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The spatial and temporal decapod crustacean (DC) catch composition (CC) and its sex ratio (SR) taken 
from Tiworo strait were studied. Monthly samples from different habitat characteristics of intertidal zone 
(station A), river mouth (station B), sea grass (station C), and water depth of > 30 m (station D) using 
collapsible crab pots and gillnets were recorded, identified its species, sexed, counted its number, and 
analyzed its spatial and temporal CC and SR. The Chi-square test (α = 0.05) was used to test significant 
differences of expected 1: 1 SR. It was 12 DC species had been identified which BSCs were found at 
the entire stations and all years round. It had high CC at each station ranging 21.561–79.176% which 
was found the highest at station A, while CC in each month ranging 43.023–71.898% which was mostly 
found in March and April. Its CC reached 60.589% of total catch. The CC of other dominant species 
of C. anisodon, C. hellerii, and T. crenata had 5.721–50.186%, 0.458–1.550%, and 1.931–10.781%, 
respectively, while the rest species had CC of <3%. Spatial and temporal SR of females BSCs always 
preponderated over males, while C. anisodon, T. crenata, and T. danae were in contrary. Similar results 
were also showed for overall sex ratio of each species. The other species were mostly no patterns of SR. 
Chi-square test showed that those SRs were mainly significant different (P < 0.05). Data of CC implies 
that this waters constitutes main habitat for BSCs which prefer intertidal zone grown by mangroves 
(station A) particularly in March and April. Other species such as C. anisodon, T. crenata, and T. danae 
as bycatch which relatively low their CC may show that their population had been experiencing heavy 
pressure. Therefore, an action reducing bycatch should be implemented through for example providing 
fishing gears selective. The present BSC SR should be put in management policy in order to maintaining 
female adults are available all years round to produce eggs, hatch and grow to be juveniles. Therefore, 
BSC population stocks in this waters are continuously sustained.

INTRODUCTION

Decapod crustaceans (DC) had been long known 
because of their high species numbers, not only in 

open waters but also in sea waters. Aside that their species 
also are very diverse due to differently to the varying 
environmental conditions (Shah and Pandit, 2013) whether 
biotic (Coleman, 2002) or abiotic (Rindi and Batelli, 2005; 
Charles et al., 2006), as a consequence diverse niche 
organizations come into being which consequently result in 
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the evolution of diverse communities (Charles et al., 
2006).

Those organisms in sea waters occupy wide range 
of areas from intertidal zone, estuary, mangrove forest, 
sea grass bed, coral reef up to deep sea waters. Those 
organisms are heavy exploited in the intertidal zone and 
are considered as the most relevant group in terms of their 
community dominance and biomass (Sheridan, 1992). 
Ecologically those DCs species are important particularly 
in the food web and in the structure of trophic level of 
the ecosystem such as in the tropical benthic communities 
(Cavalcante et al., 2012). Some species, including crabs 
have been recognized as regulators of the structure of 
estuarine communities (Dittel et al., 1995; Heck and Coen, 
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1995). Their biological outputs like feces of the crabs, 
which contain nitrogen, carbon, phosphorus and trace 
metals, form a rich source of food for other consumers 
(Kraeuter, 1976). Furthermore, in tropical countries DCs 
are very important resources and having huge role in 
social economic aspects for fisheries industries. Hendrickx 
(1995) explained that there are many of the larger and 
more abundant species represent important food resources 
for man. In Indonesia for instance, blue swimming crabs 
(BSCs), shrimps, and other DC species constitute a fish 
resources harvested by fishermen of small scale fisheries 
using mainly fishing gear of traps and bottom gillnet 
throughout the coastal areas since last three decades, 
while lobster caught in the coral reef ecosystem used hand 
picking aided with “small and short stick” to expel of 
the lobster from its hiding place (shelters). Initially local 
people knew that those DC species are only to fulfill their 
daily consumption as a source of protein in the main food 
consumed, but when demand of international people of US, 
Europe, and other Asian countries such as Japan, Singapore 
with premium price that it was caught unrestrained and 
intensive using unselective fishing gears of crab traps 
(cubic and rounded shapes) and bottom gillnets (La Sara et 
al., 2016a, 2019; Astuti et al., 2020a, 2020b). Exploitation 
of BSCs in particular and other commercial DC species 
had shown over exploitation (La Sara et al., 2017).

