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I Gynogenese is een snelle en effectieve methode voor het produceren van
homozygote inteeltlijnen bij vissern.

Dit proefschrift

1 De opvaiting, dat bij gebruik van U.V. licht voor genetische inactivatie van DNA
alleen kleine hoeveelheden sperma succesvol kunnen worden bestraald, is onjuist,

Chourrout, D. 1987, Genetic manipulations in fish; review of methods. In: K.Tiews (ed.)
Selection, Hybridisation and Genetic Engineering in  Agquaculture.
Schr.Bundesforschunsanst.Fisch.Hamburg, 18/19 (Vol [/II). Heenemann, Berlin, Vol. 1I,
pp. 111-127.

I  Voor de gynogenetische produktie van homozygote nakomelingen verdienen
eieren van niet ingeteelde moederdieren de voorkeur boven eieren van reeds via
gynogenese gedeeltelijk ingeteelde vissen.

Dit progfschrift

IV Bij experimenten waarbij geslachtsonmkeer bij vissen wordt geinduceerd door
toediening van androgenen via het voer, dient de dosering van het hormoon
gebaseerd te zijn op het gemiddeld visgewicht in plaats van op de te verwachten
gewichtstoename gedurende de behandelingsperiode,

Dit procfschrift

Vv Bij het verklaren van transplantaat afstoting bij de karper wordt het belang van
minor histo-incompatibiliteit tussen donor en ontvanger vaak onderschat.

Dit proefschrift
V1  Een mogelijke expressie van H-Y antigeen op mannelijke 8-cellige muize
embryo’s is niet in overstemming met de veronderstelde rol van dit antigen in de
spermatogenese.
Burgoyne, P.S., Levy, ER. and McLaren, A. 1986. Spermatogenic {ailure in male mice

lacking H-Y antigen. Narure, Vol. 320, pp.170-172.

VIl Bij de geslachtsdeterminatie van de karper zijn behalve testis determinerende
genen ook ovarium determinerende genen betrokken.
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De vergroting van de oogdiameter bij zilveraal, welke een behandeling met
gonadotroop hormoon ondergaan, is geen adaptatie aan het diepzee milieu van
de veronderstelde paaigronden, maar eerder de expressie van geslachtsrijpheid.

Pankhurst, N.W. 1982. Relation of visual changes to the onsel of sexual maturation in the
European ecl, Anguilla anguilla, J. Fish Biol. 21, 127-140.

De constatering dat linkshandige mensen eerder ongelukken maken, vaker last
hebben van auto-immuun ziektes en gemiddeld vroeger sterven dan
rechtshandigen, werpt nieuw licht op de uitdrukking "twee linkerhanden hebben.”

Piet Vroon: de tranen van de krokodil, Ambo (Baarn}. 1990

Risicodragend onderzoek is uitsluitend gebaat bij een onvoorwaardelijke
financiering.

Het feit dat dieren in prachtkleed door veel mensen als mooi of opvallend
worden beoordeeld, impliceert niet dat mensen en dieren vergelijkbare criteria
hanteren bij het beoordelen van hun partner.

Gynogenese is een koud kunstje

Stellingen behorend bij het proefschrift "Clones of common carp, Cyprinus carpio:
new perspectives in fish research” van J.Komen
Wageningen, 5 september 1990




En pronongant 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 riviéres paisibles, des lacs enchanteurs, des etangs placés dans les vallées romantiques . . .

