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En prononçant le nom du Cyprin que nous allons décrire, on ne rapelle que les contrées privilégiées 
des zones tempérées, un climat doux, une saison heureuse, un jour pur et serein des rivages fleuris, 
des rivières paisibles, des lacs enchanteurs, des étangs placés dans les vallées romantiques . . . 

Histoire Naturelle de Lacépède 
Tome 11, poissons, 1876 
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Chapter 1 

GENERAL INTRODUCTION 



Summary 

In this chapter an overview of various genetic aspects of the common carp is given. First 

a description of the zoogeografic distribution of wild common carp populations is 

presented, followed by a section dealing with the history of domestication of these 

populations in Asia and Europe. A synopsis of some current carp strains, used in this 

research or frequently mentioned, is given in section 1.3. The inheritance and 

polymorphism of various marker traits, i.e. scalation, pigmentation, biochemical markers 

(proteins) and histocompatibility antigens, is described in reference to these strains. 

1.1 Zoogeography of the common carp 

The common carp, Cyprinus carpio (Linnaeus 1758), is perhaps the best known teleost 

in the world. Today its natural distribution ranges from Western Europe throughout the 

continent of Eurasia to China, Korea, Japan and South-East Asia and from Siberia south 

of latitude 60 N to the Mediterranean and India (fig. 1). They have also been intro­

duced in Africa, Australia and North America (Steffens, 1980; Moyle, 1984; Shearer and 

Mulley, 1978; Wohlfwth, 1984). 

Despite this worldwide distribution little is known about the zoogeography of the 

original wild species. This is partly due to a long history of domestication which resulted 

in a continuous mixing of escaped or released pond carp with local populations. The 

existence today of true wild carp is therefore doubtful, since any wild population might 

include feral carp (Lelek, 1987). The original species Cyprinus carpio is generally 

believed to originate from the great rivers and lakes of pliocene Eurasia, but there are 

several theories concerning their pleistocene and post-glacial distribution. According to 

Berg (cit. in Kirpichnikov 1967) carp originally inhabited an unbroken range in Eurasia 

from the Don and Danube in the West to the Amur drainage basin and China in the 

Far-East. The presence of carp in the Black Sea during the pliocene is partly 

substantiated by fossil remnants in lacustrine strata in that area. 

During the multiple pleistocene glaciations this domain broke up into an eastern and 

Western part which today may constitute three subspecies (Kirpichnikov, 1967): 



Figure 1 Zoogeographie distribution of common carp, Cyprinus carpio 

Legend: • original post glacial distribution 
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1- European-Transcaucausian carp: Cyprinus carpio carpio 

2- Amur-Chinese carp: Cyprinus carpio haematopterus 

3- South-East Asian carp: Cyprinus carpio viridiviolaceus 

This distinction is mainly based on differences in morphometric characters i.e. the 

numbers of dorsal fin rays, lateral line scales, gill rakers on the first gill arch and 

vertebrae (table 1). Thus, the Amur-Chinese carp have lower counts for dorsal fin rays 

and gill rakers compared to wild Danube, Don and Wolga carp or carp from various 

Central-Asian origins. Amur-Chinese carps are also more resistant to low temperatures. 

South-East Asian carp have been described by Tran Dinh-Trong (1967) in Vietnam and 

differ from both the Amur-Chinese and European populations in counts of vertebrae, 

lateral line scales, and gill rakers. 

This subspecies separation has been criticized by Balon (1974) who has doubts about the 

presence of carp in the Danube refuge during the extensive glaciations of the 

pleistocene. According to Balon, the carp originated in the area of the Caspian/Aral seas 

from where it spread West to the Danube and East to Asia during post-glacial times. 

Had carp been present in the Danube during the pleistocene they would certainly have 

penetrated into Europe and the British Isles during the period of interfluvial connections 

(Thienemann, 1950). However, many but not all European Cyprinids penetrated Western 

and Northern Europe after the last (and most extensive) glaciation (Hamilton et al., 

1989), and truly endemic species still occur South of the Alps and in the Danube river 

refuge (Lelek, 1987; Banarescu et. al., 1971). The restriction of carp to the Danube and 

Don rivers before and after the glaciations might be due to its particular ecological 

demands such as extensive flooded river banks during springtime and water temperatures 

well above 15°C (Schaperclaus, 1961; Horvath and Lukowicz, 1982; Lelek, 1987). The 

river Rhine and Rhône do not fulfill these demands since they obtain their water mainly 

from melting snow in the Alps. 

A more important argument against the existence of two separated populations of 

common carp as early as the beginning of the pleistocene is the absence of any clear-cut 

differentiation between the Western and Eastern population. All morphological traits 

(see table 1) show a gradual change from West to East. The differences in counts for 

vertebrae between European and Asian common carp disappear when fish are raised at 

the same temperature (25 C: Moav et al., 1975a; Suzuki and Yamaguchi, 1984) and the 

different values between populations of carp might thus be the result of the different 



ecological conditions, e.g. the higher rearing temperatures. This could particularly be 

true for the Vietnamese carp. It cannot be excluded that these carp were, as in most 

South-East asian countries, imported from China by Bhuddist monks as early as the 18th 

century (Steffens, 1980). 

Furthermore crosses between Amur-Chinese and domesticated European carp are fully 

fertile although gonad abnormalities are noticed in crosses between domesticated 

European and domesticated Amur-Chinese carp (Hulata et al., 1980). Unfortunately any 

data on wild Chinese common carp are lacking to sustain arguments for a possible sub­

species status of the wild Amur-Chinese population. Cyprinus carpio is therefore at 

present regarded as a single species with locally adapted subpopulations (Balon, 1974). 

