XL.—THE ARTIFICIAL FEEDING OF CARP.

BY CARL NICKLAS.

The rational feeding of carp, and in fact of all fish, is possible only
when, like the feeding of domestic land animals, it rests on a scientific
Lasis; and when, in accordance with such scientific principles, the
various nutritive matters are given to the carp in such proper propor-
tion as its nature demands.

Starting from this point of view, I made an attempt as early as 1879,
in my textbook of Pond-culture,t to establish a proper rule for teeding
carp, and have reached the conclusion that the most rational one is to
reckon to each 1,000 pounds of live carp 9 pounds of dry substance,
containing 4 pounds of albumen, 2 pounds of hydrate of carbon, inclusive
of fat, which would make the proportion of nutritive matter 20 to 1.

The proportion of nutritive matter is exceedingly close in itself, and
still more so if compared with the food standard of land animals; and
the demand for hydrate of carbon is consequently very small.

The quantity corresponds to the demand for food by 1,000 pounds of
live hiogs, if the greatest possible quantity of flesh and fat is to be pro-
duced. 1 was of opinion that I must make the standard quantity of
albumen the same as that demanded by the hog, and I did this for the
purpose of not making it too low, remembering the fact that the hog is
the most voracious of our domestic animals, requiring more food in pro-
portion than any other, and that the rapidity of its growth resemibles
that of the carp.

The proportion of nutritive matter, and the demand for hydrates of
carbon, is based on ealerlations made with data obtained trom careful
observations made by Miller and Bausignault, ax to the quantity of car-
bon received in the body and exbaled from it, and on practical feed-
ing experiments wade on a full grown sheep at the agricultural station
of Wende.d

According to Miller the following quautities of carbon were exhaled

* Kiingiliche Fiitterung der Ifarpfen. Vow Giiter-Inspector Carl Nicklas. From
“ Deutsche Fischerei Zeitung,” Vol. V, Nos. 36, 38, 40, 43, 45, Stettin, September b and
19, October 3 and 24, and November 7, 1852, —Translated from the German by IHHERMAN
JACOBSON.

t Lehrbuch der Teichwirthschaft, pp. 201-225.

t Dr. E. Wolfl': ‘¢ Fiitterung der landwirthschaftlichen ANutzthiere,” 1874, p. 35.
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per 100 pounds of living weight during fwenty-four hours: by the tench,
12 grams; the frog, 43.5 grams; man, 146 grams; a pigeon, 1570 grams;
which would give the following proportion: 1:3.0=12:114,

These investigations show an astonishingly small quantity of carbon
exhaled by fish, as represented by the tench.  As the quantity of car-
hon exhaled varies aceording to the quantity received withh the food, it
results from these investigations—whiclr agree with those made by
Bousingault and in Wende—that the quantity of hydrates of carbon
mentioned in the rale for feeding is hardly too low,

This small demand for hydrates of carbon is explained as follows:

1. In warm -blooded auimals a considerable portion of the carbon re-
ceived with the food is used for producing warmth, as in conjunction
with the oxygen inhaled it occasions the burning of fat in the animal’s
Dody.

This demand does not exist in fish, as the body possesses no lheat of its
own; the demand for hydrates of carbon is limited to the guantity
required for burning those substances which in the process of life be-
come waste matter; and the quantity of carbon required for this pur-
pose is of course very small.

2. Compared with land animals, fish mwake a small outlay of strength
in locomotion. Even for standing quietly the land animal makes use of
" the muscles, and when walking requires them to support the weight of
the body, but fish may float in the water or rest on the bottom without
any special effort, because the water, its weight being equal to their
own, holds them up.

This will become self-evident when we think of the ease with which
a man can wove a raft in still water, whilst on land he would hardly
be able to move a single log of this same raft. It is true that swim-
ming very soon tires a man, but this is not owing to the amount of
strength required for the exercise, but simply to the fact that those mus-
cles which come into play arc not accustomed to this kind of exereisc-

The circumstance that fish need much less exertion for their usual
motions than land animals is an explanation of their small demand tor
hydrates of carbon and fat in their food. If, as is fully establisbed, hard
work does not so much promote the destruction of albuminous matter
in the animal body as it intensifics the burning of hydrates of carbon
(which demands an inercase in the quantity of oxygen inhaled by the
respiratory organs, which again creates greater heat, of which, how-
ever, a larger quantity is expelled from the body simultaneously with
a greater evaporation of moisture), the contrary must be the case under
the conditions of the lite ot fish.

