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Abstract The survival and growth of P. monodon from six breeding families were evaluated in this study. The morphometric traits,
including the carapace length, carapace width, body length, telson length and body weight were measured throughout 108-days
growth experiment. Ratios of the telson length and carapace width to body length, the length-weight relationship (LWR), condition
factor (K), weight gained rate (WGR), specific weight rate (SWR), and survival of P. monodon were calculated. The testing traits
were varied in selected breeding family. Length-weight relationships of family1 can be expressed as W = 0.0126BL3.064 (R²= 0.9473)
which had the biggest slope value (b). The equation W = 0.0563BL2.417 (R²= 0.8318) belong to family2, while the slope value less
than 3 indicates that the animal becomes slender as it increases in length. The order of the survival rate was family4 > family1 >
family2 > family3 > family6 > family5.The order of the specific weight rate and weight gain rate was family6 > family4 > family2 >
family5 > family3 > family1. In comparison of the condition factor between different families, the highest condition factor (1.57) was
observed in the family5, and the lowest condition factor (1.40) was the family6. According to above indexes, rearing performance of
family4 was the best in the tested breeding families in this study.
Keywords Penaeus monodon; Survival; Growth; Condition factor; Breeding family

1 Introduction
The giant tiger shrimp Penaeus monodon (Fabricius, 1798) is one of the most important species of Penaeus
currently being cultured commercially in many countries, due to its rapid growth, low food cost and ability to
reach a larger size than other commonly farmed species (Kenway et al., 2006). P. monodon is widely distributed in
the Indo-West Pacific Ocean. In South of China, P. monodon is an important indigenous shrimp resource in
aquaculture. With existing culture systems and level of technology, P. monodon has by far the fastest growth rate
among all penaeids in aquaculture. Nevertheless, for P. monodon breeding seeds, except a few from wild-caught
on the sea, the vast majority of shrimp seeds by artificial breeding. Long-term overfishing and reliance on wild
broodstock may lead to degradation of germplasm and impact on the overall prawn farming business due to
unavailability of broodstock, introduction of disease, decline of disease resistance and an inability to conduct
selective breeding. These problems have contributed to the recent decline in P. monodon production in Asia
(Macbeth et al., 2007; Sun et al., 2015). For the protection of wild shrimp resources and prevent the losing of
genetic diversity, to form stable genetic breeding strains is particularly urgent.
As for most cultured aquatic species, P. monodon was anticipated substantial production benefits from a selective
improvement program. Selective breeding programs have been initiated for a several aquaculture species, such as
Nile tilapia Oreochromis niloticus (Karisa et al., 2006), Pacific white shrimp Penaeus (Litopenaeus) vannamei
(Ibarra et al., 2009), Atlantic cod Gadus morhua(Kettunen et al., 2007) and Giant fresh-water prawn
Macrobrachium rosenbergii (Kitcharoen et al., 2012). Selective breeding for traits such as growth, survival, and
disease resistance has increased efficiency and profitability of production. To date, for P. monodon there has been
some progress towards establishing selective breeding programs in Thailand (Damrongchai, 2002), Australia
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(Kenway et al., 2006; Preston et al., 2009), China (Huang et al., 2009; Sun et al., 2011), and India (Krishna et al.,
2011). In shrimp, growth and survival are among the key traits that drive profitability. Increasing the rate of
growth and enhancing the ability of disease resistance were critical goals in breeding works of shrimp. Many
indexes can be measured to describe the shrimp growth, such as length-weight relationship, condition factor,
weight gain rate (WGR), specific weight rate (SWR) and other index, and were widely used in the practice and
research in species such as Macrobrachium rosenbergii (Lalrinsanga et al., 2012), P. monodon, and P. esculentus
(Benzie et al., 1997; Gopalakrishnan et al., 2014).
In the present study, the morphometric traits including the carapace length, carapace width, body length, telson
length and body weight were measured, the length-weight relationship (LWR), condition factor, weight gain rate
(WGR), specific weight rate (SWR) and survival of P. monodon in six breeding families were evaluated, aiming to
distinguish the growth advantage among different breeding families. Results from the present study will provide
valuable information on selective breeding in P. monodon.

