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Male carp bred in outside ponds in Poland were sampled monthly from 5 to 46 months old, to
analyse changes in gonadosomatic index (GSI) and pituitary gonadotropin hormone (GTH) in
blood serum and in pituitary, 17a¢208P and 11KT in blood and gonadotropin releasing hormone
(GnRH) in pituitary and hypothalamus. First signs of puberty with significant testis development
(a high GSI of 12% and strong mitotic activity of the type-B spermatogonia) were seen at 13
months and 4548° days. By 16 months the GSI had declined to 6%. At 25 months the GSI
remained at 6%, active spermatogenesis was observed, with some accumulation of spermatozoa
but no spermiation. During the years 4 and 5 the GSI increased regularly from 6 to 12% and
spermiation was observed nearly all the time. Some GTH was found in the blood before gonad
development occurred. Thereafter there was no major change in GTH (10-20 ng m!l ' serum)
except a peak of 200—130ngm!-' at 38 39 months: this peak was not related to any major
biological event, except that all fish reached spermiation at that time. A progressive increase of the
amount of GTH in the pituitary was observed during the sampling period. Opposite fluctuations
in the GnRH content were observed in brain and pituitary. Circulating 11-ketotesterone (11-KT)
increased to 20 30 ng ml-'serum in spring 22-25 months and at 36-37 months in parallel with the
progressive rise of the water temperature, but independently of stage of testes development. These
peaks of 11-KT were followed immediately (1984) or two months later (1983) by temporary major
rises of 17a-hydroxy-208-dihydroprogesterone reaching 2-3 ng ml ' serum,; this was not related
to the temperature nor to the spermatogenetic stage.

Key words: spcrmatogenesis; carp; 11-KT; 17a208P; c-GTH:; GnRH.

1. INTRODUCTION

Only limited information is available on the gonadal and related hormonal changes
in the common carp, Cyprinus carpio L., during the establishment of puberty and
subsequent reproductive cycles. Work by Solewski (1957, 1958) described the
change in gonadosomatic index (GSI) in males and females during a period of
nearly 3 years post-hatching. Some other work concentrated more on the repro-
ductive cycle in older fish with the study of GSI and gametogenesis (Crivelli, 1981;
Weil, 1981; Horvath, 1986), and the steroid profiles during spermiation (Barry ez
al., 1990a). The work by Weil (1981) included some analysis of hormonal changes
during the cycle [plasma and pituitary gonadotropin hormone (GTH) content,
plasma estradiol and total androgens]. Bieniarz (1986) reviewed sex differentiation
and establishment of puberty in different cyprinids and indicated that the available
data for this last point were very limited in carp. Therefore the present work
examined the changes occurring after sex differentiation, in the development of the
473
0022-1112/92/090473 + 15 $08.00/0 © 1992 The Fisheries Society of the British Isles



474 R. BILLARD ET AL.

testes in relation to hormonal changes. The hormones measured were pituitary
and plasma gonadotropin, plasma steroids such as 11-ketotesterone (11-KT) and
17a-hydroxy-20f-dihydroprogesterone (17a206P), and gonadotropin releasing
hormone (s-GnRH) present in the pituitary and the hypothalamus. Similar work
on females has been reported in another paper (Bieniarz et al., 1991).

1I. MATERIAL AND METHODS

In this experiment about 500 male carp were used, originating from one pair of spawners.
Spawning took place at the end of May 1981. Observations lasted from October 1981 (5
months of age) until March 1985 (46 months of age). Males and females were kept together
in typical earth ponds. They were fed ad libitum with carp pellets, made locally (25%
protein). Ten to 20 males were sampled at intervals of a few months from October 1981 to
March 1983, and every month thereafter. The water temperature was taken daily in the
ponds.

