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Abstract. Kusuma B, Prayitno SB, Sabdaningsih A, Soedibya PHT, Saputra SW. 2024. Threat of extinction of Macrobrachium
esculentum in the Serayu River (Central Java, Indonesia) confirmed by DNA barcoding. Biodiversitas 25: 3531-3539. Sweet river
prawn (Macrobrachium esculentum Thallwitz 1891 is one of the amphidromous shrimp. Serayu River is one of the habitats of this
shrimp. Information about the M. esculentum in the Serayu River, is still minimal, so this research is essential. The Serayu Weir affects
the population of Macrobrachium esculentum, which impacts the balance of the Serayu River ecosystem. This study aims to determine
the condition of the M. esculentum population in the lower reaches of the Serayu River in order to maintain its sustainability and avoid
the threat of extinction. This research was conducted for one year (January-December 2023). The method used was the descriptive
method. We collected M. esculentum catches both upstream and downstream of the weir for one year to determine the presence of
shrimp as a result of the Serayu Weir. The catch data was compared with the catch data from previous research. M. esculentum has
morphological characteristics with a blackish-gray pattern with stripes along its abdomen and has an upper rostrum of 11-14 teeth and 2-
4 on the lower rostrum. M. esculentum in the Serayu River has an mtDNA fragment of 686 bp and shows the same species as M.
esculentum in GenBank. A total of 65 M. esculentum were collected. This shrimp was not found above the weir (Station 1) but only at
station 2 (below the weir) due to the presence of weir. The results showed the importance of constructing migration routes for aquatic

biota in the Serayu Weir. Further research is also needed, especially related to the reproductive system of M. esculentum.
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INTRODUCTION

Freshwater prawns of the genus Macrobrachium Bate,
1868 (Infraorder Caridea; Family Palaemonidae), comprise
a diverse group of over 240 species that inhabit a variety of
aquatic environments, including coastal lagoons, lakes,
tropical rivers, ponds, and streams (Wowor et al. 2009;
Jose et al. 2016). Species of this genus are characterized by
an elongated second pair of locomotor appendages, usually
equal to or larger than body size, with prominent chelae
(Short 2004; Molina et al. 2020). Despite having different
habitat preferences, these shrimp are believed to have
evolved from a marine ancestor (Jose and Harikrishnan
2019). Indonesia is the country with the highest biodiversity
of Macrobrachium species in the world. Macrobrachium is
found in 27 countries around the world: 113 species in
Indonesia, 67 in India, 41 in the United States, 29 in
Malaysia, 24 in Brazil, 20 in Bangladesh, 14 in Kenya, 13
in Colombia, 10 in Panama, 7 in Australia, and several
other countries (BOLD system).

Tropical region is considered the biogeographic origin
of this genus. Macrobrachium species can be categorized
into two types based on their life cycle: shrimps that

complete their life cycle entirely in freshwater and
Macrobrachium that require salinity levels brackishwater
environments for larval development (Wowor et al. 2009).
The majority of naturally occurring Macrobrachium are
amphidromous (Pescinelli et al. 2016). Amphidromous
shrimp exhibit complex migratory behavior where they can
move between freshwater and estuarine environments to
complete their life cycle (Beesley et al. 2023). These
migrations can span hundreds of kilometers upstream and
face numerous challenges (Novak et al. 2017; Jarvis and
Closs 2019). Factors such as habitat destruction, river
siltation, overfishing, and the presence of dams that alter
migration pathways can all contribute to stress during
migration (Silva-Junior et al. 2017; Heim-Ballew et al. 2020;
Ribeiro et al. 2020). Research conducted by De Grave et al.
(2015) showed that the shrimp genus Macrobrachium is
increasingly under threat of extinction.

Previous studies on the genus Macrobrachium have
historically relied heavily on morphological characteristics
for species identification, which often yielded inconclusive
results (Jose et al. 2016; Jurniati et al. 2021). Molecular
identification is essential in shrimp conservation efforts to
mitigate extinction threats. Through DNA barcoding and
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Polymerase chain reaction PCR-based methods, researchers
can accurately identify shrimp species, detect cryptic species,
and distinguish closely related species (Khan et al. 2014;
Jose and Harikrishnan 2019). This precision in species
identification is important for understanding biodiversity,
population structure and genetic diversity, which are essential
for effective conservation strategies (Gonzalez-Castellano
et al. 2020).

