- XLIII,—CHEAP FIXTURES FOR THE HATCHING OF SALMON.

By CHas. G. ATmB.

.. 1.~SCOPE OF THE PAPER.

Tt is proposed to limit this paper to the consideration of the construcmon,
fitting, and management of the simplest houses and apparatus suitable for
the hatching and rearing of salmon up to the complete absorption of the
yolk sack, that being the time when it is customary to turn the young fish
out to shift for theraselves; and it is hoped that the instructions given will
be so plain and yet so complete that a person previously entirely ignorang
of the whole business can without further direction set up an efficient
estabhshment .No attempt will be made to explain the construction. of
the more elaborate devices that have lately come into so general use, since
these devices have for their main- purpose the saving of space in establish-
ments where large quantities of eggs are to be developed up to the shipping
point, and few or none to be hatched out; though some of these are alsg
available for hatchmg, and to a certain extent for the rearing of the young
fish,

For the most part the same apparatus and mana.gement are applicable
to Atlantic and land-locked salmon, Pacific salmon, and brook trout. The
Atlantic and land-locked salmon, both in the egg and in the sack stage,
are so closely alike as to be practically indistinguishable. Indeed, the
latest conclusion of special students of the Salmonide is that they all belong
to the same species, Salmo salar. Be this as it may, their habits and Te-
quirements during these early stages are, so far as known, identical. On
these fish my personal observations have been mostly made, and to them,
therefore, the instructions of this paper may be considered as more especmlly
applicable. Yet the difference between the treatment they require and
that apphcable to Pacific salmon is so slight that all the rules laid down
may, it is believed, with perfect safety be followed in the management of
the latter, except in certain minutie, which depend mainly on the greater
size and hardihood of the Pacific salmon, partly on their adaptamop
to warmer water, and when not specially mentioned will readily suggest
themselves to the .common sense of the operator Similar observatxons
may be made with reference to the brook -trout. The same apparatus,
with some possible change in management, will answer also the very best
purpose in the hatching-of lake trout.
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2.—WATER.

*The first thing to be sought is an ample supply of wholesome watet, on
a site where it can be brought completely under control and the requisite
fall secured. In this matter there is quite a range of choice. The very
best is the water from a stream fed by a clean lake taken a short distance
below the outlet of the lake, with an intervening rapid. Such water is
commonly quite even in volume and temperature, and comparatively free
from sediment and harmful impregnations. It is cold in winter and warms
up slowly in spring, giving assurance of a slow and normal development,
which is more conducive to health and vigor than a very rapid development.
The passage down a rapid, though by no means an essential point, will
further improve this water by charging it highly with air. After this, T
would choose the water of a brook that is fed largely by springs, so as to
insure constancy in the supply and some moderation of the temperature on
warm days; but it is better to have the water flow a long distance in an
open channel before using, and, if possible, over a rough and descending
bed, that it may be well aerated, and in cold weather somewhat cooled
down from the temperature with which it springs from the ground.
Thirdly, choose pure spring water; but in all cases where this is necessary
provide a cooling and aerating pond, that you may have the original warmth
of the water subdued by the cold of the air before it reaches the hatching
troughs, and that it may absorb more or less air by its wide surface.
Lastly, choose ordinary river or brook water, as clean as possible. These
kinds are considered inferior to spring water by reason of their liability to
floeds, drought, muddiness and foulness of other sorts, and in cold climates
to anchor ice. The water of a stream that has its source in a not very
distant lake or spring is not considered ordinary river or brook water,
but is advanced thereby into the first or second rank. Between these
different sorts there is of course an infinite number of gradations. If lake
water cannot be obtained, it would be of some advantage to have a supply
of both spring water and brook water, depending for ordinary use on the
brook water or a mixture of the two, and on the spring water for emergen-
cies, such as the freezing, drying, or excessive heating of the brook, floods with
accompanying muddiness, etc. Avoid water that comes from boggy and
stagnant ponds and marshes; for though excellent water, capable of bringing
out the most vigorous of fish, may sometimes be had in such places, yet
when not supplied by springs it is dependent for its freshness and good
‘qualities upon sufficiently copious rains, and if these fail, as they are liable
to, the water may become foul and unfit. The best time to select a site
for a hatching establishment is in time of extreme drought. ~ If the site in
question has at that time an ample supply of pure, sweet water, the first
requisites are fulfilled. But if such an examination discloses any lack in
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this respect, the site must be rejected. It would be well, also, to visit the
place in time of flood and, if in a véry cold climate, in severe winter
weather, to know what dangers are to be guarded against on those
seores, ‘ '

