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Abstract: Freshwater prawns of the genus Macrobrachium are widely distributed across tropical
and subtropical regions. On Ternate Island, the local community refers to native freshwater prawns
as “udang galah”, a name typically associated with Macrobrachium rosenbergii. This study aimed to
accurately identify freshwater prawn species on Ternate Island using DNA barcoding. Prawn samples
were collected from two different locations on Ternate Island: Togafo River, which has a steep
gradient and flows directly into the sea without being affected by tidal salinity, and the river in Fitu
Village, which consists of isolated pools with no connection to marine waters. Tissue samples were
taken and preserved in 96% alcohol for molecular analysis. DNA barcoding results confirmed that
the identified species is Macrobrachium lar, with genetic similarity ranging from 99.50% to 99.83%
to reference data in GenBank. The presence of M. lar in isolated freshwater habitats raises questions
about its dispersal patterns and life cycle, as this species is amphidromous and typically requires
brackish water for larval development. These findings suggest the possibility of local adaptation or
alternative dispersal mechanisms that warrant further investigation. Additionally, this study
highlights the effectiveness of DNA barcoding for species identification, particularly for
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Macrobrachium species with high morphological variation or classified as cryptic.

Introduction

Ternate Island, Indonesia, is part of an archipelago
with high biodiversity, particularly in its freshwater
ecosystems. Administratively, Ternate Island falls
under the Fisheries Management Area of the Republic
of Indonesia in Inland Waters (WPPNRI PD 413),
which includes the waters surrounding Ternate Island
and its vicinity. The freshwater habitats on this island
support diverse aquatic species, including freshwater
prawns, which have significant ecological and
economic value. An exploration revealed the presence
of freshwater prawns of the genus Macrobrachium
Bate, 1868 (Crustacea: Palaemonidae) inhabiting
small streams and isolated pools in the inland areas of
Ternate Island. Some of these habitats are not directly
connected to estuaries or lakes and are located in the
foothills of Mount Gamalama, an active volcano. For
years, the freshwater prawns found in Ternate Island
have been identified as giant river prawns, referring to

*Correspondence: Muhammad Nur Findra, Gamal M. Samadan
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the species Macrobrachium rosenbergii (Abubakar et
al., 2024; Muin et al., 2024; Samadan et al., 2022,
2023), which is widely recognized as a high-value
fisheries commodity with a broad tropical distribution
(Khair et al., 2000; Wowor and Ng, 2007; Wahidah et
al., 2017). However, this claim is based solely on
morphological identification, without genetic
verification. This raises questions about the accuracy
of such identification, considering the possibility of
species  with morphological
characteristics.

Morphological species identification often faces
various challenges, particularly among organisms
with high phenotypic variation or similar physical
characteristics across species. In freshwater prawns,
several species are cryptic (Cai et al., 2004; Jurniati et
al., 2020), leading to frequent misidentifications.
Therefore, a more precise and objective method is
required to confirm the identity of freshwater prawn

other similar
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Figure 1. Sampling site of freshwater prawns in Ternate Island.

species in Ternate Island. One such method is DNA
barcoding (Findra et al., 2020; Samadan et al., 2024;
Syazili et al.,, 2024), a genetic sequence-based
technique that highly accurate for species
identification.

DNA barcoding uses short sequences of target
genes, such as the cytochrome ¢ oxidase subunit I
(COI) gene, to compare test specimens with reference
databases (Hajibabaei et al., 2007; Ratnasingham and
Hebert, 2013). This technique has been widely applied
in various taxonomic and ecological studies to identify
species, reveal phylogenetic relationships, and detect
cryptic species that cannot be distinguished
morphologically (Hebert et al., 2003; Siriwut et al.,
2021). In the context of this study, DNA barcoding is
highly relevant for testing the hypothesis of the
presence of M. rosenbergii in freshwater habitats on
Ternate Island.

