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Abstract. Ernawati T, Sumiono B, Madduppa H. 2017. Reproductive ecology, spawning potential, and breeding season of blue 
swimming crab (Portunidae: Portunus pelagicus) in Java Sea, Indonesia. Biodiversitas 18: 1705-1713. The blue swimming crab 
(Portunidae: Portunus pelagicus) is one of the most economically important fisheries species in Indonesia. Little is known about their 
reproductive ecology and key biological characteristics. This study aimed to investigate population biology and reproductive ecology 
(Carapace’s width to weight relationship, growth, natural mortality, size at first maturity and at first captured, Spawning Potential Ratio 
(SPR), and breeding season) of P. pelagicus at six important landing sites around the Java Sea (Jakarta, Cirebon, Demak, Rembang, 
Sumenep, and Sampit) from January 2014 to January 2015. Monthly data were collected by fishers at each landing sites, with a total of 
14,408 individuals being measured. The study found that males were heavier than females and the smallest mean of individuals’ height 
belonged to Jakarta compared to other locations. The growth parameters varied at the different locations. Crabs could grow up to 100 
mm in 10 months with the maximum age being less than three years. The growth rate (K) of more than 1 indicated a fast-growing 
crustacean with a short lifespan. The lowest carapace width at first capture (Lc) for the BSC was obtained from crabs caught using a 
bottom gillnet landed in Jakarta, followed by dredged crabs in Cirebon. The mean carapace width at first maturity (Lm) in the Java Sea 
was 10.6 cm, with the lowest Lm of female crabs being landed in Cirebon and the highest in Sampit. The Spawning Potential Ratio 
(SPR) ranged from 11% to 24% and the selectivity curve for the BSC fishery at each landing sites is positioned well to the right of the 
generic maturity curve, except in Demak, suggests that the operation enables almost all crabs to mature and spawn before entering the 
fishery. The collapsible trap was the most selective gear, with an average catch of 112 mm across at all landing sites, and the least 
selective was in trawls. Therefore consideration needs to be given to the different gear types used to catch crabs to leave smaller crabs in 
the water longer to grow to maturity. Considering its fast growth and peak season (February-April and August-October), a short-period 
is recommended at some sites that have been over-exploited to rebuild a broodstock to support the long-term sustainability of this 
species.  
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INTRODUCTION 

The blue swimming crab (BSC; Portunus pelagicus, 
locally called as Rajungan) is one of the most economically 
important fishery species in Indonesia, after tuna and 
shrimp (Fauzi, 2013). BSC is found across the Indo-
Pacific, the Indian Ocean to the west and eastern Pacific 
Ocean (Ng, 1998), and in Indonesia, it is widely distributed 
including the east coast of Sumatra, northern coast of Java, 
south and east Kalimantan, Southeastern of Sulawesi and 
south-west of Papua (Sumiono, 1997). The annual BSC 
catch in Indonesia has fluctuated between 1970-2014. 
Catch levels increased between 1970 and 2004, but then, 
they declined in 2004-2005, before they increased again in 
the following years. In 2008, the estimated crab production 
reached 34,000 tons, which was approximately 20 % of 
global production, second only to production in China 
(FAO 2011 in Chu et al. 2012). Crabs contributed 44% of 

the total national production (42,000 tons), and 18,500 tons 
of them came from the Java Sea (MMAF 2012).  

Determining life histories of harvested species are 
important to ensure the sustainability of the species in the 
wild. Sustainable management requires information on the 
size and age at maturity, size distribution patterns, age-
specific reproductive investment and spawning time 
(Stearns 1989, Sukumaran and Neelakantan 1996, 1997, 
Hamid et al. 2016, La Sara et al. 2016)). It is also important 
to understand the characteristics of the fishery including 
information on harvest strategy (Campbell and Eagles 
1983, Addison and Bennett 1992), and harvesting rules 
(Gerhart and Bert 2008). Earlier studies have shown 
intraspecific, and interspecific variation in the reproductive 
biology characteristics of P. pelagicus explained by, area-
specific and regional differences; e.g. in Malaysia 
(Ikhwanuddin et al. 2009, Ikhwanuddin et al. 2012), in 
India waters (Sahoo et al. 2011), and in Philippines (Ingles 
and Bkaum 1989). Brachyuran crabs are categorized as 
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iteroparous species, which have considerable variation in 
reproduction patterns (Hines 1982, Hines 1989). The 
reproductive periodicity of P. pelagicus follows a 
continuous pattern in tropical and subtropical regions 
(Batoy et al. 1987, Sumpton et al. 1994). The reproduction 
periodicity may be subdivided into three categories 
(Pinheiro and Fransozo 2002): (i) seasonal reproduction, 
either the presence of the females with mature gonad or the 
presence of ovigerous females begin during certain months 
or seasons; (ii) continuous, when ovigerous females occur 
across all months of the year; and (iii) seasonal-continuous, 
the presence of ovigerous females in all months of the year, 
but with distinguishable peak in abundance of gravid 
females in some months or seasons.  