Histoire Natureile de Lacépede
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 (Linnacus 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, [980; 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, 19467):



Figure 1 Zoogeographic distribution of commen carp, Cyprinus carpio
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1- European-Transcaucausian carp: Cypriaus 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 ie. 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 {Schiperclaus, 1961; Horvath and Lukowicz, 1982; Lelek, 1987). The
river Rhine and Rhéne 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 {ully
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. Cvprinus 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 Vert. D.F. L.L. G.R. Ref.
European

Danube, Don, Volga 36.3-36.8 19.0-19.4 37.6-38.9 23.6-26.5 1
Domesticated {36-38) (16-21) {35-40) (23-26) 2,3
ibid. at 25°C 34,1-35.3 20.7 36.0-38.0 27.4-28.4 4,5
Central Asia 36.0~-36.6 18.3-19.4 36.1-38.9 23.5-26.9 1
South-Fast Asia

Amur river 36.6 17.6-18.2 37.8-38.1 20.6-21.3 1
Chinese/Japanese 33.6-34.3 18.6 34.4-34.7 22.4=24.7 4,5
{domesticated)

Vietnamese 32.2-34.0 19.4-20.7 31.5-32.9 18.1-19.4 3

Vert = verichrae; ILF. = soft dorsal fin rays; LL = scales in lateral linc; G.R. = gill rakers on vuter gill
arch. References: 1- Kirpichnikov, 1967; 2- Schaperclaus 1961, 3- Sielfens, 1980; 4- Moav ¢t al., 1975a;
5- Suzuki and Yamaguchi, 1984; 6- Tran Dinh-Trong, 1967.
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1.2 History of domestication

South East Asig 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 cuiture grew parailel with the culture of silk worms, as the pupea
of the silkworm and their faeces provided supplememary 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 smailer 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, [980). 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
animalivum). 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. 1V, 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.), & 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 XI1,4; 6th century
AD.). 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 AD. 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 Sprawie, sypdniu, wymiérzaniu,
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, Ausiria, Brandenburg and Prussia where the nobility
made a living from selling fish (Shaw, 1804). During the 19th and 2(th 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 sclection 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 heen 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
1) broodstock animals to produce large numbers of fry, Full-sib matings were therefore
inevitahle (Schiperclaus, 1961). At the turn of the century an attempt to standardise the
major carp races was made (Walter, 1901; Schaperclaus, 196{; 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 Atschgrunder carp. They
were bred by Alfred Gasch (Wunder, 1986) around 1900 and extensively promoted by

9



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 (Sovenyi et al, 1988). Some homozygous
scaled individuals of this strain were send to the Q.V.B. in the sixties to participate in
the 25% hybrid breeding programme (pers.comm. Bungenherg 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 R&.

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), Géd, 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 helieved
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 vyears this
organisation developed 3 different strains of carp. Their crosshreds 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 preduce 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 mirrar carp strain were send to lsrael in
1962 {sce Israel).

Hol-B In 1957 a second strain was produced and selected from the offspring of 5
females and ¢ 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 % wild hybrids for sportfishing purposes. These 25 % wild hybrids are crossbred
progeny of (Wild carp x homozygous scaled carp) x YW 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 a2 number of VW
mirror carp and 25 % wild hybrids were transferred to the Wageningen Agricultural
University were they are registered as “W" carp. The (D x W) FI 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 % wild hybrid).
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Israel

In Israel carp farming was initiated in 1939 through a number of introductions, mainty
from Europe (Tal and Sheluvki, 1952; Yashouf,1935). 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 crosshreds 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 matformations. 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 1960 (Wohlfarth
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 famitial lines, coilecied
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.
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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-76 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
European Chinese

Growth rate

-juvenile (up to 3 months) low high
-post juvenile
(different environments) high low

Tolerance to suboptimal
environment low high

Weight difference between

sexes small large
Seine escapability low high
General viability low high
Body shape high stretched
Onset of sexual maturity late early
Gonado-somatic index 10-15 % 30-40 %

Adapted from Wohlfarth et al., 1975; Moav ¢t ak., 1975h; Hulata ct al., 1974; 1976; 1982; 1985).




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 aiso 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

Scalation

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

'w’. 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 $/5;n/n or 8/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:N/n or §/5;: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) 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, 1960; 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 L.3).
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Figure 2 Types of scaling in the common carp
a} scaled (S$/Sin/n or S/s:n/n), b) Mirror (s/s;n/m). c) Linear (§/S:N/n or
S/s;N/n) and d) Nude (5/s;N/n). from Kirpichnikov, 1987

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

Homozygous clones 11 and 22; F1 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 (Schéperclaus, 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 resulis). 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 nsed
the s and n gene complex to produce "fingerprint” fenotypes to mark our clones and F1

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 resuit 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 F1 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

COMIMOon 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 abdomern.