Therefore, this study aims to confirm the identity
of freshwater prawn species found on Ternate Island
using DNA barcoding. Genetic analysis is expected to
provide accurate information about the actual species

is

inhabiting these waters. If the study reveals that the
specimens found are not M. rosenbergii, this would
have significant implications for
conservation, and fisheries resource management in
the region. According to Butet et al. (2019) and Findra
et al. (2017), species misidentification can affect
management and conservation strategies,
underscoring the importance of DNA-based
verification to ensure the accuracy of biodiversity
data. Furthermore, the study's findings could offer
new insights into the distribution and diversity of
Macrobrachium species in Indonesia, as reported by
Hernawati et al. (2020) and Siriwut et al. (2020). Thus,
this research not only clarifies the taxonomic status of
freshwater prawns on Ternate Island but also enhances
understanding of freshwater biodiversity in Indonesia.
The DNA barcoding approach employed in this study
is expected to serve as a model for species
identification in other studies, particularly for groups
of organisms that pose challenges for morphological
identification. Therefore, this study is a crucial step
toward more accurate, effective, and sustainable

taxonomy,
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Figure 2. Natural habitat of freshwater prawns in Togafo (a) and Fitu (b) Villages.

management of freshwater fisheries resources.

Materials and Methods

Sample collection: Prawn samples were collected
from two locations on Ternate Island (Fig. 1): (1)
Togafo Village, where a freshwater stream flows
directly into the sea but remains unaffected by tidal
salinity due to its steep gradient (Fig. 2a), and (2) Fitu
Village, a small, isolated river system composed of
disconnected pools with no direct connection to
seawater (Fig. 2b). Both locations represent
exclusively freshwater environments. Tissue samples
were obtained by excising a small portion of the

prawn’s tissue using sterile scissors. The samples were
then placed in tubes and preserved in 96% ethanol for
further genetic analysis.

DNA analysis: DNA was extracted using the Qiagen
kit following the manufacturer’s protocol. The
extracted DNA was then analyzed through
amplification using the Polymerase Chain Reaction
(PCR) method. The process followed the protocol of
BIONESIA Laboratory and used a pair of primers
recommended by Geller et al. (2013), namely jgLCO
(5'-TIT CIA CIA AYC AYA ARG AYA TTG-3'") and
jgHCO (5'-TAI ACY TCI GGR TGI CCR AAR AA-
3"). PCR reaction mixture consisted of 2 uL. DNA
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template, 1.25 pL primers (at a concentration of 10
mM), 9 uL of ddH20, and 12.5 pL of ready mix. The
reaction was amplified wusing an Applied
Biosystems™ 2720 Thermal Cycler. PCR conditions
were as follows: initial denaturation at 94°C for three
minutes, denaturation at 94°C for 30 seconds,
annealing at 50°C for 30 seconds, and extension at
72°C for 60 seconds, repeated for 38 cycles. The final
extension was carried out at 72°C for 2 minutes. PCR
results were visualized on a 1% Agarose gel stained
with Nucleic Acid Gel Stain (GelRed®). High-quality
samples were then subjected to Sanger sequencing at
PT. Genetika Science Indonesia.

Data analysis: The sequencing results were edited
and aligned using ClustalW in MEGA 12 (Kumar et
al., 2024). Each base arrangement was manually
checked to ensure high data quality. The sequences
were compared with the existing database in the
National Center for Biotechnology Information
(NCBI) GenBank using the Basic Local Alignment
Search Tool (BLASTn) on the NCBI website.
Furthermore, a phylogenetic tree was constructed to
determine relationships among samples using the
Neighbour-Joining (NJ) method with 1000 bootstrap
replicates in MEGA 12. For genetic distance analysis,
the p-distance method was used. Genetic distance
analysis and phylogenetic tree reconstruction included
several sequences from GenBank as both ingroup and
outgroup. The sequences used were M. rosenbergii
(MF563571.1, MF563572.1), M. lar (PP702365.1,
PP702367), M. spelaeus (MW845631, MW845632),
M. sintangense (MW845621, MW845622), M. thai
(MW845633, MW845634), M. sirindhorn
(MW845627.1, MW845628), and Cherax cairnsensis
(EU921142) as the outgroup.

