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 Background: Giant freshwater prawn, Macrobrachium rosenbergii is known to be the 
largest Palaemonid in the world. It is an important crustacean species that distributed 
not only within its natural range, but even beyond. Identification of geographically 
diverse M. rosenbergii populations is important as the broodstocks are selected from 
wild populations in culturing programs. The morphological differences among 
geographically different populations may be attributed to the distinct genetic structure 
and environmental condition. Objective: Thus, this study was carried out to analyse the 
morphological characteristics of 81 individuals of M. rosenbergii from Kelantan, Perak 
and Sabah based on based on the genetic data made by previous researchers to relate 
with the morphological variability among the studied populations. One-way analysis of 
variance (ANOVA) was used to determine the significance difference of morphometric 
and meristic parameters among three populations. Discriminant Function Analysis 
(DFA) was performed on the morphometric parameters to identify main characters to 
differentiate the studied populations. Results: This study revealed that the most reliable 
character to differentiate among populations is abdominal length while Sabah 
population showed high morphological differentiation compared to Kelantan and Perak. 
There is significant variability in the morphological and genetic characteristics among 
studied populations. Local adaptation, existence of geographic barriers, high water 
salinity and current flow pattern promote significant variability between populations. 
Conclusion: Information from the present study might be useful for conservation 
programme, future researches and improving the freshwater prawns industry 
particularly in Malaysia. 
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INTRODUCTION 

 
 The giant freshwater prawn, also known as Macrobrachium rosenbergii is the largest known palaemonid in 
the world. Males can reach up to 320 mm in total body length, while females can grow up to 250 mm (de Man, 
1879). Prawns of the genus Macrobrachium are a highly diverse group of decapod crustaceans found in tropical 
marine, estuarine, and freshwaters. Many issues have been debated on the nomenclature of the species within 
this group which were based on the external morphological characteristics.  
 Male prawns are larger than females of the same ages. The male has a head (chephalotorax) proportionally 
larger than the abdomen, which is narrow and the chelipeds are long, massive and large. The size of the female 
prawn is smaller than males of the same age. Besides that, mature females can be differentiated from male with 
proportionally smaller heads and claws (Ling, 1969). There are three main types of females which are virgin 
females, berried females, which are egg carrying females and open brood chamber (spent) females. The male 
growth rates are often quite high but it has been observed that the growth rates of male are highly variable in 
morphotypes (Kuris, et al., 1987).  
 Second pair of periopod is a prominent feature of the genus Macrobrachium. Therefore, this character has 
been taken into account in many morphological studies recorded on this genus (Munasinghe and Thushari, 
2010). However, pereiopods of prawns are regenerated appendages, which are mainly used in reproductive and 
agonistic behaviors.  Prawns are often shed their periopods during trapping and collecting processes. If these 
appendages are in regenerating stage, the data produced at this stage could be less accurate (Munasinghe and 
Thushari, 2010).  
 The present study aims to characterize the morphological characteristics of the wild populations of M. 
rosenbergii from different genetic backgrounds based on the genetic data of M. rosenbergii in Malaysia, 
published by Harun, 2013. 
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Methodology: 

 Giant freshwater prawn, M. rosenbergii of adult samples collected from three places Sungai Kelantan 

(Kelantan), Sungai Perak (Perak) and Sungai Papar (Sabah). The sampling sites were determined based on the 

genetics information published by Harun, 2013. A total number of 81 individuals prawns were collected and 

samples were stored in a freezer (below -20°C) until the measurements was carried out. Initially, ten 

morphometric, three meristic parameters and sex determination were measured and the data was collected 

(Table 1). All measurable characters considered as morphometric parameters while teeth of the rostrum counted 

as meristic parameters. Morphometric measurements were taken to the nearest 0.01 cm with the aid of rulers, 

vernier calliper and threads (Figure 1). Data for meristic characters was collected using dissecting microscope. 

 Statistical analysis was carried out to estimate the relationship between dependent variable, which is 

morphometric parameter and independent variable which is carapace length. One-way analysis of variance 

(ANOVA) was carried out to determine the variability of morphometric characters between the studied 

populations. Turkey HSD multiple comparisons test for unequal sample size (P<0.05) was used to compare the 

significance differences between populations. To determine the most reliable morphological characters, the 

Discriminant Function Analysis (DFA) was also carried out. Wilk’s Lambda was used to test the significance of 

the discriminant function as a whole. This analysis was important to examine the variability between 

populations. All analyses were performed using Statistical Package for the Social Sciences (SPSS) Ver. 16.0. 
 