The main target of DCs caught by fishermen using 
bottom gillnet and traps is for BSCs, but there are other 
DC species as bycatch of those fishing gears which ranged 
60–70% of total catch per trip. It is well known that several 
fishing grounds of BSCs particularly in Southeast Sulawesi 
waters have indicated over exploitation. We are not aware 
that this phenomenon of over exploitation actually have 
also figured out the population of other DC species in 
several fishing grounds due to bycatch of the fishing gears 
is higher than those of main catch. In previous studies 
elucidated that over the past three decades, it has been 
recognized that bycatch and discard is one of the most 
significant issues affecting fisheries management (Saila, 
1983; Alverson et al., 1994).

Those DC populations much more suppressed due 
to their habitats have also been experiencing affected 
by anthropogenic impacts. For examples, mangrove 
forest as DC juveniles habitat has been cut off for human 
settlements, river mouth and estuary as many kinds 
of mature crustacean have been altered for jetty and 
sea port, and intertidal zone and sea grass bed area for 
feeding ground have been affected by sedimentation come 
from land during flooding of rain. However, it has been 
still far away from proper attention, responsibility and 
documentation and hence the human effects on them are 
difficult to be quantified or assessed.

Up to the present there is no study has evaluated or 
designed the shape, dimension and mesh size of fishing 
gears used by fishermen to get optimal DCs main catch 
and minimum bycatch. It has been designed a rectangular 
collapsible crab pot equipped with escape vent of 5.0 
cm x 3.5 cm attached in left and right sides for catching 
BSCs with carapace width (CW) of > 10 cm (La Sara et 
al., 2016b). The smaller CW of BSCs and other crustacean 
crabs than CW of 10 cm are systematically return to the 
sea in good condition and preferably as close as possible 
to their home waters to grow to attain bigger size and 
have opportunity to breed to essentially maintain their 
populations. The aims of the present study which focus on 
identification of DC species caught by traps and bottom 
gillnet in the different fishing ground characteristics are 
to analyze spatial and temporal of DCs catch composition 
and its SR caught. It is the first study conducted around 
Southeast Sulawesi waters in particular dan Indonesia 
waters in general.

MATERIALS AND METHODS

Design of study location
Tiworo strait waters is a well known BSC fishing 

ground in Southeast Sulawesi and in Indonesia in general. 
This fishing ground is surrounded by main land of Muna 
Island, Southeast Sulawesi peninsula (South Konawe and 
Bombana). Between main land and peninsula, there are 
scattered small islands of Tiworo inhabited by fishermen. 
The strait waters constitute a dynamics waters system 
affected by hidrooceanographic. The different of waters 
characteristics is showed by different ecosystems such as 
mangrove, sea grass, coral reef, and estuary ecosystems. 
It is also affected by sedimentation and fresh water flow 
through rivers and tributaries. Almost of strait waters 
constitute fishing ground of BSCs (as main target) using 
traps and bottom gillnets. Those gears generally each 
trip of fishing catch several DC species as bycatch. The 
location of study was purposively chosen at 4 different 
fishing ground characteristics namely coastal waters 
grown by mangroves (intertidal zone) (station A), river 
mouth (station B), coastal area with coarse sand substrate 
grown sea grass (station C), and water depth of > 30 m 
(station D) (Fig. 1). The DCs sampling were carried out 
from March to September 2020.

Sampling procedure
The DCs sampling at each station was taken monthly. 

Fishing gears used at station A-C were collapsible 
rectangular collapsible crab pot (length= 54 cm, width = 36 
cm, and height = 19 cm) covered with nylon net of ± 0.5 cm 
mesh size (Fig. 2), while at station D was bottom gillnet. As 
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many 150 units of crab pots were deployed at each station. 
Each crab pot was tied at main nylon polypropylene (0=0.5 
mm) using small nylon polypropylene (0=0.25 mm). The 
distance between crab pots at main nylon polypropylene 
was ±10 cm. Each crab pot was put fresh fish bait with size 
relatively the same at each crab pot. All crab pots tied in the 
main nylon polypropylene were deployed during flood tide 
then hauled during ebb tide. The DCs sampling at station 
D used a bottom gillnet of ± 1 km length, 1 m height, and 4 
inch mesh size (Fig. 2). Each sample caught at each station 
(spatial) and month (temporal) was recorded, identified, 
sexed according to abdomen morphometric characteristics 
(male crustacean has V-shape abdomen, while female has 
relatively broad abdomen or rounded (Van Engel, 1958; 
Ingles and Braum, 1989; Potter and de Lestang, 2000), and 
then each sex counted its number (La Sara et al., 2016a, 
2017).

