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Abstract. Silver carp, Hypophthalmichtys molitrix

(Cyprinidae), is the most important freshwater fish in Algerian
aquaculture. No natural spawning is observed in Algerian
water bodies. This study was conducted with the aim of
investigating silver carp reproduction in the wild in Algeria.
This investigation can contribute tools to facilitate successful
artificial reproduction. Macroscopic and histological analysis
of the gonads was conducted, and the monthly distribution of
maturity stages and oocyte diameters were monitored in an
aggregate sample of 130 male and female silver carp, H.

molitrix, (450-710 mm total length). The gonadosomatic
index (GSI) ranged from 2.76 to 18.88% in females and from
0.34 to 1.85% in males. The female GSI values were the
highest from June to August indicating the onset of the
spawning season. The histological structures of the gonads
revealed five different developmental stages in females and
three stages in males. The oogenesis stages were the
perinucleolar stage, the yolk vesicle stage, the primary yolk,
the secondary yolk, and the tertiary yolk. Migratory nuclei and
hydrated oocytes, which are considered to be the maturation
stage, were not observed. Three different spermatogenesis

phases (immature, maturing, and mature testis) were
identified, which included final spermatozoa maturation.

Keywords: Algeria, Hypophthalmichtys molitrix,
Kherrata Reservoir, limiting factors, reproduction,
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Introduction

Silver carp, Hypophthalmichtys molitrix (Val.), is one
of the most important freshwater fish species in
aquaculture. Cyprinus carpio L. and other
closely-related Cyprinidae species constitute over
30% of aquaculture production in the world (Xu et al.
2011). Despite the fact that silver carp has been in-
troduced in many countries of the world for biologi-
cal control (algal blooms) and aquaculture, natural
reproduction is only observed in limited localities in
ecosystems similar to those of the original environ-
ment (Kolar et al. 2005). Indeed, Stott and Cross
(1973) noted that natural silver carp reproduction is
only observed at four sites: the River Tone in Japan,
the Ah Kung Tian Reservoir in Taiwan, the
Amu-Darya River in Turkmenistan, and the Kuban
River in the Caucasus. Later reports indicate that nat-
ural reproduction also occurs in the Kara Kum Canal
in the Murghab River in Turkmenistan, and the Syr
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Darya River in Uzbekistan (Krykhtin and Gorbach

1981), in the Mississippi River (Herborg et al. 2007),

the Missouri River (Schrank and Guy 2002), the

Danube River (Jankovic 1998), and the Terek River

in the Caucasus (Abdusamadov 1986).

In Algeria, silver carp stocking is performed in
several provinces throughout the country, but no nat-
ural spawning is observed. The aim of the current
study was to examine changes in the macroscopic and
microscopic structures of the ovaries and testes of H.

molitrix from Kherrata Reservoir. The experimental
design consisted of investigating male and female go-
nad activity at the macroscopic level throughout two
successive reproductive seasons and at the micro-
scopic level during the annual maturation cycle.

Materials and methods

Description of study area

Kherrata Dam Reservoir (710 ha) is located in north-

east Algeria in the region of Bejaia (36° 28’16.07’’ N,

5°16’9.39’’ E). The Kherrata Dam was constructed

at the confluence of the El Berd and Embarek rivers.

The average flow of the two rivers is from 2.53 to 5.39

m3 s-1. The annual average water temperature in

Kherrata Reservoir is 15.7°C, with the lowest tem-

peratures recorded from December to February at

a mean of 7°C and the warmest noted from June to

August at a mean of 24.8°C.

One hundred and thirty fish (70 females and 60
males) were collected from April 2010 to September
2011 from Kherrata Reservoir. The fish samples
were caught with purse seines at 15 day intervals by
commercial fishers. Fish of both sexes (n = 130) were
sacrificed every month for 17 months (although the
fish sampled in April were not included in the macro-
scopic study). The mean length range was 59.5 cm ±
4.60 for females and 59.1 cm ± 3.47 for males. Evis-
cerated fish weight ranged from 840 to 3035 g in

males and from 930 to 3105 g in females (Table 1).
The age ranged from 4 to 5 years for both sexes. Im-
mediately after collection, live fish were transported
to the laboratory. The information recorded for each
specimen included measurements of total length
(TL) to the nearest mm using a fish measuring board.
The fish were then dissected and gonad morphology,
size, and color were noted, and the sexes and matu-
rity stages were recorded. The gonads were then
weighed to the nearest 0.0001 g using an electronic
balance (Ohaus Adventurer AR2140). Eviscerated
fish weight was measured to the nearest 10 g with
a balance hook (Baxtran KRN 10), and the liver
weight was recorded later. Monitoring covered two
successive spawning seasons. The gonadosomatic in-
dex (GSI) and hepatosomatic index (HSI) values
were calculated for each individual fish as follows:

GSI = gonad weight (g) × eviscerated weight (g)-1 × 100.
HSI = liver weight (g) × eviscerated weight (g)-1 × 100.

