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ABSTRACT
Based on the samples from bottom trawls collected during March to October 2020 in the East China Sea, growth parameters, 
mortality rate and recruitment pattern of the swimming crab, Portunus trituberculatus (Miers, 1876), were estimated using 
FiSAT II software. Parameters of the von Bertalanffy equation obtained by ELEFAN I for males and males respectively 
were:  growth coefficient (k) -0.99 and 1.01, theoretical maximum carapace width (L∞) - 22.58  and 21.53 cm and theoretical 
age at length 0 (t0) -0.1738 and -0.15785. Mortality parameters estimated by the length onverted catch curve analysis  for 
males and females were: total mortality (Z) -4.26 and 4.65, natural mortality (M) -1.643 and 1.784 and  fishing mortality 
(F) -2.617 and 2.866, for females and males, respectively. The stock recruitment showed a bimodal pattern, in which the 
main peak was from July to October and the second peak in February and March. The exploitation rates arrived at were 
0.61 and 0.62 for females and males respectively, while the exploitation maximum (Emax) obtained  were 0.63 and 0.61 in 
females and males respectively. The results showed that, female swimming crabs in the East China Sea grow faster and 
reach larger carapace width than males and the  current exploitation rate is very high and close to the value for maximum 
yield, indicating overfishing.
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Introduction	

The swimming crab Portunus trituberculatus (Miers, 
1876), belonging to the family Portunidae  is distributed 
in coastal waters in the Indo-West Pacific (Carpenter 
and Niem, 1998).  It is one of the most important target 
species in marine fisheries in China. In 2019, a total of 
458,380 t were caught, accounting for 23.90% of the 
marine crustacean catch and 4.58% of total marine 
catch (Zhang, 2020). It is a delicious seafood with high 
nutritious and economic value and an important species 
for aquaculture. In the East China Sea, the habitat of many 
aquatic organisms in the continental shelf waters has 
been destroyed and the fishery resources are on constant 
decline due to excessive fishing intensity and persistent 
pollution (Zhang et al., 2007). It feeds on benthic animals 
and is also preyed by fishes (Liu et al., 2020). Studies 
have shown that the wild biomass of the crab has been 
declining (Yang et al., 2009) and artificial breeding and 
stock enhancement has become an important guarantee 
for maintaining the resources of this species or even the 
ecosystem’s stability (Bell et al., 2006; Bartley and Bell, 
2008). Studies are needed to understand the inherent 

causes of stock fluctuations and to formulate strategies for 
the reasonable exploitation of the swimming crab.

From fishery surveys and studies, good time series 
data of body length and weight of target species are 
available. This type of data could be used in the studies on 
growth, mortality, exploitation and population structure 
of target species which are more important for species 
with limited information about age structure (Sparre 
and Venema, 1998). Data on length frequency were 
also used to fit and calculate biological parameters, age 
structure, population size, mortality (Kohler et al., 1995) 
and population evaluation (Sparre and Venema, 1998; 
Blackwell et al., 2000; Salarpouri et al., 2018) of aquatic 
organisms. Growth, mortality and exploitation rate are 
important reference for stock assessment and fishery 
management, and swimming crabs in the East China Sea 
are in urgent need of these. In this study, we determined 
the asymptotic carapace width, growth and mortality 
coefficients of P. trituberculatus and further discuss its 
fishery and exploitation status based on the carapace width 
and body weight data from trawl surveys during 2020 in 
the East China Sea. The results could provide information 

mailto:foolse@126.com


9

on the status of exploitation of P. trituberculatus and 
promote fishery management at a sustainable level in the 
East China Sea.

Materials and methods
Sampling and measurements

Samples of P. trituberculatus were collected randomly 
every month from trawl catches from the East China Sea 
(Fig. 1) during March to October 2020. Live crabs or fresh 
samples were transported to the laboratory for biological 
measurements. Males and females were segregated and 
carapace width and body weight were measured sex-wise 
to an accuracy of 0.01 mm and 0.1 g, respectively.

Data analysis

The carapace width-body weight relationship, growth 
parameters, mortality rate and yield per unit recruit of 
female and male crabs were calculated separately by 
FiSAT Ⅱ software (Gayanilo et al., 2005).

Carapace width-body weight relationship

The relationship between carapace width and body 
weight of female and male swimming crabs were fitted 
separately by power function model:

W = a × Lb

where W is body weight in g, L is carapace width in 
cm and a and b are parameters in the relationship between 
carapace width and body weight.

