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Abstract. Utilization of mud crab resources through crab farming is basically carried out based on 
collection of crabs from the wild. However, the average growth of mud crab production in several main 
mud crab-producing areas tends to decline. The purpose of this study was to identify the morphological 
character of the mud crab species associated with mangrove vegetation. Sampling was performed using 
simple random sampling method at three stations. The obtained morphological, morphometric, and 
meristic characters were converted into binary form (matrix 0-1) using Ms. Excel 2013. Character data 
processing was processed using the MVSP 3.1 program with the UPGMA clustering method and the Nei 
and Li's Coefficient to reconstruct the dendrogram. The collected mud crabs from three stations were 
consisted of three species of mud crabs, namely: Scylla serrata, S. tranquebarica, and S. olivacea. The 
carapace length of the three mud crab species collected from the three stations was ranged from 3.5 to 
6.6 cm, carapace width ranged between 5.5 to 10.1 cm, propodus length ranged between 0.7 to 1.9 cm, 
and an average total weight of 36.3 to 212.1 grams. The overall value of R2 of the relationship between 
carapace length and carapace width was ranged from 0.853 to 0.987 (close to 1.00). Based on the 
dendrogram, the population of S. tranquebarica obtained from the three sampling stations has a 
similarity level 73%. The association results between mud crabs and mangrove ecosystems indicated 
that the types of mangroves in each station were different, in accordance with the ecological conditions 
suitable for the growth of the mud crabs. The level of mangrove vegetation was associated with the size 
and weight of crabs found at the ST 1 sampling station, which originally had a higher density of 
mangrove vegetation than other stations. In addition, the largest S. serrata with carapace length of 9.0 
cm and a weight of 400 grams was also found in that particular station.  
Key Words: mud crab, meristic, morphometric, North Kalimantan, water quality. 

 
 

Introduction. Mud crabs (Scylla spp.) are omnivore animals known to live in mangrove 
ecosystems and are widely spread in the Indo-West Pacific (Widigdo et al 2017). Mud 
crabs are reported to have different morphological characters between species and are 
widely distributed throughout Indonesia. In 1996, Indonesia was reported to have around 
3.5 million hectares of mangrove forest which is the habitat of Scylla spp. (Dahuri 2003). 
Mud crab is not only in demand by domestic consumers, but also in demand by foreign 
consumers (Kasry 1996). Scylla spp. become one of people’s favorite, especially the one 
that is laying eggs as it will have tastier and more savory meat. Mud crabs have a high 
economic value in the Indo-Pacific market, which then increased its potential to be 
cultured by people (Pratiwi 2011; Aditya et al 2012). 

Mud crab is in great demand because crab meat is not only delicious, but is also 
known to be healthful. Processed foods made from mud crabs have low saturated fat and 
source of niacin, folate, and potassium. In addition, it is also a source of protein, vitamin 
B12, phosphorus, zinc, copper, and selenium. Selenium is believed to play a role in 
preventing cancer and chromosome destruction. Fisheries Research and Development 
Corporation in Australia reports that 100 grams of mud crab meat contain 22 mg of 
Omega-3 (EPA), 58 mg of Omega-3 (DHA), and 15 mg of Omega-6 (AA) which are 
important for the growth and intelligence of children (Muskar 2007). Aside of the 
commercial value from the crab’s meat, its shells are also reported to have a high 
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economic value as it can be exported in dry form which then used as a source of chitin, 
chitosan, and carotenoids (Safitri et al 2016). 

The utilization of crab resources is basically based on the collection from the wild. 
At the same time, the average growth of mud crab production in several major mud 
crab-producing provinces is considered as slow and tends to decline over time (Cholik 
1999; Pratiwi 2011). The declining mud crab population in nature is assumed to be 
caused by the degradation of mangrove ecosystems and over-exploitation (Siahainenia 
2008). The ecological status of mud crabs in relation to population biology and 
management needs to be investigated to support the development of a sustainable mud 
crab fishery and aquaculture (Levay 2001). 

Research on the morphometric and merictic characters of the mud crab in North 
Kalimantan is required to determine the status of mud crabs in their habitat. The result of 
this study is expected to contribute on determining the proper management of mud 
crabs, so its benefit can be sustainable.  

