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Abstract

Sabah has extensive mangrove forests surrounded by oceanic waters which provide suitable habitat for many species of
animals including mud crabs (Scylla spp.). This study was conducted to obtain information on the species composition,
distribution and catch per unit effort in Marudu Bay, Sabah. Samplings were done monthly in five mangrove areas along the
river channels in Marudu Bay (06°33’N; 114°44’E) from October 2012 to September 2013 using collapsible baited crab traps.
From a total of 1859 mud crab specimens caught in Marudu Bay, three species were identified. Scylla tranquebarica was the
dominant species forming 78% of the total followed by S. paramamosain 13% and S. olivacea 8%. The number of males
(n=1224) was higher compared to females (n=635) with an average sex ratio male : female of 1.0:0.5. The catch per unit
effort (CPUE) showed an average value of 0.55 trap! day! and revealed a declining trend throughout the sampling. S.
tranquebarica was widely distributed in all the rivers surveyed, however, it mostly occurred in near the lower reaches of
the river near the areas open to the sea where average water salinity ranged from 12.98 to 14.28 ppt and the environment
favoured the growth of Rhizophora sp. Other species, S. paramamosain and S. olivacea, were mostly found in upstream areas
covered generally by Nypa sp. and where average water salinity varied from 6.93 to 7.50 ppt. The information on the species
composition, distribution and CPUE of the mud crabs in Marudu Bay can be useful for mud crab fisheries resources

management in Sabah.
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Introduction

Mud crabs of the genus Scylla, also known as mangrove
crabs, inhabit coastal waters associated with mangrove
swamps and nearby intertidal and sub-tidal muddy
habitats throughout the Indo-West Pacific region (Keenan
et al., 1998). Mud crabs have high commercial value due to
increasing demand locally and internationally. However,
the supplies depend on the wild caught mud crab. Farmers
capture juveniles from the natural populations for grow-
out and softshell crab production. For meeting the demand
of bigger size crabs the grow-out is done through the
methods of fattening. This has resulted in high exploitative
and decline the the numbers of large-sized of mud crab in
the catch and amount of landings worldwide (Angell, 1992;
Keenan, 1999; Dumas et al, 2012). Although seed
production of mud crab has been established, however, the
production is limited. For this reason the pressure on the
wild populations of crabs still remains high.

There are four species of mud crabs, namely Scylla
serrata (Forskal, 1775), S. tranquebarica (Fabricius, 1798),
S. olivacea (Herbst, 1796) and S. paramamosain
(Estampador, 1949). Scylla serrata is the most common of
these species, and has a wide distribution throughout the
western Indian Ocean, Japan and South Pacific Islands.
Scylla tranquebarica and S. olivacea are more commonly
found in the South China Sea, extending into the Indian
Ocean and western Pacific (Keenan et al., 1998). Scylla

paramamosain has a limited distribution, being restricted
to regions of south China and the Java Seas (Keenan et al,,
1998; Le Vay et al,, 2001).

In Malaysia, three species of mud crab: S.
tranquebarica, S. paramamosain and S. olivacea were
reported in Terengganu (Ikhwanuddin et al, 2010),
Kelantan (Thwan etal., 2011), Johor (Azmie etal., 2012) and
Sarawak (Ikhwanuddin et al,, 2011). Sabah is one of the
main seafood exporters in Malaysia. The export includes
the mud crabs. It also has the most extensive mangrove
forest cover (341,000 ha) which contributes to a significant
amount of seafood resources, including mud crabs
(Faridah-Hanum et al., 2012). However, there is a paucity
of investigations on the mud crab resources. For
sustainable fisheries resources management, information
on their population and other aspects is needed for framing
the guidelines. Therefore, this study was conducted on the
mangrove crabs to gain information on species
composition, distribution and catch per unit effort in
Marudu Bay mangrove forest reserve, Sabah. Marudu Bay
is one of the pristine mangrove areas in Sabah covering an
area of 9550 ha of (Ransangan and Tan, 2018).