3. The elementary composition of the carp also favors a small de-
mand for hydrates of carbon, for, according to Dr. Konig, of Miinster,
this composition does not contain any substances free from nitrogets
and, according to Prof. E. Wolff, the carp only possesses 4 per cent. 0
extractives (Ewxtractivstoffe). The difference between the investigation$s
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of these two paturalists has no bearing on the question before us, and
we will, therefore, leavo it undecided which of the two is correct.

Cowmypared with land animals, tish can, therefore, in an cqual quantity
of food, obtain more albuminous matter than the former, and thereby
also attain to a larger growth, as, up to a certain limit, the formation
of flesh and fat in the animal body increases with the increased quan-
tity of albuminous matter contained in food.

If we further compare the proportion of the various nutritive sub-
stances contained in the natural food of the carp with that found by
us as the standard of food, this standard will be found to be correct,
even when viewed from this standpoint.

The natural food of carp consists of worms, maggots, larve, snails
beetles, and other insects. Of these only the beetle and a number of
other insects have been examined as to the quantity of nutritive mat-
ter contained in them, and they have been found to contain on an av-
crage 95 per cent. of nitrogenous matter, which would correspond to a
putritive proportion of 1:0.05. This proportion in cockchafers is given
by Professor Wolff as 1: 0.6.

As regards the worms, snails, &c., we possess no data, at least none
have come to my knowledge. The effect of these animals when used
as tood for fish, however, shows that they must contain a considerable
quantity of nitrogen. Thus the ¢ Deutsche Fischerei-Zeitung,” 1880, p. 25,
maintains that by feeding trout on worms their weight can be increased
in one year from three-fourths of a pound to 23 pounds. Although this
may be somewhat doubtful it nevertheless shows that the quantity of
nitrogen contained in worms is very similar to that contained in beetles
aud other insects.

As regards feeding fish on snails, Dr. Molin says, in his Rationellen
Zucht der Siiswcasserfische, p. 13, that Commander Desme had a pond
containing 150 hectoliters of water on his farm at Puygirard, in which
he fed young salmon and trout on pounded snails, by which method of
feeding he increased their weight on an average by 1 pound per fish.
It may, therefore, be safely assummed that the quantity of nitrogen in
snails is not materially less than that in worms. )

As earp take the above-mentioned articles of food mixed, and as some
of them consist exclusively of nitrogenous matter, and, as in most of them,
the proportion of nutritive matter is a very close one, the standard of
food laid down by me will also, from this point of view, have to le
acknowledged to approach very closely to the natural food of the carp.

I bave started my theory from the fact, which I know from actual ex-
Perience, that the food of the carp is principally animal and not vege-
table matter, and I find that in this I agree with most of the practical
pisciculturists; but I differ from tho views of Professor Nawratil
(Oesterreichisch- Ungarische Fischerei-Zeitung, 1880, No. 35)* when he as-

* The Fischerei-Zeitung, formerly publisbed in Vienna, is now discontinued, and not
1o bo confounded with the first Ocsterreickisch- Ungarische Fischerei-Zeitung.
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gerts that carp, from their third year, live principally on fresh and de-
caying vegetable matter. This is contradicted by the experience that
they are easily raised in ponds which contain but few plants, and by
the circumstance that, if aquatic plants formed the exclusive, or even
principal food of carp, vegetation would, in some ponds, be utterly
destroyed in a few days after they had been stocked with carp, or at
any rate in a couple of years, as carp are particularly fond of young
shoots, which, by the way, show a pretty close proportion of nutritive
matter. Such an occurrence, however, I have never yet been able to
observe, nor has it been observed by any other pond-culturist ; whilst,
on the other hand, it has frequently been observed that in carp-ponds
vegetation becomes so rank and luxuriant that it has to be checked-
As long as decaying vegetable matter has not been examined as to the
quantity of nutritive substances contained in it, no opinion can be
formed as to its suitableness for carp food.

