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Seasonal and Age-Related Variations in the Ovaries of
Labeo rohita (Hamilton, 1822): A Detailed Gross and Histological
Study of Gametogenesis, Maturation and Fecundity
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Abstract.- Seasonal and age-related variations and pattern of oocyte development in the ovaries of female
Labeo rohita (rohu) were studied during the age of 18-29 months (first maturation cycle). The experiments were
conducted from November 2006 to October 2007. Six gross ovarian stages (virgin/immature, developing, early
maturing, ripening, mature-gravid and regressing) were defined and photographically discerned. Ovaries were
preserved in 10% buffered formalin and histological development followed with age and season. Results showed that
Labeo rohita is a heterosexual fish. Ovaries are paired structure, joined by a short oviduct. Ovaries were fully
developed in June when GSI was the highest (22.73+0.94). Various developmental stages of oogenesis i.e., chromatin
nucleolar stage, perinucleolar stage, yolk vesicle (cortical alveoli stage) and vitellogenic stage were observed and
characterized. No spawning or postovulatory follicle (POF) was seen. In August, September and October atretic
follicles were quite common. Absolute fecundity determined in June, when GSI and oocyte size was maximum, was
469.93 eggs/gram body weight and 2012.55 eggs/gram ovary weight of fish having an average body weight of
1738.76 gram. Environmental parameters including temperature, photoperiod and rainfall appear to affect the growth
and development of ovary. Growth of oocytes was triggered by increasing temperatures and photoperiod. This is the
first detailed and systematic study on the reproductive tactics of female Labeo rohita in Pakistan and the results have
been discussed in the light of available literature on the reproductive biology of fish.
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of rohu.

INTRODUCTION

Morphology, biochemistry and physiology

of gonads have been described by a large number of
workers in different groups of fishes. Ovaries are
not only responsible to produce eggs but also
synthesize and secrete hormones of different kinds
that have a far reaching effects on the reproductive
biology and behavior of the fish. Oogenesis starts
from simple proliferation of oogonia up to the
formation of mature oocyte and consequently
ovulation after final maturation. During this process,
size of oocyte increases many folds and this is
mainly due to accumulation of yolk granules which
are formed in liver under the influence of a specific
steroid hormone, 17p-estradiol (Wallace and
Selman, 1981) and migrate to oocyte through blood
(Droller and Roth, 1966; Wallace, 1978).
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Yamamoto et al. (1965) divided the oocyte
development of rainbow trout into eight stages
which includes chromatin  nucleolus stage,
perinucleolus stage (subdivided into early and late
stage), oil droplet stage, primary yolk stage,
secondary yolk stage, tertiary yolk stage, and
maturation stages. Shrestha (1980) described the
ovarian cycle of Noemacheilus beavani and divided
it into seven distinct phases. Sen et al. (2002)
divided the development stages of Labeo rohita
(collected from wild rivers of West Bengal, India)
into seven different stages as primary growth phase,
perinucleolar stage, pre-vitellogenic or yolk vesicle
stage, vitellogenic stage post-vitellogenic stage,
germinal vesicle break down stage, and spawning
stage. Ganias et al. (2004) studied the pattern of
oocyte development in the Mediterranean sardine
(Sardina pilchardus sardina) and divided it into six
stages.

Recent improvements in the in vitro
incubation techniques have allowed an observation
of the various morphological events associated with
final oocyte maturation (FOM). These may be the: i)
migration of germinal vesicle (GVM) to animal pole
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where micropyle is situated; ii) the membrane of the
germinal vesicle then breaks down, releasing its
contents into the cytoplasm (GVBD Stage); iii) in
cytoplasm the coalescence of lipid droplets and yolk
globules; iv) rapid-size increase of the oocyte
caused by hydration; and v) an overall increase in
the oocyte translucency.

The oocytes (now eggs) are expelled into the
ovarian cavity or peritoneal cavity, a process known
as owvulation. The follicular layers that remain
behind in the ovary are known as Post-ovulatory
follicle (POF). The entire process or at least part of
it is hormone dependent (Lone et al., 2001, 2008).
However, final oocyte maturation and ovulation are
not always associated because oocyte of most
teleosts do not undergo ovulation following steroid
maturation in vitro (Narimatsu et al., 2007).

Atretic oocytes (also known as corpora
atretica) are a very common feature in the teleost
ovary (Guraya, 1976a,b; Saidapur, 1978). Follicular
atresia involves the hypertrophy of the granulosa
and thecal cells and may occur at any stage of
oocyte development. Khoo (1975) provided a
detailed description of histological changes in
follicular atresia in goldfish and classified five
consecutive stages, o, B, v, o and € stages.

Factors  influencing  development  and
spawning time in female fish are temperature,
photoperiod, longitude, latitude, lunar or tidal
cycles, rainfall, run-off water, size, age, pollutants,
and stress etc. No single factor can be said to be
responsible for spawning. The act involves
fulfillment of a chain of interrelated conditions as
prerequisite to spawning (Lam, 1983; Wang et al.,
2001; Almatar et al., 2004; Berois et al., 2004;
Yanagimoto and Humphrys Jr, 2005; Juchno et al.,
2007). For carps, optimum temperature of 22-31°C,
long-days, proper spawning ground, monsoon rains
and cloudy atmosphere have been reported to be
important factors (Kapur, 1981; Jhingran, 1986).

