The female reproductive cycle of the european common
carp, Cyprinus carpio, at a Transvaal fish farm:
Gonadal morphometric development
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The annual reproductive cycle of Cyprinus carpio was inves-
tigated using morphometric parameters of the body and
gonads, including fecundity estimations, gonadosomatic
indexes as well as histological evaluation and classification
of oocyte developmental stages. It was concluded the C.
carpio has an extended spawning season under temperate
conditions, from early spring (September) to late summer
(February). Results further suggest that by manipulating
temperature and daylight period during late winter (August)
it would be possible to induce spawning during this period.
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Die voortplantingsiklus van Cyprinus carpio is oor 'n periode
van 'n jaar ondersoek deur waardes vir die morfometriese
parameters van die liggaam en gonades te bepaal. Fekundi-
teit en gonadosomatiese indekse is bereken terwyl die
gonades histologies ondersoek en die stadium van odsiet-
ontwikkeling bepaal is. Vanuit die resultate kan afgelei word
dat C. carpio oor 'n verlengde broeiseisoen onder
gematigde omgewingstoestande beskik. Die broeiseisoen
strek vanat die vroeé lente (September) tot laat somer
{Februarie). Deur die manipulering van temperatuur en
dagliglengte is dit waarskynlik moontlik om broei-aktiwiteit
reeds aan die einde van die winter (Augustus) te
bewerkstellig.
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Investigations by authors such as Henderson (1963); Reisman
& Cade (1967), Baggerman (1972); Bromage, Whitehead,
Elliot, Breton & Mathy (1982); Hanyu, Asahima & Shimizu
(1982) and Richter, Eding, Leuven & van der Wijst (1982)
showed that photoperiod and environmental temperature are
amongst the major factors affecting the breeding cycle. These
and other related physical conditions may vary from one
season to the next, affecting gonadal maturation and develop-
ment in fish. For this reason a clear seasonal pattern, which
might enable the fish farmer to predict with accuracy the onset
of the spawning season, is not always possible to predict. The
breeding cycle of fish is usually determined with the aid of
parameters such as gonadosomatic index (GSI), fecundity and
gonadal histomorphology (Egami & Hasokawa 1973; De Vla-
ming 1972, 1974; Sundararaj & Vasal 1976).

In the present investigation, the above-mentioned parame-
ters were employed using randomly selected sexually mature
carp collected monthly from fish ponds in order to assess more
accurately gonadal development, maturation of the gonads
and the onset of the actual spawning season under temperate
conditions.

Material and Methods

Carp were collected during consecutive months between
September 1981 (spring) and August 1982 (end of winter) with
the aid of seine-nets from fish ponds at the Marble Hall Pro-
vincial Fisheries Station, Transvaal, Republic of South Africa.
Ten sexually mature females were selected after the fish were
dissected and the gonads evaluated (Kesteven 1960). The body
mass and fork length of each individual specimen were recor-
ded. Gonads were removed and the stage of ovarian develop-
ment evaluated according to Kesteven (1960) as briefly describ-
ed in Table 1, and greatest circumference of each ovary was
constantly taken from the right ovary according to Babiker
& Ibrahim (1978).

The GSI (gonadosomatic index) was calculated by employ-
ing the following formula:

Gonad mass (g) % 100

Fecundity estimations were done with the formula described
by Babiker & Ibrahim (1978).

F=12 D1y Nayy

m; (7}
where /1, and 1, = mass of egg subsamples, N; and N> = num-
ber of eggs in subsamples, and M =total mass of the ovary.
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Table 1
1960)

Stages of ovarian development (Kesteven

Maturity stage External characteristics of ovary.

Small thread-like transparent organ
situated underneath the bladder; no
oocytes visible.

1 Virgin

Smal] pear-shaped pink organ; oocytes
not yet visible.

II Maturing virgin

Ovary is opaque and reddish with blood
capillaries; occupies about half of body
cavity; eggs visible to the eye as whitish
granular.

III Developing (early)

Ovary reddish and opaque eggs clearly
discernible; ovary occupies about two-
thirds of body cavity.

IV Developing (late)

V  Gravid Ovary fills ventral body cavity; eggs
completely round and only appear
translucent a few days prior to
spawning.

V1 Spawning Roe runs with slight pressure; most eggs

translucent with few opaque eggs left in
ovary.

Ovary not yet fully empty; occasional
residual oocytes may be visible in empty
flaccid parts of the ovary.