Table 1 Morphometric counts for common carp from different 

geographic origins (range of mean values). 

Population 

European 

Danube, Don, Volga 

Domesticated 

ibid, at 25°C 

Central Asia 

South-East Asia 

Amur river 

Chinese/Japanese 
(domesticated) 

Vietnamese 

Vert. 

36.3-36.8 

(36-38) 

34.1-35.3 

36.0-36.6 

36.6 

33.6-34.3 

32.2-34.0 

D.F. 

19.0-19.4 

(16-21) 

20.7 

18.3-19.4 

17.6-18.2 

18.6 

19.4-20.7 

L.L. 

37.6-38.9 

(35-40) 

36.0-38.0 

36.1-38.9 

37.8-38.1 

34.4-34.7 

31.5-32.9 

G.R. 

23.6-26.5 

(23-26) 

27.4-28.4 

23.5-26.9 

20.6-21.3 

22.4-24.7 

18.1-19.4 

Ref. 

1 

2,3 

4,5 

1 

1 

4,5 

6 

Vert = vertebrae; D.F. = soil dorsal fin rays; L.l. = scales in lateral line; G.R. = gill rakers on outer gill 
arch. References: 1- Kirpichnikov, 1%7; 2- Schaperclaus 1%1; 3- Steffens, 1081); 4- Moav el al„ 1975a; 
5- Suzuki and Yamaguchi, 1984; (>- Tran Dinh-Trong, 1%7. 



1.2 History of domestication 

South East Asia The domestication of common carp undoubtedly started in China. 

Artificial hatching of fish was already in practice in China around 2000 B.C. The 

development of fish culture grew parallel with the culture of silk worms, as the pupea 

of the silkworm and their faeces provided supplementary feeding for fish (Lin, cit. in 

Hickling, 1962). The first treatise on carp culture appeared in 475 B.C. by Fan Li. Carp 

were captured during the flooding of the rivers, and grown to marketable size in 

artificial ponds or lagoons. Usually the smaller carp were left in the ponds after seining 

to spawn and produce new fry the next year. This "broodstock" was supplemented with 

wild carp from the river. Competition in the ponds was very strong due to the high 

density, the presence of several fish species and the wide ranges in sizes. Fry had to 

compete strongly for food and were subject to parasites and infectous diseases. 

According to Mann (1961), Hickling (1962) and Wohlfarth (1984), this type of pond 

culture changed little over the centuries. Buddhist monks were probably responsible for 

some of the early carp introductions in South-East Asia (e.g. Indonesia: Weber and de 

Beaufort, 1916; Steffens, 1980). In Japan carp culture dates back at least 1900 years. The 

centres of carp culture were Nagano, Gunma and Yamagata prefectures (Suzuki, 1979). 

Europe In Europe carp first appear as "Kuprinos" in the works of Aristotle (Historia 

animalium). The name might refer to Kypris or Aphrodite, perhaps because of its high 

fecundity: Aristotle describes how "13 to 14 males chase a female whose eggs they will 

fertilize" (Hist.anim. VI, 14). Another interesting reference to Aphrodite concerns the 

word "epitragiai" or hermafrodite. According to Aristotle, "these carp have neither milt 

nor eggs, are solid and fat, and are considered the best" (Hist.Anim. IV, 11). The passage 

clearly indicates that carp were eaten at that time. Contrary to common belief however, 

it is doubtful whether Romans appreciated this fish and kept them in their Piscinae. 

Balon (1974) reconstructs a possible introduction from the Amber road - Danube 

crossing to the Roman empire but there are no texts to sustain these presumptions. On 

the contrary: Aelianus (2nd century A.D., De Natura animalium XIV, 23 and 26) 

decribes the catch of large numbers of black carp by local inhabitants of the Ister ( = 

Danube). The specific mention of black carp indicates that the Romans knew carp, but 

were not familiar with Danube (black) carp. 

Carp are also notoriously absent in the famous cookbook of Apicius (4th century A.D.), 



and in the Deipnosophistae (Athenaeus, 3th century A.D.), a compilation of text-quota­

tions on food presented as a dinertable conversation, carp are only mentioned twice (6 

lines in an entire volume dedicated to fish!). Since both Apicius and Athenaeus describe 

the culinary preferences of the Roman elite, the absence of carp can be taken as cir­

cumstantial evidence that they were not a delicacy in ancient Rome. Most assumptions 

of a Roman appreciation of carp stem from Cassiodorus (Variae XII,4; 6th century 

A.D.). In his text carp appear as "carpa". The context indicates that carp from the 

Danube are a "novitatibus", to be part of a King's table (among other things) to show 

his power and wealth. The use of the local name "carpa" instead of the Latin name 

Cyprinus (Plinius, Naturalis Historia IX, 58), suggests that carp were not well known. 

The first reliable references to carp culture and consumption appear as late as the 12th 

century A.D. Albertus Magnus (1193-1280) refers to carp-growing in ponds, while 

Hildegard Von Bingen (1098-1179) from the Bavarian convent of Benedictines 

elaborates on their preparation. However, it is only with the beginning of the Renais­

sance in Northern Europe that books solely dedicated to pond culture and carp start to 

appear (Dubravius: on fish ponds, 1547; Strumienski: O Sprâwie, sypâniu, wymiérzâniu, 

i rybieniu, 1573; Taverner: Certain experiments concerning fish and fruit, 1600). It is in 

this period that carp were transported all over Europe, "packed with snow and with a 

piece of bread soaked in gin in their mouth" (Bloch, 1789). Around 1514 carp reach 

England, and in 1560 Holland and Denmark. Bloch also relates of transports by boat 

from Prussia to Sweden. By the end of the 16th century Danube carp had spread 

throughout Europe, and Bohemia had become the centre of pond culture (Berka, 1985). 

