XXXV.—UTILIZING WATER BY FISH-CULTURE.

By Pror. B. BENECKE.
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L—INTRODUCTION.

While for many years the greatest activity has been displayed in the
varions branches of agriculture, with tho view to increase the produc.
tivity of tho soil by inu)roved mcth:ods of farming and stock-raisiug, by
far too little attention has been given to the utilization of the water.
It is a very common oceurrence to see ponds, swamps, and small sheets
of water lic entirély useless, to see marshy meadows produce a small
quantity of almost useless grass, whilgt in these very localities ponds
could Le constructed with very little trouble, which without great labor
or capital would yield a rich harvest of fish. This is all the more huy-
miliating, as our ancestors have in many places carried on pond-culture
in a systematic manner and with considerable suceess, as old chronicles

» ¢« Die Nutzung des Wassers durch Iischzucht,” by Prof. 13r. B. Benecke, of Kinigsberg,
From ¢ Landwirthschaftliche Thierzueht,” Vol. 1V, Nos. 119-133, Bunzlau, 1884,  Trans-
lated from the Gorman, by HERMAN JACOBSON.
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show that many waste places centuries ago produced large quantities of
tish, no pond or puddle, be it ever so small, being allowed to lie idle,

At this very time, when it is the principal object of land-owners to
make the sale as productive as possible, when the fisheries in our in-
land waters are seriously injured by river improvements, by the pollution
of the water through industrial establishments, and by reckless fishing;
we have every reason to give our fullest atteution to pond-culture, all
the more as, thanks to the better mweans of communication, the sale of
fish is po longer limited to the immediate neighborhood of the places
where they are caught, but as fish can easily and cheaply Le sent to
considerable distances, an overproduction or a deerense in the value of
fish is prevented. .

Many a person will thercfore welcome some brief and simple hints
as regards the construction and proper managemnent of ponds, especially
if he is the owner of syitable land, and has a justifiable horror of volum-
inous manuals and expensive experiments.

By ponds we understand sheets of standing water of different sizes,
which, it desirable, can be laid dry, aud again filled with water. Ac-
cording to the source from which the water is supplied we may distin-
guish (1) brook-ponds, (2) river-ponds, (3) spring-ponds, and (4) sky-
ponds. Brook and river ponds receive theirsupply of water from brooks
and rivers which either fow through them or are connected with the
ponds by means of ditches ov canals.  Spring-ponds have at their bot-
tom or along their edges springs, which, if flowing very freely, make up
for the loss of water from evaporation, and Lkcep the water at an even
depth, but if flowing very freely, cause a brook or river to take its rise
from the pond. Sky-pouds are those ponds which, without having any
supply of water from rivers and springs, are fed simply by the water
from the atmosphere which cither falls into them as rain, or flows into
them from the surrounding higher ground. In accordance with this
classification of ponds, these different kinds of ponds possess varying
qualities which are either helpful or hurtful for certain purposes, and
which have to be taken into consideration in making usc of them. River
and brook ponds possess the advantage of having a coustant supply of
fresh water, whereby the overheating of the water in summer and the
suffocating of the fish in winter under a thick cover of ice is prevented.
In other respects these ponds are unfavorable for certain purposes,
because it is difficult or impossible, even by very narrow grates, to pre-
vent young fish of prey and other encmics of the fish from entering the
river or brook. Springs will prevent the overbeating of the ponds in
summer, but their temperature is frequently so low as to render them
unfit for the same purposes, especially €t the ponds are deep, and tho
flow of water from the springs is plentiful.  If the water comes from a
great depth, and docs not before entering the pond pass through layers
of soil containing air, it frequently contains so little oxygen that the
fish are suffocated, especially under the ice in winter. - In this respect



[3] UTILIZING WATER BY FISH-CULTURE. 1103

it is preferable to have the springs located at some little distance from
the edge of the pond. If springs contain much iron, lime or different
gases, they will make the water of a pond entirely unfit for fish-culture.

Sky-ponds share this advantage with spring-ponds, that, owing to
the absence of a supply of water from a rviver or brook, they are toler-
ably well protected against enemics of the fish, although occasionally
the spawn of pike and other fish is introduced into them by aquatic
birds. During hot summers these ponds have the disadvantage that,
especially if they are not very deep, the water easily becomes too hot,
or even evaporates entirely. It is therefore a great advantage for sky-
ponds if a number of water-pipes empty into them.