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

6) Blond fingerlings (Polish inbred strain).

(Phatographs 1, 2, 3, 4 and 5 courtesy Dr. GG, Hulata; Photograph 6 courtesy Dr. . Srumiec)
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Homozygous bl/hi;b2/b2 fry completely lack melanophores. Mature animals are yellow,
orange or even red, with a dark streak along the dorsal/posierior 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 resuits).

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” (Schiperclaus, 1961; Steffens, 1980). The
inheritance is unequivocal monogenic recessive. The genes bly, bl, and bl;, 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 v;/ith 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 (Schiperclaus, 1961; Steffens, 1980). Grey carp

have also been noticed in the VW strain (see 1.3; Bungenberg de Jong, 1964).



In Israel grey (= r?) is combined with transparent to mark an inbred line (Blue-Grey,
see figure 4.2; Wohifarth 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 geografic 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, 1, 2, 1, §).
According to Brody et al, (1979) their § 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

polymarphic with all six alleles present (Brody et al., 1976; ibid. 1979). The Wageningen
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inbred carp strains {including Dor-7{) 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; Pourrcau, 1990), which is in accordance with its hybrid origin. These
ohservations indicate that transferrin alleles become rapidly fixed in small non-random
breeding populations. Their significance in geoetic 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 salmornicida 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.

(I. = liver, B = blood, M = muscle, Br = Brain)

Enzyme Locus E.C. nr. Tissue  Alleles Ref.
Carbonic anhydrase Ca-l 4.21.1. L 2 2
Esterase Est-1 3.1.1.2. i 2 1

Est-3 L/B 3 1,2,6
Est-4 L/B 2 1.2
Lactate dehydrogenase LDH-B, 1.1.1.27 Br/L 2 235
LDH-(, L 2 1.4,5
Malate dehydrogenase MDH-B 1.1.1.37 M/B 2 1.6
Phosphoglucomutase PGM 2751 M/B 3 1.2

{1- Brody ¢l al,1979: 2- Cataudella ¢t al., 1987; 3- Engel et al, 1973; 4- Shearer and Mulley, 1978; 5-
Valenta ¢t al., 1976: 6- Cherfas and Truveller, 1978).

Histocompatibility antigens

[mmunogenetic 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 I histocompatibility antigens. Class
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1 antigens are the classic transplantation antigens which can be identified by acute graft
rejection, T-lymphocyte mediated cell lysis, or specific allo-antisera. Class I 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 2 MHC
analogue. Skin grafts are invariably rejected in an acute fashion, with associated specific
memory farmation {Hildemann, 1970; Botham et al,, 1980). Carp lymphocytes are
capable of stimulating and responding in the mixed leucocyte reaction (Caspi and
Avtalion, 1984; Gronde! 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 invalved 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 R&; 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 usuvally unequal,
suggesting immunogenetic differences (Caspi and Avialion, 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
gyvnogenetic 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 iis heterozygosity for a putative MHC locus.

Table 4 Stimulation indices (8.1.) of mixed leucocyte reactions between

heterozygous gynogenetic stblings. (Komen, unpublished results).

stimilator cells (fish nr)
1 2 3 4 5 6
responder 1 - 23.0 17.5 1.8 1.2 12.5
cells 2 4.1 - 26.6 3.2 0.2 6.1
(fish nr) 23 2.3 8.5 - 2.1 2.9 10.5
4 0.9 3.2 3.4 - 1.1 1.0
5 3.2 2.1 44.8 2.2 - 2.8
6 2.7 25.8 92.5 3.3 2.0 -

Leucaeyles [rom cach lish were tested as rosponder or stimulator, Stimulator cells were irradiated with Co®
(30 Gy). Profifcration of responder cells was measured by *H-Thymidine incorporation. 4.0 values were
calculated as: (Fuy + 2000/ (L + Loe) (counts per minule).