Ponds were constructed in Bavaria, Austria, Brandenburg and Prussia where the nobility 

made a living from selling fish (Shaw, 1804). During the 19th and 20th centuries carp 

culture in Germany and Bohemia became more sophisticated, due to the development 

of controlled spawning in separate ponds (Dubisch, 1813-1888), and many carp strains 

were developed. On the other hand, in most Western-European countries a gradually 

improved infrastructure resulted in a more constant supply of fresh and cheap seafish. 

In these countries pond culture became more or less obsolete (Hickling, 1962). However, 

feral populations of carp continued to play a minor role in fisheries and angling. 



1.3 Strains of common carp 

The different intensities of selection in locally adapted wild/feral stocks, Chinese 

extensive pond culture, and European intensive pond culture, had different impacts on 

the genetic structure of these carp populations. In Europe many distinctive races were 

developed, while in China cultured carp remained more or less genetically similar to 

wild carp. Today, the most successful carp strains are almost all crossbreds of different 

groups of inbred European carp, or crossbreds between inbred European carp and wild/-

feral carp or Chinese carp. The strains that are mentioned in this Ph-D study are 

described in the following sections. 

Germany and Bohemia 

During the 19th century many distinctive races of common carp had been developed in 

Germany and Bohemia. They were local strains which were adapted to the local pond 

conditions and climate, and more or less inbred since most farmers used very few (1-10 

!) broodstock animals to produce large numbers of fry. Full-sib matings were therefore 

inevitable (Schaperclaus, 1961). At the turn of the century an attempt to standardise the 

major carp races was made (Walter, 1901; Schaperclaus, 1961; Wunder, 1986). The 

discriminating characters were body shape and scalation: 

Aischgrunder carp were developed in Bavaria during the past 300 years. They are mirror 

carp with very few scales, and are characterised by their high-backed shape, caused by 

an inheritable deformation in the spinal column (Chondrodystrophy: Wunder, 1949). This 

race apparently became extinct in 1956 (Steffens, 1980). Today the Aischgrunder shape 

is still present in some Hungarian and Yugoslavian strains which were produced from 

Aischgrunder x Galician crosses. 

Lausitzer carp are fully scaled stretched carp of a grey colour which were grown in sand 

bottom ponds under unfavourable climatic conditions. 

Bohemian carp are similar to Lausitzer carp but are mainly cultured in mountain areas 

with vulcanic soils and acidic water. After the second world war most local races of 

Bohemian carp disappeared. Today all Czechoslowakian strains are called Bohemian. 

They include both stretched and high-backed carp. 

Galician carp are intermediate in shape between Lausitzer and Aischgrunder carp. They 

were bred by Alfred Gasch (Wunder, 1986) around 1900 and extensively promoted by 



Burda (Schaperclaus, 1961). They have a significantly higher growth rate than most other 

races. As a result Galician carp were crossed with many local strains and eventually 

replaced all other German races. During the two world wars many carp strains disap­

peared while the remaining populations became extensively mixed. Post-war carp strains 

were reconstructed using Galician x Lausitzer carp but the original races had disap­

peared. The importance of the Galician carp stem from their pre-war export to other 

countries were they were often involved in the development of new strains. 

German mirror carp (Galician x Lausitzer?) from the Harz area were imported by the 

Wageningen Agricultural University in 1981. They are called "D". 

Hungary 

In Hungary, carp breeding programmes are based on inbreeding followed by cross­

breeding. In 1962 10 different Hungarian local "landraces" (strains) were collected and 

bred by strict sibmating at the Fisheries Research Institute at Szarvas. Effective 

hybridization was employed within these strains to improve commercially important 

characteristics such as survival rate of fry and fat content at harvest (Bakos, 1979). One 

highly inbred strain, called Tata, shows inbreeding depression and a decreased resistance 

to infections with Aeromonas salmonicida (Sövenyi et al., 1988). Some homozygous 

scaled individuals of this strain were send to the O.V.B. in the sixties to participate in 

the 25% hybrid breeding programme (pers.comm. Bungenberg de Jong). Another strain, 

inbred for 4 generations, arrived via the Fish Culture Experimental Station Golysz 

(Poland) at the Wageningen Agricultural University in 1986. This strain is called R8. 

In 1978 the Hungarian breeding programme was extended with the development of 

gynogenetically inbred lines from different carp strains. Three strains were used: Nasice 

(from Yugoslavia), God, and Dinnyes (both from Hungary) (Nagy et al., 1984). An 

extensive growth test involving these gynogenetic inbred strains and their hybrids showed 

that most genetic variation for growth is non-additive and that the crossbreds display a 

high degree of heterosis (Nagy, 1987). 

The Netherlands 

In the Netherlands self-sustaining populations of feral carp are rare. They are believed 

to be the progeny of fish escaped from ponds in Germany and Holland since the 16th 

century (Hoek, 1895). In Holland, commercial carp culture never has been an important 
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industry. In 1899 the first and only commercial carp farm at Valkenswaard started with 

a mixture of introduced German carp, including Lausitzer, Bohemian and Galician carp 

(Pennekamp, 1899). The progeny of 50 carp produced on this farm and introduced to 

Britain in 1934, today still exist as the famous Redmire population (Clifford and Arbery, 

1984). In 1952 the management of the farm was taken over by the Organisation for 

Improvement of Inland Fisheries (O.V.B.). During the following 20 years this 

organisation developed 3 different strains of carp. Their crossbreds have been stocked 

in most inland waters to enhance sportfishing (Raat, 1983): 

Valkenswaard mirror: in 1956-1957 the original carp stocks at Valkenswaard were culled 

from leather and line carp (see also 1.4). The remaining fish were bred under stringent 

mass-selection for growth rate, stretched body shape (no spinal deformation) and disease 

resistance, to produce the Valkenswaard (VW) mirror carp (Bungenberg de Jong, 1964). 