Blood samples were taken around 5 h after sunrise. After killing, gonads (from October
1981), hypothalami (from June 1984) and pituitaries (from October 1981) were collected.
Blood serum was preserved with merthiolate and kept at — 20° C, as well as the hypothalami
and pituitaries, until the measurement of serum and pituitary GTH by radioimmunological
assay (RIA), all made at the end of the sampling period (Breton et al., 1971). Before the
assay, pituitaries and hypothalami had been homogenized in 0-1 N acetic acid in the case of
s-GnRH measurement by RIA (Breton et a/., 1986). An aliquot was incubated (vol. 1: 1)
with phosphate buffer (pH 8) in order to reach pH 7 and reassociate the GTH subunits for
further determination of GTH (Salesse ef al., 1978). 17a208P and 11-KT present in the
serum were measured by RIA according to Fostier e al. (1981 and 1982 respectively).
Sperm motility was periodically checked after dilution in fresh water on a few males during
the period of spermiation.

In one experiment carried out on 24 March 1983 the changes of pituitary and blood GTH
were measured in groups of five individuals sampled during a 24 h period at 06.00, 10.30,
18.00, 24.00 and 06.00 hours.

A fragment (1 cm) of each gonad was taken for conventional histological procedure
(staining with eosin and haematoxylin), and stages of gonad maturity were determined as
follows (see Table I):

Stage 1: immature stage, the testes are filiform, only primary germ cells and A-type
spermatogonia (GA) are present.

Stage 2: initiation of spermatogenesis, characterized by strong mitotic activity and the
presence of B-type spermatogonia (GB) in large numbers in all parts of the testis; some
primary and secondary spermatocytes are present.

Stage 3: active spermatogenesis, characterized by a large number of GB, spermatocytes
and spermatids in all parts of the testis. There is an increased amount of spermatozoa
compared to the previous stage.

Stage 4: accumulation of spermatozoa, GB spermatocytes and spermatids are still present
and located at the periphery of the testes. The spermatids are present in large numbers but
relatively less than in the previous stage.

Stage S: spermiation, the same cells as in stage 4 with spermiation (production of milt
following abdominal pressure).

III. RESULTS

GONAD DEVELOPMENT

During the sampling period the fish grew from 132 g in October 1981 to 857 gin
March 1985 (Table IT). The weight of the viscera (gonad excluded, expressed in %
body weight) remained stable during the entire period. All fish were still immature
on 24 March 1982 at 10 months of age; average body weight was 73-9 g (Table II)



+ ++++ + + + + uoneruiadsg 9
— 4+ 4+ + + ++ + eoZORUWLIAdS JO UOHB[NWNIOY b
_ + 4+ 4+ 4+ 4+ 4+ 4+ + + + + 4+ + sisauagojeunsads sAnOY 9
— + + + + ++++ + sisauagojrwirads jo uonemul Z
_ _ _ — — (+ amjeww] I
I d
uoneluadg BOZOIBUWLINAS spneuadg M stsaudagojeuriads agelg
sa1h0018ULIDdG rruogoreurradg ._ 0 JUSWIOUEAPY

uswopqe ay) Jo aunssard 191je uoneiwiads

pue sadA£} [[90 uLIag SnoLIBA Y] JO JUNOWE dALIE[A UO paseq ‘died ul sissusgojeuniods pue uoneInjew s21s3) JO s958IS oY) JO UONIUYS(] | VL



‘Usy g[—¢ ] 01 paonpai sem 3z1s Furidures uaym *§86[ ur 1dasxs ‘ysy 7z Jo uonendod XIs-poxIw B JO 1n0 PayIIusp! $3[BW JO IaqUINN] 4
"pasodxa a1om ysy a1 ydiym 01 saInjeldduisy jo wns Y3 Jo S1eWINSI Uk 21v sAep , PRI Y],