2 Materials and Methods
2.1 Broodstocks cultivation and mating
The broodstocks used in this study were wild shrimp collected from southern section of the South China Sea in
South-east Asia. Females and males were separately cultured in cement tanks (7 × 3 × 2 m). The broodstocks were
fed with a conditioning diet of fresh frozen squid, and a clam worm (Nereis succinea). Female broodstocks were
artificially inseminated 2-days post-moult using spermatophores extracted from male broodstocks. Each female
was unilaterally eyestalk ablated using heated wire snips. The eye was tagged for individual identification and
then returned to the tank immediately after artificial insemination. Each batch of eggs was collected, washed and
transferred to a tray and nauplii were hatched in the following morning. Then, the nauplii were separated into
family batches.
2.2 Larval rearing and fluorescent marked
The nauplii from different families were separately cultured in rearing tanks at a density of 30,000 nauplii per tank.
The water quality and culture environment in all tanks during this process were same. At 15 days post
metamorphosis, offspring of each family was relocated into plankton mesh cages (3 × 3 × 2 m) suspended in a
communal pond (1,333 m3).When shrimp at an average body length of 3cm, each shrimp was individually tagged
using visible implant fluorescent elastomers. Visible implant elastomer tags (NMTTM, Shaw Island, Washington,
USA) were injected intramuscularly into the dorsal, ventral left and ventral right portions of the last abdominal
segment in each shrimp. All families reared in a communal grow-out pond (4,000 m3) to ensure that the rearing
environment and condition were identical.
2.3 Water quality maintenance
Dissolved oxygen and water temperatures were measured by a portable water quality meter (HACH, America) and
salinity and pH were measured using a hand refractometer (ATAGO, Japan), and a portable pH meter (SANXIN,
Shanghai), respectively. According to the farm records, the study period was from June 25 to October 13, 2014.
The water quality recorded at the sampling sites was within the optimum range for P. monodon growth. The
environmental parameters were kept at 25 - 32 oC, 4.8–8.9 mg dissolved oxygen L-1, 25-35‰ salinity and pH 7.8 8.6. In the rearing pond, water was daily exchanged and maintained at 120-150 cm deep. All shrimps were fed
with a commercial pellet feed (CP Shrimp Feed, Thailand) three times a day at 00:07, 12:00, and 17:30 h.
2.4 Data measurement
At the beginning of rearing trial (June 25, 2014), 50 shrimps from each breeding family were measured in
triplicates. After 108 days cultured, shrimp were sampled on October 13, 2014. A total of 705 specimens were
harvested and measured in this study. Body length (BL) measured was the distance from postorbital edge to tip of
telson, with the shrimp fully stretched, carapace length (CL) was from postorbital edge to posterior margin of the
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carapace, carapace width (CW) (maximum width), telson length (TL) those measurement was taken with a ruler to
the nearest 0.1 cm. Body weights (W) were determined with an electronic balance to the nearest 0.01 g.
2.5 Statistical analysis
To remove body length related variation, carapace length (CL), carapace width (CW), and carapace height (CH)
were recalculated individually by using the following formulas: CL = CL’ × BL / BL’, CW = CW’ × BL / BL’, TL
= TL’ × BL / BL’ (CL: calculated carapace length, CW: calculated carapace width, TL: calculated telson length,
CL’: measured carapace length, CW’: measured carapace width, TL’: measured telson length, BL: measured body
length, BL’: mean body length).
The Survival rate, rations of telson length (TLR), rations of carapace length (CLR), weight gain rate (WGR) and
the specific growth rate (SGR) were calculated as follows:
Survival rate (%) = 100 ×Ns/N0,
TLR (%) = 100 ×TL/BL,
CLR (%) = 100 ×CL/BL,
WGR (%) = 100 × (Wt – W0)/W0,
SGR (%day-1) = 100 × (lnWt - lnW0)/T
where Ns was the final number of shrimp following the 108 days experimental period; N0, number of larvae at the
beginning of the experiment; Wt was the final weight; W0, the initial weight; T, the duration of the culture
experiment.
The relationship between body length (BL) and wet weight (W) were calculated by the power regression W = a ×
BLb. The association degree between BL and W was calculated by the determination coefficient (R2). The value
of exponent b provides information on fish growth. When b = 3, the increase in weight is isometric. Otherwise it is
positively allometric if b > 3, and negatively allometric if b < 3 (Morey et al., 2003).Fulton’s condition factor (K)
was estimated from the mean length and mean weight in the sample estimated from this equation, K = 100 W/L3,
where K = condition factor, W = mean weight (g), and L = mean body length (cm).
Statistical analyses were performed using Excel and PASW Statistics 20.0 statistical software. All data were
subjected to one-way ANOVA after confirmation of normality and homogeneity of variance. If significant
differences were indicated at the 0.05 level, then Duncan’s multiple range tests were used to test the differences
between treatments.

