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Abstract. Argulus indicus is an ectoparasite that causes an adverse effect on fish. This study aims to 
identify molecularly and provide additional description on the morphology of Argulus indicus infecting 
striped snakehead fish from Indonesia. Striped snakehead fish were caught from Lake Towuti using fish 
traps. The occurrence of Argulus indicus on the fish was observed visually on the whole body, including 
head, gills, body, and fins. Argulus indicus specimens were collected and preserved in 70% ethanol. 
Parasites were cleared in 10% potassium hydroxide (KOH) before examination of the parasite. The 
specimen was drawn under a microscope equipped with a lucida camera for detail drawing of the parasite 
specific organs and under a stereo microscope to observe the entire body surface of the parasite. Genetic 
analysis was performed with the PCR technique using 18S rRNA sequence data. The sequences were 
analyzed using MEGA Ver. X software and a phylogenetic tree was constructed by Maximum likelihood 
method. Additional illustration on the morphology of A. indicus presented here are shape of mouth tube, 
cephalic part, the number of ribs and shape of sclerite. In A. indicus male, copulatory organs are present 
in the second to fourth swimming legs. Morphological characteristics and phylogenetic tree analysis 
showed that the present samples are identified as Argulus indicus. They were all in the same clade, 
separated from other species of Argulus, indicating that the present samples have different lineages with 
other species of Argulus, but they have common ancestry.  
Key Words:  Argulus, fish diseases, morphology, phylogenic tree, small ribosomal RNA. 

 

 

Introduction. Argulus spp. is a cosmopolitan parasite that can infect various species of 

fish in different water bodies. This parasite is known to infect freshwater fish (Alsarakibi 

et al 2014; Öztürk 2010; Sahoo et al 2012) and marine fish (Bottari et al 2017; Schram 

et al 2005). Argulus spp. infections are known to cause decrease in fish weight, 

disruption of physiological processes, and stress on fish (Sahoo et al 2012). Other studies 

also show that Argulus spp. can affect fish appearance (Taylor et al 2006). Argulus spp. 

can determine a higher mortality rate, caused by secondary infections of spring viraemia 

of carp virus (Ahne 1985). Argulus spp. also may act as a disease vector of other 

parasite, bacteria and fungi (Alom  et al 2019). 

Spread of Argulus spp. and cases of argulosis in fish in natural water and 

aquaculture facilities  have been widely reported from various countries (Neethling & 

Avenant-Oldewage 2016), including Indonesia. There are at least 155 valid species of 

Argulus spp. have been described from marine fish and freshwater fish worldwide (Walter 

T. C. & Boxshall G. 2020). However, Argulus spp. species that have been reported in 

Indonesia comprised of three common species, Argulus folicaeus, Argulus japonicus, and 

Argulus coregoni (Neethling & Avenant-Oldewage 2016). Most of the reports of Argulus 

spp. infection cases in Indonesia do not specify the responsible species. On the other 

hand, our parasitology survey in Lake Towuti found a species of Argulus sp. which shows 

different morphology than those frequently reported from cultured fish in Indonesia, 

which is quite similar with Argulus indicus that was first recorded in West Java, Indonesia 

mailto:hilalanshary@gmail.com


AACL Bioflux, 2021, Volume 14, Issue 3. 

http://www.bioflux.com.ro/aacl 1374 

in 1892, from the local catfish (Clarias sp.) as its primary host (Weber 1892). Since the 

first discovery, there has been no report of A. indicus infection in Indonesia. Lake Towuti 

is one of the largest lakes in Sulawesi Island, Indonesia. This lake has a high diversity of 

aquatic fauna, including various types of endemic and introduced fish (Nasution et al 

2015). Channa striata is one of the fish that inhabit Lake Towuti and is frequently caught 

by local fishermen. Striped snakehead is the primary demand by local community for 

consumption and broodstock supply for aquaculture activity. The aim of this study was to 

describe morphology and molecular characteristics of Argulus sp. found in Lake Towuti as 

Argulus indicus. This report provides the extent of knowledge about the variety of 

Argulus spp. in Indonesia. Especially in the re-emergence and additional note on the 

morphology of A. indicus since its first report in 1892. 

