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Abstract—Sulawesi is the largest island in the Wallacea 

biodiversity hotspot, but many aspects of this biodiversity are 

still poorly known, including diadromous fish and 

invertebrates. As part of a research program to identify the 

taxa migrating upstream in the Palu River estuary together 

with multispecies schools of anguillid glass eels, sampling 

during the August 2022 dark moon period yielded glass eels, 

other fish, mollusks, and crustaceans (shrimp and crabs). This 

study used molecular methods to identify the shrimp collected. 

DNA barcoding targeted a segment of the Cytochrome Oxidase 

I Mitochondrial DNA (COI mtDNA) molecular marker 

(Sanger sequencing of PCR product) and analysis was 

implemented in MEGA 11. The NCBI BLAST-n online routine 

was used to obtain homologous nucleotide accessions similar to 

the 612 bp Palu crustacean barcode. Matches with 100% 

identity submitted as Macrobrachium australe ranged from 91-

100% coverage (Accessions MN526188-MN526195) while 

matches with 100% identity submitted as M. indicum had 85% 

coverage (Accessions KX866570- KX866577, KX866580 

KX866582 and KX866585). Phylogenic analysis (Maximum 

Likelihood) showed the Palu crustacean nested in the genus 

Macrobrachium consistent with identification based on external 

morphology, within an M. australe and M. indicus clade, deeply 

divided from the clade containing M. rosenbergii.  

Keywords—Macrobrachium australe, Macrobrachium 

indicum, COI mitochondrial DNA, Palaemonidae, Wallacea 

I. INTRODUCTION 

Sulawesi is the largest island in the Wallacea biodiversity 
hotspot, but many aspects of its biodiversity are still poorly 
known, including riverine and diadromous taxa [1], [2]. The 
distributions and species composition of the valuable 
catadromous anguillid eels are still in need of research [3], 
while there are substantial gaps in knowledge regarding 
amphidromous species such as gobies of the Family 
Eleotridae and Gobiidae [2], [4], [5] and invertebrates 
including mollusks and crustacea [6].  

Previous research in and around Sulawesian estuaries has 
revealed a wide range of diadromous taxa migrating 
upstream, mostly in larval stages hard to identify based on 
external morphology alone, e.g. [3], [7]. A research program 
has been initiated with the aim of identifying the anguillid 
eels and other taxa migrating upstream in the Palu River 
estuary in multispecies schools. The initial sampling of these 

multispecies schools yielded glass eels, non-anguillid fish, 
gastropod mollusks, and crustaceans (shrimps and crabs).  

DNA barcoding is a method that is increasingly used to 
identify specimens where classical taxonomy based on 
morphological traits is challenging or even impossible (e.g. 
due to the life-stage or condition of specimens, cryptic 
species, etc.) [8]–[11]. This molecular biology approach is 
based on the analysis of relatively conserved DNA sequences 
(molecular markers) that remain similar within taxa but 
differ between taxa, referred to as barcodes [11]–[13]. The 
most common barcoding region is the mitochondrial DNA 
cytochrome oxidase I (mtDNA COI or COI) gene fragment 
[11]. This marker has been tested in many taxa, including 
crustaceans [11], [14]–[16]. The purpose of this study was to 
apply the DNA barcoding molecular approach to identify the 
shrimp collected while migrating upstream in the Palu River 
estuary during the dark of the moon in August 2022. 

II. METHODS 

A. Study Site and Sample Collection   

Sampling of taxa migrating upstream in the Palu River 
estuary (0.8856 S, 119.859 E) were collected during the 
August 2022 dark moon period using hand-held push-nets 
following [3]. A typical specimen of the shrimp collected 
was photographed (Figure 1) and a sample for genetic 
analysis preserved in 96% absolute ethanol. Preliminary 
identification based on external morphology referred to 
literature including [17]–[20] and on-line resources, e.g. [21]. 