Labeo rohita (rohu) is a major carp and an
annual breeder. Based on observations of wild fish,
it attains maturity in the end of second year of life
(Alikunhi, 1957; Jhingran and Pullin, 1985).
However, under pond culture conditions, some fish
may mature at the end of first year of life in Indian
sub-tropical environment (Orissa, India). In
Bangladesh, it matures at an age of 3-4 years

(Jhingran and Pullin, 1985). Similarly, in another
study spanning over 18 months, Khan (1972) based
on wild fish collected from areas around Aligarh
(North India) reported that minimum age at first
maturity was two years while males matured earlier
than females. Fully mature males were of four years
and females of 5 years age. Fifty percent maturity
point was 2.7 and 2.9 years for males and females,
respectively (Khan, 1972).

Although, the major carps have been cultured
in Pakistan and India since 2000-3000 years BC,
systematic studies on the reproductive biology of
these fish are very scanty in general and are
particularly missing from Pakistan. In view of this
we have started a programme of studying the basic
reproductive biology of these fish and the present
paper, a part of these studies, describes the
development of gonads and histological changes in
female rohu during the age of 18-29 months (first
maturation cycle ?).

MATERIALS AND METHODS

Fish collection

The fish, Rohu (Labeo rohita), were collected
from a commercially well managed fish farm,
located some 40 kilometers from Lahore on G.T.
Road, near Muridkay (latitude 31°58 N, longitude
74°13E). The fish in this farm were raised as a
polyculture of Pakistani major carps consisting of
rohu, thaila, mori, silver and grass carps in a
specified stocking density.

For the present studies a total of about 500
Rohu of the age of about one year were selected at
random and were separated from the rest of the
stock in a separate pond of size 0.25 hectare to
avoid any unnecessary handling stress, except the
monthly sampling.

The sampling started in November 2006,
when the fish were 18 months of age. The fish were
collected through a cast net and a total of 20 fishes
taken at random. Without taking any note of the sex.
Live fish were packed in polythene bags having
water and compressed air. The samples were
carefully transported to the laboratory, where they
were kept in rectangular cement tanks (4.12 m L x
1.7 m W and 1.0 m D) supplied with running water
as a sprinkler. The tanks were covered with a wire
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mesh to avoid fish jumping out of water. The fish
were kept in these tanks, at least, for one day before
the actual sampling was performed in the morning.

Physico-chemical parameters

Atmospheric  temperature  (°C),  water
temperature of the pond (°C) and pH of the pond
water were measured in situ at the time of sampling
by portable laboratory meters (WTW, Germany).

Experimental sampling

At the time of sampling, fish were removed
from the cemented tank one by one with a scoop net
and immediately placed in a water tank containing
clove oil (5 ppm) dissolved in absolute alcohol
(Merck, Germany) in a ratio of 2:5 (Berka et al.,
1986) and allowed to stay for 3-5 minutes. The time
period was changed according to age and size of
fish.

Morphological parameters

Before dissection and removal of gonads total
body weight to the nearest gram (g) and total body
length, standard body length and body depth (at the
start of the dorsal fin level) to the nearest mm were
recorded.

Dissection and removal of gonads

After measurements, an incision was made on
ventral side of the abdomen from posterior to
interior most tip of the fish with a sharp scalpel and
a bone cutter. Ovaries were found attached on the
lower side of the swim bladder in the abdominal
cavity. Features like colour, position of gonadal
ducts and any abnormality, if present, were noted.
Photographs of the ovaries were taken in situ. A
complete record of the photographs of the whole
fish and their gonads was kept.

Ovaries were separated carefully from the
bladder and other tissues, spread on a sheet in
original form and photographed and size (length and
width) noted to the nearest mm. Immediately after,
the weight was taken to the nearest of milligram
(mg). After gonads, liver was also removed,
weighed, put in a polythene bag and stored at -40°C.

Gonadosomatic index (GSI) and

hepatosomatic index (HSI) were calculated
according to the formula of Lone and Matty (1980)
and Lone et al. (2001).

Histological studies

Whole ovaries were fixed in plastic jars with
400-1000 ml of 10% buffered formalin (4%
formaldehyde in phosphate buffer) until processed
for histological examinations. Samples were
trimmed to approximately 1 cm® and loaded to
plastic tissue cassettes. The sample loaded cassettes
were then processed for routine histology. The
samples were first passed through different grades
of ethyl alcohol ranging from 30-100% for
dehydration and then cleared in two changes of
xylene. The tissues were finally taken to embedding
centre, transferred to molten wax and xylene in the
ratio of 70:30 and in the last changed to molten wax
for 4 hours for impregnation of wax. The wax
embedded tissues, attached to cassettes, were finally
trimmed for microtomy.

The tissues were sectioned at 3—6 um using a
motorized rotary microtome (LEICA) with a well
sharpened knife. The sections were floated in warm
water 37-40°C for stretching. The stretched sections
were placed on glass slides, and put on a hot plate
overnight for drying.

The sections were stained with Harris
hematoxylin and eosin and mounted with DPX. The
photomicrography was done on LEICA PM-5000
microscope with digital camera.

Fecundity

Absolute fecundity was estimated by simple
gravimetric method. A small piece of ovary was
taken. After cleaning and drying, the sub-sample
was weighed. Total number of eggs were then
counted. Absolute fecundity was then calculated by
using the formula:

ne

g
F  =Fecundity
n = Number of eggs in sub-sample
G = Weight of ovaries
g = Weight of the sub-samples

Where,
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Statistical Analyses of the data

All the data were analyzed using Excel
version 2007, while the statistics was applied using
SPSS version 16. One-way ANOVA was followed
by Tukey test.