VII Spawning/spent

The stage of oocyte development was histologically deter-
mined by making use of a mid-portion section of each ovary.
Standard methods for sample fixation and dehydration (Hu-
mason 1979) were employed and the samples imbedded in
plastic by the use of the Sorval technique (Du Pont Company).
Sections of 3 — 5 um were cut with the aid of a Reichert ultra-
microtome and were transferred to microscope slides accor-
ding to the procedure described by Frangioni & Borgioli
(1979). Sections were stained using azocarmine-azan or haema-
toxylin methods (Humason 1979) and mounted with entelan
(Merck). The oocyte stages were studied under an Olympus
Vanox light microscope (x 40— 1000).

Oocyte numbers were determined with a light microscope
(x40). Four areas between the ovary wall and lumen were
selected for this purpose. Mean values were calculated for each
oocyte stage observed in the four areas of the ovary per indivi-
dual. The mean values of each oocyte stage were then deter-
mined for all the individuals investigated per month. Standard
errors were negligibly small and were therefore not tabulated.
Oocytes were classified according to Malhotra, Jyoti & Gupta
(1978) who distinguished between previtellogenic (Stages
I-III) and vitellogenic oocytes (Stages IV — VI) based on the
size of the oocyte.

Results

The results obtained for the body mass (g) and fork length
(cm) and the GSI (%) of the fish collected monthly are
presented in Table 2. The age of the fish investigated varied
from 1,6 —4,0 years.

Stages I and II ovaries were predominant in January (mid-
summer) with a frequency of occurrence of 60%, and absent
during autumn and winter, reappearing in spring and early
summer (December) with a frequency of occurrence of appro-
ximately 10%. With the exception of January, the frequency
of occurrence of Stage III ovaries amongst fish analysed,
clearly showed a tendency to build up from spring (Septem-
ber) reaching the highest value in February, declining towards
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winter (June — July) during which months the frequency of
occurrence of this stage amongst the fish analysed, never
exceeded 10%. Stage IV ovaries occurred during all the
months of the investigation with a definite peak during the
months April to September (autumn—early spring). The
above-mentioned four ovarian stages were the most prominent
during the summer and autumn and the relative occurrence
thereof is presented in Figure 1.
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Figure 1 Seasonal occurrence of developmental stages of ovaries of
C. carpio in fish ponds at Marble Hall, Transvaal.

The frequency of occurrence and the distribution of oocyte
stages during the four seasons are given in Figure 2. From
this it is evident that the lowest number of Stage I oocytes
was found during mid-winter (June — July) with a gradual in-
crease in spring reaching a peak in December and January
after which a gradual decline occurred from late summer
(February) towards winter. In the case of Stage II oocytes
the increase in numbers from mid-winter towards summer is
the most dramatic for all stages with highest values obtained
between December and February (summer) when values excee-
ding 10 counts (per microscope field) were obtained. Stage
IIT oocytes reached maximum numbers during December (5
per microscope field). The number of Stage IV oocytes
reached a minimum value of below 0,5 counts per microscope
field in September and October, increased to 2 counts per
microscope field in December which was followed by a de-
crease in numbers during January. However, an increase in
numbers started during February to reach a maximum value
during March. In the case of Stage V oocytes, the lowest
counts were obtained from December to March after which
an increase occurred with a peak in June. There was a
corresponding increase in the number of Stage V oocytes and
Stage IV ovaries during the period March to September. The
majority of oocytes present in Stage IV ovaries were Stage
V oocytes and the increase in the presence of Stage IV ovaries
from February to May showed clear resemblance to the rise
of Stage IV oocytes. The number of Stage IV oocytes already
reached maximum during March which is a possible indication
that Stage IV oocytes developed into Stage V oocytes without
a change in the stage of development of the ovary. Females
with Stage V — VI ovaries were not found during any of the
sample months. Stage VII ovaries were found occasionally
but not used for analyses since it was very difficult to
distinguish between residual and ripe oocytes.

Ovarian mass, circumference and the GSI values reached
maxima during August and September (Tables 2 & 3). The
fluctuations of the GSI and ovarian circumference/ovarian
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Figure 2 Seasonal occurrence of different oocyte stages of C. carpio in fish ponds at Marble Hall, Transvaal.

