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Abstract. Wahidah, Omar SBA, Trijuno DD, Nugroho E, Amrullah, Khatimah K. 2023. Genetic variation of giant freshwater prawns
Macrobrachium rosenbergii wild population of South Sulawesi, Indonesia. Biodiversitas 24: 3081-3090. Quality giant freshwater prawn
broodstock can be provided using broodstock sources from wild populations with good morphological and genetic performance. This
study aimed to analyze the genotypes of the wild population of giant freshwater prawns in South Sulawesi, hence it can be used as basic
information for quality broodstock. Evaluation of giant prawn haplotypes, Macrobrachium rosenbergii, from 3 rivers in South Sulawesi:
26 samples from the Waelawi River (11 males, 15 females); 25 samples from the Kalibone River (10 males, 15 females); and 26
samples from the Kariango River (12 males, 14 females), so there are 6 population groups. Analysis used mt-DNA and obtained an
amplification of 700 bp. The amplified restriction uses four enzymes (Hae Ill, Mbo |, Rsa I, and Taq I). The identified male and female
Kariango populations each had 3 haplotypes: female Kalibone had 2 haplotypes; male and female Waelawi had 1 haplotype; and male
Kalibone had 1 haplotype. Female Kariango had the highest haplotype diversity (0.3651), followed by male Kariango (0.1449) and
female Kalibone (0.1011). Kariango females have the farthest genetic distance from Kalibone males, Waelawi males, and Waelawi
females. The male Waelawi, female Waelawi, and male Kalibone are in one cluster and form a new cluster with the male Kariango, then
with the female Kalibone, and the last cluster is formed with the female Kariango. The Kariango female population can be used as

potential broodstock, which can be mated with Kalibone males, Waelawi males, or other populations.

Keywords: Breeding program, enzyme restriction, genetic distance, haplotype diversity, mt-DNA RFLP

INTRODUCTION

Freshwater prawns of the Macrobrachium genus consist
of 200 species worldwide (Liu et al. 2007; Chen et al. 2009).
Several species of Macrobrachium have been documented
their distribution in Indonesia, including M. scabriculum
Heller, 1862 (Dwiyanto et al. 2017), M. horstii (Eprilurahman
and Nabil 2018), M. esculentum (Goud et al. 2020), M.
idae (Wahidah et al. 2019) and Macrobrachium lar, M.
idae, M. lanchesteri, M. rosenbergii, M. pilimanus, and M.
javanicum (Wowor and Choy 2001; Indarjo et al. 2021).
Among these Macrobrachium, M. rosenbergii is a mainly
cultivated species. The farmed production of M. rosenbergii
contributed 51.7% of the global total (New and Neir 2012).

The global production of giant freshwater prawns has
not increased significantly (FAO 2020). Compared to
Bangladesh, Thailand, and China, the development of giant
freshwater prawns cultivation in Indonesia is relatively low
(Farook et al. 2019). Although shrimp production has
decreased in Indonesia, on the other hand, national shrimp
demand has increased. Based on national shrimp
production data, there has been an increase in demand for
shrimp, including giant prawns. This can be seen from the
increase in demand for shrimp from 3.92 million kg in
2020 to 5.33 million kg in 2021 (Badan Pusat Statistik

2022), with an increase in export volume of 36.13%
(databoks.katadata.co.id). This data includes data on giant
prawn production in 2020 of 456 thousand kg (KKP 2022).

Giant prawn production in Indonesia is supplied by
seeds from hatcheries. While the seeds in the hatchery are
produced by giant prawns from nature. The quality of
natural broodstock will affect the quality of the seeds
produced, which will have an impact on the output of
cultivated seeds, both in terms of quality and quantity.
Therefore, to produce quality seeds, quality broodstocks
are also needed, including those with high genetic variation
and fast growth.

The activities of giant freshwater prawns production are
directly tied to genetic quality and broodstock management
in the hatchery. Proper genetic improvement and brood
control result in high-quality seeds. These two components
are important to boost the yield of aquaculture production.
In addition, using broodstocks with high genetic variation
can increase genetic variation. Broodstock control can be
accomplished by hybridizing between geographically
distinct wild populations with substantial genetic variation
and long genetic distances. Hybridization is a successful
method for improving genetic quality since it employs
simple processes, is minimal in cost, requires few facilities,
and requires few human resources (Goyard et al. 2008).
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Furthermore, it is stated that the availability of genetically
different populations, either due to geographic isolation or
domesticated, cultivated populations, is a prerequisite for
hybridization.

The morphology and genetic variety of the broodstocks
to be utilized for hybridization can be used to assess their
quality. Therefore, morphological and genetic performance
are important based on phenotype and genotype evaluation.
Phenotype measures are associated with morphometric
characteristics. Morphometric evaluation of
Macrobrachium has been carried out (Eniade et al. 2019;
Jimoh and Lawal 2020; Khanarnpai et al. 2019; Konan et
al. 2017; Pillai et al. 2017; Tizkar et al. 2017), and in
Indonesia, it has been carried out by several authors
(Eprilurahman and Nabil 2018; Jurniati et al. 2021; Rimalia
et al. 2015; Rimalia et al. 2018; Suwartiningsih et al. 2018;
Suwartiningsih and Utami 2020; Wahidah et al. 2017
Wahidah and Yusuf 2017; Wahidah et al. 2018). While
genotype is associated with a genetic variation assessed
using molecular markers, one such method is mitochondrial
DNA (mt-DNA) genetic markers. The mt-DNA control
region is the mt-DNA section, which consists of a
conservative center area with relatively distinct left and
right domains and engages 3-5 times faster than other
mitochondrial genome segments (Li et al. 2022).
Furthermore, mt-DNA mutation types are relatively simple,
consisting of base substitutions and long modifications that
occur primarily in small non-coding regions; thus, mt-DNA
polymorphisms are neutral genetic markers.

The quantity of gene variety can be used to assess
genetic quality since considerable genetic variation in a
population indicates many seeds with diverse characteristic
variants. For example, the production of giant freshwater
prawns is affected by genetic variation. Therefore, the
quality of the seeds produced by mating giant freshwater
prawns with limited genetic variety will be reduced.
Hybridization between populations/strains can increase
genetic variation in aquaculture activities to avoid
inbreeding. Inbreeding pressure can reduce genetic
variation, as seen by traits associated with average
phenotypic value, such as reproductive capacity (fecundity,
egg size, hatchability) or physiological efficiency (seed
deformity, growth rate, survival) (Gjerde 2005). Using new
broodstocks from nature with high genetic variation is
advocated for genetic improvement (Binur and Pancoro
2017). Genetic studies comparing hatchery populations and
wild populations have been conducted in Bangladesh (Bala
et al. 2017), China (Sui et al. 2019), Myanmar (Yu et al.
2019), Taiwan and the Ryukyu Islands (Han et al. 2022),
Cameroon (Makombu et al. 2019), and Indochinese
countries (Siriwut et al. 2021).