 

Fig. 1. Shrimp collected migrating upstream in the Palu River estuary  
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B. DNA Barcoding and Phylogenetic Analysis 

DNA extraction and PCR targeting the Cytochrome 
Oxidase I mitochondrial DNA (COI mtDNA) molecular 
marker were performed at Bionesia (Bali). DNA was isolated 
from approximately 10 g of shrimp tissue using a Blood & 
Tissue Kit (Qiagen) following the manufacturer’s extraction 
protocol. PCR (Applied Biosystems™ 2720 Thermal Cycler) 
followed the BIONESIA laboratory protocol using the 
forward primer jgLCO (5'-TIT CIA CIA AYC AYA ARG 
AYA TTG-3') and reverse primer jgHCO (5'- TAI ACY TCI 
GGR TGI CCR AAR AA-3') [16]. The 25 µL PCR reaction 
comprised: 1 µL DNA template, 4 µL buffer (Applied 
Biosystems), 2.5 µL dNTPs (10 mM), 1.25 µL of each 
primer (10 mM), 2 µL MgCl2 (25 mM), 0.125 µL AmpliTaq 
Gold™ enzyme (Applied Biosystems) and 14.5 µL ddH2O. 
The PCR profile was: initial denaturation at 94 °c for 3 min; 
38 cycles of denaturation at 94 °c for 30 s, annealing at 50 °c 
for 30 s, and extension at 72 °c for 60 s; final extension at 72 
°C for 2 min. The PCR product was verified through 
electrophoresis on 1% Agarose gel with Nucleic Acid Gel 
Stain (GelRed®) staining (Figure 2) before Sanger dideoxy 
DNA sequencing at PT. Genetics Science Jakarta. 

 

Fig. 2. PCR product electrophoresis: column 15 is the trace for the DNA 
extracted from a shrimp migrating upstream in the Palu River estuary  

The forward and reverse Sanger sequencing trace files 
were cleaned, aligned and trimmed in MEGA 11 [22], 
producing a 612 bp consensus sequence. The NCBI BLAST-
n tool was used to find similar homologous sequences 
(accessions) in the GenBank repository. Additional 
sequences were obtained by searching GenBank for COI 
accessions of specific Macrobrachium taxa. Sequences 
obtained were aligned using ClustalW and phylogenetic 
analyses conducted in MEGA 11 [22] using Neighbor-Join 
[23], [24] and Maximum Likelihood (Kimura 2-parameter 
model, 100 bootstrap replications [25]) methods with default 
parameters. Accession KX219190 of Calineuria californica 
was used as an outgroup. Resultant trees were exported as 

Newick files for editing in the Interactive Tree of Life on-
line tool [26], [27]. 

III. RESULTS AND DISCUSSION 

A. Identification and DNA Barcoding 

Based on morphological characters, the juvenile shrimp 
recruiting to the Palu River estuary was identified as 
belonging to the Family Palaemonidae and most likely the 
genus Macrobrachium. Out of the top 100 significant 
BLAST-n matches, 99 belonged to 9 named species in the 
genus Macrobrachium, the one exception being accession 
MZ560320 (deposited as Alpheidae sp.) collected from a 
study of invertebrates recruiting to an artificial refuge in a 
marine environment [28]. This accession likely represents a 
misidentification of an early life-stage stage, especially as 
members of the families Alpheidae and Palaemonidae can be 
found co-habiting in coastal waters, in particular in dead 
coral [29] which could provide similar habitat to the ARMS 
modules used to attract invertebrate settlement in [28].  

The BLAST-n results returned 20 sequences having 
100% identity of overlapping nucleotide positions with the 
612 bp barcode obtained from the shrimp collected in the 
Palu River estuary. These included eight M. australe 
accessions with 91-100% coverage (MN526188-MN526195) 
collected from Bali and Java, Indonesia [30]; 11 M. indicum 
accessions with 85% coverage (KX866570-KX866577, 
KX866580, KX866582, KX866585) from India [31], and 
one accession with 68% coverage (GU205043, unpublished) 
of unknown geographical origin. The five other M. indicum 
accessions (all from [31]) had identity values over 99%. 
Macrobrachium accessions from 56 named species 
comprised 837 of the top 1000 significant BLAST-n 
matches, including other M. australe accessions from 
sources other than [30], with identity values in the range 
79.87-83.14%.  