S-61 Pr6 51 9% Povi 801 +0-069 LTI+ S-LS8 8 TR
6-L1 PeLSI 124 prel 8CTI ¥L-959 0ST+ 0008 6 $861 ‘uef
81 PLIS] 34 LOE] INFC11L eI+ S-L98 8 R
I[-L1 P9s Sl a7 08¢l €68 +¢-¢69 601 + t-S6L €l AON
61 12343 Iv 5§41 PIL+T-T69 LTI+ L-LS8 8 100
¢-61 L80SI o 81CI I+ 91L LTI+ 0:068 I1 "dog
€0C 0s9 vl 6¢ ¢8Il [-L8 +8169 LO1F+ €898 4! Sy
6-61 0o vl 8¢ 0911 T-LL +8709 8 + 8TSL L g
§-0¢ 6L6 £l Le 48! O FI-LLS Ovl+ 8-STL L unf
L91 88Tl 9¢ 601 9L+ 1-11¢ 651+ €€19 6 Koy
9-91 8¢ Tl St £901 808 +1-€6€ 001+ I-1Lb tl dy
[-81 LTOTI 143 peol 801 +v-61% LET+ 0-009 L TeN
(49! 6v8 11 133 cool1 811+8-0S% Orl+ S-1€8 £l ‘934
S-Ll 6vL 11 ct PL6 91 +0-SLY 8SI+ 0-9L¢ ol ¥861 "uef
p-Sl 609 11 1€ (44 S8 F0-LSY €01+ C-0pS 01 Rd
P91 655 11 0t P16 801+ ¢C-61¢ STI+ 8079 4! “AON
¥-9¢C POv 11 67 88 011 +69¢v 8EI+ L-€68 8 190
¢-81 ¥80 11 8¢ LY8 196 +6-8TS €I+ 069 1 dog
6-81 £65 01 LT €8 6TI+T-LEY 091+ t-6€€ 6 Iy
§-0¢ £966 9C 06L €8 L 19 vl + 8086 €l ‘mnf
¥-0C ¥ic6 Y4 SSL ozt +2-cob YSIF 650§ 6 ung
9-61 £0L8 144 6L $SL F0-T6T £C6 + 0-£9¢ 01 Koy
174 wis 134 00L L-§9 +C-Cte 0-L8 + $LIY 6 ady
L1 IvLL [44 L9 [-09 +0-2h¢ 6:08 + 0-Cly 6 €861 TEN
Ll L6IL 61 pLS 169 +0-2h¢ L18 F 0Tl 11 2
L-81 0LES L1 LIS 9-89 +v-0Lt vv8 + pSSh €l 100
61 1494 ¢l oy [-LE +9-161 9vb +0C-L81 14 ‘unf
§-91 ogee 01 LOE 9-9C +6-tL ¢ + <88 0 7861 ‘BN
€91 00€T S 191 79¢ +L-011 8¢-1v + T-Tel 0 1861 1°0
(3y3iom Apoq jo o) (sAep) Pa18IR0SIAg [e1oL 4sa[epwr
BISOSIA m& wﬁwEanoEo% @EM o) Suryorey anjewr ale(q
Joysm «SAEP , Joting ooV WwoIj dwt ], (8) y3om Apog JooN

Surduwes yoes je parpnis sofewl 33 jo 1yFrom Apoq pue age ‘raquinN [f FTEVL



REPRODUCTIVE CYCLE OF MALE CARP 477

400 - 200 130
. i (a) £ 30 (b} %3 3
< 3001 b 3 4
‘i = T 20—
< 2004 E | T
3T 2 allT
I 100 ﬁ]l? I oY
olBn01, | | 1 1 1 obl i 1y | | | |
15 S 30
C g (d)
C s L
[~ >
< Iof 5 20F g
—_— — 3]
— L 2 L
0 - £ a
© 5 2 10+ o
F L %) I o
olfE & 1, | L I ] e I B 1 ! ! L |
5101722 25 30 35 40 46 510 1722 25 30 35 40 46
Age {months) Age (months)
Sampling Oct. Oct. Jun.  Nov. Apr. Sep. Mar. Oct. Oct. Jun.  Now. Apr. Sep. Mar.
dates: 1981 1982 1983 1983 1984 1984 1985 1981 1982 1983 (1983 1984 1984 1985

FiG. 1. Changes in some parameters measured in male carp for a period of 4 years post-hatching (fish were
immature in October 1981 and March 1982 at 5 and 10 months of age, and males were mature for the
rest of the time). (a) Total c-GTH content in the pituitary. (b) c-GTH concentration in bloodstream.
(c) GSI. (d) Water temperature: daily average temperature from the previous sampling (the cumulat-
ive number of © days is given in Table IT). From 5-22 months sampling was at 3—6 month intervals;
from 22 to 44 months sampling was every month. Average values are given with s.p. The stages of
testes development (Table I) are given above the GSI average values; in some cases males were found
at different stages in the same sampling.

and the sex of the gonad could not be identified visually. Three months later, four
males out of 22 fish sampled showed large testes, three of them having a GSI of
15% and the other of 4% (Fig. 1). In these males histological examination showed
that spermatogenesis had started (stage 2) with a large proliferation of GB, some
meiotic spermatocytes and a few spermatids and spermatozoa, already released in
the lumen of the lobules. In the other fish the gonads were still at an immature
stage.