Results

PCR product and species validation: The isolation
and extraction of prawn samples from Ternate Island
yielded high-quality total DNA, which PCR
successfully amplified. The six amplicons (T1, T2,
T3, F1, F2, and F3) were of good quality, with sizes
ranging from 678-686 bp. The nucleotide sequences
of the COI gene samples uploaded to BLASTn on the

NCBI website confirmed that the prawn samples were
not M. rosenbergii. Instead, all samples exhibited a
genetic similarity of 99.50-99.83% to Macrobrachium
lar (Table 1). These results provide strong molecular
evidence that the freshwater prawns in Ternate Island
belong to M. lar rather than M. rosenbergii, contrary
to previous morphological assumptions.

Genetic distance: The genetic distance of the COI
gene fragment (571 bp) between samples of M. lar
prawn originating from the study site averaged
0.0055. There was also a close relationship with
several sequences from GenBank and the genus
Macrobrachium, which were obtained as ingroup
members with average genetic distances of 0.0070 and
0.1346, respectively. Meanwhile, the genetic distance
to Cherax cairnsensis (EU921142.1) as an outgroup
averaged 0.1346 (Table 2).

Phylogenetic tree: The phylogenetic tree
reconstructed in MEGA 12 was based on genetic
distance, with 1000 bootstrap replicates. The results
showed that prawns from Ternate Island and GenBank
data clustered together, suggesting that the sample
belonged to the M. lar species. Furthermore, M. lar
was separated from other prawn species, including M.
rosenbergii, M. spelaeus, M. sintangense, M. thai, and
M. sirindhorn, as well as the outgroup Cherax
cairnsensis (Fig. 3).

A phylogenetic tree was constructed using the
Neighbor-Joining (NJ) method with 1,000 bootstrap
replicates to infer relationships among the analyzed
samples. The results showed that M. lar specimens
from Ternate Island clustered together with M. lar
reference sequences from GenBank, forming a
monophyletic group with high bootstrap support (Fig.
3). The phylogenetic analysis further revealed two
major clades among the Macrobrachium species
examined. Clade 1 included M. lar, M. rosenbergii,
M. spelaeus, M. sintangense, and M. thai, whereas
Clade 2 contained only M. sirindhorn. The genetic
distance between Clades 1 and 2 was 0.1662,
indicating a substantial evolutionary divergence.

Discussions
Genetic studies serve as a rapid and reliable method
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Table 1. Nucleotide-based BLASTn results at NCBI sites.

Code of Query Cover Identity

Species validation

Accession number

sample (%) (%)

Tl 87 99.67 Macrobrachium lar PP702367
97 85.07 Macrobrachium hirsutimanus MW§845478
97 84.05 Macrobrachium naiyanetri MW§845513
86 83.78 Macrobrachium rosenbergii KX585725
97 83.76 Macrobrachium malayanum MT235964

T2 87 99.83 Macrobrachium lar PP702367
97 85.07 Macrobrachium hirsutimanus MW845478
97 84.05 Macrobrachium naiyanetri MW§845513
97 83.90 Macrobrachium malayanum MT235964
86 83.78 Macrobrachium rosenbergii KX585725

T3 89 99.83 Macrobrachium lar PP702367
98 85.07 Macrobrachium hirsutimanus MW845478
86 83.93 Macrobrachium rosenbergii KX585725
98 83.90 Macrobrachium naiyanetri MW845513
98 83.61 Macrobrachium malayanum MT235964

F1 87 99.67 Macrobrachium lar PP702367
97 85.07 Macrobrachium hirsutimanus MW§845478
97 84.05 Macrobrachium naiyanetri MW§845513
86 83.78 Macrobrachium rosenbergii KX585725
97 83.61 Macrobrachium malayanum MT235964