Since 2015, the National Commission for Stock 
Assesment under Ministry of Marine Affairs and Fisheries 
has included The Spawning Potential Ratio (SPR) as one of 
a method to measure the stock and health of the fishery. 
The SPR is the ratio of an average crab's lifetime 
reproductive potential under fishing, and the reproductive 
potential it would have in the absence of fishing. It 
measures the proportional reduction in reproductive 
potential caused by fishing. It is a function of fishing 
pressure (F), and the productivity of a particular species 
(M) and so is effectively proportional to F/M (Hordyk et al. 
2015b). The SPR is an index of the relative rate of 
reproduction in an exploited stock. The basic concept of 
SPR is a proportion of the un-fished reproductive potential 
left by fishing pressure. Un-fished stock and individuals in 
an un-fished stock have an SPR of 100% (SPR100%), and 
fishing mortality decreases SPR100% from the unfished level 
to SPRX% (Prince et al. 2015).  

Fishing activities in BSC fisheries carried out in a 
relatively short time on each trip by small-scale fishers, and 
they have one-day fishing as seen in Southeast Sulawesi 
(Madduppa et al. 2016). The common fishing gears used to 
catch BSC in Indonesia are bottom trawl (locally: “arad”), 

bottom gill net (locally: “kejer”) and collapsible traps 
(locally: ”Bubu”), which have listed as national fishing 
gears (DJCF, 2012). According to Nomura (1974) and 
Sumiono and Widodo (2006), the effectiveness of different 
fishing gears are different based on the gear design, 
materials and the method in which the gear is used. 

Despite the importance of BSC in Indonesia, there is a 
poor understanding of its population dynamics, especially 
in the Java Sea, which is one of the most important fishing 
grounds in Indonesia and has the most fishermen. The aim 
of this study was to investigate the population biology 
(including the carapace width to weight relationship, size at 
first maturity and when first captured, and breeding season) 
and the spawning potential ratio of P. pelagicus in Java Sea 
at six selected important landing sites (Jakarta, Cirebon, 
Demak, Rembang, Sumenep and Sampit). We discuss the 
results of our study in the context of BSC fisheries 
management and conservation.  

MATERIALS AND METHODS 

Data collection 
The study was conducted at six selected sites around the 

Java Sea (i.e., Jakarta, Cirebon, Demak, Rembang, 
Sumenep, and Sampit) from January 2014 to January 2015. 
Regular monthly sampling was undertaken at each site 
(Figure 1). A total of 14,408 individual crabs were 
collected across the landing sites during the study period 
(Table 1). Biological variables measured included: 
carapace width (mm), individual weight (g) and sex. The 
gonadal maturity stages were identified based on Sumpton 
et al. (1994). Catch, and effort-data were collected from 
fishermen or middlemen, including catch composition, 
catch per trip (kg), a number of trips and fishing gear used. 

 
 
 
 
 

 
 

  
Figure 1. The location of BSC sampling sites in the Java Sea  
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Table 1. Number of Portunus pelagicus samples based on sex 
(male and female) at each landing site during the sampling period.  
 

Site Period Male Female 
Cirebon July-Dec 2014 1,333 718 
Demak Jan-Dec 2014 1,536 1,433 
Rembang Jan-Dec 2014 1,679 1,995 
Sumenep Jan-Dec 2014 2,360 2,156 
Sampit March-May 2014 302 253 
Jakarta Dec 2014-Jan 2015 315 311 
Total  7,525 6,866 

 

Data analysis  
Carapace width to weight relationship  

The carapace width to weight relationship was fitted 
using power regression for male and female BSC 
separately as follows: W = a*CWb, where CW is the 
carapace width, a is the initial growth coefficient, and b is 
slope or growth coefficient (Ricker 1973). The relationship 
between carapace width to individual weight of males and 
females was tested using a t-test, to test whether isometric 
or allometric.  