In October 1982, at 17 months of age, all fish could be sexed from the appearance
of the gonads and all males were maturing with a mean GSI of 7-17% (Fig. 1).
During the following months the GSI decreased, stabilized around 6%, and the
maturing (stage 2) testes remained at stage 2 with a dominance of GB until April
1983. At the normal time of carp reproduction in Poland (May-June) spermato-
genesis had progressed slightly and the testes reached maturity stage 3: spermato-
genesis was still active and there was a large accumulation of spermatozoa but no
spermiation although the temperature was high (average > 20° C in June).

The 1984 and 1985 samples showed a regular and slow increase of the GSI,
reaching 13% for 4-year-old males. During this development there was a progress-
ive shift of the maturity stage which was 3 until the end of 1983 (30 months); it
reached 4 from December 1983 to June 1984 (37 months) and was 4-5 during the
rest of the sampling period. Spermiation (stage 5) was then first observed in June
1984, i.e. at 3 years of age although active spermatogenesis was seen 2 years earlier.
Spermiation was identified in most of the males not only during the normal repro-
ductive season but continued into the following autumn, winter and spring in
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nearly all males sampled even when the temperature was near 0° C. When checked
spermatozoa were motile.

GONADOTROPIN

The gonadotropin component was characterized by a relatively high level of
GTH in the blood (> 10 ng ml ') during the two first samples at 5 and 10 months of
age, while there was no testes development and nearly no GTH stores in the pitu-
itaries (Fig. 1). When the first maturing males were detected at the age of 6 months
in June 1982, the plasma GTH was unexpectedly in the same range in the four
mature males (x=13-2 ngml™") and in the 18 immatures (males and females) fish
(x=16ngml'). In contrast, the GTH pituitary content was slightly lower in
the mature males (2-03 pg pituitary) than in the immature fish (4-8 ug/pituitary)
(P <0-05). The pituitary and plasma GTH contents were in the same range in the
males with high (15%, n= 3 males) and low (4-1%, n=4 males) GSI.

From 19 to 37 months of age males showed testis development and a relatively
stable mean level of GTH in the blood fluctuating from 10 to 20 ng ml ™' plasma. At
38 and 39 months of age they showed a sudden enormous and rather homogeneous
surge of GTH (200 and 130 ng ml ™' respectively). GTH returned to the June level
in September—October and remained there until March 1985 with the exception of
a slight rise reaching 20 ng ml~' in November 1984. In the pituitary, the GTH
showed some fluctuations of the mean values and high individual variability with a
general tendency to rise with the age of the fish.

TESTOSTERONE AND PROGESTAGEN

Concerning steroid variation in the blood, we observed a four- to five-fold
increase of 11-KT at 23-25 months in April and June 1983, and at 36-37 months,
when compared to the previous months (Fig. 2) In April and June 1983, and in
May 1984, all fish sampled were at the same stages of gonad development 2, 3 and 4
respectively, at the ages of 23, 25 and 36 months. At 36 months, one out of seven
fish was at stage 5, the remaining six being at stage 4. A significant (P <0-02)
increase in 17a206P (four- to five-fold) was observed after the 11-KT surge: it
occurred at the ages of 28-30 months and 38-39 months (P <0-05) (Fig. 3). The
gonads were then all at stages 3 and 4 respectively, for all the fish except for |
at 38 months (stage 5). The high variability of the 17a208P due to high indi-
vidual values in some males (up to 2-5ng ml~') may be related to early stages of
spermiation.

