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I. History of Pond Cultivation 

Since ancient times, man has appreciated fish as food and constructed 
ponds for marine and fresh-water fish. In the beginning, this practice 
probably had as its sole purpose to keep fish caught in the sea, lakes, 
and rivers alive for some time. Yet it was observed very early that fish 
kept for a certain period of time under controlled conditions would grow 
to valuable size and reproduce. Thereby, it may even have been noticed 
that the carp was especially amenable to this kind of treatment. Its extra
ordinary capacity to adapt to given conditions enables it to grow well 
in both a fairly rigid climate and in the tropics. So it is quite under
standable that among the fish species that can be cultivated in ponds, 
the carp has played an important part since remote times. 

Fish production in ponds, especially of carp, flourished in Europe 
during the Middle Ages. Notes and descriptions of pond constructions 
are known from the age of Charlemagne (ninth century). European pub
lications about fish culture are, however, known only as early as the 13th 
century. An elaborate handbook was compiled by Janus Dubravius, 
bishop of Olmütz (1486-1553). In the carp rearing of those days a sharp 
separation of the age classes was not yet practiced. Most of the fish were 
left in the ponds for several years, and only the largest specimens were 
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harvested. Rearing and finishing ponds and their different functions were, 
however, fully appreciated. It was also recognized that, after the pond 
area had been in use for some years, draining it for the duration of a 
summer was most remunerative. 

In the sixteenth century, fish cultivation was most important. Almost 
every monastery was provided with carp ponds. The Thirty Years' War 
(1618-1648) caused a certain setback, yet pond rearing flourished again 
in the eighteenth century. When, around the turn of the nineteenth 
century, quite a number of monasteries disintegrated, many ponds dis
appeared with them. In the second half of the nineteenth century, fish 
cultivation underwent a new boom through progressive pond owners 
like Thomas Dubisch and Joseph Susta, who shortened the turnover 
period to 3 to 4 years, whereas carp previously reached full eating size 
only after 5 to 6 years. At that time, separate rearing of different year 
classes started. The introduction by Dubisch of spawning ponds for carp 
should not be forgotten, as it made a yield control possible. 

Trout cultivation is much younger than the raising of carp. In a true 
sense, it did not exist until the artificial propagation of trout was intro
duced for the first time by Stephan Ludwig Jakobi toward the end of 
the eighteenth century. In spite of his publishing his findings, his dis
covery remained in oblivion. Not until 1842 were these experiments 
taken up by the French. In 1854, an establishment for artificial fish 
cultivation was founded in the Swiss canton of Hünningen, after which 
many similar establishments were copied. Enormous progress followed 
the introduction of rainbow trout and the char (brook trout) from the 
United States at the end of the nineteenth century. Present-day trout 
cultivation owes its start and progress to the rainbow trout, as this species 
reproduces easily and can readily be reared to food fish size with arti
ficial feeding. 

Since the turn of the century, fishery science has greatly contributed 
to further the development of fish cultivation through yield studies and 
research in the area of feeding and fertilizing, as well as through com
bating fish diseases. 

II. Cultivation of Carp and Trout 

A. C A R P 

Because the carp originated in a warm climate, it grows best in large, 
shallow ponds (maximum depth, 1.30 meters) which are only slowly 
replenished, so that the water may warm up well. From May to June, 
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the brood fish are placed in small, shallow ponds, mostly in locations 
where they are particularly well protected against detrimental weather 
influences. After breeding, the parent fish are immediately removed. The 
fry, which hatch after a few days, are transported to shallow, plankton-
rich rearing ponds, in which they remain until the fall or spring. Here 
the summer-old carp ( K i ) reach a weight of 35 to 50 grams. In the 
second year, they grow in larger ponds to about 500 g. ( K 2 ) . After their 
third summer, they weigh 1500-2000 g. ( K 3 ) . They are then ready for 
the market. 

This procedure applies to the Central European summer. In regions 
with warmer and longer summers, as in Hungary or Yugoslavia, the carp 
reach the required market size as early as their second year. The plant 
fish, when not kept together with Ki, as is the case in rearing ponds, are 
during the winter season transferred to deep winter ponds with a de
pendable flow of water protecting them against freezing. The finishing 
ponds are drained during the winter after the fishing and are not pre
pared, limed, and fertilized until prior to the stocking next spring. 

The young female carp reaches spawning maturity in its fourth 
summer under Central European climatic conditions, the young male 
as early as its third summer. Due to their early spawning maturity, the 
males stay behind the females in growth. 

By balancing stock weight and the number of fish specimens planted, 
the pond operator can largely control the return, provided that the 
natural production of nutrients in the pond is taken into account. The 
lowest yield, 20-50 kg. hectare, is reached without artificial fertilizing 
and feeding. As will be shown later, considerably increased returns may 
be obtained through the latter means. Thus, an average harvest of 400 
to 450 kg. hectare would be normal in intense cultivation. When favorable 
conditions prevail, such as furnishing nutrients through manure effluent 
or a high feeding rate and optimum water temperatures, peak yields of 
600 to 900 kg. hectare have been procured. In Hungary and Yugoslavia, 
the hectare yields are higher than in northern Germany, for example, 
due to more favorable climatic conditions. Extremely high returns (up 
to 1600 kg. hectare) were obtained in ponds with a mixed stock (Misch-
besatz) or in establishments devoted to a specialized raising of stockfish 
of specified sizes by means of intensive feeding. 