Growth 
The growth parameters of BSC were determined by fitting 
the von Bertalanffy growth function CWt = CW∞ * (1-e-k (t-

to)) to the length frequency data using ELEFAN 1 
incorporated in FiSAT II (Gayanilo et al., 2005), where 
CWt is the carapace width at the time t ;CW∞ is the 
asymptotic carapace width; k is the growth coefficient; to is 
the theoretical carapace width at age 0. Maximum age (tmax) 
was calculated using empirical equation from Pauly (1980), 
tmax ≈ 3/k, where k is the growth coefficient. 
 
Natural Mortality 
The natural mortality was estimated by the formula of 
Pauly (1980). Pauly mentioned there was water 
temperature influenced to natural mortality rate, as follows: 
Log M =-0,0066-0,279 log CW∞ + 0,6543 log k + 0,4634 
log T, where M is natural mortality, CW∞ is the asymptotic 
carapace width; k is the growth coefficient, T is mean of 
waters temperature. 

Size at first maturity and at first captured 
Size at first maturity (CWm) was estimated by fitting a 

logistic curve to the relationship between the proportion of 
mature females in each size class, using the following 
formula P = 1/ (1+exp (-r (CW-CWm)), where P is the 
proportion of mature females BSC and r is a constant (King 
1995). Determination of female crab gonads based on 
Sumpton et al. (1994), as follows: stage 1, no macroscopic 
mark of gonad; stage 2 immature of gonad, white or 
transparent, diameter of oocytes up to 0.14 mm; stage 3, 
maturing of gonad, light orange, not spreading into hepatic 
region, oocyte diameter 0.15-0.21 mm; stage 4, mature of 
gonad, bright orange, spreading into hepatic region, 
diameter of oocyte 0.22-0.40 mm. 

Calculating the average size of crabs when first 
captured (CW50) or CWc in the same gear as the trap trawl 
selectivity approach is to use the escape gap logistic 

function. The formula used is as follows: r (CW) = exp 
(a+bCW)/1+exp (a+bCW), where r (CW) is the opportunity 
for crabs of certain size to be retained, CW is carapace 
width of crabs that are captured, a and b are selectivity 
curve parameters (a<0 and b>0), so the carapace width 
where 50% retained, CW50 or CWc will be: CW50 =-a/b. 

Spawning Potential Ratio (SPR) 
An assessment of SPR was performed using the 

assessment software developed by Dr. Adrian Hordyk, 
Murdoch University (Hordyk et al. 2015), with the web-
based interface. The SPR Reference Points used are as 
follows: (i) SPR 20%: Biological Limit Reference Point 
below which reproductive potential should be maintained 
before recruitment is impaired (Bunnel and Miller 2005b) 
and (ii) SPR 40%as the Biological Target Reference Point 
for ensuring sustainability (Hordyk et al. 2015b). 
Calculating SPR was needed some parameters life history 
by the ratios M/k, F/M, and CWm/CW∞ (Hordyk et al. 2015a). 

Breeding season 
The abundance and size of ovigerous crabs in Cirebon, 

Demak, Rembang, and Sumenep was recorded each month. 
Reproductive patterns for a breeding season were 
determined by a monthly distribution of mature female 
gonad and the proportion of ovigerous to the adult females 
(Rasheed and Mustaquim 2010, de Lestang et al. 2003a, 
2003b, 2003c). Analysis of reproductive pattern was also 
completed by gonad condition of an ovigerous female. We 
propose that the spawning female population by estimating 
the relative percentage of adult females and ovigerous in 
each 5-mm CW size class, as well as their ratio as 
performed by Rasheed and Mustaquim (2010) and Zairion 
et al. (2015). Determination of ovigerous stages following 
Sumpton et al. (1994), as follows: stage 1, non-ovigerous; 
stage 2, ovigerous with egg mass paly to dark yellow, no 
eyespots outward in eggs; stage 3, ovigerous with yellow-
grey of egg mass, present of eyespot; stage 4, ovigerous 
with grey egg mass, eyespots and chromatophores 
observable; stage 5, spent. 