3 Results
A total of 96 to 132 individuals were harvested from each family when sampled after 108 days rearing experiment
(Table 1). The survival rate was conservatively estimated based on initial 150 shrimps. Family4 showed the
highest survival rate (88.7%, Figure 1), and the lowest survival rate (64.0%) appeared in family5. Family1,
family2, family3 and family4 had the indistinctive differences in survival (Figure 1).
The values for elevation (a) and slope (b) together with their corresponding regression coefficient (r2) for the
length–weight relationships in P. monodon of six families are presented in Table 1. The relationships vary with
different equations according to each family, indicating that the weight increase will be proportional to the cube of
length increment. While in family2, family4, family5 and family6, the slope value less than 3 indicates that the
animal becomes slender as it increases in length whereas slope greater than 3 denotes stoutness indicating
allometric growth in family1 and family3 (Figure 2).
Ratios of telson length (TLR) and carapace length (CLR) were calculated and showed in Table 2. Highly
significant differences in the telson length ratio and carapace length ratio, with family1 had the maximum ratio
both telson length and carapace length.
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Figure 1 The survival rate of P. monodon from six families
(mean ±SD, n = 3)

Figure 2 Length-weight relationship curves of six P. monodon
families

Table 1 Descriptive statistics and estimated parameters of length-weight relationships for Penaeus monodon
Family

Parent

n

Body length(cm)

Wet weight(g)

Regression parameters
a

b

r2

Min

Max

Min

max

1

J872×J012

129

6.8

12.6

4.04

28.26

0.0126

3.064

0.9473

2
3

J206×J298
D601×D054

126
111

8.7
7.0

11.6
11.1

9.53
5.20

21.68
19.91

0.0563
0.0157

2.417
3.004

0.8318
0.9303

4

J060×J289

132

8.7

12.3

9.34

27.81

0.0318

2.680

0.7853

5
6

J896×J568
J026×J554

96
111

7.7
9.1

12.0
12.2

6.97
10.01

25.90
24.41

0.0368
0.0182

2.614
2.901

0.8733
0.8360

Significant differences existed in weight gain rate of six families. Weight gain rate 2311.9%、2894.2%、2443.9%、
3619.2%、2649.3% and 3808.2% for family1-6, respectively(Figure 3). Similar trends were observed on the
specific growth rate (SGR) among the six families, with the orders were family6 (3.63%) > family4 (3.56%) >
family2 (3.34%) > family5 (3.26%) > family3 (3.21%) > family1 (3.01%) (Figure 4).
Upon completing the experiment, condition factor of shrimps was significantly different in selected breeding
families (Figure 4, P < 0.05). Family6 exhibited the smallest average condition factor, and family5 exhibited a
significantly larger condition factor than other families (Figure 5, P < 0.05).

