Analysis of genetic diversity and reproductive
performance of the Blue Swimming Crab
(Portunus pelagicus) from several waters in
Indonesia
1
3

Yushinta Fujaya, 1Andi A. Hidayani, 1Dody Dharmawan, 2Alimuddin Alsani,
Akbar M. Tahya

Fisheries Department, Faculty of Marine Science and Fisheries, Hasanuddin University,
Tamalanrea, Makassar, Indonesia; 2 Aquaculture Department, Faculty of Fisheries and
Marine Science, Bogor Agricultural University, Dramaga, Bogor, Indonesia; 3 Aquaculture
Department, Faculty of Animal Husbandry and Fisheries, Tadulako University, Bumi
Tadulako, Palu, Indonesia. Corresponding author: Y. Fujaya, yushinta.fujaya@unhas.ac.id
1

Abstract. The aim of this research was to analyse the genetic diversity and reproductive performance of
Portunus pelagicus from several Indonesian waters. The information obtained can be used as a basis for
the development of breeding programs to support cultivation. Sample collection was conducted in March–
November 2017 at Raja Ampat (Papua Sea), Maumere (Flores Sea), Jepara (Java Sea) and Barru
(Makassar Strait). Genetic data was collected based on the CO1 (Cytochrome Oxidase sub-unit 1) gene
sequences. The reproductive performances determined were the size of crabs, fecundity and egg
diameter. The DNA genome extraction was conducted using the phenol-chloroform method and COI gene
was
amplified
using
Polymerase
Chain
Reaction
with
universal
primers,
COIa
(5'AGTATAAGCGTCTGGGTAGTC–3') and COIf (5'-CCTGCAGGAGGAGGAGATCC–3'). The results showed that
there were differences in genetic distances between samples from different locations. The furthest P.
pelagicus genetic distance (14.300) was found between the Makassar Strait and the Java Sea, while the
nearest genetic distance (8.540) was between the crabs from Java Sea and Papua Sea. Variations of the
egg diameter, fecundity and egg weight were also found between crabs from different sampling
locations. The P. pelagicus from the Makassar Strait had the highest fecundity (137.157±25.059), while
the lowest fecundity was found in sample from Raja Ampat (99.711±25.491). However, P. pelagicus
from Makassar Strait had the smallest egg diameter (10.11±0.41 µg). The largest egg diameter (µm)
was found in the P. pelagicus sample from Jepara (11.15±0.66 µg). Multivariate analysis results showed
that there was a significant difference in reproduction performance of P. pelagicus from the 4 sampling
locations. The different geography could have affected the genetic variation of the P. pelagicus,
consequently affecting its size and reproductive performance.
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Introduction. Blue Swimming Crab (Portunus pelagicus) is a valuable fishery commodity
with a high economic value. Portunus pelagicus is distributed along the coast of Indonesia
and most of the P. pelagicus production comes from fishing activities. However, a
decrease in the production of P. pelagicus can be observed, not only in quantity but also
in size. Based on previous studies, the P. pelagicus from all over the world have been
over-exploited, resulting in a population decline (Hidayani et al 2015; Fujaya et al 2016a;
Fujaya et al 2016b; La Sara et al 2017; Johnston et al 2011; Kunsook et al 2014 ). This is
studied not only from a biodiversity point of view, but also from a coastal community
depending on crab point of view.
There are many ways to conserve the P. pelagicus population: catch limitation,
restocking juveniles from hatcheries and the pond aquaculture. However, these methods
require detailed information regarding the species, particularly the morphological,
genetical and reproductive aspects.
Initially, P. pelagicus was regarded as a monophyletic species (Mantelatto et al
2007), so in several countries, it was managed as a single species (Klinbunga et al 2010;
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Sienes et al 2014). However, a previous study by Lai et al (2010) found that P. pelagicus
was a complex of species consisting of 4 species members, P. pelagicus, P. segnis, P.
reticulatus and P. armatus. Asphama (2014) and Fujaya et al (2016a) found that the P.
pelagicus from the Makassar Strait present high variety and are different from P.
pelagicus studied by Lai et al (2010). These results are based on a morphometric analysis
and mitochondria DNA Cytochrome Oxidase 1 (CO1) analysis. Based on the
morphometric analysis by Hidayani et al (2015), RAPD and 16SrRNA (Fujaya et al
2016a), high variation was observed among P. pelagicus populations from the Makassar
Strait. There was also found a unique-specific tape at 450 and 600 bp that used the OPA11 primer. The result indicated that there was a possibility for hybridization among
populations.
Developing a P. pelagicus culture requires a detailed study regarding the genetic
relationships and reproductive performances of the blue swimming crab. This information
is very important for designing breeding programs to produce high-quality juveniles for P.
pelagicus aquaculture. The aim of the study was to examine the genetic distance, size,
fecundity and egg diameter of the P. pelagicus broodstock from several Indonesian
waters.
Material and Method
Study sites and sample collection. The study was conducted from March to November
2017. Portunus pelagicus were collected from Raja Ampat (Papua Sea), Maumere (Flores
Sea), Jepara (Java Sea) and Barru (Makassar Strait). The DNA extraction and analysis
were conducted at the Faculty of Science, Hasanuddin University. The fecundity and egg
diameter were measured at the Hatchery Technology Laboratory, Faculty of Marine
Science and Fisheries, Hasanuddin University.