RESULTS AND DISCUSSION 

Carapace width to weight relationship and width 
composition, growth, and size at first maturity and at 
first captured 

The males were heavier significantly than that of 
females as shown by a bigger b exponent for males (Table 
2). The values for the exponent (b) in the present study 
(b<3 or b>3) indicated allometric growth. We found that 
the mean carapace width for both male and female in 
Jakarta was the smallest (males: 95.3 ± 10.7 cm, and 
females: 94.5 ± 11.4), and the highest at Sampit for both 
males (134.6 ± 14.7) and females (132.0 ± 14.3), compared 
with all other locations (Table 3). Our study found that 
males were heavier than females and growth were 
allometric. The mean width for male and female BSC in 
Jakarta was the smallest, while the largest carapace widths 
of both males and females were observed at Sampit. 
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Table 2. Carapace width to weight relationship for BSC at different landing sites (significance level, p>0.05 = n.s., p<0.05 = *) 
 

Sex Variable Carapace width-weight relationship (W = aLb) 
Jakarta Cirebon Demak Rembang Sumenep Sampit 

Male 
a 7.00E-05 4.00E-05 8.00E-06 2.00E-05 3.10E-03 2.00E-05 
b 2.995n.s. 3.106* 3.449* 3.280* 2.220* 3.310* 
R2 0.922 0.865 0.963 0.932 0.8303 0.8830 

Female 
a 1.20E-04 6.00E-05 1.80E-05 1.00E-05 3.23E-02 5.00E-05 
b 2.880n.s 3.0234n.s 3.2695*  3.394* 1.7118* 3.0722* 
R2 0.8714 0.8668 0.935  0.947 0.8311 0.81 

All 
a 1.00E-04 4.00E-05 1.00E-05  2.00E-05 1.07E-02 2.00E-05 
b 2.9304n.s 3.102* 3.347*  3.201* 1.953* 3.221* 
R2 0.8955 0.8678 0.9443  0.928 0.8092 0.8512 

 
 
 
 
Table 3. Carapace width size of male and female BSC at each landing sites during study period 
 

Site Male Size (mm) Female Size (mm) 
min max mean±SD min max mean±SD 

Jakarta 73.4 152.0 95.3±10.7 69.1 122 94.5±11.4 
Cirebon 71.1 151.3 111.6±11.6 60.0 152.6 108.1±14.7 
Demak 58.8 168.4 110.4±18.1 40.4 166.1 112.6±18.2 
Rembang 70.4 159.2 115.3±15.5 75.4 165.6 116.4±15.8 
Sumenep 75.6 148.0 116.0±15.6 77.2 143.8 114.9±17.0 
Sampit 87.0 165.0 134.6±14.7 90.0 183 132.0±14.3 
 

 
 
 

 

 
Figures 2. Growth of blue swimming crabs based on monthly carapace width distribution at four landing sites (A. Cirebon, B. Demak, 
C. Rembang, D. Sumenep) in 2014 
 

A B 

C D 
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Table 4. The growth parameters of combine male and female of 
BSC: CW∞ (mm) = Carapace width at infinity, K (per year) = 
growth rate, to = age, tmax (year) = maximum age of BSC at each 
landing site 
 

Site Growth parameters 
L∞ (mm) K (per 

year) 
to tmax (year) 

Cirebon 168.60 1.05 -0.1040 2.86 
Demak 179.35 1.11 -0.1083 2.70 
Rembang 178.80 1.18 -0.1155 2.54 
Sumenep 161.40 1.21 -0.1219 2.48 
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Figure 3. The growth curves for blue swimming crabs at different 
landing sites 
 
 
Table 5. The mean carapace width (mm) at first maturity (CWm) 
and mean carapace width at first capture (CWc) of BSC with 
different fishing gear used at each landing site 
 

Site 

CWm/ 
(mm) 

CWc/ (mm) 

Collapsible 
trap Gill Net 

Mini 
bottom 
trawl 

Dredge 
Net 

Jakarta n/a 100.21 93.64 - - 
Cirebon 99.23 109.01 107.22 108.52 99.38 
Demak 104.89 123.32 101.34 105.43 - 
Rembang 101.06 115.72 108.84 - - 
Sumenep 101.86 114.13 - - - 
Sampit 123.89 - 130.96 - - 
 
