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TESTICULAR TUMORS IN CARP-FUNA HYBRID: ANNUAL CYCLE
AND EFFECT ON A WILD POPULATION

Carlos Granado-Lorencio,' Francisco Garcia-Novo,' and Jose Lopez-Campos?

' Department of Ecology, Faculty of Biology, University of Sevilla, Sevilla, Spain
2 Department of Cytology and Histology, Faculty of Biology, University of Sevilla, Sevilla, Spain

ABSTRACT: This study documents the occurrence of testicular tumors in a wild population of
carp-funa hybrids. The most prevalent tumor was a dysgerminoma. There were lower prevalences
of seminomas, leiomyomas, Sertoli cell tumors, and spermatocytic seminomas. Sex-ratio, gonado-
somic index (G,) and the prevalence of tumors in the monthly catch was analysed for five con-
secutive reproduction periods (1980 to 1984). Gonadal tumors were found only in males. This
may be important to the population dynamics of the carp—funa hybrid, since a high percentage
of the fish that die during spawning have these tumors. A schematic model for the reservoir’s
population is suggested.
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INTRODUCTION

The study of hybrids produced by cross-
ing the Crucian carp (Carassius carassius)
with the common carp (Cyprinus carpio)
has been previously described (Matsui and
Makino, 1936; Makino et al., 1955; Ojima,
1957; Leatherland and Sonstegard, 1978;
Shearer and Mulley, 1978). Although the
presence of carp-funa hybrid in Iberian
and French continental waters is regarded
as unusual, recent studies by Granado-Lo-
rencio and Garcia-Novo (1981, 1985) have
confirmed the presence of carp-funa hy-
brid in Spain in relatively high numbers
in various reservoirs and basins of the Ta-
gus River and Guadiana River. These stud-
ies have demonstrated the existence of tu-
mors in the male gonads of >10% of the
specimens captured, and these tumors al-
ways appear within a limited size range
of fish. These findings stimulated further
research of this phenomenon in the Ar-
rocampo Reservoir.

MATERIALS AND METHODS

Arrocampo Reservoir has been previously de-
scribed (Granado-Lorencio and Garcia-Novo,
1981, 1985) an impoundment of the Arrocampo
River. The capacity of the reservoir is 35.5 mil-
lion m® The lake is eutrophic and has a low
mineral content (Fig. 1). It is used for cooling
by the Almaraz Nuclear Power Station.

Fish sampling took place during 1980-1984,
using trammel and gill nets at seven sites at the
reservoir. The number of specimens captured
for the 5-yr period, 1980-1984, were 295, 390,
655, 309, and 231, respectively.

Standard measurements for each specimen
were: standard length (mm); total weight (g);
sex; gonadal weight (g); and, for those specimens
with gonadal tumors, tumor weight (g). The
gonadosomic index (G;) was calculated for both
males and females (G, = W, x 100/W,; where
W, is gonadal weight and W, is total weight).
The size and age class relationship is according
with Granado-Lorencio (1983). The percentage
of males with tumors was also calculated in re-
lation to the total specimens examined and to
the total males caught between consecutive re-
production periods.

Tumors for histological examination were
fixed in buffered 10% formalin (pH 7.2), embed-
ded in paraffin, and cut serially at 4-6 um in
thickness. Paraffin sections were stained with
haematoxylin and eosin, van Gieson’s alcian blue
(pH 2.5) and PAS (periodic acid reagent).

RESULTS

We examined a total of 40 fishes with
gonadal tumors. Tumors were detected
only in males, never in females. The most
prevalent type was the dysgerminoma.
Other tumors, of lower prevalences, in-
cluded seminomas, leiomyomas, Sertoli cell
tumors and spermatocytic seminomas. The
tumors were not encapsulated, and the cut
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@ AFFECTED CARP-FUNA POPULATIONS
O ARROCAMPO RESERVOIR

FIGURE 1. Collection sites of carp—funa hybrids
with testicular tumors in Spain.

surface revealed abundant cystic cavities
(Fig. 2). The dysgerminomas were com-
posed of pleomorphic cells which ap-
peared primordial, had little supporting

tissue and there was an infiltration of lym-
phocytes (Fig. 3).

The sex-ratio (males/females) was >1
throughout most of the study (Fig. 4), ex-
cept in 1982 and 1983 when lower values
were found in the months preceding and
following spawning (predominantly among
females). The gonadosomic index (G;) was
higher in females than in males, reaching
maximum values in summer (Fig. 4).
However, sexually mature specimens could
be found in winter, indicating a second
period of reproductive activity.

The size of fish specimens with tumors
during the 5-yr period was 432.6 mm (SD =
22.5 mm) (Fig. 5a). This size corresponds
to age class =4. The average monthly
weight of tumors (Fig. 5b) follows an an-
nual cycle with maximum values before
reproduction and minimum values in the
months following reproduction. These
cycles repeated themselves throughout the
period of the study.

S S

~

FIGURE 2. Lateral view of a tumor from a carp-funa hybrid (courtesy of Dr. Onorato).
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FIGURE 3. Histological section of a dysgerminoma. Tumor cells were mainly composed of primordial
germ cells. Hematoxylin and eosin (courtesy of Dr. Onorato).