One of the shrimp genus Macrobrachium that is
amphidromous and plays an important role is M. esculentum
(Wowor et al. 2009). This shrimp is one of the freshw ater
shrimp found in various regions and is characterized by its
relatively large size. This shrimp is consumed locally
without international commercialization. M. esculentum is
usually found in the upper reaches of rivers with sand or
mud substrates, but can also be found in the lower reaches
of rivers with brackish water (Jurniati et al. 2021). One
river that serves as a habitat for M. esculentum is the lower
Serayu River. This river is one of the longest rivers in
Central Java, Indonesia, with a length of 153 km (Sinaga et
al. 2024). 1t crosses five districts and empties into Cilacap
District (Pranoto et al. 2019).

Research conducted on the shrimp genus Macrobrachium
in the Serayu River is minimal. Siregar et al. (2001) found
six species of shrimp genus Macrobrachium from three
tributaries of the Serayu River located in Banyumas
District (Banjaran, Pelus, and Logawa Rivers) namely:
Macrobrachium cowlesi Holthuis 1950, Macrobrachium
idae Heller 1862, Macrobrachium oenone De Man 1902,
Macrobrachium lanchesteri De Man 1911, Macrobrachium
esculentum Thallwitz 1891, and Macrobrachium sp..
Recent research by Kusbiyanto (2009) showed that only
four shrimp species were found, namely M. cowlesi, M.
idea, M. esculentum and M. oenone. This resulted in serious
concerns about the sustainability of shrimp in the Serayu
River, especially M. esculentum. This study aimed to
determine the condition of the M. esculentum population in
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the Serayu River due to the impacts caused by the construction
of the weir.

MATERIALS AND METHODS

Research location and sampling method

This research was conducted in the lower reaches of the
Serayu River that crosses Banyumas and Cilacap Districts,
Indonesia (Pranoto et al. 2019), with coordinates ranging
from 77°29'35.5 “S 109°20'13.1 ‘E to 7°41'06.5 ’S 109°06'
29.1 ”E (Figure 1). Sampling was divided into two stations,
station 1 above the weir (isolated) and station 2 below the
weir to the mouth of the Serayu River. Station 1 was
chosen at a location right above the Serayu Weir, extending
to the mouth of the lowermost tributary. This was done to
represent previous research, where the study was conducted
in the tributaries of the Banyumas area. Sampling was
divided into two stations, namely station 1 above the weir
(isolated) and station 2 below the weir to the mouth of the
Serayu River.

Data collection was conducted every two weeks for a
year, from January to December 2023. M. esculentum was
caught using nets (mesh size 1.5 cm, length 3 m, and height
1.5 m), fishing rods, and shrimp traps. The shrimp trap is
shaped like an umbrella net with 8 entry holes. Trash fish
bait is placed right in the center of the trap's spokes and
submerged with a stone weight at a depth of 1-2 meters. A
marker line is left floating so we can pull it after 12 hours
(Silva et al. 2020). Shrimp were caught at night (18:00-
24:00) and in the morning (06:00-10:00). At night, we
fishing and set shrimp traps, doing this 1-2 times a week.
Capturing shrimp with regular nets is done during the day
1-2 times a week, though sometimes it is also done at night.
The captures are assisted by local community members
experienced in catching shrimp.

109°12'0"E 109°24'0"E

Station 01
Station 02

7°48'0"S
7°48'0"S

109°12'0"E

109°24'0"E

Figure 1. Research location in the lower reaches of the Serayu River, Central Java, Indonesia. Station 01 with coordinates: 77°29'35.5
“S 109°20'13.1 ‘E to 7°31'31.5 °S 109°12'05.1 ”E), Station 02 with coordinates: 7°31'33.0 “S 109°12'03.4 ‘E to 7°41'06.5 ’S

109°0629.1 ”E
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This serayu motion weir was built in 1993 and was
inaugurated in 1996, and until now, this weir is still active.
The weir is equipped with eight large radial sluices
(10.70%9.00 m) that regulate the Serayu River's flow. In
addition, the weir has a 273 m long sluice gate consisting
of 2 lanes and entrance and exit gates measuring 2.50%2.00
m each. The weir operating water level is between +12.20
to 12.90 meters above sea level, with the peak reaching
+15.50 meters above sea level. The weir structure is quite
large, reaching 121.20 m in length and 109.60 m in width
(Sinaga et al. 2024).