RESULTS

Physical and environmental parameters

Table | shows monthly changes in the
atmospheric temperature (maximum and minimum),
water temperature, photoperiod, and rainfall during
the period of study i.e. from November, 2006 to
October, 2007. The minimum atmospheric
temperature of the year was recorded in January
(5.49+0.99°C), whereas the maximum temperature
was recorded (39.45+1.76°C) in the month of May.
The minimum water temperature at 1700 hours was
also recorded in January (13.50+1.25°C), while the
maximum at 1700 hours was in August
(34.0+1.00°C). The maximum day-length of
15.15+0.05h was during June, whereas the
minimum day-length of 11.04+0.06 h, was recorded
in December. The maximum rainfall was in July
(199.86+102.16 mm), and the lowest rainfall was
recorded in December as 4.53+6.84 mm (Fig. 1).

Body weight

At the start of the experiment in November,
2006 (age 18 months), the mean body weight was
861.00+14.35 g. In December the weight decreased
to 732.37+£11.92g probably because of lower
temperature and photoperiod. After February, the
body weight started increasing gradually and
reached 1732.7+127.81g in June when the ovaries
were fully developed. After June, it decreased a
little in July (1663.13+42.75 g) due to the regression
of the ovaries (Table II). After July it started
increasing again and was maximum (P<0.05) in
October (1782.6+137.52 g).

Total body length and standard length

Minimum length was recorded in December,
2006 (age 19 months) as 46.42+0.98 cm
(38.03+1.02 standard length). After December the
length started increasing and in October, 2007 (age
29 months) it was 53.50+0.41 cm (standard length=

44.38+0.22) in the last month of present studies
(Table 11).

45 35

—e— Max Atmospheric Temp (°C)

Water temperature (°C)

== Min Atmospheric Temp (°C)

Atmospheric Temperature (°C)

—&— Water Temperature (°C)

0+ 0
400 275
—4—Gonad Weight(g) L 250

350 E —m—Rain Fall (mm)

Ovary Weight(g)
=
v
o
Rain Fall (mm)

244 -GSl 09
f —®Oocyte 0.8

15 9

Gonado-Somatic Index
o o
o o

Oocyte Size (mm)

27 1 2,50
——Gs1
x 241 —B—HS| x
3] 3
g2 200 2
S 181 S
8

g 154 g
13 150 E
S 124 8
o
IR &
g 6 100 g
S T
(U]

34

0 —————7—1 050

N D J F M A M 1 1 A S O

18 19 20 21 22 23 24 25 26 27 28 29
Age (month)

Fig. 1. Monthly and age-related variations
in atmospheric and water temperature (°C), rain
fall (mm), ovary weight (g), gonado-somatic
index (GSI), hepato-somatic index (HSI) and
oocyte size (mm) of rohu, Labeo rohita.
Values given are mean+SEM. For other details
see Materials and Methods.

Condition factor (k) and body width

The value of “k” was the minimum in
December 2006 (0.734+0.04), while the highest
value for this parameter was recorded in June 2007
(1.422+0.05). The body width was similar to the
trend seen with “k” (Table II).
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Table I.- Monthly variations (Meant SEM) of various environmental parameters during the course of the study from
November, 2006 to October, 2007.
Maximum Minimum_ Water
Month Age atmospheric atmospheric temperature* Photoperiod Rain fall Humidity
(months) temperature temperature o (Hours) (mm) (%) at 8am

o o Q)

(°C) (°C)
Nov.06 18 27.26+1.36 11.52+1.21 20.00+1.20 11.30+0.01 7.96+16.88 78.70+3.36
Dec.06 19 21.48+2.04 6.49+0.70 14.00+1.99 11.04+0.06 4.53+6.84 86.00+4.18
Jan.07 20 18.21+1.45 5.49+0.99 13.50+1.25 11.17+0.06 23.37+22.68 86.90+4.43
Feb.07 21 21.00+2.31 9.14+0.81 18.00+2.00 12.16+0.06 28.12+40.15 77.50+3.71
Mar.07 22 27.79+2.06 14.47+£1.25 28.40+1.99 13.03+0.03 26.14+22.78 66.30+6.29
Apr.07 23 35.27+2.09 19.65+1.28 29.00+1.76 14.03+0.00 21.49+29.59 47.00+6.80
May,07 24 39.45+1.76 24.80+2.22 29.00+1.55 14.46+0.05 26.12+19.84 42.70+7.30
Jun.07 25 38.57+1.63 26.49+0.78 33.00+1.40 15.15+0.05 61.28+32.08 55.70+10.07
July, 07 26 35.62+1.43 26.71+0.57 33.50+1.00 15.10+0.05 199.86+102.16  76.30+5.02
Aug.07 27 34.99+1.12 26.40+0.53 34.00+£1.00 15.05+0.05 137.16+32.00 77.50+4.03
Sep.07 28 34.57+1.09 24.04+0.86 32.00+1.01 13.05+0.02 69.51+44.81 76.2046.26
Oct.07 29 29.10+1.02 18.17+1.06 24.00+0.66 12.09+0.00 18.60+28.52 74.1043.35

*= measured in the afternoon at 1700 hours.

Gonad weight, length and width

The weight of gonad (13.11+2.06 g) was the
lowest in December (age 19 months), while the
highest values (388.8+£23.02 g ) were encountered in
June (age 25 months). Although the highest value
for gonad length was also seen in June, the
minimum values for gonad length were observed in
November (9.16+£0.40 cm). The ovarian width
followed ovarian length and weight and was
minimum in November (1.702+0.09 cm) while
maximum values (5.45+0.15 cm) were in May
(Table 1n).

Gonadosomatic index (GSI)

The monthly distribution of gonadosomatic
index (GSI) of female Labeo rohita is given in
Table 11 and Figure 1. The GSI values were lowest
during the month of February (1.19+0.07), while the
maximum were seen in June (22.73+0.94).