The percentage of affected fish caught
in relation to the total catch and to the
number of males (Fig. 5¢, d) shows low
and decreasing values during 1980 and
1982 (Table 1) with a strong increase in
1983 and 1984. The point of change from
the initial trend (1982) coincides with sex-
ratio values of <1.

The percentages of monthly catches of
common carp, Crucian carp and carp-funa
hybrids and the remaining species of the

fish community in the reservoir can be
seen in Figure 6. Figure 7 shows the struc-
ture of the population according to age
throughout the period of the study based
on the average size for each age class ob-
tained by Granado-Lorencio (1983).

DISCUSSION

Arrocampo Reservoir was filled during
winter 1976-1977. Previously it had been
a lagoon of approximately 3 km x 100 m.

SEX-RATIO
1
0
s GONADOSOMIC
10 1 female INDEX { G;)
° male

1980 1981 1982 1983

1984

FIGURE 4. Sex-ratios and gonadosomic indexes (G,) for carp-funa hybrids during the period 1980-1984.
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FIGURE 5. Monthly percentages of affected carp-funa hybrids compared according to average size (a),
weight of tumors (b), affected fish/total catch (c), and affected fish/number of males (d).

The original fish community was formed
by fish populations from the Arrocampo
River and those from the Tagus River that
had moved up river in order to reproduce.
The latter included Iberian barbel (Barbus
spp.) and Iberian nase (Chondrostoma
polylepis). When the reservoir was being
filled, specimens of Crucian carp and carp-
funa hybrid from fish farms were intro-
duced (usually of age class =1).

By comparing the graphs showing av-
erage tumor weight and those showing the
gonadosomic index it is evident that there
is a correlation between the development

of neoplasia and the reproductive cycle.
Apparently, during the reproductive cycle
there are tissue changes that predispose to
neoplasia. These neoplastic changes are as-
sociated with a size range in the fish that
corresponds to age class =4 (class =5 spec-
imens were not found in this fish popu-
lation). Younger males were observed
morphologically and histologically to
undergo normal gonadal development
leading to sperm production.

In males that reach age =4, develop-
ment of the tumors causes mortality. Al-
though this phenomenon has not been

M Common aarp
BCarp Funa H.
WCrucian carp
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FIGURE 6. Monthly percentage of fish caught in the Arrocampo Reservoir during the period 1980-1984.
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FIGURE 7. Percentage of fish catch (carp-funa
hybrid) according to age class (1980-1984).

tested experimentally, through direct ob-
servations it is possible to deduce that dur-
ing the spawning period (May-July) a high
percentage of carp-funa hybrids that die
have these tumors.

The joint analysis of the observed data
and the history of the reservoir suggests a
schematic model for the carp-funa hybrid
population in the Arrocampo Reservoir
(Fig. 8). During the winter of 1977 when
the reservoir was filled, populations of

1977 1978 1979 1980 1981
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TABLE 1. Yearly data for percentage of the number
of tumors/total catch and number of tumors/number
of males in carp-funa hybrids from Arrocampo Res-
ervoir, Spain.

Number Number
Sample tumors/total  tumors/no.

Period size catch of males
1980 295 17.0 19.4
1981 390 15.2 16.6
1982 655 8.7 12.0
1983 309 23.0 24.2
1984 231 43.5 50.0

common carp and carp-funa hybrid (age
class =1) existed. In summer 1977 the nat-
ural crossing of common carp and Crucian
carp that had common areas of reproduc-
tion (Granado-Lorencio, 1983) occurred
and the population of carp-funa hybrid
consisted of age classes <1 and =2. In 1978
the same processes took place and the pop-
ulation consisted of age classes <1, <2 and
=>3. In 1979 the age classes were <1, <2,
=<3 and =4. During 1980-1981 the age
structure was established at <1, <2, <3,
=<4 and females of =5. In 1981-1982 the
gonadal tumors were reduced owing to the
1983

1982 1984
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FIGURE 8. Model of the carp—funa hybrid population in the Arrocampo Reservoir from its filling date
and the effect of tumors on the evolution of the population from 1977-1984.
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nonexistence of males belonging to class
>4 and the rare cases of affected fish (8.7%
of the total catch) that were part of the
stock that had been introduced in 1977
(the age class that was >1). In 1982-1982
males of age class =4 died and reproduc-
tion was low, possibly due to the decrease
in the Crucian carp population. After 1982
this species was no longer caught in the
reservoir (Granado-Lorencio and Garcia-
Novo, 1985). Subsequent to 1983, the ab-
sence of reproduction in, and the mortality
rate associated with, age class =4 has slow-
ly reduced the carp-funa hybrid popula-
tion in the reservoir.

A final question concerning this popu-
lation is related to the effects of crossing
hybrid females and their parents. Un-
doubtedly, the answer to this question
would contribute to a better understand-
ing of the annual tumor cycle and to the
dynamics of the carp-funa hybrid popu-
lation in natural ecosystems.
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