M. esculentum collected were 43 males and 22 females.
The captured shrimp was stored in a cool box and brought
to the Faculty of Fisheries and Marine Science laboratory,
Universitas Jenderal Soedirman, to be preserved and
identified. Morphological identification was carried out
based on previous research by Jurniati et al. (2021).
Observations were made based on color patterns, the number
of upper and lower rostrums, and other identifications sex
of this species. A literature study was conducted on the
distribution of M. esculentum in the Serayu River, based on
previous research, as a comparison of the presence of M.
esculentum from 1998 to 2003 (at the time of the study).
The sex ratio (male: female) was analyzed by dividing the
number of male and female specimens by the total number
of specimens examined (Ahmed et al. 2021).

Genetic analysis

Meat tissue samples (approximately 10 g) were stored
in separate 50 mL vials filled with 96% ethanol, labeled
accordingly, and sent to BIONESIA Laboratory for mtDNA
isolation. Qiagen protocol was used for extraction. The
extracted material was then analyzed via PCR (Polymerase
Chain Reaction) using procedures established by the
BIONESIA laboratory. For amplification of M. esculentum
samples, primers jgLCO (5'-TIT CIA CIA AYC AYA
ARG AYA TTG G-3') and jgHCO (5'-TAI ACY TCI
GGR TGI CCR AAR AAY CA-3') were used (Geller et
al. 2013). The total volume for the PCR reaction was 26
pL, which included 2 pL of extracted DNA template, 1.25
WL of each primer with a concentration of 10 mM, 9 uL of
ddH,0, and 12.5 pyL of Ready-mix. Amplification was
performed using an Applied Biosystems™ 2720 Thermal
Cycler. The PCR protocol involved initial denaturation at
94°C for 3 minutes, followed by 38 cycles of denaturation
at 94°C for 30 seconds, annealing at 50-55°C for 30
seconds, and extension at 72°C for 60 seconds, ending with
a final extension at 72°C for 2 minutes. PCR products were
visualized on a 1% agarose gel stained with GelRed®.
Samples showing DNA bands were sequenced using the
Sanger deoxyribonucleotide method at PT Genetika Science
Jakarta.

Data analysis

The morphology, distribution, and population of M.
esculentum were analyzed descriptively during the study.
Computer software was used for molecular analysis.
Sequence data were edited and aligned using the ClustalW
method in the MEGA XI program. Each base sequence was
carefully checked to ensure its quality, and sequences with
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substandard results were reprocessed through PCR and re-
sequencing. The data were then compared with the
GenBank database (NCBI) using the Basic Local
Alignment Search Tool (BLAST) on the NCBI website
(https://blast.ncbi.nIm.nih.gov/Blast.cgi). Each sequence
was recorded for similarity and accuracy. In addition to
BLAST analysis, the data were evaluated using a phylogenetic
tree to determine relationships between samples and verify
species-level identification. This kinship tree was constructed
using the Neighbor-Joining (NJ) method with 1000 bootstrap
replications on MEGA XI software.

RESULTS AND DISCUSSION

Morphology of M. esculentum

Samples of freshwater prawns recovered from the lower
reaches of the Serayu River show a grey-black color with
striated stripes along the abdomen. It has a short, downwardly
curved rostrum that does not reach the antennae, with 11-
14 teeth on the upper and 2-4 teeth on the lower rostrum.
Its overall length varies between 3.46 and 8.77 cm (Figure
2).