My own observations have taught me that the carp only takes t0
vegetable food when absolutely no animal food can be procured.
have not yet been able to ascertain whether the carp actually eats and
digests decaying vegetable matter, because all I have so far been able
to observe has been that the carp often swallows such matter, bub
almost immediately ejects it again, perhaps after having devourec
worms and insects clinging to such matter.

When I began to make the attempt to fix a standard of food, based
on the analogous theory of food of land animals, but keeping in view
the difference in the nature of fish and these animals, my object was to
provide some aid to pisciculturists, and more especially to carp-cnltur
ists, in the artificial feeding of fish, so as to enable them, to some exte_“t’
to calculate results; and as this standard is not intended to farnpish
anything but such an aid, it is not necessary, in mixing food, to be f"b'
solutely exact in observing the quantities given by e, as, in mixing
the food of domestic land animals, such exactness is not essential. ThQ
quantitics should, however, approach those given by me, and it would
be wrong to increase the proportions three or four fold. Even if such
an incrcase (presuming there is a suflicient quantity of albumen) might
not affect injuriously the nutritive quality of the carp food, it would at
any rate involve a waste of hydrates of carbon, which, when they have
to be bought, make the food more expensive, and will more or 1ess de-
crease, or even entirely do away with the revenue. More than &
hundred observations as to the food and feeding of carp, made by 1°
in my piscicultural establishment, have proved to me the approxim“te
correctness of my standard of food, but have also shown that the
quantity of nutritive matter per 1,000 pounds of live carp, might be
less than has generally becn supposed.

Caleulations made on the basis of my standard of food and givel
my Lelwbuche der Teichwirthschaft, p. 219, showed that 1 kilogl‘?m 0
meat flonr (Futterfleischmell), which contains 0.692 kilograms of digestl”

y in
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ble albumen, and 0.112 kilograms of digestible hydrate of carbon pro-
duce 1 kilogram of albumen or 1.428 kilograms fish-flesh; later observa-
tions, however, have shown that cven a smaller quantity is sufficient to
produce this result.

Thus, experiments in feeding, made on a large scale on the estate
of Plan, in Bohemia, and.described in the above-mentioned Oster-
reichisch- Ungarische Fischerei-Zeitung, 1880, No. 32, and 1881, No. 19, and
carefully reviewed by me in the same journal, 1881, Nos. 23-30, showed
that, in order to produce 1 kilogram of carp flesh, there were required
0.496 kilograms of albumen, which quantity is contained in 0.664 kilo-
grams of meat flour; in other words, 1 kilogram of albumen produced,
in round figures, 2.200 kilograms of carp flesh, and 1 kilogram meat
flour produced 1.540 kilograms of carp flesh.

In making these experiinents there were fed in a pond of 2.41 hectares
1,150 young fish, and in another pond of 4.56 hectares 2,240 young fish,
averaging 30 grams apiece in weight. The food consisted of a mixture
of meat-flour, blood, malt, and flour. Nothing is said respecting the
guantities of the different ingredients; all that we could learn was,
that 4 kilograms albumen had been fed per 1,000 kilograms of living
weight, and that the proportion of nutritive substances had been
Nh: Nfr=1: 1.95, and also that in this mixture the kilogram protéine
had cost from 84 to 83 pfennig [about 19 or 20 cents].

These experiments, therefore, were only made respecting the quantity
of albumen, on the basis of mny standard of food, whilst the proportion
of the nutritive substances was four times greater than the one pre-
seribed by my standard, thus involving a very considerable waste of
hydrates of carbon. But as the proportion of nutritive substances
is increased, the amount of albumen remaining the same, the quantity
of flesh produced will be smaller, aud the above favorable result, ob-
tained in spite of an increased proportion of the nutritive substances,
only goes to show that, if this proportion had been smaller and more
like the one prescribed by my rule, the fish-flesh produced would have
been still greater.

