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Abstract
The giant freshwater prawn, Macrobrachium rosenbergii is the largest known palaemonid in the world. It is one of the 
most economically important freshwater crustaceans around the world including Sri Lanka. Its natural range 
extends from south to southeast Asia including Papua New guinea, Australia and around pacific islands. The 
availability of two geographically distinct groups has been revealed in past studies and is suggested to recognize and 
re-name eastern and western groups as M. rosenbergii and M. dacqueti, respectively. The present study examined the 
phylogenetic position of Sri Lankan M. rosenbergii using mitochondrial 16S rRNA partial sequences. Sequences 
from 13 geographically separated populations were used in this analysis. Results supported the division of two 
clades indicating geographically separated genetically different western and eastern groups. Between two clades the 
nucleotide divergence level ranged from 4.89% - 5.96%. The degree of nucleotide divergence within western clade 
ranged from 0.00% to-0.64% and within eastern clade it varied from 0.21%-0.85%. Presence of two haplotypes 
was indicated (nucleotide divergence level 0.21%) within Sri Lankan populations and they grouped within the 
western clade. Between two haplotypes found, haplotype II is common among six other populations. This evidence 
suggests that further studies are needed to confirm whether giant freshwater prawn in Sri Lanka is different from 
hototype of M. rosenbergii and could be treated as the recently designated lectotype, M. dacqueti.
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Introduction
The giant freshwater prawn, Macrobrachium rosenbergii is 
the largest known palaemonid in the world. It can be 
found in natural water bodies of south and southeast 
Asia including Papua New guinea and Australia and 
around pacific islands (Marther and Brayn, 2003). This 
is economically most important within the genus and 
widely fished where it is found and cultured almost 
throughout natural distribution and beyond. In the last 
decade, average M. rosenbergii production rose by some 
10- 48% in quantity and 20-24.5% in value (FAO 2007). 
In Sri Lanka, Macrobrachium rosenbergii has gained a value 
as an important organism for aquaculture. Therefore, 
to increase the production in 1970's, National 
Aquaculture Development Authority of Sri Lanka has 
launched a free stocking program of M. rosenbergii in 
selected medium irrigation tanks.

However, the taxonomic recognition of M. 
rosernbergi is still unstable. So far, the name M. rosenbergii 
has 15 associated synonyms and there have been some 
debates to know whether it is just one species.

According to ivjvw.sealifebase.org (Palomares and Pauly, 
2009), M. rosenbergii is the valid and accepted name. 
Holthuis (1950) recognized it as only one wide ranging 
species andjonson (1960) recommended that there are 
two subspecies of M. rosenbergii. the western and the 
eastern. This hypothesis was further supported by 
morphological and allozyme data (Hedgecock et al. 
1979, Lindenfelser 1984,) as well as molecular work (de 
Bruyn etal, 2004a; Chand etal, 2005). These molecular 
studies showed a sharp division between the western 
and eastern populations. Bruyn etal. (2004a) suggested 
that Huxley's line could be considered as the best 
biological barrier to separate these two subspecies. The 
most recent study reported on M. rosenbergii is by 
Wower and Ng (2007) based on adult morphological 
characters of this species. They easily recognized the 
availability of two species and suggested to name 
eastern species as M. rosenbergii and western species as
M. dacqueti.

The distribution of Macrobrachium sp. in Sri Lanka 
was reported by Costa (1979) and Mendis and
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Fernando (1962). However, only two systematic 
studies were carried out on Sri Lankan Macrobrachium 
species (Lindenfelser 1984; Wower and Ng 2007) with 
limited sampling. In Lindenfelser's (1984) study M. 
rosenbergiipopulations were grouped into three groups; 
eastern, mid-western and far western. Sri Lankan M. 
rosenbergii of Sri Lanka was grouped with far western 
group. Wower and Ng (2007) defined only two 
groups: eastern and western and Sri Lankan sample 
grouped with western group. Bruyn e tals (2004a) study 
was conducted using molecular sequence data, but this 
was mainly targeted on Southeast Asian populations., 
The current study is therefore important because this 
study expands the data range of the M. rosenbergii 
populations by adding data from south Asian 
populations and it helps to confirm the phylogenetic 
position of Sri Lankan M. rosenbergii species within the 
region.
Thus, the aim of this study is to investigate 
phylogenetic position of Sri Lankan M. rosenbergii using 
data from mitochondrial 16S rRNA partial sequences 
and to discuss the utility of the results in aquaculture 
and conservation programs in Sri Lanka.

