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ABSTRACT. Gibel carp Carassius gibelio exhibits gynogenetic reproduction by utilising the sperm of other spe- 
cies. Over a period of twelve months, the spawning behaviour of gibel carp in Lake Pamvotis (NW Greece) was 
monitored. Females almost exclusively (97.7%) composed the population, indicating gynogenesis using the sperm 
of other species. Reproduction began in March and lasted through April. Contrary to the situation reported in other 
ecosystems, common carp was not present in the spawning grounds during the spawning season of gibel carp; the 
most abundant other species present at that time was Rutilus ylikiensis. To evaluate the sperm donating results of R. 
ylikiensis as compared with other species of the lake, eggs of gibel carp were fertilised with sperm of R. ylikiensis 
(group l ) ,  Carassius auratus (group 2), and Cyprinus carpio (group 3). Also, gibel carp eggs attached to natural 
substrates were collected from the spawning grounds (group 4). Hatching success ranged from 9-29% in group 4, 
compared to 95-98% in groups 1, 2 and 3. Over a period of 60 days after hatching, mortality ranged from 35% 
(group 1) to 56% (group 3), and specific growth rate from 2.4% (group 3) to 2.9% (group 1). We conclude that gibel 
carp can successfully utilise sperm of ylikiensis roach, which was the best available sperm donor option for the 
gynogenetically reproducing gibel carp of the lake. 
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INTRODUCTION 

Carrasius gibelio (Bloch, 1783) can survive and thrive 
under adverse environmental conditions where other spe- 
cies rarely succeed (Muus & DAHLSTROM, 1999 ; HOLCIK, 
1980). As a consequence, it is widely distributed and 
flourishing from Europe, including Greece (ECONOMIDIS, 
199 1 ; KOTTELAT, 1997), to the Japanese Islands. 

In Greek lakes, gibel carp exhibits rapid growth during 
the first years of its life and reaches maturity in the second 
year of its life (LEONARDOS et al., 2001). Recently, a rapid 
increase in the commercial catch of gibel carp in Pamvo- 
tis lake NW Greece has been observed (PASCHOS et al., 
2002). Gibel carp became abundant in Lake Pamvotis in 
the early 1980's. Since then, it gradually increased in 
numbers and is currently the dominating species in fisher- 
ies landings, while landings of species of commercial 
interest such as common carp, eel and the indigenous 
south European minnow Phoxinellus epirotictrs have 
declined (PERDIKANS et al., 2003). 

According to ECONOMIDIS et al. (2000), the indigenous 
species of the Lake are : Anguilla angtiilla (Limaeus, 
1758), Leucisctis cephalus (Linnaeus, 1758), Enca tinca 
(Linnaeus, 1758). Pseudophoxinzrs styrnphalicus (Valen- 
ciennes, 1844), Phoxinellus epirotictis (Steindachner, 
1895). Econornidichthys pygrnaezls (Holly, 1929). Cobitis 
hellenica (Economidis, 199 l), Rutilus ylikensis (Stepha- 

nidis, 1939) and Barbus albanicus (Steindachner, 1870). 
The introduced species are : Carassitls gibelio (Bloch, 
1783), Carassius auratus (Bloch, 1783), Cyprinus carpio 
(Linnaeus, 1758). Silurus aristotelis (Agassiz, 1856). Sil- 
urns glanis (Linnaeus, 1758), Gambusia afinis (Baird 
and Girard, 1854), Hypophthalrnichthys rnolitrix (Val. 
1844), Ctenopharyngodon idella (Cuvier and Valenci- 
ennes 1844), Aristichthys nobilis (Richardson 1845), 

It is not clear which factors have contributed to this 
thriving of the gibel carp population in the lake, but in 
similar ecosystems environmental degradation and 
decreased density of predating species have been identi- 
fied as important causes (HOLCIK, 1980). 

Interestingly, gibel carp is one of the few fish species 
with stocks composed almost exclusively of females, 
reproducing gynogenetically using the sperm of other 
species (RIEHL & BAENSCH, 199 1 ; ZHOU et al., 2000). 
Gynogenetic reproduction has some potential benefits : it 
allows the biomass of a population to be composed 
mainly of females, and available ecological resources can 
be used solely for egg production. 