Figure 1. Map of study sites in Indonesian archipelago. 1 - Raja Ampat (0°55'50"S,
131°07'50"E); 2 - Maumere (8°37'12.00"S; 122°13'12.00"E); 3 - Jepara (6°35'0"S,
110°39'0"E); 4 - Barru (4°7'36"S, 119°37'25"E).
The P. pelagicus samples were collected from crab fishermen. The P. pelagicus samples
from Maumere and Barru were caught using a gill net. The P. pelagicus samples from
Raja Ampat were collected from the fishermen at Jeffman Island, caught by a gill net.
The P. pelagicus samples from Jepara were caught by bubu traps. About 100 crabs were
collected from each site. The female and the male crabs were separated. The
measurement of weight (whole body and eggs), length (measured from the anterior limit
to the posterior limit of the carapace) and width (measured from the tip of the longest
spine on the side of the crab's body) of the carapace was done in situ (Figure 2). DNA
samples were collcted from the muscle located at the foot swim edge, accounting for 50
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mg. The samples were stored and fixed by 70% methanol, with a ratio of 1:10 muscle to
methanol).

Figure 2. Morphology measurements of Portunus pelagicus (female).
Egg samples were collected from the berried females. All eggs from the female crabs
were weighed (digital scale with the accuracy of 2 decimal places). The egg diameter was
measured for 10% of the eggs. The egg samples were fixed by Gilson solution.
DNA extraction. The DNA genome extraction was performed using the phenolchloroform method described by Parenrengi (2001), as follows:
1. Digestion buffer (0.5 M NaCl, 0.001 M EDTA, 1% SDS, 0.8% Triton-X, and 0.1
Tris-HCl at pH 9.0) was added into a 1.5 mL microcentrifuge tube containing 50 mg of
crab muscle and then 40 µL of SDS 10% and 40 µL of Proteinase K (20 mg/mL) were
added. The tube was shaken gently and incubated at 55°C for 1 to 3 h
2. The sample was treated with 25 μL of RNase (20 mg/mL) and was left at room
temperature for 15 to 30 minutes.
3. The samples were treated with 500 to 600 μL of phenol:chloroform:isoamyl
alcohol (25:24:1) and gently homogenized. The samples were left at room temperature
for 10 minutes before centrifugation at 13000 rpm for 4 minutes.
4. The top layer of the aqueous solution was removed and dispersed into a new
microcentrifuge tube. The step of adding phenol:chloroform:isoamyl alcohol was repeated
three times.
5. The samples were treated with 500 μL of chloroform:isoamyl alcohol (24:1) and
were centrifuged at 13000 rpm for 2 minutes.
6. The upper aqueous layer was mixed with 1 mL of ice-cold absolute ethanol by
rapid inversion of the tubes several times. Then, it was centrifuged at 6000 rpm for 30
minutes.
7. The DNA precipitated at the bottom of the tubes as a white pellet. It was
collected and washed with 500 μL of 70% of ethanol and then centrifuged at 6000 rpm
for 15 minutes.
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8. The DNA was allowed to dry at room temperature for 20 minutes and
resuspended with 50 µL of sterile distilled water (SDW) for at least 24 h at room
temperature to fully dissolve before proceeding to the next step. To determine a