Methodology
Sample collection
Three to ten Macrobrachium rosenbergii samples were 
analyzed from four locations and details are given in 
the Table 1. DNA was extracted using DNeasy 
ex t ract ion kit (QIAGEN company) .  PCR 
amplifications of partial 16S rRNA mitochondrial 
gene were carried out using universal 16S mtDNA 
primers 1471 and 1472 (Crandall et al 1995). Total 
genomic DNA was used as template and the following 
reaction concentrations were used in total volume of 
25pl: 5pi of 10X PCR buffer, 0.4mM of each dNTP, 
0.8pM of each primer, 4mM MgCl,, 1 unit of Taq 
polymerase and 2pl of DNA extract. Thermal cycling 
was followed by an initial denaturation step of 95" for 5 
min, 30 cycles of 95 'C for 30 seconds, an annealing 
temperature of 50 ’C for 30 seconds and an extension 
of 72"C for 30 seconds and final extension temperature 
72'C for 3 minutes. PCR products were gel visualized 
and purified using QIAquick PCR purification kit 
(QIAGEN company). Sequencing reactions were 
carried out using Big Dye Terminator ver 3.1 protocol 
(Applied Biosystems) and analyzed using an ABI 
3130x1 Genetic analyzer (with KB base caller; Applied 
Biosystems, Foster City, CA, USA). Sequencing 
reactions were carried out for both directions. 
Nineteen sequences representing 13 geographically 
different regions were used to complete the data. M. 
malcomsonii and M. lar were used as out groups. 
Sequences derived from this study were deposited in 
the Genbank and additional sequences were obtained 
from the Genbank (Table 2).

Table 1. Sample collecting localities, the number of 
samples examined arid' number of haplotypes identified 
from each population.

Place Number of 
samples

Number of 
haplotypes 
identified

Negambo 10 One
Matara 10 Two
Ambalanthota 3 One
Tangalle 3 Two

Data analyses
Sequence chromatograms were viewed and edited 
manually using of Edit View program. The multiple 
alignments of the data set were performed using 
Clustal X (Thompson et al 1997) with default settings 
(gap penalty^ 15, gap extensionBpenalty= 6.66 and 
DNA transition weight^ 0.50). Sequences were then 
imported into PAUP 4.0b 10 (Swofford 2000) for 
phylogenetic analysis. The model of evolution was 
selected by Mr Modeltest program (Nylander 2004). 
Neighbour-Joining (NJ) analysis was performed using 
the resulted model of evolution. Maximum Parsimony 
(MP) analysis was performed with gaps treated as 
missing data and heuristic search option was used with 
general search option. Bootstrapping was performed 
with 1000 replicates for both NJ and MP analysis. The 
same model of evolution was used to perform 
Bayesian analyses (BI) with MRBAYES version 3 
(Ronquist and Huelsenbeck 2003). Markov chain 
Monte Carlo (MCMC) chains were run for 1X10° 
generations, and trees were saved each 100 generations 
(with the Tr 1000 trees being discarded as 'burn in'). 
The probability values greater than 95% were 
considered as significant support for relationships. The 
level of support (bootstrap and posterior probability 
support) for each analysis is indicated on clads of the 
phylogenetic tree. Pairwise distances (uncorrected 'P' 
distance) for the data set are given in the Table 3.

c

Results
Approximately 470 bp of the mitochondrial 16s rRNA 
gene region was obtained for the analysis. Two 
haplotypes were identified from four locations studied 
from Sri Lanka (Genbank accession Numbers- 
FJ595480 and FJ595481).

Parsimony and Baysian analyses showed 
identical tree topologies and both supported only up to 
the separation of two geographically distinct groups 
and did not resolve deeper level phylogenetic 
relationships (Figure 1).
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Table 2. Sequence accession numbers in the Genbank, their geographical location and sample codes used in this study.

