
 

 

 

 

Egyptian Journal of Aquatic Biology & Fisheries  

Zoology Department, Faculty of Science, 

Ain Shams University, Cairo, Egypt.  

ISSN 1110 – 6131 

Vol. 25(6): 269 – 283 (2021) 

www.ejabf.journals.ekb.eg 

  
Fishery Biology and Population Structure of the Blue Swimmer Crab, Portunus 

pelagicus, from the Red Sea, Egypt 

Midhat A. El-Kasheif
1,* 

, Alaa M. El-Far
1
, Aliaa M. El-Kasheif

2
 , Seham A. Ibrahim

3
 and 

Hassan E. Flefel
4  

1. National Institute of Oceanography and Fisheries (NIOF), Cairo, Egypt, 

2. National Food Safety Authority( NFSA), Cairo, Egypt, 

3. Faculty of Science, Benha University, Egypt, 

4. Theodor Bilharz Research Institute ( TBRI ) , Giza, Cairo, Egypt, 

                                                   *
Corresponding Author: drmidhat_elkasheif@yahoo.com. 

 

INTRODUCTION  

 

Blue swimmer crab (BSC), Portunus pelagicus, is a tropical species belonging to 

family Portunidae and is found in estuaries and inshore marine waters. It is widely 

distributed in the Indian and the Pacific oceans (Svane & Hooper, 2014). It can be found 

in different water depths across many countries in Asia, Australia and Africa (La Sara et 

al., 2017). The blue swimming crab is a large commercially valuable crab found within 

tropical and subtropical regions of the Indo-West Pacific. Over 80 species are 
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More than 300 MT of blue swimmer crabs (BSC), Portunus pelagicus, are 

annually captured from the fisheries of the Egyptian Red Sea waters. During 

the last 20 years, a decline has been witnessed in the production of this 

species. For management purposes, information about the fishery's biology 

and population structure is required. Hence, monthly samples of P. 

pelagicus were collected from the commercial catch of Hurghada landing 

site, Red Sea, Egypt during the period from November 2017 to October 

2018. A number of 1190 specimens were measured for morphometric 

relationships, sex ratio, age determination using carapace width frequency, 

population structure, mortality rate and exploitation ratio. The study 

revealed that P. plagicus was targeted by trammel nets and caught by a 

small bottom trawler as a by-catch. Carapace width- total weight 

relationship showed positive allometric growth (b-value= 3.10). Higher 

condition factors were observed in the small individuals. Four age groups 

were determined and age group +I was dominant by number (60.6%). 

Parameters of the von Bertalanffy equation were 21.19 cm, 0.414 year
-1

, and 

-0.998 year for CW∞, K and to, respectively. The carapace width at first 

capture was estimated (CW50 = 8.7 mm). The mortality rates were 

calculated as 2.929, 1.285 and 1.644 year
-1

 for total, natural and fishing 

mortalities, respectively. The blue swimmer crab fisheries on the Red Sea is 

over-exploited (E= 0.65) by the trammel net. Some management measures 

were suggested to maintain its stock for sustainability. 
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encountered under the genus Portunus worldwide (Stephenson, 1972). Globally, it was 

estimated that P. pelagicus contributed with about 0.4% (298 thousand MT) of the world 

total capture production, representing about 5.0% of the global crustacean fisheries 

(FAO, 2020). In Egypt, specifically the last 20 years, the trend of the blue swimmer crab 

catch in the Red Sea witnessed a decline from more than 2000 MT in 2000 and 2003 to 

only 300 MT in 2019 (Fig. 1) with respect to the estimates of GAFRD (2021). 

 

Fig. 1. Blue swimmer crab capture trend during the last 20 years (GAFRD, 2000-2018) 

The BSC possess a high potential in boosting economics with high prices. 