Table 1: Morphometric and meristic parameters used in the present study. 

Variables Measurement and counts 

Morphometric parameters  

Total length (TL) 

Abdominal length (AbL) 
 

Length of Telson (TeL) 

Carapace length (CaL) 
 

Carapace width (CaW) 

Diagonal carapace length (DCaL) 
 

First abdominal length (1AbL) 

First abdominal height (1AbH) 
Rostral length (RL) 

Second abdominal length (2PIL) 

The length from tip of the antennule’s plate to end of the telson* 

The length from the posterior end of the carapace to end of the 
telson* 

The maximum length of the telson* 

The length from the base of the eye stalk to posterior end of the 
Carapace* 

The length of the maximum depth of the carapace*** 

The length from the base of the eye stalk to bottom of the 
posterior end of carapace** 

The maximum length of the first abdominal segment* 

The maximum height of the first abdominal segment*** 
The length from the tip to the end of the rostrum* 

The maximum length of second abdominal segment* 

Meristic parameters  

Number of upper teeth of rostrum 
Number of lower teeth of rostrum 

Coloration 

The total count of upper teeth of the rostrum 
The total count of lower teeth of the rostrum 

Color of the body whether it is blue, orange etc 

Sex determination  

* - Horizontal length measurements ** - Diagonal length measurements *** - Vertical length measurements 
 

 
 

Fig. 1: Schematic representation of M. rosenbergii shows the morphometric and meristic parameters used in the 

study. (The abbreviation can be referred in Table 1) (Munasinghe and Thushari, 2010). 

 

Results: 

 The summary of the statistical analysis of collected data from three populations for 10 morphometric and 3 

meristic parameters are given in Table 2 and Table 3. Two discriminant functions were revealed according to 

the canonical scores by DFA. The analysis identified nine size corrected morphometric characters as significant 

contributors for the separation of the populations. Among identified nine size corrected morphometric characters 

on three differences populations, the highest correlation was recorded for the abdominal length (0.924) while the 

lowest was recorded for the second abdominal length (0.425). 
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 According to the basic classification given by the DFA, the highest value can be observed for Sabah 
population (91.7%) while the lowest value for Kelantan population (66.7%) whereas Perak population was 
scored 70.4% (Figure 2). Result from discriminant functions analysis using size-corrected revealed that 
morphometric parameters plays a significant role in the level of variability detected in the morphological 
characteristics of M. rosenbergii wild populations in Malaysia (Wilk’s Lambda=0.542, P=0.000). 
 The result showed that most of the M. rosenbergii samples were blue in color. The blue color represents the 
populations from Kelantan and Perak which were 73.8% and 96.3% respectively. However, most of the Sabah 
population represents the highest percentage in orange color which is 83.3%. The minority color represent by 
the population were dark blue and dark orange which is in Kelantan and Sabah respectively (Table 4). 
 Through the observation of sex characteristics in M. rosenbergii, most of the samples were female which 
was 85.7%, 63.0% and 50.0% in Kelantan, Perak and Sabah respectively (Table 5).  

 
Table 2: Statistical analysis of morphometric parameters of M. rosenbergii. 

Dependent Variable (I) populations (J) populations Mean 
Difference (I-J) 

Std. Error Sig. 

