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Abstract. Winarni ET, Simanjuntak SBI, Nuryanto A. 2023. DNA barcoding of crustacean larvae with two new records of Caridina 
gracilipes and Ptychognathus altimanus in the western region of Segara Anakan lagoon in Indonesia. Biodiversitas 24: 341-348. Several 
studies have been carried out on crustacean larvae diversity, but they focused on the eastern and central regions of the Segara Anakan 
lagoon/estuary, Cilacap District, Central Java Province, Indonesia. Furthermore, one study has explored crustaceans in the western 

region but focused on adult individuals and used morphological characteristics. Currently, there is no internet data on the crustacean 
larvae diversity from the estuary's western region, and there is a high possibility that some species are unidentified. This study aims to 
describe crustacean larvae diversity in the western region of the Segara Anakan lagoon in Indonesia by using DNA barcoding. Sequence 
divergence of 3% to databases in GenBank and BOLDsystems was used as a genetic threshold for species border. A total of 14 
morphotypes were barcoded, but only nine were successful, of which three were identified as bacteria and six as crustaceans. Based on 
the predetermined genetic threshold, all crustacean morphotypes can be identified at the species level, and six species were obtained. 
Meanwhile, a previous study on the adult individual only identified specimens at the genus level, and only one genus was similar to 
these obtained results. A total of 5 out of 6 species were new records to the western region Cilacap, while 2, namely Caridina gracilipes 
and Ptychognathus altimanus, are newly recorded in the Segara Anakan lagoon. These results contribute significantly to the information 

on crustacea larvae diversity, which is essential for sustainable management. 
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INTRODUCTION 

The Segara Anakan lagoon/estuary is a unique semi-

open estuary in the Southwestern part of Central Java in 

Indonesia (Herawati et al. 2012; Rimadiyani et al. 2019; 
Redjeki et al. 2020). It is separated from the open sea by 

the Nusakambangan Island and connected by two openings 

in the west and east tips of the island (Rimadiyani et al. 

2019). Furthermore, their middle and lagoon areas are 

highly affected by freshwater logs from the surrounding big 

rivers. In contrast, the eastern and western areas are 

significantly affected by high tides from the ocean 

(Yuniarti et al. 2018). These phenomena make Segara 

Anakan a complex aquatic ecosystem regarding its water 

salinity (Winarni et al. 2021). Previous studies revealed 

that the estuary provides several ecological supports for 
aquatic faunas (Nuryanto et al. 2017; Pratiwi and Sukardjo 

2018; Redjeki et al. 2020).  

Crustacea is one of the aquatic faunas living in the 

Segara Anakan lagoon Cilacap (Kusbiyanto et al. 2020), 

and several studies have explored this subphylum, such as 

its biology and production (Akbar et al. 2013; Wagiyo et al. 

2018), adult crab (Redjeki et al. 2017; Yuniarti et al. 2018), 

as well as adult crustacean diversity in its western region 

(Rimadiyani et al. 2019). Furthermore, two studies were 

also carried out on larvae diversity, but none collected the 

larvae in the western region (Kusbiyanto et al. 2020; 

Winarni et al. 2021), which has led to high spatial, 

dispersed, and incomplete information regarding the Segara 

Anakan lagoon. 

Determining crustacean larvae diversity in the estuary is 
challenging due to the limited identification keys, which do 

not cover all species (Bartilotti et al. 2016; Wakabayashi et 

al. 2017; Carreton et al. 2019; Muzio et al. 2019; 

Walczynska et al. 2019). Another constraint is the limited 

morphological characteristic of the crustacean larvae that 

can easily be used to diagnose the various crustacean 

species (Haug et al. 2016). DNA barcoding has 

successfully solved these constraints using a short fragment 

of the cytochrome c oxidase 1 (COI) gene (Brando et al. 