B. Phylogenetic analysis 

Phylogenetic analyses using Maximum Likelihood and 
Neighbor-Join routines produced similar trees. Both methods 
placed the Palu shrimp closest to M. australe or M. indicum 
accessions, exact placement varying between iterations. The 
Maximum Likelihood tree in Figure 3 used the 20 closest 
GenBank accessions (with four additional M. australe 
accessions), while Figure 4 used the 98 closest accessions.   

 

Fig. 3. Maximum Likelihood phylogenetic tree based on COI mtDNA barcodes of the shrimp collected migrating upstream in the Palu River estuary (grey 
highlight), 20 closest GenBank accessions of the genus Macrobrachium (BLAST-n, top 100 matches), outgroups C. californica and M. australe Clade 2.  
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Fig. 4. Condensed Maximum Likelihood phylogenetic trees based on COI 
mtDNA sequences of the shrimp collected migrating upstream in the Palu 
River estuary (grey highlight) and with C. californica as outgroup: Above: 
98 closest GenBank accessions; Below: 348 accessions of the genus 
Macrobrachium with taxa reported from Sulawesi in bold font. 

C. Phylogenetic analysis 

The results of the DNA barcoding analysis are consonant 
with visual observations of specimen morphology. 
Therefore, the juvenile shrimp recruiting to the Palu River 
can be identified as belonging to the genus Macrobrachium 
with a high level of confidence. However, the 100% identity 
of the DNA barcode sequence with accessions representing 
two nominal taxa (M. australe and M. indicum) as shown in 
Figure 3 means that assigning a species name to the Palu 
shrimp specimen is problematic, as these taxa are not 
currently considered synonymous [21], despite their apparent 
identity based on the accessions used to construct Figure 3. 
Furthermore, the status of M. indicum as a separate species 
has been supported by research using a COI mtDNA 
molecular marker [31]. 

The known distributions of these two species with 
barcode matches to the Palu River shrimp differ in both 
extent and location [21]. Each of these taxa presents issues 
which complicate making an identification with a high level 
of certainty based on the similarity of GenBank accessions 

with the Palu Bay shrimp barcode. On the one hand, M. 
australe Guérin-Méneville, 1838 is considered one of the 
most widespread amphidromous shrimps and has been 
reported from Africa to the eastern Pacific [21], [32], 
including the Banggai Archipelago in eastern Central 
Sulawesi [20], a range clearly encompassing the Makassar 
Strait and therefore Palu Bay and Palu River. However, M. 
australe is thought to comprise several cryptic species [32], 
and phylogenetic analysis of all 18 GenBank COI accessions 
of this taxa comprised 3 clades, with the third clade deeply 
separated from the two clades in Figure 3. On the other hand, 
M. indicus Jayachandran & Joseph, 1986 was described from 
Kerala State, India [33] with a known distribution limited to 
the southern tip of India [21], [31], [33], a long way from 
Palu Bay on the Makassar Strait coast of Sulawesi. Despite 
the relatively recent description, the holotype was lost, and a 
neotype designated; the GenBank barcode accessions used in 
this study represent specimens collected and identified based 
on the original description [31]. The original justification of 
M. indicum as a new species was based on differences 
between six specimens collected in 1980 (holotype and five 
paratypes) and previously described congeneric species, with 
M. australe being the least different [33].  

