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ABSTRACT

The growth, mortality and yield per recruit of the blue swimming crab Portunus pelagicus were examined from southern
Arabian Gulf off the United Arab Emirates between January and December 2021. The FiSAT II software was used
to perform the estimate of growth, mortality and exploitation rate. In the present study, asymptotic carapace width
CW_ and growth coefficient K for males were estimated at 17.01 cm, 0.31y"! and for females were 18.27 cm and
0.52y". The growth performance index was calculated at 1.95 and 2.24 for males and females. The overall ratio of
males to females was obtained at 1.0: 0.91. Annual instantaneous total mortality (Z) by length converted catch curve
was estimated at 0.76, 1.51 and 1.53y! for males, females and combined sexes respectively. The mean rate of natural
mortality (M) was evaluated at 0.54 y! for males, 0.76y"! for females and 0.70y"! for combined sexes. The carapace
width at first capture was estimated for males and females at 10.66 and 11.26 cm respectively. The fishing mortality
rate for combined sexes (F=0.83y") was higher than the precautionary target (F_ =0.35y" and limit F,_ =0.47y". The
carapace width at first sexual maturity for females was estimated at 10.92 cm and was lower than the length at first
capture. The recruitment pattern of P. pelagicus was continuous throughout the year with peak in June (14.77%). The

exploitation rate (E) was calculated at 0.54 and show slightly fishing pressure on the stock.
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INTRODUCTION

Crabs belong to a group of animals knows as decapods crustaceans.
Most of the marine crabs occurring along the Gulf coast belong to
the family Portunidae [1]. Blue swimming crab, Portunus pelagicus
(Linnaeus) is a tropical species belonging to family Portunidae
and it is occurring in tropical and temperate coastal and estuarine
waters throughout the Indo-West Pacific from Africa to India and
extended from Southeast Asia to Australia [2-4]. It can be found in
different water depths across many countries in Asia, Australia and
Africa [5]. The blue swimming crab is a large commercially valuable
crab found within tropical and subtropical regions [6]. The crabs
are harvested using traps, beach seine and bottom-set gillnets [7-
9]. Over 80 species are encountered under the genus Portunus
worldwide [10]. The abundance of Portunidae may be differs from
one area to another according to the life history of each species which
can be vary extremely with various environmental condition [11].
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 [12].
Although the blue swimming crab fishery has a great economic
importance in the area, very few studies of this species are available

[1,13,14]. The current situation of the fisheries of the United Arab
Emirates declared that, P.pelagicus has minor components of the
demersal species and represents 1.1% of the commercial species
caught by traps [15]. Despite the economic significance and the
rational exploitation of the crab resources in the United Arab
Emirates, the demographic structure of the species remains poorly
understood and it necessary to conduct a detailed study on the
fishery, growth and stock parameters to understand the impact
of these on the stock. Hence, the goal of this study is to estimate
the growth, mortality and exploitation rate of blue swimming crab
from southern Arabian Gulf off the United Arab Emirates which
may be salutary in the management of this species in the area.

MATERIALS AND METHODS

Data collection

Data on carapace width-frequency distribution were collected on
monthly basis from four landing sites as representative samples
of the Emirates coastal area between January and December 2021

(Figure 1). The Carapace Width (CW) was measured from the
tip of the left dorsal spine to the tip of the right one and were
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measured in cm. Sexes were separated and the length frequency
data were pooled into groups with 3.0 mm length intervals.

Figure 1: Map showing the sampling sites.

Growth parameters

The population dynamics of P. pelagicus was carried out by using
FiSAT II computer program for fish stock assessment [16]. The
von Bertalanffy growth function were used to estimate growth
parameters by fitting the length frequency distribution as the
formula,

CW = CW_ (l-exp (k (t)))

where CW is the carapace width in cm, CW_ is the carapace
asymptotic width in cm, K is the growth coefficient (year), t_is the
theoretical age in years at which length of the fish equal to zero
(usually negative) as estimated by the Pauly’s equation [17].

Log (-t )=-0.3922-0.2752 log (L) -1.0388 log (K).
The growth performance index (©) was calculated as:
o=log, K+2log , CW_[18].

) was estimated as:

max

The maximum age (t

t = 3/k+t [19]

max

The size that generates optimum yield per recruit (Lopt) was
estimated by the empirical equation of Beverton [20]. Carapace
width at first maturity was calculated by plotting the logistic curve
and the homogeneity of the sex ratio over the years was tested using
¥ test [21,22].