Therefore, to increase the quality of the seeds produced,
the genetic variety of giant freshwater prawns in Indonesia
must be evaluated to find new genetic sources that can be
used as a genetic source for prospective broodstock in
hatcheries. Several Sulawesi rivers have been identified as
having wild populations of giant freshwater prawns that
could be developed as potential broodstock. Our previous
research (Wahidah et al. 2017; Wahidah and Yusuf 2017;
Wahidah et al. 2018) and research by Jurniati et al. 2021
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analyzed information on the morphology of gigantic
prawns in Sulawesi. However, data on the genetic variation
of South Sulawesi giant freshwater prawns are still scarce.
The lack of knowledge on the genetic variety of the
giant freshwater prawns to be used is the challenge with
employing wild populations to supply quality wild brood-
stock. Therefore, it can be undertaken to assess genetic
variance, starting with DNA analysis. Several methods for
analyzing DNA are available, including Random Amplified
Polymorphism DNA (RAPD), Amplified Fragment Length
Polymorphism  (AFLP), Microsatellite DNA, DNA
fingerprinting, and mt-DNA. Alam et al. (2017), Chen et al.
(2015, 2017), Guerra et al. (2014), and Khanarnpai et al.
(2019) have used mt-DNA on Macrobrachium. The COI
mt-DNA fragments and 16SrRNA D-loop mt-DNA
sequences are widely used in population genetic analysis
because they do not encode proteins and are unaffected by
the selection (Liao et al. 2016; Maltsev et al. 2015).
Numerous variable sites and observable haplotypes suggest
that the D-loop can be used as a molecular marker to detect
genetic variations in M. nipponense populations (Chen et
al. 2015; Chen et al. 2017). Therefore, this study aims to
examine the genotypes of wild populations of giant
freshwater prawns in South Sulawesi to provide basic
information on the good quality broodstock demands.

MATERIALS AND METHODS

Sampling site

This research was conducted in South Sulawesi
Province, Indonesia on the Waelawi River 120° 19' 59.961"
E; 2°52'39.7" S (Balease watershed in North Luwu),
Kariango River 119°37'21.061" E; 3°52'57.268" S (Sawitto-
Kariango-Rappang watershed in Pinrang) and the Kalibone
River 119°35'7.014" E; 4°54'9.03" S (Sangkara watershed
in Pangkep) (Figure 1).

Procedure sampling

The giant freshwater prawn samples consisted of 26
samples of the Waelawi River (11 males and 15 females),
25 samples of the Kalibone River (10 males and 15
females), and 26 samples of the Kariango River (12 males
and 14 females). Catching giant freshwater prawns was
conducted based on fishermen's typical fishing techniques
for each location. Sample analysis was conducted from
August 2014 to February 2015.

Catching giant freshwater prawns on the Waelawi River
uses a kopa (local name), or prawn trap made of bamboo;
on the Kariango River, a bubu (local name), or prawn trap
made of bamboo; and on the Kalibone River, a casting net,
called jala by the local peoples. The sample was obtained
using the simple random sampling method, where each
member of the population has the same probability of being
selected (Laewa et al. 2018).

The genotype analysis was conducted at the Integrated
Biotechnology Laboratory, Faculty of Animal Husbandry,
Universitas Hasanuddin (Unhas), Makassar, Indonesia. In
addition, the DNA quality analysis was conducted at the
Nechri Laboratory, Unhas Teaching Hospital.
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Figure 1. Sampling locations in South Sulawesi Province, Indonesia on the Waelawi River, Kariango River, and Kalibone River

DNA sample

The mitochondrial DNA technique can be applied
immediately using fresh samples frozen or stored in
alcohol. Samples were taken from as much as 1 gram of the
swimming leg (pleopod) of giant prawns and then
preserved or soaked in 70% alcohol. Sample handling
technique refers to Nugroho (2002).

DNA extraction

The extraction and purification of the genomic DNA
method are based on the Thermo Scientific GenelJET
Genomic DNA Purification Kit. First, DNA extraction was
carried out by weighing the sample, which is 15-20 mg
each. Next, the sample was cleaned of fixative solution
(alcohol) by adding 1,000 pL of distilled water (DW),
vortexed, and allowed to stand for about 5 minutes. Next,
the sample was centrifuged at 8,000 rpm for 5 minutes, and
the DW was removed using a micropipette. Subsequent
extraction applications followed the Thermo Scientific
procedure GeneJET Genomic DNA Purification Kit.

DNA purification
The purity of the DNA products was measured by Pro
Spectrophotometer Genesys 10S UV/Vis Reader.

Amplification

Mitochondrial sequence amplification used forward
primer (LC0O1490), namely 5' GGTCAACAAATCATAA
AGATATTGG-3' and reverse. (HC02198) was 5'-TAAAC
TTCAGGGTGACCAAAAAATCA-3. Amplification was
carried out using the PCR method with the composition of
materials: 0.15 pL primer forward, 0.15 pL reverse, 2 pL
DNA,; that was mixed in 0.3 pL dNTP, 1 | MgCl, 2.5 pL
10X Buffer, 0.1 pL Taq and 18.8 pyL water. The samples
were put into the PCR machine Sensoquest, Labcycler 48 -
Gradient Thermocycler (PCR) type with a cycle: one initial
denaturation cycle at 94°C for 3 minutes, 36 cycles
consisting of denaturation of 94°C for 45 seconds,
annealing 50°C for 45 seconds, and elongation 72°C for 1

minute. The final elongation of 1 cycle was 72°C for 30
minutes. Furthermore, the PCR products were checked on
2% agarose gel that was electrophoresed and then observed
on a UV illuminator.

PCR restriction

The mt-DNA restriction was carried out by mixing 1
ML of restriction enzyme, 1 puL of Enzyme buffer, 3 pL of
DNA products, and 5 pL of water in an Eppendorf tube.
The mixture was incubated at 37°C for 24 hours. The
enzymes used were Hae I11, Rsa I, Mbo I, and Taq I,

The restriction products were separated by 2% agarose
gel electrophoresis, with the wells filled with a mixture of
10 pL (1 pL of restriction enzyme + 1 uL of Enzyme
buffer + 3 yL of DNA products + 5 uL of water) of
restricted mt-DNA with 2 pL of loading buffer added. Each
electrophoresis process used 4 uL marker 100 bp that can
detect base pairs from 100 to 10,002 bp and contains 20
DNA fragments. The results of the mt-DNA restriction
electrophoresis were observed on an ultraviolet illuminator
and documented.