The volume of water necessary will depend on several circumstances,
mainly on the following: 1st, the proposed capacity of the establishment;
2d, the temperature of the water; 3d, its character as to aeration; 4th, the
facilities existing in the house for the aeration and repeated use of the
water. With water of the highest quality and low temperature and with
unlimited facilities for aeration, possibly a gallon 2 minute or even less
can be made to answer for the incubation of 100,000 eggs of salmon. As
the temperature rises or the facilities for aeration are curtailed, a larger
volume becomes necessary. In case of spring water, cooled only to 40°, and
aerated only by exposure to air in a pool of about a square rod surface, with no
facilities in the house for acration, and with the eggs and fry crowded in
the troughs at the rate of 4,000 per square foot, 4 gallons a minute is the
- least that can be trusted to support that number, (100,000, while 6, 8, or 10
gallons per minute would be much better. While the minimum is, as stated
above, possibly less than a gallon a minute, no novice can be advised to trust
to less than 3 gallons per minute for each hundred thousand eggs or fish under
the most favorable circumstances. These statements are about as definite as
can be made. The question of volume must be decided for each case accord-
ing to the peculiar circumstances existing, and the novice must first acquaint
himself with the mode of arranging the fixtures in the house, and es-
pecially with the means and facilities for aeration, for which directions
will be given below, and then study the possibilities of the proposed site.
It should be borne in mind that the volumes of water stated above are
strictly minimum quantities, meant to apply to the very lowest stage of
water that can possibly occur during the hatching season.

If the water supply is to be drawn from a small brook or a spring, it
will be necessary to measure the volume carefully. The following is an
easy and accurate mode, applicable to most cases. Take a wide board
one inch thick, (or two or three of them carefully jointed or matched,) and
bore a smooth inch hole through the middle of it. With this make &
tight dam across the stream so that all the water will have to flow through
the hole. If the water on the upper side rises just to the top of the hole,
it indicates a volume of 2.3 gallons per minute; a rise of half an inch
above the top of the hole indicates a volume of 3} gallons per minute;
2 inches rise, 6 gallons per minute; 3 inches, 6 gallons per minute; 6
inches, 8 gallons per minute; 12 inches, 12 gallons per minute, If two .
one-inch holes are bored, the same rise will of course indicate twice the
volume. The volume vented by holes of different sizes is in proportion
to the squares of their diameters ; thus a two-inch hole vents four times
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as much as a one-inch hole. " A cylindrical tube whose length is three
times its diameter will vent 29 per cent. more water than a hole of same
diameter through a thin plate or board.

3.—SITE.

. A satisfactory supply of water having been found, it is next necessary
to select a site for the hatching-house that combines in as great a degree as
possible the various desiderata, of which the most important are, first,
facilities for creating a head of water to provide for the requisite fall into
and through the troughs ; second, security against inundation; third, if in
acold climate, security against too much freezing; fourth, general safety
and accessibility. '

~ The fall required in the hatching-house cannot be stated very definitely,
but it can hardly be too great. The minimum for the most favorable
cases is as low as three inches, but only under the most favorable circum-
stances in other respects will this answer, and even then it is subject to
several very serious disadvantages. It is only admissible where there is an
ample supply of aerated water, and the troughs are very short, and theré
is absolutely no danger of inundation; and the disadvantages are the im~
practicability of introducing any acrating apparatus and the necessity of
baving the troughs sunk below the floor of the hatching-house, which
makes the work of attending the eggs and fish very laborious.

A fall of one foot will do pretty well if there is entire safety from in-
undation.  This will permit the troughs to be placed on the floor instead
‘of below it, (a better position, though still an inconvenient one,) and some
of the simpler aerating devices can be introduced. Betteris a fall of three
feet, and far better a fall of six feet. The latter will allow the lowest
hatching-troughs to be placed two feet above the floor, to the great relief
of the backs of the attendants, and leave ample room for complete aera-
tion. Of course the necessities of the case are dependent largely upon
‘the volume and character of the water. If there is plenty of it, and if
it is well aerated before reaching the hatching-house, there will be no
occasion in a small establishment of additional aeration in the house, and,
therefore, no need of more than three feet fall, and, except for convenience
in working and for guarding against inundation, one foot fall is enough.