Ponds may be dug out, or, by using the existing grades of the land,
be constructed in such a manner as to prevent the outflow of the water
by means of dikes. This last-mentioned method may be specially
recommended as being cheap and as the quickest way of reaching the
object in view. In this manner large or small, deep or shallow ponds
may easily be constructed in any country which is not absolutely level.
By a skillful use of the ground small sheets of water measuring but a
few meters in length will suflice for the construction of large ponds.

For centuries pond-culture has been almost exclusively devoted to the
raising of carp, which owing to its rapid growth, its hardiness, its quick
increase, and its great and geueral popularity as a food-fish, is on the
whole the best payiug fish for pond-culture. We shall, therefore, prin-
cipally treat of carp-culture, and afterwards give a brief review of the
raising of other fish in ponds.

A distinetion should be made between fish-culture in ponds and the
keeping of fish. The former aims at increasing the number of tish and
raising them until they bave reached a suflicient size to make them mar-
ketable, whilst the latter confines itself to fatteuing the fish which have
been obtained from fish-culturists when quite young. Auny pond or
puddle having suitable water, and a depth of & to 1 moter, is suitable
for the keeping of fish, even if there is no chance to let the water off;
whilst regular fish-cultare in ponds requires a number of different and
properly arranged ponds.

It will be best to construct carp-ponds in the midst of fertile fields,
surrounded by gentle hills, protected against the east and north winds
and quite open towards the south, so that during the day the sun may
shine on them and heat them. The most favorable bottom is clay, which
does not allow the water to filter through into the depths of the ground,
and which offers the greatest advantage for the development of rich
fish-food. Marshy or sandy bottom is not so good ; the latter especially
is very poor and particularly apt to let, the water filter through, unless
the entire bottom of the pond is covered with o thin layer of clay.  Shal-
low ponds are preferable to deep ones, because the prodl}ction of fish-
food does not depend on the quantity of water, bat on the exteut of the
bottom, and because deep ponds do not so easily reach the desired de-
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gree of temperature, and also require very high and broad and conse-
quently expensive dikes. - If ponds are constructed on strongly-sloping
ground, it may be recommended to coustruet several small and shallow
ponds, one above the other, in preference to one large pond which would
be very deep on one side. : ’

11.—CONSTRUCTION OF THE PONDS.

As a general rule it will only pay to construct ponds that need but
few earth-works. The best way is to use broad and flat valleys, with a
gentle fall, whose sides are high cnough to prevent ar injurious over-
flow of the water into the surrounding fields, and which in some places
approach so near to each other that it needs only short dikes to con-
nect them. Such -gentle valleys are found in nearly every part of the
country, unless it is absolutely level, and frequently they produce noth-
ing but a small quantity of sour grass. Frequently they extend with a
gentle fall for a considerable distance, 8o as to make it casy to construct
2 number of ponds one above the other, which is particularly advan-
tageous, because small and shallow ponds are, as o general rule, much
more productive than large and deep ponds. lu that case the ponds
can easily be drained, beginning at the lowest one, and be filled again
from the highest one. (Plate 1, Tfig. 1.)

In such valleys it will be casy to find the most suitable place for thoe
principal dike after, by simple leveling, thefall is ascertained and there-
by the size of the pond is determined. The pond is of course deepest
next to the dike, and gradually grows shallower towards the other side.
For most purposes it is best not to exceed an average depth of 2 mneters;
as a general rale ponds having an average depth of 0.50 to 1 meter are
the best; the outflow of the water must be carvied though the dike, and
a diteh of sufficient breadth and suitable fall must be sapplied for it.

The dike may be constructed of different material. - The simplest and
cheapest are carth-dikes which mecet all requirements, and which can
be constructed without hiring foreign laborers.  Weshall therefore con-
fine ourselves to a description of such carth-dikes.  Fven in wood and
stone dikes the main body of the dike is made of earth, which towards
the side of the pond is protected by a wall constructed of stones or ce-
ment or of beton. The principal use of such walls is to protect the dike
against the action of the waves in large ponds, whilst in small ponds
this protection may be obtained in a much simpler and cheaper man-
ner.