The presence of genomic DNA is determined by
electrophoresis. First, 3 pL of extracted DNA was added
with 1 pL of loading buffer on 1% agarose gel inserted into
the electrophoresis well. Furthermore, the electrophoresis
bath was supplied with electricity with a programmed
voltage and current that was programmed automatically.
The electrophoresis process was stopped after the DNA
migrating from the negative pole to the positive pole
reached three-quarters of the gel length. The presence of
DNA in the gel can be observed using an ultraviolet
illuminator.

Next, 1% agarose gel was prepared by mixing 0.5 ¢
agarose with 50 ml tris borate EDTA (TBE 1%) solution.
The solution was heated until clear, poured into a mold,
and a comb was installed to form a well. Furthermore, the
frozen gel can be directly used for electrophoresis or
stored/stocked by immersion in 1% TBE solution.
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Data analysis

The purity of DNA samples was analyzed to determine
DNA quality by calculating the ratio of DNA260/DNA280.
Analysis of the genetic variation of giant freshwater prawns
from six different populations was carried out by
calculating the haplotype diversity (h) in a population
based on the equation? Nei and Tajima (1981), namely:

h=2n(1-Yxi%)/(n-1)

Where:

h : haplotype diversity

n : sample size

xi : sample haplotype frequency

The haplotype arrangement of each restriction enzyme
collected was analyzed according to the method of
Raymond and Rousset (1995) using the TFPGA (Tool for
Population Genetic Analysis) program version 1.3 (Miller
1997). Relationships between populations were analyzed
using genetic distance, based on Rogers's (1972) modified
UPGMA  (Unweighted Pair Group Method with
Avrithmetic) program from TFPGA software. The resulting
data was in phylogenetic tree construction and presented as
a dendrogram.

RESULTS AND DISCUSSION

Amplification

The results of giant freshwater prawn amplification
using primers forward (LCO 1490) and reverse (HCO 2198)
obtained a band with a length of about 700 bp (Figure 2)
with DNA purity 1.7702 - 2.1883.

Enzyme restriction sites and types

The restriction of amplification products with the
enzyme Hae IIl, Mbo I, Taq I, Rsa I, Hind Ill, Hinf I, Nde
I, Alu I, and Msp |, were observed. It showed four enzymes
with restriction sites: Hae Ill, Mbo I, Tag I, and Rsa |
(Table 1, 2, 3, and Figure 3). Alignment of the restriction
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results (Table 4) showed variations in the restriction sites
and the length of the fragments. Different fragment sizes
gave different cuts (haplotypes) (Table 5).

Genetic type

The genetic distance calculation (Table 6) showed three
populations with the closest genetic distance: Male
Waelawi and Male Kalibone populations, Male Waelawi
with Female Waelawi, and Male Kalibone and Female
Waelawi. Meanwhile, the farthest genetic distance was
found in the Female Kariango population with Male
Waelawi, Female Kariango with Male Kalibone, and
Female Kariango with Female Waelawi. The data were
mapped in a genetic distance dendrogram using the
UPGMA program, as shown in Figure 4.

700 bp
500 bp

Figure 2. The results of DNA amplification of giant freshwater
prawns Macrobrachium rosenbergii population in the Waelawi
River. M = Markers; 1,2,3,4,5,6,7,8,9,10 sample of giant
freshwater prawns from the Waelawi population. *The marker
used is a 100-bp marker that can detect base pairs from 100 to
10,002 bp and contains 20 DNA fragments (Sambrook and Russel
1989)

11 12 13 14 15
M : Marker
: PCR Results
: PCR Results
: PCR Results
: Restriction (Hae 111') Female Kalibone
: Restriction (Hae 111') Female Kalibone
: Restriction (Mbo 1) Female Waelawi
: Restriction (Mbo 1) Male Kariango
: Restriction (Mbo | ) Male Kalibone

©o0O~NOO U WN PP

: Restriction (Rsa | ) Female Waelawi

: Restriction (Rsa | ) Male Kariango
: Restriction (Rsa | ) Male Kariango
: Restriction (Rsa | ) Male Kalibone
: Restrictions (Taq | ) Female Waelawi
: Restriction (Taq | ) Male Kariango
: Restriction (Taq | ) Male Kalibone

Figure 3. Results of DNA amplification and restriction enzymes in giant freshwater prawns Macrobrachium rosenbergii population of

Waelawi River, Kariango River, and Kalibone River
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Table 1. Site and type of restriction of Hae 111, Mbo I, Rsa I, and Taq | enzymes in male and female Macrobrachium rosenbergii prawns
from the Waelawi population

Waelawi (Enzyme) The length of the fragment (bp) Total (bp)

population haplotype 50 75 125 150 200 250 475 500 P
(Hae 111)

Male A -- -- 650

Female A -- -- 650
(Mbo 1)

Male A - - - - - 650

Female A -- -- -- -- -- 650
(Rsal)

Male A -- -- 700

Female A -- -- 700
(Tag 1)

Male A -- -- -- 675

__Female A -- -- -- 675

Note: -- The location of the site in the restricted fragment

Table 2. Site and type of restriction of Hae Ill, Mbo I, Rsa I, and Taq | enzymes in male and female Macrobrachium rosenbergii prawns
from the Kariango population

Kariango (Enzyme) The length of the fragment (bp) Total

population haplotype 50 75 100 125 150 225 250 325 350 375 400 475 600 (bp)
(Hae 1)

Male A -- -- 700

Female A -- -- 700
(Mbo 1)

Male A - - - - - 650

Male B - - - - 700

Female A -- -- -- -- -- 650

Female B -- -- -- -- 700
(Rsal)

Male A -- -- 700

Male B -- -- 625

Female A -- -- 700

Female B -- -- 675
(Taq )

Male A - - - 675

Female A -- -- 700

Female B -- -- -- 675

~ Note: -- The location of the site in the restricted fragment

Table 3. Site and type of restriction of Enzyme Hae Ill, Mbo I, Rsa I, and Taq | in male and female Macrobrachium rosenbergii prawns
from the Kalibone population

Kalibone (Enzyme) The length of the fragment (bp) Total

population haplotype 50 75 100 125 150 175 250 275 325 375 475 (bp)
(Hae 111)

Male A -- -- -- 700

Female A - - - 700

Female B - - - 700
(Mbo 1)

Male A -- -- -- -- -- 650

Female A - - - - - 650
(Rsal)

Male A -- -- -- 625

Female A - - - 625
(Taq 1)

Male A -- -- -- 700

Female A - - -- 700

* Note: -- The location of the site in the restricted fragment
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Table 4. Restriction type and mt-DNA fragment size of giant freshwater prawns Macrobrachium rosenbergii restricted by Hae 111, Mbo