Mortality and exploitation

The annual instantaneous rate of total mortality (Z) was estimated
by length-converted catch curve [19]. The carapace width at first
capture was estimated by plotting the cumulative probability of
capture against mid-length of class interval; CW_ was taken as
corresponding to the cumulative probability at 50%.

Mean natural mortality coefficient (M) was calculated by three

different methods [23-25].

M= 3 x K/ {exp x (t_* 0.38 x K)-1}, M= (1.521/tmass)*">0.155)
and Ln (M) =1.44 - 0.984 x In (t_ )
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Where, t__is the age of the oldest fish and tmass is the age of
massive maturation.

The Fishing mortality (F) was calculated by the equation, F= ZM
and the exploitation ratio (E) was calculated from E= F/Z. This
method was used to determine the recruitment pattern in FiSAT
[26]. Resource status was evaluated by comparing estimates of the
fishing mortality rate with target (an[) and limit (F_ ) biological
reference points which were defined as: anf 05xMand F,_ =

limit
2/3M [27].
Per-recruit analysis

The Beverton and Holt Yield per recruit were used to estimate YPR
model [28]. The biomass per recruit was analysing by the equation
[29]. Relative yield per recruit and relative biomass per recruit were
estimated according to Beverton and Holt length based method as

modified by Pauly and Soriano [30, 31].

The computed exploitation rate was compared with the expected
value of E__ (the exploitation level which will result in a reduction
of the unexploited biomass by 50%) and EO.1 (the value of
exploitation rate at which marginal increase in Y/R is 10% of its

value [29, 32].

RESULTS

Length frequency distribution

Table 1 shows the length frequency distribution parameters of the
blue swimming crab, P. pelagicus in the coastal area of the United

Arab Emirates off the Arabian Gulf.
Sex ratio

The ratio of males to females during a year of the study was obtained
as 1.0: 0.91. In the present study, male crabs were captured more
frequently than female in all months except in July and August. The
variations of sex ratio revealed that, the ratio of males and females is
tended to be 1.0: 1.0 in (January, June and December). Chi-square
test (%) shows, critical value P is greater than 0.05, so we believe the
variables are independent. Studies on the percentage of occurrence
of females of advanced ovarian maturity revealed that occurrence
of late maturing and matured females were high during February,
March and April every year, confirming that peak spawning occurs
during these months. The Size at maturity of females was estimated
at 10.92 cm and the corresponding age was 1.57 year.

Growth parameters

The ELEFAN method was used to estimate the growth parameters
of Ppelagicus (Figure 2). The von Bertalanffy growth equation of
blue swimming crab was L =17.01(1-e®1*%%) for males; L =18.27(1-
e109) for females and L =18.27(1-%4%4)) for combined sexes.
The optimum length of exploitation L estimated was 12.0 cm for
the pooled data. The growth performance index (0) of male was
1.95 and that in females was 2.24. Males P.pelagicus attained their
maximum size (K=0.31 per year) and had a long life span of 9.08
years, while females attained their maximum size (K=0.52 per year)
and had life span of 5.42 years. Growth curve was derived for male,
female and pooled data of P. pelagicus (Figure 3).

The value of L /L_ calculated was 0.66. There was a general



Farrag E, et al. OPEN aACCESS Freely available online

Table 1: Length frequency distribution parameters of P. pelagicus.

Sex No CW range (cm) Mean (cm) Dominant length group
Male 705 8.7-16.2 12.08 11.4 (7.23%)
Female 643 9.0-17.4 12.52 11.7 (6.84%)
Combined 1348 8.7-17.4 12.29 11.4 (6.68%)
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Figure 2: Von Bertalanffy growth curve of males. a) and females. b) P. pelagicus
fitted by ELEFAN technique.
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Figure 3: The von Bertalanffy growth function fitted to size-at-age relationship
for P. pelagicus in the Arabian Gulf. Note: ( =——=—) represents Male, ( === «me===)
represents Female, (= @ =) represents combined.
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decrease in the growth rate as the age of fish increased. The fish
attained lengths of 8.72 cm, 12.24 cm and 14.46 cm at the first,
second and third years of life respectively. The M/K value for male
and female was 1.76 and 1.46.