GnRH

Measurements of s-GnRH carried out from 35 to 46 months of age indicated
high pituitary contents between 35 and 42 months (Fig. 4). This rise was biphasic
with maximum values around 6 ng GnRH pituitary in months 37-38 (which
coincided with high levels of GTH in the blood) and in months 42-43. A drop to
2 ng was also observed in month 39. The rest of the time the level remained at less
than 0-5 ng/pituitary. The GnRH content in pituitary glands was always higher in
males at stage 4 than at stage 5. In the hypothalamus GnRH was low from 38 to 43
months with a peak at 42 months (November) (Fig. 5). During this period the
GnRH level was high in the pituitary. The GnRH in the hypothalamus increased
sharply in January 1985 (month 44) when in the pituitary it dropped to its minimum
value.
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The GTH serum level did not vary at all during a 24 h period (Fig. 6), whereas the
GTH pituitary content did not change significantly, with a minimum value of 67 pg
pituitary at 24.00 hours and a maximum value 117-6 ug pituitary at 06.00 hours.

1V. DISCUSSION

All males remained immature and no gonad development occurred until 10
months of age in March (i.e. after 3330° days) although there were significant
amounts of GTH in the blood circulation. During this period there was no major
store of GTH in the pituitary and maturing gonadotropin was obviously secreted
into the blood without effect on the testis, probably due to the unresponsiveness of
this organ. At 13 months of age (4548° days) testes were already developed, indi-
cating that puberty was established. Under more favourable climatic conditions,
puberty may occur as early as 6 months in Israel (Rothbard & Rothbard, 1982)
and in South East Asia (Bieniarz, 1986). Among 327 fish in the South of France
(Camargue), Crivelli (1981) found that 26% of the males were mature in their first
year, and 94% in their second.

At least in some males there was an explosive development of the testes between
10 and 13 months, with a huge multiplication of B type spermatogonia ending with
an enormous GSI value (15% for three males out of four found maturing). Such
values are not usually reported in young or even adult male carp, suggesting that
the regulation of the size of the testis was not yet fully established. It should be
pointed out that these males with high GSI were small in size (average 187 g) which
might account for the high GSI. In males taken later the testis was smaller but the
stage of spermatogenesis remained unchanged (until 25 months in June 1983)
indicating that there was no progression of spermatogenesis. Such an interruption
may be due to the low temperature in winter and spring. However, considering the
stage of testis development in autumn, and previous reports by Solewski (1957),
Weil (1981) and Saad & Billard (1987) showing that spermiation occurred at 2
years of age, full spermatogenesis and spermiation should have been expected
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in this summer. In fact stage 3 (corresponding to a rather advanced stage of
spermatogenesis) was observed in July but no spermiation was noticed in that year
although 11-KT and 17a208P were found in the blood. Possibly spermiation was
discrete and not detected, considering that in captivity male spermiation is very
limited and that stimulation is necessary with LHRH or LHRH.A (Billard et al.,
19834, b, 1987, Takashima et al., 1984) or with gonadotropin (Courtois et al., 1986;
Saad & Billard, 1987). Indeed, in all these experiments it was noticed that some
males, although fully mature, did not give milt at ¢, (before injection), and were
in full spermiation after hormonal treatment. Usually some spermiation was
observed when the GTH concentration in the plasma was in the range of 10-
20 ng ml~'; such values were recorded in the present experiment in June—July 1983
when no spermiation was observed. A kind of blockage probably occurred.
Stressful conditions may have resulted through high fish density (2000 kg ha™")
and an insufficient feeding rate (indicated by the slow growth rate, and the same
weight of viscera in summer and in winter) leading to a relatively low growth rate
especially during the third year (363 g at 2 years, 471-613 g at 3 years and 857 g at
4 years of age, Table II).

The question of social interaction between sexes may also be taken into account.
In 1983 the nearly mature, non-spermiating, males were mixed with females which
were still immature (see Bieniarz ef al., 1991). As it was shown that spermiation
was stimulated by ovulating females in goldfish Carassius auratus L. (Stacey et al.,
1987) and in carp (Billard et al., 1989), the lack of spermiation observed here may
be due to the absence of mature females in the pond. However, in the following
year, 1984 some of the 3-year-old males were spermiating but the females were not
yet fully mature (Bieniarz et al., 1991). It is possible that the presence of females in
a mixed age carp population is necessary, both in ponds and in nature, for the
achievement of full spermatogenesis and spermiation at 2 years of age.