4 Discussions
In current aquatic seedling status, pedigree breeding has become one of the most important methods to get good
quality varieties. Family selective breeding was using the whole family as select units, whether the family selected
or remained according to the phenotypic characters of families. Compared with group breeding, pedigree breeding
has many advantages, such as short period, obvious efficiency, flexible operation and prominent excellent
characters (Chen et al., 2008; Huang et al., 2009).
In recent years, taking pedigree as the research object to carry out the breeding work was rising up gradually, the
breeding object including Pinctada facata (Tang et al., 2011), Argopecten irradians(Zheng et al., 2004),
Paralichths olivaceus (Chen et al., 2008), Litopenaeus vannamei (Ruan et al., 2013) and son on. There are already
a number of examples of successful selection in penaeid species. For example, one generation of selection
produced a 4.4% weight growth increase in P. vannamei (Fjalestad et al., 1997), a 21% growth increase in P.
vannamei (Argue et al., 2002), an average 11% growth increase in P. japonicus (Hetzelet al., 2000), and the
4
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Figure 4 The specific growth rate (SGR) of P. monodon from
six families (mean ±SD, n = 3)

Figure 3 The weight gain rate (%) of P. monodon from six
families (mean ±SD, n = 3)

Table 2 Carapace width, carapace length ratio and telson length ratio for Penaeus monodon
Family

Survival rate (%)

Carapace width(cm)

Carapace

Telson

length ratio (%)
b,c

a,b

b

length ratio (%)

1
2

86.0 ±4.0
84.0 ±10.1b,c

1.60 ±0.10
1.73 ±0.05b

28.36 ±0.20
27.89 ±0.39a,b

14.78 ±0.59b
14.40 ±0.17a,b

3
4

74.0 ±12.0a,b
88.6 ±5.1c

1.50 ±0.10a
1.63 ±0.11a,b

28.10 ±0.47a,b
27.90 ±0.35a,b

13.99 ±0.16a
14.70 ±0.56a,b

5
6

64.0 ±4.0a
73.3 ±2.3a,b

1.53 ±0.11a
1.76 ±0.06b

27.71 ±0.77a,b
27.40 ±0.08a

14.32 ±0.14a,b
14.48 ±0.30a,b

Note: Values are means of 3 replicates ±SD．Means in the same row with different superscript letters are significantly different (P <
0.05)

selected five generation increased a 21% growth rate in P. stylirostris (Goyard et al., 2002). Therefore, taking
pedigree as object to carry out the breeding work plays an important role in selective breeding.
In a commercial selection program, the genetic traits of survival and growth are monitored to ensure selection
effort is directed to improving profitability. In this study, results of the survival rate showed significant differences
among families. The highest survival rate (88.6 ± 4.0%) was observed in family4, and the lowest survival (64.0 ±
4.0%) was recorded in family5. The survival observed in this study is lower than that reported on five P. monodon
semi-sib families by Huang et al. (2014), but higher than that estimated by Kenway et al. (2006). An additional
reason may be that our survival rate was estimated for shrimp at a longer experimental period (108 days) or due to
environmental variance between our tank environment compared with theirs. A third possibility is differences in
genetic variation (Krishna et al., 2011). Nevertheless, both results indicate substantial survival variation of P.
monodon from different breeding families, and selective breeding of this species may improve the rearing
performance.
Length–weight relationship is a useful index to measure variation in the growth of an individual prawn or a group
of prawns (Jayachandran and Joseph, 1988), determine possible differences between stocks (King, 2007), and
select genetic traits (Daud and Ang, 1995). The growth parameters estimated from the length–weight relationships
in the present study are well fall into the ranges in other penaeid species (Primavera et al., 1998; Abohweyere et
al., 2008; Gopalakrishnan et al., 2014). However, the regression parameters in varied between families, family 1(b
= 3.064) and family 3 (b =3.004) followed the positive allometric growth, while other families showed negatively
allometric growth. The value of b parameter presented here is different from studies on wild, cultured, and
loose-shell-affected P. monodon by Gopalakrishnan et al. (2014), but in line with studies on Triportheus guentheri
by Godindo (Godinho, 1997) and studies on Farfantepenaeus paulensis by Peixoto et al. (2004).
5
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Figure 5 The condition factor (K) of P. monodon from six families (mean ± SD, n = 3)