Nevertheless, selling this species at high price can cause a continuous catch by fishermen 

and may also trigger overfishing in its habitat. Overfishing is attributed to the lack of 

information with regard to the biological developmental phases, and to some extent, it 

can be considered an outcome of the limitated recruitment analylitics. Subsequently, the 

afore- mentioned conditions have led to a decrease in the BSC in nature (Santoso et al., 

2016). Notably, few studies have been conducted on the fisheries’ biology of BSC in the 

Egyptian sector of the Red Sea. Therefore, this study was focused to determine the 

biological characters and population structure of P. pelagicus. to enrich the literature with 

information required for the implementation of a sustainable policy for the welfare of the 

blue swimming crabs’ fishery in the Egyptian Red Sea waters. 

MATERIALS AND METHODS  

 

Random samples of blue swimmer crab, Protunus plagicus were monthly 

collected from the commercial catch of trammel nets at Hurghada area in the Red Sea 

(Fig. 2) during the period from November 2017 to October 2018. A number of 1190 BSC 

specimens were measured for morphometric and biological estimations. For each 

specimen, the carapace width (CW), carapace length (CL), frontal marginal length (FML) 
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and caudal length (CaL) were measured using digital caliper to the nearest 0.1 mm, while 

the total body weight (Wt) was recorded to the nearest 0.01 g. Morphometric 

relationships, their regressions and statistics were formulated using MS excel Version 

2016 and SPSS (Ver. 20). The condition factor (K) is calculated by the following 

formula: K= 100 W /CW³ (Le-Cren, 1951). The values of CW∞ (Theoretical maximum 

expected carapace width) and K (Coefficient of growth) were estimated from the linear 

regression between (CWt) and (CWt+1) using the least square method as follows: CW∞ = a 

/ (1- b), and K = - ln b, where; a and b are the intercept and the slope of the regression, 

respectively. to (age at CW zero) is estimated according to the method of Pauly (1984) 

where; to = (a – ln CW∞) / K. Depending on ELEFAN 1 using carapace width 

frequencies, FiSAT II (Gayanilo et al., 2005) program was applied for age 

determination. Total mortality (Z) was estimated from length-converted catch curve. 

Natural mortality (M) was calculated according to Pauly (1983); ln (M) = -0.0152 - 0.279 

ln (L∞) + 0.6543 ln (K) +0.463 ln (T) where; T is the water temperature. Fishing mortality 

is estimated by the successive equation: (F)= Z- M. Relative yield and biomass per recruit 

and the virtual population analyses were evaluated using FiSAT II program. Carapace 

width at first capture (CW50) was assessed using the accumulation proportion curve 

(Pauly, 1985).  

 
Fig. 2. A map of Egypt showing Hurghada area in the Red Sea (area of study). 

 

RESULTS  

 

     Samples of 1190 random specimens (682 males and 508 females) of BSC (Fig. 3) 

were collected from the commercial fisheries of the Red Sea, during the period from 

November 2017 to October 2018. The BSC carapace width ranged from 5.25 to 14.1 cm 

(males; from 5.25 to 14.0 cm and females; from 5.32 to 14.1 cm). For males, the total 

weight ranged from 11.5 to 225.0 g, the carapace length ranged from 2.5 to 7.7 cm, the 

frontal marginal length ranged from 1.7 to 3.95 cm, and the caudal length ranged from 
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1.65 to 3.79 cm. For females, the total weight ranged from 14.5 to 228.0 g, the carapace 

length ranged from 2.5 to 7.6 cm, the frontal marginal length ranged from 1.47 to 3.75 cm 

and the caudal length ranged from 1.49 to 3.9 cm.   

 
Fig. 3. Blue Swimmer crab, P. pelagicus, from the Red Sea; Photograph (left slide) and 

morphometric dimensions (right slide). CW, carapace width; CL, carapace length and 

FML, frontal marginal length 

1- Frequency distribution: 

Fig. (4) shows the carapace width frequencies’ distribution of blue swimmer crab in 

the Red Sea catch. The peak was recorded at a length of 9.0 cm, and the number of males 

were close to that of females at carapace width from 10.0 to 13.0 cm. On the other hand, 

monthly frequencies’ distribution was recorded for males and females during 12 

subsequent months. In all samples, males’ frequencies were relatively higher than those 

of females except in April. 