Liver weight and hepatosomatic index (HSI)

The lowest values for the liver weight
(14.45+£1.35 g) were seen in March, while the
highest values (27.66+£2.16 g) were in August.
Similarly the minimum (1.01£0.11) and maximum
(2.31+0.24) values of HSI were encountered in May
and December, respectively (Table I1)

Gross and histological (oogenesis and seasonal)
studies of the gonads

Labeo rohita is heterosexual. Its reproductive
system consists of an ovary with two lobes, present
on each side of the air bladder in body cavity. They
were attached with the swim bladder and the length
of two lobes was not equal (Fig. 2). In the immature
fish the two lobes are separate however, as they
grow, they unite posteriorly and form a short
oviduct that opens to the exterior through gonopore
lying above the anus. Externally each ovary was
covered with a thin peritoneal membrane and
beneath the membrane lies the tunica albugenia
which becomes thinner and thinner as the ovary
reaches to full maturity.

Histologically, gonadal development in
Labeo rohita is group synchronous type. This type,
which is found in fish that spawn annually or once
in a spawning season, breeders will develop (recruit)
a cluster of vitellogenic oocytes and advance
synchronously  through  further  stages  of
development (oogenesis), whereas the rest of the
oocyte population remains arrested and is used for
next year’s cycle. In Labeo rohita the ova starts
development in earnest in March and increase to full
and mature size in June. Its spawning, in wild,
probably takes place in late June and July, during
the local monsoon season. Sex can be recognized in
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(Table 1)
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breeding season when abdomen is rounded (called
“chhalli” in local language) and vent bulged out and
becomes reddish in colour.

Ovarian stages

On the basis of gross size, shape, coloration
and other histological features of the ovaries of
female Labeo rohita, six categories of reproductive
and maturity stages were recognized throughout the
year. These stages were virgin/immature,
developing, early maturing, ripening, mature-gravid
and regressing (Table 111, Fig. 2). Similarly, female
germ cells were classified according to the
oogenesis stages encountered during the present
studies. These stages were oogonia, pre-vitellogenic
stages containing primary oocytes at chromatin-
nucleolar stage, peri-nucleolar stage, secondary
oocyte at yolk-vesicle stage, vitellogenic stage
(various phases), and atretic follicles and oocytes in
the regressing ovaries. Since no spawning was
observed as Labeo rohita do not spawn in captivity,
therefore, final oocyte maturation (FOM), and
ovulated oocytes (eggs) and post-ovulatory follicles
(POF) were not seen during the present studies
(Table 11, Figs. 3, 4). The details of gross structure
and oogenetic cycle are given in Table IlI.

Fecundity

Absolute fecundity was calculated by simple
gravimetric method. It was found that Labeo rohita
female contained on the average 817,094 eggs in an
ovary of 406g weight, whereas the average total
body weight of the fish was 1738.76g. It means that
Labeo rohita female contained 469,929 eggs/kg of
body weight and 2,012,546 eggs/kg of ovary weight.
Details regarding oocyte size are given in Tables Il
and 111

DISCUSSION

The annual reproductive cycle of Labeo
rohita female was studied on the basis of gross
appearance, and weight of ovaries. Histologically,
this was based on oogenesis, size of oocytes, size
and behaviour of nucleus, nuclear membrane,
number and location of nucleoli, appearance and
distribution of yolk wvesicles, yolk granules,
appearance of oil droplets (if any), final maturation

of oocytes and the GSI values of the ovaries. It is
clear from the Tables Il and I11, Figures 1 and 2 that
ovaries during the months of November to February
were small in size and contained mainly peri-
nucleolar oocytes. The weight of ovaries started
increasing in  March and peaked in June
(388.8£23.02 g). The GSI (22.73+ 0.94) was also
highest in June with ovaries having vitellogenic
oocytes in a group synchronous mode. From July to
August, the weight of ovaries and GSI declined and
the ovaries were already regressed by October
(Fig.1).

