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Reproductive biology and gonad histology of the Kura Barbel, Barbus lacerta
(Cyprinidae), in Bibi-Sayyedan River, Tigris basin
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Abstract. Maturity age, spawning period, fecundity and gonad histology of the Kura Barbel in Bibi-Sayyedan
River of Semirom (Tigris basin) were determined. A total of 445 specimens were captured by monthly
collections from August 2010 to July 2011. Specimens were caught by electrofishing, seine net and cast net
and transported to the laboratory on ice for further examination. The sex ratio was determined as 1.8M:1F, a
ratio significantly different from the expected ratio. Males and females become sexually mature in their first
year. Gonadosomatic Index (GSI) value was the highest in April for both sexes. Mean * SE of absolute
fecundity was 8249 + 997 eggs and also, the relative fecundity was 140 egg/g body weight. Based on the
results of GSI, egg diameter and histological studies, spawning period of this fish occur from late March to

August with a peak in April.

Key words: Cypriniformes, gonad development, egg diameter, gonadosomatic index, reproduction.

Introduction

Kura Barbel (Blizem in Farsi) is a cyprinid fish
widely distributed in Iran and adjacent countries.
This species is found in Tigris (Karun and Kark-
heh river basins), Caspian Sea and Urmia basins in
Iran (Abdoli 2000, Keivany et al. 2015, Coad 2014),
however, the reproductive biology of this species
is not well documented in Iran and other coun-
tries, partly because this fish is not of commercial
importance due to its slow growth rate and small
size. Nevertheless, it is used as an edible fish at a
local scale and hence, there is no information on
its landings.

Success of reproduction depends upon normal
gonadal development stimulated by favorable en-
vironmental conditions. Photoperiod and tem-
perature are the most important factors for con-
trolling the reproductive activities in most season-
ally breeding teleosts (Lam 1983, Shankar et al.
2007) including cyprinids (Hontela & Stacey 1990).
Reproductive development in fishes is well under-
stood by histological techniques which are the
most reliable method to determine the reproduc-
tive state of fishes (West 1990). The ovarian histo-
logical pattern of teleosts is described according to
the division of ovarian tissues into seven or eight
(Crim & Glebe 1990) or five (Brown-Peterson et al.
2011) stages of maturity based upon the presence
of dominant gametogenic cell types.

The ovaries of the fishes have been classified
into three types according to the pattern of the oo-

cyte development (Selman & Wallace 1989). In the
case of synchronic oogenesis, all the oocytes de-
velop at the same time, ovulation also being si-
multaneous. The group synchronous ovary con-
sists of at least two populations of the oocytes at
different developmental stages; teleosts with this
type of ovary generally spawn once a year and
have a relatively short breeding season. In the case
of asynchronic ovulation, different development
stages of the oocyte maturation and ovulation in
groups may be found within the ovaries (Na-
gahama 1983, Nejedli et al. 2004).

The aim of this study is to investigate the re-
productive biology and gonadal histology of B.
lacerta in Bibi-Sayyedan River of Semirom by vis-
ual observation and gonad histology. The results
of this study could be used for management pur-
poses of this species.

Materials and methods

Bibi-Sayyedan River is located approximately 18 km
south of the town of Semirom. This river is flowing south-
westward from the high central part of Zagros Mountain,
joining Marbor River and terminating in Khersan River a
tributary of Karun River (Tigris basin). For this study, 445
specimens were captured by monthly collection from Au-
gust 2010 to July 2011 at 31° 11' 0.8" N, 51° 26' 59" E.
Specimens were caught by electrofishing, seine net and
cast net, anesthetized and transported to the laboratory
on ice and subjected to dissection and biometric meas-
urements (length to the nearest 0.1 cm, and weight to the
nearest 0.01 g). For each specimen, 10-15 scales were re-
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moved from above the lateral line below the anterior ex-
tent of the dorsal fin on the left side of the fish, washed in
water and dried between two slides for microscopic stud-
ies (Lagler, 1956). Scales, mounted dry between glass
slides, were used for age estimation and were read by
three people. Sex was determined by examination of the
gonads. The sex ratio deviation from 1:1 was tested statis-
tically by chi-squared analysis (Sokal & Rohlf 1981).