F2 87 99.50 Macrobrachium lar PP702367
98 85.67 Macrobrachium hirsutimanus MW§845478
98 84.65 Macrobrachium naiyanetri MW§845513
86 83.78 Macrobrachium rosenbergii KX585725
97 83.76 Macrobrachium malayanum MT235964

F3 87 99.66 Macrobrachium lar PP702367
98 85.52 Macrobrachium hirsutimanus MW845478
98 84.50 Macrobrachium naiyanetri MW845513
86 83.93 Macrobrachium rosenbergii KX585725
98 83.61 Macrobrachium malayanum MT235964

for species identification (Butet et al., 2019; Hakim et
al., 2022). In this study, DNA sequence data were
validated through the NCBI database to determine
their similarity to reference sequences in GenBank.
The BLASTn results confirmed that the prawns
collected from the study sites belong to
Macrobrachium lar, with a genetic similarity of
99.50-99.83% to sequences stored in GenBank
(Accession: PP702365.1). These findings -clarify
previous misidentifications of the species as M.
rosenbergii  based solely on morphological
characteristics.

Macrobrachium lar, commonly known as the
“monkey river prawn” or “Tahitian prawn”, is an

75

amphidromous freshwater species widely distributed
across tropical and subtropical regions (Lal et al.,
2012, 2014; Sethi et al., 2012; Fadli et al., 2018). Due
to high morphological variation within the
Macrobrachium genus, taxonomic identification
based solely on morphology can be challenging
(Ghazi and Hassan, 2021). However, Fadli et al.
(2018) found that 8 out of 11 morphometric
characteristics of M. lar effectively distinguished
populations, with body weight, total length, and
rostrum length being the most reliable traits. Like
other Macrobrachium species, M. lar possesses a
well-developed second pair of pereiopods, featuring
distinctive chelae with two sharp-tipped fingers
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Table 2. Genetic distance of COI genes of Macrobrachium lar, M. rosenbergii, M. spelaeus, M. sirindhorn, M. sintangense, M. thai and Cherax

cairnsensis using the pairwise distance method.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1
2 0.0035
3 0.0105 0.0105
4 0.0035 0.0035 0.0105
5 0.0053 0.0053 0.0088 0.0018
6 0.0035 0.0035 0.0105 0.0000 0.0018
7 0.0123 0.0123 0.0018 0.0123 0.0105 0.0123
8 0.0018 0.0018 0.0088 0.0018 0.0035 0.0018 0.0105
9 0.1646 0.1646 0.1646 0.1646 0.1646 0.1646 0.1664 0.1629
10 0.1646 0.1646 0.1646 0.1646 0.1646 0.1646 0.1664 0.1629 0.0000
11 0.1594 0.1594 0.1594 0.1576 0.1559 0.1576 0.1611 0.1576 0.1786 0.1786
12 0.1594 0.1594 0.1594 0.1576 0.1559 0.1576 0.1611 0.1576 0.1786 0.1786 0.0000
13 0.1646 0.1646 0.1646 0.1646 0.1629 0.1646 0.1629 0.1629 0.1769 0.1769 0.1454 0.1454
14 0.1629 0.1629 0.1594 0.1629 0.1611 0.1629 0.1576 0.1611 0.1751 0.1751 0.1436 0.1436 0.0053
15 0.1716 0.1716 0.1734 0.1681 0.1664 0.1681 0.1734 0.1699 0.1839 0.1839 0.1664 0.1664 0.1734 0.1734
16 0.1594 0.1629 0.1611 0.1629 0.1611 0.1629 0.1611 0.1611 0.1769 0.1769 0.1646 0.1646 0.1751 0.1716 0.0525
17 0.1926 0.1926 0.1891 0.1891 0.1874 0.1891 0.1909 0.1909 0.1804 0.1804 0.1699 0.1699 0.1821 0.1839 0.1489 0.1699
18 0.1909 0.1909 0.1874 0.1874 0.1856 0.1874 0.1891 0.1891 0.1839 0.1839 0.1716 0.1716 0.1856 0.1874 0.1506 0.1716 0.0070
19 0.2504 0.2487 0.2487 0.2487 0.2487 0.2487 0.2469 0.2487 0.2329 0.2329 0.2417 0.2417 0.2172 0.2137 0.2242 0.2294 0.2347 0.2382