As to liability to inundation, actual inspection of the premises at time
sof floods will generally suggest what safeguards are nceded. If located
by a brook-side, the hatching-house should not obtrude too much on the
channel, and below the house there should be an ample outlet for everything
that may come. By clearing out and enlarging a natural water-course
much can often be done to improve an originally bad site.

In a cold climate it is an excellent plan to have the hatching-house
partly under ground, which will protect it wonderfully against outside
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cold. . When spring water is used there is rarely any trouble, even in a
cool house, from the formation of ice in the troughs; but lake, river, or
brook water is, in the latitude of the northern tier of States, so cold in
winter that if the air of the hatching-house is allowed to remain much
below the freezing point, ice will form in the troughs and on the floor, if
there is any leakage, to such an extent as to be a serious annoyance, and
sometimes, if not watched, will form in the hatching-troughs and extend
80 deep as to freeze the eggs and destroy them. Stoves are needed in such
climates to warm the air enough for the comfort of the attendants; but
the house should be so warmly located and constructed that it-may be left
‘without a fire for weeks without any dangerous accumulation of ice. The
easiest way to effect this is to have the house partly under ground; but if
the site does not permit this, the same result can be brought about by
.thorough construction of the walls and by banking well with earth, saw-
dust, or other material. In warmer climates no trouble will be experi-

-enced from this source.
4—~DAMS AND CONDUITS.

In some cases the best way to get the requisite head is to throw a dam
cross the stream and locate the hatching-house close to it. The dam will
form a small pond which will serve the triple purpose of cooling, aerating,
and cleansing the water. But unless the character of the bed and banks
of the stream be such as to warrant against undermining or washing out at
the ends of the dam, it is best not to undertake to raisea great head in this
way. With any bottom except one of solid ledge there is always great
danger, and to guard against it when the dam is more, than two feet high
.may be very troublesome. If there is any scarcity of water, or.if"it-be de-
sirable for any other reason, for aerating or other purposes, to secure a con~
siderable fall, it is better to construct the dam at some distance above the
hé.tchmg—house, on higher ground, where a very low dam will suffice to
.turn the water into a conduit which will Iead it into the hatching-house at
.the desired helght

The conduit i best made of wood. A square one of boards or planks,
carefully jointed and nailed, is in nearly all cases perfectly satisfactory.
For an ordinary establishment a very small conduit will suffice. 'The vol-
.ume of water that will flow through a pipe of given form depends first,
upon the the size of the pipe, and second, upon the inclination at which jt
ig laid. A straight cylindrical pipe, one inch in diameter, inclined one foot
Jin ten, will convey about eleven gallons of water per minute. 'The same
Pipe,; th,h an inclination of one in twenty, will convey eight gallons per
minute; with an inclination of one in fifty, five gallons per minute; with
an mchnatlon of one in one hundred, three galions and a half per minute;
.with an inclination of one in one thousand one gallon per minute, A two-
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‘inch pipe will convey about 5} times as much water as an inch pipe; a
three-inch pipe nearly fifteen times as much. A one-inch pipe with an
inclination of one in 1,000 will convey water enough for hatching 25,000
_eggs; with an inclination of one in fifty, enough for 100,000 eggs; with
an inclination of one in twenty, enough for nearly 200,000 eggs. A square
conduit will convey one-quarter more water than a cylindrical pipe of same
diameter. If there are any angles or abrupt bends in the pipe its capacity
will be considerably reduced. It should be remembered that if the water
completely fills the aqueduct it is thereby entirely shut out from contact with
air during its passage, whereas if the pipe be larger than the water can fill
the remainder of the space will be occupied by air, of which the water,
rushing down the incline, will absorb a considerable volume and be thereby
greatly improved. It will therefore be much better, when practicable, (and
this includes nearly all cases,) to make the conduit twice or thrice the
size demanded by the required volume of water. If the bottom and sides
be rough, 8o as to break up the water, so much the better; and the wider
the conduit is of course the more surface does the water present to the air,
It is not at all necessary to cover the conduit, unless from its position it is
exposed to inundation or to pollution by the visits of mischievous animals
or other agencies, or unless, as may sometimes, but rarely, occur, the water
‘would be in danger of freezing up. If the water comes from springs or a
spring brook, or a lake or pond, there is'no danger on that side, unless the
aqueduct is a very long one; on the contrary, the spring water will only
receive a wholesome cooling down,

5.—AERATION.