The relative gonad weight or gonadosomatic index
(GSI) of females and males were calculated as the propor-
tion of the weight of the gonad to the weight of eviscer-
ated body in percent. Also, water temperature was meas-
ured to determine the relationship between temperature
and gonad growth by a digital thermometer. The absolute
fecundity was determined by the gravimetric method.
While relative fecundity was determined as the propor-
tion of absolute fecundity to the eviscerated body weight
(number of mature eggs per gram of the body weight).
Egg diameter was measured with an ocular micrometer.

The ovaries and testes were processed according to
standard histological techniques (Humason 1979). All tis-
sue blocks were sectioned at 5-6 pm and stained with he-
matoxylin and eosin. Histological slides were viewed un-
der a light microscope. Maturity stages were determined
following Brown-Peterson et al. (2011).

After identifying the various stages of sexual matura-
tion, diameter of sex cells were measured during different
growth phases under magnifications of x100 by a mi-
crometer. Reproductive seasonality was determined by
examination of the monthly changes in the gonadoso-
matic index and the water temperature, recorded during
the sampling (10.5 to 21.4 C°), in Bibi-Sayyedan River. A
One-way ANOVA was used to analyze differences in
means of GSI% and egg diameter of fish at 5% probability
level in SPSS 18 computer software.

Results

The length and weight of females ranged from 6.4
to 23.3 cm and 2.65 to 123.17 g and those of males
from 5.7 to 18.4 cm and 2.02 to 58.8 g, respectively.
In all specimens, they varied from 2.6-23.3 cm and
0.17-123.17 g. In general, females were larger than
males. Monthly variations in the frequency, total
length (cm) and total weight (g) of all samples are
shown in Table 1. The specimens were composed
of 49.6% males, 32.1% females and 18.9% imma-
ture. The ratio of male to female was 1.8M:1F
which was significantly different from the ex-
pected 1:1 ratio (x2 = 16.866, p < 0.01). The oldest
males and females were 4 and 7 years old, respec-
tively. Although older fish may have been existed
in the river, they were not caught because of net
mesh sizes and natural obstacles. Sexual maturity
was obtained in the first year of life in both males
and females.
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Assessment of the main spawning period of B.
lacerta in Bibi-Sayyedan River was based on the
GSI (Fig. 1), analysis of seasonal development in
mean egg diameter (Fig. 2), and direct observation
of the gonads. Significant differences were found
in the males and females GSI and egg diameter (p
< 0.05) in different months. The highest GSI value
for both sexes occurred in April and then started
to decrease. But only in females it increased
slightly in October again (Fig. 1). Thus, the repro-
ductive period for this species in this particular
environment is from March to August when GSI is
considerably higher. Some unspent individuals
were observed among the population during this
period. The mean * SE of the absolute fecundity of
23 females determined during the spawning pe-
riod was 8249 + 997 egg and relative fecundity was
140 egg/g body weight. The Mean egg diameter
was significantly different during the year (P<
0.05). Obviously, the highest mean egg diameter
(0.745 £ 0.058 mm) was observed in April and the
lowest in September (0.336 + 0.011 mm) (Fig. 2).
The highest egg diameter was observed in April
(2.25 mm).

The lowest temperature was in March and
then began to increase in April along with daytime
and a sudden increase in river flooding (Fig. 3).
Therefore, based on macroscopic, microscopic and
environmental variations, the spawning period of
B. lacerta continued approximately from late
March to late August when water temperature
was between 17.2 and 19.9°C.

The gonad development stages of B. lacerta are
described in five stages following Brown-Peterson
et al. (2011) which has been accepted by many re-
searchers as the standard procedure (e.g. Tom-
kiewicz et al. 2011, Grier 2012, Abaszadeh et al.
2013).

Stage I (never spawned). Testes and ovaries were
very small and near the spinal column, often clear
and threadlike and transparent grayish in color,
blood vessels indistinct. Eggs were not visible to
the naked eye and sex could not be distinguished
(Fig. 4A). The mean diameter of oocytes was 4.714
+ 0.521(SE) pm. In histological sections of ovaries,
only oogonia and primary growth (PG) oocytes
were present. No atresia. Ovarian walls were thin
and there was little space between oocytes. In the
testes, seminiferous tubules with low value and
only spermatogonia (Sg) were present; no lumen
in lobules (Fig. 5A).
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Table 1. Monthly variations in the frequency, total length (cm) and total weight (g)
of B. lacerta. Data represent means * SE (n: number of samples).