On the basis of many years of experience, four yield categories are 
registered for carp ponds in Germany based on an average starting weight 
of the stock of 350 g. per individual. 
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When deviating from the normal stocking weight, the average growth 
of the individual specimen differs, and with this the annual natural 
growth per hectare. There is a considerable increase in natural growth 
(approximately 140%) with a stock consisting of summer-old carp ( K i ) 
exclusively. An individual growth of up to 300 g. may be obtained. 

TABLE I 
GROWTH IN CARP PONDS OF YIELD CLASSES I - I V

A 

Growth (Kg./hectare) Class I Class I I Class I I I Class I V 

"Natural" growth 
Growth through artificial 

feeding 

4 0 0 - 2 0 0 

4 0 0 - 2 0 0 

2 0 0 - 1 0 0 

4 0 0 - 2 0 0 

1 0 0 - 5 0 

3 0 0 - 1 5 0 

5 0 - 2 5 

2 0 0 - 1 0 0 

Total growth 
Average individual growth used 

as basis in calculations 
(in grams) 

8 0 0 - 4 0 0 

1 2 5 0 - 1 0 0 0 

6 0 0 - 3 0 0 

1 0 0 0 

4 0 0 - 2 0 0 

1 0 0 0 - 7 5 0 

2 5 0 - 1 2 5 

7 5 0 

<* From Schäperclaus ( 1 9 3 3 ) . 

Β . T R O U T 

The rainbow trout is the sole salmonid species used for cultivation. 
Corresponding to its native habitat in rapidly flowing mountain brooks, 
it requires deeper ponds (1.30-2 meters) with cold water (in summer 
not above 20°C.) which must constantly contain sufficient oxygen. In 
contrast to the carp pond, that for trout is small, and in shape and in 
construction it resembles an artificially sectionalized brook. In trout 
cultivation, too, the final return depends on the selection of the spawning 
fish. At the time of sexual maturity (January/April), the eggs are ob
tained by stripping young females (2,000 eggs per kg. mother females) 
(Fig. 1) and are mixed with milt procured from young males. After 
this fertilization, the eggs are hatched in troughs or cases through which 
is circulated cool, oxygen-rich water. The hatching time depends largely 
upon the water temperature. In addition, the oxygen content, the degree 
of illumination, and the age of the parents play a certain part. As soon 
as the hatched fry can swim and eat on their own, they must be fed. For 
this purpose, they are transplanted to rearing ponds (Fig. 2 ) if they 
were not hatched in large oblong troughs with circulating water. 

As primary food, the brood gets minced spleen or brain. Very soon, 
more coarse food can be given, such as lake fish, fish waste, fish meal, 
trash fish, and crustaceans. The food is prepared in food kitchens, pro
vided with meat grinders and mixers to suit the size of the fish. The 
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FIG. 1. Stripping of trout. 

FIG. 2. Brood ponds for trout. 
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denser the fish population in the pond, the richer and the more frequent 
is the feeding required. In intensive trout farming, the fish is wholly 
dependent on artificial feeding. Natural ponds with little additional 
feeding are becoming increasingly rare. In France, cultivators some
times even resort to ponds with concrete-covered sides and bottom so 
that even the exterior of the ponds indicates that they are fish "stables." 
The advantage, as compared to natural ponds, is said to be that they 
are easy to keep clean and can be disinfected in case of diseases among 
the fish. 

In natural ponds, the stock numbers between 3 and 4 trout per square 
meter, which with intensive feeding can be brought up to 100 specimens 
per square meter. As the food consumption and appetite of the fish are 
closely related to the temperature, the operator feeds accordingly from 
one to four times daily. Through a selection of rapidly growing speci
mens with high food conversion, it has been possible to obtain, by means 
of intensive feeding, food fish of 200 g. within 15 to 18 months. The size 
of trout for food purposes depends upon the market demand. In Ger
many, for instance, one distinguishes between the following sizes of food 
trout: dinner trout, 130-170 g.; portion trout, 200-500 g.; salmon trout, 
500-2000 g. 

III. The Biological Basis for Pond Culture Productivity 

A. M E T A B O L I S M A N D G R O W T H O F P O N D F I S H 

Fish culture in ponds differs essentially from fisheries in natural 
waters in one respect. The return of the water areas is augmented 
through adequate measures. There are two ways of doing this: either 
the basic production capacity of the pond may be enhanced through 
artificial fertilizing and pond care, and in this way the natural food for 
the fish may be multiplied; or the natural food may be supplemented 
or substituted with artificial food. In both cases a knowledge of the 
basic nutritive requirements of the pond fish is needed. 

From the point of view of pond cultivation economy, the metabolism 
of the fish consists of two components: part of the metabolism serves to 
sustain the body of the fish and its functions, the other part enters into 
the growth and further development. Needless to say, the second func
tion is the primary concern of the pond owner. The degree of food con
version depends on a number of factors, the most important being the 
temperature. Fish, being cold-blooded within certain limits, follow the 
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Van t'Hoff rule in their consumption of energy. An increase in temper
ature of around 10°C. almost doubles the energy metabolism. In the 
same way, growth is related to temperature, an increase in rate taking 
place only as long as the optimum is not reached. For brook trout, this 
is around 20 ° C , while carp probably have a much higher optimum. Also, 
the nutritive needs of the fish are related to the environmental temper
ature of the pond water. Thus, for instance, the food requirements of 
pond fish vary greatly in Central Europe because of temperature fluc
tuations. These circumstances must always be taken into consideration 
in preparing feeding charts. 