Materials and Methods

Sampling area and procedure
Mangrove area of Marudu Bay (06°33’N; 114°44’E) in Sabah
coastal waters was chosen as the study site (Figure 1).
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Monthly samplings were carried out for 12 months from
October 2012 until September 2013, and each sampling was
conducted for two to three days.
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Figure 1. Map of study areas in Marudu Bay, Sabah,
Malaysia.

During the sampling, 50 collapsible baited crab traps
(50cm x 25 cm) with entrance on two sides were used. In
each sampling effort, the traps were deployed for about one
to two hours in the water along the river twice daily. The
traps were deployed during low tide and collected during
high tide. The number and sex of the crab specimens caught
in each trap were recorded. Thereafter, the crabs were tied
and marked with paint marker. The location where the
crabs were caught was recorded using global positioning
system (GPS). In-situ water quality parameters including
salinity, pH, dissolved oxygen and temperature were
measured using portable multiparameter water quality
meter (Hanna Instruments, HI 9828, Washington, USA). The
species of mangrove trees in each sampling site was
identified and recorded. In order to study the spatial
distribution of the mud crabs in Marudu Bay, five rivers in
the Marudu Bay were chosen as the study areas which
included Puka River, Marudu River, Sesau River, Pansur
River and Bintasan River. The samplings were assisted by
local fishermen who have local knowledge and experience
on baited crab fishing in the study areas. The crabs were
then brought to Borneo Marine Research Institute,
Universiti Malaysia Sabah, for species identification and
measurements. The species were identified based on the
morphological characteristics following Keenan et al
(1998).

Data analysis

The data on species identification and sex were used to
determine sex ratio of the different the crabs in Marudu Bay.
Information on species composition was presented as the
cumulative number of the respective species caught during
the study period. Average value of catch per unit effort
(CPUE) was determined based on the total number and
weight of mud crabs caught as suggested by Stamatopoulos
(2002). The data obtained were computed using Microsoft
Office Excel 2011. For species distribution, the marked
coordinates read from the GPS during the samplings were
transferred to Garmin Map source software to visualise the
plotted coordinates. The map from Google Earth aerial
photo was used as a base map. The coordinates of the
distribution were then plotted using Surfer software version
8.0 to summarise the distribution pattern of each mud crab
species.

Results

Three species of mud crabs were identified in Marudu Bay;
the purple mud crab S. tranquebarica, green mud crab S.
paramamosain and orange mud crab S. olivacea. From the
total of 1859 mud crab specimens caught in Marudu Bay, S.
tranquebarica appeared to be the dominant species, forming
78.43% (n=1458) of the total number, followed by S.
paramamosain with 13.23% (n=246) and S. olivacea with
8.34% (n=155) (Table 1). Overall, the total number of male
crabs (n=1224) was nearly two times higher than that of the
female (n=635) with an overall sex ratio male : female of
1.0:0.5. The sex ratio male: female of S. tranquebarica, S.
paramamosain and S. olivacea was 1.0:0.5, 1.0:0.9 and
1.0:0.4, respectively. The body weight of male crabs was
higher than the females. S. tranquebarica males were
significantly heavier compared to the females (p<0.05).
Males S. paramamosain and S. olivacea were also heavier
compared to females. The male and female of S.
tranquebarica recorded the biggest body weight of 730g and
370g, respectively among the three species. During the
sampling, no berried female was caught in the study areas.

Table 1. Species composition, sex ratio and body weight
of mud crabs caught in the mangrove area of Marudu Bay

Sex Body weight (g)
i x N rati
Species Se lv?t}:‘ o lrggn Min  Max
1.0: 191.08
S. M 980 o5 +118.65 30 730
tranquebarica F 478 132.36 30 370
+61.64
M 131  1.0:0. 157.02 50 550
paramamosain 9 +86.84
F 115 13591 50 270
+49.45
S. olivacea M 113 1.0:0. 207.79 70 540
4 +105.89
F 42 184.76 80 300
+65.34
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The monthly species composition also showed that the number of S. tranquebarica caught was consistently higher than
the other two species throughout the 12 months sampling from October 2012 to September 2013 (Figure 2). While S.
tranquebarica can be found abundantly throughout the year, S. paramamosain was mostly found in June until November while
only small numbers of S. olivacea was found in every sampling effort in Marudu Bay.
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Figure 2. Monthly species composition of mud crabs in Marudu Bay.