Some of the scaled carp from this stock were used to produce a group of homozygous 

scaled carp. Samples from the Valkenswaard mirror carp strain were send to Israel in 

1962 (see Israel). 

Hol-B In 1957 a second strain was produced and selected from the offspring of 5 

females and 6 males of Aischgrunder x Galician ancestry (courtesy Dr Wunder). 

Crossbreds between this strain and the VW strain were send to Israel where they became 

known as Hol-B. 

Wild (feral) carp, caught in a Frysian lake near Workum, were used to produce a closed 

line of "wild" carp. They differ from domesticated carp in body shape, musculature and 

swimbladder dimensions (Boddeke, 1966). The Wild carp strain is used in the production 

of 25 '/c wild hybrids for sportfishing purposes. These 25 °/c wild hybrids are crossbred 

progeny of (Wild carp x homozygous scaled carp) x VW mirror carp. For homozygous 

scaled carps both Valkenswaard and Tata carps are used. Extensive angling experiments 

have shown that wild carp are more difficult to catch and have better fighting endurance 

than the domesticated strains. Capture and endurance of the hybrids is intermediate 

(Beukema. 1969; Raat, 1985). The hybrids have successfully been used in studies on the 

optimalization of growth in common carp (Huisman, 1974). In 1978 a number of VW 

mirror carp and 25 (/c wild hybrids were transferred to the Wageningen Agricultural 

University were they are registered as "W" carp. The (D x W) Fl broodstock mentioned 

in this thesis is the progeny of a mirror carp male from the D group (see above) crossed 

with a scaled female from the W group (25 '7c wild hybrid). 

11 



Israel 

In Israel carp farming was initiated in 1939 through a number of introductions, mainly 

from Europe (Tal and Sheluvki, 1952; Yashouf,1955). Today, commercial breeding of 

carp is based on strain crossing, exploiting a high degree of heterosis for growth rate 

(Moav et al., 1975b). During the course of an extensive genetic programme, which 

started in 1960, a number of useful strains and crossbreds were developed and tested. 

A short summary of their characteristics is presented (see also figure 4): 

Hol-A and Hol-B. These strains were imported from Holland in 1962. The Hol-A strain 

is equivalent to the Valkenswaard VW mirror carp. Hol-B is the crossbred of this strain 

with the German strain (see above). A comparison of these strains with local Israeli 

strains revealed that Hol-A carp (VW) were highly inbred (Moav et al., 1964): their 

growth rate was the lowest of all tested groups. A high percentage of these carp had 

skeletal malformations. Hol-A mirror carp progeny were characterised by the possession 

of many large scales (Streuschupper, see 1.4). Hol-B carp grew much better and were 

kept as a closed line for further tests. 

Blue-grey. This inbred strain was developed from local Israeli carp in I960 (W'ohlfarth 

et al., 1964), and was found to be highly susceptible to swim bladder inflammation (see 

1.4; Hines et al., 1974). The individuals in this strain are marked by homozygosity for 

two pigment mutations, grey and transparent (see 1.4 and figure 4.2). 

Gold. Another inbred strain produced from local Israeli carp in 1963. The carp in this 

strain are marked by homozygosity for a recessive mutation producing bright orange 

pigmentation (see 1.4 and figure 4.3). 

Nasice. This strain was imported from Yugoslavia in 1970. It maintains many of the 

characteristics of the Aischgrunder x Galician ancestry, including a high back and 

skeletal deformations. Their performance under less optimal pond conditions is 

considerably reduced. They also showed an high incidence of epidermal epithelioma 

(Hines et al., 1974). Crossbreds of the Blue-grey and Nasice strain are resistant to both 

diseases. 

Dor-70. This strain resulted from a large two-way selection experiment conducted 

between 1965 and 1970. The details of this experiment are described in Moav and 

Wohlfarth (1976). The starting population consisted of 5 different familial lines, collected 

at different fish farms in Israel. During the experiment inbreeding was avoided by using 

large numbers of carp and by crossing between replicate groups within selected lines. 

12 



The results after 5 years suggested that European carp had reached a selection plateau 

for growth while maintaining a large genetic variance (Moav and Wohlfarth, 1976). The 

group with the best growth performance was designated Dor-70. This group shows 

excellent hybrid vigour in crosses with other strains (Gold. Nasice. and Big-belly, see 

below). In Israel the most succesfully used crossbred is Dor-70 x Nasice (Moav et al., 

1975b; Wohlfarth et al., 1975; Wohlfarth et al., 1980). Samples of Dor-70 fish have been 

sent to Hong Kong, Brazil, Panama, and South-Africa (Wohlfarth et al., 1980; Sin, 1982). 

Inbreeding of Dor-70 animals produces reduced growth rate and inbreeding depression, 

manifested by a high incidence of skeletal deformations (Brody et al., 1976). In 1980 2 

males and 2 females were transferred from Dor to the Wageningen Agricultural 

University via the O.V.B. (courtesy Dr. Wohlfarth). 

Table 2 Comparison of relative magnitudes of various traits in common carp from 

European and Chinese origin. 