A ccession
num ber

Sam ple locality Sample code

A Y 203918' Q LD , Australia AU1
A Y 2039211 N T, Australia AU2
A Y 2039161 W A , Australia AU3
DQ 647 674? China CHI
D Q 6428822 H ong Kong HOK
D Q 0048362 India IND
A Y 2039091 Irian Jaya, Indonesia ID2
A Y 2039131 Jav a , Indonesia ID1
A Y 2039121 M alaysia M l
A Y 2039151 M alaysia M2
A Y 2039061 Papua N ew Guinea PAP
A Y 2039101 Philippines PHI ■
FJ 595480* S ri Lanka SRI
FJ 595 481* Sri Lanka SR2
D Q 1949592 Taiwan TAW
A Y 2039081 Thailand TH1
A Y 2039111 Thailand TH2
A Y 2039141 V ietnam VII
A Y 2039071 V ietnam VI2
A Y 2039221

$M. larA Y 7300503

malcomsonii
Note: 'dc Bruyn etaL, T iu etaL, J Parhi et al., *current study

However NJ analysis reso lved deeper level 
relationships up to some extent (Figure 2). 
Macrobrachium rosenbergii populations clustered into two 
distinct groups with 4.89% - 5.96% nucleotide 
divergence level, representing geographically distinct 
groups as revealed in previous studies (Lindenfelser 
1984; de Bruyn et al. 2004a; Chand et al. 2005; Wower 
and Ng 2007). This division received high bootstrap 
and posterior probability support from two methods 
of analysis. Australian sample came from Northern 
Territory and sample from China appears to be the 
ancestral to eastern and western clade respectively. 
However, the results did not resolve separate branch 
for Sri Lankan and Indian samples within the western 
clade as resulted in Lindenfelser's (1984) study. The 
degree of nucleotide divergence within western clade 
ranged from 0.00% to-0.64% and within eastern clade 
it varied from 0.21% - 0.85% (Table 3). The two 
haplotypes identified from Sri Lanka varied from
0.21% nucleotide divergence level. Among these two, 
haplotype II is common among other six populations.

Discussion:
The nucleotide divergence levels observed between 
two clades are consistent with the divergence levels 
exhibited by other crustacean groups (Sarver et al.,

1998; Jarman et al., 2000; Schubart et al, 2000; Fetzner 
and Crandal 2001). Therefore, the suggestion of 
dividing this species into two is supported by 
divergence levels (4.8%-5.9%) observed in this study. 
According to de Brayns' (2004a) study, Huxley's line is 
the major geographical barrier that prevented the gene 
flow between two regions for this species. This 
hypothesis is also common to the other biological taxa 
which Huxley (1868) modified the historical bio- 
geographical barrier from Wallace's line to Huxley's 
line based on zoological data.

Two haplotypes were identified from twenty-six 
samples analysed in Sri Lanka. The haplotype II is 
common among six other populations. This may be 
due to recent gene flow among these populations or 
translocation of this species for aquaculture purposes. 
M. rosenbergii is commercially important and currently 
there is a trend to expand M. rosenbergii culture in Sri 
Lanka. If the presence of haplotype II is as a result of 
translocations, this point should be taken into account 
with cautions. Therefore, the identification of genetic 
variability among populations is an important to avoid 
unnecessary detrimental effects that could effect on 
aquaculture programs.

The evidence from the present study suggests 
that further studies are needed to confirm whether
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giant freshwater prawn in Sri Lanka is different from 
hototype of M. rosenbergii and could be treated as the 
recendy designated lectotype, M. dacqueti. The Sri 
Lankan M. rosenbergii belongs to the western group

thus it needs to recognize as 'M. dacqeti. The 
recognition of Sri Lankan M. rosrnbergii as 'M. dacqueti 
will make

Table 3. Pairwise distance ('P' distance) for the sequences analyzed in this study. Sequence codes are corresponding 
with the Table 2.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
1 MAI -