Month n n n Mean Total Mean Total
Males Females Immature  Length+SE Weight + SE
August 15 19 0 14544+ 0.565 36.618 +4.628
September 10 26 1 13.748 £ 0.653  34.839 +4.651
October 22 10 0 14475+ 0.654 35272 +4.473
November 22 21 6 11.720+0.639  23.650 + 3.663
December 27 8 17 9.482 +0.576 12.923 +1.820
January 26 7 15 9.647 +0.558  13.189 +2.286
February 17 0 5 7.736 + 0.636 6.697 +1.496
March 18 6 16 7.447 + 0.325 5.731 + 0.861
April 29 4 10 10.102+0.536  15.226 +2.508
May 6 10 3 12.294+1.049 27.142+5.275
June 2 16 10 10928 £ 0.886  19.395 + 3.839
July 24 16 1 9.624 +0.329 10.128 +1.300
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Figure 1. Monthly variations (+SE) in the GSI values of
female and male B. lacerta during August 2010-July 2011
in Bibi-Sayyedan River.

Stage II (Early developing; developing; ovaries
and testes beginning to develop, but not ready to
spawn). Ovaries and testes like an opaque reddish
tube occupying almost half the body cavity. Blood
capillaries were evident on the surface. Immature
eggs which resemble white spots were visible to
the naked eye. Primary growth, cortical alveolar
(CA), primary vitellogenic (Vtgl), and secondary
vitellogenic (Vtg2) oocytes were present. No evi-
dence of postovulatory follicle complex (POFs) or
tertiary vitellogenic (Vtg3) oocytes. Some atresia
could be present. Early developing subphase: only
PG and CA oocytes present (Fig. 4B). The mean
diameter of oocyte was 37.40 + 01.760 pm. Testes
were small but easily identifiable. Spermatocysts

-
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-
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Figure 3. Monthly variations in water temperature at
sampling time during August 2010-July 2011 in Bibi-
Sayyedan River.

were evident along lobules. Primary spermatocyte
(Scl), secondary spermatocyte (Sc2), spermatid
(St), and spermatozoa (Sz) could be present in
spermatocysts. Spermatozoa were not present in
lumen of lobules or in sperm ducts (Fig. 5B).

Stage III (Spawning capable; fish were develop-
mentally and physiologically able to spawn). Go-
nads filled the body cavity. Ovaries were orange
and testes were white. Some sperm was released
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Figure 4. Histological stages of B. laerta ovarian develop-
ment stained with hematoxylin and eosin. A) Stage I
(Immature). B) Stage II (Developing). C & D) Stage III
(Spawning capable). E & F) Stage IV (Regressing). G)
Stage V (Regenerating). AO: Atresia Oocyte, CA: Post-
ovulatory follicle, GVBD: Germinal vesicle Breakdown,
PG: primary growth oocyte, Vtgl: primary vitellogenic

oocyte, Vtg2: secondary vitellogenic oocyte.

Figure 5. Histological stages of B. laerta testicular development stained with hematoxylin and eosin. A) Stage I
(Immature). B) Stage II (Developing). C) Stage III (Spawning capable). L: lumen of lobule, Sc1: primary sper-
matocytes, Sc2: secondary spermatocytes, Sg: Spermatogonia, St: spermatid, Sz: spermatozoa.

after applying hand pressure. Migratory nucleus
and hydration stages were distinguished. In mi-
gratory nucleus stage, nucleus began to leave cen-
tral position and migrate towards periphery. Yolk
globules filled more than two third of the cyto-
plasm. Oocyte size remained relatively stable. In
hydration stage, yolk globules filled the entire cy-
toplasm. Nucleus was observed at animal pole

(Fig. 4C,D). Mean diameter of oocytes was 96.00 *
9.66 um. This stage was seen from April to Au-
gust, and the highest frequency of these oocytes
was in April and May. Testes were large and firm.
Spermatozoa were observed in lumen of lobules
and/or sperm ducts. Spermatocysts were present
throughout the testis and spermatogenes were ac-
tive. Actively spawning subphase (macroscopic):



Reproduction & gonad histology of Barbus lacerta

milt released with gentle pressure on abdomen
(Fig. 5C).