 

 

Fig. 4. frequency distribution of males and females of P. pelagicus from the Red Sea 

fisheries during the period of study; (left) according to crab carapace width and (right) 

according to month. 
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2- Morphometric measurements 

 For each specimen, the carapace width (CW), total weight (Wt), carapace length 

(CL), frontal marginal length (FML) and caudal length (CaL) were measured. The 

relationships between the carapace width and other measurements were obtained 

regarding to the best fit regression  and higher regression coefficient (Table 1).  

-  Carapace width (CW) – total weight (W) relationship: the relation is represented by a 

power regression as follows:   

Wt= 0.0513 CW
3.1281

 (R
2
= 0.8815) for males,  

Wt= 0.0574 CW
3.0709

 (R
2
= 0.8458) for females and  

Wt= 0.0513 CW
3.1012

 (R
2
= 0.8680) for combined sexes. 

- Carapace width (CW) - carapace length (CL) relationship: the regression was 

represented by the following equations;  

CL= 0.0769+ 0.5083 CW (R
2
=0.9743), for males,  

CL=0.153+b.4991CW (R
2
= 0.9709) for females, and  

CL=0.1119+0.504*CW (R
2
= 0.9726) for combined sex 

- Carapace width (CW) – frontal marginal length (FML) relationship where;  

FML = 0.5113CW
0.7865

 (R
2
= 0.9264) for males,  

FML = 0.4262 CW
0.867

 (R
2
= 0.9052) for females, and  

FML = 0.468CW
0.8255

 (R
2
= 0.9129) for combined. 

- Carapace width (CW) - caudal length (CaL) relationship; the relation was represented 

by the equations for males, females and combined sex, respectively. 

CaL = 0.5203CW
0.788 

(R
2
= 0.8903),  

CaL = 0.4567CW
0.8483

 (R
2
= 0.8674), and  

CaL = 0.4886 CW
0.817

 (R
2
= 0. 0.8771). 
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Table 1.  Relationship between carapace width (CW) with total weight (Wt), carapace 

length (CL), frontal marginal length (FML) and caudal length (CaL) of P. pelagicus in 

the Red Sea during study period; a & b: constants in equations; R
2
: regression coefficient 

& STD: standard deviation. 

Males 

Relation Equation A B R
2
 STD 

CW-Wt Wt=a*CW
b
 0.0513 3.1281 0.8815 42.413 

CW-CL C.L=a+b*CW 0.0769 0.5083 0.9743 0.959 

CW- FML IOD=a*CW
b
 0.5113 0.7865 0.9264 1.437 

CW-CaL Ca.L=a*CW
b
 0.5203 0.788 0.8903 1.445 

Females 

CW-Wt Wt=a*CW
b
 0.0574 3.009 0.8459 43.788 

CW-CL C.L=a+b*CW 0.153 0.4991 0.9709 0.971 

CW- FML IOD=a*CW
b
 0.4262 0.867 0.9052 1.405 

CW-CaL Ca.L=a*CW
b
 0.4567 0.8483 0.8674 1.421 

Combined sexes 

CW-Wt Wt=a*CW
b
 0.0541 3.1012 0.868 43.078 

CW-CL C.L=a+b*CW 0.1119 0.504 0.9726 0.970 

CW- FML IOD=a*CW
b
 0.468 0.8255 0.9129 1.429 

CW-CaL Ca.L=a*CW
b
 0.4886 0.817 0.8771 1.440 

a & b: constants in equations; R
2
: regression coefficient & STD: standard deviation. 