Figure 2. Macrobrachium esculentum found in the lower reaches
of the Serayu River. A. Female; B. Male; C. Rostrum; D. Uropod;
E. Sex (sex is in the way of being at the foot of the third path (left
female; right male)); F. M. esculentum side view
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DNA barcode of M. esculentum

The molecular analysis results showed that the mtDNA
segment of M. esculentum in this study was 686 bp (base
pairs) (Table 1), with the percentage of nucleotides T(U):
26.32%, C: 26.32%, A: 27.72%, and G: 19.65%.

Phylogenetics of M. esculentum
Phylogenetic trees were constructed using the maximum
likelihood (ML) method, and lineage support was assessed

Table 1. DNA barcoding of Macrobrachium esculentum
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through bootstrap percentage (BP). BP values were as
follows: 100% for maximal clade support, 95% to <100%
for solid support, 75% to <95% for moderate support, 50%
to <75% for weak support, and below 50% for negligible
clade support. This analysis shows that sequences from the
same species form a monophyletic clade, highlighting the
effectiveness of Cytochrome Oxidase | COI genes in species
delimitation and validating their accuracy in species
identification (Figure 3).

DNA Barcoding of M. esculentum Serayu

AACTTTATATTTTATCTTTGGAGCTTGAGCAGGCATGGTAGGCACATCCTTGAGTCTATTAATCCGAGCCGAACTAGGTCA
ACCAGGAAGACTCATTGGAAATGACCAAATCTACAACGTTATTGTTACCGCCCACGCTTTTGTAATAATTTTCTTCATGGT
AATACCTATTATAATCGGAGGCTTCGGTAATTGATTAGTCCCCCTTATACTAGGAGCGCCCGACATGGCATTCCCACGCAT
AAACAACATAAGATTCTGGCTGCTTCCACCCTCACTCACGCTTTTACTATCAAGAGGAATAGTAGAAAGAGGAGTAGGAAC
AGGATGAACCGTCTATCCTCCCTTAGCAGCAGGAACTGCCCATGCAGGAGCCTCAGTAGACTTAGGTATTTTCTCCCTCCA
TCTAGCAGGGGTGTCTTCGATCTTAGGGGCCGTAAATTTTATTACCACCGTAATCAACATGCGATCACCGGGAATAACCAT
AGACCGGCTTCCTCTATTTGTATGAGCAGTATTCTTAACAGCAATTCTCCTCCTATTATCCCTCCCAGTTCTGGCAGGAGC
CATTACCATACTCCTAACGGATCGAAATCTAAATACATCCTTCTTCGACCCAGCAGGAGGGGGAGACCCAATTCTATATCA

ACATTTGTTCTGGTTCTTCGGCCACCCGGAAGGTCTAA

LC498194.1 Varuna litterata
OR516568.1 Parathelphusa convexa
MWB845505.1 Macrobrachium lanchesteri
FM958058.1 Macrobrachium asperulum
KM234165.1Macrobrachium rosenbergii
OM273995.1 Macrobrachium malcolmsoni
0Q852798 1 Macrobrachium equidens
MW845507.1 Macrobrachium latidactylus
MW845472 1 Macrobrachium forcipatum

65
11

Macrobrachium esculentum

0Q909061.1 Macrobrachium esculentum

MN526199.1 Macrobrachium esculentum
94 | MN526206.1 Macrobrachium esculentum

51

0Q852795.1 Macrobrachium esculentum
MN526206.1 Macrobrachium esculentum
o1 1 KYS77496.1 Macrobrachium nipponense

MK412772 1 Macrobrachium nipponense
2 MT235937.1 Macrobrachium sintangense
63 MF622028.1 Macrobrachium suphanense
MT235944 1 Macrobrachium neglectum
AB235308.1 Caridina pseudodenticulata

—0.05

Figure 3. Phylogenetic tree of Macrobrachium esculentum in the lower reaches of Sugai Serayu (Red color is the species found in this

study)
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Distribution of M. esculentum

The distribution of M. esculentum is still limited to date.
Based on its life cycle, this shrimp is euryhaline (Wowor et
al. 2009). Euryhaline shrimp have an unlimited natural
distribution compared to terrestrial and marine species. The
natural distribution of euryhaline shrimp is also well
recorded in M. rosenbergii, which can adapt to freshwater
environments and has a wide natural distribution in tropical
and subtropical areas in South and Southeast Asia, reaching
up to the Western Pacific (Hurwood et al. 2014). This study
still cannot answer the puzzle of the natural distribution of
M. esculentum. Based on available data, M. esculentum is
distributed from Indonesia-China (Figure 4). The
amphidromous distribution of Macrobrachium species
depends on brackish or seawater for its larvae (Han et al.
2022). The ability of larvae to adapt to varying levels of
salinity is critical to their dispersal and developmental
success (Hiraga et al. 2021).