2016; Rahman et al. 2019; Palecanda et al. 2020; Varela 

and Bracken-Grissom 2021). Several studies showed that 
the gene is a reliable barcode for crustacean barcoding 

(Raupah and Radulovici 2015; Matelatto et al. 2016; 

Bhagawati et al. 2020), including crustacean larvae 

(Palecanda et al. 2020; Kusbiyanto et al. 2020). Moreover, 

other studies proved that the COI gene is a reliable barcode 

marker to solve cryptic species on crustacea, such as on 

Gammarus fossarum complex (Weiss et al. 2014), Moina 

(Bekker et al. 2016), Ostracoda (Karanovic 2015), and 

shrimps (Bilgin et al. 2015). It was also successfully used 

to identify several overlooked species from a particular 

habitat (Bilgin et al. 2015; Bekker et al. 2016; Muchlisin et 
al. 2017; Bhagawati et al. 2022). 



 BIODIVERSITAS  24 (1): 341-348, January 2023 

 

342 

Previous studies utilized several parameters during 

species determination using COI barcode, e.g., similarity to 

reference species deposited in the barcode of life data 

system (BOLDsystems), homology, coverage, and 

expected value through BLAST to GenBank database, 

genetic distance, and monophyly (Xu et al. 2015; 

Muchlisin et al. 2017; Palecanda et al. 2020; Bhagawati et 

al. 2022). In addition, various genetic distances were also 

applied as threshold values for species determination 

because intraspecific genetic distances highly vary between 
species (Rahman et al. 2019; Rossel and Arbizu 2019; 

Rahman et al. 2020). However, the most common genetic 

threshold for species determination is 3% (Ratnasingham 

and Hebert 2012).  

There is no report on crustacean larvae diversity in the 

western region of Segara Anakan lagoon, Cilacap District, 

Central Java, Indonesia; therefore, this study aims to 

describe crustacean larvae diversity in this region using 

larvae barcoding. 

MATERIALS AND METHODS 

Study location, sampling sites, and larvae collection 
Crustacean larvae samples were collected from the 

western region of Segara Anakan lagoon, Cilacap District, 

Central Java, Indonesia and several sampling tracts, as 

shown in Figure 1. The sampling sites were located inside 

the lagoon, river mouth, canals, and opening of the west 

Segara Anakan lagoon. Site selection was carried out to 

cover a wide range of environmental conditions. Different 

from other areas, the lagoon is a part of the Segara Anakan 

estuary that is much affected by land areas or mangrove 

forests. Furthermore, 12 sequences (Kusbiyanto et al. 2020) 

and others additional 17 were retrieved from GenBank. 
 

 

The field trips for crustacean larvae sampling were 

carried out on the 20th and 21st of June 2022 with 27 fishing 

efforts. The samples were collected using larvae nets with a 

horizontal towing method and boat speed of approximately 

3 knots with local people's support. The towing was 

performed with a time duration of 15 minutes for each 

fishing effort. These sampling steps were performed in the 

evening (17:00-21:00) and the morning (06:00-09:00). 

Crustacean larvae samples from each step were directly 

preserved in a separated 50 mL bottle filled with technical 
ethanol 96% and then labeled (Kusbiyanto et al. 2020). 

Morphological characterization 

Rough and skimmed morphological identification was 

carried out on all the samples collected; this step was 

performed to sort them into morphotypes based on 

differences in their general morphology. In some cases, 

morphological identification also considered each larva's 

color and color pattern. These steps were carried out under 

a magnification lens to differentiate the morphotypes precisely 

(Kusbiyanto et al. 2020). Morphological identification was 

carried out following the guide from Chan (1998). 

DNA isolation, cytochrome c oxidase 1 gene 

amplification, and sequencing 

The representatives of each morphotype were shipped 

to PT. Genetika Science Indonesia for molecular 

barcoding, while the genomic DNA was extracted from 

each morphotype using DNA Miniprep Kit (Zymo 

Research, D6016) following the manufacturer's protocol. 

The fragment of the COI gene was amplified using the 

MyTaq HS Red Mix (Bioline, BIO-25047) and universal 

primer pair LCO1490: 5' GGTCAACAAATCATAAA 

GATATTGG-3' and HC02198: 5'-TAAACTTCAGGGTG 
ACCAAAAAATCA-3' (Folmer at al. 1994). The 

thermocycler was set up as follows; double DNA bands 

were split into single bands using a temperature of 96°C, 

then the amplification process was carried out for 35 cycles. 