successful extraction, 7.5 µL of DNA genome and 2.5 µL of Loading Dye was
electrophoresed in 0.8% agarose gel in 1 X TBE (Tris-Boric acid-EDTA) at 50 volts. The
gel was stained with 0.5 µg/mL ethidium bromide solution. A Hind III marker was used
as a DNA genome extraction marker. The DNA genome samples were kept in -20°C to
avoid DNA degradation.
COI gene isolation. COI gene was amplified based on Lai et al (2010), using the
Polymerase
Chain
Reaction
with
the
universal
primers
COIa
(5'AGTATAAGCGTCTGGGTAGTC-3') and COIf (5'- CCTGCAGGAGGAGGAGATCC-3'). This pair
of primers was used to strengthen a COI fragment that matched with the position of 5' to
3' from 681-1294 mitochondria genome. A PCR was run in a 50 mL volume that consisted
of 5 mL of 10 × Taq Polymerase Buffer, 5 mL of 25 mM MgCl 2, 5 mL of 0.5 mM dNTP, 1
unit of Taq polymerase (Perkin Elmer) and 0.5 mL of each 25 pmol/mL COIa and COIf.
Nucleotide sequence alignment. The PCR result of the COI gene was purified with the
Gel/PCR DNA Fragment Extraction (Geneaid) kit. The samples were then sequenced by
using the automatic sequencer AB-3130 (Applied Biosystem). The sequencing result was
read manually using the Sequence navigator program.
Egg sample measurement. The reproductive characteristics were measured, namely
the fecundity and egg diameter. The fecundity (the number of egg stored under the
abdomen) was measured using a combination of the gravimetric and volumetric
methods.
F = TGW/SGW x ES
Where: F – fecundity; TGW - total gonad weight; SGW - sample gonad weight; ES number of eggs.
The number of eggs was counted using the volumetric method. The weighted eggs
were diluted with 100 mL distillate water and homogenized. 1 mL of the homogenized
sample was placed into the Sedgwick-Rafter for counting the number of eggs under the
microscope. The measurement of eggs was done in 3 replicates. The number of eggs was
counted using a formula as below:
ES = V x X
Where: ES - number of eggs; V - dilution volume (mL); X - number of egg per mL.
The egg diameter was measured under a microscope, using the binocular
microscope and an ocular micrometer with 0.1 mm accuracy.
Data analysis. The sequence results were analyzed by the Genetyx Versi 7 program
(Genetyx Coorporation) to obtain the sequence consensus from the forward and reverse
sequence. To determine the sequences similarity, they were compared with the existing
sequences from the GenBank, using the BLAST-N program (basic local alignment search
tool-nucleotide). A phylogeny tree was built using Megablast ver. 6 program. The egg
data was analyzed using the Kruskal-Wallis test with a significance level of 5%. Multiple
pairwise comparisons were made using Dunn's procedure/Two-tailed test to determine
the area of difference.
Results and Discussion. The size of the females P. pelagicus caught at each landing
site was different. Samples from each study site have a size variation not only in the
carapace length and carapace width, but also in the body weight (Table 1).
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Table 1
Female crab size (mean ± standard deviation) from the study sites