The population of M. esculentum in the Lower Serayu
River

Research conducted in the lower reaches of the Serayu
River did not find M. esculentum above the weir (station
01). This shrimp was only found below the weir (station
02). The dominant catch was found in November (Figure
5). The most common M. esculentum was male, with a sex
ratio of male: female of 1.95. Although M. esculentum is
one of the freshwater shrimp species that is not included in
the endangered species according to the International
Union for Conservation of Nature IUCN Red List, the
absence of M. esculentum above the dam emphasizes the
importance of protecting the native habitat of this shrimp.
This further supports the notion that conservation efforts
are essential to maintain populations of M. esculentum species.

80°0'0"E 100°0’0”E

1.500 km

gk

80°0°0"E

100°00"E

Figure 4. Distribution of Macrobrachium esculentum

3535

The severe threat to M. esculentum is also shown based
on previous research (Table 2). Since 1989, M. esculentum
has still been found in Banyumas District. This shrimp’s
distribution was known deep in the weir basin. However,
due to the nature and characteristics of the weir, the
distribution space is narrowed. Weir can disrupt the natural
movement of migratory Macrobrachium shrimp, thus
affecting their reproductive behavior and life cycle
(Sokolow et al. 2017). Dam construction has also been
reported in Macrobrachium vollenhovenii Herklots 1857 to
disrupt shrimp access to breeding sites, affecting these
shrimp (Savaya et al. 2014). This constriction also results
in competition with predators.
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Discussion

Male M. esculentum had larger chelipeds than females
(Jurniati et al. 2021). This gives males an advantage in
terms of dominance, ability to obtain resources, and
increasing reproductive opportunities. However, in shrimp
populations that do not have a dominant morphotype, male
reproductive success is not determined by large cheliped
size but rather by the ability to search for females actively
(Silva et al. 2019; Nascimento et al. 2020). Other social
and reproductive behaviors, such as 'pure search’, played an
essential role in male sexual selection during the evolution
of the species. According to Nogueira et al. (2023), in 'pure
search’, there are no aggressive encounters between males,
so mating success depends more on the ability to find as
many mating-ready females as possible.

M. esculentum has only been documented in Indonesia,
the Philippines, and Chinese Taipei (Figure 4). According
to the Global Biodiversity Information Facility (GBIF), the
species has been recorded from Mimanga River, Minahasa,
North Sulawesi, Indonesia (Senckenberg 2004); Pongkeru
River, South Sulawesi, Indonesia (The International Barcode
of Life Consortium 2016); Rangkong River basin, South
Sulawesi, Indonesia (Jurniati et al. 2021) Tempe Lake,
South Sulawesi, Indonesia (Goud et al. 2020); Java and
Bali, Indonesia (Hernawati et al. 2020); Philippines (Akiba
and Sasaki 2020); and Chinese Taipei (De Grave 2017;
Santos et al. 2024). M. esculentum has a habitat with
sand/mud substrate near the sea where fresh and brackish
water meet (De Grave et al. 2013).

The genetic distance of M. esculentum found in the
lower reaches of the Serayu River has a genetic distance
ranging from 0-0.277, with the closest genetic similarity
with M. esculentum (GenBank code: MN526199.1) and the
farthest distance with Macrobrachium forcipatum Ng 1995
(GenBank code: MW845472.1) (Figure 3). GenBank data
shows that M. esculentum found in the same region has a
bootstrap value of 54-100%. Compared to other species, M.
esculentum showed a 16-88% bootstrap value in this study.
The phylogenetic tree showed strong terminal phylogenetic
specificity with deeper relationships, indicating the
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effectiveness of DNA barcodes in identifying closely
related species.