Fig. 1. Map of Tiworo Strait waters of Southeast Sulawesi 
(blue dash line is study locations and black circle is station 
of BSC sampling. There are 4 stations of sampling (A, B, 
C, and D).

Fig. 2. Rectangular collapsible crab pot (length, A= 54 
cm; width, B= 36 cm and height, C= 19 cm) (La Sara et 
al., 2016a) (left) and bottom gillnet (length = ± 1 km and; 
height = 80 - 100 cm, mesh size = 4.0 inch) (right) (La 
Sara et al., 2019) used for crustacean sampling in Tiworo 
Strait of Southeast Sulawesi, Indonesia. For abbreviations 
see Table I.

Data analysis
The DC species catch composition (CC) taken from 

each station (spatial) and month (temporal) was analyzed 
using a formula as follows:

where Ai = species percentage of i (i = 1, 2, 3, … n); ai = 
species individual number of i = i = 1, 2, 3, … n); and N = 
total number of all species

The males and females DC taken from each station 
(spatial) and month (temporal) were counted and its sex 
ratio (SR) was analyzed using a formula as follows:

where SRi = sex ratio of species of i (i = 1, 2, 3, … n); Mi = 
number of male species of i (i = 1, 2, 3, … n); Fi = number 
of female species of i (i = 1, 2, 3, … n)

The Chi-square test (α = 0.05) was used to test 
significant differences of expected 1: 1 SR of each species 
(Gomez and Gomez, 1976) as follows:

where xi2= Chi-square, Oi = frequency number of observed 
male and female each species of i (i = 1, 2, 3, … n), E = 
frequency number of expected male and female each spe-
cies.

RESULTS

The DC species CC
The DC samples taken from each station (spatial) 

in Tiworo Strait waters from March to September 2020 
(temporal) were identified and it was found 12 crustacean 
species (Fig. 3 and 4). Of 12 species of those crustacean, 
BSCs (P. pelagicus) was a species which much frequent 
found and having higher catch composition at each 
station (spatial) ranging 21.561–79.176% and each month 
(temporal) ranging 43.023–71.898%. The CC of BSCs 
taken from all stations (spatial) or during the course of 
study (temporal) reached 60.589%. It was followed by 
CC of other DC species of C. anisodon, C. hellerii, and 
T. crenata ranged 5.721–50.186%, 0.458–1.550%, and 
1.931–10.781%, respectively. The combined CC from all 
stations (spatial) or during the course of study (temporal) 
of aside those 3 DC species was 19.624%, 6.214%, 
and 3.025%, respectively was Artorigus sp of 5.560%. 
The catch composition of other crustacean species was 
relatively low of < 3%.

Analysis of Spatial and Temporal Composition and Sex Ratio of Decapod Crustaceans Catch 1019
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Fig. 3. The spatial DC CC percentage in Tiworo 
Strait Waters of Southwest Sulawesi, Indonesia. For 
abbreviations see Table I.

Fig. 4. The Temporal DC CC Percentage in Tiworo 
Strait Waters of Southwest Sulawesi, Indonesia. For 
abbreviations see Table I.

The DC species SR
The DC samples taken from 4 stations of different 

habitat characteristics (spatial) of sampling sites of 
Tiworo Strait during the study in March–September 2020 
(temporal) were identified and classified into 12 species 
(Tables I and II). Among those crustacean, BSCs (P. 
pelagicus), C. anisodon, C. hellerii, Thalamita crenata 
were dominant and were always found in the all stations, 
while other species occupied certain stations (Table I). 
Similar trend of those species (except C. hellerii) were 
also found during the period of sampling (temporal) (Table 
II). T. danae, T. cerasma, and T. prymna were among 
crustacean species found in several stations (Table I) and 
several months (Table II), while other species such as M. 
rumphi, A. lunaris, Artorigus s.p, P. sanguinolentus, and 
S. serrata were found very few in certain stations and 
months.