 
Material and Method. Sampling was carried out from June to October 2019 using the 
simple random sampling method, where the number of samples collected depends on the 
availability at that moment regardless of the species. The observation of mangrove 
vegetation was conducted in 3 stations (ST) of Kaltara waters: ST 1 (Tibi Island Waters); 
ST 2 (Mamburungan River Tarakan Waters); and ST 3 (Bulungan Estuary) (Figure 1). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Mud crab sampling locations. 

 
Sampling procedure. Mud crabs were caught in various sizes, both male and female, 
and were identified at the Fisheries Biology Laboratory, Faculty of Fisheries and Marine 
Sciences, University of Borneo Tarakan. The collected mud crab samples were observed 
for its morphology, morphometrics, and meristics referred to Keenan (1999) and 
Kathirvel & Srinivasagam (1992). 
 
Meristic and morphometric characteristics analysis. Data analysis was carried out 
based on the frequency distribution of the length and width of the mud crab carapace to 
get the class interval, mean value, and frequency by using Ms. Excel 2013. The steps in 
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determining the frequency distribution were as follows: a). calculation of the maximum 
and minimum values of the total length and width of the carapace data from the total 
number of mud crabs; b). calculation of the sex percentage of each species; c). 
calculation of each species percentage as well as sex percentage from each station; d). 
calculation of the association between carapace length and carapace width as well as 
carapace length and total weight using a regression graph. 
 The obtained morphological, morphometric, and meristic data were converted into 
binary form (matrix 0-1) using the Ms. Exel 2013. Character data processing was done 
using the MVSP 3.1 (Multi-Variate Statistical Package) program with the UPGMA 
(Unweighted Pair Group with Arithmetic Average) clustering method and Nei and Li's 
Coefficient used to reconstruct the dendrogram.  

 
Water quality parameters analysis and mapping. Both in situ and ex situ water 
quality parameters were analyzed for each station. In situ water quality parameters 
consisted of pH (SNI 06-6989.11-2004), salinity, temperature, current velocity, 
brightness, and depth, meanwhile ex situ water quality parameters consisted of ammonia 
(SNI 06-6989.30-2005), phosphate (SNI 06-6989.31-2005), nitrate (SNI 19-6964.7-
2003) and nitrite (SNI 06-6989.9-2004). The station map of the sampling stations was 
constructed based on the coordinates obtained at three stations in Geography 
Information System (GIS) Laboratory of Faculty of Fisheries and Marine Science, Borneo 
Tarakan University by using Map Info 12 software. 
 
Results and Discussion. The selection of sampling stations was based on the 
distribution of mangrove forests in the Kaltara waters. A total of 76 mud crabs collected 
from 3 sampling stations belong to the genus Scylla. The highest number of samples was 
collected from ST 2 (30 individuals), followed by ST 1 (26 individuals) and ST 3 (20 
individuals) with percentage of 39.47%, 34.21%, and 26.32%, respectively. The highest 
percentage of species collected was S. serrata, followed by S. tranquebarica, and S. 
olivacea with a percentage of 50%, 28.95%, and 21.05%, respectively.  

The collected mud crab consisted of 62% males and 38% females from the total 
number of crabs. The sex percentage composition of mud crabs consisted of 73.68% 
males and 26.32% females for S. serrata, 43.75% males and 56.25% females for S. 
olivacea, and S. tranquebarica with 54.55% males and 45.45% females (Figure 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
Figure 2. Percentage of males and females mud crabs. 

Scylla tranquebarica 
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According to Figure 3, it can be seen that S. serrata was distributed at each 
station, this is because S. serrata has a high tolerance for the environmental conditions 
within its habitat. As for S. transquebarica, although the population of S. tranquebarica 
was not as high as S. serrata, this species was also well distributed in all stations. 
Meanwhile, S. olivacea was not found in ST 1 where S. serrata was found to be dominant 
in this station. S. olivacea was only found in ST 2 and ST 3. 

  

Figure 3. Percentage of mud crab distribution in each station. 
 