My criticisms of these experiments were violently assailed by the
superintendent of the Plan ponds, but they could not be effectually met
by him, as he,leaving the subject proper, attacked the rule of feeding
itself. In doing this, however, he did not venture to assail the scientific
basis on which this standard rests, and consequently it could not be
shaken. I have therefore left the article in question unanswered, and
have quietly waited to see whether other pisciculturists would express
their approval of the views contained in said article, to do which they
were directly asked in the article itself. But so far no such approval
has been given by any one, which, 1 think, sufficiently refutes the attack
on my standard. :

In that attack thefollowing were the most serious objections presented:
(I) that the quantity of food was too small; (II) that the required pro-
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portion of nutritive substances could only be obtained if pure meat-flour
was used ; (III) that the cost of the food was too high compared with
the results obtained.

‘We have already shown that the quantity of food is not too small, but,
if anything, too great, and this has been proven by the experiments
made, to the entire satisfuction of every one, except my critic.

The assertion that a quantity of food which is enough for that animal
which is well known to need the greatest quantity of food, is not sufli-
cient for fish, especially for carp, is so entirely at variance with the
organism of fish, their powerful digestion, &c., that, if scientific re-
searches ever prove the necessity of modifying my standard of food, the
modification will certainly not consist in inereasing the quantity of food,
especially of albumen; although, on the other hand, 1 will not deny
that there is a possibility that a larger proportion of the nutritive sub-
stances may be found to be better adapted to the purpose.

It is possible that as fish, compared with land animals, have very
little demand for oxygen, a much larger portion of the hydrates of car-
bon, and of the fat received by the body—Dbecause not burned for the
purpose of producing the heat of the body—is, instead of being expelled
from the body as useless, utilized in the formation of flesh and fat. Too
great a quantity will, therefore, act less injuriously on the utilization of
the proteine, received with the food, than in land animals. We should
not, however, be justified from this circumstance in drawing the conclu-
sion that a larger proportion of nutritive substances than that found by
me would be the most favorable and profitable proportion for the carp.
It is doubtful whether sufficient light will ever be thrown on this sub-
jeet by direct experiments on carp, because this would require a com-
plete collection of all the excrewments, and their chemical analysis, whicl,
with fish, would bo an exceedingly difficult matter, considering the fact
that no way has as yet been found to make a (,omplete collection of all
the solid and fluid excremecuts of » domestic land animal like the hog-

All the experiments in feeding known to me have yiclded higher
results than the calculations based on my standard of food—0.7 kilo-
gram of albumen for 1 kilogram of fish-flesh. I think that this was
caused Ly the circumstance that, in mixing the food, I calculated the
digestible albumen and the hydrates of carbon (according to I’rof. Iim.
Wolff) which were produced by the digestion coefficient (verdaungs-
coéfficienten) for the land aniwmals, whilst it is well known that carp pos-
sess o much greater power of digestion and ability to extract than
land animals. In using my standard of food this would only prove the
calculations not exact, by increasing the profit, but not by diminishing
it; and this would cause, not an increase, but a decrease of the stand-
ard nutritive substances.

These and similar thoughts rise in my mind in eonnection with this
subject; but I am of opinion that all such considerations may be left
to the investigation of specialists.
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More than a hundred observations made in the piscicultural estab-
lishment of Mr. Kuffer, in Munich, have satisfactorily proven that the
quantity of my standard was entirely sufficient. Mr. Kuffer daily feeds
100 to 125 kilograms of trout with only a few handsful of roe and fish
entrails in addition to a bleak about 10 centimeters in length to cach
trout. Thereby he has, for more than twenty years, obtained o daily
increase of 1 kilogram for each 100 kilograms live weight. In secking
to ascertain the weight of the dry substances and the putritive wmatter
contained in them per 500 kilograms live weight, in this kind of food
and in the above guantities, one will come very near to the figures of
my standard of food. In making similar experimments, principally with
clieap, lean portions of meat which are generally used for feeding fish—
following herein the rule laid down by & well-known authority, Living-
ston Stone (see Von dem Borne Fischzucht, first edition, p. 73),according
to which 2.5 kilograms of meat produce 0.5 kilogram of fish flesh—one
will arrive at similar results. The quantity of albumen contained in the
above quantities agrees with my calculations that 1 kilogram of meat-
flour produces exactly 1 kilogram of fish-flesh. Al similar analyses of
food which have come under my notice in a number of piscicultural and
scicutific journals, and which have produced particularly favorable re-
sults, have conflrmed the practical correctness of my standard of food.