Shallow water and low vegetation characterise the 
spawning grounds of cyprinid fishes. In similar lake eco- 
systems, gibel carp and other species utilise the same 
spawning grounds. This is because of the availability of 
substrates and oxygen for the eggs, and increased micro- 
invertebrate densities, which contribute to the survival of 
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Mean total length of captured females was 28.06 cm (min ited the highest relative abundance. The captured ylikien- 
13.2, max 35.5 cm), mean body weight was 464.9 g (min sis roach comprised sexually mature males (26%) and 

88.5, max 894 g) and condition factor was 0.93 (h0.17). The fi3Illales (37%)~ -and the rest were not sexually mabre. 
During electrofishing operations in the shallows, R. ylik- 

gon*osomatic index of the fish was and the iensis males and females were caught in the act of mating 
fish were in the last stage Lnitiall~ the and spawning, while simultaneously gibel carp females 
larger fish spawned, and smaller individuals followed. were observed to release their eggs. 

IM - Hatching percentage of eggs from natural substrate, 
90- under hatchery conditions 
80- 

5 70- 
I - The number of eggs ranged from 118-1520 per sub- 
- -25 -( 

. strste collected from the spawning grounds. Hatching 
-20 m occurred in all groups after three days at 14"C, and the 

number of larvae ranged from 58-380. Hatching coeffi- 
cient varied between samples from 7.2-29% (x2=203, 

1 0  DF=9, P<0.01). 
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Fig. 2. - Catch data of gibe1 carp from Lake Pamvotis, over a Viable larvae were obtained from gibe1 eggs fertilised 
period of 12 months. Number of fish caught in the spawning with sperm from the ylikiensis roach (CrXR), goldfish 
grounds (squses) and at 100 meters away from the shoreline (CrXG) and common carp (CrXC). Hatching occurred 
(triangles), and water temperature in the shallow region of the after three at 140C in all groups. Hatching coefficient 
lake (circles). ranged from 95-98% (Table 1) and there was no s i p f i -  

cant difference between the crosses in terms of hatching 
coefficient (Chi-square test, x2=0.024, DF=2, P>0.05). 

Catch data of other species in the spawning grounds 

During March and April, when gibel carp spawned in Of fish 

the shallows, 206 fish were captured in the three sampling 
sites. In all sampling sites, gibe1 carp and ylildensis roach Fish from the three groups crosses (CrXR; CrXG; 

were always present. All individuals of other species cap- CrXC) and from the natural substrates exhibited similar 
mortality (Table 2, x2=5.38, DF=3, P>0.05), but the cross 

tured in the shallows were found to be sexually mature bemeen gibel carp and ylikiensis roach exhibited the 
and the majority readily released their gametes. Gibe1 lowest mortality of all. The specific growth rate was simi- 
carp (89%), followed by ylikiensis roach (1 0.5 %) exhib- lar in all groups (Table 2, x21).058, DF=3, P>0.05). 

TABLE 1 

Hatching performance of the crosses 

C.gibelio XR. yiikienrk 3 98 
C.gibello X C. carpi0 3 97 
C.gibelio X C. auratw 3 95 
C.gibelio Embryos h r n  natural substrateri 3 18 

TABLE 2 

Specific growth rate and cumulative mortality (M) 
of the reared fish at 20,40 and 60 days after hatching 

io 2.4% 30% 2.4% 44% 2.4% 56 
rus 2.2% 21% 3.2% 31% 2.7% 41 
lake 1.4% 18% 3.6% 33% 2.5% 47 
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DISCUSSION 

Spawning activity of gibel carp in Lake Pamvotis 
peaked during March and April. Peak capture of gibel 
carp with gill nets, positioned parallel to the shoreline of 
the spawning sampling sites, occu~~ed  during March. In 
spawning grounds, gibel carp were captured only during 
March and April. (Fig. 2). During March and April, sexu- 
ally mature gibel carp exhibiting typical spawning behav- 
iour of Cyprinidae were captured with electro-fishing, as 
well as with the fyke nets, 

The field data indicate that spawning of gibel carp and 
ylikiensis roach coincided. Female gibel carp caught with 
gillnets during March were probably migrating towards 
the shallow spawning grounds. Both gibel carp and ylik- 
ienesis roach captures in the shallows (with fyke nets and 
electrofishing) peaked during March and April. In fact 
ylikiensis roach was the most abundant other species 
present in the spawning grounds of gibel carp. In these 
typical shallow spawning grounds for cyprinidae species, 
gibel carp were caught in the act of releasing their eggs 
during the spawning of ylikiensis roach. 