This is perhaps the most important branch of the whole subject. The
water which fishes breathe is but the medium for the conveyance of air,
‘which is the real vivifying agent. Without air every fish and every egg
must surely die, and with a scanty supply the proper development of the
growing embryo becomes impossible. Water readily absorbs air whenever
it comes in contact with it, and the more intimate and long continued the
‘contact the greater the volume it will absorb. The ample aeration of the
-water to be used in the hatching-house has already beén mentioned as a
desideratum of the first importance, and some of the devices .by which it
is to be secured have been incidentally alluded to. But a httle more
remains to be said. -

Water from either a brook or river that has been torn into froth by
‘dashing down 2 steep bed has absorbed all the air that will be needed in
“ten or twenty feet of hatching-trough, and demands no further attention on
‘this score. But if the water must be taken from a lake, a spring, or &
‘quiet brook, its burden of air is much less and is liable to become so reduced
"before it -gets through the hatching-house as to be unable to do its proper
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work. = It is thereforedesirable to adopt all practicable means of re-inforcing
it, If the site of the hatching-house commands afall of five feet or more,
the thing is easily done. Either in the conduit, outside the house, or in
the hatching-troughs themselves, a series of miniature cascades may be
contrived. The broader and thinner the'sheet of water, the more thoroughly
it is exposed to the air, and if, instead of allowing it to trickle down the
face of a perpendicular board, we carry it off so that it must fall free
through the air, as in Figure 1, both surfaces of the sheet are exposed

Fig. 1. .

and the effect doubled. When the circumstances permit, it is best to in-
troduce these in the conduit, which, as already suggested, may be made
wide and open for that purpose. If the aeration cannot be effected outside
the house there is still opportunity inside. Two long troughs may be placed
side by side, leveled carefully, and the water be received -in one of them
and pour over into the other in a sheet the whole length of the trough,
which, of course, would be a very thin sheet, and very effective. In the
hatching-troughs themselves, also, there is an opportunity for aeration,
either by making short troughs with a fall from one to another, or by
inclining the troughs and creating falls at regular distances by partitions or
dams, each with its cascade, after the fashion already described.

The only serious difficulty is encountered where the ground is very flat,
go that the requisite fall cannot be obtained. In this case the best that
can be done is to make a very large pool, several square rods at least,
outside the house, and make all the conduits as wide as possible, so that the
water shall flow in a wide and shallow stream. '

It will of course be borne in mind that the better the aeration the smaller
the volume required to do a given work; and on the other hand it is
equally true that the greater the volume the less aeration is necessary,
When so large & volume a8 six gallons per minute for every hundred
thousand eggs is at command ‘a comparatively low degree of aeration will
answer, But so far as known the higher the degree of aeration the better
the result, without limit, other things being equal, and it is therefore
advised to make use of all the facilities existing for this purpose.
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6.—FILTERING.

Before the introduction of wire or glass trays for hatching fish-eggs it
was customary to lay them on gravel, and under these circumstances it was
absolutely necessary to filter all but the purest water. "Even ordinary
spring water deposits a very considerable sediment, which might accumu-
late upon the eggs to such an extent as to deprive them of a change of
water and thereby smother and destroy them. 'When the eggs are deposited
on trays, however, even though their upper sides be covered with sediment,
underneath they are clean and bright, and remain in communication with
the water beneath the tray, though of course the circulation of water
through the tray is not perfect. The trays, moreover, offer the best facilities
for cleansing the eggs as often as may be necessary, and establishments for
the hatching of eggs of the salmonide do not commonly receive them
until they have arrived at the stage when they can be safely subjected to
whatever washing and disturbance may be desired. It is not, therefore,
deemed necessary to introduce any considerable devices for filtering water
which is naturally very pure, as are lake and spring water commonly when
not subject to intermixture with surface water during rains. There are,
however, so many cases in which it is necessary to use water subject to
constant or occasional turbidness that some directions for ﬁltermg are
indispensable.
~ In the first place, let the water from the conductor be led into a deep
‘tank, which may be termed the “settling tank,” where the coarser and
heavier dirt will sink to the bottom. This may as well be located outside
‘the hatching-house, and for a small establishment a hogshead sunk in the
ground will answer. From the settling tank the water should be led into
a filtering trough inside the house, as shown in Figure 2, which exhibits

' Fig. 2.
one out of many convenient arranggments This trough may be _]ust the
‘length of the head or distributing trough alongside which it lies, or may
be much shorter, four feet answering well where little work is demanded
‘of it.. For depth and width 15 to 18 inches are convenient dimensions.
“If the water is introduced near the middle of the filtering trough the
current may be subdivided, part going*to the right.and part to the left,