Table 2 Monthly body mass, fork length and GSI of
C. carpio (Mean £SE), n=10

Body mass Fork length GSI
Month
of ® (cm) (%)
Season sampling X + SE X + SE X + SE
Spring Sept. 1309 5546 38,8 047 11,88 0,69
Oct. 1483 11191 399 094 6,23 1,31
Nov. 1178 90,32 388 093 5,04 0,07
Summer Dec. 1189 67,98 38,9 0,71 2,77 0,30
Jan. 1035 75,04 389 1,12 3,67 0,69
Feb. 1204 60,36 40,5 0,75 3,72 0,41
Autumn March 1196 88,45 40,7 0,99 493 0,36
April 1149 74,66 41,0 0,92 6,36 045
May 1155 86,34 36,1 1,95 8,76 0,50
Winter June 1205 53,26 39,8 0,82 8,68 0,65
July 907 73,29 36,8 1,07 9,11 0,89
August 1423 139,82 40,6 1,00 13,45 0,71

length ratio followed a similar pattern with the exception of
August and September. The ovarian circumference/ovarian
length ratio declined from October to December which co-
incides with the onset of the breeding season and consequent
release of eggs from the ovaries. A drop in the GSI was also
found during the same period. The lower values obtained for
ovarian mass and consequently fecundity during July may be
the result of the sampling of females in a less advanced stage
of ovarian development. The increase recorded in the fecun-
dity in December from a low in November may be the result
of late maturation of female fish which prepared to spawn
during late summer.

Discussion

Members of the Teleostei produce eggs with marked seasonal
periodicity (Tokarz 1978). Gonadal activity has a cyclic pattern
and there is a variation in the length of the breeding cycle.

This breeding cycle may also be influenced by environmental
factors such as photoperiod, temperature and other physio-

Table 3 Mean monthly values for ovarian mass, length, circumference and the
ovarian circumference/ovarian length ratio as well as fecundity of C. carpio

(Mean + SE), n=10

Circumnference fCircum}
erence ;
Month of Mass (g) Length (cm) (cm) length Fecundity

Season sampling X + SE X + SE X + SE ratio X + SE
Spring Sept. 1208 6,90 14,3 0,29 10,2 0,20 0,71 155812 12162
Oct. 96,2 16,71 14,9 1,18 9,0 0,78 0,62 99561 16593

Nov. 62,1 8,25 14,1 0,29 7,3 0,18 0,53 6532 816

Summer Dec. 33,6 3,40 13,5 0,19 6,0 0,12 0,45 40476 5120
Jan. 358 4,9 12,8 0,28 55 0,19 0,42 46827 5536

Feb. 42,6 4,10 14,5 0,28 6,1 0,15 0,41 103800 10401
Autumn March 60,4 4,76 15,0 0,40 6,7 0,26 0,45 172134 14344
April 72,7 5,28 14,6 0,41 7,7 0,19 0,53 147309 12267

May 102,7 6,95 152 0,19 84 0,11 0,55 131398 7411

Winter June 105,7 6,86 154 0,30 9,5 0,21 0,62 140481 7981
July 89,2 896 142 0,9 8,4 0,61 0,59 97193 10816

August 191,4 11,56 18,3 0,78 12,0 0,65 0,66 173773 12735
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chemical conditions of the habitat (Hoar 1969; Richter er al.
1982). It can be concluded that there is a measurable reproduc-
tive rhythm which may be triggered by environmental factors.
The breeding cycle of fish is regulated by hypophyseal activity
which, in turn, is under direct control of a genetic rhythm.
Light and temperature play a vital part during the breeding
cycle where seasonal fluctuations of abiotic factors may occur
(Hoar 1969; de Vlaming 1972). C. carpio has a breeding
season that coincides with the summer owing to longer photo-
period and subsequent warmer water — especially in the dis-
trict of Marble Hall, where water temperatures exceed 20°C.
(Information supplied by Fisheries Staff).

A definite seasonal breeding cycle was found in C. carpio
and the marked increase in fecundity (November to March,
see Table 2) indicated that environmental factors such as
temperature and photoperiod probably bring about changing
secretion rates of hypophyseal gonadotropic hormones at
various seasons of the year (Chaudhuri 1976). Spawning in
spring is followed by the onset of the next reproductive cycle.
The period of spawning coincided with the increase of photo-
period, rise in temperature and change in conductivity just
after the winter at the beginning of the rainy season. The
greater gonadal mass recorded from August to October (co-
inciding with the end of winter and the spring period in South
Africa), may, amongst other factors, be the result of final
oocyte maturation and hydration of the ovaries preceding
spawning (Babiker & Ibrahim 1978).