Landing Site
Raja Ampat
Maumere
Jepara
Barru

Carapace
Length
(cm)
6.21 ±0.79
6.16±0.83
5.59±0.79
6.06±3.01

Carapace
Width
(cm)
13.47±1.47
12.79±1.43
11.96±1.43
11.02±0.80

Body Weight
(g)
170.08±56.3
145.26±49.84
106.72±47.87
94.51±26.59

Genetic distance. The result of the CO1 (Cytochrome oxidase subunit 1) gene sequence
analysis showed that the P. pelagicus from Indonesian waters had a high variation, not
only between different populations but also within the same population. The genetic
intrapopulation distance of P. pelagicus from Maumere, Raja Ampat, Jepara and Barru
varied from 0.000 to 4.847, while the genetic distance between populations varied
between 8.540 and 14.300 (Table 2; Figure 3). The shortest genetic distance of the P.
pelagicus was found between Jepara and Raja Ampat populations, and also between Raja
Ampat and Maumere. The furthest genetic distance of P. pelagicus was found between
the samples from Jepara and Barru.
Table 2
Genetic distance of female crab between study sites

Raja Ampat
Maumere
Barru

Jepara
8.540
12.326
14.300

Raja Ampat

Maumere

9.134
9.909

11.670

Figure 3. Phylogeny tree of female crab (Portunus pelagicus) from the study sites.
Reproductive performance. Fecundity was the number of fertilized eggs that were
carried by the female (the number of eggs stored under the abdomen). Our findings
showed that the fecundity varied between the catching areas of P. pelagicus (Figure 4).
The highest fecundity was found in P. pelagicus from Barru, 137.157±25059 (mean ±
standard deviation), while the lowest fecundity was observed in the samples from Raja
Ampat (99711±25491). Interestingly, the P. pelagicus female brood stock from Barru
had the smallest body size, but produced the highest number of eggs (Figure 5). The
largest egg diameter (µm) was found in the P. pelagicus from Jepara (11.15±0.66) and
the smallest was found in the samples from Barru (10.11±0.41) (Figure 6).
The results showed that there were variations in size, reproductive performance
and genetic distance in the 4 study areas. Raja Ampat, located at the eastern tip of
Indonesia, has P. Pelagicus of larger size compared to other regions. Barru, located in the
middle of Indonesia, in the Wallacea region, had blue swimming crabs with the smallest
body size and egg diameter (Table 1; Figure 6), but with the highest number of eggs
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(Figure 4;
phylogeny
swimming
influenced

Figure 5). This difference is supported by the results of genetic distance and
tree analysis. These observations provide confirmation that differences in
crab reproduction performance from various regions in Indonesia are
by genetic differences.

Figure 4. Mean fecundity (egg number) of Portunus pelagicus; different letters indicate
significant difference (P<0.05).
Our finding confirmed the previous study, although they have not clearly confirmed
whether the P. pelagicus in Indonesia were a different species or sub-species from the
species that was found by Lai et al (2010). However, the differences of genetic distance
and reproductive performance have supported strongly the assumption of our findings.
Elrod & Stansfield (2007) have mentioned that the genetic variation of organisms in
populations occur mainly due to three mechanisms: mutation, free of pair allele or
recombination and gene migration.