An important question from the practical point of view is the relation 
between total energy requirements and sustenance needs. Schäperclaus 
(1933) states for trout a ratio between energy needs for growth in rela
tion to sustenance of 1:1.5 to 1:3.2 which probably is applicable to most 
pond fish under Central European conditions. In pond rearing, growth 
is measured in conversion efficiency (ratio) which indicates how many 
food units are required to obtain one unit of fish flesh (compare Section 
I I I .B ) . As is the case with other living organisms, the growth of fish is 
determined by hereditary and environmental factors. Mention should 
be made, however, of some respects in which fish differ from warm
blooded animals. For fish, no "average" size exists, i.e., its growth is in 
a way unlimited. Furthermore, the growth can slow down or stop com
pletely under unfavorable nutritional conditions when the food supply 
merely meets sustenance needs, evidently without any other harmful 
effects on the fish. In the opposite case, overeating cannot enhance 
growth above certain limits, and only a restricted depositing of such 
reserve substances as fat or glycogen can take place. Consequently, fat
tening as used in the rearing of land animals cannot be applied to fish. 
It should, however, be taken into consideration that an increased fat 
accumulation in general is not desirable in fish flesh. Furthermore, fish 
may stand a protracted period of hunger. Under these conditions, the 
metabolic energy needs must be met and have to be drawn from the 
resources of the body, resulting in a loss of weight. During such a lengthy 
hibernation period marked carps in a pond lost from 10 to 14% in weight 
and in extreme cases even 30 -35%. Tench (Tinea tinea) may go down 
5 0 % . In starving carp, the weight reduction takes place primarily at 
the expense of the fat; later protein in muscles and viscera may also dis
appear (Schäperclaus, 1933). 
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Β . N U T R I T I O N A N D F E E D I N G 

There are two ways of feeding pond fish: ( 1 ) with the natural food 
production of the pond; ( 2 ) through artificial feeding. In the first case 
the pond provides a natural grazing ground. The fish finds its nourish
ment on the bottom, along the edges, or in the free water. This is par
ticularly the case with carp and related species (tench, crucian carp). 
In other instances, the fish farmer rears the fish on artificial food which 
does not come from the pond. In extreme cases, as in intense trout cul
tivation, the pond becomes a kind of stable in which the fish lives but 
gets its entire nourishment from artificial food. 

By studying the content of the intestines, information has been 
selected on what pond fish eat under natural conditions. So far, attention 
has been focused only on the qualitative importance of individual feed
ing organisms. It is, however, essential to analyze simultaneously the 
nutritive value of these organisms. On the basis of their feeding habits, 
fish are largely classified into ( 1 ) herbivores, ( 2 ) those feeding on minor 
animals, and ( 3 ) rapacious fish. It has been proven that a complete and 
sharp distinction does not exist between these categories. Most food fish, 
are, to a certain degree, omnivorous. This implies that in emergency or 
under special circumstances (pond rearing) they can fill their nutritional 
needs also with foodstuffs which differ considerably from what they seek 
through their natural eating habits. This explains that carp may be fed 
lupine seeds, corn, etc., or trout brood given spleen, cottage cheese, etc. 

Under natural conditions carp feed on shore and bottom animals and 
also consume free plankton in the water. The composition, as to species 
of feed organisms in the viscera, undergoes little change in the course 
of a year. It is chiefly determined by seasonal changes in the frequency 
of food organisms in the pond. The natural food of the tench is very 
close to that of the carp, although it is predominantly of shore animals. 
In spite of their rapacious nature, trout feed on minor animals during 
their first years. Another characteristic is that they stick longer to this 
type of feed, the more abundant it is in the water. This applies to streams 
and ponds with sufficient natural food. In densely populated ponds, the 
case is different. There, a certain rapaciousness shows up early. Old trout 
may often switch to eating nothing else than fish. Artificial feeding of 
carp is always supplementary as a substitute food, in contrast to the 
trout, which can be sustained exclusively on artificial food (Wundsch, 
1931; Wunder, 1949). 

The individual components of fish food must be evaluated according 
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to their importance in the fish metabolism. Artificial food should in its 
composition be similar, as far as possible, to that of the natural food. For 
the composition the same basic rules apply for fish as for any other 
domesticated animal. The organic nutrients—protein, fat, and nitrogen-
free extractives—are the chief constituents. In Tables II and III , the 
chemical composition is given of some important fish-food animals, as 
well as that of plant and animal foodstuffs used in fish culture. When 
comparing natural and artificial food, an important difference is imme
diately noticed, viz., the relatively low content of protein in artificial 
food. It is known that the relation between the nutrient plays an im
portant part in their utilization and in the growth of the fish. For this 
reason the ratio between protein and other nutrients was early indicated 
in food charts. In the natural feeding of the fish, it is mostly around 1:1 
up to 1:1.8, while in artificial food considerably lower ratios are en
countered. This disproportion is mostly neutralized by the fact that fish 
(e.g., carp) never take in artificial plant food only, but always mix it 
with natural food. This point has to be considered especially in the rear
ing of fish fry and young fish, as they have higher protein requirements 
than older animals. 

So far, only a few studies are available on the utilization and di
gestibility of the food. It is, however, known from experiments with 
fresh-water fish that crude protein of the most important food organisms 
and carp food is 80 -90% utilized (Mann, 1935). It is interesting that 
cyprinids, which, anatomically and physiologically, have no stomach, 
cannot utilize protein as well as other fish species studied in this respect, 
such as, e.g., trout and bass. To what degree fat is solubilized in the body 
and utilized is yet not known. The fat content in fish food (natural as 
well as artificial) is very low, it is rarely above 2 % , and thus of less 
importance. The amount of fat-free extractives is in the order of 2 to 
5% in natural food animals, but is considerably higher in plant food. 
These are 60 -70% utilized by carp (Mann, 1948a). 