 

 

 
 
Figure 1. Segara Anakan lagoon, Cilacap District, Central Java, Indonesia sampling sites (map modified from OpenStreet map 2022) 
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Each step's thermal condition and duration were 

denaturation at 94° for 10 seconds, annealing at 52° for 30 

seconds, and extension at 72° for 45. The final volumes for 

polymerase chain reaction (PCR) were 25 µL consisting of 

KOD FX Neo 1 µL, 2XPCR Buffer KOD FX Neo 12.5 µL, 

2mM dNTPs 1 µL, 10 pmol/µL of each primer was 1 µL, 

template DAN 1 µL, and ddH2O 6 µL. The amplification 

products were sequenced using standard big-dye 

termination from the Sanger method with a bi-directional 

sequencing technique. 

Editing of the cytochrome c oxidase 1 sequence  

The representative of each forward and reverse 

sequence for each morphotype was edited using Bioedit 

package 7.2.5 (Hall 2004) to obtain a complete consensus 

sequence barcoding. This step includes manual editing and 

trimming the right and left ends of the consensus sequence 

to avoid ambiguity due to primers. Next, the functional 

COI coding regions were determined by submitting the 

product to an online version of the open reading frame 

(ORF) finder (https://www.ncbi.nlm.nih.gov/orffinder/). 

The search parameters included a minimal ORF length of 
300 nucleotides, genetic code mitochondrial invertebrate, 

start codon ATG, and alternative initiation codons. 

Subsequently, the COI coding region was verified through 

the Basic local alignment search tool (BLAST). At the 

same time, the aligned query and subject sequences were 

checked manually using the CDS feature and search 

parameters to ensure no stop codon along the sequences. 

Multiple sequence alignments were carried out using 

ClustalW (Thompson et al. 2003) as included in the Bioedit 

package version 7.2.5 (Hall 2004). 

Taxonomic status of crustacean larvae samples 
The current report delineated the taxonomic status of 

the larvae specimens through sequences comparison to the 

closely related taxa in GenBank and BOLD data. This 

study determined the specific category of the samples 

based on percentage identity (GenBank), similarity (BOLD 

systems), sequence divergence, and monophyly. Although 

a genetic threshold of 3% to 5% was used previously 

(Candek and Kuntner 2015; Karanovic 2015), this study 

used percentage identity and similarity values of 97% and 

3% sequence divergence between samples and reference 

species available (Ratnasingham and Hebert 2013). A 

branch length of 0.03 was also utilized as an additional 
species border parameter. Furthermore, monophyly 

between the samples and reference species was estimated 

from the phylogenetic tree, which was reconstructed based 

on the K2P substitution model using neighbor-joining (NJ) 

algorithms in MEGAX (Kumar et al. 2018). The topology 

was polarized through bootstrap replication 1000 times 

during the reconstruction. Joryma hilsae (MT876659) and 

Idiosepius biserialis (MT87664) were selected as the 

outgroup species. 

RESULTS AND DISCUSSION 

Taxonomic status of crustacean larvae  
A total of 14 larvae morphotypes were collected during 

the sampling. Unfortunately, the sequencing only yielded 

nine readable chromatograms for barcoding. Still, three 

were identified as insects and were not included in the 

analysis. All the successfully sequenced samples have a 

high sequence identity of 99.20-100%, with their closest 

relative taxa deposited in Genbank. They are supported by 

high query cover and low-expect values (e-values: 0.00). 

High similarities of 97.52-100% were also obtained when 

the samples were compared to their closest relatives in the 

BOLD system database, as shown in Table 1. This study 

considered high percentage identities and similarities to at 
least the top three with conspecific references in both 

databases, namely GenBank and BOLD systems. 

Additional information about close sister taxa is also shown 

in Table 1. 