The mean value of the CPUE of the crabs caught in Marudu Bay mangrove area was estimated at 0.55 crabs trap-lday-!
or 91.47 gram trap-lday-! (Figure 3). The value of CPUE ranged from highest at 0.67 crab trap-lday-!in October 2012, and it
gradually declined to 0.41 crabs trap-lday-! in Sept 2013. In the present study, the highest catch was 67 crabs per day while
only 41 crabs per day when the yield was poor.
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Figure 3. Catch per unit effort of mud crabs caught in Marudu Bay from October 2012 to September 2013.

The species distribution in the five rivers in Marudu Bay mangrove areas is presented in Figures 4 and 5. The data
showed that all the three species of mud crabs; S. tranquebarica, S. paramamosain and S. olivacea occurred in these five
riverine habitats of Marudu. Scylla tranquebarica was found in all the study areas but most abundant in Bintasan River and
Puka River where the mean water salinity was 14.98 ppt and 12.98 ppt, respectively. These two rivers were nearer to the
open sea and the mangrove was dominated by Rhizophora sp. While S. paramamosain and S. olivacea were mostly distributed
in Sesau River, Pansur River and Marudu River where lower mean water salinity ranging from 6.93 to 7.50 ppt. prevailed. The
mangrove cover in these rivers mostly comprised Nypa sp..

20



Borneo Journal of Marine Science and Aquaculture
Volume: 03 (1) | July 2019, 18 - 24

Lat

6.58- -

16.575~ n -
A 1

6.57
| 6.565
M
[43)
] . 9, ©
Q| | e.56 80 5
(4] = o> /o
5 g D =
% 6.555 - P (3
5 . trenquebarica
= R ! s s
lg 6.55 A0 S . '.»«. poremomosoin

S olivocea
6.545 10 0
6.54 > E
G 6
~— o Y - SG.
B.52% O on
116.73 116735 116,74 116.745 116.75 116755 116.76 116.765 116.77 116775 | ,q
O T T T S R — I

Figure 4. Species distribution of mud crabs in rivers of Marudu Bay mangrove area with mean water salinity.

120 -
— 100 - n=527 n=47 n=165 =878 n=242
S
2
o 80 -
(8]
]
g 60 - @ S. tranquebarica
§ BS. paramamosain
g 40 -
€ W S. olivacea
>
Z 20 -

.l m W =
Sesau R.  MaruduR. PansurR. Puka R. BintasanR.
River N=1859

Figure 5. Species distribution of mud crabs in Marudu Bay. (*R- River)

The distribution of S. tranquebarica was positively (R?2=0.67) related to water salinity, while the reverse trend was
observed in the distribution of S. paramamosain (R?=0.9) and S. olivacea (R?=0.90) (Figure 6). The other in-situ water

parameter such as pH, water temperature and dissolved oxygen did not appear to significantly affect the distribution of the
mud crabs in the study areas (Table 2).

21



Borneo Journal of Marine Science and Aquaculture
Volume: 03 (1) | July 2019, 18 - 24

40 ~
9 |
S35 n
© 30 y=151x+5.31
- R?=0.90
g 25 -
€ y =-1.44x + 34.03
5 20 - * R?=0.67
c A
.0
S 15 - ¢
2
5 10 -
2
el
o 5 A y=-4.47x + 63.61
o— 2 _
g 0 T R I_ 0.90 T 1
a
v 5 0 5 10 15 20

Salinity (ppt)
@ S.olivacea W S. paramamosain A S. tranquebarica

Figure 6. Species distribution of mud crabs in areas with different water salinity in five rivers of Marudu Bay.