In plant food, the content of crude fiber plays an important part. It 
is digested by carp to around 6 0 % , presumably not through enzymes of 
their own but with the aid of symbiotic microorganisms. Chitin is not 
digested; at the most, incrusted substances are dissolved (Mann, 1948a). 
As to the role of minerals, very little is known, although it is obvious 
that calcium is of importance for bone formation. Recent studies have 
brought evidence of the role of vitamins in the artificial rearing of rain
bow trout. 
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The type of food plays a part. The size of individual lumps naturally 
has to be less than that of the gullet. Thus, in the case of artificial feeding, 
mincing is important, especially in carp cultivation, insofar as it has an 
effect on the degree of utilization. If, for instance, lupine seeds were 
coarsely cut, the utilization of the protein was 8 4 % ; when more finely 
chopped, it rose to 9 3 % . When the feed is subdivided into small particles, 
the carp digests the crude fiber better (Mann, 1948b). The digestibility 
of protein can be considerably reduced when the food is overcooked or 
oversteamed (lake fish, trash meat), or submitted to excess heat in 
drying as, e.g., blood or meat meal. The food fat can, if the total feeding 
is sufficient, be deposited as body fat with the composition unchanged. 
Also, flavor substances may be taken up by the fish, as proved by the 
example of corn-fed carp. In the same way, off-flavors in the water may 
be transferred to the fish under certain circumstances. Waters contam
inated with polluting phenolic substances easily renders fish inedible 
because of its disagreeable taste (Mann, 1951). 

The individual characteristics of the fish, as race, age, etc., have a 
certain effect on the fat deposition in the body. Naumann (1927) found, 
for instance, a fat content of 1% in one-summer-old carp at Lausitz, 
while Galician 4-summer-old carp had 14%. Fat accumulation is larger, 
the better the nutritive requirements are met, as Schäperclaus (1933) 
established in 4-summer-old carp at varying population densities in 
ponds. 

Population density % fat 

Average stock, but intense feeding 
Stock decreased 50% 
Stock increased 50% 

13.8 
13.4 
8.5 

The different nutrient composition of natural and artificial food causes 
an increased fat accumulation in the carp (Wundsch, 1931): 

Food 
Nutrient 

ratio 
Fat content 

of the carp (%) 

Natural feed 
Lupine seeds 
Corn and meat meal 
Corn and lupine seeds 

1:0.4 
1:1.45 
1:2.5 
1:3.1 

2.6 
6.8 
8.3 

11.1 

The main foodstuffs in carp culture are corn and lupine seeds. De
pending on market availability rye, barley, castor seeds, etc., are also 
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employed. As mentioned above, foodstuffs are evaluated on the basis of 
their conversion ratios, which for corn and lupine seeds is between 3 
and 5. For the feeding of trout in Central European pond culture, lake 
fish and low-grade red meat are used. In addition, a great many high-
class, protein-rich animal products are used for the rearing of brood, such 
as spleen, brain, and blood. Furthermore, dried food products such as 
fish meal, meat meal, blood meal, and shrimp shell are used. A great 
number of diverse animal and vegetal waste products are occasionally 
utilized as feed. The conversion ratios in trout rearing generally is 5-8. 
Trout feed must, in addition to basic nutrients, supplementary and 
mineral substances, contain a certain amount of indigestible "filling sub
stances" to stimulate the intestinal activities. This need is sometimes met 
through ground crab shells, bone meal, sawdust, or even clay. 

C. B E T T E R Y I E L D S T H R O U G H P O N D C A R E 

Next to planned stocking and artificial feeding, pond care is the most 
important means of intensifying production. The chief aim of such care 

FIG. 3. Reed-mowing machine clearing an overgrown carp pond. 

is to improve the natural productivity of the pond. This can be done in 
three ways. The upkeep of the pond area is positively important. The 
necessary water provision, dams, out- and inflows—all these must be 
kept in good condition (Fig. 3 ) . A constant combating of excess plant 
growth must take place to avoid reversion of the pond to land (Mann, 
1955). Secondly, sanitation is essential, implying a battle against disease 
agents and fish parasites. Most important, finally, are measures to enhance 
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the yield capacity of the pond, primarily through direct interference with 
the metabolic cycles, chiefly through fertilizing and liming in order to 
increase the fish productivity (Wunder, 1956). 

The basis for all fertilizing is the liming of the water and the bottom 
of the pond. This serves both to obtain a neutral or slightly alkaline water 
and to improve conditions in the bottom through the neutralizing of 
acids and stimulating the breakdown of cellulose sediments. Lime used 
for agricultural purposes is well suited for ponds. For an average pond, 
approximately 200-400 kg./hectare is recommended. If burnt lime is 
used as a disinfectant against disease agents, both bacteria and various 
parasites, 1-1.5 metric tons per hectare is applied. Under the climatic 
conditions of Central Europe, one metric ton of CaO gives an additional 
growth of approximately 1.7 kg. of fish flesh. 