Morphological characters of genus Scylla spp. Based on the results of the previous 
study, S. serrata is reported to have a blackish brown carapace color (Moosa et al 1985). 
S. serrata belongs to the group which has a green-red-brown base color. The color of the 
carapace of S. serrata is related to its habitat as they generally burrow in the mangrove 
area (Moosa et al 1985; Kathirvel & Srinivasagam 1992). The frontal lobe spines were 
blunt, meanwhile the number of inner carpal spines (spines of the cheliped carpus) was 
one and not blunt. In addition, the pleopods of S. serrata did not have any pattern. 
Estampador (1949) in Siahainenia (2008) stated that S. serrata has a carapace color of 
red brown like rust with a shallow H-shaped groove on the carapace, blunt frontal 
margin, and does not have spines on the cheliped carpus that turn into vestigial. 
  S. tranquebarica that belongs to the “Banhawin” group is usually found swimming 
freely around coastal waters. It has green color with a pattern on its pleopods 
(Estampador (1949) in Kathirvel & Srinivasagam (1992)). The results of this study found 
that S. tranquebarica had a greenish-brown carapace color with an H-shaped groove on 
its inner carapace. The shape of the frontal lobe spine was sharp, and the number of inner 
carpal spines (spines on the cheliped carpus) was two, where one of the spines was sharp, 
while the other was slightly blunt. The pleopods of S. tranquebarica had certain pattern.  
  According to Keenan (1999), the classification criteria for adult S. olivacea is on its 
varied color, from reddish orange to blackish brown. Chela and legs have no clear 
polygon pattern for both sexes while this pattern does exist on the abdomen of the 
female only. Juvenile mud crabs prefer sheltered places, such as bay, waterways, under 
rocks, seagrass beds, and between mangrove tree roots (Soim 1999; Shelley & Lovatelli 
2011). Mud crabs only come out of their hiding some time after sunset and move 
throughout the night, mainly to forage for food (nocturnal) (Rosalina & Utami 2021). 
  
Carapace length frequency distribution. The frequency distribution of carapace 
length can be used to determine the largest and smallest carapace size, the highest and 
lowest total weight, as well as the longest and the shortest propodus length of mud crab 
species. S. serrata, S. tranquebarica, and S. olivacea obtained during the study from 
each station showed different frequencies and sizes (Table 1).  
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Table 1 
Carapace length distribution of mud crabs from each station 

 

No Station Species Carapace 
length (cm) 

Carapace 
width (cm) 

Propodus 
length (cm) 

Overall 
weight (g) 