Significant and high levels of 11-KT were observed between April-June and
May-June in two consecutive years (age 2 and 3 years) and coincided with the rise
of water temperature, but this cannot be related to a clear-cut event in the gonad.
A rise of 11-KT was observed in males at any spermatogenetic stage 2, 3, 4 and 5.
11-KT has already been reported as being the major androgen in male carp (Weil
etal., 1986) and is closely associated with reproduction in males (Kime & Manning,
1986), including spermiation (Weil et al., 1986; Takashima et al., 1984; Barry et al.,
1990a). However, Weil (1981) did not find major changes in the level of total
androgens in mature male carp during a 1-year study; the average level remained
below 4 ng ml~! plasma which corresponds to the basal level of 11-K T observed in
this study.

The coincidence between the rise in the circulating androgens and the increase of
temperature observed here and reported in various experiments (Okuzawa et al.,
1989; Barry et al., 1990a) suggests that temperature change plays a role in the
regulation of androgen secretion. The circulating level of 17a206P also changed
during the study but to a lesser extent and with more fluctuations than in 11-KT.
Levels above 1 ng ml~' were observed in males at any spermatogenetic stage (2, 3, 4
and 5) and changes occurred independently of annual temperature fluctuations.
However the 11-KT-17a20fP peak sequence observed in a 24-h period in carp and
other cyprinids, white sucker, Catostomus commersoni Lacepéde (Scott et al., 1984)
and goldfish (Kobayashi e al., 1986) cannot be identified here from monthly
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samplings. As there was no change in 17a206P when spermiation was observed,
carp seems different to trout Salme trutta L., in which involvement of 17a204P has
been suggested in the process of spermiation, but no conclusion can be drawn from
these monthly observations. It should be pointed out that Saad & Billard (1987)
could not stimulate spermiation in carp after injection of 17a204P. However this
progestagen may be involved in other functions, such as the ‘maturation’ of
spermatozoa, as Barry et al. (1990b) showed that a shift in the steroidogenic
pathway from androgen to progestagen production was regulated by spermatozoa.

The level of GTH in the blood circulation did not vary much during the sampling
period with the exception of a huge rise in July and August 1984 at the age of 38-39
months which coincided with a rise in temperature and the appearance of fish at
stage 5. The rest of the time it fluctuated between 10 and 15ngml~"' which is
slightly higher than other data reported: 5 ng ml~' plasma for Breton et al. (1975),
and less than 5 ng ml~' plasma for Weil (1981). In pre-spermiating males the basal
level reported was as 13-15 ng ml~' plasma by Saad & Billard (1987), around 4 ng
by Billard er al. (1978), 1 ng by Takashima et al. (1984), 1 to 3 ng by Billard et al.
(1983¢) and by Lin et al. (1986).

The GTH content in the pituitary progressively increased with the age of the fish.
This was probably due to the mode of expression per pituitary, whose size also
increased with age. In March 1983 (22 months) there was no major change in the
blood and pituitary GTH content during a 24-h period. This suggests that the
values from point sampling may be a good estimate of development with time over
the months, and that the rise in July and August 1984 at the age of 37-38 months
was not due to a change in a nycthemeral pattern. However no nycthemeral
rhythm of synthesis or secretion during | day in March 1983 does not prove that it
did not exist for the rest of the time.