 

Material and Method 

 

Sample collection. Argulus specimens observed in this study (n=15, selected from the 

total of 2252 specimens collected) were obtained from infected Channa striata (n=391), 

in a survey of parasite infection of fish in Lake Towuti, conducted for one year, from 

February 2018 to January 2019. Striped snakehead fish (Channa striata Bloch 1793) 

were collected from the inlet, middle, and outlet sites of Lake Towuti using fish traps. The 

occurrence of Argulus sp. was observed visually over the whole body, including head, 

gills, main body, and fins of the fish. Each of the Argulus found was collected and 

preserved in 70% ethanol for PCR analysis and morphological observation. Visual 

observation for morphological characteristics of the parasite was conducted in wet 

clearing conditions using 10% potassium hydroxide (KOH) (Kennedy 1979). 

Morphological parameters were determined using a stereo microscope (Stereo 

Discovery.V12 with cold light source CL 4500, Zeiss). All morphological parameters were 

expressed in millimetre (mm). Sketch of the specimens was performed under the lucida 

microscope (Olympus BX 50) for the body part and under a stereo microscope (Nikon 

SMZ 800) for the whole body. Description was based on 4 males and 11 females 

specimen referring to Meehan (1940) and Weber (1892). 

 

Materials examination. The observation materials used for measurements and 

descriptions were the selected specimens from our collected samples. These were used to 

describe the specimens of Argulus indicus. The specimens are identified in the following 

manner: Indicus Towuti (INTW) 6871 (male), INTW 6872 (female), INTW 6873 (female), 

INTW 6874 (female), INTW 6875 (female), INTW6877 (female), INTW 6878 (female), 

INTW 3230 (male), INTW 3231 (female), INTW 3232 (female), INTW 3233 (female), 

INTW 3234 (female), INTW 3235 (male), INTW 3236 (male), INTW 3237(female).  

 

Argulus indicus diagnosis. Argulus indicus has an ovate carapace, reaching the last 

pair of legs. The abdomen in females is about one-fourth of the entire body length, more 

extensive than the length. Slightly split in the posterior part. Both parts have round 

points. Both sexes have four swimming legs and at the fourth leg an elongated oval lobe 

that looks like a pair of legs extending out. The lobe is parallel to the pair of swimming 

legs and is longer than half of it. An edge of the lobe was equipped with setae. In the 

antennae, spines are triangle-shaped, with the tip extending between the first and the 

second antennae. Flagellum has three parts on the tip and two parts on the stem, which 

in the first branch has a strong spine. The mouth tube and stylet are widened to the 

second pair of the maxilla. The basal plate portion of the maxilla is widened and 

comprised of three hooks. The small end consists of two curved hooks with the tip that 

looks like a finger. Two hard hooks are located between the tip of the second maxilla and 

the first swimming leg. The first and second swimming legs have flagella, while the 

second and third have copulation organs in male specimens. 

 

DNA extraction and amplification with PCR. Three Argulus sp. were individually 

extracted following the manufacturer’s protocol by DNeasy Blood and Tissue Kit (Qiagen, 

Hilden, Germany). Genomic DNA of an individual Argulus sp. was placed in a 2 ml 
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microtube and grinded using micro pestle. Each sample was added 180 µL of ATL solution 

(Tissue Lysis Buffer) and 20 µL of proteinase K. The micro tubes were vortexed and 

incubated at 56° C overnight. The extracted DNA was then amplified in 18S sRNA region 

using forward primer ERIB 1 (5´-ACC TGG TTG ATC CTG CCA G-3´) and reverse primer 

ERIB 10 (5´-CTT CCG CAG GTT CAC CTA CGG-3´) (Patra et al 2016). PCR reaction was 

performed in 20 µl master mix solutions (1 µl of each primer, 10 µl of The Qiagen Taq 

DNA polymerase, 7 µl of Nucleus Free Water, and 1 µl of sample DNA). Amplification of 

DNA was carried out using Labcycler Thermal SensoQuest (Germany) and set accordingly 

by initial denaturation at 95°C for 5 min, followed by 35 cycles of denaturation at 95°C 

for 30 sec, annealing at 51°C for 30 sec, extension at 72°C for 60 sec and final extension 

at 72°C for 5 min (Mondal et al 2014). The PCR Products were visualized on 1.5 % 

agarose. PCR products which showed clear band on gel analysis were prepared for 

sequencing.  Samples were sent to a commercial company (1st BASE Asia) through PT 

Genetika Science Indonesia for DNA sequencing. 