The best material for construeting the dike is clayey soil which does
not contain much sand.  Wherever such soil cannot be obtained, except
by going a considerable distance, the main body of the dike may bo
constructed of gravel or some other material, and be made water-tight
by a layer of clay 20 to 30 ecentimeters thick, which is either placed on
the side of the dike toward the pond, or is made inside the dike whilst
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it is being constructed. A gravel or sand-dike of course resists the
pressure of the water as much as one constructed of clay, and all that is
necessary is to prevent the water from oozing through Ly providing a
strong layerof clay. The first worlis to stake off the sole, or foundation,
of the dike, and clear away all grass, shrubs, &e. The same of course
applies also to the edges of the valley on which the dike is to vest. If
by this work an impenetrable foundation bas been laid bare, the con-
struction of the dike may be commenced at once, but if marshy soil or
gravel has been brought to light, it will have to be removed along the
entire extent of the ground which the dike is to cover, until firm, im-
penetrable soil is reached, Dbecause otherwise the water would ooze
through below the dike, thereby occasioning notonly a gradual decrease
of water in the pond, but also the slow but sure destruction of the dike.
As sool as suitable soil has been reached along the entire extent of the
dike, it is well, especially in dikes which are not very broad, to dovetail
the dike with the foundation. For this purpose two or more ditches
are dug along the entire length of the proposed dike and parallel with
its edges, measuring about 50 centimeters in breadth and depth; the
bottom of theso ditches is made broader that the top. Only after these
ditehes have been filled with the same material of which the dike is to
be construeted, which is well rammed down, the construction of the dike
is commenced. If the main body of the dike can only be constructed
of gravel or other porous waterial, the ditch nearest to the waterside
should be filled with clay, and, as the building of the dike progresses,

the layer of elay, referred to above, should be begun on this ditch and

continue through the entire dike. )
1t is of the utmost importance for the durability of the dike to giveit

the proper degree of consistency and shape. The sole of the dike must
be twice as broad asthe proposed height of the dike, and the top of the
dike should be half as broad as it is high. The slope and sole should,
therefore, form an angle of about 50 degrees. Steeper slopes are not
to be recommended, and there may be circumstances which make it ad-
visable to have an angle of only 45 degrees. The height of the dike
ed by the proposed depth of water. To avoid

will, of course, be regulat ‘
any damage to the top of the dike it may be well to make it a meter

higher than the normal height of the water.
Tt is important to select a suitable season and favorable weather for

constructing the dike. If the material is to gain some consistency, the
work must not be doue in frosty weather, nor when the weatheris very
damp. Ifitis unavoidable to work during wet weather, the material
of which the dike 18 ‘constructed must be thoroughly rainmed down,
which, of course, is bardly necessary when the soil that is heaped up
is dry and loose. To guide the workmen the outlines of the dike must
be staked out at distances of 2 meters by poles and laths. (Plate 1,
Fig. 2.)

It is absolutely necessary to have the work properly superintended ;

H. Mis. 67—70
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care should also be taken that no wood, roots, and other articles get
in the dike, which would gradually decay and cause the dike to shrink
in some places, thus diminishing its firmness, and making it possible
for the water to enter. Along the scarps and on the top of the dike
the soil must be well beaten down, or rammed down. After the dike
is finished it will take it some time to settle. No water should be let
into the pond till one-half year after the dike has been completed; and
if the dike is large, one whole year should be allowed.

‘While the earth of which the dike is constructed is beaped up, the
outflow pipe, to which 1 shall refer further on, must, of coarse, be in-
gorted and well rammed down in a bed of clay.

To protect the dike it is absolutely necessary to cover its scarps. The
simplest way to do this is to use square pieces of turf, cut regularly,
measuring from 30 to 40 centimeters on each side, and 10 to 15 centi-
meters in thickness. For this purpose thickly-grown turf should be
selected, with short fine grass, taken from black meadow-soil. The sod
had best be cut in moderately moist weather, and be laid, beginning at
the sole of the dike and progressing towards the crest, in such a manner
that the different pieces are joined closely together, the perpendicular
sides of the pieces of one row always standing in the middle of the
pieces of the contiguous row, on the same plan as bricks are laid (Plate.
1, Fig. 3).

The lowest row 1s embedded in the ground. On the pond side of the
dike, which to distinguish from the other side or the back is generally
called the front, it is well to make the cover of the dike up to the level
of the water of fibrous peat, wherever such can be obtained, as the grass
will generally die under the water, and the decaying of its roots will
tend to loosen the soil of the dike. The pieces of peat may be cut
larger and have a thickness of about 10 centimeters; they will form a
strong and durable cover which is not liable to decay. Both sod and
peat are fastened to the dike with pegs. For this purpose it is advisable
to use live branches of the basket willow, which soon take root and ecover
the scarp with a dense growth of willows whose branches may be cut
at stated times and be used for wicker work (Plate II, IFig. 4). The best
willows for this purpose are the Saliz viminalis, and for sandy or grav-
elly dikes the Saliz caspica. To keep the dikes in good repair, it is nec-
essary to examine them frequently, and immediately to repair any dam-
age, however small. Whenever the water has been let off, the scarps -
of the front of the dike should be carefully examined, and repairs made
at once wherever needed.