The original description of M. australe by Guérin-
Méneville in 1838 as Palaemon australis was based on an 
unknown number of specimens from Tahiti in the Pacific 
[34] with a much more detailed description given in the 
report of the Sibolga Expedition by Holthuis in 1950 [35]. 
Numerous nominal taxa have been synonymized with M. 
australe, including Leander lepidus de Man, 1915; M. danae 
Heller, 1865; Palaemon alphonsianus Hoffman, 1874; P. 
danae Heller, 1865; P. dispar von Martens, 1868; P. 
malliardi Richters, 1880; P. parvus Hoffman, 1874; and P. 
spec Richters, 1880 [21].  

Both studies describing M. indicum [31], [33] appear to 
have used [35] as a key reference. It is not made clear in 
[31], [33] whether or what M. australe material was 
examined for comparison, or whether the comparison was 
based solely on references. Therefore, given the concerns 
regarding the monophyly of M. australe [32], reflected in the 
structure of the tree in Figure 4, there is room for doubt 
regarding the identity of the M. australe material used 
(directly or through references) as a basis for establishing M. 
indicum as a new species.  

The analysis underpinning the tree in Figure 4 was 
complicated by the variety of primer sets used by different 
studies, so that many Macrobrachium COI-mtDNA 
sequences (barcodes) have a limited overlap with each other, 
and/or with the COI mtDNA region amplified in this study. 
This meant that some Macrobrachium COI mtDNA 
accessions did not meet the criteria for inclusion in the 
analysis. Furthermore, several molecular phylogenetic 
studies on Macrobrachium and related taxa have used 
different molecular markers, including the 16S rRNA [36]–
[38] and 18S rRNA markers [37], while GenBank accessions 
do not cover all currently recognized species within the 
genus. Therefore this tree does not represent a full range of 
the species within Macrobrachium or even those with 
molecular data available. Other Macrobrachium species 
reported from Sulawesi are shown in Table 1; however few 
of the reports are from studies including DNA barcoding.  
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TABLE I.  MACROBRACHIUM TAXA REPORTED FROM SULAWESI 

Macrobrachium 

Species 

Reported Locations
a
 in Published Literature

 

CS/MS CS/BA CS/LA SS NS OT 

M. acanthurus     [43]   

M. australe b [44] [20]     

M. esculentum b [44]   
[45] 
[41] 

  

M. equidens b  [20]  [43]   

M. gracilirostre b       [41]  

M. hendersoni b    [43]   

M. horstii b [44]      

M. idea b    
[46]

[43] 
  

M. lanchesteri b   [39] [40]    

M. lar b [44] [20]   [41]  

M. latidactylus   [20]     

M. nipponense b      [42] 

M. placidulum [44]      

M. rosenbergii b    
[47]

[43] 
  

M. scabriculum b [48]      

M. weberi    [43]   

a. CS = Central Sulawesi; SS = South Sulawesi; NS = North Sulawesi; OT = other; MS = Makassar 

Strait; BA = Banggai Archipelago; LA = lakes.  
b. GenBank accessions available and included in Figure 4. 

Despite the above-mentioned limitations, the top 1000 
BLAST-n matches enabled the construction of Figure 4 
showing Macrobrachium accessions submitted as 54 
nominal species (out of the 279 species in [21]). The tree 
topology comprises several major clades, with some nominal 
species nested in more than one cluster or sub-clade  

Among the 16 Macrobrachium species in Table 1, 12 had 
homologous COI mtDNA GenBank accessions. Of these 
taxa, only M. lanchesteri is thought to be an introduced and 
potentially invasive species, and a threat to endemic taxa in 
Lindu Lake [39] and Poso Lake [40]. Based on known 
distributions [21], the report of M. acanthurus (from North 
and South America) is likely a misidentification. Taxa with 
Sulawesian COI mtDNA barcode accessions included M. 
esculentum (accession FM958064 [41]) and M. gracilirostre 
(accession FM986613, [41]), while M. nipponense was 
detected through eDNA barcoding (16S rRNA marker) in 
coastal waters of Indonesian Fishing Management Areas 
(FMAs) around Sulawesi, including the Makassar Strait [42]. 