Changes in (water) temperature and
photoperiod have been shown to correlate well with
gonadal weights and therefore with gonado-somatic
index (Lam, 1983; Mananos et al., 1997; Mylonas
and Zohar, 2007). In earlier studies, high
temperatures and long photoperiods were positively
correlated with growth of gonads (testis and ovary)
and related reproductive hormones. Similarly, these
conditions of high temperatures and long day-
lengths were inhibitory to the gonad growth of fish
maturing and spawning in autumn or winter. In
summer spawners, water temperature and long days
have a key role in both initiating and concluding the
spawning season. This has been shown for many
fish like major carps (Sen et al., 2002; Dey et al.,
2004, 2005; Bhattacharyya and Maitra, 2006),
Japanese sardine (Matsuyama et al., 1991). Rose
bitterling will initiate its breeding season in rising
temperature while gonadal recession will ensue in
high temperature but declining photoperiods
(Shimizu et al., 1994). In blueline tilefish which
exhibits a peak in GSI in May to September, a
rapidly decreasing photoperiod in October causes
gonad regression (Ross and Merriner, 1983). In
cyprinid fish, Gnathopogon caerulescens and dace,
Tribolodon hakonensis, photoperiod is important for
the spawning season, however, it interacts with
temperature and final influence on the gonads is
exerted by the temperature (Okuzawa et al., 1989;
Ma et al., 2005). On the other hand, in autumn
spawner, Accheliognathus rhombea, low
temperature and short photoperiod have great
influence on gonadal growth and GSI (Shimizu et
al., 1994). From these studies it can be said that for
summer spawners, a day length of more than 13
hours with higher temperatures and for autumn and
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Table I11.-  Description of gonad maturity of female Labeo rohita correlated with age (months) and season during the present
studies. Gross appearance refers to fresh ovaries.
Maturity stage Age Season (Water Gross appearance Histological appearance
temperature °C)
Virgin (?) / 18-21;29  October-February It is a long phase and was seen The small ovaries at this stage had
Immature (24.0+0.66-18.0+2.0) during October to February. oogonia and primary oocytes with
However, an odd sample can be some oocytes in peri-nucleolus
seen in other months also. The stage. The nucleoli may be one or
ovaries at this stage were several, depending upon the size
elongated in shape, brown to pink  and maturity. Size (um) of
in colour and opaque in oocytes was the minimum in
transparency. Vascularization was  December (0.092+0.001) while
inconspicuous. The ova were not maximum was seen in October
visible with naked eyes. Mean (275+50). Tunica was thick. No
GSl ranged from 1.19+0.07- yolky oocytes were seen. Atresia
1.83+0.22 (Fig. 2A). very rarely seen (Figs. 3, 4).
Developing 22 March Ovaries grew in size, with colour ~ Oogenesis has started in earnest.
(28.4+1.99) brown to yellowish. Three types of oocytes can be
Vascularization increased. Small seen. Oocytes with yolk vesicle,
and thin surface capillaries were cortical alveoli stage and some
seen quite easily. GSI was 3.02+  with true yolk were present. Size
0.69 (Fig. 2A). increased up to 430.6+£59.0 um.
Atresia scarcely seen (Figs. 3, 4).
Early Maturing 23 April Ovaries continued growth in size Oocytes increased in size up to
(29.0+1.76) and weight and occupied major 646.9£19.0 pm. The tunica was
portion of the body cavity. They thinner in bigger ovaries. Three
were yellowish in colour; type oocytes were present
becoming slightly transparent. however, the tertiary oocytes with
Tunica was thin. Vascular supply  true yolk granules dominated. The
increased further. GSI was germinal vesicle was centrally
8.52+1.58 (Fig. 2B). located. Atresia present but scarce
(Figs. 3, 4).
Ripening 24 May The stage was predominantly Oocytes further increased in size
(29.0+1.55) present in May. Ovaries were (664.00+4.0um) and tertiary
attaining maximum weight; highly  oocytes were preponderantly high.
vascularized and having very thin ~ Few secondary and primary
tunica albugenia. Ova could be oocytes could be seen in the
seen with naked eyes. GSI was crevices of the bigger oocytes.
21.01+2.10 (Fig. 2B). Oocytes of this stage first
appeared in April but now were
predominant. Atresia scarce (Figs.
3, 4).
Mature-Gravid ~ 25-26 June-July Swelling of belly clearly visible. Size of oocyte reached maximum

(33.0+1.40-33.5+1.0)

Ovaries filling the whole body
cavity. Ovaries yellow, pale or
reddish in colour. Hydrated along
with opaque oocytes visible
through tunica giving a speckled
appearance. No running fish was
observed. Eggs did not come out
even on pressing the belly.
Maximum GSI was seen in these
two months. GSI was 22.73+0.94
(June) and 22.41+3.11 (July) (Fig.
2B and 2C)

in June (773.00+31.00 pm) while
in July it was 743.00+17.00 pm.
However, Germinal vesicle
movement (GVM) or breakdown
(GVBD) was not seen. No hyaline
oocyte or post-ovulatory follicle
(POF) seen. Tunica was thin.
Atretic follicles or oocytes
sparsely seen (Figs. 3, 4).

Continued
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Maturity stage Age Season (Water Gross appearance Histological appearance
temperature °C)
Regressing 27-29 August-October During these months ovaries Decline in the size of the oocytes
(34.0+1.0-24.0+0.66) started regressing and showing started in August (650.00+7.00
loose and sometime flaccid um). Ovaries contained atretic
appearance. They were shrunken follicles along with tertiary
and reduced in volume. Colour oocytes. Atresia was at full scale
became deeper yellow or in September (553.00+12.00 pm).
yellowish red. Both opaque and Some oocytes showed coalescing
hydrated oocytes were still visible  of the yolk. This decrease in
in August but in few fish in later oocyte size caused a decrease in
months also, although the size was  weight and size of the ovary.
clearly small. GSI reduced to Primary oocyte started increasing
8.66+3.22 in August, 1.4840.17in  and in October (275.00£5.00 pm)
September and 2.27+0.33 in the ovaries again contained
October (Fig. 2C). primary oocytes only. Some fish
however had tertiary oocytes
undergoing atresia, which was
quite common (Figs. 3, 4).
Note:  These Observations are based on the gross morphological and histological studies of Labeo rohita ovaries. Oocytes were

measured from different stage ovaries. No spawning or POF was observed.

winter spawners and a day length of less than 12
hours and lower temperatures are critical conditions
for maturity and spawning. These and related
studies have been summarized by Bromage (2001)
and Bromage et al. (2001).