Growth parameters

The growth of female and male crabs was described 
by the von Bertalanffy’s growth equation (von Bertalanffy, 
1938; Zhan, 1995) as:
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Fig. 1. Sampling area in the East China Sea

Lt = L∞ {1 - e^[-K (t-t0)]}

where Lt is the carapace width at age t; L∞ is the asymptotic 
carapace width; t0 is the theoretical age when the carapace 
width is zero, usually a negative number; K is the relative 
velocity of the growth curve approaching the asymptotic 
value.

The growth parameters L∞ and K were estimated by 
the ELEFAN (Electronic Length Frequency Analysis) 
method (Pauly and David, 1981). The optimum values 
were selected by Rn (Pauly, 1980):

Rn = (10ESP / ASP) / 10

where ASP (available sum of peaks) and ESP (explained 
sum of peaks) are the sum of maximum scores of available 
peaks and the sum of scores of used peaks, respectively.

The estimation of t0 was estimated by Pauly’s 
empirical formula (Pauly and David, 1981):

ln (-t0) = -0.3922 - 0.2752 × ln L∞ - 1.038 × ln K

Mortality rate and exploitation rate

The total mortality rate was estimated by the length 
converted catch curve method in FiSAT II software. 
Natural mortality rate was estimated by Pauly, 1980.

Stock recruitment model

The stock recruitment model was estimated by 
FiSAT II software based on carapace width data and the 
parameters L∞ and K were input to reconstruct the annual 
stock recruitment phase of the swimming crab (Gao et al., 
2014).

Relative yield-per-recruit

The yield per unit recruit of the swimming crab was 
analysed by the relative yield-per-recruit (Y’/R) model 
using Knife-edge selection in the Beverton-Holt module 
of FiSAT II. The exploitation rate (E) in FiSAT II software 
includes the following levels: Emax is the exploitation rate 
to produce maximum yield; E10 is the exploitation rate 
when the marginal increase of Y’/R is reduced by 10% and 
E50 is the value of E at which the stock has been reduced to 
50% of its unexploited biomass (Pauly, 1980).

Results
Carapace width and body weight

Carapace width and body weight of P. trituberculatus 
from the East China Sea ranged from 3.0 to 21.4 cm 
and 3.0 to 548.6 g respectively and dominant groups of 
carapace width were 8.0 to 15.0 cm. For females, carapace 
width and body weight ranged from 5.7-20.8 cm and  
5.55-452.80 g respectively and dominant groups of 
carapace width were 9.0-15.0 cm. For males carapace  
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width and body weight ranged from 3.0-21.4 cm and  
3.0-548.6 g respectively and dominant groups of carapace 
width were 8-14 cm. The average carapace width of females 
(12.6±0.1 cm) was larger than that of males (12.2±0.1 cm) 
(f = 7.243, p<0 .01); but there was no significant difference 
(f = 0.946, p>0.05) between the average body weights of 
females (125.77±3.26 g) and males (121.00±3.66 g). The 
distribution of carapace width of males and females both 
showed bimodal pattern and peak values of females were 
larger than those of males (Fig. 2).

The growth curves of females and males were also 
different. Results of the power function model fit showed 
that the relationship between carapace width and body 
weight was W = 0.0533 × L3.0147 for males and W = 0.0597 
× L2.9594 for females (Fig. 3). The exponent of the power 
function was smaller in females than in males (f = 18.509, 
p<0.001), while the coefficient of the power function was 
bigger in females than in males (f = 23.451, p<0.001).

Sex ratio

The ratio of female and male individuals in the samples 
of P. trituberculatus in the East China Sea was close to 1: 1 
(χ2 = 0.252, p = 0.615), in which females and males made 
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Fig. 2. Frequency distribution of carapace width and body weight of female and male P. trituberculatus in the East China Sea
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Fig. 3. Carapace width-body weight relationship of  
P. trituberculatus in the East China Sea

up 50.85 and 49.15% of the total individuals respectively. 
The proportion of females and males fluctuated in different 
months. For females, the proportion of individuals was the 
highest at the end of March (70.89%) and the lowest in 
August (31.45%) (Fig. 4).

Growth parameters and growth equation

The asymptotic carapace widths of females and 
males of the crabs were 22.58 and 21.53 cm, respectively 
(Fig. 5). The value of growth coefficient of carapace width 
was lower in females (0.99) than in males (1.1). The value 
of t0 of carapace width was -0.1579 in males, which was 
higher than (-0.1738) females.