1 = Macrobrachium lar T1;2 =M. lar T2;3 =M. lar T3;4 =M. lar F1;5 =M. lar F2; 6 = M. lar ¥3;, 7= M. lar PP702365; 8 = M. lar PP702367,
9 =M. rosenbergii MF563571; 9 = M. rosenbergii MF563572; 11 = M. spelaeus MW845630; 12 = M. spelaeus MW845631; 13 = M. sirindhorn
MW845627; 14 = M. sirindhorn MW845628; 15 = M. sintangense MW845621; 16 = M. sintangense MW845622; 17 = M. thai MW845633; 18

=MW845634; 19 = Cherax cairnsensis EU921142.
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Figure 3. Reconstruction of phylogenetic trees based on COI genes in Macrobrachium lar, M. rosenbergii, M. spelaeus, M. sintangense, M. thai,
M. sirindhorn, and Cherax cairnsensis using the Neighbour-Joining method with the p-distance model, with a bootstrap value of 1000 replications.

(Wowor et al., 2004).

Ecological adaptations and life cycle: Freshwater
prawns can be categorized into two ecological groups:
those that complete their entire life cycle in freshwater
and those that require brackish water for larval
development before migrating upstream as juveniles
(Wowor et al., 2004). Macrobrachium lar belongs to

the latter group, requiring relatively high salinity for
larval development. Lal et al. (2012) reported that
newly hatched M. lar larvae can tolerate freshwater or
low-salinity brackish water (~10%0) but require a
gradual increase in salinity to 30-35%o for successful
development. The optimal salinity ranges for larval
stages are: stages I-II (10-15%o), III-IV (15-25%0), V-
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VI (25-30%0), and VII-VIII (30-35%c). Once they
reach the post-larval (PL) stage, salinity can be
gradually reduced. Larvae reared outside these
optimal salinity conditions exhibit significantly lower
survival and growth rates, with those kept in
freshwater (0%o) typically not surviving beyond four
days unless transferred to brackish water.

The presence of M. lar in isolated freshwater habitats
on Ternate Island raises important questions regarding
its ability to complete its life cycle without direct
access to brackish water. The Togafo River, although
it flows into the sea, has a steep gradient that limits
tidal influence, and the Fitu site consists of small,
disconnected freshwater pools with no direct
connection to the sea. These conditions suggest that
M. lar populations in these areas may have adapted to
complete their life cycle entirely in freshwater or may
rely on alternative dispersal mechanisms. Further
research on the reproductive biology, larval salinity
tolerance, and population dynamics of M. lar in
Ternate is needed to clarify these adaptations.
Phylogenetic analysis and genetic relationships:
The genus Macrobrachium is highly diverse, with 105
species documented by Wowor et al. (2009) and 243
species listed by De Grave and Sakihara (2011).
Phylogenetic analysis in this study revealed that M. lar
is closely related to several other Macrobrachium
species. The constructed phylogenetic tree indicates
that Macrobrachium species form a monophyletic
group distinct from the outgroup.

Two main clades were identified. Clade 1 consisted
of M. lar, M. spelaeus,
M. sintangense, and M. thai, while Clade 2 comprised
only M. sirindhorn. The genetic distance analysis
revealed that members of Clade 1 had a mean genetic
distance of 0.1272, whereas the genetic distance
between Clades 1 and 2 was 0.1662. This suggests that
the species within Clade 1 are more closely related to
each other than to M. sirindhorn.