The bottom of the pond should slope towards its deepest place near
the dike, and should be as smooth as possible. Holes in which the
water might be retained, when the pond_has been drained, should be
filled up as much as possible. A porous bottom can be made impervi-
ous by placing on it a thin, even layer of clay. In large pouds a well-
defined pit of even depth (the fish pit) should be dug close to the dike;
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and the lower part of the outflow pipe should be on a level with the bot-
tom of this pit. To wake the pit more durable, its sides are frequently
lined with boards, and from it a ditch, gradualiy growing shallower,
should extend the entire length of the pond. In very large ponds
smaller ditches should start from the main ditch on both sides, forming
a sharp angle with it (Plate II, Fig. 5).

When the water is drained offy the fish will gradually retire to these
ditcbes and thence to the fish pit, where they can e caught with very
little trouble. As a protection against fish thieves, it is well to drive
into the bottom of the pond small posts at intervals of a few meters,
which should protrude 20 to 30 centimeters above the bottom, thus pre-
venting the use of drag nets. 'The best posts for this purpose are young
pine trces, which are freed from their branches and driven into the
ground at the thin end, a few centimeters of the branches being al-
lowed to remain round the top (Plate 1I, Fig. 6). If no pine trees can
be obtained, simple posts are driven into the ground and a number of
nails fastened to the top, whose heads, however, should not be very
sharp, to prevent the fish from getting hurt.

The arrangements for the ontflow of the water serve two different pur-
poses: first to drain the pond either in part or completely, and second

. to take off superfluous water caused by sudden rains or brought into the
pond from the ditches which supply the water.

The first purpose is served by sluices and taps, and the latter by weirs
and flood ditches. .

In many of the older ponds one still finds sluices such as are used in
mills (Plate I1I, Fig. 7). In new ponds it is not advisable to introduce
them, as they require a good deal of carpenter’s work, and easily get
out of repair. They, moreover, have this disadvantage,that, even when
they are only partly opened, the water rushes through the opening
with full pressure corresponding to the depth of the poud, carrying
with it fish and other objects, and if the opening is made larger carry-
ing away parts of the bottom and sides of the outflow ditch.

The tap outflow (Plate III, Fig. 8) consists of a pipe of wood, clay,
or masonry led right through the base of the dike, open at the end
which is outside the pond, but closed at the one projecting into the
pond. The width of bore of this pipe, which generally consists of a sin-
gle trunk of an oak or pine tree, is as a rule 25 to 30 centimeters, In
large ponds several such pipes are sometimes led through the dike side
by side. At the end of the pipe projecting into the pond one or sev-
eral meters, a conical hole of about 20 centimeters is bored in the top,
which may be closed by a tap of the same size. This tap is connected
with a strong pole which rises perpendicularly from the water. At
equal distances from this pole (about 30 centimeters) four-square posts
ave firmly driven into the Wottom of the pond, which rise to an even
height above the surface of the water, and to which horizontal beams
are fastened by means of which the pole may be raised or lowered, and
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be retained in any desired position by screws or bolts. -Up to the sur-
face of the water the four square posts are connected by horizontal
laths, which form a grating with intervals of 2 to 3 centimeters. This
is intended to keep out fish, leaves, &e. Above the surface of the
water the posts arc connected Ly closely-joined boards and protected
on the top by a roof. This whole contrivance, which, in large ponds
having several tap-outflows, assumes considerable dimensions, is called
the tap-house (Plata III, Tig. 9). In order to show the tap-pole the
upper boards have been left out of the drawing. Whenever the tap is
raised the water flows into the pipethrough the conical hole and through
the pipe finds its way outside the pond. Fish are kept back by the
grating. The tap-outflow is much cheaper than a sluice, but has the
same disadvantage that the water from the bottom of the pond flows
out at a high pressure and easily damnages the outflow ditch.

Of late years such outflows are in large ponds constructed of ma-
soury, and, instead of the taps, valves are employed which are raised
by screws. But even these outflow arrangements have the above-de-
seribed disadvantages. .