Artificial fertilizing aims at greater fish production through an in
creased growth of food organisms. Contrary to conditions in agriculture, 
nitrogen compounds added to ponds are of little effect, as they are 
rapidly consumed by bacteria. The use of potassium fertilizers has like
wise been abandoned, as it did not bring a higher return. The most 
remunerative fertilizers are phosphates, which are particularly active in 
calcium-rich ponds with good silt, less rewarding in ponds with pure 
sand bottom. Fertilizing experiments in piscicultural experiment stations 
(Fig. 4 ) clearly indicate that all common phosphate compounds such as 
superphosphate, Rhenania-phosphate, Thomas phosphate, dicalcium-
phosphate, are equally effective. A quantity of 30-50 kg. of pure phos
phoric acid per hectare of water surface leads to a yield increase of about 
100 kg. of fish flesh per hectare. On the bases of numerous experiments, 
it may be expected that 1 kg. of phosphoric acid will render an addi
tional yield of 2.1 kg. of fish flesh (Probst, 1950). The increase in the 
total carp production in Western Germany during the latest decade may 
largely be ascribed to pond fertilization. 

Naturally, climatic conditions are essential for the maximum effect 
of the fertilizers. By comparing results of rearing experiments over many 
years under similar pond conditions, Probst (1950) could estimate that, 
e.g., an increase in average temperature of 1°C. meant an additional 
yield of 22.7 kg./hectare. In addition to the use of inorganic fertilizers, 
organics have been employed in carp ponds. One method for this is green 
manuring, which means a mechanical preparation of the bottom soil of 
the pond and subsequent growing of vetch, rye, barley, or oats, which 
is either left growing or mowed prior to filling with water and the stock-
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ing with fish. Grain crops are especially suitable because they decom
pose slowly. On plant remainders many food organisms develop, espe
cially mosquito larvae, which are eaten by the fish. This type of bottom 
fertilizing is used above all for rearing ponds both for fry and fish. In 
many parts of France, an alternation of carp and oat cultivation is quite 
common and has brought good returns. Wurtz (1956) reports from 

FIG. 4. Experimental ponds at the Bayerischen Biologischen Versuchanstalt (The 
Biological Experimental Station of Bavaria) "Demoll-Hofer-Institut." 

carp-farming regions around Lyons that the ponds there are utilized in 
two-year periods for fish rearing and each third year for agriculture. 
About 40 metric tons of oats are harvested per hectare. The plants grow 
ing at the edges of the ponds are utilized, too, during the fish-rearing 
periods, horses and cattle being allowed to graze there, providing addi
tional manure. 

Another form for organic fertilizing is the adding of cattle urine, up 
to 15 cubic meters/hectare. This method is practiced particularly in 
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Eastern Europe, e.g., in Hungary. Special devices and equipment have 
been developed for the spraying of such manure over large pond areas. 
(Woynärovich, 1956). 

The keeping of ducks in carp ponds to the number of several hundred 
per hectare of pond area brings about an additional growth measured in 
carp meat at 1 kg. per duck. These birds are brought to the ponds at a 
late stage and are on the average ready for slaughtering after 60 days 
at a weight of 2 kg. In order to avoid overfertilizing, poultry rearing is 
switched to new ponds after a number of years (Thumann, 1955). 

D . Y I E L D I N C R E A S E T H R O U G H S E L E C T I V E S T O C K I N G 

As in other animal raising, higher returns are obtained through se
lective stocking (Probst, 1949). Through detailed evaluations of per
formance, carp strains showing rapid growth and high-yielding capacity 
were systematically selected for stock use. The degree of adaptation to 
local soil and climate conditions, as well as disease resistance, is an addi
tional characteristic essential to this breeding program. In addition, the 
present food market desires a high-backed, mirror carp with few scales. 

The body shape of carp is greatly influenced by environmental factors. 
Starved or overfed carp are easily identified. A poorly fed one has a large 
head, thin back and long fins. As shown in comparative studies of carp 
of different sizes, the relative weight of the head diminishes with age 
and growth from 2 5 % to 12 to 14%. The amount of body muscle in
creases, too, from 47% of the weight of a one-summer-old carp to 50 to 
6 0 % in a market-sized carp (Lühmann and Mann, 1957). Of special im
portance in selecting breeding material is the fact that in starved speci
mens not only is the head portion larger but the body muscles also are 
poorly developed as compared to normal individuals. This means that 
the percentage of waste in these poor specimens is much larger. Taking 
this into consideration, the fish farmer tries to select brood from rapidly 
growing fish. The numerous special strains which were frequently cul
tivated in earlier days and were characterized by deviating body shape 
and peculiar scale arrangements as, e.g., the Lausitz scale carp, Aisch-
grunder leather carp, Galizian mirror carp, are now rare, and few are 
considered profitable or valuable to the breeder. With the exception of 
local preferences, the thinly scaled mirror carp now dominates (Fig. 5 ) . 
Also, in trout rearing special emphasis is put upon the breeding of good 
food-converters by selection of rapidly growing fish. Greater resistance 
against diseases and parasites is essential, too. 
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Both trout and carp are subject to numerous diseases of a parasitic 
nature which cause considerable losses (Schäperclaus, 1954). Even in 
cases where the fish do not die, growth may be greatly stunted as com
pared to healthy fish (Mann, 1953; Schäperclaus, 1954). Particularly in 
the event of an epidemic, a considerably reduced yield is the result. 
When fish fall victim to diseases or parasites, their habits and growth 
are disturbed. But they may remain satisfactory as human food as the 
external appearance is not affected. Fish diseases are with few exceptions 
(Bothriocephalus) not transferable to man. 

FIG. 5. Thinly scaled, high-back mirror carp ( K 2 ) . 