In the present study also, it seems that both
photoperiod and temperature play an important role
in gonadal recrudescence and maturation. In our
study, the ovaries of rohu started developing in
March when the photoperiod increased from the
minimum in December and when the water
temperatures started increasing from the minimum
in January (Fig. 1) and ultimately showed a peak in
June. This means that in March when the
photoperiod reached spring equinox (12H:12H) and
temperature 27.79+2.06°C, the ovary started
increasing in weight and showed histological
advancement. Later on, when the day-length crossed
14 hours in April and temperature was
29.00+1.76°C, a rapid development of the ovary was
observed. This means that rohu fits very well with
the hypothesis that the summer spawners are
influenced by the increasing day-lengths (long days)
and higher temperatures. These parameters for rohu
are a temperature above 25°C and a day length of
above 13 hours. The termination of spawning season
in rohu seems to have started in August when the

photoperiod was already declining from the
maximum in June, although the water temperature
was still higher (maximum encountered in the
present study, i.e. 34.00+1.00°C). Thus, we can
conclude that ovarian development and maturation
in rohu is initiated by lengthening photoperiods and
increasing temperatures in early summer and is
terminated by shortened (decreasing) photoperiods
with higher temperatures. These observations
suggest that for gonadal development and
maturation, environmental temperature plays an
important role while for the termination of the
spawning or end of the maturational cycle is
precipitated by photoperiod. However, this
hypothesis needs further experimentation and
studies for its confirmation.

In addition to photoperiod and temperature,
we also studied the role of rainfall in the final
maturation and spawning of rohu. When the data
regarding mean monthly rainfall was plotted with
the ovarian weight (Fig. 1), it was found that there is
a correlation between rainfall and the regression of
the ovaries (due to spawning ?). It is known that
major carps spawn during the monsoon season when
rainfall is at maximum of the year and a casual
relation existed between these parameters as was
reported by earlier workers working in the wild
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Fig. 2. Size, gross structure and development of Labeo rohita ovary. A, November 2006 (age 18 months) to
March 2007 (age 22 months). The two lobes of the ovary are separate in the beginning however as they grow, the
lobes come together and an oviduct is formed. Also given for each month is the maximum and minimum size (weight)
for that month; B, April 2007 (age 23 months) to June 2007 (age 25 months); C, July 2007 (age 26 months) to October
2007 (age 29 months). For other details see Table Il and III.
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Fig. 3. Formalin fixed and hematoxylin and eosin-stained paraffin sections of Labeo rohita ovary showing
different stages of oogenesis. (A) primary basophilic oocyte at early nucleolus stage; X400 (B) primary oocyte in peri-
nucleolus stage; X400 (C) early secondary oocyte at cortical alveoli (yolk vesicle) stage; X400 (D) view of the ovary
showing primary, secondary and tertiary oocytes; X200 (E) section of the ovary showing start of the deposition of
yolk (vitellogenesis) in tertiary oocytes; X40 (F) tertiary oocyte with protein and lipid yolk; X100 (G) tertiary oocyte
with germinal vesicle containing nucleoli; X100 (H) tertiary oocyte in maturing stage; X100 (I) section of the ovary
showing group synchronous type maturation; X40 (J) tertiary oocytes in early stage of atresia; X40 (K) another view
of atresia of yolked oocytes; X40 (L) early signs of ovarian regression; X40.

(Jhingran, 1986; Jhingran and Pullin, 1985; Pillay
and Kutty, 2005) however no quantitative data were
reported. We have for the first time shown that
rainfall is correlated quite well with the ovarian
weight, ovarian length, GSI and oocyte size. These
parameters show peak (in June) when the rainfall is
increasing from 26.12419.84 mm in May to
61.28+32.08 and 199.86+102.16 mm in June and

July respectively. These are the months when rohu
is reported to be spawning in the wild. After July
peak, the rainfall start decreasing and by September
had already reached 69.51+44.81 and 18.60+28.52
mm in October when the ovaries are already
regressed. Although we did not see the spawning in
the present study, however the increase in rainfall
coincides well with the decrease in GSI and oocyte
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Fig. 4. Seasonal and age-related changes and development of the Labeo rohita ovary. The ovaries were fixed in
buffered formalin and hematoxylin-eosin-stained paraffin sections were photomicrographed at X40. For more details

see Materials and Methods and Table 11 and II1.

size, an indication of spawning as seen in the wild
(Fig. 1). Further studies must be carried out to
substantiate this conjecture.

As reported earlier, we did not observe any
spawning in our fish during the age of 18-29
months, although they had mature ovaries
containing yolky oocytes, nevertheless, these
oocytes did not enter the final oocyte maturation
(FOM) and spawning. Not much is known about
this reproductive dysfunction in rohu as it is known
that these same fish are routinely spawned in
captivity, artificially, after hormonal intervention.

The fish when living in the wild normally
develop their gonads according to the environmental
conditions and time of the year that best suit them
and the newly hatched larvae and young ones. This
is the reason for great wvariability in the
development, maturation and spawning tactics of
different fish species. However, when the fish are
kept in captivity for culture purpose there is always
some degree of reproductive dysfunction exhibited.
This dysfunction some time is eliminated after few
generations when the fish have lived in captivity.
However, other fish do not respond to captivity in
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this way and even after many generations they still
do not breed normally as they in the wild. This
necessitates some hormonal therapies for inducing
maturation, ovulation and spawning (Zohar and
Mylonas, 2001).

There are at least four major types of
reproductive dysfunction known. In the first type
early gametogenesis do not proceed, asisseenin
eels (Miura et al., 1991a,b; Ohta et al., 1997). The
second most common dysfunction is that there is no
FOM (although the vitellogenesis takes place
normally) and hence no ovulation and spawning.
This category includes major carps (including rohu;
present study), flatfishes (Berlinsky et al., 1996,
1997; Mugnier et al., 2000), family serranidae
(Tucker, 1994; Watanabe et al., 1998), striped bass
and white bass (Mylonas and Zohar, 2001), fugu
(Yang and Chen, 2004; Chen, 2005), shi drum
(Mylonas, 2004), dusky grouper (Marino et al.,
2003). The third category is found in family
salmonidae (Genus: Oncorhynchus and Salmo) and
is the most easy to address. In this case, the fish
undergo vitellogenesis, FOM and even ovulation but
they do not spawn the eggs in captivity. The reason
here is behavioral in nature as gravel bed is not
available in captivity (Bromage and Cumarantunga,
1988; Zohar, 1989; Liley and Kroon, 1995). Lastly,
there are fish which fail to undergo complete
vitellogenesis as is seen in amberjack (Garcia et al.,
2000) and Mekong river catfish (Donaldson, 1996).