 
 

The growth parameters varied between the sampling 
locations. The growth of BSC based on monthly carapace 
width distribution at four landing sites is shown in Figure 
2. The von Bertalanffy growth equation was used to 
determine the maximum age of BSC in each location. The 
infinite carapace width of combine male and female BSC at 
the four landing sites was ranged from 161.4 to 179.3; the 
maximum age was less than three year with fast growth (K 
>1) 1. (Table 4, Figure 3). The condition of gonad has been 
used to estimate of body size at sexual maturity for male 
and female (Castiglioni and Negreiros-Fransozo 2006) or 
allometric changes in growth of the body parts is related to 
functional maturity (Rasheed and Mustaquim 2010) or both 
(de Lestang et al. 2003a, 2003b). 

The infinite carapace width at four landing sites was 
ranged from 161.4 to 179.3, and they can reach size up to 
100mm in 10 months, with maximum age was less than 3 
years and growth rate (K) has indicated a fast growth as 
shown by K value more than 1, showing that BSC in study 
area is a fast-growing crustacean with a short lifespan. This 
dynamic condition of growth parameter seems influenced 
by the differences of environment oceanography and 
exploitation rate. According to Beverton (1963) in Pauly 
(1980) that maximum carapace width (CWmax) is achieved 
approximately 95% of asymptotic carapace width (CW∞).  

The mean carapace width at first maturity (CWm) in the 
Java sea at the sampled landing sites was 10.6 cm (Table 
5), with the lowest CWm of female crabs being landed in 
Cirebon and the highest in Sampit. The carapace width at 
first capture (CWc) of BSC was varied at six landing sites. 
The lowest CWc was obtained from bottom gillnet in 
Jakarta and followed by dredge net in Cirebon (Table 5). 
The highest CWc was observed from Collapsible trap and 
gill net from Demak and Sampit, respectively. The mean 
carapace width at first maturity (CWm) in the Java Sea at 
our study sites was 10.6±1.01 cm carapace width. 
Synchronous physiological and functional maturity was 
found in females when studied by both approaches, but 
some asynchrony was found for some studies of males. 
Therefore, physiological maturity is often used to 
determine the size at sexual maturity of females portunid 
crabs, since there is an actual capacity to release gametes, 
which corresponds to functional maturity (Castiglioni and 
Negreiros-Fransozo 2006). Also, morphometric maturity 
does not always indicate functional maturity (Oh and 
Hartnoll 1999) or may not coincide with physiological 
sexual maturity (Choy 1988). Previous studies on the 
northern coast of Java (Hermanto 2004; Sunarto 2012) and 
in East Lampung (Zairion et al. 2015) have found that the 
mean size at which 50% of females sexually mature 
(Lm50; judged by gonad condition) to be 105, 101 and 103 
mm CW, respectively. Biometric data from ovigerous 
females Portunus pelagicus are not different by the 
embryonic development that characterized by the eggs 
color (Hamid et al. 2015). 

This study found that mean CWc was bigger than CWm 
indicating that the caught crabs had already spawned. The 
lowest CWc for BSC was obtained from bottom gillnet 
caught crabs landed in Jakarta, followed by crabs caught in 
dredge nets in Cirebon. The lowest CWc for BSC was 
obtained from crabs caught by bottom gillnet landed in 
Jakarta, followed by dredge net caught crabs in Cirebon. 
This can be explained by the fishing area for bottom gillnet 
(Jakarta), and dredge net (Cirebon) in both locations are 
around near-shore areas such as estuaries. However, the 
mean Lc was bigger than Lm indicating that crabs caught in 
this study had spawned at least once. This situation must be 
maintained to ensure the long-term sustainability of the 
BSC stocks, especially in the Java Sea. Another factor that 
might influence the maturity size of BSC is fishing 
intensity because it may reduce the density of the species 
(de Lastang et al. 2003a, Dixon and Hooper 2011). Fishing 
area or sampling site (i.e., estuarine versus offshore) may 
also influence the mean size at maturity of female P. 
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pelagicus due to the emigration of mature females from 
estuaries to offshore habitats (de Lastang et al. 2003b, 
2003c; Johnson et al. 2010).  