The growth equation of carapace width of the 
swimming crab was Lt = 21.53 × (1-e-1.1(t + 0.1579)) in males 
and Lt = 22.58 × (1-e-0.99(t + 0.1738)) in females. The growth 
equation of body weight of the swimming crab was  
Wt = 0.52 × (1-e -1.1(t + 0.1579)) ^3.0147 in males and Wt = 0.51 
× (1-e -0.99(t + 0.1738)) ^2.9594 in females.

Mortality and exploitation rate

Total mortality, natural mortality and fishing 
mortality of males were Z = 4.65, M = 1.784 and F = 2.866, 
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Fig. 4. Variation in the proportion of individuals of different 
sexes of P. trituberculatus in the East China Sea
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Fig. 5. Growth curve of female and male P. trituberculatus in the East China Sea
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Fig. 6. Recruitment patterns of female and male P. trituberculatus 
in the East China Sea

respectively; while the corresponding parameters for 
females were lower (Z = 4.26, M = 1.643 and  
F = 2.617, respectively). Females were exploited at a 
lower rate ( 0.61) than males (0.62).

Stock recruitment pattern

The stock recruitment patterns of females and males 
of P. trituberculatus were both mainly bimodal. The main 
recruiting phase was from July to October, and there was 
a lower peak from February to March (Fig. 6).

Mean selection carapace width

The probability of capture, i.e., the mean selection 
carapace width (Lc), was 8.77 cm for males and 9.38 cm 
for females (Fig. 7). 

Relative yield-per-recruit

The current exploitation level of P. trituberculatus 
could be illustrated by two-dimensional presentation of 
the relative yield-per-recruit (Y’/R) and the exploitation 
rate (E). The exploitation rate when the marginal increase 
of Y’/R is reduced by 10% (E10) was 0.504 in females and 
0.514 in males. The value of E at which the swimming 
crab stock has been reduced to 50% of its unexploited 
biomass (E50) was 0.337 in females and 0.335 in males. 
The exploitation rate to produce maximum yield (Emax) 
was 0.63 and 0.61 in females and males, respectively  
(Fig. 8).

Discussion
In the growth process of aquatic organisms, individuals 

of different sexes of the same species often have differences 
in morphology and growth characteristics, mainly due to 
the differences in gene expression (Toguyeni et  al., 2002; 
Deng et al., 2014), reproductive strategy (Wanget al., 
2006) and feeding habits (Li et al., 1997). Females often 
grow faster than males in fishes such as the Nile tilapia 
(Oreochromis niloticus) (Maet al., 2015), the spotted 
scat (Scatophagus argus) (Wu et al., 2013) and the turbot 
(Scophthalmus maximus) (Wang et al., 2014). Crustaceans 
also have sex dimorphism in morphological and growth 
characteristics, but the scenarios are more complicated 
than in fishes. The difference of growth velocity between 
males and females in shrimps and crabs depends on 
species. Females of some species such as Exopalaemon 
modestus, Palaemon adspersus and Parapenaeopsis 
stylifera grow faster than males (Berglund, 1981; Oh 
et al., 2002; Safaie, 2017), while other species such as 
Holthuispenaeopsis atlantica (Okpei et al., 2020) do the 
opposite. The value of a in the power function of body 
weight and length relationship could be used as one of 
the indicators of relative fatness (Yatsu et al., 1997). This 
study showed that the a value of female swimming crab  
(P. trituberculatus) was higher than that of males, indicating 
that the fatness of females was higher than males. The 
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 P. trituberculatus in the East China Sea
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values of growth factor b in the body weight-length power 
function were close to 3, indicating a nearly isokinetic 
growth of the swimming crabs. The difference in growth 
factor b showed that the growth pattern was different. The 
b value of females was lower than that of males, which 
means that the growth velocity of females was lower 
than that of males. The results of growth coefficient of  
P. trituberculatus were consistent with the results obtained 
by growth factors, and the growth coefficient of males was 
higher than that of females. This might be related to the 
difference of reproductive strategies between males and 
females. During the development of the ovary, females 
spend more energy and material supply on reproductive 
activities and also store some energy appropriately, so 
their fatness coefficient were high while the growth in 
the body length slow down. This result of our study was 
consistent with that on the relationship between carapace 
width and body weight of P. trituberculatus in coastal 
waters of Zhejiang Province in 2015-2016 (Wang et al., 
2018), but was different from those of swimming crabs in 
the northern East China Sea and the southern Yellow Sea 

in 2006 (Yuan et al., 2016), the Laizhou Bay of Bohai Sea 
in 2012 (Yang et al., 2017), and the northern East China 
Sea in 2012-2013 (Zhang et al., 2015) (Table 1). It was 
found that the fatness indicator a and growth factor b of 
swimming crabs in the East China Sea in this study were 
both higher than those of the Laizhou Bay of Bohai Sea 
and in the northern East China Sea and southern Yellow 
Sea. This could be related to the differences in food 
supply and hydrological conditions in different seas. In 
the same area, the fatness indicator a and growth factor b 
of swimming crabs gradually increased over time, which 
might be related to fishery protection measures such as 
enhancement and release in recent years.