The results of research conducted by Jose and
Harikrishnan (2019) show that, M. esculentum is close to
Macrobrachium lanatum Cai and Ng 2002 and
Macrobrachium scabriculum Heller 1862 and forms one
clade with Macrobrachium striatum N.N.Pillai 1991,
Macrobrachium equidens Dana 1852, Macrobrachium
idella Hilgendorf 1898, Macrobrachium idae Heller 1862
and Macrobrachium mammillodactylus Thallwitz 1892.
While research conducted by Chen et al. (2009) and
Wowor et al. (2009) using 16S and 28S showed that M.
esculentum is closely related to M. latidactylus. Jurniati et
al. (2021) showed that M. esculentum is closely related to
Macrobrachium nipponense De Haan 1849. To
comprehensively understand the evolutionary rate and
timing of branch emergence on the phylogenetic tree,
expanding and completing the inventory of M. esculentum
in Indonesia is essential.

During the research period conducted in the lower
reaches of the Serayu River, males were dominant in the M.
esculentum population. An unbalanced sex ratio in a
population can significantly impact mating, reproduction
and population dynamics. The sex ratio observed in the
study showed instability compared to the expected 1.95:1
ratio, with a higher proportion of males each month. This
phenomenon is common in crustaceans and can be
influenced by various factors such as seasonal migration,
birth rate, mortality, longevity, and predation (Nogueira et
al. 2019).

Favorable sex ratios were observed in certain
Macrobrachium species, such as Macrobrachium olfersii
Wiegmann 1836 (Pescinelli et al. 2016), Macrobrachium
jelskii Miers 1877 (Rocha and Barbosa 2017), M.
vollenhovenii  (Ukagwu and Deekae 2016), and
Macrobrachium rosenbergii De Man 1879 (Indarjo et al.
2021) Macrobrachium brasiliense Heller 1862 (de Oliveira
et al. 2019), with a higher proportion of females.
Understanding the drivers of sex ratio imbalances is critical
for predicting population growth, survival, and species
vulnerability to extinction (Silva et al. 2019).

Table 2. Development of Macrobrachium esculentum research in the lower Serayu River from 1989-2023

Research

Sex ratio

year Research location Catch results (Male:Female) Reference
1989 Banyumas District There were 8 species of freshwater Unknown Darbohoesodo
shrimp and M. esculentum was found. (2987)
2001 Banjaran River, Pelus River and There were 6 species of freshwater Unknown Siregar et al.
Logawa River (Upper Serayu River shrimp and M. esculentum was found. (2001)
Tributary of Serayu Motion Weir)
2005 Banjaran River (Upper Serayu River M. esculentum found 1.22:1 (multiple Kusbiyanto
Tributary of Serayu Motion Weir) males) (2009)
2023 Downstream of Serayu River Not found M. esculentum - this research
(Above Serayu weir)
2023 Downstream of Serayu River M. esculentum found 1.95:1 (multiple this research

(Under Serayu weir)

males)
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This study showed male dominance at station 02 (below
the weir) (Figure 5). Sex ratio imbalances at the population
level can have far-reaching evolutionary and ecological
consequences, impacting population dynamics and mating
behavior (Sethi et al. 2014). According to Taddei et al.
(2017), an increase in the number of females in a
population leads to a higher fertilization index, mainly due
to the continuous reproductive nature of the species
(Taddei et al. 2017). The more significant number of males
in the M. esculentum population in the lower Serayu River
indicates a threat to the sustainability of the species.

Nonetheless, males are generally larger than females,
possibly due to dominance and territoriality behaviors
favoring more prominent individuals. Reproductive
effectiveness depends on the ability of males to find and
fertilize as many receptive females as possible (Nogueira et
al. 2023). The larger size of males compared to females
likely increases reproductive success and provides an
advantage during intraspecific competition, as in
Macrobrachium lar J.C.Fabricius 1798 (Rismawati et al.
2024); Macrobrachium potiuna Miiller 1880 (De Melo and
Masunari 2017), Macrobrachium amazonicum Heller 1862
(Augusto and Masui 2014). However, in some shrimps of
the genus Macrobrachium there are also females larger
than males such as M. jelskii (Nascimento et al. 2020),
Macrobrachium pantanalense Dos Santos, Hayd and
Anger 2013 (Nogueira et al. 2023).