2 MA2 0.43 -

3 VI1 0.21 0.64 -

4 YI2 0.00 0.43 0.21 -

5 TA1 0.21 0.64 0.43 0.21 -

6 LY2 0.00 0.43 0.21 0.00 0.21 -

7 ID1 0.21 0.21 0.43 0.21 0.43 0.21 -

8 TAI 0.00 0.43 0.21 0.00 0.21 0.00 0.21 -

9 c m 0.43 0.85 0.64 0.43 0.64 0.43 0.64 0.43 -
10IIOK 0.00 0.43 0.21 0.00 0.21 0.00 0.21 0.00 0.43 -
11 IND 0.00 0.43 0.21 0.00 0.21 0.00 0.21 0.00 0.43 0.00 -
12 SRI 0.21 0.64 0.43 0.21 0.43 0.21 0.43 0.21 0.64 0.21 0.21 -
13 SR2 0.00 0.43 0.21 0.00 0.21 0.00 0.21 0.00 0.43 0.00 0.00 0.21 -
14 Pi l l 5.53 5.53 5.34 5.53 5.75 5.53 5.32 5.53 5.53 5.53 5.53. 5.75 5.53 -

15 PAP 5.75 5.75 5.53 5.75 5.96 5.75 5.53 5.75 5.75 5.75 5.75 5.96 5.75 0.21 -

16 1D2 5.75 5.75 5.53 5.75 5.96 5.75 5.53 5.75 5.75 5.75 5.75 5.96 5.75 0.21 0.43 -

17 AUI 5.53 5.53 5.34 5.53 5.75 5.53 5.32 5.53 5.53 5.53 5.53 5.75 5.53 0.21 0.43 0.43 -

18 AU2 5.11 5.11 4.89 5.11 5.32 5.11 4.89 5.11 5.11 5.11 5.11 5.32 5.11 0.43 0.64 0.64 0.43 -

19 AU3 5.75 5.75 5.53 5.75 5.96 5.75 5.53 5.75 5.75 5.75 5.75 5.96 5.75 0.64 0.85 0.85 0.64 0.64 -

20 M.lar 10.21 10.64 10.21 10.21 10.4310.21 10.4310.21 10.21 10.2110.21 10.00 1 0.21 10.85 11.06 11.06 10.85 10.85 11.06 -
21 M. mal 5.96 5.96 5.75 5.96 6.17 5.96 5.75 5.96 5.53 5.96 5.96 6.17 5.96 5.11 5.32 5.32 5.11 5.11 5.320.82 -

Figure 1. Phylogenetic tree derived from 
Neighbor-joining analysis for M. rosenbergii 
populations. Numbers indicates the bootstrap 
support (> 90),
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Figure 2. Tree derived from Bayesian analysis for 
M. rosenbergii populations. Numbers above the 
branches indicate the support of Bayesian analysis 
(< 0.9) and the numbers below the branches indicate 
the bootstrap values for Maximum Parsimony 
analysis (>90)

So far, basic studies are mainly based on common 
species of M. rosenbergii (Barki et al., 1991, Rao 1965, 
Ling 1962). Thus, in future it would be another 
challenge to gather relevant basic information on this 
'new species' to achieve better results in this industry. 
Wowor and Ng (2008) have proposed that although the 
recent taxonomic appraisals show that two distinct 
species can be identified, the lectotype of M. dacquetibz 
designated as neotype of M. rosenbergii. They 
recommended retaining the name of M. rosenbergii for 
commercially important species allowing subsequent 
use of M. dacquetias its junior synonym. Wowor and Ng 
(2008) also proposed a new name, Macrobrachium 
wallacei for the current holotype of M. rosenbergii. 
However, the presence of two haplotypes within 
limited samples indicates the availability of genetic 
variability among Sri Lankan M. rosenbergii populations.

Conclusion
The analysis of partial sequences from mitochondrial 
16S gene region indicated that Sri Lankan M. rosenbergii 
belongs to the western group, which needs to be 
re-cognized as Al. daquiti in future. However, the point 
that Wowor and Ng (2008) is an important aspect to be 
considered seriously in  this regard. Among four 
locations of samples studied, two types of haplotypes 
were identified. Hap'lotype I is rare among studied 
populations and haplotype II is common which could 
be seen among other six populations analyzed in this 
study. Tins indicates the availability of high genetic 
variability among populations and thus more

population genetic studies are needed to carry out with 
more comprehensive sampling and using more rapidly 
evolving gene regions. These findings are important in 
planning aquaculture and environmental management 
programs in Sri Lanka.
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