 

3- Condition factor 

For male, the condition factor was ranged from 1.836 to 14.305 with an average of 

6.950 (STD ±1.406). On the other hand, the condition factor of females ranged from 

1.516 to 12.381 with an average of 6.904 (STD ±1.496). In whole sample, the average 

condition factor of P. pelagicus in the Red Sea was 6.9305 (STD ±1.445) during the 

period of study. The condition factor variation was estimated according to crab carapace 

width and according to month (Fig. 5). 

Condition factor variation according to carapace width in both male and females had 

the same trend in the relation between the condition factor and the carapace width.  The 

condition factor sharply decreased from carapace width 5.0 cm (9.675, 11.095 and 10.622 

for males, females and combined sex) to 7.0 cm (6.604, 6.588 and 6.599 for males, 
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females and combined sex) carapace width, then it slightly increased in carapace width of 

14.0 cm (7.610, 7.757 and 7.674 for males, females and combined sex).  

Monthly variation in condition factor (Fig. 2b):  lower K-values (6.5258 for 

males, 6.0125 for females and 6.2919 for combined sex) were recorded during January 

will higher values were recorded during March (7.485, 7.533 and 7.503 for males, 

females and combines sex respectively) and June (males; 7.441, females; 7.507 and 

combined sex; 7.389).  

 
Fig. 5: Variation of K-factor values of P. pelagicus from the Red Sea fisheries during the 

period of study according to carapace width (left) and according to month (right). 

 

4- Age determination 

 Using FiSAT II program based on carapace width frequencies, five age groups were 

determined in BSC in the present study. About 6.1 % of the total crab number (1.8 % of 

the sample weight) was belonging to age group (0+) with individuals less than 67.4 cm 

carapace width. Age group (I+) represented by about 60.6 % of sample individuals (41.4 

% of the sample weight) including crabs from 6.7 to 9.6 cm carapace width. Individuals 

with carapace width ranged from 9.62 to 12.0 cm are categorized in age group (II+) that 

represented by 24.7% of crab number (32.9% of the sample weight). Age group (III+) 

was represented by 7.9% of crab number (21.9% of the sample weight) and was ranged 

from 12.01 to 13.9 cm carapace width. Individuals larger than 13.9 cm carapace width 

(about 0.7 % in number and 2.1% in the sample weight) were belonged to age group 

(IV+). The average weights of age group (0+), group (I+), group (II+), group (III+) and 

group (IV+) were 18.1, 43.3, 84.3, 175.4 and 198.1g respectively (Table, 2). The growth 

parameters were estimated; Sympathetic carapace width (CW∞) = 21.19 cm, growth 

coefficient (K) = 0.414 year
-1

 and age at zero size (to)= -0.998 year. 
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Table 2:  Blue swimmer crab, P. pelagicus, age groups, carapace width, number, 

frequency %, average weight, total weight percentage in the Red Sea during the period of 

study. 

Age-gp CW (mm) Fish No. 
Frequency 

% 
Av. wt (g) T.Wt % 

0 < 67.4 73 6.1% 18.13 1.8% 

I 67.4 721 60.6% 43.30 41.4% 

II 96.2 294 24.7% 84.30 32.9% 

III 120.1 94 7.9% 175.39 21.9% 

IV 139.0 8 0.7% 198.13 2.1% 

Total 1190 100.0% 75405 100.0% 

5- Population structure: 

Population parameters of blue swimmer crab in the Red Sea were determined using 

random sample of 1190 specimens with 5.25, 14.1 and 9.3 cm minimum, maximum and 

average of carapace width respectively. Carapace width at first capture (CWc) was 

estimated from the catch cumulated carve as 8.7 cm. The total mortality (Z) was 

estimated from length converted catch curve (Fig., 6) based in age as 2.929 year
-1

. The 

nature mortality (M) was estimated from Pauly (1995) equation using the growth 

parameters (CW∞ and K) and average water temperature (T= 23.16 C
ᴼ
) as 0.1.011. The 

fishing mortality (F) calculated to be 1.918 year
-1

 and the exploitation ratio (E) was 0.655 

(over-exploited). Blue swimmer crab catch in the Red Sea was 300 MT during the period 

of study and the stock [P (stock)= C (catch)/E (exploitation rate), Richer (1975)] is 

estimated to be about 103.5 MT. 