Stage IV (Regressing; cessation of spawning). Ova-
ries were flaccid and blood vessels prominent.
Atresia (any stage) and POFs were present. Some
CA and/or vitellogenic (Vtgl, Vtg2) oocytes were
present (Fig. 4E,F). Testes were small and flaccid,
no milt released with pressure.

Stage V (Regenerating; sexually mature, reproduc-
tively inactive). Ovaries and testes were empty,
loose and red. Few remains of eggs in resorption
process (Fig. 4G).

In the final two stages or after ovulation, the spent
ovaries were small, bloodshot and granular with
scattered residual oocytes. These ovaries com-
posed of postovulatory follicles, immature oocytes
and mature eggs left unspawned. The ovaries bore
oocytes at different stages, with most of them be-
ing at oogonia and perinucleolar stages. It con-
tained some atretic oocytes characterized by the
ooplasm and yolk degradation (Fig. 4EF,G).
Ovary of B. lacerta is group-synchronous type with
a capacity for multiple ovulations within a repro-
ductive season. This distribution pattern of the
developing oocytes, indicates that B. lacerta is an
intermittent spawner, spawning 2-3 times during
its reproductive period.

Discussion

The length and weight of females were higher, but
the abundance of females was lower than males.
This might be due to the differential occurrence of
the males and females in various water columns or
females live in deeper areas which make them less
available and/or naturally, the abundance of fe-
males is less than that of males in this population.
Dominance of one sex relative to the other can be
due to different behaviors in the two sexes leading
to an easier catch of one sex (Rajaura 1992), also,
differences in mortality of the sexes is noted
(Sandovy et al. 1994). Differences in fishing
methods and equipment could also be a possible
reason. Karatas & Can (2005) reported the sex ratio
in Barbus plebejus (Bonaparte, 1839), a close species
of B. lacerta, as 1:1.8. The observed maximum
length and weight were 23.3 cm and 123.17 g,
while the maximum reported length and weight
for this species is 37.5 cm and 550 g (Coad 2014).
These values could be affected by geographic
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distribution, environmental condition and feeding
(Cetinkaya et al. 2005). It also may differ from one
population to another and from one year to an-
other in the same population (Nikolsky 1963). The
oldest male and female were 4* and 7* years old,
respectively. Although older fish may exist in the
river, they were not caught because of net mesh
sizes and natural obstacles. Males in the second
age group and females in the first age group were
dominant. Thus, the majority of the specimens
were between 1 and 2 years old, indicating that
the population was mostly young. The low pro-
portion of higher age classes suggests that very
few individuals survive to a maximum age, as is
typical of most fishes (Matthews 1998). The domi-
nance of younger individuals implies that there
may be a fisheries or predator pressure or pollu-
tion effect on the population (Yapici et al. 2012).

In this study, the maturity age was estimated
as 1 year for both sexes. However, length at ma-
turity in females was lower. Caliskan et al. (1999)
reported the age composition of B. plebejus be-
tween 1-5 years and 2 years old fish were domi-
nant. Age at first spawning of B. plebejus in the
Coruh River (Turkey) was 2-3 years in males and
3-4 years in females (Yildirim et al. 2001). The first
spawning age in fish is affected by species, size of
fish and environmental factors such as tempera-
ture, quality of food and feeding (Yildirim et al.
2001).

From the maximum recorded GSI values, it is
evident that the reproductive season of B. lacerta
extends from late March to late August. Since this
species has a long spawning period, the second
peak might be due to the presence of an advanced
group which completed their spawning in late
March and their gonad weight increased signifi-
cantly in October, leading to the creation of a weak
peak. The other reason might be a delay in spawn-
ing of some individuals, but morphological and
histological observations of gonads do not support
this reasoning. On the other hand, histological ob-
servations indicated that those specimens were in
the perinucleolar stage.