The ovaries and testes were analyzed at the micro-
scopic level with standard histological techniques.
Tissues for histological observation was obtained from
the middle of the gonads. The tissues were prepared
for histological examination by fixing them in a 10%
neutralized formalin solution. The samples were then
dehydrated in increasing ethanol concentrations (70
to 95%), cleared in xylene, and embedded in paraffin
wax. Histological sections 3 mm thick were cut with
a rotary microtome. The sections were mounted on
glass microscope slides, stained with
hematoxylin-eosin, and then examined and photo-
graphed with an Optika DM binocular digital micro-
scope (2.0 Mpx). The frequencies of the different
stages of the ovaries and testes were calculated using
the following formula: number of ovaries or testis in
a particular stage × 100 per total number of ovaries or
testes counted. Oocyte diameters were measured with
Echoview software, ant the average oocyte diameters
for each month were calculated based on 30-40
oocytes from all of the stained slides in the same
month; these values are presented as mean ± SD.
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Results

Macroscopic Study

Monthly evolution of GSI and HSI

Female and male GSI variation during the study pe-
riod is presented in Figs. 1 and 2, respectively. Dur-
ing the 2010 spawning season, female GSI (Fig.1)

increased significantly and peaked in July at a value

of 18.74%. This was followed by a decrease that

reached minimum values in September. The 2011

spawning season was characterized by rapid gonadal

development between March and May and a slowed

development between May and June. Male GSI val-

ues (Fig. 2) peaked in the two spawning seasons in

April and May, and they reached the lowest values in

August (Fig. 2). The HSI index evolved similarly in
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Figure 1. Monthly variation of gonadosomatic index (GSI) and hepatosomatic index (HSI) of H. molitrix female during two successive re-
productive seasons in Kherrata Reservoir.
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Figure 2. Monthly variation of gonadosomatic index (GSI) and hepatosomatic index (HSI) of H. molitrix male during two successive re-
productive seasons in Kherrata Reservoir.



both sexes (Fig. 1 and Fig. 2), and it indicated the de-

velopment stage during the slowed GSI period of Au-

gust 2010 to March 2011 only to decrease in tandem

with gonad development.

Gonad macroscopic development stages

Six macroscopic developmental stages were ob-

served in the females and four in the males. Stage I.

The ovaries were underdeveloped, dark colored, and

the eggs were not visible. The testicles were thin,

pinkish, and vascularized, and they occupied

30-40% of the body cavity. Stage II. The ovaries were

larger and thicker; gray, scattered, and transparent

eggs appeared inside the ovaries with the presence of

a few blood vessels across the gonads. The testicles

were larger, whitish, with occasional blood capillar-

ies, and they occupied one-half of the abdominal cav-

ity; milt ran under moderate pressure. Stage III. The

ovaries were light gray, and they occupied almost

one-third of the abdominal cavity; the oocytes were

more condensed with a whitish color. Fine blood ves-

sels passed through the ovaries. The oocytes could be

stripped with moderate pressure. The testes were
larger, occupied the entire abdominal cavity, and milt
ran under slight pressure. Stage IV. The ovaries were
more developed and occupied two-thirds of the ab-
dominal cavity. The oocytes were larger and whitish,
and more blood vessels passed over the surface of the
ovaries. Testes were significantly decreased in size,
and there was no milt production. Stage V. The ova-
ries were pale yellow and occupied only one third of
the abdominal cavity, and there were only a few
blood vessels. Yellowish oocytes were observed in-
side the ovaries. Stage VI. The ovaries were signifi-
cantly reduced in volume with white scattered
oocytes.