Since the growth and development of crabs was in 
stages, the growth velocity was in a dynamic change. The 
results showed that the carapace width-body weight curve 
of the swimming crab was not consistent with different 
carapace width groups. The growth rate of juveniles 
after hatching was the fastest and then it gradually 
decreased (Song et al., 1989). Wang et al. (2018) found 
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Table 1. Carapace width- body weight relationships of female and male P. trituberculatus in different areas of China Sea
Area Year a b References
Northern East China Sea and southern Yellow Sea 2006 ♀ 0.003

♂ 0.004
♀ 2.7012 
♂ 2.5992

Yuan et al. (2016)

Laizhou Bay of Bohai Sea 2012 ♀ 5.81×10-5

♂ 7.75×10-5
♀ 2.955
♂ 2.899

Yang et al. (2017)

Northern East China Sea 2012-2013 ♀ 4.639×10-4

♂ 5.854×10-4
♀ 2.551
♂ 2.504

Zhang et al. (2015)

Coastal waters of Zhejiang Province, East China Sea 2015-2016 ♀ 0.0704
♂ 0.05923

♀ 2.8772
♂ 2.9421

Wang et al. (2018)

East China Sea 2020 ♀ 7×10-5

♂ 5×10-5
♀ 2.9594
♂ 3.0147

This study

Note: ♀ for female and ♂ for male.

that there were seasonal differences in the growth rate 
of the swimming crab in the coastal waters of Zhejiang 
Province in the East China Sea. This could be related 
to different growth requirements at different stages of 
the life history of the swimming crab. The peak periods 
of spawning, feeding and overwintering groups of the 
swimming crab were in different seasons, while the life 
activities of these groups had different focuses. This may 
be related to the effect of temperature in different seasons 
on its growth. Tettelbach and Rhodes (1981) suggested 
that many environmental factors affect the adaptability 
of organisms, especially temperature. Crustaceans 
are typical poikilotherms and unable to regulate body 
temperature and their physiological functions are affected 
by the change of ambient temperature (Wang et al., 
2010). At certain temperature, the development rate and 
growth rate of crustacean larvae increase with the increase 
of temperature (Neuparth et al., 2002). At the same 
time, temperature was an important factor affecting the 
maturation of crustaceans (Carmona-Osalde et al., 2004). 
Females and males of the swimming crab also had different 
life cycles due to different reproductive habits and life 
history characteristics. Results of this study showed that 
the asymptotic carapace width of female swimming crabs 
was longer than that of males.

Generally, E10 and Emax are used as biological 
standards for fishery resources assessment in a given sea 
area, while sometimes 0.5 is taken as the optimal rate 
of exploitation (Gulland and Oerema, 1973). It is often 
presumed that the fishery resources would be sustainable 
if the exploitation rates were within the optimal limit 
(Mehanna, 2007). However, the selection of different 
criteria E10 and Emax would affect the degree of exploitation 
in a region, which would eventually be reflected in the 
formulation of related policies. Studies had shown that 
Emax as the biological reference standard might lead to 
overly optimistic assessments, while E10 and 0.5 standards 
could balance the current catches and reasonable 
utilisation (Gulland and Oerema, 1973; Cook, 1998). The 