6- Virtual population analysis (VPA) 

Data of the carapace width frequency distribution with estimated values of carapace 

width-weight, growth parameters and mortalities rates were used to estimate the virtual 

population analysis (VPA).  The analysis showed that the high fishing mortality ranges 

from 9.0 cm to 11 cm carapace width (Fig., 8). VPA is great tool for the stock assessment 

where it estimates the standing stock (in numbers) and fishing mortality by length classes. 

Probability of capture was applied in FiSAT II program using carapace width structure. 

In general, the population number and natural crab losses are increased as their size get 

larger. Values of CW25, CW50 and CW75 were estimated to be 7.44, 8.22 and 9.05 cm 

respectively, as shown in Figure (6).  
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Fig. 6: Catch cumulative curve for determination of CW at first capture (left) and length 

converted catch curve (right) for estimation of the total mortality of P. pelagicus in the 

Red Sea during the period of study. 

 
Fig. 7:  Virtual population analysis based on carapace width class (left) and probability of 

capture at different levels of P. pelajecus from Red Sea during the period of study. 

 

DISCUSSION 

 

Morphometric analysis is a valuable supplement to genetic and environmental 

stock identification in population research (Cadrin, 2000), and the relationship between 

length and the weight allow the conversion of growth-in-length equations to growth-in-

weight equations for use in a stock assessment model (Moutopolos & Stergiou, 2002). 

Information about individual body weight-length/width relationships in populations is 

important for estimating the population size, specifically for the purpose of its 

exploitation. For evaluating crustacean populations, the width or length-weight 

relationships are regarded as more suitable (Atar & Sector, 2003; Gorce et al., 2006; 

Sangun et al., 2009). The interrelationships between various morphometric characters, 

such as carapace width with carapace length, body weight, frontal marginal length, and 

caudal length were analysed in the present study. High correlation coefficient (R
2
 ranged 

from 0.846 to 0.974) were recorded for all relationship regressions. The value of 

exponent ‘b’ was found to be 3.13, 3.01 and 3.10 in carapace width-weight relationship 

of male, female and combined sexes, respectively. They were slightly positive allometric 

growth and males are heavier than females at a given carapace width against weight. The 
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relationships between carapace width and body weight is used as indicators of condition, 

biomass calculation and comparison between populations (Lagler, 1968; Binohlan & 

Pauly 2000). Comparing to others studies from different locations, b-values in the 

present study is falling in the range e.g. in India (Dineshbabu, 2008), in Egypt 

(Mehanna and Al-Aiatt, 2011; El-Far et al., 2018; Abdel Razek et al., 2019), in Iran 

(Safaie et al., 2013), in Indonesia (Hamid and Wardialno, 2015) and in Pakistan 

(Afzaal et al., 2016). 

The carapace width frequency distribution data were used to determine the VBGF 

growth parameters (CW∞ and K). The current study results (CW∞= 21.19 cm and K= 

0.414 year
-1

) were compared to previous studies from different areas (Table, 3). The 

difference between these values were may be because of different factors affecting the 

growth parameters because of methods by which crabs were caught in those localities, in 

addition to ecological and environmental factors affect the growth rate. The growth rate 

also differs from stock to stock (Adam, 1980; Devaraj, 1981; Sparre et al., 1992). It 

was observed that the growth parameters were correlated with each other which means 

that higher the K values lower the CW∞ values and vice versa (Pauly and Morgan, 1987). 

Value of to (-0.998 year) from the present study was close to values from Indonesia to= -

0.963, (Hamid et al., 2015) and India to= -0.975 (Afzaal et al., 2016). The positive to 

values shows that the juveniles were slow grower while negative to values indicated that 

crab species were fast grower during juvenile stage (Sparre and Venema, 1998; King, 

2007). 