Trait origin 

Growth rate 
-juvenile (up to 3 months) 
-post juvenile 
(different environments) 

Tolerance to suboptimal 
environment 

Weight difference between 
sexes 

Seine escapability 

General viability 

Body shape 

Onset of sexual maturity 

Gonado-somatic index 

European 

low 

high 

low 

small 

low 

low 

high 

late 

10-15 % 

Chinese 

high 

low 

high 

large 

high 

high 

stretched 

early 

30-40 % 

Adapted from Wohlfarth ct al., 1975; Moav ct al., 1975b; Hulata et al., 1474; 1976; 1982; 1985). 
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China 

As already outlined no specific strains of carp were developed in China. Chinese 

common carp are collectively termed "Big-Belly" because of their high gonado-somatic 

index (30 % or more!; see also figure 4.4). They are distributed over most South-East 

Asian countries (Hickling, 1962; Bardach et al., 1972). Big-belly's from Taiwan and Hong 

Kong were imported to Israel in 1970, where they were tested in crossbreeding experi­

ments with European strains (Gold, Blue-grey, Dor-70, Nasice, Hol-B). The crossbreds 

show heterosis under crowded pond conditions with heavy manuring, but occasionally 

have gonad malformations (Hulata et al., 1980). A comparison for various characteristics 

between European strains and Big-belly's is presented in table 2. 
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1.4 Marker traits 

ScalatioD 

The different fenotypes for scalation in carp are well known. Based upon the distribution 

and number of scales, four different types are distinguished (figure 2). Investigations by 

Probst (1953) and various Russian scientists (in Kirpichnikov, 1987) on the inheritance 

of these scale patterns showed that they are induced by mutations in two genes, 'S' and 

'n'. The genes are responsible for wild type scalation. The dominant mutation N is lethal 

in homozygous condition. The fenotypes shown in figure 2 have the following charac­

teristics and genotypes: 

scaled carp (fig. 2a.). Wild type. Scales completely cover the body in a 

regular fashion. Genotype S/S;n/n or S/s;n/n. 

mirror carp (fig. 2b). Carp are irregularly scaled. Scales are enlarged. The 

degree in which they cover the body varies from almost complete 

("streuschupper") to almost absent. Genotype s/s;n/n. 

linear carp (fig. 2c). Carp have a regular row of scales along the lateral 

line but are otherwise irregularly scaled. Genotype S/S;N/n or S/s;N/n. 

nude or leather carp (fig.2d). In these carp scales are absent or nearly 

absent. In all cases the line of scales along the entire back from head to 

tail is interrupted. Genotype s/s;N/n. 

The gene S (s) is used in our experiments as a control for sperm irradiation. The males 

are heterozygous scaled (S/s) while the females are s/s. Mirror carp with few scales 

were used in skin grafting experiments (see chapter 5). 

The mutant N has a pronounced pleiotropic effect (Probst, 1953; Wunder, I960; Steffens, 

1980; Kirpichnikov, 1987). Homozygous N/N larvae die during or shortly after hatching 

and have a characteristic "comma" shape, comparable to the haploid syndrome (see 

chapter 3). Heterozygous N/n fish generally have a reduced viability and disease resis­

tance, and often show deformed dorsal, caudal and anal fins. Their growth rate is 

reduced due to an increased fat metabolism. All these effects are more pronounced in 

nude carp than in linear carp. Together they suggest that the N/n gene might represent 

a deletion in a chromosomal region involved in mesodermal differentiation. Because of 

the negative effects of N, linear and nude carp have been systematically culled from 

most carp strains (e.g. VW carp, see 1.3). 

15 



<*»CJ 

Figure 2 Types of scaling in the common carp 

a) scaled (S/S;n/n or S/s;n/n), b) Mirror (s/s;n/n), c) Linear (S/S;N/n or 

S/s;N/n) and d) Nude (s/s;N/n). from Kirpichnikov, 1987 

Figure 3 "Fingerprint scalation in clones and Fl hybrids of common carp. 

Homozygous clones 11 and 22; Fl hybrids 13, 14, 23 and 24. 
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However, it is well known that even in the absence of N, some carp can have a fenotype 

that is almost like linear or nude (Schaperclaus, 1961; Wunder, 1986). Hol-B carp often 

' display a linear fenotype (Moav et al., 1964), and in our gynogenetic experiments we 

discovered nude carp with a mirror carp genotype. Some of these nudes show all the 

characteristics of true nude carp, including the fin deformations and increased fat 

metabolism (Komen, unpublished results). The inheritance of this fenotype appears to 

be monogenic recessive. These observations support the suggestions of Probst (1953) 

concerning the existence of a multiple allelic system of both "n" and "s" with alleles of 

different strength. Such a system might explain the high heritability of the variable feno­

types of scalation found in mirror carp (Wunder, 1986). In our experiments we have used 

the s and n gene complex to produce "fingerprint" fenotypes to mark our clones and Fl 

hybrids (see figure 3 and chapters 5, 6 and 8). 

Pigmentation 

Colour variants are well known in ornamental carp (Koi or Higoi carp), but coloured 

carp also occur in ordinary domesticated strains, both in Europe (figure 4) and Asia 

(Buschkiel, 1938; Tran, 1967). Although the inheritance of some of these colour variants 

has been investigated, it is usually not clear if these studies describe phenotypic 

variations of the same genotype or different genotypes. Colour is a highly variable trait, 

subject to environmental influences and overall genotype (genetic background). The 

interpretation of colour inheritance is therefore difficult and only allelic tests can decide 

whether colour variants are genetically different or not. 