S. serrata a. 6.6 
b. 4.1 
c. 9.0 
d. 1.4 

a. 10.1 
b. 5.9 
c. 12.6 
d. 2.1 

a. 1.9 
b. 0.6 
c. 4.5 
d. 0.9 

a. 212.1 
b. 32.2 
c. 400 
d. 121 

1. ST 1. 

S. tranquebarica a. 6.6 
b. 4.5 
c. 8.0 
d. 1.0 

a. 9.8 
b. 7.3 
c. 11.6 
d. 1.4 

a. 1.4 
b. 1.0 
c. 1.8 
d. 3.3 

a. 156.2 
b. 66.9 
c. 262.0 
d. 56.3 

S. serrata a. 5.2 
b. 2.4 
c. 8.5 
d. 2.3 

a. 7.8 
b. 5.1 
c. 12.1 
d. 2.5 

a. 1.7 
b. 0.4 
c. 6.0 
d. 1.7 

a. 87.4 
b. 12.8 
c. 336 

d. 100.9 
S. tranquebarica a. 4.7 

b. 3.6 
c. 7.0 
d. 1.6 

a. 5.8 
b. 5.0 
c. 6.6 
d. 0.7 

a. 0.7 
b. 0.4 
c. 1.2 
d. 0.4 

a. 40.5 
b. 17 
c. 70 

d. 23.8 

2. ST 2. 

S. olivacea a. 3.5 
b. 2.0 
c. 4.5 
d. 0.8 

a. 5.5 
b. 4.5 
c. 6.9 
d. 0.6 

a. 1.0 
b. 0.5 
c. 2.5 
d. 0.6 

a. 36.3 
b. 19.0 
c. 66.0 
d. 12.9 

S. serrata a. 5.8 
b. 2.0 
c. 8.7 
d. 2.7 

a. 9.2 
b. 4.4 
c. 13.2 
d. 3.5 

a. 1.5 
b. 0.6 
c. 2.2 
d. 0.6 

a. 172.7 
b. 24 
c. 327 

d. 127.7 
S. tranquebarica a. 5.3 

b. 3.0 
c. 9.1 
d. 1.8 

a. 8.4 
b. 5.0 
c. 13.2 
d. 2.3 

a. 1.7 
b. 0.5 
c. 3.0 
d. 0.8 

a. 93.7 
b. 24.0 
c. 145.1 
d. 36.9 

3. ST 3. 

S. olivacea a. 4.8 
b. 3.8 
c. 6.5 
d. 1.5 

a. 6.9 
b. 5.7 
c. 9.0 
d. 1.8 

a. 1.0 
b. 0.7 
c. 1.2 
d. 0.3 

a. 26.8 
b. 13.5 
c. 35.0 
d. 11.6 

a = average; b = lowest value; c = highest value; d = standard deviation.  
 
Based on Table 1, S. serrata obtained from ST1 had an average carapace length of 6.6 
cm and carapace width of 10.1 cm. The average propodus length was around 1.9 cm and 
the average of total weight was 212.1 grams. Meanwhile, S. tranquebarica had an 
average carapace length of 6.6 cm, an average carapace width of 9.8 cm, an average 
propodus length of 1.4 cm, and an average total weight of 156.2 grams. 
 Based on these data, it can be inferred that the average carapace length of S. serrata 
was the same as S. transquebarica, the average carapace width of S. serrata was greater 
than S. tranquebarica, the average propodus length of S. serrata was larger than S. 
tranquebarica, and the average total weight of S. serrata was greater than S. tranquebarica. 
It is suspected that the environment of ST 1 is very supportive for the growth of S. serrata. 

 S. serrata obtained from ST 2 had an average carapace length of 5.2 cm, an 
average carapace width of 7.8 cm, an average propodus length of 1.7 cm, and an 
average total weight of 87.4 grams. Meanwhile, S. tranquebarica had an average 
carapace length of 4.7 cm, an average carapace width of 5.8 cm, an average propodus 
length of 0.7 cm, and an average total weight of 40.5 grams. S. olivacea had an average 
carapace length of 3.5 cm, an average carapace width of 5.5 cm, an average propodus 
length of 1.0 cm, and an average total weight of 36.3 grams. According to the data 
obtained from ST 2, it can be inferred that the average carapace length of S. serrata was 
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greater than S. tranquebarica and S. olivacea, meanwhile the average carapace width of 
S. serrata was greater than S. tranquebarica and S. olivacea. The average propodus 
length of S. serrata was greater than S. tranquebarica and S. olivacea, and the average 
total weight of S. serrata was greater than S. tranquebarica and S. olivacea.  

 S. serrata obtained from ST 3 had an average carapace length of 5.8 cm, an 
average carapace width of 9.2 cm, an average propodus length of 1.5 cm, and an 
average total weight of 172.7 grams. The average of carapace length, carapace width, 
propodus length, and total weight of S. tranquebarica were 5.3 cm, 8.4 cm, 1.7 cm and 
93.7 grams, respectively. Meanwhile, the average of carapace length, carapace width, 
propodus length, and total weight of S. olivacea were 4.8 cm, 6.9 cm, 1.0 cm, and 26.8 
grams, respectively. Based on these data, it could be inferred that the average carapace 
length of S. serrata was greater than S. tranquebarica and S. olivacea, the average 
carapace width of S. serrata was greater than S. tranquebarica and S. olivacea. The 
average propodus length of S. tranquebarica was greater than that of S. serrata and S. 
olivacea. And the average total weight of S. serrata was greater than the average total 
weight of S. tranquebarica and S. olivacea. 

 
Mangrove crab growth pattern. The relationship between carapace length and 
carapace width as well as the relationship between carapace length and the total weight 
of Scylla spp. is presented in Figure 4 and Figure 5.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
Figure 4. Regression between carapace length and carapace width in mud crabs. 
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Figure 5. Regression between carapace length and total weight of mud crab. 
 