Not much is known for the cause/s of these
reproductive dysfunctions but certain points can be
elaborated from the available literature. The failure
of ovary to initiate gametogenesis, vitellogenesis,
FOM or ovulation and spawning in captivity can be
due to the lack of complete array of environmental
factors that act as cues for favorable changes in the
internal milieu that force’s these activities or
processes in the wild fish. The case of major
environmental factors like temperature, photoperiod
and rainfall has been discussed above. There can be
other minor factors (gravel beds for salmonids) that
are important at a specific point in the process of
complete and successful reproduction. Because of
absence of all these or some factors subtle changes
in the behavioral response can occur thus blocking
the reproductive development. The second major
factor in this connection is the stress of captivity.

Even if the best possible conditions are provided to
the fish captivity itself is a big stress (Schreck et al.,
2001; Consten et al., 2002). Stress induced increase
in adrenal cortex steroids particularly cortisol has
been shown to be antigonadal in many vertebrates
from mammals to fishes (Charpenet et al., 1981,
Pickering et al., 1987; Carragher et al., 1989;
Mahmoud and Licht, 1991; Moore et al., 1991;
Norman and Smith, 1992; Foo and Lam, 1993;
Coddington and Cree, 1995).

Whatever is the cause of this deficiency for
the final completion of the reproductive cycle, it
ultimately revolves and ends in the deficiency of
hormones from all or one component of the brain-
pituitary-gonad axis. Not much is known in this
regard for the major carps, however. Studies are
available from Europe that points to the fact that
failure of the fish either to start gametogenesis,
vitellogenesis or ovulation inhibition, the brain-
pituitary-gonadal axis is involved. It has been shown
that most probably in these conditions the inhibition
of the release of LH from the pituitary is the major
cause. It is also known that pituitary release of LH is
under hypothalamic control therefore, in these fish
either the synthesis of LH or release of LH (under
control of GnRH from hypothalamus) from the
pituitary or both are defective (Zohar et al., 1995;
Mylonas et al., 1998; Steven, 2000; Steven et al.,
2000; Mylonas and Zohar, 2001). This observation
is further substantiated from the observations that all
those species that show these inhibitions in the
gametogenesis or final maturation do spawn when
given injections of GnRH or pituitary extracts, a
normal practice in the hatcheries of the world for
getting gametes for aquaculture. Studies on this and
related aspects are badly needed for major carps so
that an insight into this deficiency be achieved for
better management purposes.

Oocytic atresia is a common phenomenon in
teleost ovary (Saidapur, 1978; Witthames and
Greer-Walker, 1995; McDermott et al., 2007). It
was also observed in the present study throughout
the year and irrespective of age and season.
However, the intensity of atresia varied. It was low
at the primary and secondary oocyte stages as these
stages were encountered during the winter and early
summer season when shorter photoperiod prevailed.
It increased, as both the temperature and
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photoperiod started increasing and the oocytes
started developing fast. It was quite prevalent after
April (long days and high temperature) when the
tertiary oocytes with external vitellogenesis were
dominating the ovarian histological picture. Since
all signs suggest that our fish did not spawn in pond
environment, the atresia was quite prevalent in July,
August and September. These are the months when
water temperature was quite warm and photoperiod
long though decreasing. From our studies it appears
that decreasing photoperiod with high temperatures
are conditions which cause atresia. However, more
studies with fish of other ages are needed to
substantiate this hypothesis.

Seasonal changes of HSI in female Labeo
rohita showed an inverse relationship with GSI (Fig.
1). The HSI reached its minimum level during the
month of May when GSI was nearly at its peak. A
general reduction in HSI from its maximum values
in December can be explained by mobilization of
lipid and protein reserves as precursors of
vitellogenin (a lipid phosphoprotein) synthesized by
the liver. The vitellogenin is released into the blood
in response to estrogens produced by the maturing
gonads (Rodriguez et al., 2001; Maldonado-Garcia
et al., 2005).

The potential reproductive capacity of an
organism or population, measured by the number of
gametes (e.g. eggs or sperms) is known as
fecundity. Fecundity is a measure of fertility, such
as sperm count or egg count or the number of live
offspring produced by an organism. We measured
the absolute fecundity in rohu with ovaries collected
from fish at mature-gravid stage in June (Table II).
The absolute fecundity values thus obtained were
469.93 eggs/g body weight and 2012.55 eggs/g
ovary weight of fish with average weight of
1738.76g. During this time the average size of the
oocytes measured from the histological sections was
0.773 mm.