Locally, M. lar is referred to as “udang galah”, the
same name used for M. rosenbergii. However, genetic
distance indicates that M. lar and M. rosenbergii differ
by 16.29-16.64%, confirming that they are distinct
species. Hebert et al. (2003) suggested that species can

rosenbergii, M.

be considered separate if their genetic distance
exceeds 3%, while Ratnasingham and Hebert (2013)
Stated that COI gene variations above 4% indicate
reproductive isolation. These results strongly support
that M. lar and M. rosenbergii are distinct species
despite their similar local nomenclature.

Implications for DNA barcoding and cryptic
species identification: This study highlights the
effectiveness of DNA barcoding in confirming species
identity, particularly in crustacean taxa with high
morphological variation or cryptic species. Cryptic
species are morphologically similar and thus often
misidentified (Bickford et al., 2007). Such phenomena
have been reported in various aquatic organisms,
including crustaceans (Butet et al., 2019; Hakim et al.,
2022), mollusks (Findra et al., 2017, 2020), and fish
(Wang et al., 2020). Morphology-based identification
alone is often insufficient for distinguishing closely
related species, underscoring the need for molecular
tools for accurate species differentiation.

The confirmation of M. lar as the freshwater prawn
species found in Ternate contradicts previous
assumptions that it was M. rosenbergii. This
misidentification highlights the limitations of relying
solely on morphological
underscores the importance of integrating genetic
approaches for precise taxonomic classification.
Additionally, the presence of M. lar in isolated
freshwater habitats warrants further ecological and
genetic investigations to elucidate its dispersal
patterns, potential local adaptations, and evolutionary
history.

characteristics and

Conclusion

This study confirms that the freshwater prawn found
on Ternate Island is M. lar. Although the local
community refers to it as “udang galah”, genetic
analysis reveals that M. lar and M. rosenbergii differ
by more than 16%, indicating that local nomenclature
does not always reflect true taxonomic relationships.
DNA barcoding results indicate high genetic
similarity (99.50-99.83%) of M. lar to reference
sequences in GenBank, thereby confirming its
presence in the inland freshwater habitats of Ternate
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Island.

Acknowledgements

This study was funded by Khairun University through
the PKUPT scheme (Grant No. 02/PEN-
PKUPT/PG.12/2023). The authors would like to
express their gratitude to Yuyun Abubakar, Husain
Ali, and Kurniawan Siwasiwan for their valuable
assistance in sample collection.

References

Abubakar Y., Sunarti S., Salim F.D., Rina R., Abubakar S.,
Serosero R., Fadel A.H. (2024). Analysis of availability
and size distribution of giant shrimp (Macrobranchium
sp) in River Togafo, Ternate City, North Mollucas
Province. Jurnal Biologi Tropis, 24(2): 986-992.

Bickford D., Lohman D.J., Sodhi N.S., Ng P.K.L., Meier
R., Winker K., Ingram K.K., Das I. (2007). Cryptic
species as a window on diversity and conservation.
Trends in Ecology and Evolution, 22(3): 148-155.

Butet N.A., Dewi [.LA.B.P., Zairion Z., Hakim A.A. (2019).
Species validation of mole crabs based on molecular
marker of 16s rRNA from Bantul and Purworejo waters.
Journal of Tropical Fisheries Management, 3(2): 28-35.

Cai Y., Naiyanetr P., Ng P.K.L. (2004). The freshwater
prawns of the genus Macrobrachium Bate, 1868, of
Thailand (Crustacea: Decapoda: Palaemonidae).
Journal of Natural History, 38(5): 581-649.

De Grave S., Sakihara T.S. (2011). Further records of the
anchialine shrimp, Periclimenes pholeter Holthuis,
1973 (Crustacea, Decapoda, Palaemonidae). Zootaxa,
2903(1): 64.

Fadli A., Binur R., Kawulur E.I.J.J. (2018). Morphology
variation of Macrobrachium lar (Fabricius, 1798)
occurring in rivers of Manokwari, West Papua,
Indonesia. HAYATI Journal of Biosciences, 25(1): 6-
10.