 

DNA alignments and phylogenetic tree analysis. The nucleotide sequences received 

from the commercial company were analyzed using BioEdit and MEGA X software. The 

DNA sequences of the samples in this study which had nucleotide length of about 1800 

bp., were aligned with other Argulus species available in the NCBI GenBank databases 

(NCBI 2020). The present sample of Argulus indicus which has accession number of 

MT538302, MT538303, and MT538304, respectively, were aligned with other Argulus 

species (Argulus sp.: JN558648, Argulus coregoni: JQ740820, Argulus nobilis: 

MH458748, Argulus foliaceus: JQ740819, Argulus japonicus: JN558647; Argulus 

rhipidiophorus: KF747862, Argulus siamensis: KM597747, and Argulus pugettensis: 

MH915670). Eurycyde curvata (DQ389897) was used as an outgroup. The phylogenetic 

tree analysis was constructed in MEGA X software (Kumar et al 2018) using the method 

of Maximum Likelihood with 1000 bootstrap replicates (Tamura & Nei 1993). Genetic 

distance was measured using the evolutionary Pairwise distance by Tamura and Nei 

(1993). 

 

Results 

Morphological description of Argulus indicus. The results in the study indicate that 

A. indicus has a widely rounded carapace, covering the fourth swimming leg in females 

(Figure 1). In contrast, the male has an ovate carapace, and it is partially covering the 

lobus natatory in males (Figure 2). In females, the Carapace length is 2.31 – 7.14 mm 

and 4.93 – 6.35 mm in males. The maximum carapace width is 2.11 – 7.17 mm in 

females and 4.70 – 6.02 mm in males. The cephalic area is broadly triangular with two 

median curved ribs. The base of ribs in the posterior is extended to the front of the eye. 

Those are branching towards the outer margin and near to the anterior margin. 

Diameters of compound eyes is 185 – 261 µm in females and 186 – 258 µm in males. In 

females, abdomen is wider than long, acorn-shaped, posterior lobes broadly rounded and 

short and slightly split in the back. Spermatheca is a tiny rounded and abdominal short 

sinus. Brown flecked in all the body. The natatory lobes appear to coalesce with the 

fourth thoracic segment, boot-shaped with cilia on the outside. Abdomen length is 0.60 – 

1.64 mm in females and 1.45 – 1.73 mm in males. Maximum width is 0.86 – 2.28 mm in 

females and 1.46-2.05 mm in males. 
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Figure 1. Dorsal-ventral view of Argulus indicus from Lake Towuti (a. female, b. male). 

 

The abdomen in males is wide and slightly elongated to form like a Brazil nut. Lobus 

natatory is boot-shaped with cilia. The rounded testicles are elongated, not reaching the 

posterior lobe. Abdominal sinuses are longer in males than in females.  The respiratory 

area divided into two parts, the anterior part; small, round, and the posterior section; 

extensive, elongated, round shaped. The first antennae is slender with hooks and two 

spines on the anterior margin, elongated with a pointed tip. Flagellum on the first 

antennae is short and long on the second antennae. 
First maxilla or suction cups diameter is 0.40 – 1.23 mm in females and 0.74 – 

1.12 mm in males. Sucker has 67 – 76 supporting ribs, each rib consisting of three 

elongated sclerites. Mouth tube is ovate-shaped, with two spines near the posterior end, 

accompanied by a stylet on the anterior part that can elongate and shorten (Figure 2. a). 

Second maxilla is slender with radiant scale, elongated round basal plate, with eleven 

pectinate scales and five hairs on the front. There are three sturdy thorns at the edges of 

basal plate that are pointed and reddish-brown. The tip of the maxilla is in the form of 

hooks, and finger-like sharp protrusions. Flagella present on the first and second pair of 

legs. Second to fourth swimming legs equipped with copulatory accessories in males. 

Testis are located between first and second thoracic segments, extending slightly to third 

thoracic segment. Eggs are placed in the thoracic 1-4 segment that are brownish and 

round in females. 
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Figure 2. a = mouth-tube; b = copulatory accessories in males (AC, accessory cushion in second 

leg; PP, posterior projection; T, tubulate in third leg; Peg in fourth leg); c = maxilla; d = 

respiratory area in the second to fourth legs; e = ribs (sclerite) supporting sucker. 