Table 2. Water quality parameters in the mangrove area of

Marudu Bay
. Wa.te.r Dissolved Water
River/ salinit
Variable ox;ozgen pH Tempfrature
oy ) )

Bintasan  14.28 57.25 7.13 28.94
River +3.44 +8.84 +0.13 +0.76
Puka 12.98 49.26 7.33 28.00
River +7.88 +15.11 +0.63 +3.70
Marudu 7.12 48.80 7.47 28.26
River +6.00 +13.15 +0.32 +0.28
Sesau 6.93 51.21 7.46 27.54
River +4.79 +15.94 +0.34 +1.81
Pansur 7.50 39.63 7.56 27.19
River +5.40 +7.25 +0.36 +0.74

*Data presented as mean * standard deviation (SD), n=24

Discussion

In the present study, three out of the four species of Scylla
spp- mud crabs that have been reported were found in
Marudu Bay. They are S. tranquebarica, S. paramamosain
and S. olivacea. S. serrata is a species common elsewhere but
it was not seen in the Marudu Bay mangrove areas. Among
the three species, the biggest size of male and female
specimens caught was from S. tranquebarica. The males
were bigger than the females in all of the species. These
three closely related species were also reported in
Terengganu (Ikhwanuddin et al,, 2010), Kelantan (Ilhwan et
al, 2011), Johor (Azmie et al, 2012) and Sarawak
(Ikhwanuddin et al., 2011). For the mud crab, it is common
for several species to occur in one location but only only one
species making up the higher percentage of overall crab
population (Shelly and Lovatelli, 2011). In Marudu Bay, S.
tranquebarica was found to be the dominant species,

followed by S. paramamosain whereas the abundance of S.
olivacea was lowest. This pattern of occurrence and
abundance was consistently observed throughout the year
in Marudu Bay. In comparison with other mud crab studies
in Malaysia, S. paramamosain and S. olivacea were reported
as the major species in Kelantan and Terengganu,
respectively while the population strength of .
tranquebarica was lowest (Ikhwanuddin et al., 2010; Thwan
etal, 2011). Meanwhile, S. olivacea was the major species in
Sarawak (Ikhwanuddin et al, 2011). In other Southeast
Asian countries, Thailand, Philippines and Indonesia, S.
olivacea was reported as the dominant species. In Ranong,
Thailand, S. olivacea was found together with S.
paramamosain was the dominant species (Tongdee, 2001).
Meanwhile, in Panay Island, Philippines, the catch
composition was documented: Scylla olivacea (99.34%),
Scylla tranquebarica (0.58%) and Scylla serrata (0.08%)
(Walton et al,, 2006). In Southeast Sulawesi, Indonesia S.
serrata was the dominant species (Sara, 2010). The present
study supported the suggestion that species composition of
mud crabs varies in different locations even in the same
country (Ikhwanuddin et al., 2011).

The present study further showed that the number of
male crabs caught was almost two times higher compared
to the females in Marudu Bay. Similar observations were
reported earlier (Jirapunpipat, 2008; Ikhwanuddin et al,,
2011). Lower number of females may be due to the
possibility of females occupying specific ecological niches
and were not attracted to the baited trap (Ward et al.,, 2007).
The other reason could be the migration of berried females
from the mangrove area to the ocean for spawning (Ward et
al, 2007) where they stop feeding and are thus less
susceptible to baited traps (Heasman et al, 1985). In
present study, no single berried female was caught in the
rivers, although matured females (gonado-somatic index
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10.7) can be obtained throughout the sampling period
(Noor Amalia, 2016). This may indicate that the female
undergoes gonad maturation in the mangrove area and then
moves out to the ocean for spawning. The lower percentage
of S. tranquebarica female caught in Jun and July was
coincided with the spawning season in Marudu Bay (Noor
Amalia, 2016). This might be one of the reasons contributing
to lower number of females caught in the mangrove areas.