23




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 “log 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.

_ Co group 2PB group EM group
alloantisera

+ - + - + -

EM; anti 2PBg 0 28 25 15 7 14

BM; anti 2FB, 19 9 39 1 16 5

My anti 2PBq 1 16 37 3 13 8

+ = agglutination; - = no agglutination. Antiscra were obtained by repeated immunisations of hemorygous
gynogenetic fish (nrs 1, 2 and 3) with leucocyies from helerorygous gynogenctic 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. Ali 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 3 mercapto-ethanol. This indicates that
substances other than immunoglobulins might have been present in the produced

antisera.

24



Rejerences

Aclianus, De Natura Animalium. (Loch classical library)

Apicius, De Re Coquinaria. ed. and Transl. J. Dommers-Vehling, Repr. Dover publications, 1977,
Aristotle, Historia Animalium. (Loch classical Library)

Athenacus, Deipnosophistae. (Loch classical library)

Bakos, J. 1979, Crossbreeding hungarian races of common carp to develop more productive hybrids.
Advances in Aquacullure, Fishing News Books Ltd., Farnham, UK. pp. 635-642.

Balon, E K., 1974. Domgcstication of the Carp, Cyprinus carpio L.
Royal Ontario Museum Life Sei. Misc. Pub., Ontario.

Banarescu, P.. Blanc, M., Gaudet, LL. and Hureau, J.C. 1971. Europcan Iniand Water Fish: a muitilingual
catalogue. EIFAC/FAO, Fishing ncws, London 1971,

Bardach, J.E., Ryther, J.H.. and Maclarney, W.O. 1972. In : Fish as Food, Voll (ed. G.Borgstrom)
Academic Press, N.Y. pp.121-143,

Berka, R. 1985. A bricf insight inlo the history of Bohemian carp pond management. In: Aquaculture of
Cyprinids. Billard, R, and Marccl, 1. eds. INRA, Paris, pp. 35-40,

Beukema., J.1. 196Y. Angling cxperiments with carp (Cyprinus earpio L) I differences between wild,
domesticated and hybrid strains. Neth., 1. Zool. 19(4): 596-609,

Bloch, 1789. Histoire Naturelle, vol. 7: Pisces. sce.ed.

Boddeke, R. 1966. Domestication of the carp. Arch. Neerl. Zool. 16: 539,

Botham,).W.. Grace. M.F. and Manning. M.J. 1980. Ontogeny of first set and  second set alloimmunc
reactivity in (ishes. In: Phylogeny of im-munological memory. Manning, M.J. ed. pp.83-92, Elsevier /North
Holland biomedical press, Amsierdam.

Brady, T., Moav, R.. Abramson, Z.V.. Hulala, G. and Wohl{arth, G. 1976,

Applications of clectrophorctic genetic markers to lish breeding 11 genetic variation within maternal half-
sibs in carp. Aquacultore % 351-365.

Brody. T., Kirsht, D., Parag. (., Wohlfarth, (;., Hulata, G. and Moav, R. 1979. Biochemical genetic

comparison of the Chinese and European races of the common carp. Anim, Blood Grps. Biochem. Genet.

10: 141- 149,

Bunggenberg de Jung, C.M. 1964, Geschiedenis en ontwikkeling van het viskweckbedrijf Valkenswaard (in
Duich). 0.V .B. publications.

Buschkicl, A.L. 1932. Studien uber das wachstum von Fischen in den Tropen.
Internat. Rev. Hydrobiol. 27(4 /6): 427-406.

Caspi. R.R. and Avialion, R.R. 1984. The mixed leukocyle reaction (MLR) in carp: bidirectional and
unidircetionad MLR responses. Dev, Comp. Immunol. 8: 631-637.