Weight of shrimps is another trait of economic importance. That family with different Length–weight
relationships in growth tended to be different in weight is of biological interest. However, it should not affect the
validity of estimating body weight of market shrimp on the basis of body length as the phenomenon is
inconspicuous when the shrimp approach harvest size. In many species, particularly livestock, selective breeding
programs often start by increasing weight for age (Henryon et al., 2002). This trait is highly correlated with
economic returns, is easy to measure, and commonly has a medium heritability. For shrimps, there have been a
number of recent workers who have either selected for weight at age, or estimated heritability for weight at age.
These include P. vannamei (Gitterle et al., 2005), Marsupenaeus japonicus (Preston et al., 2009), and Penaeus
stylirostris (Goyard et al., 2002). The heritability of size in juvenile P. monodon prawns from half-sib mating were
reported by Benzie et al. (1997). It is obvious from the present study that significant differences existed in weight
gain rate (WGR) and the specific growth rate (SGR) among families. In addition, similar difference and trend
were found in weight gain rate and specific growth rate among families. Family6 always exhibited the largest
weight gain rate and the largest specific growth rate, and family4 followed. The specific growth rate of six
families ranged from 3.06 to 3.63%, this result was in line with the previous study (2.97-4.00%) on 13 families of
P. monodon by Sun et al (2011).
Fulton’s condition factor (K) is often used to quantify an animal’s physical wellbeing, and considered to be a
useful complement for growth estimate in crustaceans (Rochet, 2000). Heincke (1908) suggests that condition
factor of plaice varies with growth, size, sex, season and degree of gonad development. These observations have
been confirmed in many species including newfoundland capelin Mallotus villosus (Carscadden and Frank, 2002),
eurasian perch Perca fluviatilis (Kurkilahtia et al., 2002), Lahontan cutthroat trout Oncorhynchus clarki henshawi
(Robinson et al. 2008), Rasbora tawarensis and Poropuntius tawarensis (Muchlisin et al., 2010). Currently, the
genetic correlations for growth-related traits in P. monodon are very limited (Sun et al., 2015). Since Fulton’s
condition factor can be used to estimate the growth of crustaceans, it is likely to be applied in selective breeding
on shrimp to compare growth performance between different breeding families. In the present study, in
comparison of condition factor between different families, the highest condition factor (1.57) was observed in the
family5, and lowest condition factor (1.40) was observed in the family6. This results was significantly higher than
the condition factor (0.727-1.092) of wild, grow-out and ‘loose-shell affected’ P. monodon studied by
Gopalakrishnan et al (2014). An additional reason maybe that our sampling shrimps had smaller size at a younger
age and or due to large environmental variance in their wild environment compared with our tank environment. To
the best of our knowledge, there is the first time using the condition factor as an index for selective breeding in P.
monodon. However, lack of sufficient sample number of each family and not distinguish gender were likely
prohibitive to identifying significant associations of the condition factor with sex and growth period. Future
studies should examine larger data sets to better determine if the condition factor has significant differences in sex
or growth period of P. monodon.
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In summary, we evaluated the survival, morphometric traits and growth of P. monodon from six breeding families.
Significant differences in survival rate, length-weight relationship, telson length ratio, carapace length ratio,
weight gain rate, specific growth rate and condition factor (K) of P. monodon were found among families. We can
draw a conclusion that family5 had an advantage in condition factor and family6 had a better growth rate.
Comprehensive comparison all indexes, Family4 was the best in the tested breeding families, was thought to be a
relative balanced advantage both in survival and growth. Results from the present study will provide valuable
information for the following selective breeding works in P. monodon. Methodology used in the present study can
also be applied in other similar species.
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