Figure 5. Mean of egg number per gram of body weight of Portunus pelagicus; different
letters indicate significan difference (P<0.05).
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Figure 6. Mean of egg diameter (µm) of Portunus pelagicus; different letters indicate
significant difference (P<0.05).
The level of individual variations inter and intra populations have described an existing
status of species in nature. Genetic variations of the P. pelagicus from Indonesian waters
could possibly be due to different environmental conditions. The Indonesian waters could
be divided into three sub-regions that have a geological history correlation: Sunda Shelf,
Wallacea region and Sahul Shelf. Sahul Shelf is a region including Australia, Tasmania
and New Guinea, and the shallow sea between Australia and East Timor. Sunda Shelf was
above water for a substantial part of the Miocene epoch, arguing that there was an
exchange in biodiversity between different, now separated regions, of the Asian
continents. The connection between Wallacean Island, Sunda Shelf in the west and Sahul
Shelf in the east was covered by water the Eocene and early Pleistocene (Boer et al
2015).
Genetic variation of the population is an important factor that could affect the
response of a population to natural or artificial selection. Individuals that have a high
genetic variation have a high fitness component (growth rate, fecundity, viability,
immunity to environmental changing and stress level). On the other hand, when
individuals have low genetic variation, it can affect the ability of the species to respond to
environmental changes (Imron et al 1999).
Previous studies by Overturf et al (2003) and Wachirachaikarn et al (2009)
showed that the genetic variations on a molecular level could not guarantee the
variations in the quantitative phenotypic characteristic. However, a high genetic variation
could be a basic factor for the breeding program in a long term. Our findings show that
genetic variations in the CO1 level were strengthened by a phenotypic character, such as
body size, fecundity or egg diameter. This information is important for supporting a
breeding program and for developing P. pelagicus aquaculture in the future.
Fecundity is an output of reproduction that is characterized by the number of eggs
that can be produced by the female individuals during spawning (Kumar et al 2000;
Ikhwanuddin et al 2012). Fecundity is also one of the parameters of reproductive
performance. Several previous studies showed that this parameter varies. Arshad et al
(2006) found that crab fecundity varied between species and also within species due to
different factors, such as age, size, food, ecological conditions. The number of eggs that
could be produced by the female varied depending on the size of the individual crab. The
main intrinsic factors that contribute to the fecundity differences among females in the
same population are the variation in size, the dietary history that correlated with the
availability of food in their habitat, the age at sexual maturity and the first reproductive
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age that could affect the next reproduction process. The main extrinsic factor is the intra
and inter-specific competition (Ramirez-Llodra 2002; Zairion et al 2015).
The female brood stock of a bigger size can produce more eggs than those of a
smaller size (Hamasaki et al 2006; Ikhwanuddin et al 2012; De Lestang et al 2003;
Arshad et al 2006). Kumar et al (2003) explained that fecundity can increase by 83.9%
with the increase of the carapace width from 10.5 to 12.5 cm. Ikhwanuddin et al. (2012)
also mentioned that the number of egg production had increased linearly with the
increasing carapace width and body weight. Similar results were also found by Kumar et
al (2000) for P. pelagicus, but it is also true for other Portunid species (De Lestang et al
2003). However, our findings showed that the brood stock with a small size from Barru
Regency has a higher fecundity due to a smaller egg diameter. This finding indicates that
a reproductive strategy in coping with pressure in population due to high mortality
because of fishing and habitat degradation can be applied.
Our finding is very important in improving the genetic quality of brood stock for
crab aquaculture. For the purpose of aquaculture, hybridization is one method to improve
the genetic quality and to obtain a high quality brood stock in a shorter period through
increasing the heterogeneity and the dominant genetic variation (Guy et al 2009). The
hybrid could have several characteristics from both the parents.
Cross breeding in fish and prawn with a high genetic distance improved the
performance of the reproductive and immune systems (fitness) in the Guppy fish
(Poecilia reticulata) (Shikano & Taniguchi 2002) and an increasing growth rate in the
Pacific blue prawn (Litopenaeus stylirostris) (Goyard et al 2008). Falconer et al (1996)
found that the heterocyst expression of two populations that were cross bred depended
on the differences in the gene frequency and interaction between the dominant and
epistasis gene. However, the appearance of a heterocyst on cross breeding was difficult
to predict and may depend on the fish age (Granier et al 2011).
Conclusions. DNA Cytochrome Oxidase 1 (CO1) in mitochondria could be used for
predicting the variation of P. pelagicus reproductive performance. The different
geography might affect the genetic variation of P. pelagicus, consequently affecting its
size and reproductive performance. We suggest conducting a further study related to the
cross breeding between the P. pelagicus brood stock from Barru with the populations
from Jepara, Raja Ampat and Maumere to produce a high quality population.
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