Timing of spawning is a significant element of the 
reproductive strategy of all fish species. According to the 
field data (catch in the shallows), the spawning period of 
gibel carp and ylikiensis roach overlap. This period is also 
a period of spawning for Epirus minnow, an endemic fish 
species that is on the verge of extinction in the Lake (PER- 
DIKARIS et al., 2003). It can be assumed that these three 
mentioned fish species of the lake have the same timing 
strategy for spawning. 

Optimal conditions for hatching and growth of larvae 
early in the season are very important for survival and 
recruitment. For example, temperature and food abun- 
dance can significantly influence survival during early life 
stages of development (HEGGBERGET, 1988; HUTCHINGS, 
1991). Initiation of spawning activity of gibel carp in the 
lake coincided with a critical increase of temperature 
from 7°C in February to 13 "C in March; 13°C appears to 
be on the low edge of the thermal limit of goldfish embry- 
onic development (WIEGAND et al., 1989). SuccessfUl 
reproductive investment and recruitment of young fish are 
largely influenced by environmental conditions in the 
nursery grounds. The timing of spawning may enhance 
gibel carp larval viability and growth through the 
increased temperature and primary and secondary pro- 
ductivity that is evident at the beginning of spring in the 
lake (KAGALOU et al., 2001). Gibel carp exhibits rapid 
growth and development under favourable thermal condi- 
tions. For example gibel carp in Lake Lysimachia, a 
neighbouring Lake in West Greece, reach 41.2% of the 
maximum length exhibited by the population, within the 
first year of life (LEONARDOS et al., 200 1). 

There was some evidence of temperature related 
spawning migration of gibel carp in the lake. Gibel carp 
distribution in the shallows peaked during March and 
April, associated with temperature ranging from 12- 
14°C. At this stage individuals were sexually mature and 
exhibited spawning behaviour. According to the catch 
data from the deeper parts of the lake, when temperature 
was below 12°C or above 16"C, gibel carp moved 
towards the deeper parts of the lake and returned to the 

shallows when temperature was between 12 and 16°C 
(Fig. 2). This is in agreement with information collected 
from local fishermen about seasonal distribution of the 
species in the lake. 

Contrary to the situation seen in other ecosystems 
(MUUS & DAHLSTROM 1999), we found no evidence in 
Lake Pamvotis that common carp was present on the 
spawning ground of gibel carp. Common carp was found 
to be present in the shallows during May, with water tem- 
perature between 16 and 18 "C, but by this time gibel carp 
had released their eggs and were absent from the spawn- 
ing grounds. 

The laboratory results indicate lack of paternal effects 
on the gynogenetically reproduced gibel carp fry. Irre- 
spective of sperm origin (goldfish, common carp or ylik- 
iensis roach), post-hatch growth and survival were simi- 
lar. In the same manner, growth and survival did not vary 
between fish originating from eggs collected in situ or 
eggs artificially fertilised in the laboratory (Table 2). This 
contrasts with some paternal effects observed in gibel 
carp crosses (Zou et al., 2001). 

Under the controlled conditions and procedures of arti- 
ficial egg fertilisation and incubation (mixing of eggs and 
sperm, eggs treated to became non sticky, optimum incu- 
bation conditions) the fertilisation ability of sperm and 
embryonic viability may be increased compared to natu- 
ral reproduction and incubation conditions (HORVATH et 
al., 1984). This may partially explain the fact that hatch- 
ing rate did not vary significantly (F'>0.05) between the 
artificially produced crosses, whereas between different 
egg substrates collected from the spawning grounds, 
hatching rate ranged from 7.2-29% and varied signifi- 
cantly (P<O.Ol). 