The so-called “monk” or stand-pipe outflow (Plate 1V, Fig. 10 and
Trig. 11) is without doubt the best outflow arrangement. Asin the tap
outflow, a horizontal pipe is Jed through the base of the dike. This pipe
may be constructed of masonry, but generally it is made square in shape,
of strong oak boards, which are carefully joined and thoroughly em-
bedded in tough elay. The height of the opening is generally 20 to 30
centimeters, the breadth the same in small ponds, whil$t in large pouds

“jt may be much larger; in this case, lowever, strong props should be
jnserted at intervals to support the roof of the pipe, and protect it against
the pressure of the soil on the top. At the end of this horizontal pipe,
which projects about 1 meter into the poud, a vertical pipe of the same
diameter is fastened, which projects about one meter above the bhighest
water-mark. This is, if necessary, supported by strong buttresses, and
its side towards the pond is open from top to bottom (Plate 1V, TFig. 11).
On the inside of the side planks two thin, but strong, strips are nailed
down, which form a deep and broad groove, in which run a number of
slosely-fitting boards, measuring 15 to 20 centimeters in height (Figs. 10
and 11). By the pressure of the water these boards are pressed against
the inner side of the groove, which should therefore be very broad, fast-
cned firmly, and—as well as the boards themselves—Dbe planed down
very smoothly. The boards, however, should have roon enough in the
groove to prevent their sticking fast and make it easy to remove and
insert them again. If Lroad “ monks?” are used, the side planks mast
of course be firinly joined by Lorizontal beams on the side towards the
poud. 1n orderto preventthe bending of the boards through the press-
ure of the water, the horizontal pipe should be divided into two halves
by a strong board, so that the center of the boards meet with a firm re-
sistance in this partition wall (Plate IV, Figs. 12, 13). In the center of



[9] UTILIZING WATER BY FISH-CULTURE. 1109

every board a strong ring of galvanized iron is firmly fixed by screws,
80 that the boards can easily be raised with a hook. Itis notadvisable
to make these boards higher than 20 centimeters, as in that case they
are difficult to handle, and whenever a board is raised the water rushes
into the ¢“monk ” with too great force. The very circumstance that the
water always flows off at the top, and consequently flows off with little
pressure, thus neither carrying fish away with it, nor injuring the bot-
tom or sides of the outflow ditch, is one of the principal advantages of this
arrangement. Another advantageisthis, that by means of the boards
the level of the water can easily be brought to the desired height, at
which it will remain ; and when the opening of the * monk ” is sufficiently
large, even large masses of water, occasioned by violent rains, are easily
led out in a very short time. To exclude the possibility of the fish es-
caping, a grate of galvanized iron is inserted in a wooden frame abave
the upper board. To prevent any unauthorized person from meddling
with the boards, the top of the “monk” is closed by a lid ou hinges.
To prevent the stopping up of the grate by aquatic plants, dead leaves,
and other articles of the kind carried along by the current, which mostly
float on the surface, or immediately below it, it may be recommended to
place a box constructed of two boards joined at a sharp angle in front of
the pond side of the perpendicular outflow pipe. This box should rise
20 centimeters above the highest water-mark and be as far distant from
the bottom of the pond. The water will then unhindered flow into the
“ monk,” whilst all objects floating on the surface will gather in the box,
whence they can easily be removed from time totime. After it bas been
ascertained what time it takes the level of the pond—after one of the
boards has been removed—to sink to the edge of the next board, one
will always know in what time the pond can be drained, which is of con-
siderable importance, as sometimes the fisheries have to take place at
a certain time. )

The outer end of the horizontal outflow pipe (both in the “monk,” and
in the tap outflow), after it has left the dike, is generally extended 1to
2 meters, in order to prevent damage to the dike such as being washed
out from below. It will also be well to cover 1he first 5 to 10 meters of
the bottom of the ditch with stones to prevent the ditch from being
washed out, which might easily cause its walls to tumble down, -

As wooden pipes will keep best when under water, it is advisable to
place a small sluice in the ontflow ditch, high enough to keep the out-
flow pipe under water all the time. When the pond is drained this
sluice must, of course, be removed, so that the bottom of the pond may
be laid entirely dry.

In ponds located in level country *monks” of saitable width will
suffice to quickly lead out the superflunous water and maintain the nor-
mal level of the pond, even during violent rains or when the snow melts
in spring. Ponds located between mountains or hills, or those fed by
brooks or rivers which are apt to overflow, must be protected against