Mortality and exploitation

The annual instantaneous rate of the total mortality coefficient
(Z) was estimated from the length of converted catch curve at 0.76
and 1.51 year! for males and females respectively (Figures 4 and 5).
The mean value of natural mortality (M) of males was 0.54 y! and
that of females was 0.76 y'. The fishing mortality rate (F) of males
and females was 0.22 and 0.75 y'. The optimum fishing mortality
for combined sexes lower than the current level and estimated at
0.35 y'. The exploitation ratio was obtained at 0.54 for pooled
sexes which seemed to be slightly higher than the optimum level of
exploitation (E=0.50).

Length converted catch curve
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Figure 4: Length converted catch curve of male’s P. pelagicus.
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Figure 5: Length converted catch curve of females P.pelagicus.

Carabace width at first capture

The mean length of first capture of P. pelagicus was estimated as
10.66 and 11.26 of males and females respectively (Figures 6 and
7). The corresponding age at first capture of males was 2.58 years
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and that in females was 1.49 years. For the data pooled from both
sexes, the length at first capture was estimated at 11.15 cm. The
value of L /L _=0.61
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Figure 6: Carapace width at first capture of males P.pelagicus.
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Figure 7: Carapace width at first capture of female’s P. pelagicus.

Recruitment pattern

The recruitment pattern of P pelagicus from the coastal area of
the United Arab Emirates in the Arabian Gulf with two main
recruitment peaks. The major peak of recruitment occurred in
June with recruitment strength of 14.77%. The length at first
recruitment Lr was 8.7 cm and the corresponding age at first
recruitment was one year.

Yield per recruit and biomass per recruit

The Y/R and B/R analysis showed that, at the current level of
Fishing mortality (F=0.83 year'), The Y/R was 39.72 g and biomass
per recruit was 34.42 g (Figure 8). By increasing the fishing morality
to the maximum (F=6.0 year!), the Y/R will increase to 47.64 g
(19.94%) and the biomass per recruit B/R will decrease to 5.71 g
(83.41%).
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Figure 8: Yield per recruit and biomass per recruit of P. pelagicus.
Note: (— =) represents YPR, (#) represents BPR.

Relative yield per recruit (Y/R) and biomass per recruit

(B/R)

From Figure 9, the Beverton and Holt relative yield per recruit
model showed that the indices for sustainable yield were 0.40 for
optimum sustainable yield (E .). The current exploitation ratio

E (0.54) was higher than E__ and lower than E__(0.89).
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Figure 9: Yield per recruit and biomass per recruit of P. pelagicus.

DISCUSSION

Length based stock assessment data were used to determine the
VBGF (CW_, and K). These values did not show much difference
when compared by other authors. The current study results
(CW_=18.27 cm and K=0.46 year') were compared to previous
studies from different areas (Table 2). 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 [6]. In the present study, the value of t (-0.41y")
was higher than the value obtained from [6, 14, 33]. Indonesia t =
0.963; India t =0.975 and Egypt=-0.998y". The negative t_values
indicate the crab species were fast grower during juvenile stage (7, 34].
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For any fishery, the estimation of growth performance index is
important for the stock assessment [18, 34]. In the present study,
the growth performance was calculated at 2.19 and shows that the
environmental conditions of the Gulf waters were suitable for the
growth of the blue swimming crab. Growth performance values may
be different because of the ecological and geological conditions as
well as input values of growth parameters [35].

Table 2: Comparison of growth parameter (CW_ and K) with some of the
previous studies in different locations.

Location Sex CW_, (cm) (;(_1) Source
o wlwater Ml 1084  1eg Mehannaetal,
man coastal water ale . . 2013 [13]
Coastal water, Mal 19.1 1.7 Safiie et al., 2013
Persian Gulf e 18.5 1.6 36]

Kung Krabean Bay, Male 14.3 2.75  Kunsook et al.,
Thailand female 16.7 1.13 2014 [37]
Pancken. Ind . Male 17.4 1.2 Thsanetal., 2014

angiep, IGONEI  pomale 18.6 15 38]
Lasongko Bay, Male 15.2 0.93 WHjmtid anZ%lS
Indonesia Female 17.3 0.68 ar IT;;(])’
Northern Arabian . Afzaal et al., 2016
Sea, Pakistan Combined  17.85 1.7 (14]

Mediterranean coast

, . El-Far et al., 2018
Egypt Combined 18.3 0.27 (39]