The small percentage (2.3%) of male gibel carp cap- 
tured during spawning indicates that, in addition to gyno- 
genetic reproduction, bisexual reproduction is to some 
extent an option for the Pamvotis gibel carp. Neverthe- 
less, the population was almost exclusively composed of 
females. Gynogenetic reproduction appears to be the 
main mode of reproduction for gibel carp in the lake. This 
is in agreement with reports about other aquatic ecosys- 
tems (MIGDALSKI & FICHTER 1976; RIEHL & BAENSCH, 
199 1 ; ZHOU et al., 2000). 

Ylikiensis roach can contribute significantly to the 
gynogenetic reproduction of gibel carp in the lake. Based 
on the laboratory data, it can be concluded that gibel carp 
can potentially utilise the sperm of ylikiensis roach, 
which according to the field data, was the most obvious 
sperm donor. In fact, the results of the artificial fertiliza- 
tion indicate that ylikiensis roach was equally as good as 
the sperm of common carp or goldfish. Furthermore, 
based on the relative abundance data collected in the field, 
it can be concluded that ylikiensis roach was at least sta- 
tistically the most obvious potential sperm donor for 
gynogenetic reproduction of gibel carp in lake Pamvotis. 
To our knowledge this is the first record of gynogenetic 
reproduction between these two fish species, and con- 
trasts with the situation reported from other lakes, where 
common carp (C. carpio) is the principal sperm donor. 

The prospects for restricting the population of gibel 
carp in the lake are limited. Larvae exhibit high viability 
and the species is almost exclusively composed of 
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females, which grow rapidly and spawn massively. Dur- 
ing the last five years fisheries landings of gibel carp tri- 
pled while fisheries landings of other species were signif- 
icantly reduced (PERDIKARIS et al., 2003). 

Considering the energetic cost of sperm production in 
small fish such as the ylikiensis roach, it could be argued 
that any sexual parasitism of gibel carp on ylikiensis 
roach may have limited but negative consequences for the 
donating species. The male fish of roach species amve 
first in the spawning ground and await the arrival of the 
female, when mating play is initiated and spawning takes 
place (Muus & DAHLSTROM, 1999). Field observations 
indicate that gibel carp waits for the mating of ylikiensis 
roach to occur for releasing its eggs on the spawning 
grounds. It is, therefore, possible that some sperm of ylik- 
iensis roach is lost because of the sexual parasitism of 
gibel carp, but further field work would be necessary to 
verify this hypothesis. 

Gynogentic reproduction may have contributed to the 
increased gibel carp population in the lake. Nevertheless, 
population size is a complex product of birth, recruitment, 
natural and fishing mortality, carrying capacity, ability to 
compete for food, ecophysiological fitness or adaptation, 
and environmental conditions. At least two factors con- 
tribute to the thriving of the gibel carp population in the 
lake. One factor is the tolerance to environmental degra- 
dation (for example, reports emerged recently in local 
newspapers, about pollution of the lake that occurred on 
several occasions as a result of an overflow of the sewage 
pipelines of Ioannina city). Another factor is reduction in 
abundance of predating species (PERDIKARIS et al., 2003) 
or reduced competition for food from other species (HOL 
crrc & ZITMAN, 1978). 

The thriving of gibel carp populations is further sup- 
ported by its ability to survive in adverse environmental 
conditions (HOLCIK & ZITMAN 1978; HOLCIK, 1980). For 
example gibel carp £ry originating from gynogenetic 
reproduction with sperm of R. ylikiensis, exhibited spe- 
cific growth rates of 3.14% and 0.91% at NH3 concentra- 
tion 0.5 1 mgllt and 8 mg/lt respectively (NATHANAILIDES 
et al., 2003). 

In conclusion, gibel carp females have little opportu- 
nity for mating with gibel carp males. Ylikiensis roach is 
the best available sperm donor option for the gynogeneti- 
cally reproducing gibel carp of the lake. 

As to the loss of biodiversity by the expansion of the 
gibel carp population, as is the case with other aquatic 
ecosystems (HOLCIK & ZITUAN, 1978; HOLCIK, 1980), a 
combination of biological and environmental factors 
appears to be responsible for the thriving of gibel carp in 
Lake Pamvotis. It would be reasonable to take action to 
improve ecological conditions and counteract environ- 
mental degradation, particularly in the spawning grounds. 
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