biological reference points E10 or 0.5 had been adopted 
in other species such as Penaeus indicus (Saputra et al., 
2019) and Penaeus merguensis (Saputra et al., 2018). The 
exploitation rates of female and male swimming crabs 
calculated in this study were 0.61and 0.62, respectively, 
which were higher than the optimal rates of E10 and 0.5, 
but close to the Emax. If the Emax was set as the biological 
reference point, the exploitation rate of P. trituberculatus 
in the East China Sea would fall in the acceptable range. 
However, taking the current resource status of the 
swimming crab in the East China Sea into account, the E10 
and 0.5 were more suitable as reference standards, that is, 
the resource has been in overfishing. Statistics show that 
the swimming crab was facing great fishing pressure in 
the East China Sea. The fishing effort was still too large 
even though the total tonnage of fishing vessels in the 
East China Sea had generally been in a downward trend 
since the year 2016. Overfishing pressure resulted in an 
average decrease by 4.8% per year in the annual catch 
of the swimming crab. The swimming crab resource is 
overfished in the northern East China Sea and southern 
Yellow Sea (Yuan et al., 2016), and other China seas such 
as the Bohai Sea (Yang et al., 2017). Some researchers 
believed that the swimming crab resource under current 
fishing pressure could only be maintained by conservation 
measures such as enhancement and release in the East 
China Sea (Xu et al., 2018; Xu et al., 2019). Results of 
the Generalized Additive Model (GAM) showed that the 
catch of the swimming crab in the northern East China 
Sea mainly depend on the number of released larvae of 
this species (Wang et al., 2016). The differences of growth 
and mortality characteristics between released groups and 
natural groups of the swimming crab (P. trituberculatus) 
need to be further studied.

In summary, carapace width and body weight 
distributions of males and females of the swimming crab 
(P. trituberculatus) in the East China Sea were unimodal. 
There were significant differences in the relationship 
between the carapace width-body weight of female and 
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male swimming crabs; the value of the exponent of the 
power function in females was smaller than that of males, 
while the value of the coefficient of the power function 
in females was greater than that of males, indicating that 
the growth pattern was different by sex. The sex ratio 
depended on season, and the proportion of females was 
the highest in summer and the lowest in spring. Females 
grew faster with higher asymptotic carapace width than 
males. The recruitment models of females and males of 
the swimming crab were both bimodal, and the main and 
the secondary recruitment seasons were in summer and 
spring, respectively. Total mortality, natural mortality and 
fishing mortality of males were all higher than females. 
Fishing mortality was higher than natural mortality both 
in females and males, indicating that fishing was the main 
factor for the population recession of the swimming crab. 
The exploitation rates of the swimming crab were 0.61 in 
females and 0.62 in males, both were far greater than the 
optimal and close to the exploitation rates at the maximum 
catch. P. trituberculatus is one of the species with short life 
span and the fishing pressure on this species had exceeded 
the optimum range, i.e. the swimming crab  is being 
overfished in the East China Sea. Hence, management 
policies should be formulated in a manner to reduce 
fishing intensity during the peak period of reproduction so 
as to ensure sustainable utilisation of the resource.

Acknowledgements

We thank members of the Scientific Observing and 
Experimental Station (of Fishery Resources for Key 
Fishing Grounds, Ministry of Agriculture and rural affairs 
of the People’s Republic of China) and Zhejiang Marine 
Fisheries Research Institute for assistance of sampling 
at sea and biometrics in laboratory. This study was 
supported by Key Technology and System Exploration of 
Quota Fishing, Ministry of Agriculture and Rural Affairs 
Agricultural Finance of China (Grant No. 36, 2017).

References
Bartley, D. M. and Bell, J. D. 2008. Restocking, stock  

enhancement and sea ranching: Arenas of progress. Rev. 
Fish. Sci., 16(1-3): 357-365. https://doi.org/10.1080/ 
10641260701678058. 

Bell, J. D., Bartley, D. M., Lorenzen, K. and Loneragan, N. R. 
2006. Restocking and stock enhancement of coastal 
fisheries: Potential, problems and progress. Fish. Res., 
80(1): 1-8. https://doi.org/10.1016/j.fishres.2006.03.008. 

Berglund, A. 1981. Sex dimorphism and skewed sex ratios in the 
prawn species Palaemon adspersus and P. squilla. Oikos, 
36: 158-162. https://doi.org/10.2307/3544440.

Blackwell, B. G., Brown, M. L. and Willis, D. W. 2000. Relative 
weight (Wr) status and current use in fisheries assessment 

and management. Rev. Fish. Sci., 8(1): 1-44. https://doi.
org/10.1080/10641260091129161.

Carmona-Osalde, C., Rodriguez-Serna, M., Olvera-Novoa, M. A. 
and Gutierrez-Yurrita, P. J. 2004. Gonadal development, 
spawning, growth and survival of the crayfish Procambarus 
llamasi at three different water temperatures. Aquaculture, 
232(1-4): 305-316. https://doi.org/10.1016/S0044-8486 
(03)00527-1.