I, Rsa |, Tag | enzymes

BIODIVERSITAS 24 (5): 3081-3090, May 2023

Population Enzyme Type
(*) Hae 111 (**) (*) Mbo I (**) (*)Rsal (**) (*) Tag 1 (**)
Male A A A A
Waelawi 150 + 500 50 + 75 + 125 +150 + 250 200 + 500 50 + 125 + 475
(650) (650) (700) (675)
Male A A A A
Kariango 100 + 600 50 + 75 + 125 + 150 + 250 225 + 475 75+ 125+ 475
(700) (650) (700) (675)
B B
50 + 125 + 150 + 375 225 + 400
(700) (625)
Male A A A A
Kalibone 125 + 250 + 325 50 + 75 + 125 + 150 +250 75+ 175+ 375 100 + 125 + 475
(700) (650) (625) (700)
Female A A A A
Waelawi 150 + 500 50 + 75 + 125 +150 + 250 200 + 500 50 + 125 + 475
(650) (650) (700) (675)
Female A A A A
Kariango 100 + 600 50 + 75 + 125 + 150 + 250 225 + 475 100 + 600
(700) (650 (700) (700)
B B B
50 + 125 + 150 + 375 325 + 350 75+ 125+ 475
(700) (675) (675)
Female A A A A
Kalibone 125 + 250 + 325 50 + 75 + 125 + 150 + 250 75+ 175+ 375 100 + 125 + 475
(700) (650) (625) (700)
B
175 + 250 + 275
(700)

" Note: * Restriction type, ** Total fragment size

Table 5. Genetic variation of six populations of giant freshwater prawns Macrobrachium rosenbergii populations of the Waelawi River,
Kariango River, and Kalibone River based on the haplotype frequency of mt-DNA restricted by enzyme Hae 111, Mbo I, Rsa |, and Taq |

Population
Haplotype Male Male Male Female Female Female
Waelawi Kariango Kalibone Waelawi Kariango Kalibone

AAAA 1.000 (11) 0.667 (8) 1.000 (10) 1.000 (15) 0.571 (8) 0.733(11)
AABA 0.167 (2)
ABAA 0.167 (2)
AAAB 0.071 (1)
ABBB 0.357 (5)
BAAA 0.267 (4)
Total haplotype (6)
Total sample 11 12 10 15 14 15
Total alel 1 3 1 1 3 2
Haplotype diversity 0.0000 0.1449 0.0000 0.0000 0.3651 0.1011

Table 6. Rogers Genetic distance of six populations of giant freshwater prawns Macrobrachium rosenbergii in the Waelawi River,

Kariango River, and Kalibone River based on Rogers modification

Genetic distance of population

Population Male Male Male Female Female Female
Waelawi Kariango Kalibone Waelawi Kariango Kalibone
Male Waelawi - - - - - -
Male Kariango 0.0122 - - - - -
Male Kalibone 0.0000 0.0122 - - - -
Female Waelawi 0.0000 0.0122 0.0000 - - -
Female Kariango 0.1195 0.0786 0.1195 0.1195 - -
Female Kalibone 0.0175 0.0363 0.0175 0.0175 0.1660 -
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Figure 4. Genetic distance dendrogram of giant freshwater prawns
Macrobrachium rosenbergii population in Waelawi River,
Kariango River, and Kalibone River based on the UPGMA program

Discussion

Evaluation of genetic variation of giant freshwater
prawns population in South Sulawesi based on mt-DNA
RFLP method obtained haplotype diversity and genetic
distance that showed genetic differences of giant
freshwater prawns population based on their wild habitat.
The highest haplotype diversity was in the Female
Kariango population, with the farthest genetic distance
between the other three populations (Male Kalibone, Male
Waelawi, and Female Waelawi).

The results of the 700 bp giant freshwater prawn DNA
amplification (Figure 2) are consistent with those obtained
by Jimoh et al. (2013) using the same primer. In addition,
other species had ranges that were similar to the results of
the DNA amplification, such as 680 bp in Macrobrachium
amazonicum and Macrobrachium jelskii (Guerra et al.
2014), 710 bp in Macrobrachium lanchesteri (Khanarnpai
et al. 2019), and 650 bp in Macrobrachium and Caridina
(Udayasuriyan et al. 2017).

The purity of the DNA solution was determined based
on the A260/A280 ratio. The purity of DNA ranged from
1.7702 to 2.1883. It showed that the DNA used for further
analysis had a good quality. Sambrook and Russel (1989)
stated that the pure DNA required for molecular analysis
was 1.8 - 2.0, indicated by the ratio A260/A280.

The restricted mt-DNA analysis with four enzymes
(Hae 111, Mbo I, Rsa I, and Taq I) on 77 giant freshwater
prawns total samples (Table 5) from the six populations
were obtained from six haplotype composites. The exact
number of haplotype composites (six haplotype
composites) was also obtained by Nugroho et al. (2005) on
giant freshwater prawns originating from Musi (South
Sumatra), Barito (Central of Kalimantan), and GI Macro
that were restricted with four enzymes (Hae 11, Mbo I, Rsa
I, and MSp ). Khanaranpai et al. (2019) obtained nine
composite haplotypes on Macrobrachium lanchesteri De
Man 1911, in Northeastern Thailand using an enzyme (Dde
I, Alu I, Hinf I, Bgl 11, and Hae I11).

The same number of haplotypes in the Musi and Barito
populations is possible because these two populations are
in the western region for the distribution of flora and fauna
in Indonesia. As previously known, the giant freshwater
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prawn population in Indonesia is divided into three parts:
western, central and eastern. The Wallacea line separates
the two groups. As a result, the gene pool of gigantic
prawns from the western region differs from that of giant
freshwater prawns from the eastern zone (Hadie and Hadie
2012). This condition allows the population of the central
region to be distinct from the populations of the western
and eastern regions or the population of the central region
to become a part of one of Indonesia's existing population
dichotomies (joining the western region group or the
eastern region group). Aliah et al. (2022) discovered
different findings from a study that examined three wild
populations, including the Peurlak River (Aceh), the
Bengawan Solo River (Central Java), and the Tabuk River
(South Kalimantan), as well as one hatchery population
(SIRATU). These three wild populations are the
populations of the western region. The Tabuk populations
are a Central Indonesian region with five haplotypes. These
haplotypes are smaller than in the Musi and Barito
populations. Meanwhile, the population of Bengawan Solo
and Peurlak, have 8 and 15 haplotypes, respectively. The
Peurlak population has the highest number of haplotypes in
Indonesia's westernmost region.