Findra M.N., Setyobudiandi I., Butet N.A., Solihin D.D.
(2017). Genetic profile assessment of giant clam genus
Tridacna as a basis for resource management at
Wakatobi National Park waters. ILMU KELAUTAN:
Indonesian Journal of Marine Sciences, 22(2): 67-74.

Findra M.N., Setyobudiandi I., Solihin D.D., Butet N.A.
(2020). Characteristics of cytochrome C oxidase
subunit I gene in giant clam from Wakatobi National
Park Waters, Indonesia. IOP Conference Series: Earth
and Environmental Science, 584(1): 012009.

Geller J., Meyer C., Parker M., Hawk H. (2013). Redesign
of PCR primers for mitochondrial cytochrome c oxidase
subunit I for marine invertebrates and application in all-
taxa biotic surveys. Molecular Ecology Resources,
13(5): 851-861.

Ghazi A.-H., Hassan H.F. (2021). New record of
Macrobrachium lar (Fabricius, 1798) (Crustacea:
Decapoda: Palaemonidae) from Al-Hammar Marsh,
Southern Iraq. Biological and Applied Environmental
Research, 5(1): 33-43.

Hajibabaei M., Singer G.A.C., Hebert P.D.N., Hickey D.A.
(2007). DNA barcoding: how it complements
taxonomy, molecular phylogenetics and population
genetics. Trends in Genetics, 23(4): 167-172.

Hakim A.A., Sidabutar Y.N., Mashar A., Zairion, Imran Z.,
Wardiatno Y. (2022). Application of cytochrome
oxidase subunit 1 partial gene for species validation of
Macrobrachium sintangense from Lake Lido, West
Java. IOP Conference Series: Earth and Environmental
Science, 1033(1): 012001.

Hebert P.D.N., Cywinska A., Ball S.L., deWaard J.R.
(2003). Biological identifications through DNA
barcodes. Proceedings of the Royal Society of London.
Series B: Biological Sciences, 270(1512): 313-321.

Hernawati R., Nurhaman U., Busson F., Suryobroto B.,
Hanner R., Keith P., Wowor D., Hubert N. (2020).
Exploring community assembly among Javanese and
Balinese freshwater shrimps (Atyidae, Palaemonidae)
through DNA barcodes. Hydrobiologia, 847(2): 647-
663.

Jurniati J., Arfiati D., Andriyono S., Hertika A.M.S.,
Kurniawan A., Tanod W.A. (2020). The morphological
characters and DNA barcoding identification of sweet
river prawn Macrobrachium esculentum (Thallwitz,
1891) from Rongkong watershed of South Sulawesi,
Indonesia. Biodiversitas Journal of Biological
Diversity, 22(1): 113-121.

Khair S.A., Hossain M.A., Parween S. (2000). Distribution
of Macrobrachium rosenbergii (de Man) in three rivers
of Paikgacha, Bangladesh. Bangladesh Fisheries
Research., 4(2): 199-202.

Kumar S., Stecher G., Suleski M., Sanderford M., Sharma
S., Tamura K. (2024). MEGAI12: Molecular
Evolutionary Genetic Analysis Version 12 for Adaptive
and Green Computing. Molecular Biology and
Evolution, 41(12): 1-9.

Lal M.M., Seeto J., Pickering T.D. (2014). Complete larval
development of the monkey river prawn



Int. J. Aquat. Biol. (2025) 13(6): 71-79 79

Macrobrachium lar (Palaemonidae) using a novel
greenwater technique. SpringerPlus, 3(1): 568.

Lal M.M., Seeto J., Pickering T.D., Hodge S. (2012).
Salinity and temperature requirements for larviculture
of the Monkey River prawn Macrobrachium lar
(Fabricius, 1798) (Decapoda: Caridea: Palaemonidae).
Aquaculture, 366367: 1-8.

