
INTRODUCTION

Study of the reproductive biology, oocyte
development and Gonadosomatic index is of prime
importance for considering any species worth
importance for culture and hatchery based
production. Several workers have carried out studies
on the reproductive biology of shrimps and other
decapods crustaceans 1-4. Various penaeid and
shrimp species viz. Penaeus japonicus5; Penaeus
setiferus6; Penaeus idella7; Macrobrachium
rosenbergii8 have been studied for their reproductive
behavior. In crustaceans, the Gonadosomatic index
is a gross indicator of good reproductive condition
representing way to measure changes in size and
weight of ovary during breeding period. Study of
the reproductive biology in relation to
Gonadosomatic index (GSI) was carried out in M.
dayanum which is of significance with reference to
brood stock management.
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MATERIAL AND METHODS

Prawns were collected during morning
hours (800-1100 hrs) from Gho-Manhasan stream
because of easy access and availability in
abundance throughout the year. Since stream is
located at a short distance thus live specimens could
be brought safely with less stress to the laboratory,
where they were kept in plastic troughs. Mature
healthy male and female individuals in the size range
of 4cm to 5cm and above were segregated and
kept in separate troughs.

Monthly collected samples of
Macrobrachium dayanum were subjected to
histological studies for a period of one year,
beginning in May 2006 and concluding in April 2007.
Parameters like; whole length, whole weight, gonad
(ovary) weight, hepatopancreas (HP) weight,
maturity stage, GSI and HSI were recorded for each
prawn.
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ABSTRACT

While studying the reproductive behavior during the different seasons of a year, the different
developmental stages of oocytes in the ovary of M. dayanum (Hend.), a locally available freshwater
prawn, have been recognized as: Stage 1: Oogonia, Stage 2: Previtellogenic oocytes, Stage 3:
Vitellogenic oocytes, Stage 4: Mature oocytes.

Gonadosomatic index (GSI) used estimating reproductive condition of the female prawn,
increases concomitantly with maturation. A significant positive correlation exists between GSI and HSI
(r=0.580, p<0.05). GSI showed a bimodal peak throughout the reproductive period. M. dayanum has
high gonadal activity from March to May concomitant with highest average GSI in the month of April
owing to the growth of vitellogenic oocytes and low GSI during immature phase.
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Gonadosomatic index (GSI ) was calculated by
using the formula given below.

Wet wieght of goandGSI = 100
Wet weight of prawn



Permanent slides were prepared to study
the different stages of sexual maturity by following
standard methods. The slides so prepared were
then studied under Nikon YS 100 microscope and
photographed with the help of SDC-313 Camera.

RESULTS

Different stages of ovarian development in M.
dayanum, throughout the year

Immature ovaries are translucent mass in
the early stage of development with dark black
pigmentation and later on become orange in color
which deepens with melanophore formation at the
advanced stages of development. As it proceeds
towards the egg formation it becomes greenish in
color due to presence of mature ova. Structurally,
the ovaries of M. dayanum resemble that of M.
rosenbergii9 and Penaeus setiferus 6.

Depending upon the changes in nature
and organization of the cytoplasm during different
seasons, following four different stages of oocytes
in the ovarian development of the fresh water prawn,
M. dayanum have been recognized.

Developmental stages
Oogonia

In this stage, the oocyte is either oval or
spherical measuring about 20 to 52.0 µ with centrally
located round nucleus. Nucleolus is also observed
either at the centre of nucleus or adhered to the
nuclear membrane. Cytoplasm is homogeneous
without any vacuoles or yolk globules (Fig. 1- 2).

In few oogonia of this stage binucleolate
condition was also observed. During the
developmental process it is the first differentiable
oogonia and smallest in size. Oogonia are present
either attached to germinal epithelium or lie freely
in the ovocoel in the months of December to March
and May to July.

Previtellogenic oocytes (Fig. 1and 2)
The oocytes of this stage measure from

45.0-195.0 µ. Ooplasm seems to be homogenous
but in certain cells it is subjected to characteristic
change with peripheral vacuolization i.e. vacuoles
appear in the cytoplasm and are arranged
concentrically. Nutritive cells arrange themselves
along the periphery of these oocytes but distintive
follicular layer (of nutritive cells) is seen in advanced
stages. As the development proceeds this layer
becomes prominent. Pre-vitellogenic oocytes are
seen in different month’s viz. May to July and
November - January.

Vitellogenic oocytes (Fig. 3 and 4)
The oocytes of this stage are in the range

of 230 to 400 µ. The cytoplasm though vacuolated
exhibits granular nature. Small sized yolk granules
make their appearance and spread centrifugally.
There is considerable increase in the size of the
nucleus and the cell. Nuclear membrane becomes
indistinct. Nutritive cells form a distinct epithelium
around the developing oocytes. Maximum numbers
of stage III oocytes are mostly present in June-July
and February-March.