 
Figure 3. Phylogenetic tree of the present Argulus samples and other Argulus species, using the 

Maximum Likelihood Method with 1000 bootstrap replicates. 
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Table 1 

Homogeneity of Argulus sequences and related species in GenBank database 

 

Argulus Species 
Homogeneity (%) 

Accession 

number A. indicus A2 

(MT538302.1) 

A. indicus A3 

(MT538304.1) 

A. indicus A6 

(MT538303.1) 

Argulus nobilis 96.42 96.99 96.42 MH458748.1 

Argulus pugettensis 96.73 96.85 96.73 MH915670.1 

Argulus sp 96.88 92.29 96.88 DQ531766.1 

Argulus coregoni 96.98 97.13 96.98 JQ740820.1 

Argulus foliaceus 96.88 97.04 96.88 JQ740819.1 

Argulus japonicus 96.80 96.96 96.80 JN558647.1 

Argulus siamensis 97.29 97.37 97.29 KM597749.1 

Argulus rhipiodopirus 96.86 97.03 96.86 KF747862.1 

Eusycyde curvata 89.52 89.64 89.52 DQ389897.1 

 

 

Table 2 

 The Evolutionary Pairwise Distance of sequences  

 

Accession 

Number  
1 2 3 4 5 6 7 8 9 10 

MT538303.1                     

MT538302.1 0.000                   

MT538304.1 0.001 0.001                 

DQ389897.1 0.129 0.129 0.128               

JN558647.1 0.038 0.038 0.036 0.111             

JQ740819.1 0.029 0.029 0.029 0.111 0.000           

JQ740820.1 0.038 0.038 0.036 0.112 0.000 0.000         

KF747862.1 0.052 0.052 0.050 0.124 0.029 0.004 0.029       

KM597747.1 0.033 0.033 0.031 0.103 0.004 0.006 0.005 0.031     

MH458748.1 0.046 0.046 0.045 0.157 0.000 0.000 0.000 0.029 0.0056   

MH915670.1 0.031 0.031 0.030 0.122 0.011 0.012 0.011 0.040 0.0155 0.0094 

 

Molecular analysis of sequences. The samples nucleotide sequences were submitted 

to the GenBank database with the accession number of MT538302, MT538303, and 

MT53830, respectively. Blast analysis (Table 1) showed 96-97% homology among the 

Argulus sequences in GenBank Database. Result of the phylogenetic tree (Figure 3) 

showed separate clade between Argulus species and the outgroup. The present samples 

showed different cluster with the following: A. japonicus, A. foliaceus and A. coregoni, 

frequently recorded from freshwater fish in Indonesia. The first cluster represents the 

common ancestor of Argulus species whereas the second cluster explains a different 

ancestor. The present Argulus sp. sample had distinct branches to other species of 

Argulus, which indicate the distance lineages among Argulus species. The evolutionary 

pairwise distances of Argulus species (Table 2) exhibit variated from 0.000 to 0.152 in 

the Argulus species and 0.129 in outgroup, respectively. The result reveals that 

morphologic and phylogenetic tree of the present Argulus specimens were identified as 

Argulus indicus. 

 

Discussion. The morphological characteristics of Argulus sp. specimens in this study 

were confirmed to be the same species as A. indicus. However, as it has been illustrated 

by the previous studies, the morphological characteristics of this parasite have not been 

clearly explained. The morphology of A. indicus was first described by Weber (1892) with 
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the descriptions limited on female specimens organs such as carapace, abdomen, 

antennae, tube-mouth, maxilla, and swimming legs. Van Kampen (1909) completed 

Weber's illustration with several lines of information and two images. The first one is 

from the dorsal appearance and another is from the ventral surface of an adult female. 

Wilson (1927) described and explained the information about the respiratory and cephalic 

areas of A. indicus. In 1944, the first male of A. indicus was described by Wilson (1927). 

Other studies, Ramakrishna (1952) reported a short clarify of the body color of A. indicus 

and the size of the cephalic area in young and adult males and female specimens. 