A decline in CPUE was evident throughout the
sampling period from October 2012 (0.67 crabs trap-iday1;
116.6 gram trap-tday1) to September 2013 (0.41 crabs trap-
lday1; 60.4 gram trap! day!). A separate sampling back to
the study areas in April 2014 showed that CPUE was 0.54
crab specimens trap-ldayl. These CPUE values were
comparable to a study on S. serrata in a non-reserve fishing
ground in Australia (Pillans et al,, 2005). However, the CPUE
values were lower compared to S. serrata caught in marine
reserves that were closed for fishing for five years (Pillans
et al,, 2005). The CPUE was 2.5 times higher in the marine
reserves than the non-reserves sites (Pillans et al,, 2005). In
Marudu Bay, the northeast and southwest monsoon could
have influenced the catch. The northeast monsoon season
(October to March) usually brings heavy rainfall and the
catch of mud crab in Marudu Bay was higher during these
month. It may due to food availability like detritus and prey
in muddy waters (Nirmala et al, 2012). Besides that,
estimated data using FiSAT software (FAO-ICLARM Fish
Stock Assessment Tools) showed that recruitment of
younger crabs occurred around June to September (Nurul
Ain, 2016). These small sized crabs may easily get in and out
of the traps without being caught, thus contributing to lower
CPUE value in this study. Other factors such as overfishing,
environment, or physical changes in the habitat and
pollution are also known to affect the mud crab abundance
(Hutchinson et al, 2014). Decline of crab landings and
smaller average size in the catch have been reported over
the last two decades (Angell, 1992; Le Vay, 2001; Lebata et
al,, 2007). More data and longer study period are needed to
understand if overfishing or other factors is reducing the
CPUE in Marudu Bay.

Keenan et al. (1998) have suggested that the four
Scylla species may have diverged distribution based on their
tolerance to salinity. In the present study, S. tranquebarica
were found as the dominant species in five rivers of Marudu
Bay forest reserve where the water salinity ranged from
6.93 to 14.28 ppt. However, S. tranquebarica was mostly
distributed in Puka River and Bintasan River that are
located near the open sea. This was supported by previous
study reporting that S. tranquebarica was relatively more
common in the sub-tidal areas and moves towards
mangroves during flood tides for feeding (Walton et al,
2006). S. paramamosain and S. olivacea were mostly caught
in areas with lower water salinity (Sesau, Marudu and
Pansur River). Earlier studies also reported that these two
species prefer moving to low salinity areas near the river
mouths and ascend farther upstream areas that are not
easily accessed by boat (Keenan et al., 1998; Walton et al,,

2006; Ewel et al., 2009). Keenan et al. (1998) further stated
that S. olivacea is limited to mangroves and coastline with
reduced water salinity especially during the rainy season.
For other variable water parameters, temperature, pH and
dissolved oxygen were not shown to have any effect on the
distribution of these three mud crab species in Marudu Bay.
Types of vegetation might also be a factor in the distribution.
In this study, rivers that are closer to the open sea (Bintasan
and Puka River) were dominated with Rhizophora sp.. The
areas further upstream and close to the land (Pansur,
Marudu and Sesau River) were dominated by Nypa sp. The
local fishermen also expressed the view that S
tranquebarica was known as the ‘mangrove crab’ which
they mostly noticed in the mangrove vegetation, while S.
olivacea was known as the ‘nypa crab’ due to its abundance
in in nypa forest.

In the present study, no S. serrata was found.
However, the local fishermen reported to have caught
occasionally caught this mud crab species with individual
body weight exceeding 1 kg as the by-catch when fishing in
the open sea. There is a possibility that S. serrata is present
in Sabah coastal waters as reported by Ikhwanuddin et al.
(2014). However, due to the sampling sites in the present
study were in the mangrove areas S.serrata could not be
seen in the samples but may be present in its favourite
habitat of high salinity oceanic waters (Keenan et al., 1998).
The specific reasons for species distribution over a large
area with different habitats could be linked to multiple
factors that need further investigations (Walton et al,
2006).

Conclusion

Present study showed that three different species of mud
crabs with wide range of sizes can be caught with the baited
traps in the mangrove area of Marudu Bay. Mangrove area
in Marudu Bay provides an important habitat that can
shelter for different species and support the requirements
of different stages of mud crabs. Although the three species
of mud crabs were found associated with each other within
the same mangrove area, the distribution their distribution
is strongly influenced by the water salinity. A more
comprehensive study over a longer period is needed to
clarify the possible reasons for the decreasing trend of CPUE
of the crabs in Marudu Bay.
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