Jakarta Bay,

Combined  15.7 117  Panggabean et

Indonesia al., 2018 [40]
Kwandang waters, Male 17.4 111 Tirtgdanu fmd
Indonesia Female 18 1.24 Unmi Chorijah,
’ 2019 [41]
South Kalimantan, . Suman et al.,
Indonesia Combined 20.4 1.1 2020 [42)
. El-Kashif et al.,
Red Sea, Egypt  Combined ~ 21.19 0.41 2021 (6]
Present study Combined  18.27 0.46

For management purposes, age and length at first maturity is
important because exploitation has to let some stocks, which are
at the same or bigger size when they reach maturity, still live [43].
The length at first maturity L  of female blue swimming crab was
10.92 cm was smaller than the results from Indonesia [33,44]. On
the other hand, the current size at maturity was higher than those
results estimated from different localities [40,45,46]. The spawning
season of P. pelagicus extended from February to April and there are
also some indications that there may be another breeding during
the month of October. Nikolsky stated that L_ value is affected by
some ecological factors, such as temperature, the depth and type of
habitat, food availability and light [47]. The difference in L value
for each fish is caused by the different size of samples collected,
the maximum and minimum length, and frequency of fish that
are gonad mature [48]. Further analysis showed that the carapace
width at first capture 11.15 cm was higher than the length at
maturity. This condition is not recommended in terms of fisheries
management. It was recommended that L value was larger than L_
value. It was stated that the carapace width at first capture was 12.7
cm from Tanah Laut, Indonesia.
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Table 3: Population parameters of the blue swimming crab from different

areas.
Mortality (year™)
Area Sex ——————— Ey Source
7 M F
Thailand M 8.15 2.07 4.53 0.56 Kunsook, 2011
afand F 6.95 153 4.88 0.7 (49]

Oman Coastal Mehanna et al.,

Combined 79 32 47 059

Waters 2013 [13]
Pangkep
Reo South M 2.53 144 1.09 043 Ihsan et al.,
eeency sou F 322 127 195 0.6 2014 [38]
Sulawesi
brongloba 08 109 11 061 e
Sulawesi F 295 0.86 2.09 0.71 2015 [33]
Arabian Sea . Afzaal et al.,
Pakistani Waters Combined 4.6 1.68 292 0.63 2016 [14]

Tanah Laut, . Suman et al.,
Indonesia Combined 3.04 124 18 0.59 2020 42
. El-Kashif et al.,
Red Sea, Egypt Combined 2.93 1.01 192 0.66 2021 (6]

Present study Combined 1.53 0.7 0.83 0.54

The total, natural and fishing mortality of blue swimming crab
were estimated at 1.53, 0.70 and 0.83 year?!, respectively. Table 3
shows the variation of the mortality rates of P. pelagicus and shows
the current value is closer or higher than that of the different areas.
The differences in the value of mortality rates in several waters
were caused by the different levels of effort number, predator, and
environment condition [50]. The natural mortality coefficient M
value in several waters appeared to be smaller than the F value,
and this suggests that most of the blue swimming crab died due
to capture. It was stated that, the overfishing occurred if the value
of E is more than 0.5 and the stock will be endangered, thus the
effort will decrease to sustain the stock. In the present study the
exploitation rate estimated at 0.54 y! [50].

The vyield per recruit of P. pelagicus increased rapidly as fishing
mortality increased and reach to maximum value (MYP/R=47.64
@) at the fishing mortality of F=6.0y'. At the present value of
fishing mortality (F=0.83y"), age at first capture (Tc=1.64y") and
natural mortality (M=0.70y?!), the current YPR was estimated to
be 39.72 g, only 17.0% less than the maximum yield per recruit.
By increasing the fishing morality to the maximum (F=6.0y"), the
Y/R will increase to 47.64 ¢ and the biomass per recruit B/R will
decrease to 5.71 g.

CONCLUSION

In the present study, the growth parameters of P. pelagicus were
studied and indicate females has shorter longevity and fast growth
rate than males. The mortality parameters from this study indicate
the highest fishing pressure was observed. The current fishing
mortality rate (F=0.83y") was by far in excess of the precautionary
target (FDW=O.35y‘1 and limit F, =0.47y"). The size at first maturity
L of female blue swimming crab was 10.92 cm was than the size
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at first capture.
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