While the total number of haplotypes in the South
Sulawesi population is six, consisting of Waelawi males,
Kalibone males, and Waelawi females, each with 1
haplotype; Kalibone females have 2 haplotypes; and
Kariango males and Kariango females each have 3
haplotypes. The lower number of haplotypes in the South
Sulawesi population could be due to the smaller number of
samples being evaluated compared to the Musi, Barito,
Peurlak, Bengawan Solo, and Tabuk populations. Even
though the number of haplotypes in the South Sulawesi
population is lower, morphologically, the giant freshwater
prawns from the six populations have large sizes (Wahidah
et al. 2017) and large edible traits in the Kariango
population (Wahidah and Yusuf 2017).

The haplotype composite obtained in the population of
South Sulawesi giant prawns can be used to increase
genetic variation in giant prawns, namely by mating giant
prawns with the farthest genetic distance and with different
haplotype variations (between populations of South
Sulawesi with populations outside South Sulawesi), which
can improve the quality of the offspring produced. This
condition will support the breeding program's goal of
producing superior seeds by increasing measurable superior
traits.

All six groups had haplotype AAAA (Table 5), with
frequencies ranging from 0.571 to 1.000. This wide range
of haplotype types suggests it is concentrated (dominant) in
the entire population. Male and female Waelawi
populations and male Kalibone had haplotype frequencies
of 1,000, indicating that all three populations have
monomorphic restriction outcomes. Aside from the AAAA
haplotype, other varieties were only detected in one
population. AABA and ABAA haplotypes were found with
a frequency of 0.167 in the Kariango male population.
AAAB and ABBB haplotypes were detected in Kariango
females at a frequency of 0.071 and 0.357, respectively.
Meanwhile, the BAAA haplotype was found with a
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frequency of 0.267 in Kalibone females. Apart from the
AAAA haplotype, the distribution of haplotype types that
are only concentrated/found based on population suggests
that each population has its unique haplotype type.

The highest haplotype diversity was Female Kariango
(0.3651), followed by Male Kariango (0.1449) and Female
Kalibone (0.1011). The diversity of this haplotype was
lower than Macrobrachium rosenbergii de Man (0.73-0.79)
in Thailand (Karaket et al. 2011); Macrobrachium
amazonicum (0.00-0.67) in Brazil (Vergamini et al. 2011);
Macrobrachium  vollenhovenii  and  Macrobrachium
macrobrachium (0.994) in Southern Nigeria (Jimoh et al.
2013), Macrobrachium olfersii (0.05-0.10) (Rossi and
Mantelatto 2013) and Macrobrachium nipponense (0.956)
in East Asia (Chen et al. 2017). These low values of
haplotype diversity in the six populations evaluated could
be caused by inbreeding. Furthermore, intense inbreeding
pressure can be caused by the very high utilization of giant
freshwater prawns, so the opportunities for individuals with
a role in reproductive activities decrease. In addition, the
decrease in the number of individuals in a population
causes individuals to have a slight chance of mating
randomly. Another aspect that may influence the
significance of haplotype diversity is the isolated or
unrelated geographic position of the three giant freshwater
prawn habitats, which prevents population mixing.

The number of discovered haplotypes and the frequency
of each haplotype in a population strongly influence
haplotype diversity. According to Nei (1978), the genotype
diversity index ranges from 0.1 to 0.4 for low diversity, 0.5
to 0.7 for moderate diversity, and 0.8 to 1.0 for great
diversity. Female Kariango prawns have close to 0.4
haplotype diversity, while the other populations are
regarded as low. The haplotype diversity value can be
attributed to a decrease in population owing to fishing. In
addition, the competition for giant freshwater prawns is
fierce in all three places.

Moreover, the closer the kinship or the smaller the
genetic distance number, the more similar the haplotype of
the giant freshwater prawn population. Table 6 shows six
giant freshwater prawn populations' genetic distance values
and matrices. Male Waelawi and male Kalibone have the
closest genetic distances, as do male Kalibone and female
Waelawi and male Waelawi and female Waelawi. Female
Kariango and female Kalibone have the most significant
genetic distance, with a value of 0.1660. Conversely, the
Waelawi (male and female) group has the shortest genetic
distance (Figure 4). This condition could be induced by the
two populations in the same environment, as Alam et al.
(2017) discovered in giant freshwater prawns from the
same or adjacent rivers in Bangladesh. This condition is
very likely to occur because gene flow is quite low.
Furthermore, the close genetic distance between the
Kalibone male and Waelawi populations is likely due to
non-random inbreeding. According to Freeland (2005),
genetic bottlenecks, genetic drift, natural selection, and
reproduction (inbreeding or outbreeding) all impact the loss
of some alleles or a decrease in genetic variation in a
population.
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Three populations (male Waelawi, female Waelawi,
and male Kalibone) had the same genetic distance (Figure
4). The three populations will establish a new cluster with
the male Kariango population, then with the female
Kalibone population, and finally with the female Kariango
population. It means the three groups in the first cluster
(male Waelawi, female Waelawi, and male Kalibone) are
genetically the most distant from the female Kariango
population. When observed by sex difference, the male
population of Waelawi and the female population of
Kariango, as well as the male population of Kalibone and
the female population of Kariango, are population pairs
that can be crossed due to the difference in genetic distance
(Table 6) between the two population pairs that are the
farthest (0.1195). Genetic distance differences between
populations can be used to increase genetic variation in
giant freshwater prawns by crossover.

Genetic improvement results for giant freshwater
prawns can produce good-quality seeds if broodstock
management is done correctly. Several genetic variation
comparisons have been conducted between wild and
cultivated populations to predict the inbreeding effect on
cultivated populations whose seeds are produced in
hatcheries. For example, Nguyen et al. (2015) investigated
mt-DNA diversity in Chinese and Vietnamese cultivated
shrimp populations. According to the findings, wild
populations have a higher genetic variety than cultivated
ones. In addition, Bala et al. (2017) also found that the
genetic variation of giant freshwater prawn populations of
natural origin in Bangladesh was higher than in hatcheries.

On the other hand, the genetic variation in giant
freshwater prawn populations in four rivers in Peninsular
Malaysia decreased, and inbreeding developed due to
overfishing (Atin et al. 2017). Binur and Pancoro (2017)
also investigated the variety of four microsatellite DNA
loci at four giant freshwater prawn hatchery locations on
Java Island. The results showed that inbreeding was
moderate at the post-larvae stage. Hence using postlarvae
from these four hatcheries for potential broodstock was not
suggested. Therefore, identifying genetic quality first will
make the crossing results more effective. This condition
serves as the foundation for the genetic examination of the
South Sulawesi population. Furthermore, the results serve
as a reference for good crosses between South Sulawesi
with other populations as the best results.