Cassiodorus, Variae. edity: Migne Patrologia Latina LX1X (1848).

25



Cataudella, 8., Sola, L., Corti, M., Arcangeli, R., La Rosa. G., Mattoccia, M., Cobolli-Shardeni, M. and
Sbordoni, V. 1987, Cylogenclic, genic and morphomelric characlerization of groups of common carp,
Cyprinus carpio. In: Sclection, Hybridization and Gencetic Engineering in Aquaculture, Tiews, K. ed.
Schrilten der Bundesforschungsanstalt fur Fischeres, Vol pp 113-130. Heenemann, Berlin, 1987,

Cherlas, N.B. and Truvelier, K.A. 1978, Investigations on radiation induced diploid gynogencsis in carp HI:
analysis of gynogenctic progenics using biochemical markers. Soviet genelies (Genetika) 14,4:599-604,

Clitford, K. and Arbery, L. 1984. Redmire Pool. Beckay publ. Itd., Enlicld. UK.

Engel, W.. Schmidtke, J.. Vogel, W. and Woll, U. 1973. Genetic polymorphism of lactale dehydrogenase
isoenzymes in the carp (Cyprinus carpio) apparcatly due to a "null allele”. Biochem. Genet, 8,3: 281-289.

Gloudemans, A.G.M.. Cohen, N., Boershrock, G.E., Grondel, J.L. Egberts, E. and Van Muiswinkel, W.B.
1987. The major histocompatibility complex in fish, Carp lamily studies using the mixed leucocyte
reaction. In: Selection, Hybridization and Genetic Engincering in Aquacultere, Tiews. K. cd. Schrifien
der Bundesforschungsanstalt fur Fischerei, Vol.l pp 265-268. Hecncmann, Berlin, 1987,

Grondel, F.L. and Harmsen, E.GG.M. 1984. Phylogeny of interleukins: growth factors produced by leucocytes
of the cyprinid fish, Cyprinus carpio L. immunology, 52: 477-482.

Hamilton, K.E., Ferguson, A, Taggart, 1.B., Tomasson, T., Walkcr, A. and Fahy. E. 1989, Post-glacial
colomization of brown trout, Salmo trutta L.: Ldh-5 as a phylogeographic marker locus.
1. of Fish Biol.: 651-661.

Hickiing, C.E. 1962. Fish culture. Faber and Faber, London UK.

Hildemann, W.H. and Cohen, N. 1967, Wcak histocompatibilitics: cmerging immunogenetic rules and
generalizations, In: Histocompatibility testing, Curtoni,E.S.. Mattiuz.P.L.. and Tost.R.M. ¢ds. pp, 13-20.

Williams and Wilkins Co, Baltimore.

Hildemann, W.H. 1970, Transplantation immunity in fishes: Apgratha, Chondrichthyes and Osteichtyes.
Transplantation proceedings Volll, 2: 253-259.

Hines, RS, Wohlfarth, G.. Moav, R., and Hulata, G. 1974, Genetie ditferences inosusceptibility o two
diseascs among strains of the common carp. Aquaculture 3: 187-197.

Hock. P.P.C.. 1895 Poissons: pp 111-115; In Guide Zoologique (de Bocr, Helder).

Horvath, L, and Lukowics, M, 1982, Tablcs with data of hatchery procedures and rearing process of some
bred warmwater fishes. Aquacultura Hungarica (Szarvas) Vol HI pp. 212-219.

Huisman, E.A. 1974, Optimaliscring van dc groci bi kavper (Cyprinus carpia Ly Ph-D thesis (in Dutch with
English summary), State University of Utrecht, The Netherlands.,

Hulata, G., Moav, R. and Wohlfanh, G. 1974, The rclationship ol gonad and cgg sive to weight and age in
the European and Chinese races of common carp. Cyprinus carpio L. ). Fish Biol, & 745-75%.

Hulata. G., Moav, R. and Wohlfarth, G. 1976. The clfcets of maternal age. relative hatching time and
density of stocking on growth rate ol fry in the European and Chinese races of common carp.