Carpenter, K. E. and Niem, V. H. 1998. FAO species 
identification guide for fishery purposes. The living 
marine resources of the Western Central Pacific, vol. e 2: 
Cephalopods, crustaceans, holothurians and sharks. Food 
and Agriculture Organisation of the United Nations, Rome, 
Italy, p 687-1396.

Cook, R. M. 1998. A sustainability criterion for the exploitation 
of North Sea cod. ICES J. Mar. Sci., 55(6): 1061-1070. 
https://doi.org/10.1006/jmsc.1998.0349.

Deng, S. P., Wu, B., Zhu, C. H. and Li, G. L. 2014. Molecular 
cloning and dimorphic expression of growth hormone (gh) 
in female and male spotted scat Scatophagus argus. Fish. 
Sci., 80(4): 715-723. https://doi.org/10.1007/s12562-014-
0763-5.

Gao, C. X., Tian, S. Q. and Dai, X. J. 2014. Estimation of 
biological parameters and yield per recruitment for Coilia 
nasus taihuensis in Dianshan Lake, Shanghai, China. 
Chin. J. Appl. Ecol., 25(5): 1506-1512. (in Chinese with 
English abstract). https://doi.org/10.1111/j.1439-0426.2011. 
01767.x.

Gayanilo, F. C., Sparre, P. and Pauly, D. 2005. FAO-ICLARM 
Stock Assessment Tools II (FiSAT II). Revised version. 
User’s guide. Food and Agriculture Organisation of the 
United Nations, Rome, Italy, 168 pp.

Gulland, J. and Oerema, L. K. B. 1973. Scientific advice on catch 
levels. Fish. Bull., 71(2): 325-335. 

Huang, Q. Y., Ling, J. Z. and Li, S. F. 2009. Composition and 
distribution of shrimps in the coastal area of the Northern 
East China Sea in summer. Mar. Fish., 31(3): 237-242.  
(in Chinese with English abstract).

Kohler, N. E., Casey, J. G. and Turner, P. A. 1995. Length-weight 
relationship for 13 species of sharks from western North 
Atlantic. Fish. Bull., 93: 412-414.

Li, J. L., Li, C. H., Li, S. F., Ye, W. and Liang, D. J. 1997. Culture 
performance of hybrids from different strain combinations 
of Oreochromis niloticus (♀) × O. aureus (♂). Journal of 
Shanghai Fisheries University, 6(2): 96-101. (in Chinese 
with English abstract).

Liu, H., Guo, P. J., Yu, C. G., Deng, X. Y., Zhang, P., Xu, Y. J., 
Yan, W. C. and Xie, X. 2020. Community structure of 
crustaceans in the Zhoushan coastal fishery. Mar. Sci., 
44(2): 90-98. (in Chinese with English abstract). https://
doi.org/CNKI:SUN:HYKX.0.2020-02-009.

Ma, X. L., Zhang, Y., Chen, Y. Z. and Zhou, L. B. 2015. Steroid 
hormones (E2 and MT) displayed difference in sex for Nile 

Growth, mortality and exploitation of Portunus trituberculatus

https://doi.org/10.2307/3544440


15

tilapia Oreochromis niloticus. Oceanologia et Limnologia 
Sinica, 46(6): 1487-1493. (in Chinese with English 
abstract). https://doi.org/10.11693/hyhz20150900241.

Mehanna, S. F. 2007. Stock assessment and management 
of the Egyptian sole Solea aegyptiaca Chabanaud, 
1927 (Osteichthyes: Soleidae), in the Southeastern 
Mediterranean, Egypt. Turk. J. Zool., 31(4): 379-388.

Miers, E. J. 1876. XXII. Descriptions of some new species 
of Crustacea, chiefly from New Zealand. Annals and 
Magazine of Natural History (Series 4), 17: 99, 218-229.

Neuparth, T., Costa, F, O. and Costa, M. H. 2002. Effects 
of temperature and salinity on life history of the 
marine amphipod Gammarus locusta. Implications for 
ecotoxicological testing. Ecotoxicology, 11: 61-73. https://
doi.org/10.1023/A:1013797130740

Oh, C. W., Suh, H. L., Park, K. Y., Ma, C. W. and Lim, H. S. 
2002. Growth and reproductive biology of the freshwater 
shrimp Exopalaemon modestus (Decapoda: Palaemonidae) 
in a lake of Korea. J. Crust. Biol., 22(2): 357-366. https://
doi.org/10.2307/1549960.