In conclusion, giant freshwater prawns from three
natural habitats (rivers) have genetic variations, with a
composite haplotype of six. Genetic differences in wild
populations of South Sulawesi giant freshwater prawns can
identify suitable broodstock candidates. Based on the most
significant genetic gap, the preferred population pairs for
crossing include male Waelawi populations, female
Kariango populations, male Kalibone populations, and
female Kariango populations. ldentifying superior-quality
local giant freshwater prawn populations is required to
assist breeding and farming results. Regulations are also
needed for collecting, protecting, and using germplasm
resources suitable for M. rosenbergii, as the South
Sulawesi wild population is a superior indigenous shrimp
species.



WAHIDAH et al. — The genetic variation of giant freshwater prawns Macrobrachium rosenbergii

ACKNOWLEDGEMENTS

Acknowledgments to the Directorate of Research
Strengthening and Development, the Ministry of Research,
Technology, and Higher Education of Indonesia, for
funding this research through Skema Penelitian Masterplan
Percepatan dan Perluasan Pembangunan Ekonomi
Indonesia (MP3EI) Research Scheme 2015, Number:
160/PL.22.1/SP-PG.09/2015. The author also thanks the
Director of Pangkep State Polytechnic of Agriculture for
supporting the completion of this research.

REFERENCES

Alam MMM, Westfall KM, Palsson S. 2017. Historical demography and
genetic differentiation of the giant freshwater prawn Macrobrachium
rosenbergii in Bangladesh based on mitochondrial and ddRAD
sequence variation. Ecol Evol 7 (12): 4326-4335. DOL:
10.1002/ece3.3023.

Aliah RS, Sutanti, Silitonga F. 2022. Mitochondrial DNA diversity in four
populations of Indonesian freshwater giant prawn (Macrobrachium
rosenbergii). Jurnal Bioteknologi dan Biosains Indonesia 9 (1): 46-
59. DOI: 10.29122/jbbi.v9i1.4921. [Indonesian]

Atin KH, Christianus A, Fatin N, Lutas AC, Shabanimofrad M, Subha B.
2017. Genetic diversity analysis in Malaysian giant prawns using
expressed sequence tag microsatellite markers for stock improvement
program. Genet Mol Res 16 (3). DOI: 10.4238/gmr16035685.

Bala B, Mallik M, Saclain S, Islam MS. 2017. Genetic variation in wild
and hatchery populations of giant freshwater prawn (Macrobrachium
rosenbergii) revealed by randomly amplified polymorphic DNA
markers. J Genet Eng Biotechnol 15 (1): 23-30. DOI:
10.1016/j.jgeb.2017.02.006.

Binur R, Pancoro A. 2017. Inbreeding depression level of post-larvae
freshwater prawn (Macrobrachium rosenbergii) from several
hatcheries in Java, Indonesia. Biodiversitas 18 (1): 609-618. DOI:
10.13057/biodiv/d180159.

Central Bureau of Statistics. 2022. Ministry of Maritime Affairs and
Fisheries 2022. Jakarta, Indonesia. [Indonesian]

Chen PC, Shih CH, Chu TJ, Lee YC, Tzeng TD. 2017. Phylogeography
and genetic structure of the oriental river prawn Macrobrachium
nipponense (Crustacea: Decapoda: Palaemonidae) in East Asia. PLOS
ONE 12 (3). DOI: 10.1371/journal.pone.0173490.

Chen PC, Shih CH, Chu TJ, Wang D, Lee YC, Tzeng TD. 2015.
Population structure and historical demography of the oriental river
prawn (Macrobrachium nipponense) in Taiwan. PLoS ONE 10. DOI:
10.1371/journal.pone.0145927.

Chen RT, Tsai CF, Tzeng WN. 2009. Freshwater prawns (Macrobrachium
Bate, 1868) of Taiwan with special references to their
biogeographical origins and dispersion routes. J Crust Biol 29 (2):
232-244.DOI: 10.1651/08-3072.1.

databooks.katadata.co.id. 8 February 2022. 5 Negara Tujuan Ekspor
Udang Hasil Budidaya Terbesar (Januari-November 2021).
https://databoks.katadata.co.id/datapublish/2022/02/08/5-negara-
juang-ekspor-udang-budidaya-terbesar-ri. [Indonesian]

Dwiyanto D, Fahri F, Annawaty F. 2017. Laporan pertama udang air
tawar Macrobrachium scabriculum (Heller, 1862) dari Batusuya,
Donggala, Sulawesi, Indonesia. Nat Sci J Technol 6: 254-262. DOI:
10.22487/25411969.2017.v6.i3.10403. [Indonesian]

Eniade AA, Odedeyi DO, Bello-Olusoji O, Adebayo OT. 2019.
Morphological ~ traits  characterization ~ of ~ Macrobrachium
macrobrachion (Herklots, 1851) and Macrobrachium vollenhovenii
(Herklots, 1857) from Osun River, Southwestern, Nigeria. Intl J
Aquat Sci 10 (1): 48-54.

Eprilurahman R, Nabil WA. 2018. Characterization of freshwater shrimp
belonging to the genus Macrobrachium Bate, 1868 (Decapoda:
Palaemonidae) from Tegenungan waterfall, Gianyar, Bali based on
morphological and molecular data. Biogenesis 6 (2): 131-138. DOI:
10.24252/bio.v6i2.5135.

FAO. 2020. The State of World Fisheries and Aquaculture 2020:
Sustainability in Action. Rome. DOI: 10.4060/ca9229en.

3089

Farook MA, Mohamed HSM, Tariq N, Shariq K, Ahmed IA. 2019. Giant
freshwater prawn, Macrobrachium rosenbergii (De Man 1879): A
review. Intl J Res Anal Rev 6: 571-584.

Freeland J. 2005. Molecular Ecology. John Wiley and Sons Ltd., London,
UK.

Gjerde B. 2005. Design of breeding programs BT - Selection and breeding
programs in aquaculture. In: Gjedrem T (ed). Dordrecht, Springer
Netherlands. DOI: 10.1007/1-4020-3342-7_12.

Goud J, Van der Bijl B, Creuwels J. 2020. Naturalis Biodiversity Center
(NL)-Crustacea. Naturalis Biodiversity Center. Occurrence dataset
DOI: 10.15468/vjoltu.

Goyard E, Goarant C, Ansquer D, Brun P, de Decker S, Dufour R, Galinie
C, Peignon JM, Pham D, Vourey E, Harache Y, Patrois J. 2008. Cross
breeding of different domesticated lines as a simple way for genetic
improvement in small aquaculture industries: Heterosis and
inbreeding effects on growth and survival rates of the Pacific Blue
Shrimp Penaeus (Litopenaeus) styrostris. Aquaculture 278: 43-50.
DOI: 10.1016/j.aquaculture.2008.03.018.