Breeding season 
The percentage distribution of ovigerous females crab 

in Cirebon, Demak, Rembang, and Sumenep was variable, 
and ovigerous females were recorded throughout the year 
at all sites (Figure 4). The peak spawning season occurred 
in different months at four sampling locations: Cirebon in 
March and August, Demak in March and October, 
Rembang in February and October, and Sumenep in March, 
May, and September. In general, the peak-spawning season 
in those locations had two peaks, between February-April 
and August-October.  

Our analysis of P. pelagicus reproductive patterns was 
supported by supplementary evidence of the occurrence of 
ovigerous females and their ovarian conditions. The peak 
of ovigerous in each month identified the peak-spawning 
season. In this study, the ovigerous females were observed 
through the year, with two peaks, between February-April 
and August-October. The reproduction periodicity in the 
study sites was categorized as seasonal-continuous, due to 
the presence of an ovigerous female in all months of the 
year, but with a distinguishable peak in some months or 
seasons (Pinheiro and Fransozo 2002). In South Australia 
waters that the peak period for ovary maturation and 
spawning starts in October with a peak of ovigerous 
females occurring in November-December (Clarke and 
Ryan, 2004). In tropical regions, Portunus pelagicus breeds 
throughout the year (Batoy et al., 1987). The peak of 
spawning or breeding season varied between locations and 
might relate to different environmental condition prevailing 
in that period, such as changes in temperature, salinity, 
rainfall, food availability, and predators (Pinhero et al. 
2012).  

Spawning Potential Ratio (SPR) 
The life history parameters at each site were calculated 

and used to estimate the status of the BSC population at 
each landing site using the Length Based Spawning 
Potential Ratio (LB SPR) approach (Table 6). The 
estimated spawning potential ratio (SPR) for BSC was 
11%, 15%, and 15% at Cirebon, Demak, and Rembang, 
respectively (Table 7). An SPR below 20% is below the 
Biological Limit Reference Point where reproductive 
potential and recruitment is impaired. While the SPR in 
Madura was 24%, it was below 30% meaning it was still 
below the Biological Target Reference Point target to 
ensure sustainability (Table 8). The length on the selectivity 
of the catch in the Java Sea was 123.5 mm (±1.4mm) and 
158.7 mm (±2.04 mm) between 50% and 95% respectively. 
The output from the maturity and selectivity curves 
calculated by the LB SPR is shown in Figure 5. 
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Figure 4. The monthly percentage of ovigerous females blue 
swimming crabs during 2014 at four landing sites 

 
 
 

Table 6. The life history parameters used to estimate the stock status of the blue swimming crabs fishery in the study sites, using the 
length based spawning potential ratio approach 
 
The life history paramenters Cirebon Demak Rembang Sumenep Java Sea 
Mortality/Growth Ratio (M/K) 1.392  1.393 1.394 1.394 1.393 
Size on Maturity (50%) (L50)   99.23  104.89  101.06  101.86  101.57  
Size on Maturity (95%) (L95)   110  121  118  144  125 
CWm/CW∞ Ratio (CWm/CW∞)  0.588  0.585  0.565  0.628  0.534 
Length Infinity (L∞)  168.6  179.35  178.8  161.4  190 
B (egg production α length)  3 3 3 3  3 
 
 
Table 7. Parameter Estimates (SD) from the Length Based Spawning Potential Ratio assessment of the blue swimming crabs fishery in 
the Java Sea for F/M (Fishing Mortality to Natural Mortality Ratio), SPR (Spawning Potential Ratio), SL50 (Length on 50% Selectivity) 
and SL95 (Length on 95% Selectivity). 
 

Site F/M SPR SL50 SL95 
Cirebon 5.13 (0.765) 0.11 (0.006) 109.7 (2.805) 136.5 (4.314) 
Demak 2.16 (0.135) 0.15 (0.008) 97.4 (1.264) 118.9 (2.419) 
Rembang 3.92 (0.33) 0.15 (0.004) 114.2 (1.74) 141.3 (2.833) 
Sumenep 10.97 (0.56) 0.24 (0.004) 144 (0) 182.7 (0.739) 
Java Sea 5.24 (0.341) 0.15 (0.002) 123.5 (1.445) 158.7 (2.049) 
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Figure 5. Frequency distribution of carapace length classes and 
proportion of different lengths at each site showing selectivity and 
maturity of captured crab at each site (A: Cirebon, B: Demak, C: 
Rembang, D: Madura, and E: Java Sea-Total) 
 
 

The ratio of fishing mortality to natural mortality (F/M) 
was 5.24 (±0.34), with the highest value in Sumenep 
(10.97±0.56) and the lowest in Demak (2.16±0.13). The 
selectivity curves are shown in Figure 5.  