That the standard proportion of nutritive substances, Nh: Nfr=1:0.5,
can only be obtained when pure meat-flour is fed, will become clear
when one remembers that, according to Professor Wolff, the proportion
of nutritive substances in meat-flour is only 1:0.4, and that conse-
quently it needs an addition of some food containing hydrate of carbon
in order to produce the desired proportion. That a mixture of food
showing the required proportion may be obtained at a comparatively
small expense will be seen from the following facts:

In the food used at Plau the kilogram of albumen is said to have
cost 84 to 88 ptennigs 121 or 22 cents]. This must be considered dear;
vet it cannot Le owing to my standard of food, but to an irrational
method of mixing the food. Nevertheless, in spite of this great expense,
the results show a very considerable profit. It required 0.496, or, in
round figures, 0.03 kilogram of albumen, costing 44 pfennigs [11 cents]
to produce 1 kilogram of fish flesh. Calculating the price of 1 kilogram
of carp at 100 pfennigs [25 cents], we get 2 net gain of 56 pfennigs [14
centi] per kilogram, which can only be accounted for by the method of
feeding employed. If, Lowever, the meat-flour had only been mixed
with some binding soil, such as elay, which was frequently done in olden
times, our calculations would be as follows: tlie price of meat-flour
uries from 11 to 18 marks [82.61 to $4.28] pérhumlred weight; supposing
it to cost 18 marks [84.23], the kilogram would cost 36 pfeunigs [9 conts],
and connting 4 pfennigs |1 cent] for preparation and soil, the cost would
be 40 pfennigs [10 cents].  As we have seen above, 0.664 kilograms of
meat-flour produce an increase of 1 kilogram. The kilogram of fish
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flesh, therefore, cost 0.664 x 40, which is 26.56 pfennigs [about 6 cents]-
In the market it would bring at least 100 pfennigs [25 cents], and in
former times it would have brought at least 120 pfennigs |30 cents].

Let us now take a second mixture., Suppose that we feed to 300 kilo
grams of carp per day, 4.807 kilograms of fish-flour and 1.411 kilograms
of wheat-Hour of the second guality. This contains 2.174 kilograms of
albumen and 1.247 kilograms of hydrates of carbon, inclusive of fat;
this latter substance reduced to the value of respiration (Respirations-
werth). We now get 1:0.56 as the proportion of nutritive substances,
which agrees with my standard. The cost of this mixture, including
its preparation, which simply consists in adding water, making a tough
paste, and trying it, would be as follows:

Cont.

4.807 kilograms of fish-flour at 30 pfennigs (74 cents] .. ... .o oo oLl 36
1.454 kilograms wheat-flour at 44 plennigs [11 cents] ..o o oo il 15
52

One kilogram of albumen, with the hydrates of carboun belonging to
it, therefore, costs 96 pfennigs [24 centx]. If this produces 2.2 kilo-
grams of carp flesh [at 43 pfeénnigs per kilograin] we get, supposing
the price of carp to be 100 pfenuigs |28 cents] per kilogram, a net gain
of 57 pfennigs [14 cents] per kilogram of increase.

If we wore to base this caleulation on the result given in my manual,
which is that 1 kilogram of albumen, with the corresponding quantity
of hydrates of carbon, produces 1.428 kilograms of carp tlesh, the cost
of the kilogram would be 56.8 pfennigs [14 cents], and the net gain
per kilogram of increase would, therefore, be 31.2 pfennigen [about S
cents).

A third mixture of food is as follows: 2.890 kilograms of meat-flour
and 1.451 of wheat-flour, containing 2.174 kilograms -of albumen and
1.341 of hydrates of carbon, inclusive of fat, with a proportion 1: 0.7 of
nutritive substances; the kilogram of albumen, at the above meuvtioned
prices, would cost 72 pfennigs {18 cents]; the net gain per kilogram
of varp flesh produeced by food would, therefore, be 67.3 plennigs [17
cents]. The proportion of nutritive substances is somewhat larger than
in my standard, but may still be considered suitable.