Total length Kelantan Perak -9.81984* 2.82860 0.002 

Sabah -34.59762* 3.75349 0.000 

Perak Kelantan 9.81984* 2.82860 0.002 

Sabah -24.77778* 3.97845 0.000 

Sabah Kelantan 34.59762* 3.75349 0.000 

Perak 24.77778* 3.97845 0.000 

Abdominal length Kelantan Perak -4.63968* 1.36866 0.003 

Sabah -18.94524* 1.81618 0.000 

Perak Kelantan 4.63968* 1.36866 0.003 

Sabah -14.30556* 1.92503 0.000 

Sabah Kelantan 18.94524* 1.81618 0.000 

Perak 14.30556* 1.92503 0.000 

Length of telson Kelantan Perak -1.91878* 0.59508 0.005 

Sabah -7.07619* 0.78966 0.000 

Perak Kelantan 1.91878* 0.59508 0.005 

Sabah -5.15741* 0.83699 0.000 

Sabah Kelantan 7.07619* 0.78966 0.000 

Perak 5.15741* 0.83699 0.000 

Carapace width Kelantan Perak -1.77884* 0.69388 0.033 

Sabah -5.96310* 0.92076 0.000 

Perak Kelantan 1.77884* 0.69388 0.033 

Sabah -4.18426* 0.97595 0.000 

Sabah Kelantan 5.96310* 0.92076 0.000 

Perak 4.18426* 0.97595 0.000 

Diagonal carapace length Kelantan Perak -3.26058* 1.10267 0.011 

Sabah -11.52262* 1.46322 0.000 

Perak Kelantan 3.26058* 1.10267 0.011 

Sabah -8.26204* 1.55091 0.000 

Sabah Kelantan 11.52262* 1.46322 0.000 

Perak 8.26204* 1.55091 0.000 

First abdominal length Kelantan Perak -1.18915* 0.30305 0.001 

Sabah -3.30952* 0.40214 0.000 

Perak Kelantan 1.18915* 0.30305 0.001 

Sabah -2.12037* 0.42624 0.000 

Sabah Kelantan 3.30952* 0.40214 0.000 

Perak 2.12037* 0.42624 0.000 

Rostral length Kelantan Perak -6.21799* 1.27261 0.000 

Sabah -16.09762* 1.68872 0.000 

Perak Kelantan 6.21799* 1.27261 0.000 

Sabah -9.87963* 1.78993 0.000 

Sabah Kelantan 16.09762* 1.68872 0.000 

Perak 9.87963* 1.78993 0.000 

Second abdominal length Kelantan Perak 0.46799 0.44617 0.549 

Sabah -1.15238 0.59206 0.133 

Perak Kelantan -0.46799 0.44617 0.549 

Sabah -1.62037* 0.62754 0.031 

Sabah Kelantan 1.15238 0.59206 0.133 

Perak 1.62037* 0.62754 0.031 

First abdominal height Kelantan Perak -1.40556* 0.46782 0.010 

Sabah -5.09167* 0.62079 0.000 

Perak Kelantan 1.40556* 0.46782 0.010 

Sabah -3.68611* 0.65799 0.000 

Sabah Kelantan 5.09167* 0.62079 0.000 

Perak 3.68611* 0.65799 0.000 

*The mean difference that is significant (P≤ 0.05). 
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Table 3: The percentage of each studied population based on coloration. 

Populations Coloration (%) 

Blue Orange Dark blue Dark orange 

Kelantan 73.8 23.8 2.4 - 

Perak 96.3 3.7 - - 

Sabah - 83.3 - 16.7 

 

 
Fig. 2: The relationship among the three different populations based on rostral length parameter and abdominal 

length parameter. M. rosenbergii’s population from Sabah was separated from Kelantan and Perak 

population. 1 represents Kelantan population, 2 represent Perak population while 3 represent Sabah 

population. 

 
Table 4: Correlations between discriminating variables (parameters) and standardized canonical discriminant functions of M. rosenbergii. 

Parameter Functions 

1 2 

Abdominal length 0.924* -0.382 

Total length 0.924* -0.171 

Rostral length 0.863* 0.505 

Length of telson 0.854* -0.157 

Diagonal carapace length 0.843* 0.029 

Carapace width 0.794* -0.035 

First abdominal length 0.694* 0.007 

First abdominal height 0.630* -0.214 

Second abdominal length 0.425* -0.216 

 

Table 5: The percentage of sex between populations from Kelantan, Perak and Sabah. 

Populations Sex (%) 

Male Female 

Kelantan 14.3 85.7 

Perak 37.0 63.0 

Sabah 50.0 50.0 

 

Discussion: 

 In the present study, the rostrum length was recorded as the second highest of prominent morphometric 

character after analyzed by DFA analysis. However, this result is inconsistent with the present study carried out 

by Munasinghe and Thushari (2010) that had found the rostral length as the lowest correlation. This might be 

due to the statement by Wowor and Ng (2007) that rostrum is long when young, and relatively shorter with age. 