Besides finding strains with high resistance by means of careful se
lection of brood, an incessant fight against diseases must be waged with 
all available means. Antibiotics are employed against the contagious 
watery belly disease in carp, so-called ascites, caused by the bacteria 
Pseudomonas punctata. This has made it possible to reduce the losses, 
which earlier often amounted to 9 0 % of the stock, to less than 10% 
(Mann, 1957; Schäperclaus, 1956). Vitamins are added to the feed of 
trout, enhancing the resistance against infectious kidney swelling (Deufel, 
1958). 

As to many parasitic diseases, as for instance the Dactyhgyrus with 
carp, or Ichthiophthirius with trout, efforts are made to combat them 
successfully by means of disinfecting the pond bottom and good care of 
the fish (Schäperclaus, 1954). 



94 H A N S M A N N 

IV. Pond Structure 

A certain amount of equipment is required for the raising of both 
carp and trout. The size of the establishments is partly determined by 
the agricultural structure of the region. 

In the northern part of West Germany an average size of about 20 
hectares is typical, while in the southern part small enterprises of 5 
hectares are most common. In earlier Silesia, where large mansions used 
to be prevalent, the average size was around 100 hectares. In East 
European countries, such as Hungary, Yugoslavia, and Poland, fish-rear
ing establishments reach a size of several hundred hectares. 

The subsidiary pond culture is found to a marked degree in Bavaria, 
where it is closely tied to agriculture; mostly they are finishing-pond 
establishments. They do not rear fish themselves but only have ponds 
in which one- or two-summer-old carp are brought up to food-fish size, 
while the stock is bought from units specializing in hatching and first 
growth. In Germany, the proportion between finishing and rearing 
establishments is about 10:1. The hatcheries are leased or self-owned, 
and mostly taken care of by professionally trained people. Efforts are 
under way to have these recognized as certified stock fish centers. 

While the minimum size of a carp-raising unit is around 20-30 hec
tares, those for trout are smaller, generally 1-3 hectares. As trout pro
duction is largely dictated by marketing possibilities, some of these 
establishments may concentrate on the breeding of stock fish, chiefly 
trout, and in a few cases grayling and char (brook trout). Such fish are 
primarily for the stocking of natural waters. 

Carp cultivation is still rather intensive in Central Europe. Liming 
and fertilization are the measures which allow increase in yields. Sup
plementary feeding with corn, lupine seeds, etc., has become unprofitable 
in finishing ponds, as the feed prices are too high and labor has become 
scarce. In the rearing of stock fish, supplementary feeding is still eco
nomically feasible. In trout cultivation, conditions are the opposite and 
yield increases can be obtained only through the use of high quality 
foodstuffs. 

V. Data from Miscellaneous European Countries 

Yield statistics of fish ponds for the years 1938-1942 from the entire 
earlier German area are available and picture the importance of indi
vidual regions (Schäperclaus, 1949). The total harvest reached its peak 
in 1939 with 8,600 metric tons of carp from a total producing pond area 
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of approximately 55,000 hectares. Compared to the year of 1915, this 
meant an increase of 157%. This impressive progress was especially due 
to breeding, as well as fertilizing and liming. The trout production 
amounted to 282 metric tons in 1939. Also in this case a considerable 
increase took place in the previous years. Carp accounted for 82-88% 
of the total fish pond production which broke down as follows: carp, 
86.6%; tench, 6.7%; trout, 3.2%; pike, 0.9%; other species, 2 .6%. 

The yield of food pike amounted to less than 1%, in spite of efforts 
to raise this fish in several establishments. With minor changes, the same 
general proportion between species prevails in present-day West Ger
many, where the total pond area amounts to 17,000 hectares and 1,500 
metric tons of carp are produced (Meyer-Waarden and v. Brandt, 1957). 
The major part (two-thirds) of the pond area is located in Bavaria 
(10,800 hectares) by far the most important pond region. Second comes 
Schleswig-Holstein, with 2,000 hectares. The national production, how
ever, does not suffice and has to be supplemented by imported food carp 
(300 metric tons). Yugoslavia is the chief supplier, followed by Poland, 
Hungary, France, and Austria. Large carp weighing 2-2.5 kg. are favored 
in the north, and smaller ones, of 1-1.5 kg., enjoy preference in the south. 

The annual trout production is estimated at 1,000 metric tons, some 
of these being exported to Switzerland, Italy, and France. Frozen trout 
are sent to the United States. 

East Germany has, according to currently available figures, a total 
water surface area of 165,000 hectares, of which 14,000 are utilized as 
ponds. In this figure are included 2,000 hectares that are shallow and 
overgrown with reeds, and thus rather unproductive. Large pond areas 
connected with each other are found especially in the Lausitz region. 

The total catch of fresh water fish in Yugoslavia amounts to 10,000 
metric tons, of which lakes and ponds account for 2,500 each, and rivers 
for 5,000. The area of pond culture amounts to about 7,500 hectares. 
Average growth per hectare without fertilizing is 350 kg. (Wunder, 
1953). This yield can be increased by fertilizers to 700 kg. and through 
feeding to an additional 200 kg. With the most efficient methods, yields 
of 1,200 to 1,700 kg. per hectare have been obtained. So it is reasonable 
to estimate that Yugoslavia could produce 4,000 metric tons of carp. 
Trout cultivation is of secondary importance. 