Nikolsky (1963) pointed out that the spawning
characteristics of a fish vary in respect to their spe-
cies and ecological characteristics of water systems
in which it lives. The observed size range of eggs
was almost the same as that reported by Ba-
narescu & Bogutskaya (2003). Absolute fecundity
was lower than that reported by Abdurakhmanov
(1962). Fecundity in females was not correlated
with total length and total weight. These patterns
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were not similar to other barbels. The possible ex-
planation for this phenomenon is that the smaller
fish produced more but smaller eggs, whereas lar-
ger fish produced fewer but larger eggs. Fecundity
in B. plebejus in Coruh River varied from a mean of
1256 eggs (in 3* age group) to a mean of 8445 eggs
per female (in 7+ age group) (Yildirim et al. 2001).
It is well known that fecundity is affected by age,
size, species, feeding, season and environmental
conditions. Additionally, it differs among popula-
tions of some species and does not remain con-
stant from year to year. The results of observation
on the gonad development stages, GSI and egg di-
ameter indicate that the spawning season of
Blizem in Bibi-Sayyedan River starts in late March
and continues until August. Spawning may occur
2-3 times in a season varying with locality, once
temperature reaches 14°C, ceasing if the tempera-
ture exceeds 20°C (Bogutskaya 2003).

Spawning in Barbus lacerta cyri (De Filippi
1865) is from June to August. This species is
widely distributed, inhabiting Lake Akna, almost
all reservoirs of Armenia and the Akhurian, Debet
and Metsamor rivers (Berg 1949, Dadikian 1986).
Yildirim et al. (2001) reported the spawning period
of Barbus plebejus in the Coruh River between May
and July. Therefore, the spawning periods of fish
vary in respect of their species and the ecological
characteristics of the water system in which they
live. These characteristics of fish are determined
by ecological factors such as temperature and
quality of food (Nikolsky 1963). It should be noted
that in reproduction season, reproduction tuber-
cles were not observed on mature fish.

This work represents the first attempt to study
the histology of oocyte development in B. lacerta.
In most cases, the resting, previtellogenic and
vitellogenic stages were visible from spawning
season to next March. Also, in most specimens col-
lected in April, the main phase of nuclear migra-
tion and hydration, and in some instances, wrin-
kled follicles were visible; however, the maximum
weight of gonads and GSI and maximum diameter
of the eggs were seen in the same month. Hydra-
tion stage in fish is known as an indicator of
readiness for spawning (Ganias et al. 2004).

During the rest period, cells had a large and
single nucleus with a high nucleus to cytoplasm
ratio. The nucleus contained one to four nucleoli
and cytoplasm was strongly basophilic, but the
number and size of the nucleolus increased in per-
inucleolar stage and also, had migrated to the nu-
clear margin. Based on the formations of ovarian
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follicles, the first stage of oocytes growth occurs
during peripheral nucleolus stage, this is exactly
when the oocytes are covered by the follicular
cells. Hepatic yolk uptake and storage of the oo-
cyte cytoplasm, marks the beginning of vitel-
logenesis. Main oocyte growth occurs in the vitel-
logenesis phase (Hibiya et al. 1982). With the be-
ginning of the vitellogenic yolk, vesicles are visible
in the marginal cytoplasm and toward the end of
the vitellogenesis, they increase in number and
size. It should be noted that during the process of
oocyte growth, cortical alveolar (simultaneously
with the appearance of yolk vesicles), techal,
granulose and zona radiata layers gradually make
their appearance and thickness of these layers is
increased with oocyte growth. Seemingly, techal
and granulosa layers are contributing in making
ovarian steroids (Hibiya et al. 1982).

Macroscopic observations of larger fish go-
nads in winter (coinciding with the period of vitel-
logenesis) showed that ovaries were yellowish to
non-transparent, with appearant capillaries. It was
observed that during this period, the number of
yolk vesicles toward the cell center are now facing
up to occupy the total space of the cytoplasm.

During maturation period in April ovaries
were orange, lobular, and with visible capillaries
in surface. In this phase, nuclei migration toward
the animal pole of oocytes had begun and more
hydrated oocyte was visible. But owing to the GSI
peak, the maximum diameter of the eggs and
highest number of hydrated oocytes were ob-
served in April. Therefore, spawning peak of B.
lacerta occurred in April.