Guerra A, Lima A, Junior R, Chiachio M. 2014. Genetic variability and
phylogenetic aspects in species of the genus Macrobrachium. Genet
Mol Res 13 (2): 3646-3655. DOI: 10.4238/2014.May.9.7.

Hadie LE, Hadie W. 2012. Genetic improvement of giant freshwater
prawn (Macrobrachium rosenbergii) based on family selection. Berita
Biologi 11 (2): 211-220. [Indonesian]

Han CC, Lai CH, Huang CC, Wang IC, Lin HD, Wang WK. 2022.
Phylogeographic  structuring of the kuroshio-type prawn
Macrobrachium japonicum (Decapoda: Palaemonidae) in Taiwan and
Ryukyu Islands. Diversity 14 (617). DOI: 10.3390/ d14080617.

Indarjo A, Salim G, Nugraeni C, Zein M, Ransangan J, Prakoso L,
Suhirwan S, Anggoro S. 2021. Length-weight relationship, sex ratio,
mortality and growth condition of natural stock of Macrobrachium
rosenbergii  from the estuarine systems of North Kalimantan,
Indonesia. Biodiversitas 22: 846-857. DOI:
10.13057/biodiv/d220239.

Jimoh AA, Anetekhai MA, Cummings S, Abanikanda OTF, Turner GF,
van Oosterhout C, Hé&nfling B. 2013. Mismatch between molecular
(mtDNA) and morphological classification of Macrobrachium prawns
from Southern Nigeria: Cryptic freshwater species and brackish water
morphotypes. Aquaculture 410-411: 25-31. DOI:
10.1016/j.aquaculture.2013.06.013.

Jimoh AAZ, Lawal MA. 2020. Morphological studies of Macrobrachium
macrobrachion and Macrobrachium vollenhovenii from Badagry
Creek, Lagos, Nigeria: Need for conservation Glob J Fish Aquat 8
(1): 533-540.

Jurniati J, Arfiati D, Andriyono S, Hertika A, Kurniawan A, Tanod W.
2021. The morphological characters and DNA barcoding
identification of sweet river prawn Macrobrachium esculentum
(Thallwitz, 1891) from Rongkong watershed of South Sulawesi,
Indonesia. Biodiversitas 22: 113-121. DOI:
10.13057/biodiv/d220116.

Karaket T, Poompuang S, Na-Nakorn U, Kamonrat W, Hallerman E.
2011. DNA microsatellite-based evaluation of early growth
performance among strains of freshwater prawn Macrobrachium
rosenbergii de Man. Aquaculture 311: 115-122. DOIL:
10.1016/j.aquaculture.2010.11.042.

Khanarnpai R, Thaewnon-ngiw B, Kongim B. 2019. Genetic variation of
Macrobrachium lanchesteri (De Man, 1911) in Northeastern
Thailand. Cogent Biol 5 2): 1677126. DOl:
10.1080/23312025.2019.1677126.

Konan KM, Doumbia L, Adépo-Gouréne AB, Ouattara A, Gouréne G.
2017. Relationships between morphometric characteristics of brackish
water prawn, Macrobrachium macrobrachion (Herklots, 1851) of
Cote d "lvoire (West Africa). Iranian J Fish Sci 16 (1): 275-295.

Laewa NH, Fahri, Annawaty. 2018. Udang air tawar Macrobrachium
latidactylus (Decapoda, Caridea, Palaemonidae) dari Sungai Gililana,
Morowali Utara, Sulawesi, Indonesia. Nat Sci J Sci Tech 7: 205-216.
DOI: 10.22487/25411969.2018.v7.i2.10572.

Li H, Kong J, Xie R, Yu W, Chen A. 2022. Comparative rapid
identification of Salmo salar, Oncorhynchus mykiss, and
Oncorhynchus keta components based on loop-mediated isothermal
amplification and quantitative polimerase chain reaction. Aquaculture
550. DOI: 10.1016/j.aquaculture.2021.737835.

Liao Y, Mo G, Sun J, Wei F, Liao DJ. 2016. Genetic diversity of Guangxi
chicken breeds assessed with microsatellites and the mitochondrial
DNA D-loop region. Mol Biol Rep 43: 415-425. DOI:
10.1007/511033-016-3976-0.


https://doi.org/10.29122/jbbi.v9i1.4921
https://doi.org/10.1371/journal.pone.0173490
https://doi.org/10.1371/journal.pone.0145927
https://doi.org/10.22487/25411969.2017.v6.i3.10403
https://doi.org/10.1016/j.aquaculture.2008.03.018
https://doi.org/10.22487/25411969.2018.v7.i2.10572

3090

Liu M, Cai Y, Tzeng C. 2007. Molecular systematics of the freshwater
prawn genus Macrobrachium Bate, 1868 (Crustacea: Decapoda:
Palaemondiae) inferred from mtDNA sequences, emphasizing East
Asian species. Zool Stud 46 (3): 272-289.

Makombu J, Stomeo F, Oben P, Tilly E, Stephen O, Oben B, Cheruiyot E,
Tarekegn G, Zango P, Egbe A et al. 2019. Morphological and
molecular characterization of freshwater prawn of genus
Macrobrachium in the coastal area of Cameroon. Ecol Evol 9 (24):
14217-14233. DOI: 10.1002/ece3.5854.

Maltsev AN, Stakheev VV, Bogdanov AS, Fomina ES, Kotenkova EV.
2015. Phylogenetic relationships of intraspecific forms of the house
mouse musculus: analysis of variability of the control region (D-loop)
of mitochondrial DNA. Doklady Biol Sci 465: 285-288. DOI:
10.1134/S0012496615060058.

Marine and Fisheries (KKP). 2022. Marine and Fisheries in Figures 2022.
Jakarta, Indonesia. [Indonesian]

Miller MP. 1997. Tools for Population Genetic Analyses (TFPGA) 1.3: A
windows program for the analysis of allozyme and molecular
population genetic data. Department of Biological Sciences, Northern
Arizona University, AZ, USA.

Nei M, Tajima F. 1981. DNA polymorphism detectable by restriction
endonucleases. Genetics 97: 146-163. DOI:
10.1093/genetics/97.1.145.

Nei M. 1978. Estimation of average heterozygosity and genetic distance
from a small number of individuals. Genetics 89: 583-590. DOI:
10.1093/genetics/89.3.583.

New MB, Nair CM. 2012. Global
farming. Aquac Res43 (7):
2109.2011.03008.x.