According to Wowor and Ng (2007), rostral length character is only suitable for studying the large adult 

specimens. However, large adult specimens are not always easy to obtain from the wild populations. 

 The analysis on meristic parameters of M. rosenbergii in Kelantan, Perak and Sabah was found to be 

insignificant (P>0.05) in the present study. Munasinghe and Thushari (2010) also unable to proved meristic 
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characters as a parameter to distinguish between populations that a significant difference cannot be observed for 

the number of upper and lower teeth of the rostrum of M. rosenbergii. These results correspond with result from 

Wowor and Ng (2007) that also failed to distinguish closely related M. rosenbergii and M. dacqueti species 

using meristic characters. According to the present study, female was found to be majority in the population of 

Kelantan, Perak and Sabah. This result supported the finding by Smith, et al. (1981) that females have higher 

proportion than males in prawn populations (New, et al., 2010). Smith, et al. (1978) postulated that 

environmental condition might affect sex determination and favor the development of females (New, et al., 

2010). Besides that, Peebles (1978) stated that prawns are known to be vulnerable to limb damage and 

cannibalism during moulting, even under conditions of excess food. Unlike males, females can avoid the risks 

by seeking a protection between the claws of males before and after the ecdysis. 

 Sabah population showed high morphological differentiation compared to Kelantan and Perak. This was 

inline with the genetic data published by Harun, (2013) which revealed Sabah as an isolated population. This 

phenomenon might be due to the changes in Sundaland’s geography, particularly in Borneo that have gradually 

increased the area of shallow seas surrounding it through the massive amount of sediment brought from these 

mountains through the rivers. The elevation of the mountains and changes in the ocean circulation has affected 

the climate in Sundaland, causing it to become wetter. The extension of the vicariance event that contributes to 

the climate change has also affected the changes in the sea levels that influenced the partitioning of intraspecific 

variation. This allowed the connection between the islands and mainland and dispersal of the species to occur 

(De Bruyn and Mather, 2007).   

 Perak known as the major production areas of M. rosenbergii industry where the main broodstock for the 

hatcheries are from the wild population. Due to the overexploitation of wild populations of M. rosenbergii, a 

restocking programme was initiated about 20 years ago that successfully recovered the treated populations and 

increased the genetic variability of Perak populations (New, et al., 2010). 

 According to Munasinghe and Thushari (2010), the variability of the morphometric differences might be 

due to local adaptations within populations as a result of environmental variability in different localities. 

Freshwater species possess greater genetic and morphological variability, even on a small geographic scale 

compared to marine species (Ward, et al., 1994; De Woody and Auvise, 2000). Freshwater species found to 

have high genetic and morphological variability due to the existence of geographic barriers which restrict 

migration among lineages (De Bruyn, et al., 2004a,b; Munasinghe and Thushari, 2010). According to the 

Wowor and Ng (2007), high water salinity and current flow pattern might make a more significant contribution 

in dividing the eastern and western form.  

 The study of genetic variability in wild population of M. rosenbergii is important, as broodstock was useful 

for aquaculture industry. By the analysis of the information from genetic and morphological data, it will be 

useful to produce high quality broodstock that will overcome instability in the giant freshwater prawn farming 

industry. High genetic variability in the wild population is tremendously important to avoid from inbreeding 

depression that would resulting in high mortality, vulnerability to diseases infection, low reproduction rate, 

slower growth rate and difficulty in adaptation to a new environment. The present study will also be useful as a 

guideline for conservation programmes to avoid extinction of the population that attribute mainly to human 

activities such as overexploitation and environmental pollution. Besides, M. rosenbergii it is the only source of 

genetic variability available for selection as the conservation of wild populations is very important. The 

knowledge of the genetic variability in Malaysia population could be potentially used in the future research to 

select desired populations prior to genetic improvement programmes. Besides, the improvement and 

sustainability of the farming industry is only possible by manipulating the genetics of the local stock.  

 

Conclusion: 

 Information from the present study could be useful in development of a good quality broodstock by 

identification of commercially important traits such as disease resistance, larger size and high survival and 

reproductive rates.  
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