J. Fish Biol. 9: 499-513,

Hulata, G.. Moav, R. and Wohlfarth, G. 1980. Genetie differences between the Chinese and Eurepean races
of the common carp It Gonad abnormalitics in hybrids. ). Fish Biol. 16: 3649-3711,

Hulata, G., Moav, R. and Wohlfanh, (. 1982, Eifcets of ¢crowding and availability of food on growth rate
of fry in the European and Chinese races of the common carp. ). Fish Buok, 2t 323-327.

26



Hulata, G.. Wohllarth, . and Moav. R. 1985, Genetic dilferences between the Chinese and European races
of the common carp IV: Elfects of scxual matoration on growth patteens. J. Fish Biol. 26: 95-103.

Kaastrup, P., Stet, R.J.M., Tigchelaar, AJ., Egberts, E. and Van Muiswinkel, WB, 1989. A major
histocompatibility complex in fish: serological identilication and scgregation of transplantation antigens
in the common carp {Cypriznus carpio L), Immunogenctics, 30: 284-290.

Katasonov, V.Y, 1973, Investigation of colour in hybrids of common and ornamental (Japanese) carp 1:
transmission of dominant colour types. Svviel genctics (Genetika) 9: 985-992,

Katasonov. V.¥. 1974, Investigation of colour in hybrids of common and ornamental (Japanese) carp II:
pleiotropic effect of dominant colour genes. Soviet genctics (Genetika) 10: 1504-1512.

Katasonov, V.Y. 1975, Lethal action of the light colour gene in carp (Cyprinus carpio). Soviet genetics
(Genetika) 12: 514-516.

Katasonov, V.Y, 1978, Investigation ol colour in hybrids of common and ornamental (Japanesc) carp 1HI:
Inheritance of blue and orange colour types. Soviel genetics (Genetika) 14: 1522-1528.
Kirpichnikov, V.5. 1967. Homologous inheriled vaniation and the evolution of the carp (Cyprinus carpio
L.). Sovicl Geneties (Genetika) 3: 19-27.

Kirpichnikov, V8. 1987. Genetische Grundlagen der Fischzuchtung. Herausgabe VEB, Deutscher
Landwirtschafisverlag Berling DDR. printed in the GDR,

Klcin, J. 1982, Immunology: the science of self and non-self discrimination. Wiley and Sons, New York.

Lamers, C.H.1., Rombout, J.W.M. and Timmcrmans, L.P.M. 1981. An cxperimentat study on neural crest
migration in Barbus conchonius (Cyprinidae, Teleostei) with special reference to the origin of the entero-
endocrine cells. I. Embryol. exp. Morph. Vol. 62: 309-323.

Lelek, A. 1987, The freshwater fishes of Europe. Vol. 9: the threatencd fishes of Europe. Aula Verlag,
Wicsbaden.

Mann, H. 1961. Fish Cultivation in Europe. In: Fish as Food, Vol (ed. (G.Borgstrom) Academic Press, N.Y.
pp.121-143,

Matsumoto, J.. Kajishima, T, and Hama, T. 19641, Relation between the pigmentation and pterin derivatives
of chromatophores during development in the normal black and transparent scaled types of goldfish
(Carassius auratus). Genetics 45: 1177-1189.

Moav R.. Wohlfarth, ;. and Lahman. M. 1964, Genetic improvement of carp 1V Growth rate of carp
imported from Holland relative 1o sracli carp and some crossbred progeny, Bamidgeh 16: 142-149,

Muav R. Finkcl, A, and Wohllarth, (. 1975a. Variability of intermuscular bones, Vertebrae, Ribs, Dorsal
Fin Rays and Skcletal Disorders in the Common carp. Theor. Appl. Genet. 46: 33-43,

Muoav, R.. Hualata. ;. and Wohllarth, . 1975b. Geaetie differences between the Chinese and European
races of the common carp 1: Analysis of genolype-environment interactions for growth rate.
Heredity 34: 323-340.