Macroscopic and microscopic development of
the testes followed a trend similar to those of the
ovaries, but microscopic examination was not pos-
sible due to some problems with slides prepared
from the end-stage of the sexual maturation. Tes-
tes volume increased along with the maturity
stages, but it was always smaller than the ovaries.
In the immature stage, testes were inactive and
transparent threadlike. However, even at this
stage, histologic studies showed the presence of a
small number of seminiferous tubules in the tis-
sue. Seminiferous tubules are complex and sur-
rounded by connective tissue. The first mitotic di-
vision can lead to many spermatogonia cells.
Spermatogonia in stage I (immature) are visible,
although rarely seen in the stages of puberty and
maturity. Sertoli cells and interstitial cells are in-
volved in nutrition and estrogen production.

In the next phase, spermatogenesis was
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strongly observed; in other words, the number of
spermatogonia reduced and the number of pri-
mary and secondary spermatocyte increased to the
highest number. Primary spermatocyte nuclei are
crescent-shaped cells that are visible in some cells.
It should be noted that some of the spermatids are
visible next to spermatocytes but are much less.

In the mature stage or spermiogenesis, the re-
duced number of cells in primary and secondary
spermatocyte and the frequency of spermatids in-
creased. Thus, most cells in this stage are spermat-
ids. Spermatid cells nuclei are small, dense and
rounded which made of spermatocyte second
meiosis division.

Since there is no microscopic study on B.
lacerta gonad, its sexual maturity is compared to
some other barbles and cyprinids. Dorostghoal et
al. (2009) identified three stages of sexual maturity
in Barbus grypus. These stages were divided into
three main periods: previtellogenic, vitellogenic
and maturation. The previtellogenic period was
divided into two stages; primary oocyte and yolk
vesicle; the vitellogenic period was divided into
three stages; primary, secondary and tertiary yolk
globule .The maturation period was divided into
two stages; migratory nucleus and hydration. The
results of their study showed a similar spawning
period for B. lacerta as in B. grypus (late April to
early August).

Khodadadi et al. (2009) noted eight stages of
sexual maturation in the testis of Barbus sharpeyi,
these stages include: immature, immature devel-
oping, developing, developed, mature, presper-
mation, spermation, reabsorbing. Histological
evaluations in B. neefi revealed six stages of oocyte
development. These stages include chromatin nu-
cleolus oocytes, perinuclear oocytes, primary yolk
vesicle oocytes, secondary yolk vesicle oocytes,
tertiary yolk vesicle oocytes and atretic oocytes
and males showed 4 stages of gonadal develop-
ment (spermatogonia, spermatocytes, spermatids
and spermatozoa) (Volk 2005). The oocyte devel-
opment of zebrafish (Danio rerio) was divided into
four stages (primary growth, cortical alveolus,
vitellogenic and mature oocyte) (Koc et al. 2008).
Therefore, it could be concluded that the rhythm
of gonadal development depend on various exter-
nal factors such as temperature, photoperiod, and
social and behavioral factors such as visual, olfac-
tory and auditory stimuli (Keivany & Soofiani
2004, Soofiani et al. 2006, Esmaeili et al. 2010, Asa-
dollah et al. 2011, Keivany et al. 2012, Abaszadeh
etal. 2013).

169

Acknowledgments. We would like to thank S Asadollah,
SMA Mousavi, A Nezameslami, M Ghorbani and M
Hatampoor for their help in fish collection. This study
was financially supported by Isfahan University of
Technology.

References

Abaszadeh, A., Keivany, Y., Soofiani, N.M., Falahatimarvast, A.
(2013): Reproductive biology of the greater lizardfish, Saurida
tumbil (Bloch, 1795), in Bushehr coastal waters of Iran. Turkish
Journal of Zoology 37: 717-722.

Abdoli, A. (2000): The Inland Water Fishes of Iran. 1st Edition.
Museum of Nature and Wildlife, Tehran.

Abdurakhmanov, Y.A. (1962): Freshwater Fishes of Azerbaidzhan.
Institut Zoologii, Akademii Nauk Azerbaidzhanskoi SSR, Baku.

Asadollah, S., Soofiani, N.M., Keivany, Y., Shadkhast, M. (2011):
Reproduction of Capoeta damascina, a cyprinid fish, in Zayandeh-
Rud River, central Iran. Journal of Applied Ichthyology 27: 1061-
1066.