Microscopic Study

Microscopic analysis of silver carp ovaries

In the current study, six histological stages were ob-
served at the microscopic level (Fig. 3). Stage
I (Perinuclear oocytes). This stage can be divided into
two phases: chromatin nucleolus follicles
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Table 1

Number of fish analyzed each month, range of total length and eviscerated weight, gonadosomatic index (GSI) and hepatosomatic
index (HSI) (mean ± SD) in male and female H. molitrix

Months N
No. of
females

No. of
males

Gutted
weight (g)

Total lenght
(cm)

Females Males

GSI HSI GSI HSI

Apr 10 9 7 2 - 56-60 - - - -
May 10 9 5 4 930-2070 46-56.5 14.1±4.6 1.06±0.27 1.84±0.10 0.95±0.53
Jun 10 7 4 3 840-1900 45-62.2 18.6±0.1 1.07±0.08 1.41±0.35 0.62±0.13
July 10 6 1 5 1850-2526 60-65 18.88±0 0.63±0 1.36±0.09 0.78±0.07
Aug 10 4 1 3 1531-2200 57-65 4.84±0 0.62±0 0.34±0.40 0.48±0.14
Sep 10 5 3 2 1093-1865 52-62.6 3.26±0.24 0.38±0.13 0.45±0.13 0.48±0.04
Oct 10 7 4 3 1700-2300 59.2-66 8.77±1.37 0.78±0.23 1.17±0.08 0.58±0.05
Nov 10 6 4 2 1300-1900 53.5-61 2.76±1.72 0.82±0.16 0.88±0.014 0.92±0.01
Dec 10 4 3 1 1900-2700 58.5-66 7.1±1.35 1.39±0.6 0.65±0 0.87±0
Jan 11 8 5 3 1500-2050 57.3-64 5.94±1.32 2.66±0 0.59±0.35 1.55±0.68
Feb 11 4 2 2 1600-2700 57-66.5 8.23±2.09 2.61±0.28 0.74±0.077 1.6±0.17
Mar 11 6 1 5 1100-2060 49-61.5 0.85±0 1.63±0 0.36±0.61 1.29±0.48
Apr 11 6 2 4 1560-2400 53-61 10.7±5.33 1.3±0.10 1.85±0.33 1.2±0.10
May 11 10 3 7 1250 2200 50-65 18.42±7.6 1.47±0.27 1.49±0.90 0.9±0.36
Jun 11 10 6 4 1630-2139 54.5-62.5 18.72±0 0.93±0.23 0.89±0.67 0.77±0.22
July 11 9 5 4 1544-3035 59-69 16.85±6.92 0.93±0.12 0.66±0.33 0.54±0.17
Aug 11 9 6 3 1825-3100 60-71 11.43±3.16 0.81±0.10 0.29±0.17 0.36±0.23
Sep 11 11 8 3 1482-3030 54-71 7.29±4.98 0.7±0.34 1.07±1.27 0 .4±0.05
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Figure 3. Different stages of oocyte maturation in H. molitrix. A and B) perinuclear oocyte stage: OG: oogonium; EPO – early perinuclear
oocytes; LPO: late perinuclear oocytes; Po: perinuclear oocyte; N: nucleus; Nu: nucleolus. C and D) yolk vesicle stage: YVS: yolk vesicle
stage; ZR: zona radiata; VL: vittelus. E and F) primary yolk globule stage: PYG: primary yolk globe; CA: cortical alveoli; ZR: zona radiata G
and H) Secondary yolk globule stage; SYG: secondary yolk globule. I) BM: basal membrane; T: theca; ZR: zona radiata; GR: granulosa. J)
tertiary yolk globule stage: TYG: tertiary yolk globule. K) VM: vitelline membrane. L) YS: yolk space. M, N and O) AO: atretic oocytes; OG:
oogonium.



(oogonium) and perinucleolar oocytes. The

oogonium occupied the greatest part of the oocytes,

and the cytoplasm was dense and homogeneous (Fig.

3A). Perinucleolar oocytes (Fig. 3B) were irregular

spheres with several nucleoli. Nucleoli were variable

in size and number (from 3 to 23). The nucleus was

eosinophilic. As the oocytes developed, the nucleoli

migrated to the periphery of the nucleus. The diame-

ter of oocytes was 75-600 μm with a large nucleus

(75-300 μm). The chromatin nucleolus follicles and

perinuclear oocytes signaled the pre-vitellogenic

stage. Stage II (Yolk vesicle stage). The cytoplasm be-

came heterogeneous by the presence of small vesi-

cles organized in a ring at the periphery of the oocytes

(Fig. 3C and 3D). This stage was marked by the in-

creased size of the primary oocytes (525-1025 mm).