Mature oocytes. (Fig. 4)
Oocytes of this stage attain maximum size

of about 650-950 µ. The yolk globules occupy the
entire ooplasm. Nucleus is acentrically located. Yolk
globules present at the periphery are spherical in
shape and those located centrally are oval in shape
and small sized. Each oocyte is surrounded by a
clear demarcated layer of follicular epithelium.
Between the follicular epithelium and the inner
ooplasm develops a thin egg membrane. Maximum
numbers of oocytes of this stage are present in the
months of March-April and August to October.

Gonadosomatic index (GSI) and Hepatosomatic
index (HSI)

Gonadosomatic index is a reliable indicator
for understanding ovarian condition and estimation
of reproductive condition of the female.

Perusal of table 1 showed that female GSI
increases concomitantly with the maturation and
presently observed change in its value from
maximum in months of March (3.62 ± 1.12), April
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Plate showing different stages of oocyte in Macrobrachium dayanum.

Table 1: Seasonal variation in the Gonadosomatic index and
Hepatosomatic index of Macrobrachium dayanum

Months Avg. weight Avg. weight of Avg. weight HSI GSI
of animal hepatopancreas of gonads

May 1.062 0.036 0.021 3.38+0.23de 2.02+0.14cde

June 1.059 0.032 0.023 3.02+0.21ef 1.51+0.23e

July 1.745 0.068 0.022 3.89+0.14d 1.66+0.21de

August 0.927 0.024 0.024 2.58+0.14f 2.45+0.31cde

September 1.21 0.026 0.022 2.13+0.16g 2.33+0.21cde

October 1.32 0.031 0.030 2.33+0.24fg 2.29+0.16cde

November 1.062 0.025 0.023 2.38+0.16g 2.25+0.21cde

December 1.022 0.090 0.022 8.80+0.25a 2.15+0.36bcd

January 1.005 0.056 0.026 5.17+0.24c 2.67+0.33bcd

February 0.745 0.049 0.021 6.57+0.25b 2.95+1.15abc

March 0.634 0.056 0.023 8.83+0.64a 3.62+1.12ab

April 0.634 0.039 0.023 6.62+0.99b 3.90+1.02a

Fig. 1: Fig. 2:

Fig. 3: Fig. 4:
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(3.90 ±1.02) and Aug. (2.45±0.31), Sept.
(2.33±0.21), the two breeding seasons, when
gonads are fully mature. In comparison to first phase
of annual breeding period, the value of GSI during
the IInd phase is comparatively low this may be
due to the fact that they are left over brooders of
first batch which do not get the chance to breed
due to one or other reason.

Statistical analysis (Pearson’s correlation
and Duncan’s ONE WAY ANOVA) reveal a
significant positive correlation between GSI and HSI
(r=0.580, P<0.05).

DISCUSSION

Studies have revealed that M. dayanum is
a biannual breeder: first phase of annual breeding
occurs in the months of April-June and second
phase of annual breeding lasts from August to
September. A similar trend of biannual breeding in
crustaceans is already on record 3,10,11,12,13,14.

Structurally, the ovaries of M. dayanum
resemble that of M. rosenbergii (Chakravarty, 2003)
and Penaeus setiferus6.

The ovarian wall of M. dayanum comprises
of connective tissue lined internally by germinal
epithelium. Both connective tissue and germinal
epithelium at places extends inward to divide
ovocoel into number of ovarioles. Contrary to this
however, various workers1,7,15 have observed that
ovarian wall consists of outer thin epithelium followed
by layer of connective tissue and germinal
epithelium.

The observation made on ovarian stages
of M. dayanum are in contradiction to the studies
on Paratelphusa hydrodromus16 and Cherax
quadricarinatus5 have reported two phases: primary
oocyte phase and secondary vitellogenic phase with
bigger yolk globules.

M. dayanum has high gonadal activity from
March to May concomitant with highest average GSI
in the month of April owing to the growth of
vitellogenic oocytes and low GSI during immature
stages. Increase and decrease in GSI value concuss
with histological condition of ovaries indicating
annual changes in ovarian condition and it was also
observed increase in average GSI corresponding
with high gonadal activity in freshwater gobies
(Rhinogobius brunneus)17, in support of our findings
18 in female mosquito fish, Gambusia affinis and P.
conchonius and C. gachua19  it has also been
reported that GSI was found to increase during
mature phases. Increase in GSI during
vitellogenesis has also been observed in several
teleost species species 20-23.

Significant, positive correlation between
GSI and HSI is contradictory to many a scientists
who observed inverse correlation between GSI and
HSI 23-28.With maturation, GSI increases owing to
the growth of oocytes and a rapid elevation in GSI
first prior to spawning in female Atlantic Cod (Gadus
morhua L.)29.

GSI is an indicative of reproductive activity
and gonad condition but usually provides limited
information of the internal changes occurring in the
ovary, par ticular ly with regard to gonadal
development and composition34, 35 but still the
morphological characteristics of each stage of
oogenesis and ovarian development in relations to
GSI are helpful in determining the pattern of gonadal
development and energy use during vitellogenic
process. Many authors have used GSI as a model
for gonadal development in several teleosts32-37.
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