However, there was no further description related to the morphology and characteristic of 

A. indicus since 1952. 

The A. indicus female was first reported by Weber in 1892 which stated that the 

female carapace is ovate, reaching the last pair leg. While Wilson (1927) showed that the 

female carapace is nearly orbicular. Moreover, Meehan (1940) reported that female 

carapace is broadly rounded. The present finding showed different result from Weber 

(1892) and Wilson (1944) description. However, this result was like Meehan (1940) 

result, which stated that female carapace is widely rounded. The first information related 

to A. indicus male was mentioned by Wilson (1944) that the male carapace is ovate and 

considerably narrowed in anterior, which is like in this study. The carapace was ovate and 

partially covering the lobus natatory. In general, the carapace is widely rounded in 

females and ovate in males. The carapace is wider than longer in females and longer 

than wider in males. Abdomen part was widened in females and elongated in males. 

Testes in the abdomen was elongated shape while the female spermatheca was small, 

rounded in shape. In the present study, abdomen was widened in females and elongated 

in males. These findings were similar to the descriptions of Weber (1892), Meehan 

(1940), and Wilson (1944) but distinct of Wilson's (1927) explanation on abdomen 

shape. Wilson (1927) reported that the abdomen is heart-shaped in females and acorn-

shaped in males. Whereas this study showed that abdomen had acorn-shaped in females 

and the Brazil nut-shaped in males. Similar to our findings of the descriptions of Wilson 

(1944) was that the pair of testes were elongated elliptical and the female spermatheca 

was small, rounded in shape. The sucker of A. indicus was not described by Weber 

(1892). This section was described by Wilson (1927) which found that the sucker consists 

of five rods supporting apparatus. While Meehan (1940) mentioned that the sucker has a 

moderate size and consists of three rods that are located inside the supporting ribs. In 

1944, Wilson revised the description of the sucker and stated that the sucker composed 

of three rods supporting ribs, one of them has an enlarged proximal end. In this study, 

the sucker was relatively large with 67-75 supporting ribs, and had three elongated 

sclerites inside. This result was like the number of sclerite found in Meehan (1940) and 

Wilson (1944) descriptions. Moreover, in this study, additional information on the total of 

the supporting ribs is provided. 

A. indicus has four swimming legs with flagella in the first and second legs in the 

thoracic part. Egg depository is in the middle of the female thoraces. While the 

copulatory accessory of a male is in the second to the fourth swimming leg. Weber 1892 

reported siphon and sting in A. indicus with limited explanation. In this study, we found 

that the mouth tube was elongated ovate; two spines in labial, and stylet above it. The 

maxilla was rather slender, the basal plate was broadly triangular, and the three spines 

were on its posterior margin that were short and taper. Those were like the descriptions 

of Weber (1892), Meehan (1940), and Wilson (1944). Furthermore, our study presented 

more information about pectinate scales both in the maxilla and basal plate. The body 

color of A. indicus was reported by Meehan (1940). The whole body of A. indicus has dark 

spots that spread throughout the body. While Ramakrishna (1952) mentioned the color 

of A. indicus is dark green with dots on the dorsal surface of carapace. Dissimilar to the 

previous studies, we found that the color of the dorsal surface in A. indicus was a brown 

spot that spread from the cephalic area to the abdomen. 

 The phylogenetic tree is the history of evolutionary relationship among organism 

at genera or species level (Yang & Rannala 2012). Their reconstruction is based on the 

degree of similarity in morphological, molecular and observed characters (Hasegawa 

1999). Molecular analysis in Argulus genera was first performed by Abele et al (1989) 
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using 18S rRNA to explain the divergence of evolutionary time and the common ancestor 

of Argulus and Pentastomida. Ribosomal RNA is the target for observing the phylogenetic 

relationship among organisms. The ribosomes had rRNA and proteins which all organisms 

had the small ribosomal sub unit including single RNA species (Patwardhan et al 2014). 

In our research, samples were amplified by 18S rRNA and successfully determined the 

target nucleotide at 1800 bp. Phylogenetic tree was gathered in one cluster of Argulus 

species and indicated the most recent common ancestor in different lineages. Based on 

the morphological characteristics and genetically grouping analysis, the present sample is 

identified as Argulus indicus. Moreover, the evolutionary pairwise distance shown the 

value from 0.000 to 0.017 of Argulus species, indicating the low genetic distance among 

them. According to Hasegawa (1999), distance value can describe the organism 

polarization. If the distance value is close to 1, it means the organism is classified as 

apomorphic. In contrast, if the value is close to 0, the organism can be classified as 

plesiomorphic. These explain that A. indicus has distant lineages to other Argulus species 

but is a closer relationship. The length of the branches indicates the evolutionary time of 

the species, which represents the difference in evolutionary time between each species in 

the topological tree (Patwardhan et al 2014).  