Based on the actual observation of the stage of ovary
development in the samples collected from August to the
height of summer (December to February) it seems possible
that spawning commences from the end of winter to continue
throughout spring and summer. The larger number of Stage 11
ovaries present during January could possibly serve as an indi-
cation of the onset of the breeding cycle. The Stage II peak
was followed by a Stage III maximum and the absence of
Stage II ovaries from February to June, and the reappearance
thereof in October, November and December served as an
indication that there was no latent phase in the ovaries. All
the females used in the present investigation were mature with
the exceptional occurrence of Stage I oocytes and the latter
was therefore presented together with Stage II oocytes in
Figure 1. A specific sequence in the occurrence of maturing
(Stage II) and developing (Stages 111 & I'V) ovarian stages was
found which explained the specific pattern of the respective
increase and decrease of ovarian stages during the breeding
season. Furthermore it was evident that the time needed by
the ovary to develop to the next stage differed from one stage
to another. The absence of Stages V and VI ovaries is possibly
the result of a fast change in the ovary from Stage IV to Stage
VII during which eggs become fully hydrated and deposited
(Table 1, Figure 1.)

The maximum values obtained for ovarian mass, circum-
ference and GSI can be ascribed to vitellogenesis and the
concomitant hydration of the maturing follicles which reached
a peak during early spring (Babiker & Ibrahim 1978). The
fluctuations of the GSI and ovarian circumference which fol-
lowed a similar pattern strongly indicated that an increase in
ovarian mass was accompanied by diametrical expansion of
the ovary (Table 3). Increased mass and greater ovarian dia-
meter should however not be confused with the notion that
these changes are brought about by an increase in the dia-
meters of all of the oocytes present. In this regard the rising
fecundity values indicated a rapid increase in the number of
Stage 111+ oocytes from November to March although this
was not at the time accompanied by increasing ovarian dia-
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meter and GSI (Figure 2) during the same period.

Although the Stage III oocytes decreased numerically from
March to July, GSI and ovarian diameter still increased over
the same period. Resorption of a large number of Stage III
oocytes evidently therefore occurred while the remainder of
oocytes showed an increase in diameter to such an extent that
ovarian expansion was found (Babiker & Ibrahim 1978).
During the present investigation, peak values for GSI during
August coincided with a comparable increase in fecundity.
Completion of vitellogenesis and hydration of maturing oocy-
tes during this time may explain this phenomenon (Babiker
& Ibrahim 1978). Increasing fecundity, however, may also
indicate further development to maturity of Stage III oocytes.
The decline in GSI indicated the commencement of spawning
as from early spring to early summer.

Fecundity increase in early summer (December) prior to the
recorded GSI, may be due to the development of a new gene-
ration of Stage III oocytes. Maxima observed for the ovarian
circumference/ovarian length ratios in September, when values
for GSI and fecundity had already commenced declining, may
have been the result of the increasing hydration and concomi-
tant expansion of the ripening follicles.

The reasonably direct relationship between the numerical
occurrence of Stages I and II oocytes which is apparent from
Figure 2, indicates that Stage I is rapidly converted to Stage
II oocytes, especially so during the height of the breeding
activity. From January to May the number of Stage IV
oocytes increased, indicating the commencement of
maturation of the then present immature oocytes (Stages II
& III) within the ovaries. At the time when the maximum
number of Stage IV oocytes were present in the ovary, the
number of Stage V oocytes started to increase which was
possibly due to the beginning of final maturation of the
oocCytes.

The decrease in the number of these oocytes from Septem-
ber to December, may be ascribed to the final stages of oocyte
maturation which is followed by spawning (Figure 2). Some
fish may, however, already have commenced final maturation
of Stage V oocytes present during September (early spring).
Thus atresia may not necessarily be involved in the numerical
decrease of these oocytes at that stage of the breeding cycle.
It was further obvious that Stage V oocytes (Figure 2) may
be present in some fish during January with spawning still
possible. Atresia of these cocytes could also occur, since they
were found at the end of the spawning cycle.

In conclusion, it is clear from the results in the present study
that C. carpio has an extended spawning period under
temperate conditions, which can commence, depending on
environmental conditions, between late winter (August) to late
summer (February).

By changing environmental conditions such as temperature
and photoperiod under controlled conditions and the admini-
stration of reproductive hormones, it might be possible to-
induce spawning during August. Stage V oocytes are already
present in large numbers in the ovaries and the hydration and
final maturation would possibly be achieved with the artificial
application of hormones and lengthening of daylight. More
information is needed to fully understand the development
and ripening of oocytes in the ovaries of C. carpio. The role
of reproductive hormones should be investigated before
definite conclusions can be made.
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