Table 1 shows that all specimens have a higher 

percentage identity than GenBank's predetermined 

threshold value of 97%. Furthermore, more than 97% 

genetic similarity was observed when the comparison was 

carried out with the database available in the BOLD 

system. These values strongly indicate that all the samples 

belong to the same species as their conspecific references. 
The delineation into single species as their references was 

caused by the 97% homology and similarity threshold 

value, which is often used widely in animal barcoding 

(Hubert et al. 2012; Ko et al. 2013; Nuryanto et al. 2018; 

Amatya 2019).  

Crustacean larvae specimens from the western region of 

Segara Anakan have genetic divergences of 0.00% to 

2.25% with their closest relatives in GenBank. A more 

comprehensive range of 0.00% to 2.43% was observed 

with the reference species in BOLD systems. The average 

homology values were between 0.00% to 0.75%, while 
average similarity values ranged from 0.00% to 0.78%, as 

shown in Table 2. 

Maximum genetic divergences to reference species in 

GenBank or BOLD system were below the predetermined 

value of 3%. This result is consistent with previous 

decisions on the taxonomic status of the samples, where 

they showed similar traits as the reference conspecific in 

the databases. Previous studies reported that a 3% genetic 

divergence is widely used in animal barcoding as a species 

border (Hubert et al. 2012; Ko et al. 2013; Mohammed et 

al. 2021; Riani et al. 2021). Several studies have also 

explored various thresholds as species border during 
molecular identification from less than 1% to 5% (Cote et 

al. 2013; Aguilar et al. 2017: Ha et al. 2019; Abdalwahhab 

et al. 2020). Previous studies stated that genetic divergence 

in well-identified species ranges from 0.00% to 9.31% 

(Brando et al. 2016; Landschoff and Gouws 2018; 

Lipinskaya et al. 2018; Rahman et al. 2019; Rossel and 

Arbizu 2019; Rahman et al. 2020). Furthermore, higher 

values were also common among localities (Deli et al. 

2018), and these phenomena indicate that no single genetic 

divergence can be utilized for all crustacean species. The 

range used is highly dependent on animal phyla (Brando et 
al. 2016) and the geographic origin of the samples (Deli et 

al. 2018). That indicates that a predetermined genetic 

divergence of 3% is a reliable threshold as species border, 

and it has also been tested in a previous study (Amatya 

2019). 
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The phylogenetic tree was reconstructed using the COI 

gene with a fragment length of 563 bp, while the Kimura 2-

parameter (K2P) neighbor-joining tree topology is 

presented in Figure 2. The branching pattern revealed that 

all morphotypes formed monophyletic clades with their 

conspecific references. Those results also showed branch 

lengths shorter than the predetermined scale of 0.03. This 

branch topology indicates that the samples belong to the 

same species as their references. It has been reported that 

monophyly with a short branch length can be used to 
determine the specimen's taxonomic status within a single 

clade (Xu et al. 2015; Kusbiyanto et al. 2020). Previous 

studies also used these parameters during species 

delineation based on molecular barcoding (Bekker et al. 

2016; Aguilar et al. 2017; Nuryanto et al. 2017; Lipinskaya 

et al. 2018; Garibian et al. 2020). 

The morphotypes of the crustacean larvae from the 

western region of Segara Anakan can be identified as six 

species based on sequence identity, similarity, and 

divergence. In addition, their monophyly and branch length 

in the phylogenetic tree also supported the placement into 

six species. The taxonomic status of the crustacean larvae 
from the estuary is shown in Table 3. 

 

 

Table 1. Sample code, reference species, percentage identity, expect value, and percentage similarity 
 

Sample code 
Reference species and accession 

number 

GenBank BOLD 

Similarity (%) Query cover (%) E-value Identity (%) 

WSA_Cr01 Caridina gracilipes MN526096 100 0.0 99.36 99.33 
Caridina gracilipes MN526095 100 0.0 99.20 99.16 

Caridina gracilipes MN526091 100 0.0 99.20 99.16 
Paratya australiensis DQ889120 100 0.0 95.99 - 

      
WSA_Cr02 Macrobrachium esculentum MN526206 100 0.0 100 100 

Macrobrachium esculentum MN526199 100 0.0 100 100 
Macrobrachium esculentum MN526198 100 0.0 100 100 
Macrobrachium nipponense MN308132  100 0.0 86.60 - 
Macrobrachium scabriculum MN526237 99 0.0 86.56 - 