Nguyen TH, Liu Q, Zhao L, Zhang H, Liu J, Nguyen HD. 2015. Genetic
diversity of cultured populations of giant freshwater prawn
(Macrobrachium rosenbergii) in China using mtbNA COI and 16S
rDNA markers. Biochem Syst Ecol 62: 261-269. DOI: 10.1016/
j.bse.2015.09.011.

Nugroho E, Ketut S, Maskur M. 2005. Genetic improvement of
Macrobrachium rosenbergii in Indonesia. Jakarta, Indonesia.
[Indonesian]. http://hdl.handle.net/10862/673.

Nugroho, E. 2002. Rapid fluctuation of genetic variability in artificially
propagated population of red sea bream. Indonesian J Agric
Biotechnol. Indonesian Agency for Agriculture Research and
Development 7 (1): 1 - 7.

Pillai BR, Lalrinsanga PL, Ponzoni RW, Khaw HL, Mahapatra KD,
Mohanty S, Patra G, Naik N, Pradhan H, Jayasankar P. 2017.
Phenotypic and genetic parameters for body traits in the giant
freshwater prawn (Macrobrachium rosenbergii) in India. Aquat Res
48 (12): 5741-5750. DOI: 10.1111/are.13397.

Raymond M, Rousset F. 1995. An exact test for population differentiation.
Evolution 49 (6): 1280-1283. DOI: 10.2307/2410454.

Rimalia A, Kisworo Y, Mukhlisah M. 2018. Sintasan larva udang galah
dari sumber genetik yang berbeda. Ziraa'ah Majalah IImiah Pertanian
43 (3): 198-203. DOI: 10.31602/zmip.v43i3.1468. [Indonesian]

Rimalia A, Mukhlisah M, Kisworo Y. 2015. Characterization parental
sheper GO synthetic population of the giant freshwater prawn from
genetic resources of Barito, Kintap and Pagat. Ziraa'ah Majalah
limiah Pertanian 40: 145-151. [Indonesian]

Rogers J. 1972. Measures of genetic similarity and genetic distance. In:
Rogers J (ed). Studies in Genetics VII. University of Texas
Publication, Austin.

scale of freshwater prawn
960-969. DOI: 10.1111/j.1365-

BIODIVERSITAS 24 (5): 3081-3090, May 2023

Rossi N, Mantelatto FL. 2013. Molecular analysis of the freshwater prawn
Macrobrachium olfersii (Decapoda, Palaemonidae) supports the
existence of a single species throughout its distribution. PLOS ONE.
8 (1). DOI: 10.1371/journal.pone.0054698.

Sambrook J, Russel, DW. 1989. Molecular Cloning: A Laboratory
Manual. Cold-Spring Harbor Laboratory Press, New York.

Siriwut W, Jeratthitikul E, Panha S, Chanabun R, Ngor PB, Sutcharit C.
2021. Evidence of cryptic diversity in freshwater Macrobrachium
prawns from Indochinese riverine systems revealed by DNA barcode,
species delimitation and phylogenetic approaches. PLoS ONE 16 (6).
DOI: 10.1371/journal. pone.0252546.

Sui J, Luan S, Yang G, Xia Z, Luo K, Tang Q. 2019. Genetic parameters
and selection response for the harvest body weight of the giant
freshwater prawn (Macrobrachium rosenbergii) in a breeding
program in China. PLoS ONE 14 (8). DOI: 10.1371/journal.
pone.0218379.

Suwartiningsih N, Trijoko T, Satuti N. 2018. Morphological variation of
giant freshwater prawn (Macrobrachium rosenbergii De Man, 1879)
from inbreeding and outbreeding of Probolinggo and Mahakam
population. J Trop Biodivers Biotechnol 2: 57. DOI:
10.22146/jtbb.29676.

Suwartiningsih N, Utami L. 2020. Morphological variation of giant
freshwater prawn (Macrobrachium rosenbergii de Man, 1879)
broodstock of Siratu, GlIMacro, Mahakam, and Bengawan Solo
population. DEPIK: Jurnal llmu-llmu Perairan, Pesisir dan Perikanan
9 (2): 220-226. DOI: 10.13170/depik.9.2.15963. [Indonesian]

Tizkar B, Seidavi A, Ponce-Palafox JT. 2017. Study of some
morphometric, meristic characters and lengthweight relationship in
wild and domestic populations of the eastern river prawn,
Macrobrachium nipponense (De Haan, 1849) (Crustacea: Decapoda:
Palaemonidae), in Iranian Basin of the Caspian Sea. Iranian J Fish Sci
19 (4) 2173-2184. DOI: 10.22092/ijfs.2018.117176.

Udayasuriyan R, Saravana B, Kalpana R. 2017. DNA barcoding of
freshwater prawn species of two genera Macrobrachium and Caridina
using mt-COIl gene. J Genes Prot 1 (1): 1-9.

Vergamini F, Pileggi L, Mantelatto F. 2011. Genetic variability of the
Amazon River prawn Macrobrachium amazonicum (Decapoda,
Caridea, Palaemonidae). Contrib  Zool 80: 67-83. DOI:
10.1163/18759866-08001003.

Wahidah W, Amrullah A, Idris A. 2018. Left-right asymmetry in the giant
freshwater prawn population of Sulawesi. AACL Bioflux 11: 221-
225.

Wahidah W, Andy Omar S, Trijuno D, Nugroho E. 2017. The
morphological characteristics of South Sulawesi's giant freshwater
prawn Macrobrachium rosenbergii. AACL Bioflux 10: 820-829.

Wahidah W, Idris A, Amrullah A. 2019. The morphometric characters of
the Macrobrachium idae population of Lake Tempe, Sulawesi,
Indonesia. AACL Bioflux 12 (6): 2330-2338.

Wahidah W, Yusuf M. 2017. Edible trait of giant freshwater prawn
Macrobrachium rosenbergii of Kariango river population in Pinrang
Regency, Indonesia. AACL Bioflux 10: 1499-1505.

Wowor D, Choy S. 2001. The freshwater prawns of the genus
Macrobrachium Bate, 1868 (Crustacea: Decapoda: Palaemonidae)
from Brunei Darussalam. Raffles Bull Zool 49 (2): 269-289.

Yu L, Zhu X, Liang J, Fan J, Chen C. 2019. Analysis of genetic structure
of wild and cultured giant freshwater prawn (Macrobrachium
rosenbergii) using newly developed microsatellite. Front Mar Sci 6:
1-9. DOI: 10.3389/fmars.2019.00323.


https://doi.org/10.1002/ece3.5854
https://doi.org/10.1093/genetics/97.1.145
http://hdl.handle.net/10862/673
http://dx.doi.org/10.31602/zmip.v43i3.1468
https://doi.org/10.1371/journal.pone.0054698