The spatial and temporal SR of male and female 
crustacean caught showed that females P. pelagicus 
always preponderated over males (female > male) in all 
stations, while C. anisodon, T. crenata, and T. danae were 

in contrary (male > female) (Tables I and II). Similar 
results were also showed for overall SR of each species. 
The other species were mostly no patterns of SR due to 
SR in a species of certain stations (spatial) and months 
(temporal) sometime males preponderated over females, 
but in the other stations (spatial) and months (temporal) 
was in contrary. Chi-square test (α= 0.05) showed that 
those SR of male and female crustacean were mainly 
significant different (α < 0.05).

DISCUSSION

The DC species CC
Identification of DC species in the present study 

aimed to better understanding their characteristics 
biology, habitats and optimal management of sustainable 
exploitation of crustacean stocks. In the present study, 
the BSCs were found at all stations (spatial) and all 
months (temporal) and had CC of 60.589%, while other 
crustacean species were less than 40%. Of 12 species of 
those crustaceans, BSC was a species which was much 
frequent found, having higher CC at each station (spatial) 
ranging 21.561–79.176% (spatial) and each month ranging 
43.023–71.898% (temporal) (Figs. 3 and 4; Tables I and II) 
and to be main target species of fishermen. It was followed 
by CC of other crustacean species of C. anisodon, C. 
hellerii, and T. crenata ranged 5.721–50.186%, 0.458–
1.550%, and 1.931–10.781%, respectively. The combined 
CC from all stations (spatial) or during the course of study 
(temporal) of aside those 3 crustacean species mentioned 
was 19.624%, 6.214%, and 3.025%, respectively was 
Artorigus sp. of 5.560%. The CC of others than those 
mentioned crustacean species were relatively low of < 3%, 
namely P. sanguinolentus, Artorigus sp., and S. serrata (< 
1%). Other crustacean species than BSC, P. sanguinolentus 
and S. serrata included bycatch species.

According to Fazrul et al. (2015) abundance of bycatch 
in Pattani Bay was influenced by habitat, season and 
interaction between habitat and season, while number of 
species per sampling was affected only seasonal variation, 
but in the present study season and location affect number 
of crustacean species (Figs. 3 and 4). Previous studies 
revealed that fishing gears and various fishing methods 
may affect the amount of bycatch (Eayrs, 2007; Raeisi et 
al., 2012). The more unselective fishing gears is the higher 
amounts of bycatch composition produced, such as trawl 
nets (Harrington et al., 2006; Paighambari and Daliri, 
2012; Hosseini et al., 2012; Raeisi et al., 2012; Eighani 
and Paighambari, 2013). Bycatch refers to an incidental 
catch causing mortality and injuries (Kelleher, 2005).
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Table I. The spatial SR of male and female DC in Tiworo Strait Waters of Southwest Sulawesi, Indonesia.

Station Sex ratio of male and female crustacean
BSC Ca Ch Tcr Td Tce Tp Mr Al As Ps Ss

1 1 : 1.35* 2.57 : 1* 2 : 0 4.20 : 1* 1.33 : 1*   13 : 0   3 : 0 0 : 1    
2 1 : 1.41* 2.80 : 1* 1 : 3* 1.67 : 1* 1.50 : 1*   13 : 1*   1 : 0   0 : 1  
3 1 : 1.31* 1.30 : 1* 1 : 2* 0.75 : 1* 2.50 : 1*   1.20 : 1*          
4 1 : 1.43* 2.16 : 1* 2 : 1* 1.80 : 1*   1.19 : 1   1 : 1.5   1 : 0   0 : 1
Overall sex ratio 1 : 1.33* 2.24 : 1* 1 : 1ns 2.17 : 1* 1.63 : 1* 1.18 : 1* 2 : 1* 1 : 1.5* 4 : 0 1 : 1ns 0 : 1 0 : 1

BSC, P. pelagicus; Tcr, T. crenata; Mr, Menippe rumphi; Al, Ashtoret lunaris; Ca, Charybdis anisodon; Tce, T. cerasma; Ch, C. hellerii; As, Artorigus 
sp; Ps, P. sanguinolentus; Td, T. danae; Tp, T. prymna; Ss, Scylla serrata; *, significant different at P < 0.05; ns, no significant different at P < 0.05

Table II. The temporal SR of male and female DC in Tiworo Strait Waters of Southeast Sulawesi, Indonesia.

