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ABSTRACT
This study investigated the reproductive capacity of pond-reared female Penaeus monodon after unilateral
eyestalk ablation. A total of 240 females (57.0-143.3g) were used as broodstocks in a continuous threeyear breeding experiment. After unilateral eyestalk ablation, the relationships of egg and nauplii at the
first spawning event and female bodyweight were evaluated. At each spawning, a female could produce
120000-1250000 eggs which hatched into 80,000-950,000 nauplii. The egg hatching rate at each spawning
varied from 27.4% to 86.3% without particular patterns of correlation with female body weight. The
fecundity of pond-reared female P. monodon varied from 2 100 to 9 400 eggs per gram of bodyweight, and
females with medium size of 85-120 g showed greater fecundity (around 9000 eggs/g) in comparison with
smaller and larger counterparts. This study indicates that reproductive capacity of pond-reared female P.
monodon is significantly related to bodyweight with a desirable size of 85-120 g as female broodstocks.

INTRODUCTION

I

t has been generally acknowledged that Penaeus
monodon is one of the most economic crustacean species
in aquaculture. So far, most of the P. monodon seeds for
aquaculture are sourced from the female shrimp collected
from the wild (Palacios et al., 1999; Hall et al., 2003;
Peixoto et al., 2003; Jiang et al., 2019). However, the wild
source is an unreliable supply due to seasonal variation and
technical constraint. Moreover, it is also possible that wildcaught females may carry pathogens and increase the risk of
breeding failure (Yang et al., 2011). Therefore, it is necessary
to use captive shrimp as broodstock in controlled conditions.
Up to today, gonad maturation and spawning
performance of female shrimp from different sources (pondreared vs. wild-caught) have been evaluated, and the use of
pond-reared shrimp as broodstocks has been recommend
as an effective operation for seed production (Menasveta
et al., 1994; Cavalli et al., 1997; Coman et al., 2005, 2006;
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Arnold et al., 2013; Wen et al., 2015). In controlled
conditions, domesticated P. monodon have shown superior
growth and feed utilization (Glencross et al., 2013), ease
harvest from commercial ponds (Preston et al., 2009,
2010), low viral load (Preston et al., 2010) and improved
reproductive performance (Preston et al., 2009; Coman et
al., 2013) as compared with wild-caught stock. However,
fecundity and hatching rate of pond-reared broodstocks
are not as good as those of wild-caught broodstocks
(Emerencianoa et al., 2012; Arnold et al., 2013; Wen et
al., 2015).
In pond-reared P. monodon, female fecundity is
positively related to body size (Menasveta et al., 1994; Wen
et al., 2015).In contrast, egg production in some specific
pathogen free strains of P. monodon showed no particular
pattern of relationship with body weight (Chotipuntu et
al., 2013), and egg production rate and nauplii production
rate of Penaeus semisulcatus are inversely correlated with
female bodyweight (Maheswarudu et al., 2013).
In shrimp hatcheries, egg production, nauplii
production, and hatching rate vary among broodstocks
(Peixoto et al., 2005; Coman et al., 2006, 2007; Pongtippatee
et al., 2007; Arnold et al., 2012). To further understand
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the reproductive capacity of artificially reared shrimp
broodstocks, the present study was designed to explore
the correlation of egg production, nauplii production and
female bodyweight of pond-reared P. monodon over three
years. In the present study, egg production and nauplii
production at each spawning, and the size of spawned
females were used as key reproductive capacity indicators.
Results from this study would provide a practical guide
for selecting a proper size range as broodstocks in pondreared P. monodon.