There are 70,000 hectares of fish-raising ponds in Poland, divided 
into 2,500 units. These ponds account for 17% of the total production of 
fresh-water fish, meaning approximately 1,500 metric tons (Naumov, 
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1959a). The present potential, when fully developed, should allow an 
annual production of no less than 10,000 metric tons. Eighty-four per 
cent of the crop of cultivated fish consists of carp. In Schtina, located 
in Silesia, are 4,000 hectares of pond with an average productivity of 400 
kg./hectare. In a few cases, 2 metric tons per hectare have been har
vested. Pike raising has been favored in recent years. Its center is Millie 
with 7,500 hectares, giving on the average 15 kg. of pike/hectare a 
year. Promising commercial results have also been obtained with some 
whitefish hybrids (Naumov, 1959a). The main part of the carp is ex
ported to Germany and Czechoslovakia. 

In Czechoslovakia there are more than 12,000 ponds. Carp has been 
cultivated there for centuries. Some of the oldest ponds are 500 years old. 
Recently that of Boschilets—780 hectares—celebrated its 600th anni
versary. Especially well known is the Bohemian carp and the cultivation 
region around Wittingau. The total pond area amounts to 40 to 50,000 
hectares. The average carp yields are given as 140-450 kg./hectare (Stro-
ganov, 1959). 

In Hungary, there are large continuous pond areas (13,000 hectares). 
The harvest is largely exported. 

In Romania and Bulgaria, carp are reared in ponds to only a small 
degree. The chief catch is obtained from the flood areas around large 
rivers, particularly the Danube (Bizjaev, 1959; Naumov, 1959b). The 
first Romanian carp-raising establishments started in 1934-36. The two 
largest at present comprise 450 and 161 hectares respectively. The total 
Romanian production is 400-600 metric tons (Bizjaev, 1959). Bulgarian 
fish cultivation has expanded appreciably in the last six years. Yields of 
3260 to 4275 kg./hectare are reported for various establishments (Nau
mov, 1959b). 

In the Nordic countries, Denmark, Sweden, and Norway, carp are 
economically of little importance. In Denmark, however, two minor 
rearing establishments are found. Trout culture is much more important. 
In 1938, Denmark produced only 1,000 metric tons of trout (Yearbook of 
Fishery Statistics, 1954-55); in 1956 the yield was 3,900 metric tons. 
Rainbow trout dominates. Brook trout and sea trout are reared, too, but 
mainly for the stocking of Danish waters. Most of the raised trout are 
exported to the United Kingdom, the United States, Germany, and other 
European countries. 

In Belgium, the fish-pond area covers 7,300 hectares, of which only 
a small part (1,300 hectares) is used for the raising of trout. The re-
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mainder is utilized for carp. A considerable part of the pond-fish pro
duction (1957: 6,000 metric tons) is exported to Holland, France, Ger
many, and the Belgian Congo. 

The carp cultivation of France dates back to the Middle Ages. Fifty 
thousand hectares of harvestable pond area are available. In 1923 it 
was twice this acreage (Velaz de Medrano, 1942). Composite cultivation 
areas are primarily located south of Orleans, in the Touraine, and in the 
Lyons region. A large part of the production is sold to Germany as food 
carp. Trout culture is more important, 1,600 metric tons of food trout 
being produced annually (Mertens, 1955). 

Dutch pond cultivation is insignificant, fish farming comprising only 
10 hectares for trout and 170 hectares for carp (Bungenberg, 1958). 

Austria uses 2,000 hectares for pisciculture. In 245 carp-rearing estab
lishments, 600 metric tons of carp are produced. Eighty-nine salmonid 
plants produce 35 metric tons of food trout, as well as a large quantity 
of stock fish for natural waters. 

Like Hungary, Italy uses its rice paddies partly for carp culture. Pond 
cultivation, however, plays a minor part. Lagoon production of fish is, 
however, important (see Section V I ) . 

Spain has chiefly favored the development of natural waters. Back in 
the seventeenth century, carp and trout cultivation were introduced 
(Anonymous, 1941; Pardo Garcia, 1951). Eels are raised in the artificial 
rice lake of Albufera de Valencia (Anonymous, 1942, 1944). 

Pond culture of carp is highly important in the Soviet Union. In addi
tion to the water areas (400,000 hectares) utilized for fish raising by 
agricultural enterprises, there are a large number of state-owned pond 
cultures with a total surface of 40,000 hectares. The largest yields are 
obtained in the Russian, Ukrainian, and Byelo-Russian Soviet Republics. 
Efforts are under way to push carp rearing northwards. Cherfas (Stef
fens, 1958) gives the northernmost borderline for carp as 60° north 
latitude and in East Siberia. According to the most recent reports by 
Isafev (Steffens, 1958), the total production of food carp amounts to 
113,200 metric tons, which indicates an average hectare harvest of 375 
kg. Top harvests of 2 metric tons per hectare are reported from several 
fish-raising establishments. In the Moscow area 15,000 metric tons of 
carp are raised (Ischkov, 1959). On the other hand, the production of 
food trout is small, 200 metric tons annually. 

Fish cultivation is greatly favored in present development schemes. 
Primarily, plans are under way to exploit the many new hydroelectric 
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dams. Besides the traditional fish species, experimentation and practical 
testing are most lively with pike, whitefish, and various sturgeon. Several 
crossbreeds, particularly with whitefish, have been obtained, character
ized by rapid and dependable growth. 