 

Conclusion. The morphological data of Argulus indicus added in this description are the 

ovate-shape of mouth tube, a widened triangle-shaped of cephalic part, total number of 

67-76 supporting ribs, three elongated sclerites on the sucker, and copulatory organ 

which is located at the second to fourth swimming legs in male. Those data were added 

to complete the undescribed part of the previous description of this species. Sexual 

dimorphism of A. indicus is shown by the size and shape of the carapace and abdomen. A 

male's carapace is ovate, and its length more than its width, while the female has a 

rounded carapace, and it is wider than it is long. The abdomen part is widened in females 

and elongated in males. Based on morphologic observation and molecular analysis, the 

present Argulus sp. sample is deduced as A. indicus. 

 

Acknowledgments. This study was funded by a grant from the Ministry of Research, 

Technology, and Higher Education of Indonesia (No. 1739/UN4.21/PL.01.10/2019). The 

authors would like to express their gratitude to the Master Program of Education Leading 

to Doctoral Degree for Excellent Graduates (PMDSU). We thank Saipul Saparuddin for his 

assistance with field collection samples.  

 

References 

 

Abele L. G., Kim W., Felgenhaueq B. E., 1989 Molecular evidence for inclusion of the 

phylum pentastomida in the crustacea. Molecular Biology and Evolution 6, 685-691.  

Ahne W., 1985 Argulus foliaceus L. and Piscicola geometra L. as mechanical vectors of 

spring viraemia of carp virus (SVCV). Journal of Fish Diseases 8, 241–242. 

Alom M. Z, Yeasmi Mt. S., Rahman M. A, Khan S., 2019 Status, occurrence, intensity and 

impact of Argulosis in different brood stock ponds. MOJ Ecology and Environmental 

Science  4, 225–229. 

Alsarakibi M., Wadeh H., Li G., 2014 Influence of environmental factors on Argulus 

japonicus occurrence of Guangdong province, China. Parasitoly Research 113, 4073–

4083.  

Bloch M. E., 1793 [Natural history of foreign fish]. Berlin. vol. 7:i-xiv + 144 p., pls. 325-

360 [in German]. 

Bottari T., Profeta A., Spanò N., Longo F., Rinelli P., 2017 New Host records for the 

marine fish ectoparasite Argulus vittatus (Crustacea: Branchiura: Argulidae). 

Comparative Parasitology. 84, 64–66.  

Hasegawa H., 1999 Phylogeny, host-parasite relationship and zoogeography. Korean 

Journal of Parasitology. 37, 197-212. 

Kennedy M., 1979 Basic methods of specimen preparation in parasitology, International 

Development Research Center.  

Kumar S., Stecher G., Li M., Knyaz C., Tamura K., 2018 MEGA X: Molecular evolutionary 



AACL Bioflux, 2021, Volume 14, Issue 3. 

http://www.bioflux.com.ro/aacl 1381 

genetics analysis across computing platforms. Molecular Biology and  Evolution 35, 

1547–1549.  

Meehan O. L., 1940 A review of the parasitic Crustacea of the genus Argulus in the 

collections of the United States National Museum, in: Proceedings of the United 

States National Museum. pp. 459–522.  

Mondal A., Banerjee S., Patra A., Adikesavalu H., Ramudu K., Dash G., Joardar S., 

Abraham T., 2014 Molecular and morphometric characterization of Thelohanellus 

caudatus (Myxosporea: Myxobolidae) infecting the caudal fin of Labeo rohita 

(Hamilton). Protistology 8, 41–52.  

National Center for Biotechnology Information, 2020 NCBI Blast. Available from 

https://blast.ncbi.nlm.nih.gov/Blast.cgi. [Accessed on 2 June 2020]. 

Nasution S. H., Sulastri S., Muchlisin Z. A., 2015 Habitat characteristics of Lake Towuti, 

South Sulawesi, Indonesia - The home of endemic fishes. AACL Bioflux 8, 213–223. 

Neethling L. A. M., Avenant-Oldewage A., 2016 Branchiura - A compendium of the 

geographical distribution and a summary of their biology. Crustaceana 89, 1243–

1446.  

Öztürk M. O., 2010 An investigation on Argulus foliaceus infection of rudd, Scardinius 

erythrophthalmus in Lake Manyas, Turkey Scientific Research and Essays 5, 3756–

3759. 