MATERIALS AND METHODS
The study was conducted at Tropical Aquaculture
Research and Development Centre, South China Sea
Fisheries Research Institute for continuous three years
(2012-2014). In each year, post larvae (1.2 cm) were
collected from a same commercial hatchery farm which
used wild-caught P. monodon broodstocks, in the same
cohort and reared with commercial feed (38% protein)
in three grow-out earth ponds (1 hectare) over 8 months
at a density of 15 individuals/m2 before harvest. For each
experiment in a year, the female and male shrimps with
initial body weight of 57.0-143.3 g and 38.7-46.8 g,
respectively, were collected and transported to TARDC.
Upon arrival, over 80 females and 40 males with intact
appendages and some females with spermatophore were
selected for each experiment. All animals were disinfected
with 100×10-6 formalin for 5-10 min separately, and then
females and males were acclimated separately into two
indoor cement tanks with cement (5 × 6 × 0.5 m; length
× width × height), filtered water with 5μm filter bag, for
5-days before ablation. The water temperature, salinity
and pH were maintained at 29±0.5oC, 32‰ and 8.1.
During acclimation, shrimps were fed with a fresh diet
three times (0800, 1600 and 2000 h) a day at a ratio of
10% bodyweight. The fresh diet contained mussel, squid,
blood clam and crab. The uneaten food and feces were
cleaned daily after feeding for 3 h. Continuous aeration
was provided to each tank and 50% of water in the tanks
was exchanged daily.
After acclimation, the shrimps (80 females and 40
males) used for experiments were stocked in the indoor
cement tank of same size at a density of 4 individuals/
m2 in filtered seawater at a depth of 50 cm. Throughout
the experiment, the tank was shaded with black cloth to
control the light intensity at about 200 Lux. One eyestalk
of all the females was ablated with pre-heated tweezers
through the middle of the eyestalk. The amount of daily
food ration and the time tank cleaning were the same as
in the period of acclimation. The ablated females were
the recently molted individuals. Artificial insemination

was performed by extruding spermatophores from males
and then inserted into the cavity underneath the female
thelycum. Artificial insemination was only done within
8-10 h after molt when the shell remained in the semihardening. After insemination, females were transferred to
the maturation tank (30 m2). The ablation experiment was
conducted for a period of 35 days. The degree of ovarian
development of females was assessed by macroscopic
examination of the ovaries through the dorsal exoskeleton
based on the daily change of ovary volume and color
(Browdy et al., 1985) according to the following criteria:
Stage I, the ovary is transparent with no distinguishable
outline; Stage II, the ovary is visible as a thin opaque line
along the dorsal central axis; Stage III, the ovary is visible
as a thick and green band and Stage IV, the ovary is turgid,
broad and dark green.
Ripe females (ovary stage III-IV) were transferred
individually to spawning tanks (1 × 1× 1.2 m, length ×
width × depth) with water filtered through a 5-µm filter
at 30°C. Moderate aeration was provided to the spawning
tank and illumination was by natural daylight. Spawning
tanks were monitored every 30 min. After each spawning,
the females were undisturbed until spawning was over and
then removed, weighed and transferred to another tank.
Evenly homogenized in the water was performed prior
to sampling. The volume of 50 mL water with eggs were
taken randomly and all the eggs were counted carefully
using optical observation or through a magnifying lens
(5×-magnification). The average number of eggs (N) per
sample was determined and egg production was estimated
using the subsample volume for egg counting and the
volume of the spawning tank. In the experiment, the egg
production at each spawning event was estimated as 2N
(×104) and the same method was used for the nauplii
production number evaluation.
The following equations were used to calculate the
parameters for reproductive performance of pond-reared
P. monodon:

