven these same crustaceans of the Gammaride and

Yside to be abundant, and except in the one particular of the salt-
Resy of the sea every requisite condition of their natural home is
afij()l‘ded them. The only point to be tested in the experiment is whether

18 i3 an essential requirement in their existence. ,

Severy) species of white-fish found in the Arctic Seas live indiffer-
Satly in salt and fresh waters, and the Coregonus omul, as related by

alla,s’ sends off large detachments from its schools in the spawning
tza_SOn from the sea up the long series of streams aud’lakes that find

®Ir head in the great Lake Baikal, where the schools find a permanent

e, never returning to the sea.
easg}le eel, brook-trout, striped-bass, and several other species on the

ern coasts, live indifferently in the sea and fresh waters.*
S tis not probable that all fishes which spend their entire lives in the

3 Could become aceustomed or accliated to fresh waters.  Still, among

%88 it would not be unlikely to find a few having strong tenacity of

*Gi R
the :nther 8ays, in referring to Gobiid@, that * This family offers numerous instances of
ned ct that o part of the individuals of one and the same species are entirely con-

1,5y It;’ fresh waters, whilst others live in the sea.”—Cat. Acanth. Fishes, §., vol. 3, p.
7. dlbert Gitnther.

8. Mis. 74—_99
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life that would endure the change of condition without detriment 0
their health and vigor, provided their proper fooa was supplied them.

But it is the habit of those most desirable to transfer, to spend
a portion of each year in fresh water, and it is difficult to find the
reason why if the salt-water is not essential to them part of the yearl
it should be during the remainder. The absence of their proper food in
the streams they ascend would seem to be the principal necessity for
their return to the sea.

Experiments in planting salt-water fishes in fresh waters have beeB
made heretofore with success. The striped-bass of the Atlantic waters
has been kept for a number of years in inland ponds. Rudolf Hessels
a fish-culturist of Europe, informed me that he had put a number of
flounders in Lake Constance, of Switzerland, several years ago, and
that fishermen occasionally found them in their nets at the present day’

The transfer of shad to the lakes was not, however, an entirely ne¥
experiment. Seth Green, when moving shad to the Pacific coast in 1871,
made small plants at Cleveland, Toledo, and Chicago, and the sam®
year put 5,000 shad into the Genesee River, of New York State.

At Toledo, Ohio, last fall, the firms of Bowes & Howell and Davis
Brother & Beatty reported having had unmistakable shad in their ware
houses during the season. These were undoubtedly from Mr. Green’
planting. At the Genesee River many shad were taken in the nets 0
the fishermen developed from the young of the planting of 1871. In
the latter case they might possibly descend to the brackish waters of th®
Saint Lawrence, but in the former they must necessarily have spent tbé
whole of the intervening year and a half in fresh water.

The finding of the yearling shad in Lake Champlain has been referred
to on another page. Two plantings were madein 1872 at Salamaneca, '
Y., in the Alleghany River, and one at Indianapolis, Ind., in the White
River, At Terre Haute, Ind., this season, young shad were taken fro®?
the Wabash River that had strayed thus far from the place where they
had been consigned to the waters of the Ohio Valley.

All these facts afforded sufficient hope of success to warrant a larg®
planting of shad as an experiment in the lakes.

24.—POPULARITY OF THE WORK OF THE COMMISSION,

In continual conversation with those I have met a uniform appl‘obﬂ"
tion and satisfaction has been ‘expressed that an effort was being m#
to restore the stock of food-figshes in the waters of the country, and fro®
citizens of those States we have not been able to benefit this season, &
desire was expressed that their claims should be regarded as early !
the future as possible. The general awakening all over the country ’
the interest of food-fisheries is indicated by the numerous bills passed !
the legislatures in late years. ,

Of the States bordering on the lakes, Vermont, New York, pen?
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Sylvania, Ohio, Michigan, Wisconsin, and Minnesota have appointed
commissioners and made appropriations for propagation, while Indiana
and Illinois have passed protective laws as to.the obstruction of the
Passage of fish in the rivers.

The State of Michigan has erected a large hatchmg house, and
will pmpagate the white-fish of the lakes on a large scale. The judi-
cious management of the New York State commissioners has made
their work very efficient, and people from all quarters of the State have
Visited the hatching-house and carried back thousands of young fish,
Without charge, to stock the waters in the vicinity of their homes, some
half.dozen species of food-fishes being afforded in quantities to all who
applied. ~
' A very general and strong interest was exhibited on the southern
Tivers at the attempt to hatch shad, which made very little success, be-
Cause of the great reduction of numbers in these waters and the conse-
Quent lack of spawners. The promises to endeavor to supply their
Yivers with a new seed-stock from more northern rivers was met with
®arnest interest and satisfaction.