Banarescu, P.M., Bogutskaya, N.G. (2003): The Freshwater Fishes of
Europe. Volume 5/II. Cyprinidae 2. Part II: Barbus.
Wiebelsheim, Germany: AULA-Verlag.

Berg, L.S. (1949): Freshwater Fishes of Iran and Adjacent Countries.
Trudy Zoologii Institut Akademii Nauk SSSR 8: 783-858.

Bircan, R, Ergun, S. (1998): A Study on Some Biological
Characteristics of Barbus plebejus esherichi Steindachner, 1897 in
the Bafra-Altinkaya Dam Lake (Samsun, Turkey). Turkish
Journal of Veterinary & Animal Sciences 22: 65-72.

Biswas, S.P. (1993): Manual of Methods in Fish Biology. South
Asian Publishers PVT Ltd, New Delhi, India.

Brown-Peterson, N.J., Wyanski, D.M., Saborido-Rey, F., Macewicz,
B.J., Lowerre-Barbieri, SK. (2011): A standardized terminology
for describing reproductive development in fishes. Marine &
Coastal Fisheries 3: 52-70.

Caliskan, M., Yerli, S.V., Canbolat, A.F. (1999): The Growth
Parameters of Barbus plebejus Heckel, 1843 in Cildir Lake-
Ardahan. Turkish Journal of Zoology 23: 233-239.

Cetinkaya, O., Sen, F., Elp, M. (2005): Growth and growth analysis
in fish research. pp. 93-120. In: Karatas, M. (ed.). Techniques in
Fish Biology. 1¢t Edition. Nobel Press, Ankara, Turkey.

Crim, L.W., Glebe, B.D. (1990): Reproduction. pp. 529-553. In:
Schreck, C.B., Moyle, P.B. (eds), Methods for Fish Biology,
American Fisheries Society.

Dadikian, M.G. (1986): Fish of Armenia. Yerevan, Armenia:
Publishing House of NAS.

Dorostghoal, M., Peyghan, R., Papan, F. Khalili, L. (2009):
Macroscopic and microscopic studies of annual ovarian
maturation cycle of Shirbot, Barbus grypus, in Karoon River of
Iran. Iranian Journal of Veterinary Research 10: 172-179.

Esmaeili, H.R., Ganjali, Z., Monsefi, M. (2010): Gonad morphology
and histology of the endemic hormuz cichlid, Iranocichla
Hormuzensis Coad, 1982, from Mehran River, southern Iran.
IUFS Journal of Biology 69: 1-12.

Ganias, K., Somarakis, S., Machias, A., Theodorou, A. (2004):
Pattern of Oocyte Development and Batch Fecundity in the
Mediterranean Sardine. Fisheries Research 67: 13-23.

Grier, H.J. (2012): Development of the follicle complex and oocyte
staging in red drum, Scigenops ocellatus Linnaeus, 1776
(Perciformes, Sciaenidae). Journal of Morphology 273(8): 801-
829.

Hibiya, T., Yokote, M., Oguri, M., Sato, H., Takashima, F., Aida, K.
(1982): Atlas of fish histology: normal and pathological features.
Gustav Fischer Verlag.

Hontela, A., Stacey, N.E. (1990): Cyprinidae. pp. 53-77. In: Munro,
A.D., Scott, A.P.,, Lam, TJ. (eds), Reproductive Seasonality in
Teleosts, Environmental Influences. CRC Press.



170

Humason, G.L. (1979): Animal Tissue Techniques. 4th Edition.
Freeman.

Karatas, M., Can, M.F. (2005): Growth, mortality and yield of
Barbel, Barbus plebejus (Bonaparte, 1839) in Almus Dam Lake
(Tokat, Turkey). Pakistan Journal of Biological Sciences 8: 1237-
1241.

Keivany, Y., Soofiani, N.M. (2004): Contribution to the biology of
Zagros tooth-carp, Aphanius vladykovi, in central Iran
(Cyprinodontidae). Environmental Biology of Fishes 71: 165-169.

Keivany, Y. Zare, P, Kalteh, L. (2012): Age, growth and
reproduction of the female kutum, Rutilus kutum (Kamensky,
1901) (Teleostei: Cyprinidae), in Gorgan-Rud Estuary, Northern
Iran. Research in Zoology 2: 7-14.