The number of eggs and nauplii and female
bodyweight at each spawning in each year were obtained
individually. Egg and nauplii production, hatching rate,
and fecundity were compared between each spawning
year through one-way ANOVA (SPSS 21.0). Our results
indicate that egg and nauplii production, hatching rate,
and fecundity were not significantly affected by spawning
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years (P > 0.05). Different relationships (egg number and
bodyweight, nauplii number and bodyweight, fecundity
and bodyweight, hatching rate and bodyweight of the
female were established by regression analysis using
Microsoft Excel 2010.
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occurred in females with body weight range from 85-120g
and then gradually decreased with a further increase of
bodyweight. The pattern of relationship between fecundity
(y, ten thousand eggs/g) and female body weight (x) could
be expressed in a logarithmic equations: y2012 = 0.6137ln(x)
- 1.9413 (R² = 0.64515), y2013 = 0.5954ln(x) - 1.8621 (R² =
0.65601), and y2014 = 0.006ln(x) + 0.2848 (R² = 0.61649,
Fig. 3). Through three years, fecundity was higher in
females weighing 85-120 g than in other weights (Fig. 3).

Fig. 1. The relationship of egg production in the 1st
spawning event and female body weight (g).

RESULTS
In this study, a total of 240 females were ablated in
continuous three years resulting in 153 spawning females
and 58 dead females, and 29 females failed to maturation.
The percentage of spawned females was 63.75%, and
accumulative mortality was 24.17%. The reproductive
performance varied among individual females and the
egg production and nauplius production of female in
each spawning event varied from 120000 to 1250000
and from 80000 to 950000, respectively. The egg and
nauplius production of pond-reared female P. monodon in
each spawning event had a close relationship with female
body weight. Relationship between egg production (y,
ten thousands/g) and female body weight (x) from three
continually years can be expressed as: y2012 = 1.3173x 42.83 (R² = 0.90666), y2013 = 1.3196x - 43.145 (R² =
0.90761), and y2014 = 1.353x - 45.878 (R² = 0.92295,
Fig. 1). The relationship between nauplius production
(y, ten thousands/g) and female body weight (x) can be
expressed as: y2012 = 1.0169x - 36.694 (R² = 0.91713), y2013
= 1.0348x - 37.629 (R² = 0.91168), and y2014 = 1.0504x 39.183 (R² = 0.91803, Fig. 2).
The fecundity of pond-reared female P. monodon was
also varied among individuals, ranging from 2 100 to 9 400
(eggs/g). The lowest fecundity observed in a female with a
bodyweight of 57.0g, while the highest fecundity occurred
in a female weighting 117.6g (Fig. 3). Throughout the
3-year experiment, the best fecundity (about 9000 eggs/g)

Fig. 2. The relationship of Nauplius production in each
spawning event and female body weight (g).

Fig. 3. The relationship of fecundity (eggs/g) and female
body weight.

The hatching rate in each spawning event also varied
among individuals. Throughout the 3-year experiment,
the lowest hatching rate of 27.4% and highest (85.2%)
occurred in a female of 59.3g and 86.2g, respectively. Also,
the hatching rates of 71.3% and 71.4% were observed in
females weighting 76.9g and 125.0g, respectively (Fig. 4).
The egg hatching rate was shown not to be related to
female body weight. Through three years’ analysis, the
relationship between hatching rate (y, %) and female body
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weight (x) can be expressed as: y2012 = 0.2001x + 54.713
(R² = 0.18908), y2013 = 0.1051x + 63.885 (R² = 0.11974),
and y2014 = 0.2236x + 52.642 (R² = 0.22851, Fig. 4).

Fig. 4. The relationship of egg hatching rate with female
body weight.