      
WSA_Cr05 Cloridopsis scorpio MT876658 100 0.0 99.84 100 

Cloridopsis scorpio MT876657 100 0.0 99.84 100 
Cloridopsis scorpio MH168247 95 0.0 98.85 - 
Oratosquillina interrupta FJ229791 99 0.0 87.52 - 

      
WSA_Cr08 Ptychognathus altimanus MW000766 99 0.0 99.68 99.68 

Ptychognathus altimanus MW000765 99 0.0 99.68 99.68 
Ptychognathus altimanus MW000764 99 0.0 99.68 99.68 

Uca dorotheae LC087961 99 0.0 86.98 - 
Chiromantes haematocheir LC500778 98 0.0 87.00 - 

      
WSA_Cr09 Macrobrachium equidens ON753700 100 0.0 99.83 - 

Macrobrachium sp. PK-2018 KX399433 99 0.0 97.75 97.57 
Macrobrachium sp. 1 GFZ-2020 - - - 97.68 
Macrobrachium rogersi MW845591 100 0.0 88.26 - 
Macrobrachium sintangense MW845600 100 0.0 85.13 - 

      
WSA_Cr12 Varuna litterata MT193719 99 0.0 99.85 - 

Varuna litterata MW125542 99 0.0 99.85 - 
Varuna litterata LC498194 98 0.0 99.84 99.83 
Varuna yui NC_037155 99 0.0 87.42 - 
Ptychognathus altimanus MW000766 97 0.0 86.64 - 

 

 
 
Table 2. The average values of sequences divergence between samples and their conspecific references 
 

Sample code Reference species 
Sequence divergence (%) 

GenBank BOLDsystems 

WSA_Cr01 Caridina gracilipes  0.750 0.780 

WSA_Cr02 Macrobrachium esculentum  0.000 0.000 
WSA_Cr05 Cloridopsis scorpio 0.490 0.000 
WSA_Cr08 Ptychognathus altimanus 0.320 0.320 
WSA_Cr09 Macrobrachium equidens 0.170 0.170 
WSA_Cr12 Varuna litterata 0.153 0.170 
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Table 3. Taxonomic status of crustacean larvae in the western region of Segara Anakan lagoon, Cilacap District, Central Java, Indonesia 
 

Sample code Species Family Order Habitat 

WSA Cr01 Caridina gracilipes Atyidae Decapoda Brackish water, freshwater 
WSA Cr02 Macrobrachium esculentum Palaemonidae Decapoda Freshwater 
WSA Cr05 Cloridopsis scorpio Squillidae Stomatopoda Marine, brackish water, freshwater 
WSA Cr08 Ptychognathus altimanus Varunidae Decapoda Marine  
WSA Cr09 Macrobrachium equidens Palaemonidae Decapoda Brackish water, freshwater 

WSA Cr12 Varuna litterata Varunidae Decapoda Marine, brackish water, freshwater 

 
 
 

 
 
Figure 2. The K2P neighbor-joining tree showing monophyly 
between samples (blue words) from the western region of Segara 
Anakan lagoon, Cilacap District, Central Java, Indonesia with 
their conspecific references retrieved from GenBank 
 

The diversity of crustacean larvae in the selected region 

is far below the expected number because previous studies 

showed higher diversity from the other areas, such as the 

central region, which was reported to have 11 species 

(Winarni et al. 2021), while eight were found in the east 

(Kusbiyanto et al. 2020). However, this study recorded two 
species not reported by Winarni et al. (2021) and 

Kusbiyanto et al. (2020), namely Caridina gracilipes and 

Ptychognathus altimanus, as shown in Table 4. This 

finding proved that this study provides new contributions, 

namely two new records about crustacean larvae diversity 

in the Segara Anakan lagoon Cilacap, Central Java. This 

finding is essential for fisheries management in the estuary, 

especially in the western region. 