A fourth mixture is as follows: 2 kilograms of wheat bran, and 9
kilograms of fresh blood, containing 1.971 kilograms of albumen and
1.012 kilograns of hydrate of carbon, inclusive of fat; the proportion of
nutritive substances is theretore 1: 0,594, Counting a kilogram of wheat
bran at 20 pfennigs [5 cents] and a kilogram of blood at 5 pfennigs, this
food costs, in round numbers, 85 pfennigs [21 cents], and the kilogram
of albumen, in round numnbers, 43 pfennigs [about 11 cents]; the net
gain per kilogram of increase is therefore 80 pfennigs [20 cents].

Respecting this mixture, it may be mentioned that in the old Oesler-
reichisch- Ungarische Fischerei-Zeitung 1880, p. 139, it is stated that, dur-
~ ing seven suwnper months an increase of 1.5 kilograms per fish was ob-
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tained.* The mixturc was prepared in the following manner. A paste
was formed by the bran and blood, which was rolled into large balls.
These balls were placed under the water near the banks of the poud, at
a depth of about 30 centimeters, in places exposed to the sun. In the
main pond the carp were therefore always fed in the same places,
and the carp soon showed a preference for being fed in these places.
Small aquatic animals also get their share of this food, and as they in
their turn serve as food for the carp, nothing is lost; which also is true
of most articles of fish-food.

A fifth mixture would be as follows: 1 kilogram of sprouting malt,
0.5 kilogram of wheat bran, 1 kilogram of meat flour, 6 kilograms of
Llood ; containing 2.040 of albumen and 1.048 kilograms of hydrate of
carbon, inclusive of fat.  In this the proportion of nutritive substances
is 1:0.01.

The expense would be about as follows: 1 kilogrum of sprouting malt,
10 pfennigs [24 cents]; 0.5 klloguun of wheat bran, 10 pfeunigs; 1
kilogram of meat-flour, 36 pfennigs; 6 kilograms of blood, 30 pfennigs;
total, 86 ptennigs [2134 cents]. The kilogram of albumen would, there-
fore, be 43 pfeunigs; yielding a net profit of 80 pfennigs [20 cents] per
kilogram of increasc.

If we were to base this calculation on the results above mentioned,
as given in my manual—1 kilogram of albumen with the corresponding
guantity of hydrate of carbou produces 1.428 kilogramscarp flesh—thenct
gain per kilogram of increase would be: In the second mixture 31.2 pfen-
nigs [about 8 cents]; in the third, 50 pfennigs [124 cents]; in the fourth,
60 pfennigs, and in the fifth, also, 60 pfennigs. In considering the
profits calculated in the above, we must remember that the market
price of 100 pfennigs [25 cents) per kilogram of carp flesh is very low,
whilst the cost of the food has been set rather bigh., Blood may be ob-
tained from slanglhter-houses for a few pfennigs a bucket, and often it
is freely given away. It follows further that cven if the results of the
standard of food given by me weresmaller than those mentioned above—
which I am firmly convinced, however, will never be the case—there
would still Le considerable profit.

I could increase the number of recipes for food very counsiderably, but
I think that those given will be sufticient to prove that mixtures ot food
can be produced with the proportion of nutritive substances given in my
standard. As this proportion is very close, some articles of food con-
taining a good deal of unitrogen should be added to all mixtures. As
the most proﬁtab]e of such articles of food, and those most readily taken

* Unfoxtmmtely nmbhm tho quantity of the mmtuw uor its plopmtlon is given ;
nor is it stated what was the productiveness of the pond; we, therefore, are not able
to ascertain how much of tho L5 kilograms obtained must bo ascribed to the produc-
tiveness of the pond. It may bo supposed, however, that the quantity of food is less
than in the mixture mentioned just above, which colle‘xp(mds with my standard of
food. It must also be remombered that the fish were not fod every day.