Okpei, P., Aggrey-Fynn, J. and Okyere, I. 2020. Growth, 
mortality, ovarian maturity, and exploitation of the Guinea 
shrimp, Holthuispenaeopsis atlantica (Balss, 1914) 
(Decapoda: Dendrobranchiata: Penaeidae) in inshore 
waters of Ghana, West Africa. J. Crust. Biol., 40(3): 
247-255. https://doi.org/10.1093/jcbiol/ruaa010.

Pauly, D. 1980. On the interrelationships between natural 
mortality, growth parameters, and mean environmental 
temperature in 175 fish stocks. ICES J. Mar. Sci., 39(2): 
175-192. https://doi.org/10.1093/icesjms/39.2.175.

Pauly, D. and David, N. 1981. ELEFAN I, a BASIC program 
for the objective extraction of growth parameters 
from length-frequencies data. Berichte der Deutschen 
Wissenschaftlichen Kommission für Meeresforsch, 28(4): 
205-211.

Safaie, M. 2017. Population dynamics of kiddy shrimp, 
Parapenaeopsis stylifera (H. Milne Edwards, 1837) in the 
north-west of Qeshm Island, Iran. Trop. Zool., 30: 1-15. 
https://doi.org/10.1080/03946975.2017.1278662.

Salarpouri, A., Kamrani, E., Kaymaram, F. and Mahdavi, N. R. 
2018. Growth, mortality and exploitation of buccaneer 
anchovy (Encrasicholina punctifer Fowler, 1938) from the 
north Persian Gulf and Oman Sea. Iran. J. Fish. Sci., 17(2): 
313-326. https://doi.org/10.22092/IJFS.2018.115488.

Saputra, S. W., Sholichin, A. and Taufani, W. T. 2018. Growth, 
mortality, and exploitation rate of Penaeus merguensis in 
the North Coast of Central Java, Indonesia. Indonesian 
J. Mar. Sci.,/Ilmu Kelautan, 23(4): 207-214. https://doi.
org/10.14710/ik.ijms.23.4.207-214.

Saputra, S. W., Solichin, A., Taufani, W. T., Rudiyanti, S. 
and Widyorini, N. 2019. Growth parameter, mortality, 
recruitment pattern, and exploitation rate of white shrimp 
Penaeus indicus in Northern Coastal waters of Western 
central Java, Indonesia. Biodiversitas Journal of Biological 

Diversity, 20(5): 1318-1324. https://doi.org/10.13057/
biodiv/d200511.

Song, H. T., Ding, Y. P. and Xu, Y. J. 1989. Migration distribution 
and population composition of Portunus trituberculatus in 
the coastal waters of Northern Zhejiang Province. Mar. Sci. 
Bull., 8(1): 66-74.

Sparre, P. and Venema, S. C. 1998. Introduction to tropical 
fish stock assessment, Part 1: Manual. FAO Fisheries 
Technical Paper, No. 306.1, Rev. 2. Food and Agriculture 
Organisation of the United Nations, Rome, Italy, 407 pp.

Tettelbach, S. T. and Rhodes, E. W. 1981. Combined effects of 
temperature and salinity on embryos and larvae of Northern 
bay scallop Argopecten irradians. Mar. Biol., 63(3):  
249-256. https://doi.org/10.1007/BF00395994.

Toguyeni, A., Fauconneau, B., Fostier, A., Abucay, J., Mair, G. 
and Baroiller, J. F. 2002. Influence of sexual phenotype and 
genotype, and sex ratio on growth performances in tilapia, 
Oreochromis niloticus.  Aquaculture, 207(3-4): 249-261. 
https://doi.org/10.1016/S0044-8486(01)00747-5.

von Bertalanffy, L. 1938. A quantitative theory of organic growth 
(Inquiries on growth laws II). Hum. Biol., 10: 181-213.

Wang, X. A., Ma, A. J., Huang, Z. H., Ma, D. Y., Wang, T.,  
Tian, Y. Q., Wang, G. N. and Qu, J. B. 2014. Developmental 
differences between female and male groups in turbot 
(Scophthalmus maximus) breeding families. J. Fish. China, 
38(4): 464-469. (in Chinese with English abstract).

Wang, X. G., Wang, Y. B., Ye, T., Lu, W. H. and Zhou, C. Y. 
2018. A preliminary analysis of the growth characteristics 
of Portunus trituberculatus. Trans. Oceanol. Limnol., 2: 
131-136. (in Chinese with English abstract).