In the present seven-year plan large investments are envisaged. Al
ready, for the Russian Soviet Republic, a fivefold increase to 155,300 
metric tons is to ensue. For the Ukrainian Republic, the corresponding 
figure is stated as 50,000 metric tons (Ischkov, 1959). For the entire 
Soviet Union, the goal established for 1965 as to the total amount of pond-
raised fish is given as 323,600 metric tons. 

VI. Fish Cultivation in Brackish-Water Ponds 

A special form of fish cultivation has developed in brackish-water 
areas. The salinity of these waters is below that of adjacent sea-water 
areas. Such bays, lagoons, and coastal lakes are frequently utilized for 
fish culture. Waters of this kind are found along various oceans. Already 
for this reason the salinity varies greatly, and no average can be given 
for the salinity of the brackish-water regions. A most decisive factor is 
whether or not the waters are replenished by fresh water. Temperature 
influences evaporation and, thus, salinity. This explains that brackish-
water regions exhibit quite diverse biological characteristics, depending 
on their geographic location. 

Favorable conditions for fish cultivation prevail along the Mediter
ranean coast. Due to alluvial deposits, brought by rivers, a huge number 
of lagoons have formed in the river mouths, as for instance in the Po 
delta. As shown in studies by Italian hydrobiologists, these waters are 
especially rich in nutrients provided by the outflowing rivers. This heavy 
load may, under certain circumstances, constitute a hazard. When the 
water temperature gets high and metabolic activities become intense, 
an oxygen deficit may easily develop. 

The abundance of nutrients does, however, give a rich development 
of phytoplankton, in turn serving as food to fish-feed animals and fish. 
In search of food in the spring and summer, some marine fish move into 
lagoons, these being richer in food than the adjacent open sea. Such 
fish are: Bothus maximus, Solea sp., Dentex sp., Mullus barbatus, Sci-
aena sp., Boops boops, and others. A second group of fish encountered 
in lagoons are species which undertake regular anadromic migrations 
and arrive here. To this group belong some species of sea mullet (Mugil), 
eel, sea bass (Morone labrax), and others. The economically most im-
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portant fish species for Italy are Mugil and Labrax, which also play an 
important part in the salt lakes of Romania and Bessarabia (D'Ancona, 
1954). 

In Italy, differentiation is made in the northern Adriatic Sea between 
open lagoons and fenced-in ponds. The latter are called 'valli da pesca" 
and there the so-called "valli" culture is carried on (Fig. 6 ) . In the 
open or half-open lagoons, all the fishing methods are encountered which 
are employed in coastal and interior waters. The lagoons of Venice cover 
54,900 hectares. The "valli" in use at the present time, added together, 

FIG. 6. View of an Italian brackish-water pond. 

amount to 7,500 hectares. The particular "valli" province is Rovigo (in 
the Po region, covering 9,000 hectares, and the well-known "valli" at 
Comacchio, of 35,000 hectares). Further smaller enterprises are located 
in other places along the coast (D'Ancona, 1954). In order to give an 
idea of the productivity of these brackish waters, the catch (1952) from 
some lagoons and "valli" is given in the tabulation (D'Ancona, 1954): 

Lagoons Valli 
(metric tons) (metric tons) 

Venice 1700 380 
Chioggia 1000 300 
Caorle 300 15 
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The lagoons are mostly fished with nets or closed off when the fish want 
to return to the sea in the fall. 

Similar lagoon fishing is to be found in many places along the Medi
terranean, in Yugoslavia, Greece, and in the coastal lakes of France and 
Spain (Pardo Garcia, 1951). 

Regular fish cultivation goes on in the Italian "valli da pesca." Three 
types of ponds are known: open, partially closed, or completely sealed-
off. The former are only temporarily fenced-in with wattles or fences. 
The closed valli are surrounded by strong stone or soil walls. The latter 
corresponds to the ponds of the classic Roman fish cultivation. This 
technique of the "valli" cultivation is based upon knowledge of the re
action of the fish toward salinity and temperature. It is important to 
regulate at the correct time the in- and outflow of sea and brackish water 
so that a correct salinity and optimum temperatures prevail. The highest 
yields are obtained in such ponds where it is possible to regulate salinity 
and temperature in accordance with a specified set of requirements. It 
is advantageous when the ponds are connected with lagoons from which 
the inflow of fresh sea water can be controlled. Tidal movements also 
favor the inflow of fresh sea water. This is particularly important in view 
of the many bottom-feeding fish. A thorough water exchange is possible 
nowadays, thanks to modern constructions making it impossible for fish 
to escape. Ponds located below sea level are replenished with water 
through pumping operations. 

In order to increase the natural population of the "valli," these are 
stocked with fish fry which are caught off the Adriatic coasts as well as 
off the Ionian and Tyrrhenian Seas, by specialized fishermen. Such fry 
are brought alive to the "valli" in special transporting vessels. Recently, 
efforts were made to secure fish brood through artificial fertilization. 
But these experiments were not successful, as the fish when leaving the 
"valli" had not yet reached sexual maturity. For this purpose, special 
rearing ponds had to be installed. This is complicated by the fact that 
the "valli" cultivation cannot be based exclusively on one single species 
as is the case in most other forms of pisciculture. 

The average hectare harvest of the Venetian "valli" is supposedly 
140-150 kg. There are plans to increase the yield by means of artificial 
feeding, as practiced in many other places in the world. Efforts have 
also been made to increase the basic production by adding nitrate and 
phosphate fertilizers. It seems, however, that the "valli" waters have 
such a high content of natural organic substance that an additional 
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supply is not required. More important than all other measures is the 
constant circulation of the water in the ponds. 
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