For any fishery, the estimation of growth performance index is important for the 

stock assessment as stated by Pauly & Munro (1984) and Sparre & Venema (1998). In 

the present studiesy Ǿ = 2.0 shows that the environmental conditions of the Red Sea 

waters were suitable for the growth of BSC. Growth performance values may be different 

because of the ecological and geological conditions as well as input values of growth 

parameters (Deveraj, 1981).  

Fish natural mortality is caused by many reasons such as parasites and diseases 

(Landau, 1979), aging factor (King, 1991), predation by large animals (Otobo, 1993) 

and environmental factors (Chapman and Van Well, 1978). In the present study, the 

total mortality rate of BSC was estimated using length-converted catch curve based on 

values of VBGF growth parameters. The total, natural and fishing mortality of blue 

swimming crab were estimated at 2.929, 1.285 and 1.644 year-1, respectively. The 

mortality rates of the BSCs from different area showed that overall values are closer or 

higher than that of the present study. Nearby values were estimated by ( Kamrani et al., 

2010), (Sunarto, 2012), (Ihsan et al., 2014), and (Hamid & Wardiatno, 2015c). On the 

other hand, higher values were reported by ( Dineshbabu et al., 2008), ( Kunsook, 

2011), (Kembaren et al., 2012), (Ernawati, 2013), and (Mehanna et al., 2013). The 

BSC resources are overexploited by trammel net in the Red Sea (E = 0.65) as in most of 

the previous studies in many areas. According to the Patterson (1992), exploitation rate 
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should not be greater than 0.4 for the sustainability of the resource. The carapace width at 

first capture (CWc =8.7 cm) and the VPA indicated that the catch went to the small length 

which smaller than the reported (CWm > 9.0 cm) length at first sexual maturity (Mesa et 

al., 2018; Abdel Razek et al., 2019). 

Table (3): Comparison of Growth parameter (CW∞ and K) with some of the 

previous studies in different locations 

Author Sex CW∞ K Location 

Sukumaran (1995) 
Male 21.1 1.14 Karnataka coast, 

India Female 20.4 0.95 

Sumpton et al., (2003) 
Male 17.5 1.62 Queensland, 

Australia Female 17.7 1.61 

Josileen and Menon (2007) 
Male 22.3 0.95 Mandapam coast, 

India Female 19.51 1 

Sawusdee and Songrak, 

(2009) 

Male 17.9 1.5 Trang coast, 

Thailand Female 17.1 1.6 

Mehanna and Al-Aiatt, 

(2011) 
Both 8.38 2.04 

Bardawil Lagoon, 

Egypt 

Mehanna et al., (2013) Male 10.84 1.68 
Oman coastal 

water 

Safiie et al., (2013) 
Male 19.1 1.7 Coastal water, 

Persian Gulf Female 18.5 1.6 

lhsan et al., (2014) 
Male 17.38 1.2 Pangkep Regency, 

Indonesia Female 18.63 1.5 

Hamid and Wardiatno, (2015) 
Male 15.2 0.93 Lasongko Bay, 

Indonesia Female 17.3 0.68 

Afzaal et al., (2016) Both 17.85 1.7 
Northern Arabian 

Sea, Pakistan 

El-Far et al., (2018) Both 18.3 0.27 
Mediterranean 

coast, Egypt 

Present Study Both 21.19 0.414 
Hurghada region, 

Egypt 

 

CONCLUSION 

 

Length frequency data used in the present study gives valuable information about growth, 

mortality and life history parameters of blue swimmer crab, P. pelajecus. In the light of 

above results, the BSC fishery was overexploited by the trammel net in the Red Sea water 

during present study. Regarding to the present study, we may suggest that the fishery 

managers should take some serious steps to save this commercially important crab 
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species in Red Sea waters for future and should maintain the stock of crab fishery so that 

shareholders can get more benefit from the stock. Some measures could be considering 

e.g. minimum landing size (greater than 9.0 cm carapace width) and control the fishing 

effort. 
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