Keivany, Y., Nasri, M., Abbasi, K., Abdoli, A. (2015): Atlas of Inland
Water Fishes of Iran. Iran Department of Environment Press,
Tehran: 220p.

Khodadadi, M., Dezfulian, A., Mohammadi, G., Dastgir, T. (2009):
Study of testis morophocytological indexes of Benni (Barbus
sharpeyi) in Shadegan Wetland. Journal of Marine Science
Research 4: 46-35.

Koc, (Yon) N.D.K,, Aytekin, Y., Yuce, R. (2008): Ovary maturation
stages and histological investigation of ovary of the zebrafish
(Danio rerio). Brazilian Archive of Biology & Technology 51: 513-
522.

Lam, T.J. (1983): Environmental influences on gonadal activity in
fishes. pp. 65-116. In: Hoar, W.S., Randall, D.J., Donaldson, E.M.
(eds), Fish Physiology. Academic Press, New York.

Matthews, W.J. (1998): Patterns in Freshwater Fish Ecology.
Chapman and Hall, London, 756p.

Nagahama, Y. (1983): The functional morphology of teleost gonads.
pp- 233-275. In: Hoar, W.S., Randall, D.J.,, Donaldson, E.M.,
(eds), Fish Physiology. Academic Press. New York

Nejedli, S., Petrinec, S., Kuir, E.,, Srebocan, E. (2004): Annual
oscillation of ovarian morphology in European pilchard (Sardina
pilchardus Walbaum) in the Northern Adriatic Sea. Veterinary
Archives 74: 97-106.

Nikolsky, G.V. (1963): Ecology of Fishes. Israel Scientific Program.

Rajagura, A. (1992): Biology of two co-occurring tongue fishes.
Cynoglossus arel and C. lida (Pleuronectiformes: Cynoglossidae),
from Indian waters. Fisheries Bulletin 90: 325-367.

H. Dopeikar et al.

Sandovy, Y., Rosario, A., Roman, A. (1994): Reproduction in an
aggregating grouper, the arel hind, Epinephelus guttatus.
Environmental Biology of Fishes 41: 269-286.

Selman, K., Wallace, R.A. (1989): Cellular aspects of oocyte growth
in Teleosts. Zoological Sciences 6: 211-231.

Shankar, D.S., Kulkarni, R.S. (2007): Tissue cholesterol and serum
cortisol level during different reproductive phases of the female
freshwater fish, Notopterus (Pallas). Environmental Biology of
Fishes 28: 137-139.

Sokal, R.R., Rohlf, F.J. (1981): Biometry. The principles and practice
of statistics in biological research. 2nd edition. Freeman.

Soofiani, N.M., Keivany, Y., Shooshtari, A.M. (2006): Contribution
to the biology of the lizardfish, Saurida tumbil (Teleostei:
Aulopiformes), from the Persian Gulf. Zoology in the Middle
East 38: 49-56.

Tomkiewicz, J., Kofoed, T.M., Pedersen, J.S. (2011): Assessment of
testis development during induced spermatogenesis in the
European eel Anguilla. Marine and Coastal Fisheries 3(1): 106-
118.

Volk, W. (2005): Histological to evaluate gonad
development in Barbus neefi (Cyprinidae), the sidespot barb,
from South Africa. African Journal of Aquatic Sciences 30: 85-
88.

West, G. (1990): Methods of assessing ovarian development in
fishes: a review. Australian Journal of Marine & Freshwater
Research 41: 199-222.

Yapici, S., Filiz, H., Ozkan, O. (2012): Age, growth, reproduction
and feeding habits of brown comber, Serranus hepatus (L., 1758)
in eastern Aegean Sea. Biharean Biologist 6(2): 99-107.

Yildirim, A., Erdogan, O., Turkmen, M. (2001): On the age, growth
and reproduction of the barbel, Barbus plebejus escherichi
(Steindachner, 1897) in the Oltu Stream of Coruh River (Artvin-
Turkey). Turkish Journal of Zoology 25: 163-168.

Yueh, W. Chang, C. (2000): Morphological changes and
competence of maturing oocytes in the protandrous black
porgy, Acanthopagrus schlegeli. Zoological Studies 39: 114-122.

studies