The GnRH contents measured monthly in 1984 and 1985 (months 35 and 46)
appeared to vary in opposite ways in the brain and in the pituitary (Figs 4 and 5).
High levels in the pituitary between June and December 1984 (months 37 and 43)
corresponded to low levels in the brain. After December 1984, GnRH was high in
the brain and low in the pituitary. The high rise in plasma GTH observed in July—
August 1984 (months 38-39) coincided with a high level of GnRH in the pituitary
in June-July. The biological significance of coincident changes of brain and
pituitary GnRH and blood GTH is not clear, except that the rise of GnRH in
the pituitary occurred with the large rise of blood GTH and the beginning of
spermiation. During the previous year when there was no spermiation, no rise of
pituitary GnRH was observed. No data are available on GnRH changes during
spermatogenesis of other fish species. However in females GnRH increased in the
pituitary in ovulating or freshly ovulated brown trout, compared with females in
the final stage of gonadal maturation (Breton et al., 1986). Yuet al. (1987) did not
find clear parallel changes in brain GnRH with ovarian development in goldfish,
but at 10° C the hypothalamus and pituitary content decreased as the gonad
matured.

This work confirms previous studies by Weil (1981), who showed that the process
of spermatogenesis in carp is characterized by the presence of all types of germ cells
all year round; only subtle changes in the ratio of the various cell types may be
observed throughout the year. A well-defined stage of initiation of spermato-
genesis, with high mitotic activity occurs only in mature fish undertaking the first
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reproductive cycle and is never identified in fish in later cycles. In these fish there is
a large accumulation of spermatozoa in the testes, possibly due to the absence of
release since the males were not stripped and were not involved in reproduction.
Therefore the relative number of B-type spermatogonia, spermatocytes and
spermatids decreased and stage 4 became the stage permanently recorded.
However the permanence of all types of germ cells does not mean that spermato-
genesis is active all the time. It is not possible in these conditions to define clearly,
from simple histological examination, the seasonality of spermatogenesis, and no
phenomenon of testicular recrudescence (Grier & Abraham, 1983) can beidentified.
The seasonality of spermatogenesis cannot be established in the present work from
the change in GSI, since it remains at the same level during 2 years following
the initiation of spermatogenesis in March 1982. The regular increase in testis
weight observed from 1984 and 1985 probably just reflects the accumulation of
spermatozoa in the testes which is the only evidence of some spermatogenetic
activity.

However in the same climatic conditions, Solewski (1957) showed a more classic
development in carp, with a progressive elevation of GSI during the second year of
age reaching 5% in May and declining during the reproductive season to 3-2% in
September. The same type of development occurred during the second cycle, with
a GSI going from 3-3% in October to 7-7% in June before declining to 5% in
August. Crivelli (1981) showed seasonal changes in the testis weight of carp in the
south of France; a rise of GSI from 4-5% in August to 8% in March and a decline to
4-5% in July. Some seasonality could then be identified from the testes growth in
autumn and winter. Weil (1981) found a rise in testes weight in summer.

The situation in male carp appears very different to some species, in which the
seasonality of the spermatogenetic activity is much more obvious, with a clear cut
change in germ cell assemblages and their succession, and with a quasi-entire
elimination, at the end of the reproductive season, of the spermatozoa produced
during the spermatogenetic cycle. This elimination occurs by spontaneous release
or resorption in the testis or in the spermduct of the spermatozoa. Concomitantly
the GSI decreases to nearly 0 after the reproductive season and before a new cycle
starts. This was observed in some salmonids (Billard e al., 1978; Billard, 1983,
1987), in pike, Esox lucius L. (Billard et al., 1983c¢), and in sea bass Dicentrarchus
labrax L. (Zohar et al., 1984). This point is discussed in more detail in Billard ez al.
(1978).

One of the consequences of the sperm not being released in carp is that spermato-
zoa accumulate in the testis over the years, and may age and decline in quality. This
was suggested in the case of sperm preservation, both in the short term in the liquid
state (Saad et al., 1988) and cryopreservation (Cognie et al., 1989). Another
consequence of the accumulation of spermatozoa in the testes may be a limitation
of space for other cell types and a reduction in the efficiency of spermatogenesis;
this efficiency seemed very high at the beginning of the first cycle, considering the
high GSI due to a considerable multiplication of B-type spermatogonia, whose
number was never as high in the subsequent cycles.

This work was supported initially by an INRA international grant to RB, and a PR4
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Research and Technology in France. Thanks are due to Dr A. Fostier for help with the
steroid assay and J. Barthelemy for typing the manuscript.
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