In fish it has been shown many times that the
size of the oocyte depends on the size of the fish and
the larger fish tend to have bigger and higher
number of eggs (Fernandez-Delgado and Herrera,
1995; Olivia-Paterna et al., 2002; Juchno et al.,
2007; Plaza et al., 2007). However, it is also known
that size of the oocytes/egg can increase to a limit
therefore fluctuations in the fecundity may reflect

the body and gonad size. It should also be stated
here that during evolutionary history the fishes
developed two pronged strategy for fecundity. This
strategy is a selection that with the same mass of
ovary, a small number of large eggs (yielding bigger
larvae) can be produced or a large number of small
eggs (yielding smaller larvae) be produced. This
selection is based on many factors like ambient
environment, food availability, season of spawning,
predation pressure etc. In rohu, very little is known
about the fecundity of fish under cultured conditions
as the fish do not spawn naturally in captivity.
However, some reports are available from the wild
fish. Khan (1972), reported from the area around
Aligarh, India, the fecundity of rohu from the age of
two to seven year. The fish were 1801 — 9210g in
body weight, while the corresponding ovarian
weight was 390-2060 g (GSI= 21.6-22.3). There
was an increase in the fecundity of fish from second
to sixth year (GSI= 21.6-27.1) of life and then
declined for the seventh year. The number of eggs
per gram of ovary for the two year old fish were
1335 and 535 per gram of the body weight. A
number similar to ours on body weight basis but
lower than on the ovarian weight basis. The reason
for this may be the extra or supplementary food that
is given to the fish in captivity however, this
conjecture needs to be confirmed. In another study,
Khan and Jhingran (1975) also reported fecundity of
wild rohu based on the size of the fish and collected
from Indian waters. The GSI (ovarian weight)
increased from 17.0-29.6% for fish of body weight
of 1.75 to 6.75 kg. The number of eggs produced on
the body weight and ovarian weight basis were 211
and 1230 and 413 and 1387, respectively. These
results clearly show that wild fish has lower
fecundity than the cultured fish. Further studies are
needed in this connection from Pakistani waters and
from various culture systems used in the country.
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Table Il.-  Monthly variations (Mean+ SEM) of various parameters of female Labeo rohita during the study period.

Month Body 'tl)'(c));al Standard  Condi-  Body Gonad Gonad Gonad Oocyte Liver
(year) Age N  weight Ieng);h length tion width weight length width size weight Gsl HS |
(Month) (9) (cm) (cm) factor (cm) (9) (cm) (cm) (mm) (9)
861.80+ 47.70 38.96+ 0.794+  13.70+ 13.68+ 9.16+ 1.702+ 0.094+ 15.08+ 1.48+ 1.74+
Nov.06 18 5 14.35 0.62 0.63 0.03 0.40 1.08 0.40 0.09 0.006 0.45 0.15 0.07
732.37+ 46.42+ 38.03+ 0.734+  13.78+ 13.11% 11.48+ 1.687+ 0.092+ 17.22+ 1.77+ 2.31%
Dec.06 19 7 11.92 0.98 1.02 0.04 0.33 2.06 0.63 0.04 0.001 1.98 0.25 0.24
876.05+ 46.98+ 38.46+ 0.847+  13.81+ 15.65+ 12.43+ 2.037+ 0.114+ 16.46+ 1.83+ 1.93+
Jan.07 20 8 56.34 0.63 0.68 0.06 0.28 1.48 0.30 0.09 0.002 1.36 0.22 0.21
1210.51+  47.36% 38.65+ 1.132+ 13.49+ 14.61% 13.00+ 1.920+ 0.117+ 15.4+ 1.19+ 1.25+
Feb.07 21 8 29.36 0.36 0.28 0.01 0.23 1.04 1.05 0.10 0.004 0.81 0.07 0.06
122470+  47.96% 39.15+ 1.098+  14.18+ 38.86% 13.60+ 2.630+ 0.430+ 14.45+ 3.02+ 1.19+
Mar.07 22 6 111.73 0.81 0.32 0.07 0.21 11.04 1.30 0.29 0.059 1.35 0.69 0.08
1338.10+  47.82+ 39.15+ 1.294+  17.05+ 121+ 16.61+ 3.294+ 0.646+ 17.73+ 8.52+ 1.36+
Apr.07 23 7 103.93 0.38 0.31 0.08 0.61 28.98 1.22 0.31 0.019 1.14 1.58 0.14
1535.84+  48.96+ 40.05+ 1.306+  17.27+ 310.72+ 22.50% 5.446+ 0.664+ 14.98+ 21.01+ 1.01t
May.07 24 5 171.89 0.77 0.51 0.10 0.31 18.33 0.34 0.15 0.004 0.83 2.10 0.11
1732.70+  49.50+ 40.84+ 1422+  18.79+ 388.80+ 22.82+ 5.298+ 0.773x 18.52+ 2273+ 107+
Jun.07 25 5 12781 1.73 1.37 0.05 0.50 23.02 0.91 0.39 0.031 1.28 0.94 0.06
1663.13+  48.96+ 40.06+ 1.322+  16.00+ 299.70+ 22.70+ 5.032+ 0.743+ 15.11+ 2241+ 111+
July.07 26 5 4275 0.78 0.40 0.09 0.64 48.23 1.04 0.53 0.017 2.67 3.21 0.14
1691.90+ 52.28+ 42.74+ 1.172+  16.25+ 13549+ 19.20+ 3.204+ 0.650+ 27.66+ 8.66+ 1.64+
Aug.07 27 5 150.68 0.76 0.73 0.07 0.25 44.98 0.98 0.33 0.007 2.16 3.32 0.11
1590.60+ 51.86% 43.41+ 1.130+  16.08t 57.67+ 14.59+ 2.580+ 0.553+ 22.63+ 1.48+ 1.42+
Sep.07 28 6 85.60 0.81 0.65 0.03 0.26 24.37 131 0.41 0.120 1.44 0.17 0.06
1782.60+  53.50+ 44.38+ 1.154+  16.25+ 41.61+ 13.34+ 2.368+ 0.275+ 22.86+ 2.27+ 1.28+

Oct.07 29 5 137.52 0.41 0.22 0.06 0.47 8.71 0.83 0.10 0.050 1.89 0.33 0.05
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