Built-in 1996, the Serayu River Weir has eight radial
gates that control the flow of river water. With a height of
15 meters, a length of 121.20 meters, and a width of 109.60
meters, the weir was built without fish passage. Its
presence in the lower reaches of the Serayu River changes
its hydrographic characteristics by increasing surface
runoff and sedimentation rates. This is consistent with
research conducted by Pescinelli et al. (2016) in an urban
river in southeastern Brazil. In addition, dams increase
pollutant concentrations and decrease species diversity
(Reid et al. 2019). Increased sedimentation, riverbank
alteration, and changes in rivers' physical and chemical
composition can lead to reduced habitat diversity and loss
of sensitive species (Pérez-Reyes et al. 2016).

The absence of M. esculentum at station 01 (above the
weir) indicates that these shrimp did not successfully return
or breed above the weir. This finding supports the notion
that the height of the dam and high river flow may inhibit
migration, causing shrimp to remain downstream in search
of better habitat. Extreme environmental conditions, such
as storms or droughts, can affect shrimp densities, either
increasing or decreasing (Pérez-Reyes et al. 2015).

Several factors may contribute to the absence of M.
esculentum in the lower Serayu River, namely the impact
of human activities cannot be ignored, changes in water
chemistry (Arinda et al. 2023), population isolation due to
habitat fragmentation, and larval and juvenile mortality
caused by dams. Sudden changes in shrimp populations can
disrupt other organisms in the ecosystem. Similar observations
were noted in the study by Pescinelli et al. (2016) on other
shrimp species found in urban rivers in southeastern Brazil,
such as Atya scabra Leach 1816 and Potimirim brasiliana
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F.Villalobos 1960. These changes may impact the abundance
of shrimp, algae and insects in these environments.

Crustaceans are often used as bioindicators in aquatic
environments due to their presence in various ecosystems
and their essential role in the food chain (Bertrand et al.
2018). The results of this study, where M. esculentum was
found from 1989-2005, and recorded its absence in 2023,
suggest environmental stresses that disrupt species migration.
A similar study in Costa Rica (Devi et al. 2013) found that
M. olfersii populations in degraded rivers showed an 87%
decrease in relative abundance compared to populations in
protected rivers. Similarly, M. olfersii populations in the
Taquaral River may be affected by human activities,
potentially disrupting migration patterns and thus threatening
the survival of the species in dense urban ecosystems.

Previous studies have also noted extinction threats due
to dams (Table 3). For example, the Diama Dam has been
associated with a decline in M. vollenhovenii populations,
which impacts their ability to prey on snails and indirectly
contributes to the spread of schistosomiasis (Secor 2014).
Furthermore, proposed dam projects such as the Inter-
Oceanic Canal in Nicaragua are expected to have a
significant impact on migratory species with complex life
cycles, such as Macrobrachium carcinus Linnaeus 1758,
further highlighting the vulnerability of these species to
dam construction (Huete-Perez et al. 2016). Research
shows that the presence of dams, often built for energy
generation  purposes, agricultural drainage causes
environmental degradation, thus impacting the reproductive
performance and behavior of shrimp such as M.
amazonicum (Pantaledo et al. 2018; Silva et al. 2020).

Macrobrachium esculentum has a grey-black color with
stripes along its abdomen and has 11-14 teeth on the upper
rostrum and 2-4 teeth on the lower rostrum. The mtDNA
fragment of this shrimp reaches 686 bp. This shrimp forms
a clade with M. escelentum with GenBank data indicating
this species's correctness. M. esculentum in the lower
reaches of the Serayu River is under serious threat. The
weir existence limits the distribution of this shrimp so that
at station 01 (above the weir) M. esculentum is no longer
found. The condition is exacerbated by the proportion of
this shrimp sex ratio between males and females is 1.95: 1.
The results showed the importance of constructing migration
routes for aquatic biota in the Serayu Weir. The results of
this study can be a reference in conservation management
efforts of M. esculentum, which is threatened with extinction
in the lower reaches of the Serayu River.
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