The nuclei (125-450 mm) became increasingly

eosinophilic. The nucleoli and nuclear membranes

became less regular, and the zona radiata was pres-

ent between the oocytes and their follicular layers

(Fig. 3D). Stage III (Primary yolk stage). Yolk glob-

ules occupied one-third of the cytoplasm, and the

cortical alveoli appeared in the ooplasm (Fig. 3E and

3F). The nucleus (300?750 mm) was irregular and

the diameter of oocytes were from 550 to 1050 mm.

Oil droplets began to appear in the ooplasm around

the nucleus with the presence of thin follicular layers

enclosing the zona radiata (Fig. 3I). This was the

stage of endogen vitellogenesis. Stage IV (Secondary

yolk stage). Oocytes (925-1870 mm) and nuclei

(450-750 mm) increased in size and small protein

yolk globules fused into larger ones (Figs. 3G and

3H). Yolk globules increased in number and size and

filled two-thirds of the ooplasma. Delicate striations

appeared on the zona radiata (Figs. 3K and 3L). Stage

V (Tertiary yolk stage). Protein yolk globules in-

creased and filled the cytoplasm totally (Fig. 3J).

Oocytes (1025-2270 mm) and nuclei (207 mm)

reached maximum size. The nucleoli gradually

moved to the center. Oil droplets were present only in

the periphery of the germinal vesicles. Some oocytes

showed early germinal vesicle movement (GVM).

Secondary and tertiary yolk stages were the hexogen

vittelogenic stages.

Atretic oocytes were very prominent, and the ova-

ries contained irregular atretic oocytes (Figs. 3M, 3N,

3O). The degeneration pattern was observed in all

phases of oocyte development, but it was more com-

mon after stage V.

Microscopic analysis of silver carp testes

Three microscopic developmental stages were ob-
served in the male gonads (Fig.4). Immature testes
were characterized by the presence of small
seminiferous lobules surrounded by connective tis-
sue. The primary spermatogonia were aligned in the
seminiferous tubules (Fig.4A). Cysts with spermato-
cytes and spermatids surrounded each lobule. Some
lobules appeared to be empty.

In maturing testes the lobules were large and

separated by interstitial tissue. They contained

sparse peripheral, spermatogonia, spermatocyts, and

spermatids (Fig. 4B). The number of spermatogonia

was reduced, and the number of primary and sec-

ondary spermatocytes was the highest. The matura-

tion stage was characterized by reduced numbers of

primary and secondary spermatocytes. The volume

of the seminiferous tubules was the highest (Figs. 4C,

4D) with the presence of mature spermatozoa.

Monthly distribution of maturity stage

The distribution of the gonadal development stages
during the study period in female and male fish is
presented in Figs. 5a and 5b, respectively. The fre-
quency distribution of maturity stages for females
(Fig. 5a) varied monthly and no clear distribution
pattern was detected throughout the study period.
Obviously, stage (I) was noted from March to Octo-
ber with the highest abundance during the month of
March (100%). Stage II oocytes were observed in
winter, while stage III were noted between October
and April and reached maximum percentages in
April (51%). Stage IV was present from November to
August with a peak in February (51%). Stage V ex-
tended from May to July with a peak in May (32%).
Many atretic oocytes were observed in all the devel-
opment stages with peaks of 50 and 69% in June and
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July, respectively. The study of ovarian dynamics

showed that 26.08% of the ovaries were in reproduc-

tive stage I, 17.39 % were in stages II and III, 13.04%

were in stage IV, 4.34% were in stage V, and 21.73%

were atretic oocytes. Spermatogonia (stage I) were

noted from September to March with peak abun-

dance from October to March. Spermatids (stage II)

were observed from April to May with the maximum

in May. Spermatozoids (stage III) were noted from

April to September with the highest frequency in

June, July, and August (Fig. 5b). The mean follicle

diameter (Fig. 6) increased significantly from stage Ia

(0.12 mm ± 0.03) to stage V (1.41 mm ± 0.50). The

largest diameters were observed during May and

June.

Discussion

The aim of the present study was to investigate silver
carp reproduction in the wild in Algeria. The results
showed that females presented significant GSI values
from May to July with peaks in June and July, while
the male GSI peaked in May and April, two months
earlier than the female GSI. It is known that GSI in-
creases concomitantly with gonad maturation, and it
reaches maximum values at the onset of the breeding
period and decreases abruptly as soon as the breed-
ing period is over (Roy and Mandal 2015). The GSI of
the mature females before ovulation ranged from 9.1
to 37.2% in Uzbekistan (Kamilov and Komrakova
1999), 4.14 to 17.7% in the Balkhash-Ili basin in
Kazakhstan (Karpov et al. 1989), and from 5 to
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Figure 4. Different stages of testis maturation in H. molitrix. A) immature stage: SG: spermatogonia; ECS: empty cyst of spermatozoa;
spermatozoa. B) Testis Maturing stage: SPD: spermatids; SC I and SC II: spermatocyts I and II; L: lumen; ST. C) Mature stage: LFS: Lob-
ule filled with sperm; SPZ: spermatozoa. D) IT: interstitial tissue.