DISCUSSION
In the present study, egg production and nauplius
production were correlated with female bodyweight.
It agrees with Menasveta et al. (1994) that total egg
produced in large shrimp (>120 g) was significantly more
than those in small shrimp (<110 g). Moreover, Wen et
al. (2015) found that pond-reared females in a large size
(120 g) produced 2-times more eggs than those in a small
size (80g). In the present study, the egg production and
nauplii production of pond-reared female P. monodon
show a particular pattern of relationship with body weight.
However, Chotipuntu et al. (2013) reported that egg
production of pond reared P. monodon showed no particular
pattern in relationship with body weight (n = 15), and
Maheswarudu et al. (2013) found that the egg and nauplii
production rates of Penaeus semisulcatus were inversely
correlated with female bodyweight (n = 9) (Maheswarudu
et al. 2013). The reason caused this difference may be due
to low number (n = 9-15) of female samples in their studies
and high number (n = 153) of females used in the present
study. The production of eggs and nauplii is influenced by
the stage of ovarian maturation (Hall et al., 2003; Peixoto
et al., 2005; Coman et al., 2006), egg quality (Palacios
et al., 1998; Coman et al., 2007) and sperm quality and
quantity (Pongtippatee et al., 2007; Arnold et al., 2013).
The present study focused on the relationship between
reproductive output and female bodyweight. The results
suggest that the greater fecundity (9000 eggs/g) would be
obtained from a female of reared P. monodon broodstocks
with body weight of 85-120g.

In the current study, the egg and nauplii productions of
pond-reared female P. monodon varied among individual
shrimp. Due to significant size differences among female
shrimp, the relative number of spawned eggs per gram of
female (i.e., fecundity) was used in this study. This method
has been used in domesticated P. monodon (Arnold et al.,
2013) and Macrobrachium rosenbergii (Habashy, 2013).
The fecundity ranged from 2 100 to 9 400 (eggs/g) with
the highest in a 117.6g female. The fecundity was observed
to increase from small to large females and then decrease
with a further increase of female size. This result is similar
to the report by Habashy (2013) who demonstrated that
the number of eggs of female M. rosenbergii was directly
proportional to body weight. Moreover, the result of this
study is consistent with that of Jee and Kok (2008) who
reported that the number of eggs per body weight increased
with female size in M. rosenbergii. Therefore, the number
of eggs produced per female body weight may be size
dependent and is generally assumed to increase with female
size. The similar trend was found in M. lamarrei (Sharma
and Subba, 2005). In contrast, Rao (1991) reported that
in wild M. rosenbergii smaller females produced more
eggs per body weight than larger ones. In the current
study, however, medium size P. monodon females were
more efficient in terms of egg production per body weight.
In a hatchery, more and more females (for example 80
females) are used, egg production by per body weight is
crucial estimated. The present study suggests that hatchery
operators select a medium size range of female shrimp as
boodstocks. The variation of fecundity may be attributed
to the condition of female maintenance in the laboratory,
female size and conditions.
In this study, hatching rate varied from 27.4% to
85.2% with the respective female weight from 59.3g to
86.2g. A similar result was reported by Chotipuntu et al.
(2013) that hatching rate of P. monodon varied from nil to
85%. In the present study, the hatching rate (71.3-71.4%)
was observed in females of 76.9g and 125.0g, indicating a
steady hatching rate in females of different body size. No
pattern of relationship with the female size and hatching rate
was found in this study, which is in agreement with Babu
(2013) and Wen et al. (2015) who reported that hatching
rate was similar in ablated P. Monodon females and, the
hatching rates in wild caught or pond-reared females were
not significantly affected by female bodyweight. Hatching
rate normally depends on the quality of eggs and sperm
and the egg to sperm ratio. Culture conditions especially
food availability and quality play a significant role in
sperm quality of shrimp. Age and size of male shrimp
broodstocks have been proven to significantly affect sperm
quality (Hoang et al., 2002; Ceballos-Vazquez et al., 2003).
Wongprasert et al. (2016) reported that hatching rate was
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higher in the 5-hydroxytryptamine-injected shrimp than
eyestalk-ablated shrimp. The reason of this difference
maybe that the quality of eggs is better maintained in the
5HT-injected shrimp than in the eyestalk-ablated shrimp.
In summary, reproductive performance in P. monodon
is a highly complex process that requires a precise
condition of external and internal factors. Reproductive
performance is constrained by inferior ovary maturation,
spawning, egg production in domesticated females. The
study suggests that a female with medium size 85-120g
could produce a better reproductive performance.
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