Patra A., Mondal A., Banerjee S., Adikesavalu H., Joardar, Narayan S., Abraham, Jawahar 

T., 2016 Molecular characterization of Argulus bengalensis and Argulus siamensis ( 

Crustacea : Argulidae ) infecting the cultured carps in West Bengal, India usinag 18S 

rRNA gene swquencs. Molecular Biology Research Communications 5, 147–157. 

Patwardhan, Anand, Roy, Amit, Ray S., 2014 Molecular markers in phylogenetic studies-a 

review. Journal Phylogenetics and Evolutionary Biology 2, 1–9.  

Qiagen Ltd., 2021 www.qiagen.com. Hilden, Germany. Last accessed on 09.24.2020. 

Ramakrishna G., 1952 Notes on the indian species of the genus Argulus Müller 

(Crustacea: Copepoda) parasitic on fishes. Records Indian Museum 49, 207–215. 

Sahoo P. K., Hemaprasanth, Kar B., Garnayak S. K., Mohanty J., 2012 Mixed infection of 

Argulus japonicus and Argulus siamensis (Branchiura, Argulidae) in carps (Pisces, 

Cyprinidae): Loss estimation and a comparative invasive pattern study. Crustaceana 

85, 1449–1462.  

Schram T. A., Iversen L., Heuch P. A., Sterud E., 2005 Argulus sp. (Crustacea: 

Branchiura) on cod, Gadus morhua from Finnmark, northern Norway. Journal of the 

Marine Biological Association of United Kingdom 85, 81–86.  

Tamura K., Nei M., 1993 Estimation of the number of nucleotide substitutions in the 

control region of mitochondrial DNA in humans and chimpanzees. Molecular Biology 

and Evolution, 10, 512–526.  

Taylor N. G. H., Sommerville C., Wootten R., 2006 The epidemiology of Argulus spp. 

(Crustacea: Branchiura) infections in stillwater trout fisheries. Journal Fish Diseases 

29, 193–200.  

Van Kampen N. P., 1909 [Argulus belones n. sp. and Argulus indicus M. Weber from the 

Indian Archipelago]. Zoologischer Anzeiger 34, 443–447 [in German]. 

Walter T. C., Boxshall G., 2020 World of copepods database. Argulus Müller O. F., 1785. 

Weber M., 1892 [The freshwater crustaceans of the Indian archipelago, with remarks on 

freshwater fauna in general]. Zoological results of a trip to Dutch East India 2, 528–

571 [in german]. 

Wilson C., 1944 Parasitic copepods in the United States National Museum, in: 

Proceedings of the United States National Museum. pp. 529–582. 

Wilson C. B., 1927 A copepod (Argulus indicus) Parasitic on The Fighting-fish in Siam. 

Natural History Supplement 7, 1–3.  

Yang Z., Rannala B., 2012 Molecular phylogenetics: Principles and practice. Natural 

Reviews Genetics 13, 303–314.   

 

 



AACL Bioflux, 2021, Volume 14, Issue 3. 

http://www.bioflux.com.ro/aacl 1382 

Received: 25 September 2020. Accepted: 02 October 2020. Published online: 25 May 2021. 

Authors: 

Amriana, Department of Fisheries, Faculty of Marine Science and Fisheries, Hasanuddin University, 90245, 

Makassar, Indonesia, e-mail: diana.amriana@gmail.com 

Kesuma D. Sari, Department of Veterinary Medicine, Faculty of Medicine, Hasanuddin University, Makassar, 

Indonesia, e-mail: dwiks73@gmail.com 

Sriwulan, Department of Fisheries, Faculty of Marine and Fisheries Science, Hasanuddin University, Makassar, 

Indonesia, e-mail: sriwulancinga07@gmail.com 

Hilal Anshary, Department of Fisheries, Faculty of Marine and Fisheries Science, Hasanuddin University, 

Makassar, Indonesia, e-mail : hilalanshary@gmail.com 

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 

permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source 

are credited.  

How to cite this article: 

Amriana, Sari K. D., Sriwulan, Anshary H., 2021 Morphological and molecular description of Argulus indicus 

Weber, 1892 (Crustacea: Branchiura) found from striped snakehead fish (Channa striata) in Lake Towuti, 

Indonesia. AACL Bioflux 14(3):1373-1382. 

 

 

 