The results of this study indicated that all species obtained from all sampling stations had 
a negative allometric growth pattern, meaning that the increase of carapace width was 
more dominant than the increase of carapace length. This result is supported by the 
study conducted by Hartnoll (1982) and Rachmawati (2009) who stated that the growth 
pattern of mud crab is negative allometric growth. Furthermore, the coefficient of 
determination (R2) was obtained based on the results of the carapace width and weight 
regression in which indicating a variation between sampling stations. The highest R2 
value was recorded in S. olivaceae from ST 3 with the value of 0.987, meaning that the 
regression model could explain the actual model in nature by 98.7%. The lowest R2 was 
recorded in S. olivaceae from Station 2 with the value of 0.363, meaning that the 
regression model can explain the actual model in nature by 36.3%. Overall, the value of 
R2 for the relationship between carapace length and carapace width was ranged between 
0.853 and 0.987 (close to 1.00). This indicates that the carapace length and carapace 
width of Scylla spp. fits a linear model, which means that the length of the carapace 
increases as the width of the carapace increases. The relationship between carapace 
length and total weight shows that all species obtained from the three sampling stations 
had a positive allometric growth pattern (Figure 5).  
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Mangrove crab similarity relationship based on Nei and Li coefficient. 
Dendrogram was constructed based on the observed 53 morphological characters of the 
mud crab collected from the three populations (Figure 6). In general, the mud crab 
population was divided into two main groups at a similarity level of 0.67 (67%): 1) 
cluster A only consists of S. serrata population collected from ST 3; 2) cluster B consists 
of S. serrata population from ST 2 and ST 1, S. olivacea collected from on ST 2 and ST 3, 
as well as S. tranquebarica collected from the three sampling stations. The similarity was 
observed on all morphological characters; however, some characters include the ratio of 
internal carapace width:total weight, the ratio of carapace width:propodus length, the 
ratio of carapace width:inner propodus spine (IPS), and the carapace width ratio showed 
slight difference among three species studied. 

Based on the constructed dendrogram, the population of S. tranquebarica 
collected from the three stations had a similarity level of 73%. However, the level of 
similarity of S. tranquebarica population on ST 1 and ST 3 was higher than that of ST 2. 
In contrary, S. serrata population on ST 1 and the S. serrata population on the ST 2 had 
a similarity level of 83, meanwhile the S. olivacea population collected from ST 3 and ST 
2 had a similarity level of 95%. The high and low level of morphological similarity is 
assumed to be associated with the genetic flow that is expressed in phenotypic 
characters and is influenced by the environmental factors that support their growth. 
Indrawan et al (2012) stated that each individual within the population has genetic 
differences from one another. Genetic variation arises because each individual has unique 
forms of genes. Furthermore, allele variations on these genes can affect the 
morphological, anatomical, and physiological development of each organism. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Dendrogram of three mud crab populations based on the morphological 
characters (SS = S. serrata; ST = S. tranquebarica; SO = S. olivacea). 

 
Mud crab distribution pattern collected from three stations could be divided into two 
groups: 1) Group A consists of Scylla spp. population from ST 1; 2) and Group B Scylla 
spp. population from ST 2 and ST 3. Based on the ordinance diagram (PCA) (Figure 7), it 
is assumed that the flow and exchange of genetic material are more likely to occur 
between populations of Scylla spp. on ST 2 with ST 3. The level of morphological 
similarity can occur due to the exchange of interpopulation genetic material through 
breeding. Other scenario is that both populations of Scylla spp. from ST 2 and ST 3 were 
originated from the same ancestor. The exchange of genetic material through breeding 
may happen when the larvae of Scylla spp. population from the Mambirdan River are 
drifted by the current or attached to the gills of fish until they reach Muara Bulungan and 
vice versa. Indrawan et al (2012) described that genetic variation increases when 
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offsprings receive a combination of genes and chromosomes from their parents through 
gene recombination that occurs during sexual reproduction. Phenotype appears because 
of the manifestation or expression of the genotype with its environment. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. The distribution pattern of mud crabs collected from three stations was divided 
into two groups based on the results of PCA. 