Maoav, R. and Wohlfarth, G. 1976, Two-way sclcction [or growth rate in the common carp (Cyprinus carpio
L.). Genetics 820 83-104,

Maoyle, P.B. 1984, America’s Carp. Natural History, 93(9): 43-50.

Nagy. A.. Rajki, K., Bakos, J. and Csanvi, V. 1979, Genetic analysts in carp (Cyprings cerpio) using
gynogenesis, Heredity 43: 35-40.

27



Nagy, A., Csanyi, V., Bakos, J. and Bercsenyi, M. 1984. Uldlization of gynogenests and sex reversal in
commerctal carp breeding: growth of the first gynogenctic hybrids. Aquacultura Huogarica, Vol 1V: 7-16,

Nagy, A. 1987. Genetic manipulations performed on warm water fish. In: Sclection, Hybridization and
Genetic Engineering in Aguaculture. Tiews, K. ed, Schriften der Bundesforschungsanstalt fur Fischerci.
Vol. I pp 163-174. Hecoemann, Berlin.

Nakanishi, T. 1987a. Kinetics of transfer of immunity by immunc leucocytes and PFC response to HRBC
in isogenic ginbuna crucian carp. I. Fish Biol. 30: 723-729,

Nakanishi, T. 1987b. Transferability of immunc plasma and proncphric cells  in isogenic, allogeneic and
xenogencic transfer systems in crucian carp. Dev. Comp. Immunol., Vol. 11(3): 521-528.

Pennckamp, G.A. 1899, Rapport van de Nederlandse Aldecling Zoctwatervisseherij der Ned. Heidemaal-
schappij voor vijverbouw en vischteelt. Tijdschr. Ned. Heidemij, 11:243-247 (in Duich).

Plinius, Naturalis Historia (Locb classical Library).

Pourreau, C.N. and Tuin, F.C.M. 1990, Preliminary observations on the role of transferrin in the
pathogenicity of carp (Cyprinus carpio) crythrodermatitis. in: Ph-D thesis "Carp crythrodermatitis™ host
defence - pathogen interactions. Agricuitural University, Wageningen,

Probst, E. 1949. Der Blauling Karpfen, Altg. Fischerei-Zeg. 74(13): 232-234.

Probsi, E. 1953, Dic Beschuppung des Karpiens, Munch. Beitr. Abwasser-Fischerei-u, Flussbiol. 1:150-227.

Raat, AJP. 1983. D¢ Karper, (0.V.B. annual report 1982-1983. pp. 77-95. (in Dutch, with English
summary).

Raat, A J.P. 1985, Analysis of angling vulncrability of common carp, Cypriniis carpio L., in calch and release
angling in ponds. Aquaculture and Fisheries Management 16: 173-187.

Schaperclans, W. 1961, Lehrbuch der Teichwirtschalt. Paul Parey, Berlin/Hamburg,
Shaw, (G. 1804. General Zoology, Vol. V, part 1: Pisces. (i.Kearfley, Fleet str. London.

Shearer, K.D. and Mulley, 1.C. 1978. The introduction and distribution of the Carp. Cyprinus carpio L. i
Aunstralia. Austr. J. Mar. Freshwater Res. 29: 351-563.

Shephard, D.C. 1961. A cytological study of the origin of melanophores in the teleosts. Biol Bull, 120: 206-
222,

Sin, A.W. 1982, Stock improvement of the common carp in Hong Kong (hrough hybridization with the
introduced lsrach race Dor-70, Aquaculture 29; 299-304,

Savenyi, J.F., Beresenyi, M. and Bakos, J. 1988, Comparative examination of susceptibility of two genotypes
of carp (Cyprinus carpio) 1o infection with Aeromonas Salimenicida. Aguacullure 70: 301-303.

Steffens, W. 1980. Der Karplen. A, Zicmsen Verlag Wittenberg Lutherstadt. 5 Auflage.