Month Sex ratio of male and female crustacean
BSC Ca Ch Tcr Td Tce Tp Mr Al As Ps Ss

March 1 : 1.38* 2.29 : 1* 1 : 1ns 1 : 0 1 : 0
April 2.08 : 1* 1.24 : 1* 1.67 : 1* 1 : 0 0 : 1 0 : 1
May 1 : 1.43 2.60 : 1* 2.5 : 1* 1.25 : 1* 1 : 1.09ns 3 : 1* 1 : 0
June 1 : 1.21* 9.5 : 1* 3 : 1* 2 : 0 2.14 : 1* 1.6 : 1* 3 : 0 2 : 0
July 1 : 1.57* 3.5 : 1* 1 : 1.67* 3.33 : 1* 1 : 1.14* 1 : 0 15 : 0 1 : 0
August 1 : 1.50* 1.62 : 1* 2 : 1* 2 : 1* 5 : 1* 1 : 3*
September 1 : 1.24* 1.89 : 1* 1 : 1ns 0 : 1
Overall sex ratio 1 : 1.33* 2.24 : 1* 1 : 1 2.17 : 1* 1.62 : 1* 1.18 : 1 8 : 1 1: 1.15 4 : 0 1 : 1 0 : 1 0 : 1

* = significant different at P < 0.05; ns = no significant different at P < 0.05. See Table I for abbreviations.

Using unselective crab pots and bottom gillnet in the 
present study were not only catching main target of BSCs 
but also catching other organisms as bycatch (non-target 
species) (Figs. 3 and 4) which are thrown away (discarded) 
overboard, or dumped at sea for a variety of reasons. Those 
bycatch organisms generally are due to low or less value of 
the catch in market. Those crustacean species bycatch may 
include as threatened, endangered or protected species 
or may be economically worthless but play an important 
role in the marine life cycle. Therefore, those should be 
maintained and guaranteed that sustainable harvesting has 
to be kept in fishing management. In Indonesia, there are 
already the BSC regulations (the Regulation of Ministry of 
Marine Affairs and Fisheries No. 12/PERMEN-KP/2020) 
to control BSCs exploitation, nevertheless the species is 
presently overfished in some regions of Indonesia.

High proportion of CC of BSCs as main target species 
and bycatch (i.e. other crustacean, fish, mollusca, etc.) will 
result unstable of tropic level structure of the organisms 
such as in the tropical benthic communities (Cavalcante et 
al., 2012), contribute to biological overfishing, food web 
disturbance, changing the structure of marine communities 
and/or ecosystems such as the structure of estuarine 

communities (Dittel et al., 1995; Heck and Coen, 1995), 
certain species dominant and low diversity of organisms 
with serious implications for marine populations and 
sustainability of ecosystems (FAO, 1997; Rebecca 
et al., 2004). Identification of the crustacean species 
characteristics and its variability in aquatic ecosystems 
and the interaction between species and ecosystems lead to 
better understanding of the stock population management. 

It is an issue affecting the ecosystem and survival 
of marine population (Read, 2013). When the aquatic 
ecosystem is unstable that aquatic productivity is to be 
low and as a consequence there is no any organisms could 
be harvested by fishermen to be used for protein need and 
income for their households. There is no comprehensive 
data on catch composition of crab pot available to be 
referred in regulation of fishing gears operation due to 
no study had been done and are not taken into account 
for assessment and management programs (Dıaz-Uribe 
et al., 2007). Low CC percentage of other crustacean 
(Figs. 3 and 4) in this waters could indicate that those 
organisms had decreased their population due to high 
exploitation intensity of BSCs using unselective crab pots 
and bottom gillnets which in the present already reaches 
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“over exploited status”. This phenomenon has to be solved 
among other strategies i.e. using selective crab pot to 
reduce small size of main target species of BSCs retained 
and to avoid bycatch organisms. It is in line with FAO 
(2014) which develops international guideline on bycatch 
management and reduction of discards.

In Thailand was reported that crab gill net has not 
much effect to non-target species or bycatch because it 
is a highly selective methodology of operation (Fazrul et 
al., 2015). Compare with large-scale fisheries, this fishing 
gear is not to be major risk to marine ecosystem due to 
a lower and more selective fishing capacity (Dıaz-Uribe 
et al. (2007). However, scientists in fisheries management 
agree that bycatch production in commercial fishing is 
one of the serious threats to fish stocks and includes about 
40.4% of the total marine catch which is poured into 
the sea as discard fish (Worm et al., 2006; Davies et al., 
2009; Queirolo et al., 2011). In recent year, a very serious 
apprehensive due to approximately 30% of world landings 
were fish trash or non-target species and 40% of them 
caught by artisanal fishing gears (FAO, 2014).