 
Water quality parameters and mangrove ecosystem. Mud crabs can be found in 
almost all types of Indonesian waters, especially in areas overgrown with mangrove trees 
and associated with mangrove forests. Snedaker & Getter (1985) explained that the 
habitat of mud crab is in intertidal waters or areas near mangrove forests with mud 
substrates. The peculiar and complex mangrove root system acts as a sediment trap, 
forming a fine base substrate fraction for mud crabs. Environmental parameters and 
variations of mangrove vegetation found in the research location is presented in Table 2.  
 Based on these parameters, the water quality becomes the parameter that can be 
tolerated for the growth of mud crabs. In general, the abundance of mud crabs is also 
influenced by the water salinity. The salinity suitable for rearing mud crab larvae at the 
zoea level should range from 29 to 33‰ and range from 21 to 27% for rearing 
megalopa phase (Kasry 1996). Another study stated that good salinity levels for both 
zoea and megalopa phases is ranged from 20 to 30 g L-1 (Nurdiani & Zeng 2007). 
 

Table 2 
Water quality parameters at each station 

 
Parameters ST 1 ST 2 ST 3 

Temperature (oC) 32 32 30 
Brighteness (cm) 40 35 30 

pH 8.78 6.2 6.1 
Current velocity (m s-1) 5.5 1.0 1.3 

Salinity (ppt) 19 22 21 
Depth (m) 2.5 1.7 2 

Ammonia (mg L-1) 0.099 0.107 0.134 
Nitrite (mg L-1) 0.078 0.018 0.089 
Nitrate (mg L-1) 0.116 0.078 0.522 

Phospate (mg L-1) 0.056 0.092 0.178 
Mangrove vegetation ST 1 ST 2 ST 3 

Rhizophora mucronata + + - 
Avicennia marina + + + 
Nypa fruticans + - + 

Bruguiera gymnorrhiza - - + 

Group A  
Group B  
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  Based on its life cycle, mud crabs are estimated to pass through various water 
conditions in their lifetime. The seawater temperature of newly hatched crabs is generally 
ranged from 25 to 27°C, which then the temperature will gradually become lower 
towards the coast. Young mud crabs that have just shed their skin from the megalopa 
phase and will enter the river mouth can tolerate temperatures above 18°C (Ramelan 
1994). Cholik (1999) stated that the acceptable temperature for mud crabs is between 
18 to 35°C, as for the ideal temperature is ranged from 25 to 30°C. Temperature that is 
less than the optimum point may affect the growth of organisms, as metabolic reactions 
will be decreased in that temperature. On the other hand, if the temperature raises above 
32°C or sudden changes in temperature of 5°C will cause organisms to experience stress. 

 Several types of mangroves found at each station differ according to the 
ecological conditions that support the growth of these mangroves. Based on the results of 
the plot or transect with a size of 10 x 10 m2, it was found that the mangrove density 
level of ST 1, ST 2, and ST 3 were 1.04 trees m-2, 0.13 trees m-2, and 0.6 trees m-2, 
respectively. Based on these data, it can be concluded that ST 1 has higher density of 
mangrove vegetation than ST 3 and ST 2. These results were correlated with the size and 
weight of crabs found in the study which were 9.0 cm and 400 grams, respectively. This 
might be due to the ecological conditions is able to give enough nutrients for the growth 
of mud crabs, so that their growth can be maximized. 

 
Conclusions. According to the sampling results on 3 stations, S. serrata was found to 
have the largest carapace length, width, propodus, and total weight among the others. 
The relationship between carapace length and carapace width indicated that all species 
obtained from the three sampling stations had a negative allometric growth pattern, 
meanwhile the relationship between carapace length and total weight indicated that all 
species obtained from the three sampling stations had a positive allometric growth 
pattern. 

 The level of mangrove vegetation correlated with the size and weight of crabs 
found at the ST 1 showed a higher density of mangrove vegetation than other stations. 
Moreover, S. serrata was found with the largest carapace length of 9.0 cm and a weight 
of 400 grams in this particular station. 
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