The tree configuration in Figure 4 reflects the 
considerable uncertainty reported by many other studies 
regarding the actual number and identity of species within 
the Palaemonidae as a family (e.g. [49], [50]) and 
Macrobrachium as a genus (e.g. [36], [50]–[52]). The 
growing evidence for cryptic species within the genus 
Macrobrachium also reinforces concerns over taxonomic 
uncertainty with regards to both recent and historical 
occurrence reports, as pointed out inter alia by [32].  

At least some of the challenges in Macrobrachium 
taxonomy are likely related to the biology and ecology of 
species within this taxonomic group. These shrimps exhibit 
sexual dimorphism with key diagnostic features often only 
present or visible on adult male specimens [53]. 
Furthermore, there is evidence of considerable phenotypic 

plasticity, especially under varying environmental 
conditions, leading to considerable intra-species diversity in 
morphological traits, with considerable overlap in traits 
between species [51].  

With respect to reproductive patterns, the genus 
Macrobrachium comprises both primary freshwater and 
diadromous (amphidromous or catadromous) species [6], 
[54]–[57] where the pelagic phase enables dispersal between 
watersheds and islands. For example, the giant long-armed 
prawn M. lar has been shown to have common haplotypes 
spread over considerable distances [58], indicating relatively 
recent or current genetically significant connectivity, 
although another study found significant genetic 
differentiation between geographically separate populations 
of this species [37]. 

The Palu shrimp nested within an M. australe and M. 
indicus sub-clade, while M. rosenbergii (a widespread 
shrimp [21] reported from Sulawesi, e.g. [43], [47]) formed 
sub-clades in a different main clade. The M. australe 
accessions clustered with the Palu sequence and the M. 
indicum sequences in Figure 3 are from a population in 
Indonesia (Java and Bali) [30]. There do not seem to be any 
previously deposited Sulawesian accessions for M. australe 
or indeed most of the species reported from this island; 
however, many Macrobrachium accessions in GenBank lack 
information on specimen geographical origin. A study on the 
transport and stranding of marine debris [59] shows seasonal 
currents in the Indian Ocean and Indonesian waters that 
could enable dispersal patterns (e.g. through rafting with 
debris) accounting for a widespread taxon such as that 
apparently represented by this clade. However, to confirm 
that this clade does in fact represent a species-level taxon 
would require further study, ideally using multiple molecular 
markers as well as detailed examination of adult male 
specimens from each location/population. 

The circumstances in which the Palu specimen was 
collected strongly indicate that it belongs to an 
amphidromous species or population, and therefore has a 
pelagic larval phase enabling dispersal between watersheds 
and islands. The presence of a species previously known 
only from India in Palu, Sulawesi in a river linked to the 
Makassar Strait cannot be ruled out. It is possible that M. 
indicum may not be an Indian endemic, and may have a wide 
distribution including watersheds around the Makassar Strait 
as well as Java and Bali. 

Other recent studies have highlighted the need for further 
combined classical and molecular taxonomic work on 
crustaceans, including amphidromous shrimps of the 
Palaemonidae (e.g. [30]), and in particular the genus 
Macrobrachium (e.g. [32]). The use of multiple molecular 
markers, including nuclear DNA as well as mtDNA, may 
also help resolve some of the issues, as proposed by [51]. 

IV. CONCLUSION 

The shrimp collected in the Palu River belongs to the 
genus Macrobrachium, based on external morphology and 
DNA Barcoding. However, despite the high confidence level 
of the BLAST-n results, the species level identification of the 
species of the Macrobrachium shrimp recruiting to Palu 
River remains elusive. Accessions from two taxa (M. 
australe and M. indicus) had 100% identity with the Palu 
shrimp barcode, while the phylogenetic analysis of GenBank 
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Macrobrachium accessions highlighted other ambiguities in 
the taxonomy of this genus. These results reinforce the need 
for further research on diadromous taxa, including shrimps, 
in the Palu River and across the Wallacea biodiversity 
hotspot. 
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