29.7% in Syr Darya River in Kyrgyzstan (Kamilov and

Salikhov 1996). Temperature is regarded as the main

determinant factor in reproduction in the cyprinid

family (Billard et al. 1978, Billard 1995).

In fact, oogenesis in silver carp is highly tempera-
ture dependent, and, according to Brzuska and
Adamek (1987), 1,300-1,400 °D are necessary for
spawners to achieve sufficient gonad maturity in

Poland. Normal maturation of silver carp in the

Amur River requires an average of 2,865 °D

(Gorbach and Krykhtin 1980). In the current work,

maximum ovarian development was noted in June

and July when both water temperature and

photoperiod reached maximum values (21°C and

16L:8D). In the Terek Region of the Caspian Basin,

Abdusamadov (1986) reports that introduced silver
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carp spawned from April to July. Silver carp spawn-
ing is also reported as follows: mid-May to mid-June
in Arkansas; May to July in the Terek River; late May
or early June in Uzbekistan; April to July in China;
June and July in Japan (Kolar et al. 2005).

The decrease in HSI values during the spawning
season could have been attributed to the important role
of liver reserves in reproductive activity, which is linked
significantly to higher food abundance (Santos et al.
2007) and metabolic rates (Wootton 1998). The rela-
tionship between HSI and GSI in H. molitrix indicated
an inverse relationship and suggested that hepatic re-
serves were mobilized during gonad development
(Encina and Granado-lorencio 1997, Sudarshan and
Kulkarni 2013, Hismayasari et al. 2015).

The study of ova diameter has been demon-
strated to be a valuable tool in the evaluation of
spawning activity in fish (Sundarabarathy et al.
2004). In fact, in the current results, oocyte diameter
was the highest during the spawning months (Roy
and Mandal 2015). Growth in oocyte diameter in H.

molitrix from Kherrata Reservoir was particularly
important from stage II. The minimum diameter of
oocytes was observed in the chromatin nucleolus
stage and the maximum diameter was noted in the
tertiary yolk stage. It has been shown previously that
the highest oocytes diameters were found from May
to June (GSI ? 14), which corresponded to maximum
vitellogenin and estrogen synthesis and the onset of
the spawning season (Lenhardt and Cakiæ 2002). In
the natural environment of this species, the diameter
of the ripe eggs before spawning was 0.6-1.01 mm in
Uzbekistan (Kamilov and Komrakova 1999) and
0.5-1.7 mm in Syr Darya in Kyrgyzstan (Abdullayev
and Khakberdiyev 1989), while in the present study
the maximum value was 1.4 mm noted in stage V.

Histological examinations revealed the presence
of different oocyte development stages in the same
ovaries that indicated asynchronous activity.
Histological analysis indicated there were five stages
of oocyte development, namely the perinucleolar,
yolk vesicle, primary yolk, secondary yolk, and ter-
tiary yolk (early migratory nucleus) stages. Migratory
nuclei and hydrated oocytes were not observed. The
inhibition of oocyte development was observed in

summer when GSI values were the highest and
oocytes reached their maximum diameter. This fail-
ure is also observed in captive carps, particularly in
Labeo rohita (Hamilton) (Lone and Hussain 2009)
and Catla catla (Hamilton) (Khalid et al. 2012). Be-
cause the environmental conditions in habitats into
which these cyprinids have been introduced differ di-
ametrically from those of their natural habitats, these
species exhibit reproductive endocrine dysfunction
(Podhorec and Kouril 2009) mostly during final
oocyte maturation (Yaron 1995). This is caused by
the insufficient LH secretion necessary for the activa-
tion of final oocyte maturation (Mañanós et al. 2009).

In this study, the H. molitrix testes developed ear-
lier than did the ovaries. Silver carp testes exhibited
three stages of development with the presence of ma-
ture spermatozoa at the final stage from June to Sep-
tember. The current study provides more information
regarding silver carp reproductive failure in Kherrata
Reservoir, and females were identified as the limiting
factor since no final oocyte maturation was observed.
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