Muin N., Serosero R.H., Abubakar Y., Widiyanti S.E.,
Sunarti S., Rina R. (2024). Size distribution and gonad
development of female green prawn (Macrobrachium
sp.) in Togafo Village, West Ternate District, Ternate
City. Jurnal Biologi Tropis, 24(2b): 220-229.

Ratnasingham S., Hebert P.D.N. (2013). A DNA-based
registry for all animal species: The barcode index
number (BIN) system. PLoS ONE, 8(7): e66213.

Samadan G.M., Muchdar F., Sriwati S., Findra M.N.
(2023). Pengaruh kombinasi pakan dan probiotik yang
berbeda terhadap kinerja pertumbuhan udang galah
(Macrobrachium rosenbergii) dan penurunan limbah N
yang dipelihara dalam wadah terkontrol. Juvenil: Jurnal
IImiah Kelautan Dan Perikanan, 4(2): 75-83.

Samadan G.M., Supyan, Findra M.N. (2024). Genetic
characteristics of Macrobrachium lar from Gane Timur,
Halmahera Island, Indonesia, based on mitochondrial
COI gene. AACL Bioflux, 17(4): 1543-1550.

Samadan G.M., Syazili A., Hama D. (2022). Pengaruh
pemberian probiotik dalam pakan komersial terhadap
kinerja pertumbuhan udang galah (Macrobranchium
rosenbergii) yang dipelihara dalam skala laboratorium.
Jurnal Ilmu Kelautan Kepulauan, 5(2): 624-633.

Sethi S.N., Ram N., Venkatesan V. (2012). Length-weight
relationship of Macrobrachium lar (Fabricius, 1798), an
endemic freshwater prawn in streams and ponds of
Andaman and Nicobar Islands. Indian Journal of Geo-
Marine Sciences, 59(4): 157-161.

Siriwut W., Jeratthitikul E., Panha S., Chanabun R., Ngor
P.B., 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): €0252546.

Siriwut W., Jeratthitikul E., Panha S., Chanabun R.,
Sutcharit C. (2020). Molecular phylogeny and species
delimitation of the freshwater prawn Macrobrachium
pilimanus species group, with descriptions of three new
species from Thailand. PeerJ, 8: e10137.

Syazili A., Findra M.N., Supyan, Samadan G.M. (2024).
Characteristics of 16S rRNA gene in seahorses from

Ternate Island waters, Indonesia. AACL Bioflux, 17(5):
2122-2128.

Wahidah, Omar S.B.A., Trijuno D.D., Nugroho E.,
Amrullah. (2017). The morphological characteristics of
South  Sulawesi’s  giant  freshwater  prawn
Macrobrachium rosenbergii. AACL Bioflux, 10(4):
820-829.

Wang T., Zhang Y., Yang Z., Liu Z., Du Y. (2020). DNA
barcoding cryptic ~ diversity in  the
underestimated genus Triplophysa (Cypriniformes:
Cobitidae, Nemacheilinae) from the northeastern
Qinghai-Tibet Plateau. BMC Evolutionary Biology,
20(1): 151.

Wowor D., Cai Y., Ng PKL. (2004). Crustacea:
Decapoda, Caridea. In C. M. Yule, Y. H. Sen (Eds.).
Freshwater Invertebrates of the Malaysian Region.
Academy of Science Malaysia. pp: 337-356.

Wowor D., Muthu V., Meier R., Balke M., Cai Y., Ng
P.K.L. (2009). Evolution of life history traits in Asian
freshwater prawns of the genus Macrobrachium
(Crustacea: Decapoda: Palaemonidae) based on
multilocus molecular phylogenetic analysis. Molecular
Phylogenetics and Evolution, 52(2): 340-350.

Wowor D., Ng P.K.L. (2007). The giant freshwater prawns
of the Macrobrachium rosenbergii species group
(Crustacea, Decapoda, Caridea, Palaemonidae). The
Raffles Bulletin of Zoology, 55(2): 321-336.

reveals