Another comparison proved that this study obtained 

fewer species than previous studies, which were also 

carried out in the western region of Segara Anakan, as 

shown in Table 5. This study found six species of 
Crustacea, while based on adult individual identification, 

Rimadiyani et al. (2019) reported 17 species. The 

difference is presumably because different sampling gears 

were utilized between this study and Rimadiyani et al. 

(2019). This study used a larvae net for collecting only 

planktonic larvae, while Rimadiyani et al. (2019) utilized 

grab-targeting macro zoobenthos. In addition, it has been 

reported that not all crustacean species nurses their larvae 

in the estuary. Therefore, obtaining a lower number of 

species is reasonable than those previously reported. 

The comparison between the present study and 
Rimadiyani et al. (2019) showed only one similar genus 

was obtained, namely Caridina. However, the specimen 

was identified at the species level, namely C. gracilipes, 

while Rimadiyani et al. (2019) only carried out 

identification at the genus level, as shown in Table 5. The 

results show that DNA barcoding with the COI gene can 

precisely identify specimens at the species level compared 

to previously used morphological identification. Therefore, 

this study has improved the previous research by providing 

new taxonomic status of the crustacean specimen in the 

western region of Segara Anakan, especially in the genus 
Caridina. The five crustacean species found were not 

reported by Rimadiyani et al. (2019). Although this study 

obtained a far smaller number, it still essentially 

contributed to the diversity of data in the location, 

especially by adding five new records. Furthermore, 

compared to previous studies on crustacea across Segara 

Anakan (Redjeki et al. 2017; Yuniarti et al. 2018) revealed 

that the finding of P. altimanus was a new record. 
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Table 4. Comparison barcoding result of crustacean larvae from a different region of the Segara Anakan lagoon, Cilacap District, 
Central Java, Indonesia 

 

Current study (West) Winarni et al. 2021 (Central) Kusbiyanto et al. 2020 (East) 

Caridina gracilipes* Portunus pelagicus Acetes sp.  
Macrobrachium esculentum Stomatopoda sp Penaeus merguiensis  
Cloridopsis scorpio Cloridopsis scorpio Acetes sibogae  

Ptychognathus altimanus* Macrobrachium rosenbergii Neocallichirus sp.  

Macrobrachium equidens Macrobrachium esculentum Neodorippe sp.  
Varuna litterata Neodorippe sp. Cloridopsis scorpio  
 Grandidierella sp. Joryma hilsae  
 Macrobrachium equidens Rhopalophthalmus indicus  
 Palaemon sp.  
 Macrobrachium sp.1  

Note: * new records from Segara Anakan based on larvae barcoding 
 

 
Table 5. Comparison between crustacean larvae barcoding and morphological identification of adult individuals of crustacea from the 
western region of Segara Anakan lagoon, Cilacap District, Central Java, Indonesia 
 

Current study 

(Larvae barcoding) 

Rimadiyani et al. 2019* 

(Morphological identification of the adult individual) 

Finding status for the western region 

of the Segara Anakan lagoon 

Caridina gracilipes Caridina sp. New record 

Macrobrachium esculentum No record New record 
Cloridopsis scorpio No record New record 
Ptychognathus altimanus No record New record 
Macrobrachium equidens No record New record 
Varuna litterata No record New record 

 
 

 

This study found new species records from the Segara 
Anakan lagoon on a limited number of crustacean larvae 

morphotypes. Unfortunately, the barcoding was also only 

successful on fewer morphotypes. Therefore, further 

studies are still needed to evaluate crustacean larvae 

diversity in the Segara Anakan lagoon Cilacap, Central 

Java, Indonesia. The possible efforts are applying a new 

molecular method, named environmental DNA (e-DNA) 

technique, and extending sampling periods. In the case of 

P. altimanus, further studies on adult individuals are also 

essential.  

Based on the parameters used during barcoding, six 

crustacean larvae were successfully identified at the species 
level: Caridina gracilipes, Macrobrachium esculentum, 

Cloridopsis scorpio, Ptychognathus altimanus, 

Macrobrachium equidens, and Varuna litterata. A total of 

5 new records were obtained from western areas, while C. 

gracilipes and P. altimanus constitute two new records 

across the Segara Anakan lagoon. 
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