Data CC (Figs. 3 and 4) in the present study showed 
that Tiworo strait constitutes the BSCs main habitats and 
to be among fishing ground in Indonesia aside Java Sea 
(Ernawati, 2013; Ernawati et al., 2017), East Lampung 
waters (Zairion et al., 2015). All those BSC fishing 
grounds had been heavy exploited since last 2 decades 
using crab pots and gill nets, when global consumers 
demand increased sharply such as United States of 71%, 
Japan of 9%, and Malaysia of 7%. In 2016 total volume 
export of BSCs reached 19,837 tons and decreased 
in 2018 to be 16,845 tons. It leads to BSC population 
decrease dramatically and in danger condition as shown 
its exploitation rate (E) of > 0.5. Previous study showed in 
this waters had showed over exploited status of male BSCs 
(E = 0.67), while female BSCs was still under exploited (E 
= 0.03) (La Sara et al., 2017). Other studies on DC species 
conducted in different regions also showed data of over 
exploited due to intensive exploitation using unselective 
fishing gears as shown its exploitation rate (E) of > 0.5 
(Table III). Over exploitation of BSC population and even 
in some places already disappeared are mainly caused by 
fishermen using unselective fishing gears of pots without 
escape vents, bottom gillnet with small mesh size, and 
some mini trawls (La Sara et al., 2016a, b, 2017, 2019). 
The first two gears are stationary gears which are preferred 
used by fishermen (La Sara et al., 2016a). It is indicated 
that the rate of fishing activities are higher than those of 
BSC population recovery rates produced by adult stages.

Using all those fishing gears catch not only BSCs, but 
also other DC species as bycatch which their population 
also threatened to disappeared such as Artorigus sp, P. 

sanguinolentus, and other species of very low CC species, 
albeit there is opportunity reason that this waters does not 
constitute main habitat of those species. This condition 
has risen an apprehensive of biologists, fish managers, 
miniplant owners, and exporters.

The DC species SR
Information on SR is important for understanding the 

relationship between individuals, the environment and the 
state of the population (Vicentini and Araújo, 2003). Data 
of spatial and temporal of SR ratio of male and female 
(M: F) of 12 crustacean species found in this waters were 
generally significant different (α < 0.05) (Tables I and 
II). The BSCs as dominant species found spatially and 
temporally in this waters all females preponderated over 
males, while in contrary happened in other crustacean 
species of C. anisodon, C. hellerii, Thalamita crenata, and 
T. danae namely all males preponderated over males. Data 
in Tables I and II indicated that this waters constituted 
habitat of all stages BSCs, particularly for juvenile and 
mature stages due to their abundance were high enough 
both males and females, then at the end of mature stage 
and enter to adult stage that female BSCs particularly those 
who were after copulation and berried were gradually 
move to the deep sea waters for ripen and to extrude their 
eggs up to hatch to be zoea larvae. 

Similar BSC population behavior had been found 
in Tiworo strait waters in 2016 (La Sara et al., 2016a). 
The recent studies showed that SR of female BSCs 
preponderated over males in Tiworo strait waters (Astuti 
et al., 2020a), P. pelagicus taken from Java Sea of 1:1.45 
(Rohmayani et al., 2018), P. pelagicus population in 
Mayangan waters of Indonesia of 1: 1.22 (Hermanto 
et al., 2019), P. pelagicus in Tiworo strait waters of 1: 
1.032 (La Sara et al., 2016a), P. segnis population in 
Boushehr coast (Persian Gulf) (Hosseini et al., 2014), P. 
pelagicus population in Khuzestan coasts, Iran (Jazayeri 
et al., 2011), and Bantayan waters of Philippines (Ingles, 
1996). Sukumaran (1997) revealed that sex distribution in 
Portunids in relation to size indicated that females were 
more pronounced in the smaller sizes, whereas males 
dominated in the larger sizes.