Suzuki, R, 1979, The culture of common carp in Japan. In: Advances in Aquaculture. Pillay. T.V.R and Dill,
W.A. eds. Fishing ncws books, Farnham, England. pp. 161-166.

Suzuki R. and Yamaguchi, M. 1984, Mecristic and morphometric characters of interracial hybrids of (he
common carp Cyprinus carpio Lo Bull. Natl. Res. Inst. Aquaculture 6; 1-9.

28



Suzumolo, B.K. Schreck, C.B. and Mclntyre. 1977, Relative resistance of three transferrin genotypes of
Coko Salmon (Oncorhynchus kisutch) and their hematological responses 1o bacterial kidney discase. J. H
Res. Board Can. 34: 1-8.

Tal, §. and Sheluvki, M. 1932, A review of the fish farming industry in Isracl. Trans. Am. Fish. Soc. 81: 218-
223,

Thicncmann, A. 1950. Verbreitungsgeschichte der Siiswasserlicrwell Europas. Die Binnengewasser, bnd.18
Stuttgard.

Tran Dinh-Trong 1967, Matcrials on intraspecific variation, biology, and distribution of the carp of North-
Victnam. Sovijct Genetics (CGenctica) 3: 28-35.

Valenta. M., Stratil, A, Slechtova, V., Kalal, L. and Slechta, V. 1976. Polymorphism of Transferrin in carp
(Cyprinus carpio): genctic determination, isolation, and partial characterisation. Biochem. Genet. 14, 1/2:
27-45.

Van Muiswinkel, W.B., Tigchclaar, A.).. Harmsen, E.G.M. and Rijnders, P.M. 1986. The use of artificial
gynogenesis in studies on the immune system of carp (Cypriaug carpio L.). Vet. Immunol. Immunopathol.
£2: 1-6.

Walter, E. 1901, Ubcr Karpfenrassen. In; Knauthe, K. Die Karpfenzucht. Neudamm (1901), 41.

Wceber, M. and de Beaulort, LF. 1916. The fishes of the Indo-Australian Archipelago [11: Ostariophysi: TE
Cyprinoidca, Apodes, Synbranchi, E.J. Brill, Leiden, The Nctherlands.

Wio/dek, .M. 1963. Der blaue Karplen aus der Teichwirtschaft Landck, Acta Hydrobiol. 5(4): 383-401.

Wohlfarth, (5., Lahman, M. and Moav, R. 1964. Genetic improvement of carp V: Comparison of fall and
winter growth of several carp progeny. Bamidgeh, 16: 71-76,

Wohllarth, G., Moav, R, and Hulata, G. 1975, Genetic differences between the Chinese and European races
of the common carp if: multi-characler variation - a responsc 10 the diverse methads of fish cultivation

in Europe and China. Heredity 34: 341-350.

Wohlfarth, G., Lahman, M., Hulata, G. and Moav, R. 1980. The story of Dor-70: a selected strain of the
Isracli common caep. Bamidgeh 32: 3-5.

wohllarth. 6. 1984, Common carp. In: Evolution of domesticated animals. Mason, LL. ed. Longman,
London. pp. 375-380,

Wunder. W. 1949, Shortened sping, a hereditary character of the Akschgrond carp (Cyprinus carpio). Roux
Arch. Entw, -Mech. 144.1:1-24.

Wunder, W, 19613, Erbliche Flossenfchler beim Karpfen und ke Einfluss auf die Wachstumsleistung. Arch.
Fischereiwiss. 11(2): 106-119,

Wunder. W. 1986, Karpfenrassen und Karpienstimme. Letstungsprifungen und Auswahl hochwerticher
Zuchtfische in der Karplenteichwirtschaft. serie in: Fischer und Teichwirt, 1986.

Yashoul, A, 19535, The Punten carp and its attributes. Bamidgeh 7; 46-35.

29



Chapter 2

INTRODUCTION TO THE PAPERS

31