Wang, X. Q., Li, C. W., Xie, Z. G., Fan, W. J. and Zhang, J. S. 
2006. Studies on the growth difference of the male and 
female Siniperca chuatsi. Freshwater Fisheries, 36(3):  
34-37. (in Chinese with English abstract).

Wang, X. Q., Sudha, K., Mei, C. and Shen, M. 2010. Effects 
of low salinity and low temperature on survival, growth 
and energy budget of juvenile Exopalaemon carinicauda. 
J. Shellfish Res., 29(4): 1035-1041. https://doi.org/0.2983 
/035.029.0405.

Wang, Y. B., Ye, T., Wang, X. G. and Zhou, C. Y. 2016. Impact 
of main factors on the catch of Portunus trituberculatus in 
the Northern East China Sea. Pak. J. Zool., 49(1): 13-17. 
https://doi.org/10.17582/journal.pjz/2017.49.1.15.19.

Wu, B., Ye, M., Chen, L L., Deng, S P., Zhu, C H., Shi, S. L. and 
Li, G. L. 2013. Growth performance and digestive enzyme 
activity between male and female Scatophagus argus. 
Journal of Shanghai Ocean University, 22(4): 545-551.  
(in Chinese with English abstract).

Xu, K. D., Zhou, Y. D., Zhu, W. B., Jiang, R. J., Wang, Y.,  
Li, P. F., Zhou, S. S., Zhang, Y. Z., Zhang, H. L. and Hu, 
C. L. 2018. Stocking effectiveness of hatchery-released 

Zhu Kai et al.



16

Portunus trituberculatus in the Dongtou sea area of 
Zhejiang Province. Journal of Zhejiang University  
(Agric. and Life Sci.), 44(3): 373-380. (in Chinese with 
English abstract).

Xu, X., Tang, W. Y. and Wang, Y. B. 2019. Releasing capacity 
of Portunus trituberculatus enhancement in Zhoushan 
fishing ground and Yangtze river estuary fishing ground 
and their adjacent waters. South China Fisheries Science, 
15(3): 126-132. (in Chinese with English abstract). 
doi: 10.12131/20180222.

Yang, F., Xu, H. T., Dai, Z. M. and Yang, W. J. 2005. Molecular 
characterization and expression analysis of vitellogenin 
in the marine crab Portunus trituberculatus. Comparative 
Biochemistry and Physiology, Part B, 142(4): 456-464. 
DOI: 10.1016/j.cbpb.2005.09.011. 

Yang, G., Xu, B. Q., Wang, X. X., Li, F., Yuan, X. N. and Lv, Z. B. 
2017. On biological parameters and growth characteristics 
of Portunus trituberculatus in the Laizhou Bay. Mar. Fish., 
39(4): 401-410. (in Chinese with English abstract).

Yatsu, A., Midorikawa, S., Shimada, T. and Uozumi, Y. 1997. 
Age and growth of the neon flying squid, Ommastrephes 

Date of Receipt	 : 21.08.2021
Date of Acceptance	: 17.09.2021

Growth, mortality and exploitation of Portunus trituberculatus

bartramii, in the North Pacific Ocean. Fish. Res., 29:  
257-270. https://doi.org/10.1016/S0165-7836(96)00541-3.

Yuan, W., Jin, X. S. and Shan, X. J. 2016. Population biology and 
relationship with environmental factors of swimming crab 
in the Changjiang River Estuary and adjacent waters. Fish. 
Sci., 35(2): 105-110. (in Chinese with English abstract).

Zhan, B. Y. 1995. Fish stock assessment. China Agriculture 
Press, Beijing, China, 352 pp. (in Chinese).

Zhang, J., Wang, Z. Q. and Guan, W. B. 2015. Fishery biology 
of two crab species caught by offshore pots. Journal of 
Dalian Ocean University, 30(5): 540-545. (in Chinese with 
English abstract).

Zhang, Q. H., Cheng, J. H., Xu, H. X., Shen, X. Q., Yu, G. P. and 
Zheng, Y. J. 2007. Fishery resources and their sustainable 
utilisation in the East China Sea Region. Fudan University 
Press, Shanghai, China, 731 pp. (in Chinese).

Zhang, X L. . 2020. China Fishery Statistical Yearbook 2020. 
Bureau of Fisheries of Ministry of Agriculture and Rural 
Affairs, National Fisheries Technology Extension Center, 
China Society of Fisheries. China Agriculture Press, 
Beijing, China, 158 pp. (in Chinese).

https://doi.org/10.12131/20180222
https://doi.org/10.1016/j.cbpb.2005.09.011