The SR at present study was different with several 
previous studies conducted in different regions which 
showing male BSCs was outnumbered female BSCs (Table 
IV). Xiao and Kumar (2004) reported that fishermen in 
southern Australia waters proportionally caught male BSCs 
much higher than those of female BSCs, and male carapace 
width also much bigger than those of female BSCs. The 
authors also explained that the differences of SR related 
with time of fishing exploitation condition where dead 
male BSCs were higher proportion than those live BSCs. 
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There was a phenomenon that male BSCs increased with 
increasing water depth from January to September and then 
decreasing from October to December. However, those SR 
differences of males and females were not caused by single 
parameter or single factor, but there were complex factors 
interacted each other. It is always also found that SR may 
vary from the expected 1:1 from species to species, or even 
in the same population at different times (Oliviera et al., 
2012). It is influenced by several factors such as adaptation 
of the population, reproductive behavior, food availability, 
environmental conditions, and fishing gears used. For 
example, Ingles (1996) revealed that SR differences may be 
due to gillnet catchability different. Other factor is caused 
by differences of each sex behavior when attain maturity 
stage. Xiao and Kumar (2004) detected yearly variation 
of male BSCs caught in southern Australia waters due to 
season condition which influence environmental condition 
such as temperature. Normally, reproductive success of 
crustacean species is mainly related to access to resources 
and the environmental conditions which females usually 
migrate to oceanic condition to extrude their eggs, while 
males sometimes still occupy intertidal zone or adjacent 
sea grass ecosystem. It leads to an unbalance in the number 
of individuals of each sex in the population.

The effect season situation, migration and changes of 
the weather on BSCs can affect the SR in the population 
(Smith and Sumpton, 1989). Seasonal effects on BSCs or 
other Portunids abundance and distribution may be due to 
different climate conditions such as rainfall and temperature 
fluctuations. For example, juvenile BSCs occupied 
intertidal zones closed to or around mangrove forests 
with sandy muddy substrates in all year rounds (Astuti et 
al., 2020b), attained mature stage with carapace width of 
7–9 cm at 8–10 months (La Sara et al., 2016a, 2017), and 

further females grow to be berried at ± 1 year old and then 
leave inshore to extrude their eggs on pleopods in offshore 
or saline waters (Potter and de Lestang, 2000; de Lestang 
et al., 2003), while juvenile BSCs still occupy shallow 
waters of < 5 m depth. Such those factors cause differences 
in BSC SR. Other previous study on Callinectes sapidus 
showed that salinity fluctuation affect their distribution 
according to their carapace width sizes (Archambault 
et al., 1990; Ault et al., 1995), while temperature affect 
their behavior and activities for searching food which may 
affect crabs caught in traps which rely on baits.

CONCLUSIONS

It is concluded that among 12 DC species found in 
Tiworo strait waters, BSCs are the most abundance and 
main catch of crab pots and gillnets compare to others 
species as shown its CC of > 60% of total catch. The rest DC 
species are mostly discarded, except P. sanguinolentus and 
S. serrata which its CC is few. The BSCs species is found 
at all fishing grounds and all years round which implies 
that this waters constitutes its main habitat, however, it 
prefers habitat in intertidal zone with sandy substrate 
closed to mangrove forest and most abundance in this 
habitat in March and April. Among those species, spatial 
and temporal SR of females BSCs always preponderated 
over males, while C. anisodon, T. crenata, and T. danae 
were in contrary, while other species has no pattern. The 
number of female BSCs is higher than those of males 
could benefit for sustaining BSC population due to they 
have opportunity to mate, produce eggs, then extrude and 
hatch them in oceanic condition and grow to be juveniles. 
Therefore, BSC population stock in this waters could be 
continuously sustained.

Table III. Exploitation rate of BSCs (P. pelagicus) in different regions.

No. Location Exploitation rate (E) Sources
1. Cirebon, West Java 0.73 Ernawati et al. (2017)
2. East Lampung, Indonesia 0.72 Zairion (2015)
3. Pati, Central Java 0.78 Ernawati (2013)
4. Bone Bay, Indonesia 0.73 Kembaren et al. (2012)

Table IV. The sex ratio of portunids from different regions.

No. Location Species Sex ratio References
1. Ragay Gulf, Philippines P. pelagicus 23 : 1 Ingles and Braum (1989)
2. Karnataka waters, India P. sanguinolentus 1.13 : 1 Dineshbabu et al. (2008)
3. Tiworo strait waters, Indonesia Juvenile P. pelagicus 1.44 : 1 Astuti et al. (2020b)
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