Colour variants in common carp are determined by the relative amount of melan-

ophores, xanthophores and guanophores: 

- absence of melanophores result in yellow or orange fish. 

- absence of guanophores result in transparent fish (Alampia) 

- absence of xanthophores result in grey or "steel" fish 

- absence of both melanophores and xanthophores result in white fish 

Yellow and orange fish have been analysed by Katasonov (1978) in hybrids of ordinary 

common carp with Japanese ornamental common carp. Backcrossing of Fl hybrids to 

parental Japanese carp produce 25 % orange carp. It was concluded that the orange 

pigmentation resulted from homozygosity for mutations in a duplicated gene B (Black), 

involved in melanophore formation. 
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Figure 4 Different types of pigmentation in some strains and crossbreds of 

common carp. 

1) Normal pigmentation (Blue-Grey x Gold). 

2) Transparent (Blue-Grey). Note transparent operculum and blueish hue. 

3) Gold. No melanophores and uniform orange pigmentation. 

4) Normal pigmentation (Big-Belly), note extended abdomen. 

5) Gold crossbred (Gold x Big-Belly). 

6) Blond fingerlings (Polish inbred strain). 

(Photographs 1, 2, 3. 4 and 5 courtesy Dr. G. Hulata; Photograph 6 courtesy Dr. .1. S/umicc) 



Homozygous bl /bl ;b2/b2 fry completely lack melanophores. Mature animals are yellow, 

orange or even red, with a dark streak along the dorsal/posterior trunk, and with 

isolated regions of black pimentation on the lateral sides (see figure 4.6). The mutations 

might affect the migration of melanophores from the neural crest (Shepard, 1961; 

Lamers et. al., 1981). The residual trunk pigmentation apparently has a different origin -

(Shepard, 1961). 

In our experiments a similar set of mutants termed "blond" was found (chapter 4). Blond 

carp were pale yellow, or lemon coloured. Viability of the blond embryos is slightly 

reduced (Katasonov, 1978; Komen, unpublished results). The red carp described by Nagy 

et al, (1979) are also homozygous for a duplicated recessive gene, in his experiment 

termed p and r. They are probably identical to the bl and b2 genes. The high variability 

of the yellow/orange colour depends on the relative contents of red and yellow pigment 

in the xanthophores (Matsumoto et al., 1960), as well as the genetic background: 

homozygous gynogenetic offspring of a single female produced a wide array of blond 

fenotypes (Komen, unpublished results). 

The "gold" mutant used to mark the Gold inbred line (see figure 4.3) is also bright 

orange. Its inheritance is monogenic recessive (g) and is thus different from blond. The 

gene g appears to be dominant in crosses with Big-Belly carp (Hulata, pers. comm.; 

figure 4.5). 

Transparent carp are, in contrast to the afore mentioned colour variants, easily 

recognized, due to the absence of a reflecting layer in the skin. This condition is termed 

alampia and results from an underdevelopment or absence of guanophores. In Germany, 

transparent carp are known as "blaulinge" (Schaperclaus, 1961; Steffens, 1980). The 

inheritance is unequivocal monogenic recessive. The genes bl̂ , blp and bip described by 

resp. Probst (1949), Wlo/dek (1963) and Wohlfarth et al, (1964) are probably all identi­

cal. Transparency has been used in our experiments as a marker for gynogenesis 

(chapter 4). In order to avoid confusion with other gene codes, we have termed this 

mutant "tp". 

Grey carp have been less well studied. According to Katasonov (1978) the inheritance 

of grey (also termed "steel" and "blueish") is monogenic recessive. The gene is termed 

R (red) and the mutant r. Grey animals are well known in European carp stocks but a 

genetic analysis has not been performed (Schaperclaus, 1961; Steffens, 1980). Grey carp 

have also been noticed in the VW strain (see 1.3; Bungenberg de Jong, 1964). 
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In Israel grey (= r?) is combined with transparent to mark an inbred line (Blue-Grey, 

see figure 4.2; Wohlfarth et al, 1964). 

White carp are a combination of bl, b2 and r (Katasonov, 1978). White carp have only 

been described in ornamental carp. 

Two dominant mutations, D and L, have also been described only in ornamental carp 

(Katasonov 1973; 1974, 1975). The gene D produces a pattern of light bands 

characteristic for ornamental carp. The gene L is lethal in homozygous condition. In 

heterozygous state it induces a stable contraction of melanophores. Both genes are 

thought to have a pleiotropic effect on body shape, but these observations need more 

research. 

Biochemical markers 

Polymorphic enzymes and other electrophoretically detectable protein variants have had 

few applications in common carp. The major reason for this is the low level of 

polymorphism displayed by most proteins tested, except transferrin. Thus, Brody et 

al.(1979) investigated 33 protein loci in the Nasice, Dor-70 and Big-Belly strains and 

found only 5-6 polymorphic loci. The Nasice strain was highly inbred and showed only 

polymorphism for malate dehydrogenase and transferrin. Five polymorphic protein loci 

out of 29 tested were also found in a comparative study between Italian carp from 

different geografie origins (Cataudella et al., 1987). All other loci tested, both in Brody's 

and Cataudella's study, were fixed for the same allele in all populations. The narrow 

genetic basis of many introduced populations was demonstrated by Shearer and Mulley 

(1978) for Australian carp: only two loci were polymorphic. A summary of polymorphic 

enzymes is presented in table 3. 

Transferrins are coded for by a single locus with polymorphic alleles. According to 

Valenta (1976) more than 7 different alleles with decreasing electrophoretic mobility (A 

to G) can be discerned, while Brody et al., (1979) discern 6 loci (FF, F, I, 2, 1, S). 