Despite the mean Lm being 10.6 cm, the SPR ranged 
from 11 to 15% in Cirebon, Demak, Rembang, while in 

Madura it was 24%. To assist the recovery of the BSC 
stock in the Java Sea or to increase the SPR to the 20% 
level (the biological sustainability reference point) a 
minimum 12 cm carapace width is needed. Revisiting an 
earlier analysis (see Clark 1991), and after considering 
recruitment variability, Clark (1993) recommended 
SPR40% as maximum sustainable yield (MSY) proxies. 
More recently Clark (2002) expanded his analyses to 
consider lower values of slope (steepness) at the origin of 
the stock-recruitment-relationship, as might be expected for 
long-lived rockfish, but he still recommended a single level 
of SPR that would be sustainable for most fish without 
causing too much reduction in yield and to maintain more 
resilient stocks. He concluded that SPR>40% should meet 
current management needs, but noted that for very low 
productivity species, the appropriate fishing level could be 
F60% or even F70% (Clark 2002). However, the BSC is 
fast growing and has high productivity; the SPR40% could 
be used as target reference point. These analyses could 
become the basis for the SPR Reference Points widely 
recognized under Indonesian fisheries laws.  

Implications for fishery management 
Based on our findings we suggest the following. (i) A 

closed season for the fishery to conserve a brood stock. 
Plotting the number ovigerous or egg-berried females for 
each month would identify when this closed season should 
be implemented. The peak occurrence of ovigerous females 
in the Java Sea happens in September, October, and 
November. This assumes that after a couple of days the 
ovigerous females will hatch their eggs. We proposed that 
the closed season should be between March-May and 
August-September. (ii) We recommend a Minimum 
Landing Size for the P. pelagicus fishery in the Java Sea, 
which should be greater than Lm50 and we proposed 106 
mm CW. This was the size of the mean ratio of ovigerous 
females to adult females, meaning that 21.38% of the 
spawning females in the population would have become 
part of the breeding population. This would be an 
appropriate pre-cautionary approach for maintaining a 
spawning and breeding female population and therefore 
stock productivity. This could be monitored through 
integrated traceability tools (see Madduppa et al. 2016). 
(iii) Concerning fishing gear selectiveness, the collapsible 
trap was the most selective gear, with an average size of 
BSC up to 112 mm at all landing sites, and the least 
selective was trawling. These results indicate that the ban 
on trawling as announced by the Ministry of Marine and 
Fishery decree No. 2/2015 could support the sustainability 
of BSC. The different gear types might need different 
forms of management to achieve the outcome of leaving 
smaller crabs in the water longer to grow. Boutson et al. 
(2009) mention that escapes gaps could be fitted to traps 
and that minimum size limits could apply to the catch of 
traps, dip-nets, and trammel nets, while mini-trawling 
could be kept to deeper water, where the larger crabs occur. 
Overall, optimal harvest control rules for any fishery 
resources bases on fishery management purposes, and keep 
maintaining the law enforcement of the MLS and fishing 
gear regulation.  
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In conclusion, the study observed that BSC is a fast 
growing (100 mm in months) and a short lifespan (less than 
three years). The most selective fishing was observed at the 
collapsible trap. The Spawning Potential Ratio (SPR) and 
the selectivity curve for the BSC fishery at each landing 
sites are positioned well to the right of the generic maturity 
curve, except in Demak, suggests that the operation enables 
almost all crabs to mature and spawn before entering the 
fishery. Therefore consideration needs to be given to the 
different gear types used to catch crabs to leave smaller 
crabs in the water longer to grow to maturity. Considering 
its fast growth and peaks season (February-April and 
August-October), a closed-period is recommended at some 
sites that have been over-exploited to rebuild a broodstock 
to support the long-term sustainability of this species.  
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