According to Brody et al., (1979) their S allele might correspond to the G allele of 

Valenta (1976), but the other alleles are difficult to compare. Despite the large number 

of alleles few differences are found between most European carp strains. In the 

Bohemian carp the most frequent alleles are D, E and G, while B is very rare. In the 

Dor-70 and Nasice strains only S (G?) and F (D?) occur. Chinese Big-belly's are more 

polymorphic with all six alleles present (Brody et al., 1976; ibid. 1979). The Wageningen 
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inbred carp strains (including Dor-70 and R8, see 1.3) are all fixed for the same two 

alleles, D and G. Only the "W" strain (see 1.3) shows polymorphism (Van Muiswinkel 

et al, 1986; Pourreau, 1990), which is in accordance with its hybrid origin. These 

observations indicate that transferrin alleles become rapidly fixed in small non-random 

breeding populations. Their significance in genetic studies involving European carp 

strains is therefore limited. Why D and G were preferably fixed in the European 

population is not clear, but a possible relationship with disease resistance has been 

implicated (Suzumoto et al., 1977). However, preliminary studies on the resistance to 

Aeromonas salmonicida infections in different inbred strains did not show a relationship 

with the transferrin genotype (Pourreau et al., 1990; Houghton et al, in preparation). 

Table 3 Polymorphic enzymes in various tissues of common carp. 

(L = liver, B = blood, M = muscle, Br = Brain) 

Enzyme 

Carbonic anhydrase 

Esterase 

Lactate dehydrogenase 

Malate dehydrogenase 

Phosphoglucomutase 

Locus E.C. nr. 

Ca-1 4.2.1.1. 

Est-1 3.1.1.2. 

Est-3 

Est-4 

LDH-B, 1.1.1.27 

LDH-C, 

MDH-B 1.1.1.37 

PGM 2.7.5.1 

Tissue 

L 

L 

L/B 

L/B 

Br/L 

L 

M/B 

M/B 

Alleles 

2 

2 

3 

2 

2 

2 

2 

3 

Ref. 

2 

1 

1,2,6 

1,2 

2,3,5 

1,4,5 

1,6 

1,2 

(1- Brody ct al.,1979; 2- Cataudella et al.. 1987; 3- Engel et al., 1973; 4- Shearer and Mulley. 1978; 5-

Valenta el al.. 197(>; (>- t herlas and Truveller, 1978). 

Histocompatibility antigens 

Immunogenetic markers, associated with the major histocompatibility complex (MHC), 

are extremely useful tools in mammalian population genetics (Klein, 1982). The gene 

products of the MHC are highly polymorphic cell membrane glycoproteins. At the 

fuctional level they are separated in class 1 and class II histocompatibility antigens. Class 
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I antigens are the classic transplantation antigens which can be identified by acute graft 

rejection, T-lymphocyte mediated cell lysis, or specific allo-antisera. Class II antigens are 

involved in cell-cell interactions and can be identified by mixed leucocyte reactions or 

specific allo-antisera. There is compelling evidence that common carp possesses a MHC 

analogue. Skin grafts are invariably rejected in an acute fashion, with associated specific 

memory formation (Hildemann, 1970; Botham et al., 1980). Carp lymphocytes are 

capable of stimulating and responding in the mixed leucocyte reaction (Caspi and 

Avtalion, 1984; Grondel and Harmsen, 1984). Specific allo-antisera have been raised by 

injecting fish with purified leucocytes (Kaastrup et al, 1989). Finally, in the related 

crucian carp (Carassius auratus langsdorfii), adoptive transfer of immunity by pronephric 

cells is successful in isogenic recipients and some allogeneic recipients with a weak 

histocompatibility (H) disparity, but not in xenogeneic or strong H-disparate allogeneic 

recipients (Nakanishi, 1987a; 1987b). The very fact that carp can mount a specific 

immune response against allogeneic tissue from closely related carp indicate that the 

glycoproteins involved are polymorphic both in their public (interstrain) and private 

(inter-individual) specificities. The immunogenetic tests which have been used to dis­

criminate between individuals include: 

allograft exchange. 

mixed leucocyte reaction (one-way and two-way). 

- haemagglutination test with specific allo-antisera. 

Allograft reactions in common carp are discussed and reviewed in chapter 5. The main 

conclusions are that cumulative minor histocompatibility differences can result in acute 

graft rejections which mimic major histocompatibility differences. This phenomenon is 

well known in mammals and amphibia (Hildemann and Cohen, 1967). In the conven­

tional inbred strains studied (e.g Dor-70 and R8; Boon, pers. comm.) grafts were all 

rejected in an acute fashion. These results indicate that in an inbred strain minor H loci 

become fixed for different alleles in different individuals. 

Mixed leucocyte reactions (MLR) in carp have been studied by Caspi and Avtalion 

(1984) and in our laboratory (Gloudemans et al., 1987). The results so far are not too 

promising. Primary two way MLR in randomly selected donor-acceptor pairs are highly 

variable. Reciprocal responses of donors in one- way MLR are usually unequal, 

suggesting immunogenetic differences (Caspi and Avtalion, 1984). We hoped that 

heterozygous gynogenetic offspring would show a segregation of alleles of a strong MLR 
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(MHC) locus as it did in allograft reactions (chapter 5). Unfortunately, the highly 

variable responses did not allow for a clear discrimination between responding and non-

responding donor combinations (table 4). 

Haemagglutination tests using specific allo-antisera are more promising for 

immunogenetic studies. Recently Kaastrup et al., (1989) succeeded in raising specific 

antisera against the allelic products of a putative MHC locus. The antisera were 

produced by immunising gynogenetic Dor-70 carp with peripheral blood leucocytes from 

gynogenetic siblings. The obtained antisera were operationally monospecific within the 

Dor-70 gynogenetic progeny. Flow-cytometer analysis of the cellular distribution of these 

histocompatibility antigens demonstrated their presence on erythrocytes, pronephros 

leucocytes and peripheral blood leucocytes (Kaastrup et al., 1989). In view of the 

previously noted fact that Dor-70 carp were homozygous for most biochemical markers, 

it is remarkable that this strain has retained its heterozygosity for a putative MHC locus. 

Table 4 Stimulation indices (S.I.) of mixed leucocyte reactions between 

heterozygous gynogenetic siblings. (Komen, unpublished results). 

responder 

cells 

(fish nr) 

1 

2 

3 

4 

5 

6 

stimulator cells (fish nr) 

1 

-

4.1 

2.3 

0.9 

3.2 

2.7 

2 

23.0 

-

8.5 

3.2 

2.1 

25.8 

3 

17.5 

26.6 

-

3.4 

44.8 

92.5 

4 5 

1.8 1.2 

3.2 0.2 

2.1 2.9 

- 1.1 

2.2 

3.3 2.0 

6 

12.5 

6.1 

10.5 

1.0 

2.8 

-

Lcucocylcs from each fish were Icslcd as responder or stimulator. Stimulator cells were irradiated with Co60 

(M) Gy). Proliferation of responder cells was measured by 'H-Thymidinc incorporation. S.I. values were 
calculated as: ( l m p t2, tm)/(l res |, + !„,„,) (counts per minute). 
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During the course of this Ph-D study attempts were made to raise specific antisera 

within groups of gynogenetic offspring. Homozygous carp (EM group) were immunized 

with leucocytes from heterozygous gynogenetic siblings (2PB group). Three allo-antisera 

were obtained with haemagglutination titers between 2log 4 and 6. 

Table 5 Haemagglutination results of three different antisera on 

erythrocytes from half-sib (CO group), heterozygous gynogenetic 

(2PB group) and homozygous gynogenetic (EM group) siblings. 

alloantisera 

EÜ! anti 2PB! 

EM2 anti 2PB2 

EM3 anti 2PB3 

Co 

+ 

0 

19 

1 

group 

28 

9 

16 

2PB 

+ 

25 

39 

37 

group 

15 

1 

3 

EM group 

+ 

7 14 

16 5 

13 8 

+ = agglutination; - = no agglutination. Antiscra were obtained by repeated immunisations of homozygous 
gynogenetic fish (nrs 1, 2 and 3) with leucocytes from heterozygous gynogenetic siblings (1,2 and 3; Komen, 
unpubl. results). 

The haemagglutination test results are given in table 5. They are not readily interpreted 

in terms of a single locus with two allelic products segregating in homozygous combina­

tions in the offspring. All three allo-antisera used were specific for the majority of fish 

from the 2PB group (the donor group), but less so for fish from the EM group (recipient 

group) or fish from a half sib control group. Absorptions with EM erythrocytes removed 

most reactivity. These results can be explained by assuming that the antigens within this 

strain are not polymorphic enough to be discerned by the carp antisera. However, the 

agglutination was not affected by treatment with ß mercapto-ethanol. This indicates that 

substances other than immunoglobulins might have been present in the produced 

antisera. 
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Summary 

In this chapter a brief account of the meiosis and early development in common carp is 

presented, followed by a description of the genetic consequences of induced gynogenetic 

breeding. The chapter is concluded with an outline of the aims and structure of the present 

thesis. For the technical aspects of gynogenesis the reader is referred to reviews by 

Thorgaard ( 1983), Chourrout ( 1987) and Komen et al., ( 1990). 

2.1 Meiosis and early development in common carp 

Central to a discussion on the consequences and benefits of gynogenesis stands a thorough 

understanding of the meiotic processes and their timing in oocyte development and final 

maturation. The literature on this subject is often confusing. 

In female common carp ovarian development starts with proliferation of germ cells or 

oogonia, 7-9 weeks after hatching (23 °C). These germ cells represent a stem cell population 

which gives rise to oogonia througout the life cycle of female carp (Parmentier and 

Timmermans, 1985; Wallace et al., 1987). Between 17 and 25 weeks after hatching the 

primordial gonad developes into an ovary. In this ovary many cysts are found containing 

either individual primary oogonia (16 ^m), groups of secondary oogonia (i.e. after prolife­

ration, 8-10 /urn), or groups of early prophase oocytes (8^m). The oogonia contain a nucleus 

with a conspicious nucleolus and weak staining cytoplasma (haemaluin/eosin). The early 

prophase oocytes are characterised by a dense chromatine mass (Parmentier and 

Timmermans, 1985). Larger primary oocytes (pre-vitellogenic oocytes), surrounded by fol­

licular cells, are observed in a later phase. In these oocytes numerous nucleoli are located 

along the nuclear periphery (peri-nucleolus stage). The cytoplasma stains distinctly basophil­

ic. Meiosis is initiated during the transition from oogonium to primary oocyte. Each 

chromosome is duplicated (replicated) before meiosis. The chromosome and its copy remain 

together as sister-chromatids and behave as one functional unit during the following pro­

phase I of meiosis. The first four stages of prophase I are: 

(1) leptotene. (2) zygotene. (3) pachytene and (4) diplotene. The fifth stage of prophase, 

diakinesis, occurs later, after oocyte growth has been accomplished. 
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